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CALCULATION OF ACTIVATION ENERGIES

AND TRANSITION STATE GEOMETRIES FOR

HYDROGEN ABSTRACTION REACTIONS BY
SEMIEMPIRICAL METHODS

Imre Balintl Marta Reveészl*, Miklos I. Banl Ferenc Marta2** and
Tibor BERCES?2

("'J6zsef Attila University, H-6701 Szeged, P.O.B. 105, 2Hungarian Academy of Sciences,
Central Research Institute for Chemistry, H-1525 Budapest, P.O.Box 17)

Received January 18, 1985
Accepted for publication January 25, 1985

Kinetic parameters for hydrogen atom abstraction reactions by methyl radicals
for methane, ethane, propane and isobutane were studied with the semi-empirical
BSBL and MINDO/3 methods. Transition state geometries (bond lengths and bond
angles) and heights of the potential barriers were determined and the trend found in
the series of reactions studied was discussed.

Introduction

It is possible in principle to calculate by quantum mechanics the expected
value of any physical quantity with arbitrary accuracy [1], however, because
of various theoretical and practical problems experienced, only calculation
results obtained for the smallest systems can be regarded as satisfactory.
The large number of two-electron integrals to be computed and the rapidly
increasing dimension of the configuration space when regarding also electron
correlations, frustrates the calculations of higher sophistication. Thisis especial-
ly valid for calculations of potential energy surfaces of adiabatic (and even
more of diahatic) type although such calculations are of fundamental impor-
tance from the viewpoint of chemical reactions. These circumstances account
for the development and use of highly simplified conventional and quantum
chemical semiempirical methods, i.e. for the use of empirical parameters.

Moreover, one has to be satisfied generally with the investigation of
the most important domains (extrema, local minima, saddle-points, reaction
paths, etc.) of the reaction surface instead of calculating the whole potential
surface.

* Present address: Research Lab. for Inorg. Chem. HASc., H-1502 Budapest, P.O.B. 132
**To whom correspondence should be addressed

1% Acta Chim. Hung. 120, 1985
Akadémiai Kiadd, Budapest



4 BALINT et al.. HYDROGEN ABSTRACTION REACTIONS

The aim and methods of investigations
Hydrogen transfer reactions between alkyl radicals and alkanes have
been investigated by the BSBL and MINDO/3 methods.

The semiempirical BSBL method [2] based on classical theory is an
improved version of the BEBO method [3] and can be used for calculating

Reaction: CH3* CHg= CHA #cH3

Model :

HI H \ 2

1Reaction : CH3* CH3CH3= CH4t CH2CH3

Model : V - H ..c2
Hv ( \
H1 C3H3
Reaction: CH3+(C +CH(CH3)2
H
Model: Vl H.. c2
h'“W 2
H1 h2

Reaction: CH3+ (CfAIACH — CH” +(CH3)3C

H1 A J c3h3
\ o, 4/ 3
Model : X--H...cr
hv 7 \
H1 C3h3

Fig. 1. Transition state models

Acta Chim. Hung. 120, 1985



BALINT et al.. HYDROGEN ABSTRACTION REACTIONS

Table 1A

The energy (kj/mol) and geometry (distances in pm and angles in degree)
of isolated molecules CH3and CH4

Property

R° (C1 H1Y in CH3radical
Angle H1 C'-H 1lin CII3
R° (C1 112 in CH4 molecule
Angle H1—C1-H 1lin CH4
E° (CH3)

E° (CHY

E° (CH3) + E° (CHY

AE° b

“Experimental equilibrium value

BSBL

107.9¢

planar*

109.3¢
tetrahedral4

o~

MINDO/3

109.0
116.65
110.2
109.48
—16349.85
—17978.86
—34328.71
0

»AE° =

E° (C'HJ) + E° (C2Hf) — E° (C'H') - E° (CH])

Table bIA

The energy (kj/mol) and geometry (distances in pm and angles in degree)

of isolated molecules C2H6and C2He

Property BSBL MINDO/3

R°® (C2-H 2 in C,H5radical 109.8
R° (C3-H 3inCH5 111.7*
R° (C2-C 3 in CHe 142.5
Angle H2-C 2- H2in CéaHj 109.40
Angle H3C 3~H 3in CH5 104.43
Angle C2 C3 H3in C2H6 113.61*
Angle C3-C 2-H 2in C2H5 120.80
R°® (C2-H 2 in CH6molecule 109.3» 1111
R° (C2 C3 in CH, 153.4» 147.7
Angle H2 C2—H2in CHe 105.56
Angle C2 C3—H3in CH6 113.14
E° (C2H6) -31532.90
E° (CHY —17978.86
E° (CH4) + E° (C2H5) 49511.76
E° (C2H,) 33137.25
E° (CH3 —16349.85
E° (CH3 + E° (C2Alg) —49487.10
AE°° -25.12» — 24.66

Mean value

Experimental equilibrium value

AE° = E° (CH4 + E° (CH6 E° (CH3 - E° (CHe

Ada Chim. Hung. 120, 1985



6 BALINT et al..: HYDROGEN ABSTRACTION REACTIONS

Table 1A

The energy (kj/mol) and geometry (distances in pm and angles in degree)
of isolated molecules (CH32CH and C3H8

Property BSBL MINDO/3
R° (C2H 2 in C3H7radical 110.9
O°(C3H 3in C3H7 1115
R° (C2C 3 in C3H7 144.1
Angle 113-C 3—H 3in C3H7 105.13
Angle C2C 3-H 3in C3H7 113.52
Angle C3-C 22H 2in C3H7 115.58
Angle C3-C 2-C 3in C3H7 128.68
R° (C2-H 2 in C3H8 molecule 112.2
O°(C3H 3in C3HS8 109.3* 111.2
R° (C2C 3 in C3H38 154* 149.5
Angle H3—C3—H 3in C3H8 105.42b
Angle H2-C2- H2in C3H8 102.17
Angle C2C 3 H 3in C3H8 113.25»
Angle C3 C2 H2in C3H8 108.19
Angle C3 C 2—C3in C3H8 120.44
E°(C3H,) —46702.83
E° (CHt) —17978.86
E° (CH4 + E° (C3H7) —64681.69
E° (C3H9Y) —48266.77
E° (CHJ3) —16349.85
E° (CH3) + E° (C3HY) —64616.62
AE°° —41.87* —65.08

* Experimental equilibrium value
b Mean value

' AE° (CH4 + E° (C3H7) - E° (CH3- E° (CH9)

the energy of the system ABC in the atom transfer reaction

A+ B :C—ABC- A:B + C

along a collinear reaction path of minimum energy leading from reactants
to products. The BSBL method is suitable for providing the reaction profile,
the height of the potential barrier with an error of 5—8 kJ *mol-1 and for
estimating reliably the bond lengths and force constants of the activated
complex.

Among the quantum chemical semiempirical methods, MINDO/3 [4],
[5] seems to be the most serviceable and useful to calculate the same reaction

Acta Chim. Hung. 120, 1985



BALINT et al.. HYDROGEN ABSTRACTION REACTIONS

Table IVA

The energy (kj/mol) and geometry (distances in pm and angles in degree)
of isolated molecules (CH33C and (CH33CH

Property

R° (C3-H 3 in i-C4H9radical
R° (C2C 3 in i-C4H9

Angle H3C 3 H 3in t-C4H9
Angle C2-C 3 H 3in i-C4H9
Angle C3—C2—C3in t-CjHg
R°® (C3 H2 in i-C4H 10 molecule
R°(C3H 3 in i-C4HI

R° (C2~CJ) in i-C4H10
Angle H3—C3- H3

Angle C2-C 3 H 3

Angle C3C 2-H 2

Angle C3-C 2-C 3

E° (i-C4H9

E° (CH4

E° (CH4 + E° (i-C4H9

E° (i-C4H 10)

E° (CH3)

E° (CH3 + E° (i-C4H 10)
AE°°

*Mean values
b Experimental equilibrium value

BSBL

109.3*
154

-47.73"

*AE° = E° (CH4 + E° (i-CMH,)- E° (CH3) - E° (i-CH 1)

Table IB

MINDO/3

111.4*
146.9
105.91*
112.90
119.92
113.2
111.2*
151.6
105.34*
113.04*
104.26
114.14
—61835.11
-17978.86
—79813.98
-63361.76
-16349.85
-79711.61
—102.37

The energy (kj/mol) and geometry (distances in pm and angles in degree)
of the activated complexfor CH3+ CIll4—%»CH4f CH3

Property

Bab = Rbc(=R* (CI-H ) «# (H-C2)
Angled Cl—H—C2

R# (C1 H)Y

Angle# H1-CI HI

Angled H1 C‘~H

Yo ° X

a Assumed value

BSBL

128.7

180
109.3¢
tetrahedral*
tetrahedral“

61.7

b Assumed to be the same as the equilibrium value in Cll4
OBarrier height: V* = E# (HX -H-CH 3 -E°(CH3)-E° (CHY

MINDO/3

125.6
180
110.1
110.9
108

43.4

Acta Chim. Hung. 120, 1985



BALINT et al.: HYDROGEN ABSTRACTION REACTIONS

Table 1IB

The energy (kj/mol) and geometry (distances in pm and angles in degree)
of the activated complexfor CH3+ C2H6-» CH4+ C215

Property BSBL MINDO/3
Aab(=B# (C3H)) 135.0 145.3
Rbc(=R* (C2-H)) 123.3 117.8
Angled CI—H—C2 88 179.9
Nn (C1—HY) 109.3b 110.3d
A# (C* H2 109.3° 110.8d
AN (C3H 3 109.3° 111.54
nn (C2-C 3 153.4° 145.2
Anglen H '-1P-H 1 tetrahedralb 110.1d
Anglen H2-C 2*-H 2 tetrahedralb 108.7
Anglen H3-C 3-H 3 tetrahedralb 105.2d
Anglen W -C 1—H tetrahedralb 108.9d
Angled H2-C 2-H tetrahedralb 99.0d
Angled H C2 C3 tetrahedralb 114.3
Angled C2-C 3-H 3 tetrahedraP 113.4d
F#e° 47.0 28.3

*Assumed

b Assumed to be the same as in CH4

0Assumed to be the same as in CH®6

dMean value

*Barrier height: V* = E# (H3C -H -C 2H5 — E° (CH3) — E° (CH6H

Table 11IB

The energy (kj/mol) and geometry (distances in pm and angles in degree)
of the activated complexfor CH3 C3H8—»CH4 [ (CH32CH

Property BSBL MINDO/3
Rfa(=R* (V-Ll) 138.9 143.8
Rgc (=R* (C2-H)) 120.6 120.1
Anglen CI-H -C 2 180° 179.9
nwn ((P-HJ 109.3b 110.4d
nun (C2-H 2 109.3° 111.8
N (C3H 3 109.3° 111.4d
nn (C2-C 3 154° 147.1d
Angle# Wl -CP-H1 tetrahedraP 108.9d
Angle# H3-C 3-H 3 tetrahedralO 105.1d
Angle# HI- (P —H tetrahedraP 110.0d
Angle# H2 C2 11 tetrahedraP 95.3d
Angle# H-C2-C 3 tetrahedraP 106.4d
Angle# C2-C 3 H 3 tetrahedraP 113.5d
Angle# C3—C2—C3 tetrahedraP 123.4
F#° 42.9 20.8

*Assumed

b Assumed to be the same as in CH4

cAssumed to be the same as in C3H8

dMean value

eBarrier height: V* = N1n (HC-H-CH(CH32 — E° (CH3) — E° (CHY
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parameters and many more characteristic data. The potential energy obtained
by MINDO/3 is a function of all the nuclear (“internal”) coordinates and
depends on the charge distribution providing the lowest energy at a given
nuclear configuration, therefore, it is suitable for calculating a number of
physical quantities (e.g. equilibrium nuclear configurations, force constants,
charge distributions, etc.) in various regions of the potential surface. Thus it
is obvious that the critical comparison and complementary testing of results
obtained by the two different methods is expected to be very useful.

Results and Discussion

Reactions of methyl radicals with methane, ethane, propane and iso-
butane were investigated:

(1) CH3 - CH4—»CH4 - CH3

) CH3+ C2H6 - CH4+ C2H5

(3) CH3+ C3H8- CH4+ (CH3)2CH

(4) CH3+ (CH33CH - CH4+ (CH33C
rab / Pm

Fig. 2. The BSBL minimum energy path for CH3+ CH4*"=~"CH4+ CH3; location of saddle
point from BSBL (-») and MINDO/3 (-*-*) calculations

Acta Chim. Hung. 120, 1985
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Fig. 3. The BSBL minimum energy path for CH3-j- C2H6écrriCH 4 -)- C2H5; location of saddle
point from BSBL (-») and MINDO/3 (-»*) calculations

RAB/pm

Fig. 4. The BSBL minimum energy path for CH3-f- C3H8"=iCH 4+ (CH32CH; location of
saddle point from BSBL (-*-) and MINDO/3 (-*-*) calculations
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Fig. 5. The BSBL minimum energy path for CH3+ (CH33CH"r+CH4-f (CH3)3C; location of
saddle point from BSBL (-<-) and MINDO/3 (-«-*) calculations

The transition state models are displayed in Fig. 1. In the sequence CH3 -f- CH4,
CH3 -(- C2H6, CH3 -)- C3H8and CH3 -|- C4H 10the first reaction is thermoneutral
and the remaining ones are gradually more and more exothermic.

Calculated energies and geometries for isolated reactant and product
molecules are given in Tables IA— IYA. The agreement of calculated MINDO/3
results with experimental values is satisfactory where comparison can be made.
The only exception is the energetics of methyl attack on isobutane. For this
reaction the MINDO/3 calculations predict a reaction energy considerably
more exothermic than expected.

The most important results of calculation, i.e. the kinetic properties for
hydrogen abstraction reactions by methyl radicals, are given in Tables IB—
IVB. Furthermore, some of the kinetic results of primary importance are
summarized in Table Y. Thus, given are the deviations from the equilibrium
values of the bond length in the transition state as well as barrier heights.
The appropriate experimental activation energy is included for comparison
in the Table.

Finally, in Fig. 2—5. the BSBL reaction paths (minimum energy paths)
and BSBL transition states are presented. Indicated are also the locations of
saddle points as determined by the MINDO/3 procedure.
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Table IVB

The energy (kj/mol) and geometry (distances in pm and angles in degree)
of the activated complexfor CH3+ (CH33CH

CH4+ (CH33C

Property BSBL

Oas(=4A* (CI-H)) 140.9
R?c(=R* (C*-H)) 119.6
Angle* CI-H -C * 180"
R* (C1—HY) 109.3b
R* (C3-H 3 109.3°
R* (C*-C3 154°
Angle* W -CP-H 1 tetrahedraP
Angle* H3-C 3 H 3 tetrahedraP
Angle* H1—Cl1—H tetrahedraP
Angle* H-CP-C3 tetrahedraP
Angle* C*-C3-H 3 tetrahedraP
Angle* C3*C *-C 3 tetrahedraP
F*d 39.0

*Assumed

b Assumed to be the same as in CH4

cAssumed to be the same as in (CH3)3CH

dBarrier height: V* = E* (HX-H-C(CH33 - E° (CH3) - E° (i-C4HI10

Table V

Calculated and experimental activation energiesfor A -f- BC->- AB - C
type atom transfer reactions of the methyl radical

Property BSAL | MINDO BB | MINDO BsBl T CMINDO BSEL | MINDO
Rab — Rab 194 15.4 25.7 35.1 29.6 33.6 31.6 —
Rbe — R be 194 15.4 14.0 6.7 113 7.9 103 —
F* 61.7 43.4 47.0 28.3 42.9 20.8 39.0 —
Ea 59.9 48.1 48.6 39.8

Rab — Rab: Lengthening in pm of the splitting bond in the transition state
Rbc — FBC: Lengthening in pm of the forming bond in the transition state
F*: Height of the potential barrier in kJ

Fa: Experimental activation energy in kj/mol

Both the BSBL and the MINDO/3 results indicate that the saddle
point is shifted towards the reactant state as the exothermicity increases in
the series. This observation is in agreement with the conclusion derived in a
recent study of the location of the saddle point in a series of related reactions
where it is found that in order of increasing exothermicity the potential barrier
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is shifted to an earlier position along the reaction coordinate [6]. Similar cor-
relations were suggested formerly by Hammond [7] as well as by Mok and
Polanyi [8].

In accordance with the results of similar studies, the BSBL results
predict the decrease of the height of the potential barrier with increasing
exothermicity in the series of homologous methyl radical reactions. The cal-
culations carried out by using the MINDO/3 method and the direct localisation
technique described in Ref. [9—11] verify the same trend. Although the
MINDO/3 values are lower than the experimental ones they show the decrease
of the height of the potential barrier with increasing exothermicity.
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The direct photolysis of JV-benzyl-iV-methyl-aniline in isopropanol at 25 °Cforl5
hours in air gives benzaldehyde, toluene, bibenzyl, IV-methylaniline and a mixture of
o- and p-benzyl-1V-methylaniline.

Analogous products are also obtained from the photolysis of JV-a- or -/i-phenethvl-
-JV-methyl-aniline in addition to trares-2,3-diphenylbutene-2 and 9,10-dimethyl-
phenanthrene.

The results are interpreted in terms of an intramolecular free radical mechanism
starting by homolysis of the iV-aralkyl bond into iV-methyl-anilino and aralkyl free
radicals that subsequently contribute to the formation of the identified products.

Rearrangement of iV-alkyl-aryl amines under the influence of acids or
Lewis acid catalysts to give ring-alkylated secondary or primary arylamines
through an intermolecular ionic mechanism has long been known as the
Hofmann—Martius rearrangement [1—5].

Recently the thermal rearrangement of alkyl-aryl-amines in the absence
of any promoter was investigated [6] and it was concluded that the reaction
takes place through a free radical mechanism.

Photochemical rearrangements of alkyl-aryl-amines have been little
investigated.

It is, however, known that although iV,iV-dimethylaniline is quite stable
under ultraviolet light, its hydrochloride salt can be photolysed through an
intramolecular charge separated species [7].

The present paper describes the behaviour of some tertiary aryl-alkyl-
amines on irradiation with ultraviolet (U.V.) light. The non-sensitized U.V.
irradiation of iV-benzyl-iV-methylaniline in isopropanol as solvent at room
temperature (about 25 °C) for 15 h in the presence of air gives rise to benzal-
dehyde, toluene and bibenzyl as neutral products, together with IV-methyl-
aniline and a mixture of o- and p-benzyl-iV-methylaniline (Scheme 1 and
Table I).
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+ additional products
(see Table 1)

Scheme 1

Photolysis of iV-(a-phenethyl)-iV-methylaniline in isopropanol gives rise
to ethylbenzene, 2,3-diphenylbutane, 2,3-diphenylbutene-2 and 9,10-dimethyl-
phenanthrene, together with JV-methylaniline and a mixture of o- and p-(oc-

-phenethyl)-2/-methylaniline.

Table |

Percentage composition of N-alkyl-arylamine photolysate*

Products

Unchanged amine
Benzaldehyde
Alkylbenzene

Dialkyl derivative

Stilbene derivative
iV-Methylaniline
o-Alkyl-1V-methylaniline
p-Alkyl-7V-methylaniline
9,10-Dimethylphenanthrene

* Irradiation time, 15 h

Starting compound and solvent used

iV-Benzyl _(/3- N/_(a. VA _
Nt G ey
aniline

Carbon
Isopropanol Isopropanol Isopropanol tetra-chloride
40.75 5.20 22.90 20.37
34.10 — — —
15.60« 0.50« 2.25« 5.65«
0.20 48.50<a> 3.50 1.93
- — 7.35« 39.20«
1.34 0.24 0.35 0.13
7.29 9.52« 2.63 2.27
0.72 30.04« 24.12 27.50
— — 36.90 2.95

« 1,4-Diphenylbutane : 2,3-diphenylbutane in the ratio 1 :5

«) Xraras-2,3-Diphenylbutene-2

1°) o-(/?-phenethyl)-iV-methylanilme, no a-isomer was obtained as shown by GLC
(d) p-(/j-phenethyl)-jV-methylaniline, no a-isomer was obtained as shown by GLC

le) Toluene
(0 Ethylbenzene
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The same products were also obtained when the photolysis was carried
out in carbon tetrachloride as a solvent with the exception of an increase of
2,3-diphenylbutene-2 at the expense of 2,3-diphenylbutane.

Photolysis of iV-(/3-phenethyl)-iV-methylaniline in isopropanol gives rise
to ethylbenzene, 1,4-diphenylbutane and 2,3-diphenylbutane as neutral prod-
ucts together with iV-methylaniline and a mixture of o- and />-(/9-phenethyl)-
-iV-methylaniline.

The main feature of these tertiary amine photolyses is the homolysis of
the aralkyl-ivV bond into iV-methylanilino and aralkyl free radicals, which
subsequently undergo dark reactions contributing to the formation of the
identified products. Thus the benzyl free radicals may abstract hydrogen,
forming toluene; also, the benzyl radicals undergo oxidation by atmospheric
oxygen to give benzaldehyde [8]; they dimerize to bibenzyl, or couple with
the mesomeric 1V-methylanilino free radicals in the o- and /»-positions to yield
o- and /»-benzyl-iV-methylanilines, as shown in Scheme 2.

Similarly, the /3-phenethyl radicals generated from 7V-/3-phenethyl-iV-
-methylaniline abstract hydrogen to form ethylbenzene; also, they undergo
dimerization to 1,4-diphenylbutane, or couple with mesomeric iV-methyl-
anilino radicals in the o- or /»-positions forming o- and />-(/lI-phenethyl)-JV-
-methylanilines.

H,

" Ph-CH, "™ ph.cH,

+0,
Ph-CHO

ilimrristation

Hc? (L"1,CHr)r

CH,-Ph

Scheme 2
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It may be suggested that /3-phenethyl radicals undergo direct rearrange-
ment to their a-isomer prior to their dimerization forming 2,3-diphenylbutane.
However, the probability of such a rearrangement (PhCH2CH2 —»PhCHCHJ),
under the present conditions is not easily acceptable [9]. Consequently, the
formation of a-phenethyl radicals is best explained as being due to selective
H-abstraction of the secondary a-hydrogen rather than the primary /3-hydro-
gen of the ethylbenzene product, since it will give rise to the stabilized a-phe-
nethyl secondary free radical intermediate. Such a long chain of reaction steps
curtails the formation of 2,3-diphenylbutene-2 and consequently that of the
phenanthrene derivative in the early stages of the reaction, as compared with
the case of the photolysis of the a-phenethyl isomer.

Trans-2,3-diphenylbutene-2 is formed from its precursor 2,3-diphenyl-
butane through dehydrogenation under the influence of the free radicals
present in the medium in a manner similar to that described for stilbene forma-
tion [10]. However, it may also be assumed to arise via disproportionation of
the intermediate benzylic 2,3-diphenylbutyl radical (a) (Scheme 3).

The iY-methylanilino free radical may abstract hydrogen to give N-
-methylaniline, or it may couple with aralkyl radicals in the o- or p-positions
forming the corresponding o- or p-aralkyl-iV-methylanilines.

The photo-rearrangement of these tertiary amines seems to be intra-
molecular in nature, since irradiation of a mixture of iV-benzyl-iV-methyl-
aniline and iV-(a-phenethyl) p-toluidine in carbon tetrachloride gives a mixture
of 2-(a-phenethyl)-p-toluidine, o-benzyl-iV-methylaniline and its p-isomer as
the amine products, i.e. each amine is seen to undergo rearrangement inde-
pendently (Table Il). No substitution of one alkyl group into the ring of the
other compound took place. None of the cross-bred amine products such as

+if <in*ri/.atinn
PhCHJ.H, I'nCHj-CH, 1'hCHCH,

dimerization
Ph—CIH—CIH—Ph
Wi(CH,)JVb <:n, oil.
—H*
Ph—CI.H—(II»PIi («)
(H. «l

(-orH<Iisjm/|H>m.)

Ph - %:::--?- PI.
CH, <H,

Scheme 3
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2-benzyl-p-toluidine, o- or p-(a-phenethyl)-iV-methylaniline were detected in
the photolysate. Hence it can be concluded that the photolysis occurs through
homolysis into a free radical pair held together within the solvent cage.

Table I1

Amine products obtained from the cross-over photolysis experiment of
N-benzyl-N-methylaniline (0.5 g) and N-(a-phenethyl)-p-toluidine (0.5 g)

p-Toluidine 0.48
JV-Benzyl-jY-methylaniline 0.54
IV-(a-phenethyl)-p-toluidine 0.57
0-benzyl-JV-methylaniline 0.65
p-benzyl-iV-methylaniline 0.65
N-Methylaniline 0.37
2-(a-phenethyl)-p-toluidine 0.77

The formation of 9,10-dimethylphenanthrene was assumed to take place
through the cyclization of trans-2,3-diphenylbutene-2 [11] to give the inter-
mediate dihydrophenanthrene derivative that is subsequently dehydrogenated
in the presence of atmospheric oxygen or by the action of H-abstracting
radicals, as represented in Scheme 4.

Photocyclization of 2,3-diphenylbutene-2 to give 9,10-dimethyl-phenan-
threne takes place in isopropanol better than in carbon tetrachloride, since
isopropanol readily undergoes a process of hydrogen transfer to other mole-
cules forming acetone, which subsequently initiates the photochemical reac-
tion [12].

2% Ada Chim. Hung. 120, 1985
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Experimental

All m.p.’s are uncorrected. Solvents used in the photolyses were of spectrograde quality
and used without further purification. The solutions of the amines (1 g) in the solvent used
(100 mL) were photolyzed in open-topped pyrex beakers using a Mallinkrodt 150 W mercury
discharge lamp at 25 °C for 15 h. The photolysate was separated as indicated in a previous
work [6] into amine and neutral products, which were identified by thin layer chromatography
(TLC) using glass chromatoplates coated with silica gel G (0.25 mm), and elution with a petro-
leum ether (40—60 °C) — ether mixture (7:1, v/v). Quantitative analysis was effected by gas-
-liquid chromatography (GLC) by comparison of the retention times with those of authentic
samples, using a Pye-Unicam Gas Chromatograph, “Series 104”, equipped with a flame-
ionization detector, Model 24, on two columns with different separation characteristics. The
glass columns used were 1220X 5 mm (4 ftX 5 mm), packed with 20% SE 30 on Chromsorb
W (35—80 mesh), or 10% SE 30 on Celite (60—80 mesh) at 185 °C, using nitrogen as carrier
gas. The results are summarized in Table I.

Infrared specra were recorded on a Pye-Unicam IR spectrophotometer, Model SP
200 G. Mass spectra were obtained with a mass spectrophotometer, Model A.E.I.M.S. 902.

Cross-over experiment

A solution of IV-benzyl-iV-methylaniline (0.5 g) and JV-(a-phenethyl)-p-toluidine
(0.5 g) in carbon tetrachloride (100 mL) was irradiated for 15 h and the amine components
of the photolysate were identified by GLC and TLC by comparison with authentic samples
as shown in Table I1.

Preparation of the reference compounds

N -Benzyl-A'-methylaniline [13]: colourless oil, b.p. 300 °C/760 mm-Hg., nb® 1.6021; picrate,
m.p. 127—8 °C.

iV-(a-phenethyl)-]V-methylaniline [13]; yellow oil, b.p. 170 °C/760 mm-Hg.
IV-(/?-Phenethyl)-1V-methylamline [13]: yellow oil; b.p. 180 —2 °C/15 mm-Hg.
1,4-Diphenylbutane [14]: colourless oil, b.p. 140—2 °C/15 mm-Hg.

2,3-Diphenylbutane [15]: colourless crystals from ethanol, m.p. 124 °C.
Trans-2,3-diphenylbutene-2 [16]: colourless crystals from methanol, m.p. 66 °C.
9,10-Dimethylphenanthrene [17]: colourless crystals from acetic acid, m.p. 137 °C.

0- and p-Benzyl-JV-methylaniline

Prepared by méthylation of the corresponding aminodiphenylmethane by a procedure
similar to that described for the preparation of iV-methylaniline from aniline [18]; o-isomer,
colourless oil, b.p. 148—152 °C/15 mm-Hg; its IR spectrum shows NH stretching vibration
at 3351 cm-1 and its mass spectrum has a molecular ion at m/e 197. p-lsomer, colourless oil
b.p. 150—162 °C/15 mm-Hg; its IR spectrum has NH stretching vibration at 3342 cm-1
and it mass spectrum shows a molecular ion at m/e 197. A mixture of o- and p-benzyl-N-methyl-
aniline was also obtained by heating iV-benzyl-IV-methylaniline (1 g) together with anhydrous
aluminium chloride (1 g) in an oil bath at 150 °C for 4 h. The reaction product was decomposed
by sodium hydroxide solution, extracted with ether and the ethereal solution evaporated.
The residual oil was found by GLC to consist of a mixture of o- and p-benzyl-IV-methylaniline
in the ratio 1:2.5, as compared with the reference samples prepared previously.

o- and p-(a-phenethyl)-1V-methylanilme
Prepared as described for o- and p-benzyl-1V-methylaniline using o- or p-(a-phenethyl)-
aniline [19]; o-isomer, colourless oil, b.p. 153 —164 °C/15 mm-Hg; vNH 3352 cm-1, molecular
ion at m/e 211; p-isomer, colourless oil, b.p. 152—165 °C/T5 mm-Hg, i>NH 3344 cm-1, mole-
cular ion at m/e 211.
0- and p-(/?-phenethyl)-N-methylaniline

Prepared from !V-(/?-phenethyl)-iV-methylaniline and anhydrous aluminium chloride
as described [5b], The oily product was analysed by GLC. By comparison with the retention
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times of the above reference samples it was shown to consist of 34% of unchanged N-(B-
-phenethyl)-1V-methylaniline; o- and p-(a-phenethyl)-./V-methylaniline; 13.6% and 24.2%,
respectively; o- and p-(/i-phenethyl)-iV-methylaniline; 11.3% and 16.9% respectively.
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The MMa-, Ve and IV“-/?-chloroethylcarbamoyl derivatives of Leu5enkephalin,
BOC-Lys-Tyr-Gly-Gly-Phe-Leu-OMe and BOC-Tyr-Gly-Gly-Phe-Leu-NH —NH —CO—
—CH2 CH2—NHZ2 respectively, were prepared by reaction of /?-chloroethyl isocyanate
with the free amino groups. Removal of the i-butyloxycarbonyl protecting group led
to the /i-chloroethylcarbamoyl derivatives of the free peptides. The biological activities
of these derivatives were compared with those of Met5enkephalin and H-Lys-Leu5
-enkephalin methyl ester in the following in vitro tests: guinea pig ileum, mouse vas
deferens and the nictitating membrane of the cat.

Chemically reactive synthetic derivatives of peptide hormones and hor-
mone fragments play an important role in studying the mechanism of their
biological action. When planning such compounds one must take into con-
sideration that these hormone-derivatives have to recognize their receptors and
the groups introduced into the molecules must have suitable reactivity. Highly
reactive derivatives will react before reaching their specific receptor, while
substituents with low reactivity will not lead to the desired effect.

In the last couple of years many data were reported on the significance
of mercapto groups in the organization and functioning of opiate receptors.
The described cluster formation of these receptors in the presence of enkepha-
lin is dependent on reactive mercapto groups [1, 2]. It has also been reported
that mercapto and disulfide groups are present at the opiate binding site
[3, 4]. Moreover, peptidases werefound in the brain containing reactive mercapto
groups on their active sites [5]. The synthesis of enkephalin derivatives con-
taining substituents reactive toward mercapto groups could significantly
contribute to the chemical characterization of the opiate receptor and the
degrading enzymes as well.

In order to synthesize reactive derivatives of enkephalin, we introduced
into the molecule the IV-(/?-chloroethyl)carbamoyl group. Amino acids con-
taining this group were shown to have a moderate alkylating activity toward
mercapto groups [6]. These derivatives can be readily prepared by means of
/?-chloroethyl isocyanate from compounds containing free amino groups:

R—NH2-f OCN—CH2—-CH2—-Cl — R—NH—CO—NH—CH2—CH2—CI
*To whom correspondence should be addressed
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An intact iV-terminal amino group or a positive charge on the iV-terminus
is essential for the biological activity of enkephalins [7, 8]. In order to fulfill
the requirements mentioned above, an additional amino group had to be
introduced into the molecule. This was achieved by two different routes. In
the first analog the IV-terminus of the peptide was extended by a lysine residue,
keeping a free amino group in the a-position, while the e-function simultane-
ously served as the reactive site for the addition of /3-chloroethyl isocyanate.
In the second analog enkephalin hydrazide was prepared and acylated with
/3-alanine; in this way the NH2group of the latter amino acid reacted with
the isocyanate.

For the synthesis of the lysine analog H-Tyr-Gly-Gly-Phe-Leu-OMe [9]
was acylated with IV“t-butyloxycarbonyl-1Vebenzyloxycarbonyllysine p-nitro-
phenyl ester to give the protected hexapeptide I. After removal of the benzyl-
oxycarbonyl group, to the resulting BOC-Lys-Tyr-Gly-Gly-Phe-Leu-OMe (I1)
/3-chloroethyl isocyanate was added, producing BOC-Lys(Q)-Tyr-Gly-Gly-Phe-
-Leu-OMe (I1I) (Q = —CO—NH—CH2—CH2—CIl). Deprotection with HC1

Lys Tyr Gly Gly Phe Leu
OMe

OMe

OMe

OMe
Fig. 1. Synthesis of the lysyl-enkephalin derivative (Q = —CO—NH—CH2—CH2—Cl)

Tyr Gly Gly Phe Leu

BOC m HO-
BOC m
BOC m
eoc m

H

Fig. 2. Synthesis of the /3-alanyl-enkephalin derivative (Q = —CO—NH—CH2—CH2—Cl)
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Table |

Relative biological activities of enkephalin derivatives

CPI MVD CNM
Met’-enkephalin 1.0 1.0 1.0
Q-Leu6enkephalin (XI) 0.027 0.009 0.065
H-Lys(Q)-Leu5enkephalin methyl ester (1V) 0.53 0.1 1.24
H-Lys-Leu5enkephalin methyl ester (V) 0.38 0.087 0.26
N m(Q-/3-alanyl)-enkephalin hydrazide (X) 0.85 0.75 3.16

in ethyl acetate gave the desired H-Lys(Q)-Tyr-Gly-Gly-Phe-Leu-OMe.HCI
(1V) (Fig. 1).

In order to obtain comparative biological data, the parent compound,
H-Lys-Tyr-Gly-Gly-Phe-Leu-OMe (V) was also prepared.

In the synthesis of the /3-alanine analog BOC-Tyr-Gly-Gly-Phe-Leu-N2H3
(VI) was acylated with iV-benzyloxycarbonyl-/3-alanine in the presence of
dicyclohexylcarbodiimide and 1-hydroxybenzotriazole to give BOC-Tyr-Gly-
-Gly-Phe-Leu-NH—NH—CO— CH2—CH2— NH—2Z (VII). After catalytic hyd-
rogenolysis, BOC-Tyr-Gly-Gly-Phe-Leu-NH—NH—CO—CH2—CH2—NH?2
(VI) was treated with /3-chloroethyl isocyanate producing BOC-Tyr-Gly-Gly-
-Phe-Leu-NH—NH—CO—CH2—CH2-NH—Q (IX). The t-butyloxycarbonyl
group was removed by acidolysis to give the free hexapeptide carrying the
/3-chloroethylcarbamoyl group on the C-terminus (X) (Fig. 2).

Finally, as a comparison, the /3-chloroethylcarbamoyl derivative of
leucine enkephalin (XI) was also synthesized and tested for biological activity.

For the biological evaluation some in vitro tests using isolated organs,
such as the longitudinal strip of guinea pig ileum (GPI), mouse vas deferens
(MVD) and the nictitating membrane of the cat (CNM) were applied. Briefly,
compound IV proved to be equipotent with methionine enkephalin on CNM,
showed half the activity of methionine enkephalin on GPI, and one-tenth of
the activity on MVD. These activities are somewhat higher than those of the
parent lysyl-enkephalin methyl ester. The /3-alanine derivative (compound X)
has nearly the same activity as shown by methionine enkephalin on GPI and
MVD, and was three times more active on CNM (Table I). No sign of irrever-
sibility (alkylation) could be observed under the conditions applied. As expect-
ed, Q-Leu5enkephalin did not show significant biological activity in any of
the tests used, proving again the importance of the free amino group in the
biological activity of enkephalins on one hand, and the lack of any enkephalin-
like activity of the Q-group per se, on the other. Details of these measurements
were published earlier [10].

The /3-chloroethylcarbamoyl derivatives of enkephalin and enkephalin
analogs were moderately reactive toward mercapto groups [11].
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Experimental

For TLC analysis Merck Silica Gel ’24(0.2 mm) sheets were used. Preparative chroma-
tography was performed on Merck Silica Gel 60 (230—400 mesh) in open columns. The reten-
tion factors were determined in the followingsolvent systems (v/v):

51 Ethyl acetate-pyridine-acetic acid-water= 240:20:6 :11
52 Ethyl acetate-pyridine-acetic acid-water = 120:20:6 : 11
53 Ethyl acetate-pyridine-acetic acid-water 60:20:6 :11
54 Ethyl acetate-methanol =5 :1

55 Butanol-acetic acid-water=4 :1:1

56 Ethyl acetate-pyridine-acetic acid-water = 30:20 :6 : 11

BOC-Lys(Z)-Tyr-Gly-Gly-Phe-Len-OMe (1)

H-Tyr-Gly-Gly-Phe-Leu-OMe acetate (2.52 g; 4 mmol) was dissolved in 25 mL pyri-
dine; 2.1 g (4.2 mmol) BOC-Lys(Z)-ONP was added to the solution which was then allowed to
stand 24 h at room temperature. The solvent was evaporated in vacuum and the residue
triturated with ether. The resulting powder (1) was chromatographically pure, 3.8 g (88.5%);
Rf. 0.78 (SI).

C48H 65N ,013(932.09). Calcd. C 61.58; H 7.03; N 10.52. Found C61.72; H 6.96; N 10.55%.

BOC-Lys-Tyr-Gly-Gly-Phe-Leu-OMe (I1)

Compound | (930 mg; 1 mmol) was dissolved in 20 mL methanol and hydrogenated
for 2 h in the presence of 200 mg Pd/C catalyst. The catalyst was filtered off, washed well
with methanol, and the filtrate evaporated to give a crude material which was purified on a
silica gel column in solvent system S3 to give 620 mg (77.8%) of Il; Rf. 0.45 (S3).

C40H B8N T70io (797.96). Calcd. C 60.15; H 7.39; N 12.28. Found C 59.95; H 7.30; N 12.32%.

BOC-Lys(Q)-Tyr-Gly-Gly-Phe-Leu-OMe (I11)

BOC-Lys-Tyr-Gly-Gly-Phe-Leu-OMe (120 mg; 0.15 mmol) was dissolved, with stirring,
in 2 mL abs. dimethylformamide (DMF) containing 0.014 mL (0.16 mmol) /3-chloroethyl
isocyanate. The reaction mixture was kept overnight at room temperature, then it was con-
centrated in vacuum. The residue was purified on silica gel column in solvent system S4.
After collecting and evaporating the fractions, the residue was triturated with ether and the
resulting white solid was filtered off to obtain 80 mg (50%) of I11; Rf. 0.85 (S4) and 0.88 (S2).

C43H 63\80a Cl (903.9). Calcd. CI 3.92. Found Cl 4.29%.

H-Lys(Q)-Tyr-Gly-Gly-Phe-Leu-OMe.HCI (1V)

To 80 mg (0.09 mmol) of Ill there was added 2 mL 2 N HCl/ethyl acetate, at room
temperature. After 30 min the reaction mixture was diluted with dry ether, the white precipi-
tate was filtered off and washed on the filter with ether to obtain 140 mg (80%) of IV; R f 0.13
(S2) and 0.2 (S4).

C38H5N& 9CL, (839.82). Calcd. Cl 8.44. Found Cl 8.83%.

H-Lys-Tyr-Gly-Gly-Phe-Leu-OMe.2CH3COOH(V)

Compound Il (800 mg; ~ 1 mmol) was dissolved in 5 mL trifluoroacetic acid. After 15 min
ether was added to the solution and the precipitate was filtered off and washed with ether.
The product was dissolved in water and applied onto a column of Amberlite IRA 400 (in
acetate cycle) and lyophilized to give 695 mg (85%) of V; Rf. 0.30 (S6).

C3HIi9N70 12(817.95). Calcd. C 57.26; H 7.27; N 11.98. Found C56.97; H 7.00; N 11.62%.
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BOC-Tyr-Gly-Gly-Phe-Leu-N2113(VI)

BOC-Tyr-Gly-Gly-Phe-Leu-OMe (2 g; 3 mmol) [9] was dissolved in 6 mL DMF and
1.5 mL (30 mmol) 98% hydrazine hydrate was added to the solution. After 24 h half of the
solvent was evaporated in vacuum, and 50 mL water was added to the residue. The precipitate
was filtered off and washed on the filter with water, cold methanol and, finally, with ether.
The crude product was crystallized from a mixture of 15 mL water and 15 mL DMF to give
1.74 g (86.6%) of VI; JRr. 0.55 (S2); m.p. 216 218 °C.

C3BH4MN708(669.78). Calcd. C59.12; H 7.02; N 14.63. Found C 60.10; H 6.92; N 15.10%.

BOC-Tyr-Gly-Gly-Phe-Leu-NH—NH—CO—CHXH3—NH—Z (VII)

Z-/?-Ala-OH (557 mg, 2.5 mmol), 420 mg (3 mmol) 1-hydroxybenzotriazole and 1.67 g
(2.5 mmol) of VI were dissolved in 30 mL dimethylformamide, and the mixture was cooled
down to 0 °C. Dicyclohexylcarbodiimide (620 mg; 3 mmol) was added to the stirred solution
in small portions. Stirring was continued for 1 h at 0 °C and for 1 h at room temperature.
The precipitated dieyclohexylurea was filtered off and the filtrate evaporated. The residue
was triturated with ethyl acetate. The resulting white powder was washed well on the filter
with sodium hydrogen carbonate and water to give 1.8 g (82.2%) of VII. Rr; 0.55 (SI).

CMH A O ,, (874.99). Calcd. C60.34; H 6.63; N 12.80. Found C 61.05; H 6.58; N 12.71%.

BOC-Tyr-Gly-Gly-Phe-Leu-NH—NH—CO—CH2XH2—NH2CHIiCOOH (VIII)

Compound VII (876 mg; 1 mmol) was dissolved in 20 mL 50% acetic acid-methanol
and hydrogenated in the presence of 170 mg Pd/C catalyst for 3 h. The product was purified
on a silica gel column in solvent system S3 to give 600 mg (75%) of VIII; Rr: 0.35 (S3).

C3BH5,N8On (800.92). Calcd. C56.93; H 6.99; N 13.98. Found C 57.12; H 7.06; N 13.88%.

BOC-Tyr-Gly-Gly-Phe-Leu-NH—NH—CO—CHXH2—NH—Q (I1X)

To a solution of 160 mg (0.2 mmol) of VIII in 2 mL DMF, 0.028 mL (0.2 mmol) triethyl-
amine and 0.019 mL (0.22 mmol) of /3-chloroethyl isocyanate were added,with stirring. Stirring
was continued at room temperature for 3 h, the solvent was then evaporated in vacuum and
the residue was triturated with water. The white precipitate was filtered off and washed on
the filter with water to give 130 mg (77%) of IX; Rr: 0.72 (S4) and 0.63 (S2).

CPH3IBN9O10CI (846.40). Calcd. ClI 4.19. Found Cl 4.26%.

H-Tyr-Gly-Gly-Phe-Leu-NH—NH—CO—CHXCH2—M I—Q.HC1 (X)

To 170 mg (0.2 mmol) of IX, 2inL 2 )WHClI/ethyl acetate was added at room temperature.
The reaction mixture was diluted with ether after 30 min. The white precipitate was filtered
off and washed on the filter with ether to give 140 mg (90%) of X; Rr; 0.6 (S3) and 0.15 (S2).
CAHMN,,C12 (782.74). Calcd. Cl 9.06. Found CI 9.72%.

Q-Tyr-Gly-Gly-Pbe-Leu-OH (X1)

H-Tyr-Gly-Gly-Phe-Leu-OH (160 mg; 0.3 mmol) was dissolved in 2 mL abs. DMF,
with stirring; 0.042 mL (0.3 mmol) triethylamine and 0.028 mL (0.33 mmol) /1-chloroethyl
isocyanate were added. After 1 h the solvent was evaporated in vacuum, the residue triturated
with ether and the precipitate was filtered off. After drying, the white powder was washed
with water and dried again over P,,06in a desiccator to give 160 mg (81%,) of XI; Rr: 0.4 (S2)
and 0.86 (S5).

C3,H4IN0O&CI (661.18). Calcd. ClI 5.36. Found Cl 5.01%.
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Substituted oxathiolane and dioxolane derivatives have been synthesized from
oxo fatty acids. The reaction of 3-mercaptopropan-l,2-diol with 10-oxoundecanoic
(1) and 9-oxooctadecanoic (2a) acids affords the corresponding oxathiolanes and dioxo-
lane in good yields. A similar reaction with 2-oxoundecanoic acid does not take place.
Mass spectral fragmentation patterns of long-chain oxathiolanes and dioxolane deriva-
tives are detailed.

Many methods have been published in the literature for the synthesis
of oxathiolanes [1— 3] and dioxolanes [4—6] from oxo compounds. Recent
interest developed in the synthesis of oxathiolanes and dioxolanes for various
applications, such as antibacterial agents, lubricant additives, rubber sub-
stitutes, herbicides and plant growth inhibitors [7]. They have also been found
antagonists [6], inhibitors of the secretion of gastric juice [8], as effective as
atropine [9], and radioprotectants [10]. As an extension of our studies directed
towards the syntheses of heterocycles from oxo fatty acids, we describe here
the synthesis of oxathiolane and dioxolane derivatives by the reaction of oxo
compounds with 3-mercaptopropan-1l,2-diol in the presence of boron trifluoride-
-etherate (BF3—Et2). The structures of the products were confirmed by
spectral data.

Reaction of the penultimate oxo fatty acid, 1 with 3-mercaptopropan-
-1,2-diol in the presence of acetic acid and BF3—Et20 gave three products
(la, b, ¢) (Scheme 1).

The IR spectrum of product la showed the absence of the oxo function
(1720 cm-1), suggesting its incorporation into an oxathiolane or dioxolane
ring. The spectrum has characteristic bands at 1410 (Cl12—S def.); 1240
(C—S wag.); 1160, 1070 (C—0) and 1030 cm-1 (acetal ring vibration). The
appearance of an additional band at 1750 cm-1 (SCOCH3) clearly established
that the mercapto group has been converted to the mercaptoacetyl derivative
in the course of the reaction. The JH-NMR spectrum of this compound exhi-
bited characteristic peaks at 6 4.2 m (3xH, 4-methine and 5-methylene pro-

*To whom correspondence should be addressed.
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R —C“—R'
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)
OH. BFj—TERD
-OH
R-C-R "' _ _ R’ R->C -R
(6] (6] R-IC (6] S
+
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OH
la |b, 2b le, 2c
1, la.ib,ic R = —CHa R'= - (CH28COOH
2a. 2b, 2c R = -(CH2)8CH3;, R'=-(CH 27COOH
3 R = —(CH2ICH3; R'=—COOH

Scheme 1

tons); 3.0 d (2H, Cii2SAc); 2.3 m (4H, methylene protons, a to the ring and
carboxyl group); 2.0 s (3H, SCOCii3; 1.55 s (3H, CH3—C—). On the basis
of these data, la was characterized as 2-methyl-4-[(acetylthio)-methyl]-I,3-
-dioxolane-2-nonanoic acid.

The IR spectrum of product Ib displayed bands at 3360 (CHOJ1) and
1035 cm-1 (oxathiane ring vibration) [1]. Its IH-NMR spectrum showed
diagnostic signals at 6 6.0 br, s (1H, CH—OH; disappeared on shaking with
D2); 4.2 m (1H, CH—OH), 3.8 d (2xH, 6-methylene protons); 2.9 d (2xH,
4- methylene protons) along with other usual peaks. The disappearance of the
singlet at 0 2.1 for acetate protons indicated that the secondary alcohol is
not changed to acetate function. These data supported the product Ib to be
5- hydroxy-2-methyl-1,3-oxathiane-2-nonanoic acid. The preferential attack
[1] of the SH rather than OH function of the reagent on the carbonyl group
gives rise to compound Ib as the major product. The mass spectrum of Ib
(Fig. 1) gave the molecular ion peak at m/z 290 (CH4H2Y 4S, 1.5) along with
other (M + 1) and (M -j- 2) peaks. The other structure-revealing peaks were
observed at m/z 275 (A, 2.5), 273 (M—OH, 2), 258 (273-CH3, 1), 257 (M-SH,
1.5), 246 (M-C2H40, 1), 243 (M-CH 35, 2.5), 217 (M-C3H% 2, 3), 201 (M-C3H0 3,
4), 183 (10.5), 133 (B, 76), 115 (B-H20, 4), 107 (C3H?™ 25, 8.5), 75 (B-C3H60, 10)
and 73 (B-C2H4 2, 21.5).

The third product Ic showed characteristic bands at 1745 (OCOCH?J);
1220 (acetate) and 1030 cm-1 (oxathiolane ring) in its IR spectrum. IH-NMR
revealed peaks at 6 4.2 br, m (3xH, 5-methine and Cif20Ac protons), 2.9 d
(2xH, 4-methylene protons) and 2.2 s (3H, OCOCH 3. The acetate protons

Acta Chim. Hung. 120, 1985



HUSAIN rt al.: KETO FATTY ACIDS, Vi1 31

were observed at little more downfield (6 2.2) than the SCOCH3 protons
(6 2.0) of product Ib, which is an additional support to differentiate the pro-
ducts (Ib and Ic). Thus compound Ic was formulated as 2-methyl-5-[(acetoxy)-
-methyl]-1,3-oxathiolane-2-nonanoic acid. Further support of this structure
was obtained by the mass spectrum. It showed (Fig. 2) the molecular ion peak
at m/z 332 (CMHNCAS, 1.5); along with the (M + 1) peak. The diagnostic
peaks observed were at m/z 317 (C, 1.5); 299 (M-SH, 1); 298 (M-SH2, 3); 289
(M-CH3CO, 1); 286 (M-CHZS, 2); 256 (298-CH2CO or C—CH3COOH, 3.5);
225 (256-ClI20H, 1.5); 207 (225-H20, 2); 175 (D, 2); 133 (D-CH2CO, 5); 125
(159-SH2, 17.5); 117 (175-OCOCH2, 33) and 71 (103-S, 16.5).

Reaction of the internal oxo compound 2a with 3-mercaptopropan-I,2-
-diol gave two products 2b, c. Based on earlier observations, this reaction
should have yielded three corresponding products, but owing to its insuffi-
cient quantity, one of them could not be isolated. The product 2b showed IR
characteristics almost similar to Ib. The 'H-NMR spectrum exhibited the
same peaks as that of Ib, except for the terminal methyl protons at 10.88,
and six methylene protons (d 2.3 m) in a-position to the carboxyl group and
ring. On the basis of these similar spectral behaviour, 2b was characterized as
5-hydroxy-2-nonyl-1,3-oxathiane-2-octanoic acid. Its mass spectrum (Fig. 3)
showed no molecular ion peak at m/z 388. The characteristic fragment ions
noted were at m/z 261 (E, 3); 245 (F, 2.5); 244 (E—H20, 2); 228 (261-SH or
F—OH, 1.5); 216 (E—COOH, 2.5); 212 (245-SH, 2); 201 (261-C2H402, 1);
188 (E-C3H50 2, 2); 187 (E-C3He0 2, 1); 185 (E— C2H40S, 2); 171 (E— C3HeOS,
3.5); 169 (F— C2H40S, 2); 155 (F—C3HfOS, 4.5); 118 (C4He0 2S, ring, 7.5) and
73 (118-CHS, 38).

The other product, 2c revealed characteristic signals similar to those
of Ic in its IR and IH-NMR spectra, except for the appearance of « methylene
protons at 6 2.3 and terminal methyl protons at ©0.88. The product 2c was
designated as 2-nonyl-5-[(acetoxy)-methyl]-1,3-oxathiolane-2-octanoic acid.
Here again the mass spectrum (Fig. 4) did not show the molecular ion peak at
m/z 430. The diagnostic peaks observed were at m/z 303 (G, 1.5); 287 (K, 1);
258 (G—COOH, 1.5); 228 (K— OCOCH3 1); 201 (G— C4He0 3, 1); 187 (G— C5H&0 3,
1.5); 185 (K— C4He0 3, 2); 160 (G—(CH2TCOOII, 8.5); 155 (K—CBHg 2S, 6.5);
140 (155—CH3, 5); 117 (160-CH3CO, 3) and 102 (160-OCOCH?2, 12.5).

The satisfactory results obtained from the reaction of 3-mercaptopropan-
-1,2-diol with 10-oxoundecanoic acid (1) and 9-oxooctadecanoic acid (2a)
prompted us to carry out the same reaction with 2-oxooctadecanoic acid (3),
where the oxo function is in close proximity of the carboxyl group. The reac-
tion of 3 with 3-mercaptopropan-I,2-diol did not take place. The non-reactivity
of 3 may be attributed to its peculiar structural feature. The inductive effect
caused by the chain and acid carbonyl groups makes the oxo function less
reactive. Another factor, steric hindrance, may also play an important role.
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Fig. 1. Mass spectrum of Ib
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Fig. 2. Mass spectrum of Ic



Fig. 3. Mass spectrum of 2b
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Fig. 4. Mass spectrum of 2c
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The formation of BF3-complex is supposed to be the first step in the synthesis
of oxathiolane and dioxolane, which is hindered in this case owing to the close
proximity of the carbonyl function.

MS fragmentations of oxathiolanes

A literature survey revealed that few reports are available dealing with
the MS of oxathiolanes. Fenselau et al. [15] have studied the MS of steroidal
dioxolanes, oxathiolanes and dithiolanes. The MS of steroidal oxathiolane
mostly gave M-CII2CH2S as a base peak. Here we report the MS fragmenta-
tion of substituted five- and six-membered oxathiolanes (see Figures). From
our present investigations we can infer a few generalizations, with some reser-
vations. In all the cases cleavages B to the oxygen of the ring were noted to
be prominent. The a cleavage ions can serve to determine the molecular weight
of the compounds 2b and 2c, where molecular ion peaks were not observed.
In the case of the six-membered oxathiane the loss of H20 was surprisingly
noted.

Experimental

All the experimental procedures are essentially the same as reported in a previous paper
[11], except where specified. Infrared (IR) spectra were recorded with a Perkin-Elmer 621
spectrophotometer (liquid film, or in 1% solution in CC14). Nuclear magnetic resonance (NMR)
spectra were obtained in CDC13 with a Varian A60 spectrometer. Mass spectra (MS) were
measured with a Kratos MS-45 spectrometer with a digital PDPB/1 data interface system.
The figures in parentheses denote the source of ionalong with the intensity relative to the base
peak 100. Accurate mass measurements and metastable transition patterns were not studied.
IR and NMR values usually associated with long-chain acids (1710 cm-1; 6 0.88 — terminal
methyl protons, 1.2-chain methylene protons, 2.3 — methylene protons a to the carboxylic
function) are not specified; only diagnostic values are discussed. The abbreviation PE refers
to the mixtures of petroleum ether and ether used in column chromatography.

Preparation of oxo fatty acids
10-Oxoundecanoic acid (1)

The method of preparation of 10-oxoundecanoic acid (m.p. 58 —59 °C) has been reported
in a previous paper [11].

9-Oxooctadecanoic acid (2a)

Pure 9-hydroxy-cis-12-octadecanoic (isoricinoleic) acid was isolated from Wrightia
tinctoria seed oil by the Gunstone partition procedure [12]. Hydrogenatiou of the y-hydroxy-
olefinic acid in the presence of palladium-charcoal in ethyl acetate yielded 9-hydroxyoctade-
canoic acid, m.p. 80—81 °C, which on Jones’ oxidation afforded 9-oxooctadecanoic acid (2a),
m.p. 79-80 °C (lit. [12] m.p. 79.5-80°C).

IR (nujol): 1720 cm-1 (chain carbonyl).

2-Oxooctadecanoic acid (3)
The a-bromination of stearic acid in the presence of red phosphorus in dry bromine

gave 2-bromooctadecanoic acid, which on refluxing with potassium hydroxide in ethanol
yielded 2-hydroxyoctadecanoic acid, m.p. 90—91 “C (lit. [13] m.p. 90.5 °C) and some a,R-
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-unsaturated acid. Jones’ oxidation of 2-hydroxy-octadecanoic acid afforded 2-oxooctadecanoic
acid (3), m.p. 74—75 °C (lit. [14] m.p. 74.5 °C).
IR (nujol): 1720 cnrl( - CH2- CO-COOH).

Reaction of 3-mercaptopropan-1,2-diol with 1

A solution of 10-oxoundecanoic acid 2 g; 10 mmol) in acetic acid (30 mL) was allowed
to react with 3-mercaptopropan-1,2-diol (1.08 g; 10 mmol), using BF3 EuO as catalyst, at
25 °C, according to the procedure of Fieser [3]. TLC monitoring of the reaction mixture showed
that the reaction was completed in 20 min. After adding a few drops of methanol to the reaction
mixture, it was diluted with water, extracted with ether, washed successively with 5% NaHCO03
and finally with water, and dried.

The evaporation of the solvent left a viscous oil (1.9 g). TLC examination of this oil
showed three distinct spots at lower R/ values than the spot of the starting material. The
reaction mixture was fractionated on a silica gel (40 g) column. The elution with different
mixtures of PE gave the products in the following ratio:

PE (13%): la, 0.4 g (ca. 21%). CIBH205S (332.45). Calcd. C 57.80; H 8.48. Found C
57.74; H 8.37%.

PE (29%): Ib, 0.8 g (ca. 42%). C14H204S (290.41). Calcd. C 57.90; H 9.02. Found C
57.87- H 8.91%.

* PE (45%): Ic, 0.65 g (ca. 34.2%). CieH20jS (332.45). Calcd. C 57.80; H 8.48. Found C
57.76; H 8.32%.

Reaction of 3-mercaptopropan-1,2-diol with 2a

Reaction of 3-mercaptopropan-1,2-diol (0.54 g; 5 mmol) with 9-oxooctadecanoic acid
(1.61 g; 5 mmol) as described earlier, yielded a viscous oil (1.5 g) showing two distinct and
one faint spot on the TLC plate. Silica gel (30 g) column was used to separate the individual
components. The product showing a faint spot on TLC could not be isolated because of its
insufficient quantity. Chromatographic elution with different ratios of PE mixtures afforded
the following two products:

PE (32%); 2b, 0.8 g (ca. 53.3%). C21H4004S (388.60). Calcd. C 64.90; H 10.37. Found:
C 64.87; H 10.27%.

PE (48%): 2c, 0.6 g (ca. 40.0%). C2H420sS (430.63). Calcd. C 64.15; H 9.83. Found:
C 64.07; H 9.89%.

Reaction of 3-mercaptopropan-1,2-diol with 3

A similar reaction of 2-oxooctadecanoic acid (1.59 g) with 3-mercaptopropan-I,2-diol
did not show any change in the Rj value on TLC plate even after a prolonged reaction time.
Final work-up regenerated the original 2-oxo acid, as evidenced by co-TLC and spectral
behaviour.
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Measurements of the force of air bubble detachment from graphite surface
wetted with n-alkane in aqueous propanol solutions were carried out in the concentra-
tion range from 0 to 300 mg *dm-3. Eleven aliphatic hydrocarbons in the homologous
series from hexane to hexadecane were used for the measurements. From the results
obtained it has been found that discrete changes of the detachment force occur at
appropriate film thickness in relation to the length of the n-alkane molecule and that
the stability of the system graphite/n-alkane film-air bubble-aqueous propanol solu-
tion depends on the thickness and nature of the hydrocarbon film and on propanol
concentration in water.

Introduction

The experimental and theoretical studies of the contact angle in the
system of graphite/ra-alkane film-air bubble-aqueous solution of polar liquid
[1] have shown that its value depends on the thickness and nature of the film
of a nonpolar liquid on graphite surface and on the concentration of a polar
liquid. Properties of films of nonpolar and polar liquids (e.g. thickness, struc-
ture and film pressures) which are formed on a solid-air and solid-aqueous
solution interfaces, exert an influence not only on the value of contact angle
but also on the value of the adhesion force of an air bubble to the surface of
the solid [2—6]. This adhesion force plays an important role in the flotation
processes [7-9].

The studies carried out by Wojcik [4] suggest that even a small amount
of a polar liqguid added to the solid/n-alkane film-air bubble-water system
decreases its stability.

A slightly different conclusion on was drawn by Melik— Gajkazjan
[5, 6] from the analysis of the forces acting on the air bubble attached to solid
surface in the presence of nonpolar and surface active liquid. He maintains
that at low concentrations of surface active agents the contact of an airbubble
with solid surface becomes strengthened, but at greater amounts of a polar
liquid in this system it becomes less stable.
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Controversial opinions dealing with the influence of polar substances
on the adhesion of air bubble to solid surface [4—6] show, that the problem
has not been explained sufficiently.

Therefore studies on the influence of the amount and type of a nonpolar
liguid and the concentration of a polar substance on the force of a bubble
detachment from graphite surface have been undertaken in the system:
graphite/ra-alkane film-air bubble-aqueous propanol solution.

For these studies eleven aliphatic hydrocarbons were used in the homo-
logous series from hexane to hexadecane and solutions of propanol at the
concentration from 0 to 300 mg «dm-3 (this concentration is characteristic
in the process of foam flotation).

Experimental

Measurements of the force of air bubble detachment from graphite surface wetted
with particular n-alkane in aqueous solution of n-propyl alcohol at the given concentration
(from 0 to 300 mg *dm-3) were made by the method described elsewhere [10]. In this method
the value of detachment force is read under the microscope from the deformation of calibrated
quartz rods in the moment of disruption of the system solid-air bubble-liquid. Cylindrical
graphite grains 85.68X 10-5 m in diameter and about Ix 10-3 m long, wetted in excess with
n-alkane tested, were attached to these rods (the preparation of grains and their attachment
were described earlier [11]).

The set grain-rod was fixed in the measuring vessel filled with propanol solution at a
desired concentration. Then the graphite grain (wetted with n-alkane) was contacted with
an air bubble of 40.46 X 10“4m in diameter, which was pushed out of a capillary by means
of a micrometer screw and the detachment force was measured.

The process of contacting and detaching subsequent air bubbles with simultaneous
measurement of the detachment force was repeated until a constant value of the force was
obtained.

All measurements of the detachment force were made at 293 K A 0.1 K, and the
standard deviation of measurements was +=5x 10-4 mN.

Results and Discussion

From the measurements carried out it appears that with the decrease
of n-alkane film thickness on graphite surface for ¢ = const,, = const., and
R = const, the values ofthe detachment force are changed. For all the n-alkanes
studied the stability of the system graphite/n-alkane film-air bubble-solution
initially increased with the increasing number of air bubbles contacted with
graphite surface, passing through its maximum, and then it decreased until
the value of FObecomes constant. The relationship between FOand the number
of air bubbles is different for the particular hydrocarbons and propanol con-
centrations in water. It is characteristic that the changes of FO in relation
to the number of air bubbles are greater at higher propanol concentrations in
water, which can be seen in Fig. 1. This figure also shows an example of the
detachment force changing in relation to the number of air bubbles detached
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Fig. 1. The detachment force FO0 as a function of the number of air bubbles contacted with

the surface of graphite/n-alkane in aqueous propanol solution (Curves 1, 3,5 for 20 mg «dm-3

and Curves 2, 4, 6 for 300 mg. dm-3). Curve 1,2, for hexane film, 3, 4, for decane film, and
5, 6 for hexadecane film

from graphite surface wetted with hexane (curves 1, 2), decane (curves 3, 4),
and with hexadecane (curves 5, 6) in aqueous propanol solutions at concentra-
tions of 20 mg «dm-3 (curves 1, 3,5) and 300 mg *dm-3 (curves 2, 4, 6),
respectively.

From Fig. 1it can be seen that the thickness of re-alkane film on graphite
surface has a considerable effect on FO values.

The effect of propanol concentration in water on FO is less distinct in
this figure. To show it more clearly the relationship between FO0 and c¢ should
be plotted for equal film thickness of the given re-alkane on the solid surface.
This, however, is practically impossible to do on the basis of the studies
presented. Nevertheless, a certain explanation of this problem can be obtained
from Fig. 2. It shows an example of changes of the force of detachment from
graphite surface wetted with decane vs. propanol concentration (in the range
from 0 to 300 mg » dm-3) for the first air bubble contacted with this surface,
Fo(l} (see Fig. 1, curve 1), for the air bubble with FOmax (curve 2) (points
corresponding to maximum FOvalue from Fig. 1), and the change of FOmin
(curve 3) (FOmin — constant values of FO0(final) — see Fig. 1), respectively.
From Fig. 2 it can be seen that -FO(i) values (curve 1) and FOmax (curve 2)
increase, whereas FOmin (curve 3) decreases as a function of propanol con-
centration in water. The course of curve 3 in Fig. 2 confirms the conclusions
drawn by Wojcik [4], and curves 1 and 2 support the observations of Melik—
Gajkazjan [5, 6].

To explain both results [4—6] let us consider the change of the para-
meters determining FO value under the influence of a polar and nonpolar
liquid in the systems studied.
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From the equation derived earlier [12] the detachment force of air
bubble from the graphite/n-alkane film in aqueous solution of propanol, may
be determined by means of FO= f (yI, rk R, yst, ysfL™ ae)e Since in the con-
centration range from 0 to 300 mg «dm-3, yI changes slightly and rk, and R
are constant, hence values of F 0 depend mainly on yst, ystL and ne. Ifyst <1 ¥b
then according to Fowkes theory [14, 15] ne”™ 0 and FO= f(ySf, ysfL).

Assuming that, for given n-alkane ysf is constant, and ne” 0, then
the change of FOvs. c depends upon the change of y$fL values only. If the
concentration of propanol solution is increased adsorption of n-propanol
molecules on graphite/n-alkane film-solution interface also increases.

Probably asa result of the adsorption polar interactions arise on these
interfaces [14, 16]. These polar interactions change the ystL values as a func-
tion of the concentration.

Taking into account that on surfaces of high energy hydrophobic solids,
the alkane film having a thickness up to 2 statistical monolayers is very
stable, it seems that obtained F 0 min values result from such thickness of
the films.

W hen such film is present on the graphite surface irrespective of the
solution concentration (up to 300 mg *dm-3) then FOmin = /(ysfb)-

According to Wojcik‘s studies [4], for such thin films decrement in
stability of graphite/n-alkane film-air bubble-solution system vs. c value (Fig.
2 — curve 3) appears as a result of polar interactions arising on graphite/
n-alkane film-solution interface.

For the films corresponding to the systems in which FOmax and F ((i)
are obtained it could not be assumed that y$( as a function of c value is con-
stant. Hence FQ(i) = /(ysn Tsil) and FOmax = /(y Sf, ySfL) and changes of
yst and ystL as functions of c are such that cause the detachment force increase
when the concentration of propanol solution is increased.

Fig. 2. The effect of propanol concentration on FOforce of air bubble detachment from graphite
surface wetted with n-alkane. Curve 1 — F () values (for the first air bubble measured —
Fig. 1), curve 2 — F O max values and curve 3 — FOmin values
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Unfortunately, for the systems presented in this paper it is impossible
to make a detailed quantitative analysis of the parameters determining the
value of the force of air bubble detachment from graphite surface wetted with
re-alkane in aqueous propanol solutions, since it is not possible to determine
guantitatively the pressure of hydrocarbon film on graphite surface, which
depends on the film thickness and kind of hydrocarbon.

The effect of the nature of hydrocarbon on FO0can be shown only qualita-
tively on the basis of Fig. 3—5.

These figures represent the changes of the initial values of the detach-
ment force (FO0") (Fig. 3), FOmax values (Fig. 4) and FOmin values (Fig. 5)
vs. the number of carbon atoms in a hydrocarbon molecule for two propanol
concentrations in water (20 mg s dm“3— curve 1; 300 mg *dm-3 — curve 2).
From these figures it can be seen that for a thick re-alkane film the stability
of the system decreases with the length of the hydrocarbon molecule (Fig. 3),
but the changes of FOmin (Fig. 5 from hexane to hexadecane are small.

It is characteristic that both in Fig. 3 and Fig. 5 no discrete changes of
F Qare observed in relation to the number of carbon atoms in re-alkane, except
for FOmax in Fig. 4. The changes of FOmax value for all the studied propanol
concentrations in water (in Fig. 4 only the concentrations 20 and 300 mg «dm 3
are taken into consideration) are not similar to those of maximum values of
the force of air bubble detachment from graphite surface wetted with re-alkane
in water [17], but they are analogous to the changes of FOmax in the system
Teflon/re-alkane film-air bubble-water [18] and to the changes of zeta potential
for the system sulphur/re-alkane film-water and Teflon/re-alkane film-watei
as a function of the length of the hydrocarbon chain [18, 19]. Discrete changes
of the detachment force, wetting contact angle [18, 20] and zeta potential as
a function of the number of carbon atoms in re-alkane molecule similarly to
the change in their melting temperature are interpreted in the literature [18—
22] by differences in the structure of even and odd hydrocarbon molecules.
Hence it may be concluded that the initial values (F 1) — Fig. 1) of the force
of air bubble detachment from graphite surface wetted with the given re-alkane
in aqueous propanol solution result in such a thickness of the film at which
its outermost layer from the graphite surface possesses very similar properties
as its bidk phase does, and therefore there is no discrete change in FO results
for even and odd hydrocarbons (Fig. 3, curve 1). With decreasing the film
thickness caused by contacting and then detaching air hubbies (Fig. 1) we
reach the hydrocarbon layers, the properties of which differ from its bulk
phase and there are probably some differences in the structure of the even and
odd re-alkane film. This would result in the fact that the film of one of them
can be “thinned” by air bubbles less easily than of the other, which also may
reflect in the discrete changes of FOmax in relation to the length of the hydro-
carbon chain (Fig. 4). The contacting of a great number of air bubbles with
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Fig. 3. The effect of n-alkane chain length on -Foil) detachment force in the presence of propanol
at a concentration of 20 mg ¢ dm-3 (curve 1) and 300 mg «dm-3 (curve 2)

Number of carbon atoms in n-alkane, C,

Fig. 4. The effect of n-alkane chain length on FOmax detachment force in the presence of
propanol at a concentration of 20 emg-dm-3 (curve 1) and 300 mg «dm-3 (curve 2)

Fig. 5. The effect of n-alkane chain length on FOmin detachment force in the presence of
propanol at a concentration of 20 mg « dm-3 (curve 1) and 300 mg *dm-3 (curve 2)
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graphite surface wetted with re-alkane in the solution of n-propanol alcohol
may cause a destruction of a homogeneous structure of the re-alkane film
(the film becomes discontinuous) and in such a case no difference is observed
between the even and odd hydrocarbon film in the effect ofthe length of the
hydrocarbon chain on the change of the detachment force (FOmin — Fig. 5).

Conclusions

From the studies presented above it can be concluded that re-alkane
and re-propanol influence the adhesion of air bubbles to graphite surface.
The adhesion depends on the nature and thickness of re-alkane film on graphite
surface, and concentration of aqueous propanol solution. For thin films a
decrease, and for thick films an increase in the values of detachment force
of air bubbles from a graphite surface appears as the concentration of propanol
solution is increased but when this concentration is constant and the thickness
of the re-alkane film is changed, detachment force is varied too. It is very
characteristic that the detachment force in relation to the re-alkane film
thickness has a maximum.

In turn the maximum values of the detachment force as a function of
the number of carbon atoms in the hydrocarbon molecule change stepwise
from even to odd hydrocarbon.

Stepwise changes of the detachment force as a function of the length of
re-alkane molecule are not observed for very “thin” and very “thick” re-alkane
films. Stepwise changes of the maximum detachment force have been explained
suggesting a different structure of even and odd alkane molecules on graphite
surface.

Symbols
c concentration of aqueous propanol solution
FO detachment force of air bubble from the graphite grain
R air bubble radius
rjj radius of the air bubble contact plane with graphite grain

surface tension of the aqueous propanol solution

ygf  surface free energy of graphite covered with hydrocarbon film

yofL  interfacial free energy of the graphite/hydrocarbon film-solution

Trc decrease in surface free energy of the graphite (covered with hydrocarbon film) resulting
from the adsorption of propanol and water molecules from aqueous propanol solution.
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A new method, involving the use of paper electrophoresis is described for the
study of the equilibria in mixed ligand complex systems in solution. The technique is
based on the movement ofa spot of metal ion under an electric field with the complexants
added in the background electrolyte at pH 8.5. The concentration of primary ligand
(NTA) was kept constant while that of secondary ligand proline was varied. The plots
of [proline] against mobility were used to obtained information on the formation of
the mixed complex and to calculate its stability constants. The binary equilibria M(l1)-
-proline and M(I1)-NTA have also been studied since it is a prerequisite for the investiga-
tion of mixed complexes. The stability constants of the metal NTA-prolinate com-
plexes have been found to be 5.95, 5.85, 5.20, 3.96 and 3.90 (log K values) for Cu(ll)
uoll), Be(ll), Co(ll) and Mn(ll) respectively, at p — 0.1 and temperature 35 °C

Introduction

Paper electrophoresis was applied to the study of metal complexes in
solution, attempts are made to determine the stability constants of the com-
plex species [1, 2]. Recently in this Laboratory a new method has been devel-
oped for the study of stepwise complex formation [3, 4,5, 6], and for the
study of mixed complexes [7, 8,9, 10]. The present work is an extension of
the technique and report our observation on the mixed system.

Experimental
Apparatus

Electrophoresis equipment (Systronics model, 604 INDIA) has been used. It has
a built-in power supply (A.C.—D.C.) which is directly fed to paper electrophoresis tanks.
In most electrophoresis instruments no attention is paid to the control of temperature. The
electric current running through the paper strips generates heat which causes evaporation of
the background electrolyte leading to serious errors. In order to eliminate it, two hollow
metallic plates coated outwardly with thin paper plastics have been used for sandwiching
paper strips, and thermostated water (35 °C) is circulated through them. pH measurements
were made with an Elico model LA1O pH meter using a glass electrode.

*To whom correspondence should be addressed.
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Chemicals

Cu(ll), uoll), Be(ll), Co(ll) and Mn(Il) perchlorates were prepared by precipitating
the corresponding carbonates with sodium carbonate from solutions of nitrates, washing the
precipitates thoroughly with boiling water and treating with a suitable amount of 1% per-
chloric acid. The resulting mixture was heated to a boiling on a water bath and then filtered.
The metal contents of the filtrates were determined as usual and final concentration was kept
at 5,0x 10-3M.

(2-pyridylazo)-2-naphthol (PAN), 0.1% (WjV) in ethanol was used for detecting the
Cu(ll), uolIl), Co(ll) and Mn(ll) ions. And aluminium-ammonium acetate mixture in water
was used for detecting the Be(ll) ion. A saturated aqueous solution of silver nitrate (0.9) was
diluted with acetone to 20 mL. Glucose was detected by spraying with this solution and then
with 2% ethanolic sodium hydroxide.

Background electrolyte

Stock solution of 9.0 M perchloric acid 2.0 M sodium hydroxide and 0.5 M proline
were prepared from AnalaR (B.D.H., Poole, Great Britain): 0.01 M nitrilotriacetic acid was
prepared from a sample obtained from E. Merck (Darmstadt, G.F.R.). Each solution was
standardized as usual. The background electrolyte in study of binary complexes consists of
0.1 M perchloric acid and 1.Ox 10-2 M proline (1.Ox 10-3 M NTA) while in study of ternary
complexes, it consists of 0.1 M sodium perchlorate, 1.Ox 10-3 M NTA and varying amount
of 1.Ox 10~2 M proline; it was maintained at pH 8.5 by addition of sodium hydroxide.

General procedure
Binary complexes

Paper strips Whatman No. 1 (30x1 cm) in duplicate are spotted in the middle with
metal ions. An extra strip was marked with glucose. The strips are sandwiched between two
insulated hollow plates. The plates are mounted in the electrophoresis equipment with the end
of paper strips dipping into the tank of the instrument. Each tank is filled with 150 mL of
background electrolyte. An hour is allowed for strips to get wet by diffusion with background
electrolyte solution. Subsequently, electrophoresis is carried out for 60 minutes under the
influence of 200 Y potential difference between the two tank solutions. The strips are then
removed from the tank, dried and migrated spots are detected with specific reagents. Distance
travelled by spots is measured from previous marked points. Duplicate strips always recorded

2 U 6 8 10
pH

Fig. 1. Mobility curve M(I1)-Proline system (temp. 35 °C, ionic strength 0.1)
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Fig. 2. Mobility curve M(l1)-Proline system (temp. 35 °C, ionic strength 0.1)

less than 5% variation in travailed distances. Mean of the two was taken for calculation of
mobility. Movement of glucose is used as correction factor for electroosmosis. The electro-
phoretic migration of metal spot on paper was observed at different pH of background electro-
lyte. Distance travelled toward the anode are assumed to be negative and those towards the
cathode to be positive. The length of unimmersed strips above the tank containing background
electrolyte is 26.5 cm, so the potential gradient applied in each experiment is 7.5 V/cm. Divid-
ing the movement by the potential gradient yields the mobility, which is plotted in Figs.
1 and 2.

Ternary complexes

Strips are marked with metal ions in duplicate along with as additional one marked
with glucose. After trenching the strips with background electrolyte the electrophoresis was
carried out for one hour at the same potential difference as in the case of binary complexes.
For subsequent observation, a prolinate solution, maintained at pH 8.5, was added progressi-
vely and the ionophoretic mobility recorded. A plot of mobility against log proline was made,
which is shown in Figs. 5 and 6.

Results and Discussion
Metal-prolinate binary system

The plot of overall electrophoretic mobility of the metal spot against
pH gives a curve with a number of plateaus shown in Figs. 1 and 2. A plateau
is obviously an indication of the pH range where the speed is practically
constant. This is possible only when a particular complex is overwhelmingly
formed. Thus every plateau indicates the formation of a certain complex
species. The first one in the beginning corresponds to a region in which metal
ions are uncomplexed. It lies in the low pH region where concentration of
highly protonated species of proline is obviously maximum, hence it is con-
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eluded that this protonated species of proline is non-complexing. Beyond this
range, the metal ion spots have progressively decreasing velocity and hence
the complexation of metal ion should be taking place with other ionic species
of proline whose concentration increases progressively with increase of pH.
The figure reveals second plateau in each case with a positive mobility, indicat-
ing the formation of a 1 : 1 complex of cationic nature. Further increase in
pH gives rise to a third plateau with zero mobility in each case which again
indicates formation of electrically neutral 1 :2 metal complexes. This is

Fig. 3. Mobility curve M(I1)-NTA system (temp. 35 °C, ionic strength’0.1)

Fig. 4. Mobility curve M(I1)-NTA system (temp. 35 °C, ionic strength 0.1)
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log iProline]

Fig. 5. Mobility curve M-NTA-Proline system (temp. 35 °C, ionic strength 0.1)

log IProline]

Fig. 6. Mobility curve M-NTA-Proline system (temp. 35 °C, ionicTstrength 0.1)J

possible only when two anionic species of proline combine with one divalent
metal ion. The literature also assigns prominent ligating properties to unpro-
tonated anionic species of proline ruling out any such property of zwitterions
[11, 12, 13]. Further increase of pH has no effect on the mobility of metal
ions.

In view of the above observation the complexation of metal ion with
prolinate anion (L) may he represented as

K,
M2+ | L- ML +

K,

ML+ + L- ML2

The metal spot of the paper is thus a conglomeration of uncomplexed
metal ions, 1 :1 complex and 1 : 2 complex. For the spot moving under the
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influence of electric field, the overall mobility is given by the equation

u = unfn
n

where un and fn are the mobility and mole fraction of a particular complex
species.

This equation is transformed into the following form on taking into
consideration different/equilibria:

v ud+ UK, [L~] + uXxK2[L~]2
1+ K,[L-] + KxK2[b-y

where u0, ul and u2 are mobilities of uncomplexed metal ions, 1 :1 metal
complex and 1 :2 metal complex respectively.

This equation has been used for calculating stability constants of the
complex of metal ions with prolinate anion. For calculating first stability
constants Kx, the region between the first and second plateau is pertinent.
The overall mobility *LP will be equal to the arithmetic mean of mobility of
uncomplexed metal ion, u0, and that of the first complex ul at a pH where
Kr = 1/[L~] with the help of dissociation constants of proline (Kr = 10190,
K2= 10100 [14] the concentration of prolinate anion (L) is determined for
the pH, from which can be calculated. The stability constants K2 of the
second complex can be calculated by taking into consideration the region
between the second and third plateau of the mobility curve. These calculated
values are given in Table I.

Metal-NTA binary systems

The observation on overall mobility of metal spots in presence of NTA
at different pH values are represented in Figs. 3 and 4. It is evident from the
figure that with all five metal ions two plateaus are obtained. The mobility
of the last plateaus lies in the negative region showing the negative charge of
complexes. Hence only one NTA anion is assumed to combine with one diva-
lent metal ion to give 1:1 M-NTA~ complex which is in conformity with
other finding [15, 16, 17]. The stability constants of complexes with NTA
are calculated in a manner described in the preceding paragraph. The calcu-
lated values are given in Table 1.

Metal-nitrilotriacetate-proline-ternary systems

The study of this system has been done at pH 8.5. It is observed from
the mobility curves of M-proline and M-nitrilotriacetic acid binary systems
that binary complexes, M-prolinate and M-nitrilotriacetate are formed at a
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Stability constants of some binary and ternary complexes of Cu(ll), U0XII), Be(ll), Co(ll), and Mn(ll)
1.0); temperature = 35 °C;
NTA anion = N(CH,COO)"3; prolinate anion =

(ionic —strength =

Calculated stability constants

Metal ion

log Km1 log Km1, log Km-NTA

Cu(ln 8.48 6.78 12.74

uojan 7.73 6.38 9.77

Be(ll) 7.52 5.98 7.25

Co(ll) 4.88 3.78 10.32

Mn(lI) 3.98 2.13 7.55
Where, KM = [ML] M ML] .

ML [M][L]’  mi. [ML] L]

Table |

log K'M-NTA-L

5.96

5.85

5.20

3.96

3.90

M = [M-NTA]
M-NTA  [NTA] [M]

and

log Km,

8.83 [18]
8.72 [18]

3.34 [18]
3.97 [18]
2.84 [19]

"M-NTA

M-NTA-L

L=

Literature value

log KM-NTA log Kmi.i

12.94 [20]  7.57 [18]
13.60 [21]
1275 [21]  7.63 [18]

9.50 [20]

7.88 [21] _

9.50 [21]

7.11 [20] _

10.38 [20]

10.38 [21] —
_ 2.43 [18]

3.90 [19]

[M-NTA-L]
[M—NTA][L]

logjrs -fiu

5.59 [21]

3.23 [21]
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pH lower than 8.5. Thus it would be proper to study the transformation of
M-NTA complex into M-NTA-prolinate complex at pH 8.5 in order to avoid
any side interaction.

The plot of mobility against logarithm of concentration of added proline
gives curves (Figs. 5 and 6) containing two plateaus, one in the beginning and
an other in the end. The mobility in the range of the first plateau corresponds
to mobilities of 1 : 1 M-NTA complexes. The mobility in this range is also in
agreement with the mobility of 1 : 1 M-NTA complex as evident in the study
of the binary M-NTA system. The mobility of the last plateau is more negative
than that ofthe first plateau so it indicates the formation of a more negatively
charged complex. Further, the mobility in the last plateau does not tally with
the mobility of 1 : 1 and 1 :2 metal proline complexes (observed in our study
of binary M-prolinate system). It is inferred that the last plateau is due to
co-ordination of prolinate anion to 1:1 M-NTA moiety, resulting in the for-
mation of 1 :1:1 mixed complex (M-NTA-prolinate)

K
M-NTA- + L“7=" M-NTA — L2-

In the present electrophoretic study the transformation of a simple
complex into mixed complex taken place, hence the overall mobility is given by

U= uo‘/m-nta+ ui '/m-nta-1

where u0, ur and/ M_Nta and / m- nta-L are the mobilities and the mole frac-
tion of M-NTA- and M-NTA-L2- complexes, respectively. Substituting the
mole fractions, the overall mobility is given by equation

Uu . ui+t
1+ K'[L-]

u0 and ux are the mobilities in the regions of the two plateaus of the
curve. From the figure the concentration of proline at which the overall mobi-
lity is the mean of the mobilities of two plateaus is determined. The concentra-
tion of anionic species of proline at pH 8.5 for this proline concentration is
calculated; K" is obviously equal to 1/[L-]. All the calculated values of K’
are given in Table I.
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The use of some phenoxy acetamide derivatives as corrosion inhibitors of iron
in 3 A nitric acid was studied by thermometric and weight-loss methods. The two
methods gave concordant results. The additives caused a decrease in the maximum
reaction temperature and a corresponding reduction in the reaction number (RN).
The results indicate that the additives reduce the corrosion rate by way of adsorption
through the carbonyl group, while the aromatic nucleus lies flat on the surface of the
corroding metal. The inhibitory character of the compounds depends upon the con-
centration of the inhibitor, as well as its chemical composition.

The corrosion of iron and its alloys and their inhibition by different orga-
nic inhibitor in acid solutions has been studied by several authors [1—®6].
Kuznetsov et al. [3] have reported that aliphatic amines act as corrosion
inhibitors for metallic iron in formic acid solution. Also, thiourea and its deriva-
tives were investigated [4] for their inhibition effects on the corrosion of
iron in aerated and deaerated hydrochloric acid. Knikeev et al. [5] and Neme-
haninova et al. [6] used some organic nitrogen compounds as corrosion inhi-
bitors or iron in acid solutions.

The methods of comparing the efficiency or inhibition are numerous
[7—9]. Recently Aziz and Shams EI-Din [10] applied the Mylius thermometric
method [11] to study the dissolution of aluminium and zinc in hydrochloric
acid and sodium hydroxide solutions. Owing to the technical importance and
widespread use of iron, it is necessary to protect iron against corrosion.

The object of this paper is to apply the Mylius thermometric and weight-
-loss methods to study the dissolution of iron in nitric acid, and throw some
light on the mode of adsorption of some phenoxy-acetamide compounds on
the iron surface.

Experimental

The phenoxy-acetamide compounds used as corrosion inhibitors in this investiga-
tion are:

*To whom correspondence should be addressed.
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p-Methyl-phenoxy-acetamide; (1)

p-Amino-phenoxy-acetamide; (l11)

p-Hydroxy-phenoxy-acetamide; (1V)

Phenoxy-acetamide; (V)

3N HNO3 was obtained by dilution from concentrated stock solution. The reaction vessel
and the procedure for determining the dissolution of iron in corroding media were the same as
described elsewhere [11]. Iron test-pieces (with purity > 99.2%) measuring 10x100x5 mm
were used in the thermometric method, and test pieces measuring 20 X 50 X5 mm were employed
in the weight-loss method. Also the iron test-piece surface was degreased with methyl alcohol
and etched in a solution of the composition: 1 cone. H2S04:1 cone. HN03:2 H2. Each
experiment was carried out with 15 mL of the corrosive solution in the thermometric method
and 100 mL of the corrosive solution in the weight-loss method. All experiments started at
25 + 0.1 °C.

The extent of corrosion inhibition by a certain concentration of a particular additive
is evaluated from the percentage reduction in the reaction number RN, viz.

% Reduction in reaction number RN = ——-lyt-"-----* 100
(RIN)free

where (RN)free and (KN);n|, are the reaction number in absence and in presence of inhibitors
respectively. Where reaction number (RN) is defined as:

RN = Tmt~ Ti °Cmin-1

Where Tm and T{are the maximum and starting temperatures, respectively, and t is the time
in minutes taken to reach Tm.
The loss in weight is:
) . L. Ti7
% inhibition efficiency = —

W here PFfree and JFinh are the loss in weight of the test pieces in absence and in presence of
the inhibitors.

Results and Discussion

The dissolution ofiron in 3 N nitric acid was accompanied by temperature
change. The maximum temperature is 55.2 °C, and is attained within 13 min,
corresponding to RN of 2.323 °C/min (curve 1, Fig. 1). To this solution increas-
ing amounts ofp-phenoxy-acetamide compounds are added. The effect depends
both on the concentration and the type of the additive used. The curves of
Fig. 1 show the behaviour in the presence of p-chloro-phenoxy-acetamide.
Curves having the same character are obtained with the other materials tested.
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Fig. 1. Temperature-time curves for p-chloro-phenoxy-acetamide

In all cases the dissolution of iron in nitric acid solution starts directly as the
metal is introduced into the solution. On increasing the concentration of the
additive, the time required to reach Tm increases. This indicates that the addi-
tives retard the dissolution of iron in 3 N nitric acid, presumably by their
adsorption on the surface of the metal. The extent of retardation or inhibition
depends on the degree of coverage of the metal with the adsorbate, and the
temperature-time curves provide a means of differentiating between weak and
strong adsorption [10]. Weak adsorption is noted for all phenoxy-acetamide
studied.

The fact that the compounds studied bring about a decrease in RN
indicates that they act as inhibitors, and this is substantiated by the decrease

Table |

Efficiency of corrosion inhibition as determined
by percentage reduction in RN

Concentration 94 Reduction
of additives
M | " 1 \% \Y

5x 10-" 5.3 2.7 22.5 11.3 14
10X 10-* 7.4 5.3 26.0 13.9 2.3
25X 10-* 18.2 10.5 36.3 24.2 7.5
50 X 10-* 45.8 26.4 65.6 52.6 16.5
75x 10-1 63.0 50.9 83.6 74.2 31.1
100x 10-4 81.9 65.6 94.8 86.7 52.2
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Fig. 2. Variation of RN with the logarithm of concentrations of the additives used. 1-phenoxy-
-acetamide; 2-p-methyl-phenoxy-acetamide; 3-p-chloro-phenoxy-acetamide; 4-p-hydroxy-
-phenoxy-acetamide; 5-p-amino-phenoxy-acetamide

Fig. 3. % Reduction in RN — log C curves for all additives used. 1-p-amino-phenoxy-aceta-
mide; 2-p-hydroxy-phenoxy-acetamide; 3-p-chloro-phenoxy-acetamide; 4-p-methyl phenoxy-
-acetamide; 5-phenoxy-acetamide

in RN with increase in the concentration of the additive. The results recorded
in Table I reveal that the efficiency of corrosion inhibition as determined from
the percentage reduction in RN varies with both the concentration and the
type of phenoxy-acetamide derivatives.

Figure 2 shows the variation of the decrease in RN as function of log Cinh
for iron in nitric acid solution. These are invariably sigmoid in nature, sub-
stantiating the idea that the phenoxy-acetamide reduces the corrosion rate
by way of adsorption. The turn in the curves is rather sharp, suggesting that

Acta Chim. Hung. 120, 1985



AHMED et at.: INHIBITION OF THE CORROSION 61

it is associated with the formation of a monolayer of the inhibitor on the
surface of the corroding metal. The points of inflexion of the RN — log C
curves for the additives fall at 25x10~4 M. Previously mentioned ideas [12]
about the modes of adsorption in the case of aromatic acids apply in the pre-
sent case. In this case the additives are adsorbed on the surface through their
carbonyl group, while the aromatic nucleus might be expected to lie flat on
the surface of the metal. The same conclusion can be obtained on plotting
the percentage reduction in RN against log Cinh (Fig. 3).

The percentage reduction in RN decreases in the order: p-amino-phenoxy-
-acetamide > p-hydroxy-phenoxy-acetamide > p-chloro-phenoxy-acetamide
> p-methyl-phenoxy-acetamide > phenoxy-acetamide. Adsorption of the
carbonyl group on the metal surface would depend essentially on its charge
density. The magnitude of the latter should depend on the p-substituent which
increases the charge density on the carbonyl group. NH2is more basic than
OH > CI>CH3>unsubstituted compound. Thus, the participation of the polar
structure to the ground state of the molecule [13] in p-amino-phenoxy-acetami-
de would be larger than in the other derivatives. Accordingly, p-amino-
-phenoxy-acetamide should exhibit the highest adsorption tendency and hence
the largest corrosion inhibitive action. The charge density on the carbonyl of
unsubstituted compound is low and hence gives the least corrosion inhibition.

Weight-loss measurements

The effect of phenoxy-acetamide derivatives on the dissolution of iron
in 3N HNO3 acid solution was also established by the weigh loss method.
Fig. 4 represents the weight loss-time curves for p-chlorophenoxy-acetamide.
The curves obtained in presence of additives fall below that of the free acid.
These curves are straight lines passing from the origin and are characterized
by initial increase in weight loss. The linearity of the weight loss with time from
the beginning may be interpreted as the breakdown of the oxide film and the
start of the attack. Weight loss of iron depends on both the type and the
concentration of the additives in the same way as the percentage reduction
in RN does. In Table Il the additives examined are arranged in the order of

Table I1

Efficiency of corrosion inhibition as determined by
thermometric and weight-loss techniques at 100 X10-1 iVf

Substances % Reduction in RN % Inhibition
hi 94.8 92.8
v 86.7 88.5
| 81.9 79.9
n 65.6 63.1
\Y% 52.5 52.9
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Time, min

Fig. 4. Weight loss — time curves for p-chloro-phenoxy-acetamide

increasing inhibition efficiency. Also Tabic Il shows that the compounds used
follow the same order when arranged according to the percentage reduction
in RN at the same concentration of the inhibitor (I0OxIO-4 M) and after
60 min from the start.

Thus the same order of inhibitory action is obtained by weight-loss and
thermometric measurements. This indicates the validity of the results obtained
by the two different methods for the use of phenoxy-acetamide derivatives as
corrosion inhibitors of iron in 3 N nitric acid solution.
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A potentiostat operating on the principle of current interruption has been
designed: it is especially suitable for electrochemical systems where the uncompensated

resistance varies with time. The application possibilities of the instrument are illustrated
by a series of potentiodynamic measurements.

In electrochemical studies, ohmic voltage drops on the electrolyte resis-
tance between the reference electrode (the end of the Luggin capillary) and
the working electrode, as well as on the eventual coating layer resistance
cannot be compensated by simple potentiostats. A number of authors dealt
with the solution of this problem, these works are summarized in the paper
of Britz [1].

Methods used or suggested can be classified into three groups:

1) The ohmic resistance (jRj) is known (or can be determined) and stable
in time. In this case on a resistance placed into the conducting circuit of the
potentiostat having an identical value (RJ, the same voltage drop, LRj is
generated as in the electrolyzing cell. On correcting the control signal of the
potentiostat with this IRt potential, the ohmic voltage drop of the cell can be
eliminated (positive, passive feed-back) [2, 3].

2) The a.c. methods utilize the electric properties of the electrolyzing
cell; e.g. by superimposing a harmonic signal of small amplitude on the electro-
lyzing current, it can be achieved that the a.c. signal measurable between the
reference and working electrodes depends only on the value of RI (the double-
layer capacitance behaves as a short-circuit), and on knowing Rx and I, the
IR1potential can be generated by which the control of the potentiostat should
be modified [4—7].

3) By a periodic interruption of the current of the potentiostat, informa-
tion may also be obtained from which the IBj ohmic voltage drop can be
generated [8], thus the control signals can also be modified. The latter two
methods are suitable for the automatic compensation of ohmic voltage drop
depending on the time and/or potential.

*To whom correspondence should be addressed
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Fig. 1. Schematic equivalent circuit of the electrolyzing cell: W: connection of the working
electrode, R: connection of reference electrode, A: connection of conducting electrode, Rp:
Faraday impedance, Cp: capacitance of double-layer, /?,: Resistance between the reference
electrode (end of the Lugging capillary) and the working electrode, R2: resistance of the
electrolyzing cell, R3:internal resistance ofthe reference electrode, U\jy r: voltage drop between
the working and the reference electrodes, “AUyy.Ri voltage drop on resistance RXx

real potential of the working electrode

Fig. 2. Time dependence of electrode potential (¢) during operation of the instrument (schema-
tically) Uw R, aAUw r, “zTOwJrP as in Fig. 1. /HJw r: correction signal produced by the
instrument during sampling, Uw’r P: electrode potential corrected (approximately) with the

ohmic voltage drop, TppR: period time of sampling, Tpab: polarization time within a period
T[: time of current interruption, Taa: time of sampling, TM: interval of sampling
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In the present work the design of a potentiostat is described, which
makes the sampling for automatic compensation of the ohmic voltage drop
by periodic interruption of the current. The functioning of the instrument is
illustrated by several series of measured data.

Operation of the instrument

Automatic ohmic compensation is based on the principle of current
interruption. Interruption occurs in the circuit of the conductive electrode
by means of electronic switches (without contacts). The residual leaking cur-
rent on interruption is less than 20 nA.

The principle of operation can be explained on the equivalent block
scheme shown in Fig. 1 as follows: the potential measurable on the reference
electrode decreases jump-wise on interruption, as the voltage drop azll/w,R
generated on resistance Rx ceases to exist due to the lack of current. (The
schematic potential-time diagram is seen in Fig. 2). The potential on the
charged double-layer capacitor is discharged in the moment of interruption,
then it decreases exponentially to the rest potential with a time-constant of
X= RpCp. (The exponential approximation is correct only in the small interval
of the decay time.) If within a short time after interruption of the current
(so that the discharge of the double-layer capacitor should not cause significant
errors) a sampling is made from the potential ffw.R and the control of the
potentiostat is designed so that the program potential be identical with this
sampling potential, the ohmic voltage drop is automatically compensated.
The direct application of this method is not expedient in practice, because it
slows down the operation of the potentiostat, as information necessary to the
control of the potentiostat is obtained only in the period of sampling. It is
much better to generate the .dU\v,R value by sampling, i.e. the ohmic voltage
drop, and to control the potentiostat by the momentary potential 17w,r —
Nlw,R* (This means that the zlUw.r value is considered to be constant
during the polarization time TpO\ in a single period.)

In the instrument realized, polarization time TpO| is 25 times larger
than the interruption time T\, thus:

FPER = T\ - Tpo1 = 26T) (1)

The time of sampling (Ts) is constant and equal to 20 fis, and it falls
always into the last 20 ps period of interruption time (T\) (Fig. 2). The digital
control unit (see in Fig. 6, block DV without the external control K) is designed
so that the average time of sampling T$4 can be set by a manual multistage
switch. For precise automatic compensation, it is expedient to set this time
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Fig. 3. The schematic equivalent circuit of the electrolyzing cell complemented with stray
capacitances,(C15C2 C3. Others as in Fig. 1

small is order to keep the inaccuracy due to the discharge of the double-layer
capacitor negligibly small. However, in practice, this has limits, as the current
interruption is not instantaneous. The reason is the restricted speed of electro-
nics, and the distorting effect of stray capacitances of the electrolyzing cell
and its wiring (Fig. 3). Correspondingly, the potentials sampled deviate to
asmall extent from the accurate value. In the instrument built these deviations
are the following:

I ZIUW.R — VIt/W.R 15° 5 mV (2)

or

| — *AUw,rP I< 5 mV 3)

Design of the instrument

The block scheme of the instrument is shown in Fig. 4. If we disregard
the unit OE and the control units marked by dashed lines, Fig. 4 is the block
scheme of a simple, ordinary potentiostat. (The program potential is connected
at point 6, according to the scheme in Fig. 5). With the frequency control unit
FC located before the power amplifier T, the upper limiting frequency of the
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potentiostat can be varied. The block marked OL is the display unit for
blasting. The output and measuring units of the current are placed into the
circuit of the working electrode W [9]. From the three output units of current,
lw a”\ is the direct output. Jw is the output damped with a lowband-pass
filter Dg (e.g. to the connection of the recorder), 1™ is the low-frequency noise
indicator (band-pass filter D4is operation at frequencies 10—200 Hz).

The sampling unit generation the ohmic voltage drop (OE) is shown
in a block scheme in Fig. 6. Potential Pw.r is generated by sampling circuits
A4 and Ae and by inverter As. Electronic switches F4 F2 and F3 (as well as
power amplifier T) is operated by the digital control unit DY. In the open
position of switch F3only the potential signals are generated, whereas auto-

Fig. 4. Block scheme of the potentiostat. W, R, A: electrode connections. Aj, Aj, A3: amplifiers,

FC: circuits setting the upper limiting frequencies of the respons curve, OL: circuits displaying

blasting, T: power amplifier, OE: sampling circuit (see Fig. 6), D,, D2 amplifiers provided

with filters, K: external control, V: control signals (see Fig. 6), output for measuring

the electrode potential, 1~: low-frequency noise indicator, I\y g— direct current output,
/w a~: current output filtered

Fig. 5. Circuit generating the program potential. Ag: amplifier, FG: inner function generator,
Uout®: output connection of the total (summarized) program potential

5» Acta Chim. Hung. 120, 1985



68 FARKAS et al.: AUTOMATIC IR-COMPENSATION

Fig. 6. Block scheme of the sampling and control circuit. A4, As, Ae, A,: amplifiers, Ft, F2 F3:
controlled electronic switches, HD: high-frequency amplifier with highband-pass filter,
1~: high-frequency noise indicator, DV: control unit of sampling circuits, FIt F2, F3, T: control
signals to the electronic switches and power amplifier, K: connection of the external (digital)

control signal, r, fl\v!Ir P, Uw.R output connections of potential signals

matic compensation is made in its closed position. (/™ is a high-frequency
noise indicator.) Digital control DV can also be fitted to a computer through
external switch K.

Checking of the operation of the instrument

Polarization curves taken by the potentiostat built on the above prin-
ciple serve only for the illustration of the operation and application possibi-
lities of the instrument.

In Fig. 7, anodic polarization curves taken is a 3% aqueous sulfuric
acid solution in air at ambient temperature on a molybdenum electrode without
ohmic compensation (curve 1) and with ohmic compensation (curve 2) are
shown. On comparing the two curves, it is seen that an ohmic voltage drop
of several Volts appears in this system, which can be compensated reliably
by the instrument corresponding to an accuracy defined by inequality (3).
(The Tafel slope of the compensated curve was 13 ~ 3 mV.) The maximum
ohmic voltage drop which can be compensated by the instrument built by
us is ~t;3V or eV, depending on their design.

As was mentioned in the section discussing the operation of the instru-
ment, the ohmic voltage drop can be displayed during the measurement, thus

Acta Chim. Hung. 120, 1985



FARKAS et al.. AUTOMATIC IR-COMPENSATION 69

from this, and the intensity of the current, the resistance of the system, Rx
can be calculated. The potential dependence of the resistance thus obtained
is shown in Fig. 8 (calculated with data given in the previous Figure). The
resistance values decreasing with increasing potential can be readily explained
in this system: molybdenum oxides with a good coating ability transform
fast into “molybdenum blue” having a loose structure [9].

Ig (1/A)

Fig. 7. Anodic polarization curve on molybdenum in an electrolyte containing sulfuric acid
1: without ohmic compensation, 2: with ohmic compensation

Fig. 8. Variation of the resistance of the coating layer with electrode potential (on molybdenum,
in aqueous H2504)
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From the comparison of Figs. 7 and 8, the conclusion can be drawn
that in addition to the potential dependence of resistance Rv its time de-
pendence can also be studied by the instrument, if the change in time is not too
fast. (This value may be a maximum of 2100 V/s in the case of instruments
already operating.)

In Fig. 9 the anodic and cathodic polarization curves on a tungsten
electrode can be seen without ohmic compensation (curve 1) and with ohmic
compensation (curve 2). Measurements were made in an aqueous solution of

Ig (1/A!

Fig. 9. Anodic and cathodic polarization curves on tungsten electrode, in an electrolyte con-
taining H2S04and H20 2 1: without ohmic compensation, 2: with ohmic compensation

Fig. 10. Cyclic voltammetric curve on a rotating copper disc electrode in a aqueous solution
of 2.97 mol/dm3HC104+ 0.03 mol/dm3 HC1 (rotating electrode: 2150 rpm, rate of potential

change: 60 mV/min);l: U\y"RP vs. | curve, 2: (uBgP + zIUw.r) vs. | curve
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3% (wt.) H2S04 and 10 wt. % H202 As is well seen in the Figure, ohmic
compensation brings back the passivation curves on the anode and monotonie
polarization curves on the cathod into real, evaluable range [10].

In Fig. 10 cyclic voltammetric curves typical for metal dissolution and
metal ion reduction are shown. Curve 1 was taken on a rotating copper disc
electrode with ohmic compensation. The starting potential into the anodic
direction is —250 mV (with respect to a calomel electrode of 1 mol/dm3). The
polarization potential of 60 mV/min controls the electrode potential, which
is independent of the ohmic voltage drop. On the anodic branch, at a peak
current of —100 mV a salt layer of CuCl is deposited on the surface of the
electrode [9]. The increase of current at +50 mV refers to the appearance
of Cu2+ ions [9]. On the backward, cathodic range, at about —200 mV poten-
tial, the CuCl salt layer is reduced with maximum speed.

Curve 2 in Fig. 10 illustrates a special application possibility of the
instrument. On recording curve 2, the instrument was operated in a similar
way as for drawing curve 1, except that the recorder draws now the anodic
and cathodic current asa function of -f- zIL/w.R: i.e. the potential con-
taining the ohmic voltage drop too. In the anodic region of the cyclic voltam-
metric curve thus obtained only the well-known effect is seen: the ohmic
voltage drop distorts the polarization curve. The same effect is seen in the
cathodic region before the current peak, but at decreasing cathodic current
the direction of the potential variation changes sign. The explanation is simple:
the rate of the decrease in the ohmic voltage drop is higher than that of the
variation in the electrode potential. (The existence of such curves was inter-
preted so far only by mathematical models [1, 11].) The experimental data in
Fig. 10 and their interpretation is in accordance with the results of experiments
carried out with rotating disc electrodes and a double potentiostat [9].
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TCNQ and PVF polymer film electrodes have been studied by cyclic voltammetry.
It has been established that cyclic voltammetric curves become distorted by uncom-
pensated ohmic resistance for medium thick films at scan rates higher than 0.025 V/s.

The effect of ohmic voltage drop can be practically eliminated by the use of an Elec-
troflex GMK (Szeged) potentiostat using the interruption technique.

In recent years the study of modified electrodes became one of the most
dynamically developing research fields [1—5]. This phenomenon has two
basic reasons. One of them is that important new knowledge can be acquired
about processes taking place on the surface of electrodes. In the early stage
of research, studies were mainly aimed at this purpose. Another reason, which
is the driving force of newer research work is the utilization of possibilities in
the application of modified electrodes. Most promising results have been
achieved in the fields of electrocatalysis, organic and bioelectrochemistry and
the preparation of multilayer polymer film electrodes for electrochromic
display devices [1—38].

However, when studying electroactive polymer films, not only the
general problem of electrochemical measuring technique should be coped with,
namely that a certain ohmic voltage drop is to be compensated, but in this
case this resistance often changes in time during the measurement. For example,
in the case of TCNQ polymer film electrodes, where the basic reaction can be
given as follows:

TCNQ + e- + M+ TCNQ-M +

the flow of counterions M + into the initially neutral film reduces the resistance
of the film by orders of magnitudes during reduction [9—10]. In such cases
the only applicable method for compensation is the so-called current interrup-
tion technique [11, 12]. Commercial potentiostats working on the principle
of positive feed-back or alternating current compensation are not suitable
for this purpose.

*To whom correspondence should be addressed
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W e described a potentiostat in a previous publication [13], in which
compensation is based on an automatic variant of the interruption technique.
In this paper, we study the application of this instrument for the TCNQ
polymer film electrode, the electrochemical behaviour of which is well docu-
mented in aqueous solutions [9, 10].

In non-aqueous solutions where the ohmic resistance of the solution is
larger than that of aqueous electrolyte solutions, we have also carried out
experiments with a poly(vinylferrocene) electrode [14,15].

Experimental

The tetracyanoquinodimethane (TCNQ) polymer was prepared by the polycondensa-
tion of 2,5-bis(2-hydroxyethoxy)7,7,8,8-tetracyanoquinodimethane with adipoyl chloride
[9, 10]. For the preparation of the buffer solution of pH = 7 and concentration of 0.5 mol/dm3,
NaH2P 04and NaOH (Reanal) were used after recrystallization of the analytically pure reagents.
As solvent, bidistilled water was used. The polymer was dissolved in tetrahydrofurane. This
solution was applied on the surface of a carefully purified Pt electrode, the solvent was eva-
porated at ambient temperature and the electrode dried at 80 °C for 5 min. As auxiliary
electrode, platinum and as reference electrode, a saturated calomel electrode (S.C.E.) were
used. The poly(vinylferrocene) (PVF) polymer was prepared by the polymerization of vinyl-
ferrocene [16]. Acetonitrile (Reanal) distilled and dried with a 3 A molecular sieve was used
as solvent, recrystallized tetrabutylammonium perchlorate (TBAP, Fluka) served as support-
ing electrolyte in a concentration of 0.1 mol/dm3 The method of film preparation was identical
with that used for TCNQ, but the solvent of the polymer was CH2C12 In non-aqueous solution
an Ag-wire served as quasi-reference electrode [15]. Before experiments, high purity nitrogen,
free of oxygen, was bubbled through the solution, measurements were made in a nitrogen
atmosphere. Cyclic voltammetric studies were performed by potentiostat equipped with
automatic IR compensation and function generator (Electroflex GMK, Szeged), and by a
Hewlett-Packard 7046B XY type recorder. The average sampling time was 40 fis in all experi-
ments [13].

Results and Discussion

In Fig. 1 two cyclic voltammograms obtained on modified Pt-TCNQ
electrode are shown. In one case ohmic compensation was applied and in the
other it was not. The effect of ohmic compensation is clearly seen, as the de-
crease ofthe difference (ZI.LEp) in cathodic (Epc) and anodic (Epa) peak potentials
and the increase of the anodic (ipa) and cathodic (ipc) peak currents. This is
in accordance with the result derived from theory [17, 18]. On the basis of
this alone, however, it cannot be determined to what extent the ohmic voltage
drop is compensated. Our aim should be the minimization of the rest of ohmic
voltage drop (<0 mV), as only so could one differentiate between the effect
of the relative slowness of the charge transfer and that of uncompensated
ohmic voltage drop, as both effects have practically the same diagnostic
criteria [17, 18]. Namely, if we compensate the ohmic voltage drop only par-
tially, our result concerning the rate of charge transfer may be in error by
orders of magnitude.
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Fig. 1. Cyclic voltammograms of a Pt-TCNQ electrode of a thickness of 85 nm, at a scan rate
of 0.6 V/s, in a pH = 7 phosphate buffer with a concentration of 0.5 mol/dm3at 23 °C; 1 —
with compensation, 2 — without compensation

i : 1 :
02 0.0 0.2
E/ Vvs. S.CE

Fig. 2. Series of cyclic voltammograms of a Pt-TCNQ electrode of 50 nm thickness. Conditions
as in Fig. 1



76 INZELT et al..: COMPENSATION OF OHMIC VOLTAGE DROP

On the basis of the experimental results shown above the conclusion
can be drawn that the potentiostat applied is capable of compensating the
ohmic voltage drop in a system where the resistance changes during the
experiment.

In order to determine the extent of compensation, the so-called break-in
phenomenon occurring on polymer film electrodes can be utilized. The essence
of this phenomenon is that relatively thick (d = 50— 500 nm), freshly prepared
films are reduced fully only after several reduction-oxidation cycles, an effect
that can be observed mainly at higher scan rates (v > 0.1 ¥/s). In these cases
the peak current increases gradually during the repeated cycles, and then
reaches a constant, maximum value. The TCNQ electrode shows a somewhat
more complicated behaviour, because even in the case of thin films the first
cycle differs from the further ones. The reason for this may be a change in
the morphology of the polymer film [10, 20].

Thus in the course of the second and further cycles it can be expected
that the gradual increase in the peak current causes a rise in the ohmic voltage
drop which manifests itself in the gradual shift of peak potentials and thus

Fig. 3. Series of cyclic voltammograms under identical conditions as in Fig. 1 by applying
compensation
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Fig. 4. Cyclic voltammogram of a Pt-PVF electrode (T = 4x10-8 mol/dm2 in a TBAP/
acetonitrile solution with a concentration of 0.1 mol/dm2 at 25 °C and 0.06 V/s; 1 — with
compensation, 2 — without compensation

in the increase of AEp. This fact is reflected in the series of curves shown
in Fig. 2, where no compensation was applied in the course of the break-in
period. In Figure 3 the effect of compensation is illustrated. It can be seen
that in this latter case the values of peak potentials do not change from the
second cycle on, i.e. AEp remains constant. On comparing the cyclic voltam-
mograms in Figs. 2 and 3, it can also be seen that peak currents are also larger
when applying compensation, as we have already seen earlier. From these
curves and the potential needed for compensation, which can be drawn separ-
ately, the ohmic resistance can be estimated, which was 40 Q in our case
in the range of cathodic peak potential.

Results obtained in non-aqueous solution for a PVF electrode are shown
in Fig. 4. The effect of compensation is obvious also in this case. The ohmic
voltage drop was proportional to the current also here in the range studied
(0.2—5 mA) and it decreased with increasing temperature. The estimated
resistance in the range of cathodic peak potential was 50 Q at 20 °C and
30 Q at 40 °C.

Based on the above results, it can be established that the compensation
of ohmic voltage drop, which is of primary importance for modified polymer
film electrodes, can be realized by a potentiostat working on the interruption
principle. At the same time, it is proved that the potentiostat Electroflex
GMK (Szeged) is suitable for studying polymer film electrodes at the usual
rates of potential changes (0.1—1 V/s).
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For the determination of mass spectra in equilibrium vapour over the mixture

of IN"Oghgj -f- M0o02s) + Mo03s) the Knudsen effusion mass-spectrometric method has

been used.

The appearance potential of positive ions with high intensity and the sublima-
tion enthalpy of Mo30 9 and In,M004 have been measured. The thermodynamic para-
meters of In2M004(g) were determined by using the Third Law of thermodynamics. The
heat of formation of gaseous In2M o004 and the atomization energy for In2V004(g) were
found to be —863.0 £ 30 kj/mol and 2988 * 40 kj/mol, respectively.

Introduction

On evaporating metal oxides from a Knudsen cell, significant amounts
of MMo04ions could be detected by mass spectrometry (M = Mg, Ca, Sr, Sn,
Ba, Be, In and Li) [1]. It has been shown that the ions are molecule ions of
molybdates. These molybdates are very stable, and this fact calls attention
to the possibility that upon the evaporation of certain oxides in the presence
of molybdenum their formation should be taken into account also in the
interpretation of evaporation experiments based on mass losses. The formation
of these molecules in high amounts means also that certain trioxides can
transport a significant amount of transition elements at elevated temper-
atures.

Burns et al. showed [2] first the formation of stable indium molybdate
in the gas phase as a reaction product in In20 3 and metallic molybdenum at
high temperature by mass spectrometry. The structure of the molecule has
been studied later by electron diffraction and IR spectroscopy [3, 41.

The aim of the present work is to determine the heat of formation of
InN2M 004 by using the enthalpy changes in the following reactions:

3In2M o004 ~ 3In20(g) -f Mo Yg) 1)
*To whom correspondence should be addressed
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2 In2V1 004(g) 21In20 @ -f- Mo2(y) (2)

Calculations have been made by using the results of experiments and
literature data for the application of the Third Law of thermodynamics.

Results and Discussion

The evaporation properties of metal oxides have been studied by means
of the Knudsen effusion mass spectrometric method used earlier for studying
metal halides [5, 6].

In the study of the two systems the difference is that the temperature
of measurements is by 300— 400 K higher for oxides than that for metal
halides due to the lower vapour pressure of the oxides.

The appearance potential (AP) of ions formed from the vapour in equ-
ilibrium with the solid phase has been measured by a mass spectrometer
(M1-1311) equipped with a Knudsen evaporator [7], other evaporation experi-
ments have been carried out by a mass spectrometer of the type MSZ-1301
[8]. Molybdenum Knudsen cells with 0.2 mm slits have been used for evapora-
tion; the temperature has been measured by Pt—PtRh thermocouples.

For measuring the ionization potential (IP), the Knudsen cell was heated
up by a temperature programmer of the type Chinoin LP-839, and the tem-
perature was maintained at 1225 K with a stability of £1 K during measure-
ments. lonization efficiency curves were evaluated by linear extrapolation.
The electron energy scale has been corrected by the aid of standards given
in the literature: APAg= 7.5 eV [9], and APCsty&Cl = 8.7 eV [10]. The esti-
mated accuracy of the AP values measured is ~0.3 eV.

The temperature of the evaporator of the mass spectrometer MSZ-1301
was checked by the isothermal evaporation of Ag and CsCl [11] and by the
determination of the heat of sublimation of M 003 for the thermodynamic
measurements. On comparing the literature data for vapour pressures [12, 13],
and the ones measured by us, it can be established that the deviation between
the fixed point of the thermocouple and the temperature of the sample is
8 K at 850 K and 12 K at 1300 K. Based on this, we corrected the measured
temperatures correspondingly.

As we have found in preliminary experiments that the partial pressure
of indium oxides in the equilibrium vapour of 1 :1 In2 3 and metallic Mo
powder is very low, we applied in our experiments mixtures of In20 3 and
molybdenum oxides (M002, Mo003). The data of the mass spectrum of the
equilibrium vapour of such a mixture obtained at 1370 K and at an inoization
energy of 28 eV are shown in Table I. The mass spectrum was calculated by
taking into consideration the mass dependence of the isotopic composition
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Tabic |

Mass spectrum of the equilibrium vapour over the
mixture of In20 3and Mo oxides (MoOa+ Mo003)

lon In+ InO+ In,0+ In+ MoO+ Moot In,MoO+  In,MoO+
Itel. int. 116 1.2 9.9 2.6 25 1.0 14 100
lon Mo,0+ Mo,0+ Mo,Of Mo.O” Mo, 0+ Mo,0+
Rel. int. 0.3 14 13 0.5 49 49.5
and the multiplication factor of the electron multiplier (yl = where

M[ is the mass number of the i-th ion).

lons were identified on the basis of mass numbers, isotopic composition
and appearance potentials measured.

The ionization efficiency curves of indium-containing molecules of higher
intensity are shown in Fig. 1. AP values obtained from the evaluation of

6 7 8 9 10 ik 12 13
eV

Fig. 1. lon current intensity of positive ions with higher intensity as a function of corrected
electron energy
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Table 11

Appearance energies of ions of high intensity

lon AP fg%aseu\;ed) AP (literature) eV
In+ 5.6; 8.2 58+0.3 [9]
In20 + 8.0 79 + 0.5 [9]
Ini 10.9 —
In2Vio0J 9.4 95+ 1 [2,9]
IN*"MoOi 12.2 —
Mo+ 12.1 121 £ 0.6 [9]
11.8 + 0.6 [14]
Mo30+ 13.2 121+ 1 [9]
12 =1 [14]

ionization efficiency curves are summarized in Table Il. The AP values measur-
ed agree satisfactorily with literature data.

As is seen from Fig. 1 and Table II, In+ ions are formed in at least
two fragmentation processes. The lower AP value (5.6 eV) agrees exactly with
the ionization potential of metallic indium [9]. This fact, together with the
high relative intensity of the In+ ion, proves that In20 3 evaporates dissocia-
tively, as was supposed earlier [15]. The AP = 8.2 eV corresponds probably
to indium formed in the process

IN20 —»In+ -- InNO f- e

which supports the old hypothesis that in the course of evaporation of liijjC®
a significant amount of In20 is also formed [16]. The low intensity InO +
ions of the spectrum are probably formed in the process

liLjO —»InO+ + In -(- e

what also supports the previous assumption [2]. To the formation of In20,
naturally reactions (1) and (2) also contribute. All these facts seem to contra-
dict the assumption [17] that In20 3evaporates congruently and a significant
amount of gaseous parent molecules is formed on its evaporation.

The large difference (2.8 eV) between the ionization potential of IngMoO”
and the appearence potential of the fragment I"MoO” together with the high
relative intensity of In2M 004 (Table 1) proves the high stability of the indium
molybdate molecule. This stability is due to the strong ionic character of
intermolecular forces. The appearance potentials of Mo002'and MoO” ions
could not be measured because of their low intensity, but the fact that on
decreasing the ionizing electron energy below 16 eV they disappear from the
spectrum, makes their fragment ion nature probable.

The trimers of M0o02 and Mo03 and their fragmentions are present in
the mass spectrum with a significant intensity (Table 1). The temperature
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dependence of the ion current intensity of MojO”~ and its fragment ions was
measured and the heat of the process

3 M 0035 —»Mo30 9g)

i.e. the sublimation enthalpy of Mo 9determined from the function Ig I +T —
— 1/71 (Fig. 2). The value obtained (AHS at 1160 K = 3545 i 8 kj/mol)
agrees well with literature data [18].

From the temperature dependence of ion current intensity of liLjMoO,,
(Fig. 2), the heat of sublimation of Ii"Mo0O,, has been calculated. The value
obtained is AH3= 324.4 ~ 9 kj/mol at 1160 K.

In the further thermodynamic measurements the ion currents were
measured at an ionization potential exceeding the AP by 3 eV, because we
supposed that in this case the fragmentation of the molecule was negligible.
Calibration for measuring the partial pressures was made with an Ag standard
[13], the ionization cross section of molecules was calculated from the Mann
cross sections [19] by using the additivity rule. Enthalpy changes in reactions
(1) and (2) have been calculated based on the Third Law of termodynamics.

The thermodynamic functions of gaseous In20, Mo20e and Mo3 9 were
takenTrom Ref.T[20]. These data have been calculated for the Ir"MoO,, molec-
ule by applying the rigid rotor-harmonic oscillator approximation. The molec-

Fig. 2. The Clausius-Clapeyron plots for ions InJVioO, and Mo3” and of the fragments of
the latter
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ule In2M 004 was supposed to have a bicyclic structure of D2d symmetry. On
correcting the In—O distance according to Ref. [21], the distance 2.20 A
given in [3] changed to 2.36 A. In the calculations, the Mo—O distance was
taken as 1.81 A; bond angles in the ring were taken as O—Mo—O == 85°and
O—In— O = 62°. Stretching frequencies originate partly from experimental
data in Refs [4, 22], partly from estimates based on similar compounds [20].
Wave numbers used are in cm-1: 930 (AX), 840 (B2), 790 (B2), 402 (Aj), 381
(B4, 410 [AJ, 300 (B2), 830 (E), 718 (E), 280 (E) and 80 (E). The thermo-
dynamic functions of In2M 004 are summarized in Table I11I.

The heats of formation needed for the calculation of the heat of forma-
tion of In2M 004 were taken from the literature [20]:

AHIOXIn20(g) = —38.0 kj/mol
z1#°Q(Mo20e(g)) = —114.0 kj/mol
ZIliif (M 0309(g) = — 1890 kj/mol

In Table IV the partial pressures, heats of reaction measured for the
components of reactions (1) and (2), as well as the calculated heat of formation
for In2M 004fgj are shown as a function of temperature.

Table 111

Thermodynamic functions of In2MoO,

3=
)

LK) Cp(I/mol K) S°(/molK) T F({ij/_m';l)O
(J/raol K)

298 108.383 374574 303.070 21.319
1000 150.769 537.072 418.663 118.409
1100 151.958 551.500 430.093 133.548
1200 152.878 564.763 440.770 148.792
1300 153.605 577.030 450.786 164.117
1400 154.180 588.139 459.971 179.435

Tabic IV

Heat offormation of In2Vi004(g) as afunction of the temperature

) In,0 AlnjMoO, CMJ;% AHO Allt,olIntMoo 4
Reaction T(K) p(pa) (Jpa) or F(’M()) (I/mol) (kj/mol) @
| 1283 0.20 0.57 0.019 551.9 —851.9
| 1347 0.41 1.85 0.019 595.0 —866.3
| 1474 2.61 16.8 4.05 598.7 —667.8
| 1478 491 31.8 7.1 594.5 —886.1
2 1478 491 31.8 3.25 510.9 —863.6
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As is seen from Table 1V, as expected, the heat of reaction does not
depend strongly on the temperature. The average value of the heat of forma-
tion is:

AHfn(In2M 004(g)) = —863.1 ~ 4.4 kj/mol. The error of 4.4 k,J/mol shown
does not take into account the error in the estimation of stretching frequencies
of In2M 004. On considering this error too, the maximum error in the deter-
mination of AHt0 is 230 kj/mol. The heat of atomization of the In2Vio04
molecule calculated from the heat of formation measured and the heats of
atomization of In, Mo and 0 taken from the literature [20] is 2988 ©
40 kj/mol.
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A modified version of the power series method is used to solve the system of
differential equations of a simple model: formation of oligomers with tetramer being the
largest molecule. Besides great accuracy, it has been found that the computational

time can be substantially reduced by increasing the time step, as the system approaches
equilibrium.

Introduction

Time evolution of the concentrations of the reactive species for an
assumed [1] reaction mechanism, with known initial concentrations and mea-
sured or approximated rate constants, has been of great interest recently
[2-6].

Considering unimolecular and bimolecular elementary steps only a
computational procedure developed from the well-known power series method
[7] can be used even in the most complicated cases.

Each mechanism is a sequence of elementary steps; the rate is
given mathematically by a system of differential equations with the time
derivatives of the concentrations on the left side, and polynomials, linear in
the rate constants and generally nonlinear in the concentrations, on the right
side.

We assume that the solution of the concentration functions [A], [B], ...
are in the form of power series:

1.1 [Al] =] « mr
M0
B] = 2
[B]

where [A] and [B] are the concentrations of the substances A and B, respec-
tively, at time = t; a- and A= are the constant coefficients of the two series.

*On leave of absence from the Institute of Isotopes of the Hungarian Academy of
Sciences, Budapest
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1.1 is differentiated, and the power series of [A] and [B] are added and
multiplied by simple rules [8].

A characteristic property of the power series method is the “vanishing
of all coefficients” theorem. It states [7], that if a power series has an interval
of convergence and a sum which is identically zero throughout this interval,
then each series coefficient is zero.

Using the theorem and the expressions of d[A]/dt, d[B]/dt, [A] + [B]
and [A] ¢ [B], we obtain an extremely accurate and simple computational
procedure which can be applied to most of the rate process problems.

Discussion

Our model for a sample calculation is the formation of oligomers, with
the tetramer being the largest species.

The monomer, dimer, trimer and tetramer are denoted by A, B, C and
D, respectively, and their concentrations as [A], [B], [C] and [D].

The mechanism consists of four reversible elementary steps:

2.1 2A "=t B
k —\
A+ B ,\kt c A = monomer
k-, B = dimer
k, C = trimer
N
A+ C D D = tetramer

k.
2B ~ D

The mechanism defines the following system of differential equations:
2.2 d[Al/dt = —2fc,[A]2 + 2fc_j[B] — fcj[A][B] +
+ fc-2[C] — A3[A][C] + A _3[D]
d[B]/dt = k,[AY — k_,[B]- k2[A][B] +
f A_a[C ]-2fc4[B]* + 2fc_4[D]
d[Cl/dt - *b[A][B] - fc2[C]- * [A][C] + *_3[D]
d[D]/dt = fc,[A][C] — k_3[D] + fA[B]* - & 4[D]

The concentrations and their time derivatives are expressed in power
series:

2.3 [Al= 2 «an-n d[Al/di= 2 (m+ 1) -aml -
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There are similar equations for [B], [C] and [D].

The above power series are substituted into 2.2, keeping in mind the
rule for the multiplication of two series [7, 8].

Now we make use of the “vanishing of all coefficients” theorem and
obtain the following recursion formulas:

2.4 m+i= 1/(« + 1) «(-2 K LE-A+ 2k_,bm-
~~ 2cm k3L AC + ~_3dm)

bm+1

tl(m + 1) « (fetLA-A- k_, bm- k2LA'B +

+ k-2cm — 2 fedL B,B -f- 2fe_adm)
cmtl = /(m  + 1) « fcAAB- fc 2cm- fc3bAc + *_» «U
Am+l = 1/(m + 1) ' (*3*m'C---~-3dm + kALBB fc 4dm)

m= 0,123, ...

The zero-indexed coefficients are known, since they are equal to the

initial concentrations: a0 — [A]0, bO= [B]0, c0= [C]0 and dO= [D]o0.

zero-indexed multiplication terms, L0 canbe calculated: LAC = a0 mcQ,
L®B = bl, etc.

Using 2.4, first av bx cl and are obtained. Now we have the eight
series coefficients 00, al5b0, . . ., dxnecessary to calculate the multiplication
terms: LB = ag mbx-)- eq * b0, etc., so a2 b2, c2 and d2 can be computed, etc.

We recommend that the method he used with the time scale divided into
relatively small intervals, and the calculated concentrations of each step
become the initial values of the next step. This way only the first few series
coefficients have to be determined, since sufficiently short time step, in itself,
secures convergence. Otherwise, too many series coefficients might have to
be calculated, and the determination whether the necessary convergence
criteria are fulfilled could be a very complicated task. Obviously, the series
coefficients must be always recalculated since at each step the initial values
are different.

Results

A Hewlett— Packard 85 Microcomputer connected to an HP-plotter was
used for the calculations. The initial concentration of the monomer is [A]0=
= 10.0 mmol, that of the dimer is [B]0= 4.0 mmol; neither trimer nor
tetramer is present at time = 0, [C]0= [D]0= 0.
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The rate constants are the following:

it = 2.5 m10-2 mmol-1 «sec-1

10-4 sec-1

fe x= 2.0
k2= 1.5 «10-2 mmol-1 *sec-1
k 2= 8.0 «10-4 sec-1

k3= 1.0 «10-2 mmol-1 «sec-1

k_ s= 1.0 «10-4 sec-1

fdA= 1.5 « 10-2 mmol-1 msec-1

fe 4= 1.0 « 10-4 sec-1

The time step, At, is 0.05 sec. Figure 1 shows how the concentrations
change in time from 0 to 47.5 sec. The calculations and the plotting, together
took less than 40 minutes.

A modification, very beneficial to the computer time, could be that
the time step, At, is gradually increased, since the greatest concentration
changes occur always at the beginning, when very short time steps should
be used. Later, as the system approaches equilibrium, At could be increased
substantially without introducing any significant error. Computation of the
same system, with At increasing from 0.05 to 0.5 sec, needed less than 8
minutes, a great reduction in time demand. In each case eight series coeffi-
cients have been calculated. The inherent error of the procedure is proportional
to I/(n -)- 1), that is by an increase of n, the computation can be made as
accurate as necessary.

0 10 20 30 40 50
1

Fig. 1. Time evolution of the concentrations of the monomer (a), the dimer (b), the trimer (c)
and the tetramer (d). The concentrations are given in mmol, the time in sec
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The applicability of our method is not limited to equilibrating systems;
it has been successfully used to solve complex problems, like chemical
oscillations [8] and chaotic phenomena [9].

The well-known methods, e.g., the Runge— Kutta, and its modifications
have been worked out for the y' = f(x,y) type differential equations, thus
their use for systems containing more than two variables could be extremely
cumbersome. At the same time, our method [8] is practically insensitive to
the number of variables [9].
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The kinetics of the horseradish peroxidase (HRP) catalysed reaction between
hydroquinone (H2Q) and hydrogen peroxide has been investigated. The reaction rate
(k) was followed via the build up of the absorption of benzoquinone (Q). The reaction
conditions were adjusted so that the reaction followed a pseudo first order kinetics.

The primary plots of I/t> vs 1/[H202] or 1/[H,,Q] indicated the operation of a ping-pong
mechanism. The secondary plots were used to evaluate the Michaelis constants;

Km"0'= 5x 10~6 M and Km"*® 5x 10-6 M. The effect of pH on the rate revealed the
occurrance of two different ionization processes, the first with pK cbl 3.7 and the
second with pK c¢* 8.5 and both were attributed to the enzyme. From the effect of
temperature the activation energy for the catalysed reaction was found to be 26.25 kJ
mole-1 in comparison with 99.8 kJ mole-1 for the uncatalysed reaction. The effect
of ionic strength on the reaction rate was found to be small and it did not affect the
final yield.

Introduction

Peroxidases are iron-containing enzymes which on the basis of both
spectroscopic and magnetic susceptibility data, form definite chemical com-
pounds with their substrate, hydrogen peroxide or organic peroxides. These
enzyme substrate compounds cause the very rapid oxidation of oxidizable
substances (acceptors), e.g. ascorbic acid [1]. The facility of oxidation and
the formation of coloured products are the reason that the reaction of phenols
with peroxidase has been known since 1900 [2].

A general scheme by which horseradish peroxidase catalyses the oxida-
tion by H20 2of a variety of organic compounds was suggested by Chance [3]
and George [4, 5]:

HRP + H202  HRP — I )
HRP— 1+ AH2  HRP — Il + AH )
HRP— Il + AH2  HRP + AH ®)

*To whom correspondence should be addressed
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AH AH Products (4)
K-,

where, HRP-1 and HRP-Il are the oxidized forms of the enzyme, called com-
pounds | and Il, respectively, and AH2is the oxidizable substrate. k2is usually
40— 100 times larger than fc3, both velocity constants being considerably less
than fcx[6]. Since HRP has been proposed as an analytical tool [7], it was
thought to be important to investigate the kinetics of the overall reaction of
the oxidation of H2Q by H?20 2 in the presence of the enzyme. This system is
hoped to be valuable in analytical studies because of the formation of Q
which has a strong absorption and particularly in irradiated systems where
the concentration of H20 2 or H2Q is usually very low. It is also suggested to
use H2Q as convenient substrate to measure HRP activity.

Experimental

HRP was a Fluka product (EC 1.11.1.7) and was kept in a refrigerator at 4 °C. When
needed, a certain amount was weighed and dissolved in bidistilled water and the solution kept
refrigerated until use. These solutions were stable for several months. H,02 was 30% and
supplied by Merck and the appropriate concentration was obtained by dilution. The exact
concentration was determined using the method of Hochanadel [8]. This method depends on
the oxidation of iodide ion to iodine (present as tri-iodide ion) which gives a faint yellow-
solution (Amax= 350 nm). H,Q was a general reagent and was crystallized from hot acidic
solution. Q was also a general reagent and was crystallized from hot ethanolic solution. Other
chemicals were of Analar grade and were used without further purification.

The reaction rates were followed by following the absorption of Q at its maximum
(246 nm), using a Beckman spectrophotometer mode 5270 equipped with repetitive scan
system, which is capable of either sereal or overlay scans, and kinetic unit. The recorder has
wide range of speeds, i. e. 0.1—10 inch/min. and spans (0.01—3). Since the reaction was very
fast it was necessary to adjust the experimental conditions and the instrument parameters
to suit the rate measurements.

In all experiments, the initial rates were reported and these were the average of at
least two runs. 3 mL of sample containing all reactants except one (e.g. HRP) was introduced
into a 10 mm cell which was then inserted into position. A small magnet was used to ensure
continuous stirring during the reaction. The temperature was kept constant using a thermostat
and it was monitored using a small thermocouple. When the temperature became constant,
the recorder was allowed to operate at preselected speeds at fixed wavelength and the reaction
was initiated by adding a small volume fuLs) of the appropriate concentration of HRP using
a Beckman-Pipeter diluter model 273. The pH measurements were carried out using Metrohm
pH meter model 632 with a glass electrode.

Results and Discussion

Figure 1 shows repetitive scanning traces for the disappearance of H2Q
absorption and the simultaneous formation of Q absorption. The experimental
conditions are indicated in the figure. It was observed that the amount of Q
produced is equal to the amount of H2Q removed and these were calculated
taking the extinction coefficient for Q as 2.17 X 104 cm-1 at A= 246 nm
and for H2Q as 2.44 X 103 cm-1at 4= 288 nm. The extinction coefficients
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were determined experimentally. The agreement is within 3% . The possibility
of having products other than Q is ruled out on the ground that the absorption
spectrum of the reaction product is identical with an authentic Q as can be
seen in Fig. 2. Moreover, the possibility of the product being due to o-quinone
is also ruled out since its absorption maximum is at 380 nm [9, 10]. A typical
time-optical density curve is shown in Fig. 3.

Fig. 1. Repetitive scanning traces for the disappearance of H2Q absorption and the simultaneous
formation of Q absorption. pH = 2.66 [H2Q] = 5.65 X 10-6 M, [H202] = 4x 10~5M, [HRP] =
= 1.4X10-8M, Temp. = 18 °C. Time interval = 1 min;---- Initial trace

A.,nm 4, nm
Fig. 2a. The absorption spectrum of Q produced from the catalytic HRP oxidation of HXQ

by H®, pH =6.0, [H,Q]= 4x10-s M, [H202 = 8x 10-8 M, [HRP] = 136 X10-».
Temp. = 18 °C. Fig. 2b. The absorption spectrum of an authentic Q; [Q] = 4xI10 _sM
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In all cases the concentration of H2Q was at least 100 fold that of the
enzyme and consequently, the reaction followed first order kinetics. This was
shown by plotting logv versus time and obtaining a straight line at three
different pH values.

The mechanism of HRP oxidation as proposed by Chance and later
supported by George is as presented in reactions (1—4). The mechanism is of
the ping-pong type as demonstrated by plotting the reciprocal of velocity as
a function of the reciprocal of either [H22] or [H2Q] holding the nonvaried
substrate as constant and obtaining parallel lines as can be seen in Fig. 4.
This suggests, therefore, that H2Q behaves similarly as AH2in the Chance—
George mechanism.

Fig. 3. A typical time-optical density curve for the formation of Q from H2Q

Fig. 4. Double reciprocal plots for HRP catalysed oxidation of H2Q; pH 6.0; temp = 25 °C;

a) Plots of 1/v versus 1/[H,0,] at several constant concentration of H,Q. (1)= [HXQ] =

= 2x10-* M, 2)= [HQ] = 4x 10-5M, (3)= [HD] =10~*M) Plots of 1/» versus 1/HXQ

at several constant concentrations of ILO,. (1)= [H22 = 1.84X10-5M, (2)= [H2Z =
= 4.6x10-* M, 3)= [HD 2] = 9.2X10-* Al
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Fig. 5. Secondary plots for HRP-catalysed oxidation of H2QQ by H2Q2 (a) Plots of intercepts
of Fig. 4(a) versus 1/[H,,Q]; (b) Plots of intercepts of Fig. 4 (b) versus 1/[H2 2]

Fig. 6. Rate of HRP catalytic oxidation of H2Q by H2 as a function of pH. [HD 2 =
= 1.5x 10-5 M, [H2D] = 3.5X 10-5 M. Temperature = 22.5 °C

For the ping-pong mechanism, the Lineweaver—Burk equation is of
the form [11],
1 K»'™ Kg* !

® FIHD 2] F[HXQ] 1 F

where v is the observed initial velocity, Km22 the Michaelis constant for
H20 2, km2t! is the Michaelis constant for H2Q and F is the maximum velocity.
Plots of I/t> versus 1/[H20 2] at different constant [H2] yield parallel lines
and the slopes of all lines will be the same and equal to Km*°2V. Similarly,
the plots of 1/v versus 1/[H2Q] at different constant [H202] will yield parallel
lines with slopes equal to These results are shown in Fig. 4.
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Although, the primary plots of I/v versus 1/[H20 2] or 1/[H2Q] are useful
in indicating the operation of a ping-pong mechanism, they can not be used
directly to evaluate the kinetics and binding constants, since both slopes and
intercepts are complex constants. Therefore, secondary plots of the data
must be employed. For the plot shown in Fig. 4a the intercepts of the vertical
axis are,

1 KTHQ
Intercept = — |- — ——--
V  F[H2Q]

A plot of the intercept values versus 1/[H2Q] yields straight line as shown in
Fig. 5a, where the slope is -Km23F. On this plot horizontal intercept is
— I/X'm 2Q- Similarly, plotting the intercepts of Fig. 4b against 1/[H20 2] gives
a straight line as can be shown in Fig. 5b, where the horizontal intercept is
— 1/IC"2 2 From Fig. 5a and 5b, K~ Q= 5X10~5M and A“22= 5x 10-« M,
respectively. These values are considered to be reasonable for this system.

In order to study the possibility of the presence of ionizable hydrogen
atoms at the active sites of the enzyme, the rate of H2Q oxidation was measured
as a function of pH and a bell-shaped curve is obtained as can be seen in Fig. 6.
It is clear that the maximum catalytic activity is at pH ~ 6. It was not pos-
sible to proceed at pH higher than ~8.5, since the oxidation of H2Q by air
becomes appreciable. However it was obvious that the catalytic oxidation
was much slower than the aerobic oxidation. Where it was possible to overlap
buffers, similar behaviour was observed, indicating that there was no detect-
able effect due to buffers.

From the rate-pH profile for the reaction of H20 2with H2Q in the pre-
sence of HRP, it is clear that two different ionization processes are occurring
with pK values of 3.7 and 8.5 and both are attributed to the enzyme. Proto-
nation of the former group and ionization of the second causes a decrease in
the rate of reaction. The assignment of these pK values to the enzyme is
based on the fact that the pK xand pK2for H2Q are 9.85 and 11.39 respectively
[12] and pK for H202 is 11.6 [13]; it is clear that these pK values of sub-
strates are out of the range of the pH studied. The pK value of 8.5 could be
attributed to HRP-Il and it agreed with the results obtained by Dunford et al.
[14, 15], using ferrocyanide as a reducing agent. The pK value of 3.7 is close
to the value of 4.15 reported by Dunford et al. [14] and attributed to the
enzyme, though there are different values in the literature, ranging from less
than 4 to more than 5 [14— 17]. The pK for the reaction,

HQAQ + H+ 5)

is ~ 4 [18] and therefore, this reaction may complicate the reaction mechanism,
though one might argue that the contribution from reaction (5) is negligible
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since reaction (4) is the most rapid reaction in the proposed mechanism and
the rate constant for the bimolecular decay of Q is 1.7X108M _1s-1 [19]
in comparison with 1.8 X107M ~1s-1 for reaction (1) [16] which is the fastest
in the proposed mechanism.

The large values of the rates from pH ~6 to ~7 show that H2Q is
readily oxidized. At pH 6, where the rate is maximum, the rate was investi-
gated as a function of temperature and the results are shown in Fig. 7. The
activation energy, Ea, was calculated to be 26.25 kjoule/mol from the slope
of the Arrhenius plot as can be seen in Fig. 8. For the uncatalysed reaction
the corresponding activation energy was determined in a similar manner and

Fig. 7. The rate of HRP catalysed oxidation of H,,Q by H,02as a function of temperature.
[H.0,] =1 ,26x 10-" M, [H2] 4.3X10~5 M, [HRP] = 1.36x10-* M. Buffers Citric
acid -f KoHPO,

Fig. 8. Arrhenius plot of Inr vs T~1; all conditions as in Fig. 7

7* Acla Chim. Hung. 120, 1985
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Table 1
/, 102M 2.75 4.75 6.75 10.8 18.8 34.7 66.7
v, min-1 2.30 2.30 2.27 2.15 1.95 1.90 1.64

wasfoundtobe99.8kJoule/mol.Theactivation energy for the catalysed reaction
is not much above the activation energy for diffusion in aqueous solutions
[20] which means a reaction rate between 107 and 108M~1s_1 [21], but it
has also been pointed out that intermediate complex formation may cause
a decrease in activation energy and therefore a low activation energy is
necessary but not a sufficient condition for diffusion control [22, 23].

The effect of ionic strength (1) was investigated using KC1 as the neutral
salt. It was found that salt affected the reaction rate only slightly as can be
seen in Table I.

It should be pointed out that yield of Q is not affected by an increase
in [KC1].

Since the salt effect is useful in indicating a reaction between charged
species, we may conclude that the rate-limiting step is not the reaction:

Q+ Q" Q+ hZq (6)

This supports our conclusion, mentioned above, that this reaction is
faster than any other reactions following the proposed mechanism.

As mentioned earlier, this system seems to be very useful as an analytical
tool for the quantitative determination of either H20 2 or H2Q. It is also very
clear that H2Q may be used as a convenient substrate to measure the activity
of the enzyme. A further work on this system will be reported later.

*
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Call for Papers

This Symposium is the continuation of the series of symposia dealing with the behavior
of surfactants in solution. The first symposium was held in 1976 under the title “Micelliza-
tion, Solubilization and Microemulsions” in Albany; the second was held under the title
“Solution Chemistry of Surfactants” in Knoxville in 1978; the third was held in Potsdam in
1980 and was entitled “International Symposium on Solution Behavior of Surfactants: Theore-
tical and Applied Aspects.” In 1982 it was deemed appropriate to assign a general title to
these biennial events and after some deliberations it was decided that a very apropos title
would be “Surfactants in Solution” as both the aggregation and adsorption behaviors of
surfactants were considered. So the 4th symposium was held in 1982 in Lund, Sweden under
this new title, and the most recent (5th) took place in July 1984 in Bordeaux, France. All of
these symposia have been very well attended by researchers from many parts of the world,
and these have become the premier forums to discuss the latest anent surfactants in solution.

It was in Bordeaux that it was decided to hold the sixth event in this series in New
Delhi, as India has old tradition in surface and colloid science, and also it was considered impor-
tant to hold one of these symposia in the Far East part of the globe. Moreover, the 1986
symposium marks the tenth anniversary (the genesis was in 1976) so it is planned to make
this meeting a special event. A special feature of the 1986 symposium is that an International
Advisory Committee comprising about 35 prominent researchers representing many parts of
the globe has been set up.

As in the past, the program will contain both invited overviews and contributed original
research papers. Researchers from practically every part of the globe where there is research
activity in the arena of surfactants in solution will be invited to participate, as it is intended
to celebrate the 10th anniversary with world-wide representation. In anticipation of an excel-
lent response, we are planning to hold poster sessions in addition to regular oral presentations.
Both theoretical and applied aspects of the behavior of surfactants in solution will be covered
with emphasis on recent developments. As the theme of the symposium is “Surfactants in
Solution” so both their adsorption and aggregation behavior will be accorded due coverage.

Among the topics to be covered are:

. Surfactant Association: Recent Theoretical and Experimental Developments
. Thermodynamics and Kinetics of Micellization

. Surfactant Liquid Crystals: Phase Diagrams and Phase Structure

. Solubilization

. Micellar Catalysis

. Microemulsions: Phase Diagrams, Structure, and Applications (including Reactions
in Microemulsions)

. Biological Amphiphile Systems
8. Adsorption of Surfactants

9. Applications of Surfactants (Tertiary Oil Recovery, Industrial Applications, Appli-
cations in Analytical Chemistry, etc.)

10. Biodegradation and Health Aspects of Surfactants.

OO WN

~

Papers falling within any of these or allied categories are solicited. Please note that the pro-
ceedings will be published (as has been the practice in the past).

If you would like to contribute a paper or desire further information, please contact:

Dr. K. L. Mittal, General Chairman
6 David Court

Poughkeepsie, N. Y. 12603
Telephone: (914) 4622326



Text

The text of the paper should be concise. The description of new compounds (in the
Experimental) must include the complete analytical data. Special attention must be paid
to structural formulas given within the text. Complicated (non-linear) formulas should be
drawn on separate sheets of paper and their position in the text should be clearly marked.
The numbering of formulas and equations (in parentheses on the right-hand side) is only
needed if they are referred to in the text. Units should conform to the International System
of Units (SI). In nomenclature the rules of the I.LU.P.A.C. are accepted as standard. Symbols
for physical quantities are printed in italic type and should, therefore, be underlined in the
manuscript.

References

References should be numbered in order of appearance in the text (where the reference
number appears in brackets) and listed at the end of the paper. The reference list, too, should
by typed double-spaced. Journal titles are to be abbreviated as defined by the Chemical
Abstracts Service Source Index.

Examples:

[1] Brossi, A., Lindlar, H., Walter, M., Schneider, O.: Helv. Chim. Acta, 41, 119 (1958)

[2] Parr, R. G.: Quantum Theory of Molecular Electronic Structure, Benjamin, New York
1964

[3] Warshel, A.: in Modern Theoretical Chemistry, Vol. 7, Part A (Ed. G. A. Segal), Plenum
Press, New York 1977

Tables

Each table should be given a Roman number and a brief informative title. Structural
formulas should not he used in column headings or in the body of tables.

Figures

Figures should be numbered consecutively with Arabic numerals. Their approximate
place should be indicated in the text on the margin. All figures must be identified on the back
by the author’s name and the figure number in pencil. Standard symbols (such as circles,
triangles, squares) are to be used on line-drawings to denote the points determined experi-
mentally. Line-drawings must not contain structural formulas and comments. Spectra or
relevant segments thereof, chromatograms, and X-ray diffraction patterns will be reproduced
only if concise numerical summaries are inadequate to replace them. Drawings and graphs
should be prepared in black ink on good-quality white or tracing paper. Photographs should
he submitted on glossy paper as higli-contrast copies. Xerox or similar copies are not suitable
for reproduction, but may be used for duplicate copies.

Redrawn illustrations will he sent to the authors for checking. No corrections of figures
will, therefore, he accepted in the proofs.

Submission of manuscript

After having completed the corrections suggested by the referees and editors, the final
manuscript should he submitted in duplicate, in a form ready for publication. If the corrected
manuscript is not returned to the editors within six weeks, the intended publication of the
paper will be regarded as withdrawn by the authors.

Page charge will not be assessed for the publication, however, authors from overseas
countries must contribute to the postage of correspondence by sending, together with the
manuscript, international postal coupons to the value of U.S. $ 10,—

Proofs and reprints

A set of proofs will be sent to the submitting author. The proofs must be returned
within 48 hours of receipt. Late return may cause a deluy in the publication of the paper.
100 reprints will be supplied to the authors free of charge.
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SYNTHESIS OF ALKALOIDS USING
REISSERT COMPOUNDS, V*

SYNTHESIS OF I-(4’-HYDROXY-3-METHOXYBENZYL)-7-
-HYDROXY-6-METHOXYISOQUINOLINE (CRISTADINE)

Lajos Kovacs** and Péter Kerekes

(Department of Organic Chemistry, Kossuth Lajos University,
H-4010 Debrecen, P.O. Box 20J

Received April 13, 1984
Accepted for publication January 17, 1985

Using the appropriate Reissert compound, the total synthesis of a new benzyl-
isoquinoline alkaloid, cristadine (1) has been achieved, conclusively proving its
structure.

A new 1l-benzylisoquinoline alkaloid, cristadine, was isolated by Japa-
nese researchers [2] from the plant Erythrina crista-galli Linn. (Leguminosae).
The structure determination of cristadine was achieved by spectroscopic
methods (UV, IR, NMR, MS) and by some simple chemical transformations.
On the basis of these results cristadine proved to be I-(4’-hydroxy-3’-methoxy-
benzy])-7-hydroxy-6-methoxyisoquinoline (1).

Our goal was to prove the structure of cristadine by total synthesis,
using the appropriate Reissert compound. Synthesis of the Reissert compound
of 7-benzyloxy-6-methoxyisoquinoline (2) has been previously reported [3, 4].
The other component of the synthesis, the suitably substituted benzyl chloride
(3) was prepared according to the known procedure [5].

The anion of the Reissert compound, generated by sodium hydride in
dimethylformamide at —20 °C under nitrogen, was allowed to react with
4-benzyloxy-3-methoxybenzyl chloride (3) to yield the C-l substituted Reissert
compound (4). Hydrolysis of 4 with base gave dibenzylcristadine (5) in a high
yield. The protecting groups were removed either by boiling with alcoholic
hydrogen chloride or by catalytic hydrogenation over Pd/C in acetic acid to
afford cristadine (1).

The product gave a satisfactory elemental analysis and the data of UV,
IR, NMR and mass spectra for synthetic cristadine were in good agreement
with those reported for the natural compound. Although the m.p. of our
synthetic substance was found to be 80 °C higher than that reported for the
natural alkaloid (lit. [2] m.p. 128—129 °C), a comparison with an authentic
sample, kindly provided by Prof. M. Ju-ichi, showed both compounds to be
identical by m.p. and by TLC comparison in different solvent systems.

*Part 1V, sec Ref. [1].
** To whom correspondence should be addressed.
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A small sample of synthetic 1, after treatment with diazomethane, was
found to be identical with authentic papaverine on TLC in three different
solvent systems.

Experimental

M.p.’s are uucorrected. The IR spectrum was recorded on a Perkin-EImer 283 B spectro-
meter. 41-NMR spectrum was obtained with a Bruker WP 200 SY 200 MHz instrument in
DMSO-de solution with TMS as internal standard. The EIl mass spectrum was determined
by using a VG-7035 (GC-MS-DS) spectrometer (70 eV).

TLC: Kieselgel 60 F 254, Merck. Solvent systems: chloroform : methanol = 9:1 (A);
benzene : methanol = 8:2 (B); ethyl acetate : methanol: cone, aqueous NH40H = 95 :5:5
(C); chloroform : acetone :trimethylamine = 5:4:1 (D).

C4-Substituted Reissert compound (4)

1.98 g (5 mmol) Reissert compound (1) was dissolved in dry DMF (50 mL); the solution
was added to a suspension of sodium hydride (0.3 g; 12.5 mmol) in DMF (20 mL) and stirred
at —20 °C in N2atmosphere. After 5 min, 2.88 g (11 mol) of 4-benzyloxy-3-methoxybenzyl
chloride, dissolved in 16 mL of DMF, was added dropwise to the reddish-brown solution.
Stirring was continued at —20 °C for 1 h, and at room temperature for 12 h. The excess of
NaH was decomposed with ethanol. The solvents were evaporated in vacuum. The solid resi-
due was dissolved in benzene (200 mL), washed with water (3 X50 mL), and the washings
were re-extracted with benzene (50 mL). The combined organic extracts were dried (Na2S04)
and evaporated to yield a crude product, which was triturated with ethanol and filtered (3.83
g; 61.5%; m.p. 160—164 °C). An analytical sample was prepared by crystallization from
ethanol; m.p. 172—174 °C.

C40H 3N205. Caled. C 77.15; H 5.50; N 4.50. Found C 77.04; H 5.51; N 4.53%.
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Dihenzylcristadine (5)

3.11 g (5 mmol) of crude 4 was refluxed in a mixture of ethanol (250 mL) and water
(25 mL) with NaOH (25 g) for 4 h. During this time a crystalline solid precipitated (2.12 g;
86.3%). The crude product was recrystallized from ra-propanol (115 mL) to yield 1.93 g
(78.6%) of 5, m.p. 171-173 °C.

CajHjeNO,. Calcd. C78.18; H 5.95; N 2.85. Found C 78.20; H 6.02; N 2.87%.

Cristadine (1)

Method A: A solution of 0.492 g (L mmol) of 5 in 10 mL ethanol and 7.5 mL cone.
HC1 was refluxed for 3 h, then evaporated. The residue was dissolved in water (30 mL) and
made alkaline with cone. NH40H (pH = 10). The precipitate was filtered off, dissolved in
a 2 : 1 mixture of chloroform-ethanol (100 mL), washed with water (2 X50 mL), dried (Na2S04)
and evaporated to give a solid residue (230 mg), which was recrystallized from ethanol (19 mL)
to obtain 110 mg (35.3%) of 1, m.p. 205—209 °C.

Method B : 0.492 g (1 mmol) of 5 was dissolved in acetic acid (10 mL) and hydrogenated
in the presence of 0.1 g 10% Pd/C at atmospheric pressure for 3 h. The catalyst was filtered
off, and the filtrate evaporated. The residue was dissolved in water (20 mL) and made alkaline
(NH40H). The precipitate was collected and washed with water. Recrystallization from ethanol
(9.5 mL) yielded 105 mg (33.7%) of 1, m.p. 207 —210 °C.

The products obtained by method A and B were combined and recrystallized from
ethanol (13 mL) to give 130 mg of a pale yellow substance, m.p. 210—211 °C.

CIBHIN 04. Calcd. C 69.44; H 5.50; N 4.50. Found C 69.34; H 5.52; N 4.48%.

IR: 3400 cm*“ 1 (OH).

[].I]—I-NMR: the spectral data were completely identical with those of given in the liter-
ature [2].

El MS; m/e (1 %); 311 (M +; 85); 310 (M-I; 100); 296 (M-15; 32).

Méthylation of cristadine to papaverine

Compound 1 (5 mg) was treated with an ethereal diazomethane solution. The product
obtained was identical with papaverine on the basis of TLC comparison in three different
solvent systems. -

The authors are very grateful to Prof. M. Ju-ichi, Mukogawa Women’s University,
Nishinomiya, Japan for providing a sample of natural cristadine. Thanks are also due to
Alkaloida Chemical Factory (Tiszavasvari, Hungary) and to the Hungarian Academy of
Sciences for financial support.
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Some newly synthesized flavanone hydrazones have been oxidized with selenium
dioxide in dioxane -f* water system. The structures of the hydrazones and oxidation
products have been established by microelemental analyses, m.m.p., co-TLC and
spectral data.

We have reported earlier the synthesis of flavanone iV-dichlorosalicyloyl
hydrazones [1]. In continuation of our previous work on the synthesis and
oxidation studies of nitrogeneous flavonoids [2, 3], we report now the inter-
esting reaction of 2’-hydroxychalcones (la—f) with salicylic acid hydrazide
(||) in alcohol -f- acetic acid medium, resulting in the formation of flavanone
hydrazones Ilia—f. The structures of these compounds have been established
by IR spectra: 3260—3300 cm-1 (—NH Str.): 3320—3400 cm-1 (intra-
molecularly hydrogen -bonded OH) and NMR (DMSO): 2.1—3.2 (Ar—H),
6.9—7.2 (CH2— quartet) 4.75—4.95 (CH-quartet [4], due to spin-spin interac-
tion with each other), 7.5—8.2 (—CH?3) and 6.0—6.5 T (OCH3). Microestima-
tion of nitrogen is in accordance with the calculated values. These compounds
gave no colour with ethanolic ferric chloride.

In view of the interesting results observed on oxidation of nitrogeneous
flavonoids [5, 6]. compounds Ilia—f were also studied separately in oxidation
with selenium dioxide (1 : 1.2 mol). After refluxing for four hours on a steam-
bath and usual work-up, the reaction mixture afforded an acid (V) in 20—
28% vyield, and flavones (Via—f) in 26—39% vyield as the major products.
These were identified as salicylic acid (m.p. 156 °C) and flavones (Via—f)
by m.p., m.m.p., co-TLC and by recording superimposable IR spectra with
authentic samples. From the mother liquor, on chromatography over silica
gel as the stationary phase, the flavanones 1Va—f (known) and nitrogen-free
compounds (VIlb—d, in three cases only) have also been isolated. The flava-
nones (IVa—f) were characterized by co-TLC and undepressed m.p. on admix-
ture with known samples. The structures of the nitrogen-free products as

*To whom correspondence should be addressed.
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108 SHIVHARE et al.. FLAVANONE HYDRAZONES

3,3’-biflavanones are proposed on the basis of the Ry values [7] (half of the
monomer) and superimposable IR spectra with the respective flavanones.
Interlinking through the 3-position has also been reported [8] as a result of

(8 R=H=R"=H
() R=R"=H, R'=OCH3

( R=CH3, R'=R"=H

(d R=CH3 R'=0CH3, R"=H
(€ R=H, R'=R"=OCH,
(/) R=CH3 R =R "=OCHS3

R"
(IvVa-f)
+ R"
4 - o
W OZQS?P)_I (i(t-o—'Se —OH v
N N)H 1 c
] + Se + N, + -COOH
NA-H . d
cTe c=0
Scheme 1
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Table |

Data of the hydrazones L a- | and their oxidation products prepared
with selenium dioxide

Hydrazones Mp., Molecular Yield, %N Oxidation Mdp., Yield,
w C formula % Found required products C %
a 224 nyon1gagan 55 7.20 7.821 IVa 76 15
Via 99 39
Vila  detected traces
by TLC
Vb 91 13
b 212 ~p3n20n4n2 51 6.90 7.216 Vib 157 26
VHb 182-183 6.5
Ve 105 9
c 218 ny3ap0n342 66 7.40 7.526 Vic 120 29
Vile 188 7.0
TVd 110 11
d 209  np4.nponang 64 6.400 6.965 Vid 170 30
Vild 182 6.0
Ve 125 19
e 195 Ap4np2ngn2 59 6.60 6.690 Vie 155 33
Vile detected traces
by TLC
IVFf 108 26
r 193 cZh 2ob5n?2 57 6.51 6.48 VIf 190 28
VUf detected  traces
by TLC

* Salicylic acid (V) was isolated in each case (20—28% yield) M.p.’s with authentic
samples remained undepressed and are uncorrected.

oxidation with Fenton’s reagent [9] and alkaline potassium ferricyanide [10]
of the corresponding monomer. The IR spectra of the dimers show carbonyl
absorption at 1688—1684 c¢cm -1 (characteristic of flavanones).

Experimental
Compound VHb

M.p. 182-83 °C. Mol. wt. (Rast) 498.2. CH2:0 6 (506). Calcd. C 75.88; H 5.138. Found
C 71.62; H 5.02%.
Compound Vile

M.p. 188 °C. Mol. wt. (Rast) 484. C2H204 (474). Calcd. C 81.01; H 5.48. Found C 80.2;
H 5.60%.
Compound Vlid

M.p. 181—82 °C. Mol. wt. (Rast) 524. C34H3006 (534). Calcd. C 76.40; H 5.61. Found C
74.83; H 5.50%.
Results of the present investigation are recorded in Table I.
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The authors are thankful to authorities of D.R.D.E., Gwalior, for the elemental analysis
and spectral data; one of us (A.S.) is grateful to C.S.I.R., New Delhi, for an award of S.R.F.
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The two epimeric Irans-6-methylisopenam-3-carboxylic acids 5a and 6a and
the cis-6-methylisopenam-3-carboxylic acid 7a have been obtained in form of their
carboxyl-protected derivatives 5b, 6b and 7b and their sodium salts 5c, 6¢c and 7c, as
outlined in Charts 1 and 2. In addition, the pivaloyloxymethyl ester 5d and the cyclo-
hexylamide 7e were prepared. The relative configurations of C-3 of the products have
been deduced from the *H-NMR spectra and on the basis of considerations concerning
the relative thermodynamic stabilities of the 3-epimers.

Almost four decades after the introduction of the penicillins (1) and two
decades after that of the cephalosporins (2) the isolation of thienamycin (3),
the first member of a fundamentally new class of /3-lactam antibiotics, viz. of
the carbapenems (4) has been announced by Merck’s scientists [2]. (For a
recent review on carbapenems, see Ref. [3].) The most conspicuous features

*For Part Il. see Ref. [1].
**To whom correspondence should be addressed.
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of thienamycin (and the other carbapenems) are (1) the absence of a ring
sulfur atom, (2) the presence of a side chain attached to position 2 of the ring
skeleton through sulfur, and (3) the replacement of the acylamino side chain
of the classical /3-lactam antibiotics by a 1-hydroxyethyl side chain (in thiena-
mycin), and by alkyl, hydroxyalkyl or O-sulfated hydroxyalkyl side chains
(in other carbapenem antibiotics).

These unique structural features of thienamycin, together with its out-
standing microbiological properties [4], have stimulated active research not
only into the elaboration of laboratory and practical syntheses of thienamycin
and other natural and non-natural carbapenem antibiotics [3] but also into
the development of synthesis methods for their ring analogs which, in con-
trast to those of the classical /3-lactam antibiotics, do not contain an acylamino
side chain.

Here we report on the synthesis of three diastereomeric 6-methyliso-
penam-3-carboxylic acids 5a, 6a and 7a* in the form of their carboxyl-pro-
tected derivatives 5b, 6b and 7b, and their sodium salts 5c¢c, 6¢c and 7c. In

d: YR= -0CH200CBut e: YR= -NH

addition, the pivaloyloxymethyl ester 5d and the cyclohexylamide 7e were
prepared. The syntheses are outlined in Charts 1 and 2 and described in detail
in Experimental. It should be pointed out that the diastereomeric esters 12a
and 12b, obtained by partial deethoxycarbonylation of the diester 11, were
not separated but subjected together to sodium borohydride reduction in
methanol at 0 °C. The trans ester 12a was more rapidly reduced than the cis
isomer 12b, and the resulting trans hydroxymethyl derivative 13a was separated
by chromatography from the unchanged cis ester 12b and from a further
fraction consisting of a mixture of the trans (13a) and cis (13b) hydroxymethyl

* All compounds described in the present paper are racemic. For convenience only
one enantiomer is depicted throughout.
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H H
1) H2N4 Z )’'CH2 CI2.r.t.
5b + 6b
2) chroma tography
over silica
COO-PNB *x *x
17a4
CICH200CBu t
5d 5c 6c
DMF
H H "
D H2N-("~}> CH2»CI2>r t.
7b or 7e
2) chromatography
over silica Ht
COO-PNB
17b4 7c

PNB= p-nitrobenzy |
* Diastereomeric mixture.
** H2Pd —C, dioxane + ag. NaHCO03
Chart 2

derivatives. The cis ester 12b was reduced under more vigorous conditions to

give the cis hydroxymethyl derivative 13b.

Compound 18 was converted into a mixture of the 3-epimers of com-
pound 20 by the same method [5], and a similar method was applied for the
synthesis of the 3-epimers of compounds 21a and 21b [6]. In contrast to the
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case of compound 20, we obtained only one 3-epimer (7b) in the cis series
although the precursor 17b was clearly shown by its IH-NMR spectrum to
be a mixture of epimers differing in the configurations of the a-carbon atoms
of the JV-substituents. Obviously epimerization has taken place in the course
of the ring closure or during work-up and, as a consequence, the isolated
bicyclic product is the thermodynamically more stable epimer, i.e. 7b, having
the “natural” relative configurations at C-3 and C-5 (see below).

The relative configurations of C-3 and C-5 in compounds 5—7 were
deduced from their IH-NMR spectra because the hydrogen atom attached to
the a-C atom in compounds of type 22 having the “natural” relative configura-
tions at this atom and C-4 of the /3-lactam moiety, i.e. in which the hydrogen
atoms attached to these atoms are trans relative to each other, and which are
the thermodynamically more stable epimers (see e.g. Ref’s [6—8]) is known
[6, 8—16] to absorb at lower fields than the corresponding hydrogen of the

22 23

“non-natural” epimers 23, regardless of whether C-3 of the /3-lactam moiety
is substituted or not, whether, if C-3 is substituted, 3-H and 4-H are trans
or cis relative to each other, and regardless of the size and nature of the second
ring. Therefore, structure 5b is assigned to the trans p-nitrobenzyl ester whose
hydrogen atom attached to C-3 absorbs at $5.58 ppm, and structure 6b to
its 3-epimer whose corresponding hydrogen atom absorbs at d 4.78 ppm.

The results of the microbiological screenings were disappointing: none
of the sodium salts 5b—7b had any antibacterial or /3-lactamase activities.

Experimental

Unless otherwise stated, the UI-NMR spectra were obtained at 100 MHz with a Varian
XL-100 spectrometer in CDC13 solutions, using Me4Si as the internal reference. The IR spectra
were obtained with a Spektromom 2000 instrument (Hungarian Optical Works, Budapest).

Diethyl I-(2,4-dimethoxybenzyl)-3-inethyl-4-oxoazetidine-2.2-dicarboxylate (11)

2-Bromopropionyl chloride (8) (70 g; 0.41 mol) was added dropwise with continuous
stirring to a mixture of diethyl (2,4-dimethoxybenzylamino)malonate (9) [17] (95 g; 0.29 mol),
dry ether (350 mL) and triethylamine (34 g; 0.34 mol), the temperature of the reaction mixture
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being maintained at —30 °C. Subsequently the mixture was allowed to warm up to ambient
temperature, and the crystalline Et3N ¢ HC1 was filtered off. The filtrate which contained
compound 10 was treated with triethylamine (50 g; 0.50 mol) and refluxed for 6 h. The mixture
was allowed to cool, the Et3N «HBr was filtered off, and the filtrate was successively washed
with water (150 mL), dil. HC1 (water 130 mL + cone. HC1, 20 mb) and water (2 X 150 mL).
The ethereal solution was dried (MgS04) and evaporated to dryness at reduced pressure. The
oily residue was triturated with ether (50 mL) to obtain 66 g (60%) of the crystalline title
compound, m.p. 65 °C (from ethyl acetate-light petroleum).

CIHZNO, (379.41). Calcd. C 60.15; H 6.64; N 3.69. Found C 60.24; H 6.46; N 3.98%.

IR (KBr): 1765-1740 br, 1200, 1035 cm*“1

IH-NMR: & 1.08 t + 1.27 t + 391 g+ 424 q (J= 7.1 Hz; 2xCOOEt), 124 d
(J = 7.5 Hz; 3-Me), 3.78 s (2xOMe), 3.82 q (J = 7.5 Hz; 3-H), 445 + 468 (AB,J = 152
Hz; N—CH,—Ar), 6.35-6.5 m (3’-H + 5-H), 7.13 d (J = 9 Hz; 6VH).

Ethyl I-(2,4-dimethoxybenzyl)-3-methyl-4-oxoazetidine-2-carhoxylate,
mixture of trans and cis forms (12a + 12b)

A mixture of the diester 11 (68.5 g; 0.18 mol), NaCl (12.7 g; 0.22 mol), DMSO (100 mL)
and water (6.5 mL, 0.36 mol) was stirred for 30 h at 170—180 °C and, after being allowed to
cool, poured into saturated aqueous NaCl solution (500 mL). The solution was extracted with
ether (150 + 4x100 mL) to obtain, after conventional work-up, 48.2 g (87%) of the title
compound in form of a yellowish oil.

CleH2IN 05 (307.35). Calcd. C 62.53; H 6.89; N 4.56. Found C 62.70; H 6.90; N 4.51%.

IR (film): 1760-1740 br, 1205, 1040 cm"1

I1-(2,4-Dimethoxybenzyl)-4-hydroxymethyl-3-methyl-2-azetidinone, trans form (13a)
and ethyl I-(2.4-dimethoxybenzyl)-3-methyl-4-oxoazetidine-2-carboxylate, cis form (12b)

NaBH4(35 g; 0.92 mol) was added to a methanolic (700 mL) solution of the above mixture
of the trans and cis esters 12a + 12b (142 g; 0.46 mol) with external ice cooling and continuous
stirring. The mixture was stirred for an additional 30 min, poured into saturated aqueous
NaCl solution (4200 mL) and extracted with ethyl acetate (3 X600 mL). The combined organic
solutions were dried (MgS04) and evaporated to dryness at reduced pressure. The oily residue
(133 g) was triturated with ether (150 mL) to obtain 51.7 g (42%) of compound 13a, m.p.
78 —79 °C (from 2-propanol-light petroleum).

C14HwN 04 (265.31). Calcd. C 63.38; H 7.22; N 5.28. Found C 63.63; H 7.16; N 5.39%.

IR (KBr):3300, 1710 cm -1

4H-NMR 01.23d J = 7.5 Hz; 3-Me), 2.02 br t (exchangeable, J = 3 Hz; CH20H),
3.00qd (3 — 75 and 2.1 Hz; 3-H), 3.15 td (J = 4.0 and 2.1 Hz; 4-H), 3.63m (CH20H),
3.81s + 3.83s (2xMeO), 4.30 + 4.42 (AB,J = 146 Hz; N-CH j-Ar), 6.4-6.55 m (3-H +
5°-H), 7.20d (J = 9 Hz; 6-H).

The dry residue of the mother liquor was worked up by chromatography (Kieselgel G;
CHjClj—acetone, 8 : 2) to give the unchanged cis ester 12b (55 g) as an oil, and a mixture of
the trans and cis hydroxymethyl derivatives 13a and 13b (24 g) as a crystalline product.

cis Ester (12b), HI-NMR: €1.17 d (J = 7.5 Hz; 3-Me), 1.28 t + 4.22q (J = 7.1 Hz;
COOEt), 3.37 qd (J = 7.5 and 5.8 Hz; 3-H), 3.76s + 3.78s (2xMeO), 3.97 d (J 5.8 Hz;
2-H), 4.18 + 459 (AB, J = 144 Hz; N-CH2-Ar), 6.35-6.5 m(3'-H + 5—H), 7.12d
(J = 9 Hz; 6-H).

I1-(2,4-Dimethoxybenzyl)-4-hydroxymethyl-3-methyl-2-azetidinone, cis form (13b)

NaBH4 (25 g; 0.67 mol) was added in small portions to a refluxing solution of the cis
ester 12b (46.6 g; 0.15 mol) in dry methanol (250 mL), with continuous stirring. The mixture
was refluxed for another 20 min, cooled to room temperature and poured into saturated
aqueous NaCl solution (1400 mL). Extraction with ethyl acetate (3 X200 mL) and conven-
tional work-up furnished an oil which crystallized when triturated with ether to give 29 g
(72%) of the title compound, m.p. 11 —112 °C (from 2-propanol-light petroleum).

C14H 1N 04 (265.31). Calcd. C 63.38; H 7.22; N 5.28. Found C 63.55; H 7.09; N 5.38%.

IR (KBr): 3370, 1710 cm -1
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41-NMR: $1.22d (J = 7.5 Hz; 3-Me); 2.16 br s (CH2H), 3.22qd (J = 7.5 and 5.0 Hz;
3-H), 3.58 m (4-H), 3.68 m (CH.OH), 3.80s + 3.82s (2 X MeO), 4.28 + 4.43 (AB,J = 14.6 Hz;
N-CH2ATr), 64—655m (3"-H + 5°-H), 7.20d (J = 9 Hz; 6-H).

I-(2,4-Dimethoxybenzyl)-3-niethyl-4-(niethylsulfonyloxymethyl)-2-azetidinone,
Irans (14a) and cis forms (14b)

(a) Methanesulfonyl chloride (7.8 g; 68 mmol) was added dropwise to a mixture of the
trans hydroxymethyl derivative 13a (15 g; 57 mmol) in dry pyridine (30 mL), with ice-cooling
and continuous stirring. The mixture was stirred for further 2 h and poured into water (250 mL).
Extraction with CH2C12 (3 x 50 mL) and conventional work-up gave an oil. This was taken
up in heptane (30 mL) and evaporated to dryness; this operation was repeated once more.
The oily residue was triturated with cold ether to give 17.5 g (90%) of the trans compound
14a, m.p. 116 —117 °C (from 2-propanol).

CIH2IN 065 (343.39). Calcd. C 52.47, H 6.16, N 4.08. Found C 52.36, H 5.98, N 4.00%.

IR (KBr): 1735, 1350, 1160 cm 'L

H-NMR: 0125 d (J = 7.5 Hz; 3-Me), 2.94s (MeS02), 2.99qd (J = 7.5 and 2.2 Hz;
3-H), 3.24 td (J = 4.7 and 2.2 Hz; 4-H), 3.80 s + 3.82 s (2xMeO), 4.23 d (J = 4.7 Hz;
—CHX -), 416 + 451 (AB,J = 145 Hz; N-CHj-Ar), 6.4-6.55 m (3-H + 5-H), 7.18d
(J = 9 Hz; 6-H).

(6) The same method, when applied to the cis hydroxymethyl derivative 13b (28 g;
0.11 mol), furnished 35 g (97%) of the cis compound 14b, m.p. 97—98 °C (from 2-propanol).

CIH2IN 06S (343.39). Calcd. C 52.47; H 6.16; N 4.08. Found C 52.40, H 6.03, N 4.22%.

IR (KBr): 1720, 1350, 1170 cm -".

W -NMR: $1.24d (J = 7.5 Hz; 3-Me), 2.94s (MeS02) 3.30qd (J = 7.5 and 5.5 Hz; 3-H),
3.73ddd (J = 5.5, 5.8 and 6.0 Hz; 4-H), 3.81 s + 3.84 s (2xMeO), 4.25 + 4.31 (AB part of
an ABX spectrum, JRem= 10.5, J\JC= 5.8 and 6.0 Hz, respectively; —CH20 —), 4.18 + 4.50
(AB,J = 146 Hz; N-CH ,-Ar), 6.4-6.55 m (3-H + 5-H), 7.17d (J = 9 Hz, 6-H).

3-Methyl-4-(methylsulfonyloxymethyl)-2-azetidinone, trans (15a) and cis forms (15b)

(@) A mixture of the trans 4-(methylsulfonyloxymethyl) derivative 14a (6.85 g; 20
mmol), K25208 (10.8 g; 40 mmol), K2H P04 (13.9 g; 80 mmol), acetonitrile and water (80 mL,
each) was vigorously stirred for about 6 h at 85—90 °C under nitrogen, and allowed to cool.
The mixture was made slightly alkaline (pH 8) by adding crystalline NaHCO03. The two phases
were separated, and the aqueous phase was extracted with EtOAc (2 X50 mL). The combined
organic phases were evaporated to dryness under reduced pressure. The residue was taken up
in CH2CL2, treated with Norite, dried (MgS04) and evaporated to dryness to obtain 6.7 g of
an oil which was worked up by chromatography (Kieselgel G; CH2CI2acetone, 10 :2) to
obtain 2.5 g (65%) of compound 15a, m.p. 84—86 °C (from EtOAc-light petroleum).

C,,HuNO04S (193.22). Caled. C 37.30; H 5.74; N 7.25; S 16.59. Found C 37.58; H 5.52;
N 7.17; S 16.53%.

IR (KBr): 3200, 1740, 1350, 1160 cm -'.

*H-NMR: $1.36d (J = 7.5 Hz; 3-Me), 3.02 qd (J = 75 and 23 Hz; 3-H), 3.07s
(MeS02, 3.59ddd (J = 2.3, 6.5 and 4.3 Hz; 4-H), 4.28 + 4.41 (AB part of an ABX spectrum,
Jgem = 10.9, Jvjc= 6.5 and 4.3 Hz, respectively; —CH2 —), 6.4 br s (NH).

(6) The same method, when applied to the cis (methylsulfonyloxymethyl) derivative
14b (27 g; 79 mmol), furnished 11.4 g (75%) of compound 15b, m.p. 125.5—126.5 °C (from
EtOH). [No chromatographic work-up was necessary in this case: the dry residue of the
EtOAc solution crystallized when triturated with a small amount of CH2C12]

CcHnNO04S (193.22). Calcd. C 37.30; H 5.74; N 7.25; S 16.59. Found C 37.35; H 5.51;
N 7.36; S 16.30%.

IR (KBr): 3210, 1730, 1355, 1165 cm -1

‘H-NMR- 6 1.24d (J = 7.5 Hz; 3-Me), 3.10s (MeS02), 3.41qdd (J = 7.5, 5.2 and 15
Hz; 3-H), 3.94ddd (J = 5.2, 6.5 and 6.0 Hz; 4-H), 4.33 -f- 4.38 (AB part of an ABX spectrum,
mfgem = 10.5, Jvjc= 6.5 and 6.0 Hz, respectively; —CH2 —), 7.4 br s (NH).

4-lodomethyl-3-methyl-2-azctidinone, trans (16a) and cis forms (16b)

(a) A mixture of the trans methylsulfonyloxymethyl derivative 15a (2.0 g; 10.4 mmol),
Nal (6.2 g; 41 mmol) and dry acetone (15 mL) was refluxed for 5h and evaporated to dryness
at reduced pressure. The residue was dissolved in water (20 mL) and the desired product was
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extracted with CH2CI2 (3X15 mL). Conventional work-up furnished an oil which was crystal-
lized from EtOAc-light petroleum to give 1.65 g (71%) of compound 16a, m.p. 77—78 °C.

CBH8INO (225.03). Calcd. C 26.69; H 3.58; N 6.22. Found C 26.70; H 3.62; N 6.27%.

IR (KBr): 3350, 1730 cm“ 1.

IH-NMR: 6 1.36d (J = 7.5 Hz; 3-Me), 2.90qdd (J = 7.5, 2.0 and 0.8 Hz; 3-H), 3.33m
(CH21), 3.54ddd (J = 2.0, 5.5 and 7.5 Hz; 4-H), 6.4 br s (NH).

(6) The same method, when applied to the cis (methylsulfonyloxymethyl) derivative
15b (9.55 g; 49 mmol), gave 8.9 g (80%) of compound 16b, m.p. 79 °C (from EtOAc-light
petroleum).

C5H8INO (225.03). Calcd. C 26.69; H 3.58; | 56.39; N 6.22. Found C 26.57; H 3.50;
I 56.71; N 6.24%.

L -NMR: $1.24d (J =

7.5 Hz; 3-Me), 3.25 m (CH2l), 3.32qdd (J = 7.5,5.2 and 1.8 Hz;
3-H), 4.07ddd (J = 5.2, 6.6 and 8.

0 Hz; 4-H), 6.3 br s (NH).

I-(Acetylthio)-(p-mtrobenzyloxycarbonyl)methyl-4-iodomethyl-3-methyl-2-azetidiuone,
trans (17a) and cis (17b) forms

(0) A mixture of the trans iodomethyl derivative 16a (1.0 g; 4.4 mmol), p-nitrobenzyl
glyoxylate (1.0 g; 4.8 mmol), Et3N (2—3 drops) and dry tetrahydrofurane (10 mL) was kept
for 24 h at ambient temperature. The solution was chilled to —20 °C, and dry pyridine (0.39
mL; 4.8 mmol) and SOC12 (0.34 mL; 4.6 mmol) were successively added by drops at this
temperature. The mixture was stirred at —20 °C for further 40 min. Subsequently a solution
of potassium thioacetate (0.55 g; 4.8 mmol) in dry DMF (3 mL) was added at —20 °C by
drops. The mixture was stirred for 1 h more at this temperature, allowed to warm up to room
temperature and poured into water (20 mL). Extraction with EtOAc (3 X 10 mL) and conven-
tional work-up furnished an oil which crystallized when triturated with ether to give 1.0 g
(50%) of compound 17a as a 1 : 1 mixture of epimers, m.p. 106 —108 °C (from ether).

CiTH18IN2 6S (492.28). Calcd. C 39.04; H 3.48; N 5.69; S 6.51. Found C 39.07; H 3.68;
N 5.73; S 7.02%.

IR (KBr): 1750, 1735, 1685, 1515, 1350, 845 cm*“ 1

IH-NMR: 6 1.31d + 1.32d (J = 7.2 Hz; 3-Me), 2.43s (S-Ac), 2.95qd + 2.98qd
(J — 7.2 and 2.2 Hz; 3-H), 3.23dd (A part of an ABX spectrum, Jgam= 9.8, Jvic «« 9.6 Hz;
CHpgH31), 3.53dd + 3.57dd (B part ofan ABX spectrum, Jgem= 9.8, JVic = 4.0 and 3.3 Hz,
respectively; CHAHBI), 3.50ddd + 3.75ddd (ZJ "~ 22 + 3.3 + 10 and ZJ = 22 + 4.0 +

-f- 9.2 Hz, respectively; 4-H), 5.30s + 5.32s (O—CH2—Ar), 5.99s + 6.06s IN—CH

7.53 + 825 (AA'BB\J = 84 Hz; 4x Ar-H).

(6) The same method, when applied to the cis iodomethyl derivative 16b (6.7 g; 30
mmol) gave, after chromatographic work-up (Kieselgel G; dry CH2C1?2) of the dry residue of
the EtOAc extract, 9.1 g (61%) of compound 17b as a 1 : 1 mixture of epimers in form of
a yellow oil.

CleH1MIN206S (492.28). Calcd. C 39.04; H 3.48; N 5.69; S 6.51. Found C 39.12; H 3.40;
N 5.65; S 7.00%.

IR (film): 1770-1750, 1710, 1525, 1355, 850 cm -1

IH-NMR: $1.27d + 1.31d (J = 7.5 Hz; 3-Me), 2.42 s (S-Ac), 3.10 + 3.52 (AB part
of an ABX spectrum, Jgem A 10, JMc ** 10 and *5 Hz, respectively; CH2), 3.35qd (J = 7.5
and 5.3 Hz; 3-H), 4.11 ddd + 4.36 ddd (ZJ = 5.3 + ««10 -j- ««5 Hz; 4-H), 529 s + 5.32 s

(O —CH2—Ar), 6.04s + 6.11 s N-CH 753 + 8.24 AA’BB’, J = 8.6 Hz;4XAr-H).

p-Nitrobenzyl 6-methylisopenam-3-carboxylates, (3RS, 5SR, 6RS) (5b),
(3RS, 5RS, 6SR) (6b) and (3RS, 5RS, 6RS) (7b) forms*

(a) Compound 17a (epimeric mixture; 3.6 g; 7.3 mmol) was stirred with cyclohexylamine
(1.45 g; 14.6 mmol) in dry CH2C12 (36 mL) for 4 h at 0 °C. The crystalline precipitate was fil-
tered off and the filtrate was chromatographed (Kieselgel G; CH2CI?) to obtain 1.27 g (54%)
of compound 5b, m.p. 120 °C (from EtOAc-light petroleum), and 0.83 g (35%) of compound
6b, m.p. 120 °C (from EtO Ac-light petroleum), in the order of decreasing Rf values.

* Systematic names: p-nitrobenzyl 6-methyl-7-o0x0-3-thia-l-azabicyclo[3.2.0]heptane-
-2-carboxylates (2RS, 5SR, 6RS) (5b), (2RS, 5RS, 6SR) (6b) and (2RS, 5SR, 6SR) (7b) forms.
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Compound 5b. CI4HI4N20 5S (322.34). Calcd. C 52.17; H 4.38; N 8.69; S 9.95. Found,
C 52.10; H 4.42; N 8.80; S 9.82%.

IR (KBr): 1750, 1520, 1350, 850 cm -1

'H-NMR: $1.43d (J = 7.4 Hz; 6-Me), 3.00 qd (J = 7.4 and 2.4 Hz; 6-H), 3.11 + 3.43
(AB part of an ABX spectrum, Jgom= 11.6, JVjc= 4.0 and 7.0 Hz, respectively; 1-H2), 4.15
ddd (J = 4.0, 7.0 and 2.4 Hz; 5-H), 5.26s (0-CH2-Ar), 5.60 s (3-H), 7.52 + 8.23 (AA’BB\
J = 8.6 Hz, 4X Ar—H).

Compound 6b. C14H 14N 20 6S (322.34). Calcd. C 52.17; H 4.38; N 8.69; S 9.95. Found C
52.28; H 4.47; N 8.60; S 9.80%.

IR (KBr): 1760, 1740, 1520, 1355, 850 cm "1

‘H-NMR: 6 1.38d (J = 7.4 Hz; 6-Me), 295 qd (J = 7.4 and 2.0 Hz; 6-H), 3.01 -f 3.14
(AB part of an ABX spectrum, J,em= 11, Jvic= 9.4 and 5.4 Hz, respectively; 1-H2), 3.87
ddd (J = 9.4, 54 and 2.0 Hz; 5-H), 4.79s (3-H), 5.32s (O—CH2-Ar), 7.56 + 8.23 (AA’'BB’,
J = 8.6 Hz; 4x Ar—H).

(6) The same method, when applied to the epimeric mixture 17b (7.4 g; 15 mmol) gave
3.5 g (72%) of compound 7b, m.p. 117 °C (from EtOAc-light petroleum), without of even
traces of the 3-epimer being isolated.

CHHMND S (322.34). Caled. C52.17; H 4.38; N 8.69; S 9.95. Found C 52.20; H 4.30;
N 8.87; S 9.97%.

IR (KBr): 1770, 1750, 1525, 1360, 1220, 1025, 865 cm*“1

IH-NMR: 6 1.18d (J = 7.6 Hz; 6-Me), 3.10 + 3.31 (AB part of an ABX spectrum,
J,em= 12, Jvyc= 3.8 and 7.2 Hz, respectively; 1-H2), 3.63 qd (j = 7.6 and 5.8 Hz; 6-H),
454ddd (J= 3.8, 7.2 and 5.8 Hz; 5-H), 5.28s (0-CH 2-Ar), 557s (3-H), 7.53 + 8.24
(AA’BB\J = 8.6 Hz; 4 XAr-H).

JV-Cyclohexyl-(3RS, 5SR, 6SR)-6-methylisopenam-3-carboxamide (7e)

Compound 17b (epimeric mixture; 0.99 g; 2 mmol) was stirred with cyclohexylamine
(0.79 g; 8 mmol) in dry CH2CI2 (10 mL) for 24 h at ambient temperature. The mixture was
washed with water, dried (MgS04) and evaporated to dryness. The residue was chromatographed
(Kieselgel G, CH2C12) to obtain 0.21 g (70%) of p-nitrobenzyl alcohol, identical with an authen-
tic sample, and 0.35 g (65%) of the title compound, m.p. 201—202 °C (from 2-propanol).

CI3H1N20 2S (267.37). Calcd. C58.40; 11 7.16; N 10.48; S 11.99. Found C 58.35; H 7.20;
N 10.51; S 12.07%.

IR (KBr): 3250, 1755, 1635, 1555 cm*“ 1

'H-NMR: 6 1.18d (J = 7.6 Hz; 6-Me), 0.9—2.1 m (cyclohexyl methylenes), 3.04 + 3.22
(AB part of an ABX spectrum, Jgem = 11.8, Jvjc= 5.0 and 7.0 Hz, respectively; 1-H2), 3.60 qd
(J = 7.6 and 58 Hz; 6-H), 3.7 m (cyclohexyl methine), 4.43ddd (J = 5.0, 7.0 and 5.8 Hz;
5-H), 5.40s (3-H), 6.1 br (NH).

Sodium 6-methylisopenam-3-carboxylates, (3RS, 5SR, 6RS) (5c¢), (3RS, 5RS, 6SR)
(6c) and (3RS, 5SR, 6SR) (7c) forms

(a) Compound 5b (322 mg; 1 mmol) was reduced in the presence of NaHCO03 (84 mg;
1 mmol) and a Pd/C catalyst in a mixture of dioxane (6 mL) and water (4 mL) at room tem-
perature and normal pressure. The catalyst was filtered off and washed with a small amount
of water. The filtrate and washings were combined, the dioxane was distilled off under reduced
pressure. The residual aqueous solution was extracted with CH2CI2 (3x5 mL) and evaporated
to dryness. The residue was taken up in a small amount of ethanol, and the solution was
allowed to stand for a few days to give 130 mg (63%) of compound 5c.

IR (KBr): 1740, 1620, 1590 cm -1

'H-NMR (D20): O 1.44d (J = 7.4; Hz; 6-Me), 3.09qd (J = 7.4 and 1.6 Hz; 6-H),
3.12 + 3.44 (AB part of an ABX spectrum, Je»em= 114, Jvjc= 6.5 and [6.4 Hz, respec-
tively; 1-H2), 4.17 ddd (J = 6.5, 6.4 and 1.6 Hz; 5-H), 5.42 s (3-H).

The spectrum did not change after the solution had been kept for 1 month at 5°C
showing that compound 5c is stable under these conditions.

(6) The same method (except that the product crystallized from a small amount of a
methanol-ether mixture), when applied to compound 6b (322 mg; 1 mmol), yielded 140 mg
(68%) of compound 6c.

'H-NMR (D20): %6 1.35d (J = 7.5 Hz; 6-Me), 3.10qd (J = 7.5 and 1.6 Hz; 6-H),
3.08 + 3.26 (AB part of an ABX spectrum, Jgem= 11 Hz, JVK = 8.8 and 5.5 Hz, respectively;
1-H2), 3.96 ddd (J = 8.8, 5.5 and 1.6 Hz; 5-H), 4.70 s (3-H).
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The spectrum did not change when the solution was kept for 1 month at 5 °C.

(c) The same method (except that the product crystallized from a small amount of
methanol), when applied to compound 7b (3.22 g; 10 mmol), gave 1.5 g (71%) of compound 7c.

IR (KBr): 1755, 1620 cm -1

IH-NMR (DjO): $1.20d (J = 7.6 Hz; 6-Me), 3.17 + 3.30 (AB part of an ABX spectrum,
Jgem = 11.7, Jvijc = 5.8 and 6.7 Hz, respectively; 1-H2), 3.70qd (J = 7.6 and 5.4 Hz; 6-H),
4.56ddd (J = 5.8, 6.7 and 5.4 Hz; 5-H), 5.40s (3-H).

The spectrum did not change after storing the solution for 1 month at 5 °C.

Pivaloyloxymethyl (3RS, 5SR, 6R.S)-6-methylisopenam-3-carboxylate (5d)

A mixture ofthe sodium salt 5¢ (120 mg; 0.6 mmol), chloromethyl pivalate [18] (120 mg;
0.8 mmol) and anhydrous DMF (6 mL) was stirred for 20 h at ambient temperature and then
poured into ethyl acetate (40 mL). The mixture was extracted successively with water (2 X10
mL) and saturated aqueous NaCl solution (2 X10 mL), dried (MgS04) and evaporated to dryness
under reduced pressure. The resulting yellowish oil was purified by chromatography (Kiesel-
gel G; light petroleum) to obtain 100 mg (58%) of the title compound as an oil.

C13H 19N 05S (301.36). Calcd. C 51.81; H 6.35; N 4.65; S 10.64. Found C 52.03; H 6.30;
N 4.55; S 10.78%.

IR (film) 1780, 1755 cm "1

IH-NMR: O 1.23s (I-Bu), 1.43d (J= 75 Hz; 6-Me), 3.00qd (J= 7.5 and 2.6 Hz;
6-H), 3.11 + 3.44 (AB part of an ABX spectrum, Jggm= 11.5, Jvjc= 3.7 and 7.1 Hz, re-
spectively; 1-H2), 4.15ddd (J = 3.7, 7.1 and 2.6 Hz; 5-H), 5.53s (3-H), 5.78s (O—CH2-0).

The authors are grateful to Dr. I. Balogh-Batta and staff for the microanalyses, to
Mrs. M. Székely-Csirke for the IR spectra and to Professor F. Hernddi (Department of Chemo-
therapy, Institute of Pharmacology, University Medical School, Debrecen, Hungary) for the
microbiological screenings.
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The effect of the quality of auxiliary electrodes of graphitic and amorphous
carbon basis, and of the quality of graphitic and amorphous carbon powders used as
auxiliary substances, on the average temperature of the electrode, on spectral line
intensities, on the intensity ratios of spectral line/background, and on the standard
deviation of these values was studied, using CuO + C powder mixtures as model sub-
stances. Values are decisively determined by the quality of the carrier electrode.

Introduction

The role of the quality of the carbon carrier electrode in the emission
spectroscopic methods of analysis of powder samples has been studied already
earlier [1, 2]. It was established that amorphous carbon substance of poorer
heat conductivity is more advantageous in the investigation of low-volatile
samples than graphite. In an earlier work [3], in the investigation of metals,
we too, studied counter-electrodes of two kinds, graphitic and amorphous
carbon basis, and the electrode surface reactions of carbon electrodes, which
proceed between the substance of the electrode and the surrounding active
gas atmosphere. These reactions depend on the graphitic or amorphous type
of the carbon substances, because their structure and thermal conductivity
determine the glowing up of the electrodes, and through this also the reac-
tions with the given gas atmosphere. The role of the material nature of the
carbon carrier electrode was observed also in thermochemical reactions, that
is in so-called reactions in the substance of the electrode, in indifferent (Ar)
atmosphere [4—7], when electrode surface reactions with the original gas
atmosphere are absent. Thus, we investigated now in detail the role of the
guality of carbon auxiliary substances used most often in chemical emission

*To whom correspondence should be addressed.
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spectral analysis, of different kinds of carbon auxiliary electrodes, and of
carbon powder additives used in powder mixtures, in the development of
spectral line intensities. Here too, flowing Ar gas atmosphere was used, so
that reactions with the original gas atmosphere had not to be taken into con-
sideration.

Experiments were carried out with four kinds of carbon electrode mate-
rials. These were RW O and RW 11, recommended by the German firm Rings-
dorff Werke, and SU and SW, manufactured by the Czechoslovakian factory
Topolcany. Thus, two graphitic and two amorphous carbon electrode materials
were used in our work. Of the carbon powder types generally used in powder
mixtures our auxiliary substances SU-601 of Czechoslovakian manufacture
and the German carbon powder type RW A were of graphitic character, while
the Czechoslovakian SU-602 and a product marked with SWP (experimental
product) were amorphous carbon powders of high electric resistance, manu-
factured from coke. The characteristics of these products can be found in
detail in the catalogues of the manufacturing firms [8, 9]. Our model sub-
stance was CuO, as this substance gives because of its high instability, that is
because of its high reactivity, reactions easy to investigate. At the same time,
the solid residue of these carbon oxide producing reactions is solid metallic
copper, the evaporation characteristics of which are different from that of
the original sample.

Copper oxide was mixed with the four kinds of carbon powders, and
each sample was investigated separately. The carbon powder mixtures were
placed into the borings of the given four kinds of carrier electrodes, and thus,
results could be compared in 16 variations. Results obtained were doubled
by investigating the electrode carrying the sample both in anodic and cathodic
connection. Relationships were sought between the nature of the carbon
materials, their physical and chemical behaviour, the intensities of the spectral
lines produced in the arc and the intensity ratios. The intensity of the selected
atomic line of copper was measured, which can be taken on the basis of earlier
experiences in first approximation as proportional to the evaporation of the
sample. Data on the spectral character (ZIYcun.i), formed from the intensity
ratio of the ionic and atomic lines selected in the spectrum of copper, which
are in connection with the average temperature of the plasma, were also
calculated. The amounts of C02 and CO, formed in the arc, were measured
with our titrimetric gas analytical methods, and their volume ratios were
calculated (described in detail in our next paper). These data characterize the
oxidation and temperature conditions in the arc. The mass of substance lost
from the boring of the electrode by arc excitation and the change in average
temperature of the carrier electrode were also measured. Only the first 10
seconds of the burning of the arc were investigated, as according to earlier ex-
periences most of the chemical reactions proceed already during this period,
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so that conditions and reaction products determining the intensities of the
spectral lines are already present.

Our aim was to find optimal conditions for the methods of analyses.
Therefore standard deviation of parallel measurements was also calculated
in various cases.

In our present paper relationships between the average temperature of
the carrier electrodes, the intensity of the spectra and the carbon auxiliary
substances are investigated.

Experimental

CuO + C powder mixtures of 0.3 molar fraction of metal oxide were prepared from the
carbon powders of different kind, because we found earlier [3,5] that the greatest changes in
thermochemical reactions and spectral line intensities occur at this ratio. The mixtures weighed
into the boring of the electrodes (boring diameter 2.7 mm, depth of boring 4 mm, wall thick-
ness of the carrier part with boring 0.75 mm) were investigated with a.c. polarized arc of 10 A
average current initiated at maximum voltage, in essence with pulsing direct current. (The
instantaneous current strength of this is about twice the above value.) The exciter was a
Szakécs arc generator, controlled also in the arc circuit [11]. Spectra were taken with an 1ISZP-22
spectrograph, directly illuminating the slit for 10 s from a distance of 30 cm, on plates of type
Agfa-Gevaert 34 B 50. The plates were developed at 20 °C for 5 minutes in Agfa-1 developer.
The blackening values of the 282.4 nm atom line of copper were calculated after photometry
P,-transformation and background correction in ¥, respectively, in I = num log ¥ values.

For better evaluation, data characteristic of the average temperature of the electrodes
were measured for 15 s with iron-constantan thermocouple, the measuring head of which was
sunk laterally to a depth of 2 mm into the auxiliary electrode of 6 mm 0, 1 mm below the
sample, and temperature values were read every 2 s of arc duration. Each of our backening
results is generally the mean value of 10 parallel measurements, for which standard deviation
is also given. Generally 3—6 parallel temperature measurements were undertaken. For iden-
tical moments of arc duration these agreed within 5—25 °C.

Results and discussion
The electrode temperature

Our measuring results were grouped in two ways.

a) On CuO model substance mixed with identical types of carbon powder
the effects of different carbon carrier electrodes were compared.

6™ It was attempted in carbon carrier electrodes of identical type to
clear the role of the quality of various carbon powders.

In both cases the polarity of the carrier electrode containing the sample
was also changed.

a) The following two figures show the electrode temperature values
measured with the homogenized mixture of copper(ll) oxide and four kinds
of carbon powder, filled into four kinds of carbon carrier electrodes, as a func-
tion of arc duration at anodic (a) and cathodic (b) excitation, with carbon
powders of graphitic (Fig. 1) and amorphous (Fig. 2) types. It can be seen
that after a flatter initial section curves rise steeply, to attain then a saturate
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character. Evidently, the cause of the flatter initial section is that the site of
temperature measurement is relatively far, at a distance of about 5 mm
from the heat transfer site, i.e. the burning spot of the plasma, and thus,
the value used for the characterization of the average electrode temperature
is established with delay at the measuring site. The saturation character of
the curves arises from the fact that the heat supply rate of the arc is practically
constant at the given current, hut heat losses in the system increase with
increasing electrode temperatures, because of increasing temperature gradients.

Fig. 1. Electrode temperature in the case of filling prepared with graphitic carbon powder
for different kinds of auxiliary electrodes; (1): RW I1; (2): SW; (3): SU; (4): RW O
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It should be noted that in the case of identical kinds of carbon the tem-
perature of the carrier carbon electrode is always highes after a burning time
of 2—3 s at anodic excitation, than at cathodic one. It is an experience often
met that though according to certain data in the literature [12] and our own
experimental results [13, 14] the temperature of the burning spot of the arc
is higher at the cathode, the temperature of the whole mass of the elec-
trode is more increased in anodic connection [15]. (This phenomenon was
partly used by Slavin [16], who similarly used anodic d.c. excitation as

Fig. 2. Electrode temperature in the case of filling prepared with amorphous carbon powder
for different kinds of auxiliary electrodes; (1): RW 11; (2): SW; (3): SU; (4): RW O
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Table |

Specific electric resistance and thermal conductivity
o f carbon electrode substances

Electrode iQ mcm Wm K
Graphitic carbon RW 0 850 146
SuU 1000 140
Amorphous carbon RW 11 6000 25
SW 6000 20

method of investigation for the total evaporation of powder samples.)
However, the least difference between values measured at excitation with
the two kinds of polarities was found in the case of the carbon electrode
RW O of best thermal conduction.

Moreover, it is to be mentioned that, disregarding the first few seconds
of excitation, investigated at identical polarity, the temperature of the better
electric and thermal conductor electrodes on graphite basis (RW O, SU) is
always lower than that of the electrodes of amorphous carbon type, as heat
transmitted by the arc is better conducted by graphitic carbon towards the
electrode holders (Table 1).

It can be also observed that between temperature values obtained with
excitation at the two polarities the differences according to electrode substances
are smaller at cathodic than at anodic excitation. The lower electrode tempera-
ture of the cathode is less influenced by the thermal conductivity and thermal
losses of the electrode substance.

b) It becomes clear from Figs 3 and 4 that in carbon carrier electrodes
of identical type (graphitic or amorphous) the average temperature of the
carrier electrode is much less influenced by the nature of the carbon powder
filling, than by the substance of the carrier electrode. Differences generally
are within the error of temperature measurement. Nevertheless, it can be
observed in several cases that the temperature of an identical carrier electrode
is similarly the lowest, if the mixture was prepared with graphitic type carbon
powder RW A of best heat conductivity.

With different carbon powder mixtures electrode temperature values
agreeing best were obtained both in anodic and cathodic excitation for the
carrier electrode of type RW O. On the other part, the SW electrode of amor-
phous type, heated up strongest, gave similarly agreeing and well reproducible
results at anodic excitation. Thus, the equalizing effect of higher energies is
exerted also in this case. However, naturally these effects too, depend on the
polarity of the carrier electrode.
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It can be established from the aforesaid that the temperature of the
whole mass of the electrode is decisively determined by the quality of the
carrier electrode itself. Moreover it can be concluded that the carrier electrode,
as well as the carbon powder content of the mixture, attempt to dissipate
the heat produced by the arc, but depending on its heat conductivity, the
mixture containing carbon powder stores also heat in the given case. This is
consistent with specific electric resistance data of various carbon powders,
which are naturally inversely proportional to heat conduction, and according

Fig. 3. Electrode temperature in graphitic carbon auxiliary electrodes according to the kinds
of carbon powders; (1): SU 601; (2): SU 602; (3): SWp; (4): RW A
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Fig. 4. Electrode temperature in amorphous carbon auxiliary electrodes according to the
kinds of carbon powders; (1): SU 601; (2): SU 602; (3): SWp; (4): RW A

to which the electric conductivities of the 3 directly comparable carbon pow-
ders manufactured in Topolcany are at identical sample treatment, compres-
sion and other conditions of investigation the following:*

graphite powder 60 fiQ mm
calcined petrol coke 330 [iIQ *m
SWp experimental substance 560 [xQ *m

* Measuring data of the factory Elektrokarbon Topolcany.
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However, our measurements took into consideration only the most
essential effects, because the temperatures were not measured in the sample
itself, but below the sample.

Spectral line intensities

The intensities of the spectral line of Cu raise new problems. In our
experiments the intensity of the Cu I 282.4 nm line (I = num log Ycu) was
considered as proportional to the evaporation of the sample. These values
were summarized separately from data obtained in the anodic (Table Il) and
cathodic (Table Ill) excitation of the samples.

It was observed already in the investigation of electrode surface reac-
tions [3] that that better heat conducting and therefore colder carbon electrode
on graphite basis, having also a more stable crystal structure, is of lower
activity. In this case effects arising from the higher temperature of the cathodic
burning spot already mentioned are exerted in a larger extent, and the lower
temperature of the whole mass of the electrode cannot considerably modify
either this, or the extent of chemical reactions.

Table 11

Intensity (1) ofthe Cul 282.4 nm line
10 A, 10 s, anodic excitation

Carbon powder additive to CuO

Carrier iti

eleclrgde graphitic amorphous
RW A SU-601 SU-602 swp
Graphitic carbon RW 0 244 24.6 15.3 321
SuU 42.8 335 145 54.6
Amorphous carbon RW I 60.1 51.9 47.4 65.7
SW 58.6 47.8 46.3 65.2

Table 111

Intensity (1) ofthe Cu | 282.4 nm line
10 A, 10 s, cathodic excitation

Carbon powder additive to CuO

elce?:gioedre graphitic amorphous
RW A SU-601 SU-602 swp
Graphitic carbon RW 0 64.5 58.7 51.2 63.0
SuU 58.0 451 36.5 51.1
Amorphous carbon RW I 42.4 39.8 245 67.9
Sw 37.7 24.9 17.0 64.0
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It is known from earlier data in the literature [17] and from our own
earlier experiments [18, 19] that with increasing electrode temperature evapo-
ration from the electrode increases too, and because of this spectral line inten-
sities are also higher. It can be well seen also in our case that from carbon
carrier electrodes, warmed up stronger as anode by the action of the arc,
that is, from carbons of amorphous type, the evaporation ofthe sample increases
too, the intensities of the spectral lines are higher. As contrary to this, in
the case of good conductor, and thus colder electrodes of graphitic type,
cathodic excitation results higher spectral line intensities. Here, the burning
spot of higher temperature of the arc [13, 14] and the cathodic processes
determine decisively the evaporation of the sample. This is now less affected
by the temperature of the whole mass of the electrode, because it is lower.
However, in the cathodic excitation of the sample the carbon powder SWpof
lowest thermal conductivity mixed to the copper oxide attempts to equalize
the cooling effect even of the graphitic auxiliary electrodes of good thermal
conductivity. In the colder cathode carrier electrode the own properties of
the carbon powder too, assert themselves stronger in the forming of the inten-
sity of spectral lines, since the arc evaporates the sample at the site of the
burning spot, and this site is partly the surface of the filling. Therefore, the
carbon powder additive plays a greater role in the development of the intensity
of the spectral lines, than in that of the average temperature of the electrode.

The standard deviation (s) of the logarithms of spectral line intensities
(Y), measured in parallel experiments was also investigated. Results are con-
tained in Tables IV and V. Since the average values (¥) considerably change
according to carbon auxiliary substances, for better comparison standard
deviations are given as relative percentage of the mean values:

$% = *100%

Variation of parallel measurements is partly due to chemical reactions
difficult to control. Results permit to conclude that the higher is the electrode
temperature, the larger is the extent of interfering chemical reactions. However
higher energies partly compensate side effects. Thus, in the anodic excitation
of samples the standard deviation of spectral line intensities is lower for car-
bon carrier electrodes RW Il and SW of amorphous type.

In cathodic excitation as mentioned already, the whole mass of the
electrode is of lower temperature. The extent of chemical reactions is lower
in the electrodes, so that they influence less the evaporation of the sample
and the excitation of metal vapours. Here the interfering action of side effects
is the lowest in the case of graphitic carbon carrier electrodes of good thermal
conductivity.
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Table IV

y Cu]j8n values and relative % standard deviations referred to these mean values
Anodic excitation (10 A, 10 s)

Carbon powder additive to CuO

Carrier graphitic amorphous

electrode RW A SU-601 SU-602 SWj
¥y «% y *% y *% Yy %
Graphitic KW 0 1.380 6.4 1.370 11.2 1.185 3.0 1.490 7.9
carbon SuU 1.625 5.4 1.515 7.1 1.135 13.0 1.735 3.7
Amorphous RW 11 1.780 1.0 1.715 2.5 1.675 2.4 1.815 2.4
carbon SwW 1.765 11 1.680 14 1.665 2.4 1.810 3.6

Table V

Ny Qu 1,82 1values and relative % standard deviations, referred to these mean values
Cathodic excitation (10 A, 10 g

Carbon powder additive to CuO

Carrier graphitic amorphous
RW A SU-601 SU-602 SW,,
AY % AY % AY *04 AY %
Graphitic RW O 1.810 13 1.765 3.6 1.705 2.7 1.795 2.3
carbon SuU 1.760 35 1.650 4.4 1.560 4.4 1.705 3.2
Amorphous RW 11 1.620 4.4 1.595 5.1 1.370 10.1 1.830 2.1
carbon SwW 1.570 4.2 1.375 10.8 1.220 9.1 1.800 3.5

Thus, optimal conditions can be selected according to the given purpose.
Expectably, in the case of substances of low volatility a sample mixed with
graphitic carbon powder will be filled into a carbon carrier electrode of type
RW Il or SW heated up stronger, and investigated as anode. If the sample
is excited as cathode, then, according to experience, a graphitic carbon carrier
electrode will be selected.

The change of the logarithm of line/background ratio (/IYcu.b) was also
investigated at the Cu | 282.4 atom line as a function of the quality of carbon
auxiliary substances. These values are thought to be also suitable for the
characterization of the detectability of impurities, as it is known that the
behaviour of the main component of the sample decisively determines also
that of minor components contained in it (physical and chemical matrix
effect). Here the same results were obtained as above. Average ZlYcub data
obtained at anodic and cathodic excitation of the carrier electrode, and the
percentage standard deviation of these values, similarly referred to this mean
value are summarized in Tables VI and VII:

*0h = A?r +100%
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Table VI
Average A V'cub values at the Cu | 282.4 nm line,
and % standard deviation, referred to the mean value
Anodic excitation

Carbon powder additive to CuO

Carrier graphitic amorphous
electrode
RW A SU-601 SU-602 SWp
AY »% AY »% AY «% AY »%
Graphitic RW 0 1.490 7.0 1.550 8.4 1.370 3.3 1.680 7.7
carbon SuU 1.800 5.8 1.770 8.1 1.325 13.7 1.965 4.7
Amorphous RW 11 1.935 2.8 1.965 6.7 1.935 3.3 1.945 24
carbon SW 1.935 1.9 1.955 34 1.920 2.8 1.950 35
Table VII

Average AYq, b values measured at the Cu | 282.4 nm line,
and % standard deviation, referred to the mean value
Cathodic excitation

Carbon powder additive to CuO

Carrier graphitic amoirphous
electrode
RW A SU-601 SU-602 SW,>

AY *% AY »% AY s% AY *0p
Graphitic RW 0 1.990 1.4 2.000 2.5 1.945 3.2 2.035 13
carbon SU 1.915 3.7 1.855 5.0 1.770 3.6 1.935 3.9
Amorphous RW 11 1.795 1.8 1.810 55 1.620 9.6 1.990 2.3
carbon SW 1.755 5.0 1.645 6.4 1.475 9.1 1.985 2.8

The highest values, thus expectably also the hest detectability of minor
components, and the smallest standard deviation of the data above, were
obtained at anodic excitation with amorphous carbon carrier electrodes. This
too, indicates the advantages of this type of electrode.

In cathodic excitation, the graphitic carbon carrier electrode may be
preferred. Naturally, there are exceptions, which call the attention to the fact
that in the case of other samples possibly other problems may arise. Thus
generalization requires further consideration.

In the investigation of the change of spectral line intensities the extent
and effect of chemical reactions was not taken into account. In initially hotter
electrodes the extent of thermochemical reactions is of higher. If the sum of
energy changes of these reactions is positive, that is, of exothermal character,
as in our case the oxidation of carbon (the electrode material and carbon powder
mixed to the sample) with oxygen formed in the decomposition of CuO, then
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excess thermal energy set free acts with increasing temperature of the electrode
in the same direction, and increases parallel with it the evaporation of the
sample. On the other hand, evaporation diminishes, if, as in our case, the
composition of the sample changes because of the reaction so that a good
thermal conductor (in our case metallic copper) is formed, which, owing to
its lower evaporation temperature (boiling point) than that of carbon, rapidly
decreases the evaporation of the sample [20]. With carbons of amorphous
type, this effect seems to be the most essential in cathodic excitation.

The excitation of metal vapours is affected also by the discharge gas
atmosphere, by the composition of plasma gases. This changes the spectral
line intensities, because plasma parameters are different. Carbon oxides in
well measurable amounts are formed in the said thermochemical reactions
(see our next communication), the diffusion of which and their departure
from the arc gap is relatively slow even in the case of flowing Ar atmosphere
[21]. Therefore, though initially pure noble gas atmosphere was used, further
discharges proceed already in an atmosphere mixed with carbon oxides. Thus,
spectral line intensities fundamentally depending on evaporation are further
modified according to the amount of gaseous reaction products, depending
on electrode temperature. In our further work these effects were studied,
measuring the quantities of gaseous products, and comparing them with
spectral line intensities and intensity ratios. This will be reported in the follow-
ing paper.

Conclusions

In the anodic excitation of mixtures of CuO model substance and carbon
powder, suitably carrier electrodes on amorphous carbon basis and possibly
carbon powder additives of graphitic type will be used, though results are less
influenced by the quality of the carbon powder.

In cathodic excitation a carrier electrode on graphitic carbon basis
seems to be more advantageous, because the standard deviation of analytical
results is lower and detectability is higher.
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The quantity of C02 and CO produced in the arc was measured for CuO + C
powder mixtures, and their volume ratio was calculated. The quality of the carrier
electrode and of the carbon powder used in the mixtures was changed. Data measured
were compared with the average temperature of the carrier electrodes, and with spectral
character data (/1¥|0rtC a(Omic |ines) measured for copper lines. It was found that these
values depend on the graphitic or amorphous type of the carbon auxiliary substances,
and particularly on the quality and polarity of the carrier electrode.

Introduction

The present paper is the continuation of our preceding work [1]. It
was reported there that the average temperature of carrier electrodes filled
with non conducting powder samples, in our case carbon powder mixtures of
reactive copper(ll) oxide, selected as model substance, decisively depends on
the structure of graphitic or amorphous carbon. These temperature values
are only modified by the properties of carbon powders of different type, used
for the powder mixtures of the sample. It was mentioned in our previous paper
that gaseous products are often formed in the thermochemical reactions, which
change the composition of the discharge gas atmosphere. In this case spectral
line intensities are changed, besides by effects depending on energetic condi-
tiols and on changed sample composition, also by the change in plasma con-
ditions. In the given case too, even if we used flowing Ar gas atmosphere, in
the higher temperature reactions of the CuO + powder mixtures CO and C02
were formed in considerable amounts, and exerted their action in the plasma
because of their relatively slow exchange by diffusion even in the flowing
Ar atmosphere. Our aim was to investigate these phenomena by measuring the
amount of the carbon oxides formed in the arc, and attempting two correlate
the results with spectral line intensities, complemented by spectral character
and electrode temperature data, described in our preceding paper.

*To whom correspondence should he addressed.
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We are convinced that the relatively large fluctuation of spectral line
intensities obtained by arc excitation can be mainly attributed to the random-
ness and incertitude of the side-processes of the arc. One of these problems
may be evaporation on uncertain extent and also the sputtering of the mass of
the powder mixture filled into the boring of the carrier electrode, caused by
the arc. Therefore, the decrease in mass of the sample in the arc was measured
and its standard deviation was calculated.

Experimental

In our preceding paper [1] two kinds of graphitic carbon carrier electrodes, RW O
of German manufature (Ringsdorff Werke) and the Czechoslovakian carbon SU (Elektro-
karbon Topolcany), further carbon carrier electrodes of amorphous type of the two factories
(RW and SW), and similarly two graphitic (RW O and SU 601) and two amorphous (SU 602
and SWp experimental) carbon powders in CuO + C powder mixtures of 0.3 molar fraction
of metal oxide were used in the experiments, carried out if flowing Ar atmosphere. Experi-
mental conditions and specification of the carbon types are also to be found in this paper [1].
The amounts of CO and C02formed in the reaction of CuO and C were measured by our titri-
metric gas analytical methods [2]: C02was absorbed in Ba(OH), standard solution of known
volume and titer, and the excess of Ba(OH)2was determined alkalimetrically. CO was oxidized
with KMnOj in presence fo Ag+ catalyst, and similarly, the excess of the standard solution
was titrated. The volume ratio of the two carbon oxides (C02CO0) was also calculated. This
ratio depends on oxidation conditions, on the reactivities of the reactants and the gas atmos-
phere, on the polarity of the electrodes (anodic oxidation, cathodic reduction) and on the
temperature of the electrodes [3].

The mass of the samples filled into the electrode boring, their loss in mass (/lg) caused
by arc excitation were measured, and the standard deviation of the latter was calculated. In
addition to the blackening of the atom line Cu | 282.4 nm, reported in our preceding paper,
that ofthe ionline Cull 237.0 nm was measured, and from these the so-called spectral character
data (AYcu II,I) were calculated, which may characterize changes in the plasma. The correla-
tion of these data was attempted.

Spectra were photographed up to the first 10 s of arc duration on Agfa-Gevaert photo-
graphic plates type 34 B 50, and the gas production of the arc was also measured after this
period. It was found namely in several of our earlier investigations [4, 5] that predominantly
thermochemical reactions proceed already in the first few seconds of arc duration. Reference
data of the electrode temperature were also fixed in the 10th second of arc duration. All the gas
analytical measuring data given were mean values of 5—8, in loss in mass and spectral line
intensity measurements of 10— 16 parallel measurements, because C02 and CO quantities
were measured in separate experimental series, but the simultaneous spectrum photos and
weight loss measurements were naturally identical.

Results and Discussion

Tables I and Il contain the quantity of carbon oxides in cm3 measured
at anodic and cathodic excitation ofthe carrier electrode. As was to be expected,
the total of 64 mean values showed with a few exceptions (not to be considered
as characteristic) that in amorphous carbon carrier electrodes, heating up
stronger, the decomposition of copper oxide and also the gas producing reac-
tions are of larger extent for a sample mixed with a given type of carbon powder
as compared to values obtained with graphitic carrier electrodes. For carbons
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Table |
Amount of carbon oxides (cm3) formed in the arc. Anodic excitation

Carbon powder additive to CuO

Auxiliary Graphitic Amorphous
electrode RW A SU 601 SU 602 Swp
co, co co, co co, co co, co
Graphitic RW 0 0.18 0.59 0.23 0.53 0.03 0.48 0.23 0.72
carbon SU 0.31 0.75 0.26 0.78 0.26 0.43 0.58 1.23
Amorphous RW 11 1.21 2.36 1.37 2.40 1.25 2.12 1.29 3.00
carbon SW 1.22 2.47 1.34 2.13 1.32 2.23 1.33 2.89
Table 11

Amount of carbon oxides (cm3)formed in the arc. Cathodic excitation

Carbon powder additive to CuO

Auxiliary Graphitic Amorphous
electrode RW A SU 601 SU 602 SWp
CoO, co Cco, CcOo co, CcOo Cco, CcO
Graphitic RW 0 0.23 0.92 0.21 0.92 0.26 0.94 0.21 1.10
carbon SuU 0.16 0.86 0.17 0.60 0.12 0.67 0.18 0.74
Amorphous RW 11 0.61 1.33 0.80 1.25 0.55 1.05 0.93 181
carbon SwW 0.46 1.17 0.43 0.88 0.38 0.65 0.82 1.76

of different manufacture, but identically of amorphous or graphitic type,
differences between the single types are generally small. An exception is the
high-resistant carbon powder SWp manufactured for special experimental
purposes, which also increased the CO production of the arc, according to
expectation.

It is worth to note that in all the cases the CO production of the arc is
higher than that of C02 In our case, the following main reactions can be
assumed in the arc, one part of which was verified already in our earlier works.

1. CuO = Cu+ O
2.Cu0O+ C = Cu+ CO
3.2Cu0 + C= 2Cu + CO02
4. C+ O = CO

5, C+ 20 = CO02

6. C02+ C =2 CO.

Though a reaction zone of optimal temperature and a possibility, partly
in the electrode filling partly in the plasma, exist for each of the reactions,
according to data measured and our earlier experimental results [6, 7] reactions
2, 3 and 6 are the most probable. In the sample remaining in the boring of the
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Table 111

Decrease in mass of the sample in the arc, and its relative error.
Graphitic carbon powder, anodic excitation

Carbon powder additive to CuO

Auxiliary RW A SU 601
electrode
ce(ljlg. measured ug)rrorL i meadsured U{:rr‘;e!'
Graphitic RW 0 0.0011 0.0047 21.3 0.0011 0.0050 28.0
carbon SU 0.0016 0.0045 22.2 0.0015 0.0036 27.8
Amorphous RW 11 0.0053 0.0178 10.7 0.0057 0.0175 5.1
carbon SwW 0.0055 0.0187 22.5 0.0053 0.0157 5.7
Table IV

Decrease in mass of the sample in the arc, and its relative error.
Graphitic carbon powder, cathodic excitation

Carbon powder additive to CuO

Auxiliary RW A SU 601
electrode dg d % rel. dg dg % rel-
calc. measured error calC. measured error
Graphitic RW 0 0.0016 0.0063 7.9 0.0016 0.0064 10.9
carbon SU 0.0014 0.0046 217 0.0011 0.0040 30.0
Amorphous RW 11 0.0029 0.0074 20.3 0.0031 0.0083 18.1
carbon SW 0.0024 0.0074 48.6 0.0020 0.0037 27.0

electrode after arcing, metallic copper could be identified. The quantity of
gaseous products rather fluctuated in the single parallel measurements. We
tried to follow this by data in Tables I11—VI, where losses of mass directly
measured with analytical balance after the anodic and cathodic excitation
of the sample in the electrode boring, and losses of mass calculated from gas
analytical data, further the standard deviations of directly measured data
were compared. The loss in mass of the sample can be attributed to three
causes:

1. Loss of carbon oxides formed in the reaction.

2. The amount of substance evaporating into the arc.

3. The spluttering of the substance from the carrier electrode, caused
by the pumping (pulsating) action of the a.c. polarized arc.

Differences in loss of mass values measured and calculated from gas
analytical results mainly indicate the extent of the spluttering of the substance,
because evaporation itself is relatively moderate. This spluttering is also
promoted by the degree of fineness of the powder particles of the sample
filling and by the flow of carbon oxide gases evolved in the interior of the
filling. In our earlier experiments [8, 9] CuO samples of coarse particle size
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Table V

Decrease in mass of the sample in the arc, and its relative error.
Amorphous carbon powder, anodic excitation

Carbon powder additive to CuO

Auxiliary SU 602 swp

electrode .
4% % rel. r|g % rel.
calC. measured error calc. meastred error
Graphitic RW 0 0.0007 0.0022 18.2 0.0014 0.0049 20.4
carbon SuU 0.0011 0.0020 55.0 0.0027 0.0061 18.0
Amorphous RW 11 0.0051 0.0130 9.2 0.0063 0.0222 11.3
carbon sw 0.0054 0.0126 151 0.0062 0.0195 9.7

Table VI

Decrease in mass of the sample in the arc, and its relative error.
Amorphous carbon powder, cathodic excitation

Carbon powder additive to CuO

Auxiliary SU 602 swp
electrode 49 A9 % rel. A i % «l.
calc. measured error calc. measured error
Graphitic RW 0 0.0017 0.0056 26.8 0.0018 0.0069 14.5
carbon SU 0.0011 0.0025 36.0 0.0013 0.0043 27.9
Amorphous RW 11 0.0024 0.0041 29.3 0.0041 0.0103 21.4
carbon SW 0.0016 0.0031 74.2 0.0038 0.0101 19.8

were used, and spluttering of lesser extent was observed. However, particle
size was not measured. Therefore, an exact evaluation cannot be given here,
only the direction of the effects can be indicated.

It will be noted from the tables that numerical data measured directly
are always higher than those calculated from the quantity of carbon oxides
evolved, while on the other hand losses in mass, caused by the larger extent
of chemical reactions and gas evolution increase too, proportionally to the
higher temperature of amorphous carbon. From graphitic carbon electrodes
generally a larger amount of sample is consumed in cathodic excitation. This
is consistent with the behaviour of spectral line intensities reported in our
preceding paper [1], which can be traced back to the burning spot of higher
temperature of the arc at the cathode [10, 11], and to the larger extent of
evaporation following from this. However, the temperature of the whole mass
of amorphous carrier electrodes is higher at anodic excitation, because of
poorer heat conduction and higher heat capacity values. This increases the
extent of reactions, which is reflected also in the mass losses.

The percentage fluctuation of mass losses measured is smaller for amor-
phous carbon carrier electrodes in anodic excitation, and in cathodic excitation

Acta Chim. Hung. 120, 1985



G86T ‘02T ‘BunH "wiyd eldvy
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electrode

Graphitic carbon

Amorphous carbon

Auxiliary
electrode

Graphitic carbon

Amorphous carbon

Table VII

Changes of electrode temperature and plasma conditions according to auxiliary carbon substances.

RWO
SuU

RW 11
swW

RW 0
SuU

RW 11

T(°C)

292
318

385
408

RW A
co4co

0.31
0.41

0.51
0.49

Anodic excitation

Carbon powder additive to CuO

Graphitic
SU 601

dyjji Tec)  codco
-16.0 308 0.43
-18.5 326 0.33
-31.0 432 0.57
-33.5 427 0.63

Table Vni

AV i

-14.0
-21.0

-37.5
-34.5

T(°C)

284
356

432
423

SU 602
codco

0.06
0.60

0.59
0.59

Changes of electrode temperature and plasme conditions according to auxiliary

T(°C)

276
255

312
296

RW A

codco

0.25
0.19

0.46
0.39

carbon substances. Cathodic excitation

Graphitic
il T(°C)
-12.0 285
-13.5 274
-34.5 314
-31.0 338

Carbon powder additive to CuO

SU 601
coZco

0.23
0.28

0.64
0.49

4*11,1

-15.0
-14.5

-36.0
-24.0

T(°C)

284
282

329
312

SU 602
co2co

0.28
0.18

0.52
0.58

Amorphous
*¥Yn.t T(°C)
-7.5 297
-8.0 367

-38.5 413
-39.0 425

Amorphous

AYn>i T(°C)
-13.5 292
-12.5 284
-24.5 343
-18.0 330

swp
00V 00] 4Yn,i
0.32 -21.0
0.47 -26.0
0.43 -31.5
0.46 -37.5
Swp
Q/CO iy
0.19 -17.5
0.24 —15.0
0.51 -41.0
0.47 -41.5

> T
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for graphitic electrodes. This too, is in good agreement with the standard
deviation of intensities and of relative spectral line intensities referred to
background radiation. Data prove again that the spontaneous fluctuation and
incertitude of the evaporation of the sample is caused by the difficulty of the
control of side reactions discussed.

Tables VII and VIII are given for the characterization of electrode tem-
perature, extent and ratio of the reactions, of changes in the composition of
the plasma caused by the evaporation of the sample and the gaseous products,
and for the showing of relationships between these characteristics. It can be
seen that at higher average electrode temperature the ratio of the two carbon
oxides increases too, to the advantage of C02 besides their absolute quantities
shown in Tables | and Il. This is easy to understand, as indeed, if the tempera-
ture of the carrier electrode increases, the reaction zones, particularly the zone
of C02 formation will also increase downwards in the electrode filling. The
zone of formation of this is namely the bulk of the electrode filling, while
that of CO is the burning spot of higher temperature but of relatively
small area of the arc, at the top of the electrode and of the sample, and its
immediate surrounding. The temperature and area of the burning spot depend
less on the quality of carbon auxiliary substances, than onthe averagetemper-
ature of the electrodes, which is determined and stronger affected by the
thermal conductivity and thermal capacity of the carrier electrode.

The dissociation of carbon oxides, particularly that of C02 consumes a
part of the electric energy of the arc, proportional to its amount formed. At
the same time, at higher electrode temperature more sample evaporates.
Owing to this, more metal vapour gets into the plasma. Both processes reduce
the temperature of the original carbon arc — Ar plasma. This is shown by
spectral character data, AY\\ti, in Tables VII and VIII, given as the logarithm
of the intensity ratio of the spectral lines Cu Il 237.0 and Cu | 282.4 nm.
These data are correlated with the average temperature of the plasma. It
can be observed, that the higher is the temperature of the electrode, that is,
the higher is the extent of the chemical reaction and the evaporation of the
sample filled in the carrier electrode, the smaller will be this value characterising
the average temperature of the arc plasma. This favours at increased evapora-
tion the excitation of atomic lines. Thus, using amorphous carbon carrier
electrode in anodic excitation improves the analytical process.

Conclusions

At given excitation conditions the evaporation of the sample and evapo-
ration and excitation conditions are mainly determined by the properties of
the electrode carrying the powder sample. At higher carrierelectrode tempera-
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ture the reaction of the sample contained and also its evaporation are of larger
extent. In the initially pure Ar atmosphere carbon oxides produced in the
reaction change in the same way the plasma temperature, as the increased
amount of metal vapour. In the poorer heat-conductor carbon carrier electrodes
of amorphous type these processes are of larger extent in the anodic excitation
of the sample. This can be of advantage also from the analytical aspect, because
the intensity of atom lines increases, and the reproducibility of experimental
conditions is also improved. On the other hand, in cathodic excitation the use
of graphitic carrier electrodes of lower temperature is more advantageous.
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Investigation of 30 polycrystalline coppcr(ll) complexes of a-amino acids
encountered in proteins was reported. From comparisons of the diffuse reflectance
spectra and the carboxylate stretching vibrations of the compounds of known crystal
structure with those of complexes of unknown crystal structure, conclusions were drawn
on the coordination geometry about the copper(ll)ion in the latter group of compounds.

Several attempts have previously been made [1—4] to characterize the
c oordination geometry about the copper(ll) ion in its polycrystalline a-amino
acid complexes of unknown crystal structure. Herlinger et al. devised an
infrared criterion [1, 2] for the cis configuration by comparing the far infrared
spectra of complexes of known crystal structure. Misumi et al. [3] attributed
the rhombic character of the ESR spectra of some complexes to a rhombic
distortion, occurring only in trans complexes as a consequence of different
Cu—O and Cu—N bond lengths, while, in turn, compounds with axial spectra
were thought to he of cis configuration. However, the character of the ESR
spectrum of a pure paramagnetic compound is rather influenced by exchange
interactions between crystallographically non-equivalent Cu(ll) ions [4, 5].
Yasui and Shimura [6] compared the intensity and shape of the visible diffuse
reflectance band with those of cis- and ir<ms-bis-(glycinato)copper(ll) mono-
hydrate to draw conclusions on geometric isomers. On the basis of the single-
-crystal polarized electronic spectra of bis-(Z-tyrosinato) copper(ll) [7], theoret-
ical considerations [4], and of the axial character of the ESR spectra of the
diluted solid complexes, it is most probable that all the possible d-d bands are
below 20 000 cm-1 [8]. Thus, in fact, all the effects, which increase the inten-
sity of any d-d band, can be expected to enhance the intensity of the band
in the visible region.

In the present work we report an investigation of 30 copper(ll) complexes
of a-amino acids encountered in proteins. From comparisons of the diffuse
reflectance spectra and the carboxylate stretching vibrations of the compounds
of known crystal structure with those of complexes of unknown crystal struc-
ture, conclusions are drawn on the coordination geometry about the copper(Il)
ion in the latter group of compounds.
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Experimental

The copper(ll) complexes of glycine, Z and dZ-alanine, dZ-valine, Z-proline, Z and dlI-
-serine, Z and <ZZ-threonine, Z-glutamine, Z-glutamic acid, Z-lysine and Z-arginine (Gly, Z-Ala,
dl-Ala, <Zz-Val, Z-Pro, Z-Ser, dl-Ser, Z-Thr, dZ-Thr, Z-GIn, Z-Glu, Z-Lys, ZArg) were prepared by
boiling aqueous solutions of 0.0l mol of the amino acids with excess CuC03 ¢ Cu(OH)2 for
about half an hour. The deep blue solutions were filtered to remove the excess of basic copper(ll)
carbonate, and then kept on a water bath to concentrate the solution. In most cases small
crystals were obtained when these solutions cooled to room temperature. Complexes of dl-Ser
and ZArg were precipitated with ethanol and acetone, respectively, during cooling of the solu-
tions on ice. The crystals were filtered, washed with acetone containing a small amount of
water, and dried in air.

In the case of Gly the cis isomer, and with Z-Ala the trans isomer of the copper(ll)
complex was obtained. 7Y<ms-Cu(Gly)2 « H20 was prepared according to [9], and cis-Cu(Z-Ala)2
by ageing an aqueous suspension of the trans isomer for two weeks [10].

The copper(ll) complexes of Z-valine, Z and dZ-leucine, Z and dZ-isoleucine, Z-phenyl-
alanine, <ZZ-proline, Z and <ZZ-methionine, Z and (ZZ-tryptophan, Z-tyrosine, Z-asparagine, Z
-glutamine, and Z and <ZZ-aspartic acid (Z-Val, Z-Leu, <ZZ-Leu, dl-lieu, Z-Phe, dZ-Pro, Z-Met,
<ZZ-Met, Z-Trp, dI-Trp, Z-Tyr, Z-Asn, Z-Gln, Z-Asp, dI-Asp) were prepared as follows. 0.01 mol of
amino acid was dissolved in 10 cm3of 1 N NaOH solution, and mixed with 25 cm3o0f 0.2 M
CuS04 solution. In most cases crystals of the complexes were obtained at once. The solution
of the Z-Tyr complex was heated before precipitation. The complex of Z-Val was obtained from
this solution a few days later. The copper(ll) compound of dZ-Pro was precipitated with
acetone. The crystals were filtered, washed with a 1 : 1 acetone-water mixture, and dried in
air. All reagents were REANAL products of analytical grade.

Besides the C, H and N contents*, the Cu(ll) contents ofthe complexes were determined
by complexometric titration, and the water contents were determined from their thermo-
gravimetric curves. The derivatograms were recorded on a MOM G425 derivatograph. The
experimental and calculated data agreed well.

Diffuse reflectance spectra were recorded on a BECKMAN DU spectrophotometer
equipped with a reflectance attachment. The standard was MgO. The samples were powdered
until unchanged log/(R) values were obtained.

Infrared spectra were recorded on a UR 10 (Carl Zeiss, Jena) spectrophotometer, in
KBr pellets, in the 400—4000 cm-1 region**.

Results and Discussion

The diffuse reflectance spectra in the visible and near infrared region
consist of a single broad band at (14—17) « 103cm-1 (Tables I and I1), and
of a shoulder at lower energies for some compounds. The band intensity is
characterized by the log/(R) value at the maximum, since f(R) is proportional
to e for weakly absorbing compounds if the sample is powdered finely
enough [11].

Belford and Yeranos [12] showed that the symmetry-forbidden, vibra-
tionally allowed weak d-d absorption in centric molecules of copper(ll) chelates
(irons-planar complexes) is enhanced by static removal of the central symmetry
(cis-planar compounds). A lower, further increase in intensity is caused by
relatively strong solvent coordination to the fifth coordination position (mono-

* We thank Mrs. M. Barték for the analyses.
** Thanks are due to Dr. N. Marek for the possibility for infrared measurements.
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pyridine adducts) in both groups of complexes, which further increases the
non-centricity.

Some structural data on copper(ll) complexes of a-amino acids of known
crystal structure are listed in Table I. In the 1 :2 complexes the Cu(ll) is
coordinated to two carboxylate oxygen and two amino nitrogen atoms, forming
approximately square-planar units. The equatorial metal-donor atom distances
are about 0.2 nm [10, 13—23]. The ir<ms-Cu02N2 units can be regarded as of
central symmetry, while molecules with cis-Cu0O2N2 arrangement and the
complex Cu(l-Glu) « 2H20 with the 03N equatorial donor atom set are non-
centric. At a distance of 0.23—0.27 nm from the square-planar units, a water
molecule, or an equatorially non-bonded carboxylate or amide oxygen atom
coordinates the Cu(ll) axially. In the majority of the complexes the second
axial position is also occupied, with a bond length of 0.25—0.38 nm.

Table |

Geometry, axial bond lengths, diffuse reflectance and infrared spectral data
for copper(ll) a-amino acid complexes of known crystal structure

Compound* Geometr: Axial bond fength n i Fi
P y shorter0 longer0 ¥ max (Mymai  Figure i) vs
Cu(Gly)2 « H20 13 cis 0.240W 0.274C 15.5 0.02 3A 1610 1394
1396
Cu(J-leuy2 mH20"» cis 0.248 W 0.384C 16.4 —0.12 3D 1648 1382
1652
1624
Cu(i-Ala)210 cis 0.237 C - 16.3 0.18 213 1605 1388
1587
1673
1637
Cu(i-Ser)2s cis 0.236 C  0.363 ¢ 16.4 0.15 2D 1612 1401
1606
1629 1409
Cu(i-Glu) ¢ 2H20 23 0.230C 0.259C 13.7 0.08 1608 sh 1394
1576
1602’
Cu(i-Tyn222 trans 0.234C 0.307 P 16.9 -0.28 4A 1583 1403
1575 sh
Cu(i-Asn)219 trans 0.253 A 0.277A 16.8 -0.33 1631 1414
Cu(di-Proy2 m2H20 17 trans 0.254 W 0.254 W 16.2 -0.34 3G 1636 1359
Cu(l-Phe)21s trans 0.258C 0.269C 15.8 —0.54 1627 1400
Cu(i-Mety220 trans 0.268C 0.275C 16.1 -0.59 1624 1406
Cu)di-Mety2z Irans 0.271C 0.271C 16.6 -0.51 1621 1399
Cu(/-Ala)2u trans 0.270C 0.290 C 16.3 -0.09 2A 1621 1399

“Upper index refers to the crystal structure reference.

bIn nm units.

°W denotes a water, C a carboxylate, and A an amide oxygen atom as the axial donor,
while P stands for carbon atoms of the phenolic ring.

din 103 cm-1 units.

*Carboxylate stretching frequencies in cm-1 units; sh denotes a shoulder.

*One of the two lowest wavenumber bands is assumed to correspond to /3(iM12).
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The variation of the log f(R)max values in the series is in accordance with
the expectations based upon the simple picture [12] shown above. The non-
-centric molecules have higher log f(R)mBx values than centric ones (Table I,
Fig. 1), and the tendency can also be observed that, as the shorter axial bond
length increases, the log/(1?)max decreases (Fig. 1). (It is to be noted that,
with the exception of the complex Cu(d/-Pro)2+2H2, the distance of the
sixth donor atom from the Cu(ll) is approximately equal to or greater than
the bond length of 0.27 nm corresponding to semi-coordination [4], indicating
a very weak interaction.) Therefore, the molecules of different complexes
appear to have asimilar dynamic distortion, which leads to similar effects on
the transition moments between d-orbitals. On the other hand, the individual
proportionality constants between f(R) and e [11] should be of similar magni-
tude for the members of the series.

Fig. 1. logf(R)max vs. length of shorter axial Cu—O bond curve for copper(ll) a-amino acid
complexes of known crystal structure. (1): non-centric molecules, (2): approximately centric
molecules

These findings are presumably valid for the compounds of unknown
crystal structure, too. We can therefore use the log/(.R)max values to predict
whether these compounds are of CiS or trans structure, and whether the inter-
action with the fifth donor atom is relatively strong or negligible. Suggested
copper(ll) coordinations are shown in Table Il. Naturally, there can be excep-
tions among the compounds of unknown structure as well as in the group of
complexes of known crystal structure. The complex trans-Cu(/-Ala)2, with
a practically square-planar geometry, has an abnormally high log/(.R)max value
(Fig. 1). Trans-Cu(dl-Pro)2+ 2H20, in which the donor N atoms are members
of pyrrolidine rings, has axial bonds of equal length (Table 1), and hence a
lower log /(-R)max ‘'would be expected. It seems that those molecular moieties
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Table 11

Diffuse reflectance and infrared spectral data and probable coordination geometryfor
copper(ll) a-amino acid complexes of unknown crystal structure

Compound V;TBX 1°R/(")max Figure V&Hb v.b Geometry imﬁ:,i;ilon@
Cu(l-Asp) *2H2 14.0 0.10 1604e 1314e rs
Cu(di-Asp) *2H2 13.6 0.12 1610e 1404e rs
Cu(Z-Proy2 « 2HD 16.4 0.02 3F 1625 1371 cisd rs
Cu(d/-Valy2 *HXD 16.0 —0.02 3B 1628 1376 cis rs

1667
Cu(dz-Ala)2 *HD 16.5 -0.15 2C 1628 1396 cis rs, C
1593
Cu(/-Thn2 *H2 16.7 -0.25 4D 1624 1396 trans rs
cu(dz-Thnz 164  -0.25  4C o 1402 trans rs, C
1614
Cu(Gly)2 *HD 16.1 -0.26 4B 1594 1392 transd rs, C
Cu(Z-Lys)2 *2HD 15.7 -0.32 1619 1395 trans po
Cu(Z-Val)2 16.0 -0.34 3C 1621 1389 trans po
Cu(dz-lleuy2 16.4 -0.34 3E 1631 1387 trans po
Cu(d/-Ser), 15.9 -0.36 2E 1636 1403 trans po
Cu(d/-Leu)2 16.1 -0.44 1632 1403 trans n
Cu(/-Trp)2 16.1 -0.52 1629 1390 trans n
Cu(Z-Glny2 16.4 -0.54 1621 1403 trans n
Cu(dZ-Trp)2 16.1 -0.58 1634 1385 trans n
Cu(Z-Arg)2 m2H20 16.6 -0.59 1608 1399 trans n
Cu(!-Lcu)2 16.0 -0.65 1633 1405 trans n

*In 103 cm-1 units.

b Carboxylate stretching frequencies in cm-1 units.

0 rs — relatively strong, po — probably occurs, n — negligible, C — carboxylate bridge
between square-planar units

d Geometry supported by far infrared studies [1, 2, 9].

* Broad, blurred bands.

which do not take part directly in the coordination of copper(ll) may have
different effects on the transition moments in these complexes from those in
other compounds.

In the carboxylate asymmetric stretching region of the infrared spectra,
marked differences can be observed, depending on the role of the carboxylate
groups in the copper(ll) coordination (Tables I and Il, Figs 2—4).* Those
complexes in which none of the carboxylate groups are involved in relatively
short axial bonds, have only one vas(C02) (Table 1, Figs 2A, 3A, D, G).
In trtms-Cu(/-Tyr)2 one of the carboxylate groups makes a relatively strong
bridge between the square-planar units; the axial Cu—O distanceis 0.234 nm
[22]. The band of the carboxylate asymmetric stretching vibration is split
into two hands of approximately equal intensity (Table I, Fig. 4A). In cis-

*The medium-intensity or strong band of the scissoring vibration of the amino group

(/SsS(NH?2) can be expected in this region, too. It is generally masked by the strong carboxylate
absorption or can be found at lower wavenumbers.
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1800 1600 Uoo cm'l
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Fig. 2. Carboxylate stretching region of infrared spectra of copper(ll) complexes of oc-amino
acids. A: irons-Cu(i-Ala)2; B: cis-Cu(Z-Ala)2, C: Cu(dZ-Ala)2 « H20; D: eis-Cu(Z-Ser)2; E:
Cu(dz-Sen)2

-Cu(/-Ala)2 and cis-Cu(/-Ser)2, both the difference between the asymmetric
stretching frequencies of the strongly bridging and non-bridging carboxylate
groups and the coupling of these vibrations may influence the carboxylate
vibrations. A very intense vas(COM') band at 1620—1640 cm-1 and bands of
lower intensity at both higher and lower frequencies can be observed (Table I,
Fig. 2B, D).

On the basis of the log f(R)max values and the analogies of the infrared
spectra to one of the above types, the following modes of copper(ll) coordina-
tion in the complexes of unknown structure are proposed.
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Fig. 3. Carboxylate stretching region of infrared spectra of copper(ll) complexes of a-amino
acids. A: cis-Cu(Gly)2 « H20; B: Cu(di-Valy2 «H20; C: Cu(i-Val)2; D: cis-Cu(/-Ueuy2 * H20;
E: Cu(d/-lleu)2; F: Cu(/-Proy2 « 2HZzO; G: Ir<ms-Cu(d/-Pro)2 « 2HzO

The complexes Cu(di-Val)2« H2 and Cu(i-Pro)2«2H2 have log/(i?)raax
values corresponding to the cis structure with relatively strong axial perturba-
tion; however, they have only one pes(COMN") (Table Il, Fig. 3B, F). There is
probably a water molecule at the fifth coordination position. The compound
Cu(dz-Ala)2 « H20 seems to be of cis geometry with a strong carboxylate
bridge, since the vas(CO7) region of its infrared spectrum is analogous to those
of cis-Cu(/-Ala)2 and cts-Cu(/-Ser)2 (Fig. 2C).

The log/(H)max values of the second isomer of Cu(Gly)2« H2, Cu(d/-Thr2
and Cu(/-Thr)2 < H2 correspond to those of trans complexes with relatively
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strong axial interaction (Table Il). The vas(CO™) bands of the first two of these
compounds are split into two bands of approximately equal intensity (Fig. 4B,
C), pointing to astrong carboxylate bridge. In the last compound such a bridge
is unlikely, since it has only one @AC02) (Fig. 4D). The strong band at 1582
cm -1 is assigned to the /?YNH 2) vibration, since, on one hand, it has a lower
intensity than the band at 1624 cm-1. On the other hand, the splitting of
42 cm -1 of the Vas(COjf) band seems to be too high as compared to that of
Cu(Z-Tyr)2 (<30 cm*“1, Table I) with an axial bond length of 0.234 nm.

The very low log/(1?)max values of Cu(Z-Leu)2 and Cu(dZ-Leu)2 may be
explained by irons-planar geometry. An alternative possibility is an elongated
octahedral arrangement with relatively strong axial bonds. However, the
only possible donor atoms for axial coordination are carboxylate oxygens, but
the Vas(COi”) region does not show any carboxylate bridge. Therefore, these
two compounds are likely to have practically a irares-planar geometry. The
assumed geometry of Cu(Z-Trp)2 Cu(tZz-Trp)2, Cu(Z-GIn)2 and Cu(Z-Arg)2 « 2H20
is the same, though in the last two of these compounds the functional groups
of the side-chain may take part in the axial coordination, too.

Fig. 4. Carboxylate stretching region of infrared spectra of copper(ll) complexes of a-amino
acids. A: irons-Cu(i-Tyr)2; B: Cu(Gly)2 «H20; C: Cu(d/-Thr)2; D: Cu(i-Thn2 « H2

Acta Chim. Hung. 120, 1985



SZABO-PLANKA: COMPLEXES OF «-AMINO ACIDS 151

The complexes of aspartic acid are thought to have Cu(ll) coordinated
similarly to that in Cu(Z-Glu) « 2H2, since their composition and log/(i?)mex
values are the same, though splitting of the broad carboxylate hands cannot
be observed.

The complexes Cu(/-Lys)2 ¢ 2H2, Cu(Z-Val)2, Cu(<ZZ-lleu)2 and Cu(d/-Ser)2
have log/(Z?)max values corresponding to the trans structure. Some kind of
axial perturbation may occur, though the only pas(CO™) band shows no consider-
able axial carboxylate coordination in these compounds.

The trans geometry was proposed both by Yasui and Shimura [6] and
by us for Cu(Z-Thr)2« H20 and Cu(d/-Thr)2. The complex Cu(eZZ-Ala)2 + H20
was found of trans geometry by the former authors [6], but of cis geometry
by us. Our finding is supported by the splitting of the carboxylate asymmetric
stretching band (see above). In the case of the ligands Z-Val, dZ-Val and cZzZ-lleu
complexes of different compositions were isolated. Yasui and Shimura [6]
prepared the complexes cts-Cu(Z-Val)2+ H20, ircms-Cu(<ZZ-Val)2 and cis-Cu(dl-
-lleu)2 « H2, while the compounds tr<ms-Cu(Z-Val)2, cis-Cu(tZz-Val)2 « H20 and
trans-Cu(dl-lleu)2 were obtained by us. This apparent contradiction may be
explained by the fact that in solution a mixture of the cis (30—40%) and the
trans (60—70%) isomers exists [24], and the configuration adopted in the
solid state may be determined by kinetic rather than thermodynamic factors,
and thus depends strongly on the way of preparation.

*

Thanks are expressed to Prof. J. Csészar for helpful discussions.
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UV spectra of some substituted disilanes were investigated by means of semi-
empirical quantum-chemical calculations. The characteristic band of disilanes is of
a*(Si—Si) w= <r(Si—Si) type in case of saturated disilanes, in phenyl derivatives it has
[<r*(Si—Si) — #1™*] < [//(Si—Si) — a] character. The role of Si 3d orbitals is insignificant.

One of the most striking features of di- and polysilanes is that they
absorb in the near ultraviolet and are chromophores when a phenyl group is
in a conjugated position. This phenomenon was first reported by Hague and
Prince [1] in 1962. Many explanations were published for this fact and some
of them are briefly summarized below.

Hague and Prince described the new band in the spectrum of hexa-
phenyldisilane as the n* &—a band of the phenyl group which has a large
bathochromic shift when it is in interaction with the Si—Si bond. Later they
altered there view considering Gilman’s [2] comment and concluded [3] that
the origin of the intense transition was the Ph—Si—Si moiety. Gilman et al.
[4] reported that the polysilane skeleton itself has UV absorption. Pitt et al. [5]
assumed that an interaction took place between the unoccupied a* orbitals
of the phenyl group and the 3d orbital of silicon and that is the excited state.
Sakurai [6, 7] suggested that the ground state is constructed by the conjuga-
tion of the silicon atoms of the polysilane chain just like in the case of con-
jugated alkenes. This a framework interacts with the aryl or vinyl > system
and a new band arises which is as signed as 1 a after Platt’s [8] classification.
Thus the transition is of [er(3dsi) — a*]*- [er — n] type. This was confirmed
by the fact that when the a — a conjugation is sterically hindered no H-a band
arises. Thatis the casein I,1,2,2-tetramethyl-3,4-benzo-l,2-disilacyclopentene-3
where the Si—Si and Si—C bonds are in the nodal plane of the a system,
thus no a — a conjugation is possible. The er(3dsi) — n* conjugation was
confirmed by UPS measurements. Benzyltrimethylsilane and pentamethyl-
phenyl-disilane have the same HOMO but a very different UV absorption
because the excited state of pentamethylphenyldisilane is lower as a conse-

*To whom correspondence should be addressed.
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quence of the conjugation. Traven and coworkers [9, 10, 11] concluded from
UPS and CT measurements that there might be an interaction between the
n* and 3dsi orbitals but ruled out the possibility of interaction or conjugation
of the d orbitals. The UY absorption was explained by West et al. [12] in a
different way. They considered the ground state as a mixing of a and n orbitals
but the excited state as the n* orbital of benzene. Ramsey [13] studying
the connection between the photochemistry of disilanes and the first UV
transition, drew the conclusion from the supposed structure of the transitional
complex that the excitation is of a* #—a type.

As can be seen the mentioned works give only qualitative models for
this phenomenon. The aim of this work is to give a reliable explanation of the
spectrum of disilanes based on quantum chemical calculations.

Calculations

A modified version [14] of the CNDO/S method was used for the calcu-
lations. The geometry parameters were taken from the literature [15]. The
singlet transitions were calculated by the configuration interaction method
using the first 42 configurations. The UY spectra were taken from the literature
except that of phenylpentamethyldisilane, which was recorded on a SPECORD
UV-YIS spectrophotometer in hexane using a 1 cm quartz cell. This compound
was prepared by a new method from the reaction of phenyldimethylchloro-
silane and trimethylchlorosilane with molten sodium in xylene at boiling
temperature, and was purified by distillation. The purity of the compound
was checked by gas chromatography.

Results and Discussion

In the course of our work we studied disilanes substituted with unsatu-
rated and saturated groups. After making quantum-chemical calculations on
the former ones it can easily be noticed that no mixing of the transitions occurs
after the Cl. The longest wavelength band is due to the transition from the
HOMO to the LUMO. These levels are of o(Si—Si) and u*(Si—Si) character,
respectively. In case of chlorine and thiomethyl substituents these orbitals
also include the lone pair of chlorine and sulfur atoms but the linear coeffi-
cients of the Si—Si group are far greater. The bands are polarized in the direc-
tion of the Si—Si bond and have medium intensity. Further bands should
appear in the far UV but there is no experimental data available for this
region. The first transitions of the discussed compounds are summarized in
Table I. The calculated oscillator strength (/), the first ionization potentials
from UPS measurements (IP) and the calculated energy difference between
the HOMO and LUMO (/)) are also given.
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Table |

UV data of some saturated disilanes (in eV)

IP

[16j A «de.  calc. / Asz)p'
Hexamethyldisilane (I) 87 864 546 572 0.229 6.26
(8000)
[2]

Chloropentamethyldisilane (11) 89 854 533 548 0.193
1,2-Dichlorotetramethyldisilane (LU) 9.2 862 542 559 0.184 6.08
(3200)
[19]

1,1,2,2-Tetrachlorodimethyldisilane (TV) 99 828 5.09 550 0.159
1,2-Difluorotetramethyldisilane (V) 9.3 897 581 583 0.263 6.20
(2300)
[20]
1,2-Dimethoxytetramethyldisilane (VI) 8.7 842 540 559 0.266 6.11
(18 000)
[21]
1,2-Dimethylthiotetraraethyldisilane (VTI) 85 844 530 548 0.221 5.10
(31 000)
[20]

Taking the d orbitals into the calculations (spd) the energies of the UV
transitions slightly increase as compared with the calculations without d
orbitals. Nevertheless the first transition remains of <r*(Si—Si) er(Si—Si)
type. The only anomalous case is the spectrum of VII where the great decrease
in the energy of the UV transition is not shown by the calculations. As the
energy of the HOMO is properly given by the calculation (it can be proved
by UPS), the main cause of difference is that the calculations neglect the role
of the sulfur lone pair in the first transition. In compounds lacking an Si—Si
bond but having an Si—S bond a band arises at about 220 nm (5.64 eV),
which is of a* n type [16]. This band is likely to mix with the Si—Si bond
and appears at 243 nm (5.10 eV). In the other compounds the negative induc-
tive effect tends to lower both the energy of the HOMO and the LUMO [17],
therefore, the band remains between 198 and 205 nm.

In the UV spectrum of phenyl substituted polysilanes there is a new
band at 230—260 nm, which is not present in the spectrum of benzene or
trimethylphenylsilane. The only difference between the spectra of benzene and
trimethylphenylsilane is that the bonds of the latter occur at longer wave-
lengths [18]. The main peculiarity of the spectrum of pentamethylphenyl-
disilane is a new hand at 230.5 nm which is of medium intensity, and the other
bands are red-shifted. The quantum-chemical calculations predict five sets
of hands. The a band has a small intensity and the polarization direction is
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Fig. 1. Calculated and observed UV spectra of trimethylphenylsilane and phenylpentamethyl
disilane

perpendicular to the substitution in the plane of the benzene ring. The next
1 aband has a medium intensity and is a result of the mixing of the Si—Si
bond and the aromatic n system. The bond is made up of three transitions.
The first is the transition of cr*(Si—Si)cr(Si—Si), the second is or*(Si—Si)+-n3,
and the third is the combination of n* #&—n1 and jrf #—cr(Si—Si) transitions
where n3is the highest occupied n level, n* is the lowest unoccupied one, and
the numbering is made accordingly. The p band has medium intensity and is
polarized parallel to the substitution in the plane of the benzene ring and
contains transitions of the Si—Si bond only for a small extent. The § band
has a greater intensity but polarized in the same direction as the p band, and
the B' band has the same direction of polarization as the a band and has a
very large intensity.

Using orbitals the calculations give the same result. Although the
sequence of orbitals is slightly different in these calculations, both give the
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Table I1

157

UV data of substituted phenylpentamethyldisilanes

Ecwilc

(V)
a 478 (4.84)
5.26 (5.25)
537 (5.37)
5.49 (5.39)
P 589(5.82)
6.08 (6.16)
6.19 (6.18)
6.33 (6.37)
6.81 (6.53)
z  683(6.62)

‘La

a 4,58
5.07
5.17

5.59

‘La

6.11
6.32
6.72
6.74

wr

a 472
5.23
541

5.42

P 5.79
6.11

6.14

R 6.35
R 6.74
6.76

PR

* Data from calculations with d orbitals are in parentheses.

Phenylpentamethyldisilane

[+ wae fution Eip
(V)
0.0086 075 S',., + 065S",.! 477
(0.0059) (790)
0.3345 087S',.1- 0425S',,
(0.0256)
00007 vy 5.37
(0.0254) (10 900)
0.0063 070S',., - 059S',,
(0.0889)
0.0798 069 S',., - 042S"., 5.99
(0.3802) (21 900)
0 ~6-3
(0.0020)
0 0.74S',.,- 063S",.,
(0.1567)
0.3138 074S',., + 064 S',.,
(0.0032)
0.6344 061S',., - 051S',,
(0.0004) + 047°S',.,
1.1836 073S',.,- 0645S',.,
i\
p-Methylphenylpentamethyldisilane
/ vave furction Yep
00264 082S',.,+ 057S°,,
0.0010 S'. 3
0.4402 0.77S',., - 058S",., 5.32
(12 800)
0.0074 069S',., + 059S",.,
(()).0910 065S',_,+ 057S",., - 035S",,,
A
00004 0.74'S'., + 064S",.,
0.2628 078 S',., - 0585S',.,
11142 080S°", - 055, ,
0.6737 072S',.,+ 048S',.,, + 040 S",.,
p-Chlorophenylpentame thyldieilane
] wave furdion EeV
(V)
0.0034 0.75S',., + 064 S",.,
0.3914 083S',.,, —0495S",., 1
0.0001 084Ss',.,- 036S",, 521
| (17 800)
0.0068 059S',.,+051S",., - 049S',., 1
0.0942 069S',., + 047S',.,- 039S",.,
0 g|_3
0 /5 S',., + 061S",,
0.3402 0.75S',.,- 06LS',.,
11581 074S',., - 063S',,
0.0012 077 S',.,- 056S",.,

** The values in brackets are the molar absorptivities.
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same results for UV transitions. The calculations with d orbitals give a some-
what smaller wavelength for a, p, 8 and B’ bands, but the same wavelength
for the X.a band.

Introduction of a para-methyl group causes a slight bathochromic and
hyperchromie effect, the para-chlorine substitution has an even smaller
influence on the spectrum. The UY transitions of these aromatic compounds
can be found in Table Il. The calculated wavefunctions are also given, where
suffix 3 refers to the LUMO, 4 to the HOMO and the numbering ismade accord-
ingly as follows: 1-a9*, 2-a*, 3-er*(Si—Si), 4-jt3, 5-tr(Si—Si), 62 1-alin all
three compounds. The calculated and observed spectra of phenylpentamethyl-
disilane and the spectrum of phenyltrimethylsilane for comparison can be
seen in Fig. 1. Thus on the basis of quantum-chemical calculations the ground
state of the rba band of aromatic compounds is a mixing of a(Si—Si) and 1
orbitals as reported earlier (e.g. [7]), the excited state however is the mixing
of ff*(Si—Si) and a* orbitals. In saturated compounds a*(Si—Si) *- <r(Si— Si)
transition occurs. The d orbitals of silicon have no considerable effect on the
UV spectrum.

REFERENCES

[1] Hague, D. N., Prince, R. H.: Proc. Chem. Soc., 1962, 300
[2] Gilman, H., Atwell, W. H., Schwebke, G. L.: J. Organomet. Chem., 2, 369 (1964)
[3] Hague, D. N., Prince, R. H.: J. Chem. Soc., 1965, 4690
[4] Gilman, H., Harrell, R. L.: J. Organomet. Chem., 5, 201 (1966)
[5] Pitt, C. G., Jones, L. L., Ramsey, B. G.: J. Am. Chem. Soc., 89, 5471 (1967)
[6] Sakurai, H., Tasolka, S., Kira, M.: J. Am. Chem. Soc., 94, 9285 (1972)
[7] Sakurai, J.: J. Organomet. Chem., 200, 261 (1980)
[e] Platt, J. R.: J. Chem. Phys., 17, 484 (1949)
[9] Traven, V. F., Piatkina, T. V., Matthews, A., Stepanov, B. I.: Zh. Obshch. Khim., 43,
685 (1973)
[10] Traven, V. F., West, R., Piatkina, T. V., Stepenov, B. I.: Zh. Obshch. Khim., 45, 831
1975
[11] Trgven,)v. F., Eismont, M. J., Redchenko, Y. V., Stepanov, B. I.: Zh. Obshch. Khim.,
50, 2001 (1980)
[12] West, R., Carberry, E.: Science, 189, 179 (1975)
[13] Ramsey, B. G.:J. Organomet. Chem., 67, C67 (1974)
[14] Veszprémi, T.: Chem. Phys. Lett., ss, 325 (1982)
[15] L. E. Sutton: Tables of Interatomic Distances and Configuration in Molecules and lons.
Burlington House, London 1950
[16] Veszprémi, T., EI-Kersh, M., Nagy, J.: J. Organomet. Chem., 184, 147 (1980)
[17] Veszprémi, T.: Unpublished results
[18] Veszprémi, T., Réffy, J., Karger-Kocsis, J., Nagy, J.: J. Chim. Phys., 75, 1013 (1978)
[19] Gilman, H., Chapman, D. R.: J. Organomet. Chem., 5, 392 (1966)
[20] Waldhor, S.: Dissertation, Graz 1973
[21] Hengge, E., Holtschmidt, N.: J. Organomet. Chem., 12, P5 (1968)

Acta Chim. Hung. 120f 1985



Acta Chimica Hungarica 120 (2), pp. 159—162 (1985)

PHOTO-FRIES REARRANGEMENT:
REARRANGEMENT OF ACETOXYBENZENE
DERIVATIVES

Pavan Kumar Sharma and Rajinder Nath Khanna*
(Department of Chemistry, University of Delhi, Delhi-110007, India)

Received May s, 1984
In revised form July 27, 1984
Accepted for publication January s, 1985

Photo-Fries rearrangement of 1,4-diacetoxybenzene, 1,3,5-triacetoxybenzene,
1,2,3-triacetoxybenzene and 1,2,4-triacetoxybenzene gave the corresponding Tono-
and di-C-acetyl migrated products.

Photo-Fries rearrangement [1—4] is a valuable method for the intro-
duction of an acetyl side chain into ortho and para positions to a phenolic
group. It was observed by us [4] that in the case of diacetoxy- or triacetoxy-
naphthalene derivatives only one acetyl group migrated to the adjacent
ortho position over a double bond, while the other acetoxy group(s) remained
intact.

All previous studies on photo-Fries migrations in benzene derivatives
were carried out mainly with compounds in which only one acetyl or benzoyl
group was available for migration. In order to explore the scope of these
light-catalyzed reactions and to study the behaviour of diacetoxy- and tri-
acetoxybenzene derivatives during the photo-Fries rearrangement, a study of
1,4-diacetoxybenzene (1), 1,3,5-triacetoxybenzene (2), 1,2,3-triacetoxybenzene
(3) and 1,2,4-triacetoxybenzene (4) has been undertaken. The phenol esters 1
(m.p. [5] 122 °C), 2 (m.p. [6] 104 °C), and 3 (m.p. [6] 165 °C) were prepared
by simple acetylation methods; 4 (m.p. [7] 96—97 °C) was synthesized by
Thiele’s acetylation of benzoquinone.

Compound 1 on photo-Fries migration gave three products, which were
identified as 4-acetoxy-2-acetylphenol (5), 2,5-diacetylhydroquinone (6) and
2-acetylhydroquinone (7). Compound 2 gave 2-acetyl-3,5-diacetoxyphenol
(phloroacetophenone diacetate) (8) and 5-acetoxy-2,4-diacetyl-1,3-dihydroxy-
benzene (9). Compound 3, under similar conditions, afforded 6-acetyl-2,3
-diacetoxyphenol (11) and 2-acetoxy-4,6-diacetyl-1,3-dihydroxybenzene (12),
and 4 on such rearrangement gave a complex mixture of products from which
2-acetyl-3,6-diacetoxyphenol (14) could only be isolated. In any of the reac-
tions no by-products were formed in isolable amounts, and a part of the start-

*To whom correspondence should be addressed.
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1 R1= R1= OCOCH3, R2=R3= R5=H

2 R1= Rj= R5= OCOGH3, R2= R4a= H

3 R1=R3=R2= OCOCH3, r4= r5=nhn

4 ri1i=r2=r1=ococh3 rs3=rb=h

5 Ri= OH, R2=COCH3 R3=Rs=H, EpoweH.,
6 R1=R4=0OH, r2=rs5=coch3, r3=h

7 ri=r4=oh, r2=coch3 r3= rb5=h

8 Rj=OH, R2= COCH3 R3=Rs= OCOCH3, R4=H
9 RI=R3=0H, R2=R4=COCH3, R5=0OCOCH3s
10 R1=R3=R5=0H, r2=ra4=cochs
11 Rj=COCH3, r2=oh, r3=r4=ococh3, rs5=h
12 R1= R.=COCH3 r2=r4=0oh, R3= OCOCHs

13 Rj=R6=COCH3 R2=R3=Rs4= OH

14 Rj= R4=0COCHS3, r2=o0oh, r3=coch3, rb5nh
15 ri=r2=r.,=oh, r3=coch3, rs=h

ing esters were recovered on work-up. Though the reactions were found to be
time-dependent, the prolongation of the reaction time beyond 12 h did not
affect the yields.

All these compounds 5—15 were characterized by spectral studies and
their conversions to the corresponding mono- and di-C-acetylbenzene deriva-
tives which had previously been synthesized by Friedel-Crafts C-acetylation.
Interestingly, compound (10) is a naturally occurring product isolated from
the bacterium Pseudomonas feurescens [8].

Experimental

All m.p.’s are uncorrected. IR spectra were recorded on a Perkin-Elmer IR spectro-
photometer Model-621 (vmax in cm-1) in KBr. NMR spectra’were obtained on a Perkin-
Elmer R-32 (90 MHZz) spectrometer usingjTMS as internal standard. Chemical shifts are recorded
in 6 ppm. Elemental analyses for all compounds were satisfactory within +0.04% of the
calculated values.

General procedure

Reactant 1—4 (20 mmol) was, dissolved in methanol (600 mL). The solution was
divided into three equal portions. Each portion was irradiated under nitrogen atmosphere at a
low wavelength, using a 450-W Ace Hanovia UV lamp (Model 6575), for 12 h. The portions
were then combined, the solvent removed, and the residue chromatographed on a silica gel
column. The column was eluted with petroleum ether and then with increasing amounts of
benzene.
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Photolysis of 1,4-diacetoxybenzene (1)

Compound 1 on photolysis gave the following three products, in addition to the initial
ester (38%):
(a) 4-acetoxy-2-acetylphenol (5), colourless needles, m.p. 83—84 °C (yield 15%).
IR (KBr): 3345 (hr, OH), 1715, 1665, 1405, 1355, 1290, 1235, 1195, 1110.
*H-NMR (CDCIj): 12.10 (s, 1H, chelated OH), 7.40 (s, 1H, Cs-H ), 7.15 (d, 1H,J = 95
Hz, Q-H), 690 (d, 1H, J = 9.5 Hz, Co-H ), 2.60 (s, 3H, OCOCH,), 2.35 (s, 3H, COCH3J).
Acetate, m.p. 70 °C.
(h) 2,5-diacetylhydroquinone (s), yellow needles, m.p. 155 °C (yield 10%).
IR (KBr): 3345 (br, OH), 1665, 1410, 1355, 1310, 1245.
L -NMR (CDC13): 12.10 (s, 2H, 2 OH, chelated), 7.25 (d, 2H,J = 3 Hz, Ca and Ce-H ),
2.60 (s, sH, 2 OCH3).
(c) Quinacetophenone (7), greyish needles (yield 35%), m.p. 202 °C (lit. [5] m.p. 202—203 °C).
Acetate, m.p. 70 °C. The recorded data (IR, UV, tH-NMR spectra) for the product
were in complete agreement with those reported for quinacetophenone earlier.

Photolysis of 1,3,5-triacetoxybenzene (2)

Compound 2 on photolysis gave two products along with the initial ester (55%).

(a) 2-acetyl-3,5-diacetoxyphenol (s8), white needles (yield 15%), m.p. 79—80 °C.

IR (KBr): 3520 (broad), 1720, 1640, 1410, 1345, 1295, 1240, 1180, 1070 cm*“ 1
1H-NMR (CDC13): 12.80 (s, 1H, OH, chelated), 6.55 (d, 1H, J = 3 Hz, Ce-H ), 6.45

(d, 1H,J = 3 Hz, &—H), 2.55 and 2.40 (2s, 3H each, 2 OCOCH3), 2.35 (s, 3H, COCH3).
Compound 8 on deacetylation afforded phloroacetophenone [9].

(b) 5-acetoxy-2,4-diacetyl>l,3-dihydroxyhenzene (9), white plates, m.p. 150 °C (yield 25%),
which on deacetylation gave 2,4-diacetyl-1,3,5-trihydroxybenzene (2,4-diacetyl-
phloroglucinol) (10), m.p. 172—73 °C (lit. [10] m.p. 169—171 °C). The spectral data
recorded were in complete agreement with those reported for the’natural product [s].

Photolysis of 1,2,3-triacetoxybcnzene (3)

Compound 3 on photolysis gave two products along with the initial ester (60%).
(a) 6-acetyl-2,3-diacetoxyphenol (11), white needles (yield 15%), m.p. 110—112 °C.
IR (KBr): 3115 (br, OH), 1720, 1645, 1365, 1295, 1240.
*H-NMR (CDC13): 12.00 (s, 1H, OH, chelated), 7.55 (d, 1H, J = 10 Hz, Cs-H ), 6.75
(d, 1H,J = 10 Hz, C4-H ), 2.60 and 2.45 (2s, 3H each, 2 OCOCH3), 2.30 (3H, COCH3).
Acetate derivative, m.p. 85 °C.
Compound 11 on deacetylation gave gallacetophenone, m.p. 169—170 °C [11].
(b) 2-acetoxy-4,6-diacetyl-1,3-dihydroxybenzene (12), white needles, m.p. 209—210 °C (yield
20%) (lit. [12] m.p. 207 —209 °C). Deacetylation of 12 afforded 4,6-diacetylpyrogallol
(13), m.p. 190 °C (lit. [12] m.p. 190—191 °C). The spectral data recorded for both
compounds, 12 and 13, were in full agreement with those recorded earlier [12].

Photolysis of 1,2,4-triacetoxybenzenc (4)

Photolysis of 1,2,4-triacetoxybenzene (4) gave a complex mixture from which 2-acetyl-
-3,6-diacetoxyphenol (14) could only be isolated as yellow needles (yield 15%), m.p. 116 —
118 °C.

IR (KBr): 3350 (br, OH), 1710, 1645, 1420, 1345, 1240, 1196.

'H-NMR (CDC13): 12.80 (s, 1H, OH, chelated), 6.80 (d, 1H, J= 10 Hz, C4-H ), 5.85
(d, 1H, J = 10 Hz, Cs-H ), 2.60 (s, sH, 2 OCOCH9), 2.35 (s, 3H, -COCH 3).

Triacetate, m.p. 100 °C (lit. [13] m.p. 95—97 °C), which on deacetylation afforded
3-acetyl-1,2,4-trihydroxybenzene (15), m.p. 160 °C (lit. [14] m.p. 157—159 °C).

Spectral data for 15 were in full agreement with those recorded earlier [14].

It can be concluded that the normal ortho migration constitutes the most vulnerable
reaction. Compared with acetoxynaphthalenes, the acetyl migration in acetoxybenzenes
takes place more readily and gives higher yields. In di- or triacetoxynaphthalene only one
acetyl group migration has been observed due to partial fixation of the double bonds [4], while
in di- or triacetoxybenzene migration of one or more than one acetyl groups may take place.
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It may be noted that photo-Fries migration may be used for the preparation of com-
pounds like 5 and 7—15, which are difficult to synthesize by other standard methods. In the
majority of cases no deacetylation has been observed.
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2-Methoxy-6-(l-propyl)-!,4-benzoquinone (1), 2,3-dimethoxy-6-(I-propyl)-1,4-
-benzoquinone (2) and 2-methoxy-6-(I-propyl)hydroquinone (3) have been synthesized
along with their isomers and dipropyl analogues in fair yields by free radical propylation.
2,3-Dimethoxybenzoquinone (8) was prepared in yields better than before by a shorter
and convenient route.

Yole et al. [1] isolated two pairs of antibiotical metabolites i.e. 2-methoxy-
-6-(I-propyl)-l1,4-benzoquinone (1), 2-methoxy-6-(I-propyl)hydroquinone (3),
2,3-dimethoxy-6-(I-propyl)-1,4-benzoquinone (2), and 2,3-dimethoxy-6-(I-
-propyl)hydroquinone (4) from a culture medium of the fungus Camrops
microspora. Dean [2] et al. prepared 1 by oxidation of 6-propylguaiacol (17)
with ferric chloride and potassium persulfate, in poor yields. Compound 2
was also synthesized [3] in low yields by Friedel-Crafts propionylation of
pyrogallol trimethyl ether, followed by partial déméthylation and Clemmensen
reduction, to give 2,3-dimethoxy-6-(I-propyl)phenol. The latter on oxidation
with potassium nitrosodisulfonate furnished the quinone (2).

Because of the antibacterial activity of the quinone-hydroquinone pairs
[1], we became interested in synthesizing these compounds in higher yields.
W hile nitric acid oxidation of 17 gave only 15% of 1, the action of alkaline
hydrogen peroxide on 5-(I-propyl)vanillin (18) afforded 3 in 40% yield; the
latter, on silver oxide oxidation, gave 1 in quantitative yields. The yields
of the m-chloroperbenzoic acid oxidation [4] of 18 to give 3 were still higher
(80%). Application of the same reaction to 2,3,4-trimethoxybenzaldehyde
(15) afforded 2,3,4-trimethoxyphenol (16) [5]. Oxidation of the latter with
aqueous ceric ammonium nitrate gave 2,3-dimethoxybenzoquinone (8) [6]
in 80% yield. The present route followed for the synthesis of 8 is much shorter
and the overall yields are good.

Compound 8 when subjected to free radical propylation using dibutyryl
peroxide [7] in acetic acid afforded 2 (65%) and 6 (20%). Compounds (5, 1)
(10,11) and (13,14) were prepared in similar manner from 7, 9 and 12, respec-
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OH
H7C. OCH,
OH
ri=r2=h, r3= cs3hzv 3 R=H
Rt=OCH3, R2=H, R3=CsH, 4 R=0OCHs

Rj=R3=H, R2= C3H7

RA"OCH,,, R2= R3= C3sH7~

Rj=R2=R3=H R
Rx= OCH3, R2= R 3=H

9 Rj=R3=H, R2=0CHs3

10 Rj=C3H7 R2= OCH3, R3=H

11 r,=r3=c3h7 r2=och,

12 R,=R2=H, R3=0CHs3s

13 Rj=Cs3H,, R2=H, R3=0CHs

® g o 01N F

14 Ri=R2= C3H7, R3=OCH3 15 R= CHO
16 R = OH
H,.C OCH,
OH
7R = H
18 R = CHO

tively. XH-NMR spectra of the dipropyl analogues (i.e. 6, 11 and 14) were
almost identical. Compounds 5, 6, 10, 11, 13, 14 and 18 are new and reported
for the first time.

Experimental

All m.p.’s are uncorrected. 1H-NMR spectra (chemical shifts in 6 ppm) were recorded
in CDC13 on a Perkin Elmer R-32 (90 MHz) instrument using TMS as internal standard.
Column chromatography and TLC were effected on silica gel.

5-(I-Propyl)vanillin (18)

5-Allylvanillin (1.6 g) prepared by allylation of vanillin followed by Claisen migration,
gave on reduction in ethyl acetate (60 mL) with Pd/C—H2(10%; 2g; 4 h) 18 (1.6 g), as a white
waxy solid, m.p. 83 °C.

'H-NMR (CDC13): 0.85 (t, J = 7 Hz, 3H, CH2-C 94 3), 1.50 (m, 2H, ArCH2-C 4 2), 2.60
(t, 3 = 9 Hz; 2H, ArCA2-C H 2—), 3.90 (s, 3H, OCH3J), 6.40 (broad s, Ar-OH), 7.20 (s, 2H,
Ar-H), 9.70 (s, 1H, Ar-CHO).
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Table |
Fiaeﬁf PL%?_ Yit%d’ Wt ,H-NMR data (d)
7 | 10 78 0.90 (t, 3H, CH2-C H 3), 1.42 (m, 2H, CH2CHS), 2.45 (t, 2H,

Ar—C#42), 3.85 (s, 3H, OCHDJ), 5.40 and 5.80 (2d, 1H each
C6— and Cs—H)

5 40 85 0.95 (t, 3H, CH2CH3), 1.50 (m, 2H, CA2CH3), 2.40 (t, 2H,
At—C$2—), 3.80 (s, 3H, OCH3), 5.90 (s, 1H, Cs-H),
6.45 (s, 1H, Ce—H)

8 2 40 viscous oil  0.92 (t, 3H, CHz-C 9 3), 1.44 (m, 2H, CH2CH3), 2.45 (t, 2H,
Ar—Cfi2—), 3.95, 3.98 (25, 3H each, 2 OCH3), 6.30 (s,
1H, C6—H).

6 30 viscous oil  0.92 (t, sH, 2XCH2—CH3), 1.45 (m, 4H, 2xCH2-CH 3),
245 (t, 4H, 2x A r—CH2—), 3.90 and 3.95 (2s, 3H each,
2 OCH3).

9 10 35 viscous oil  0.90 (t, 3H, CH2-C 4 3), 145 (m, 2H, CHA2-C H 3), 2.45 (t,
2H, Ar—CH2—), 3.90, 3.92 (2s, 3H each, 2 OCH3J), 5.50
(s, 1H, Ce—H).

11 30  viscous oil 0.90 (t, sH, 2x CH2—CH3), 1.45 (m, 4H, 2xCHAr-CH 3),
2.46 (t, 4H, 2x Ar—Gffj), 3.90 and 3.92 (2s, 3H each,
2 OCH3).

12 13 40 viscous oil  0.95 (t, 3H, CH2-C 9 3), 1.40 (m, 2H, CH2CH3), 2.38 (t, 2H,
Ar-C 512, 3.80 and 3.92 (25, 3H each, 2 OCH3), 5.80 (s,
1H, Cs—H).

14 30 viscous oil 092 (t, sH, 2x CH2—C#3), 1.38 (m, 4H, 2xC fl2—CH3),
2.30 (t, 4H, 2x Ar—CH2—), 3.85 (s, sH, 2 OCH3).

2-Methoxy-6-(I-propyl)hydroquinone (3)

A mixture of 18 (1.5 g) and m-chloroperbenzoic acid (3.5 g) in methylene chloride
(35 mL) was stirred for 2 h at room temperature. An aqueous sodium thiosulfate solution
(10%, 20 mL) was added and the stirring continued for further 45 min. The reaction mixture
was shaken with 10% sodium thiosulfate solution (50 mL) and the two phases were separated.
The aqueous phase was extracted with methylene chloride (2 X 20 mL) and the extract mixed
with the organic phase. The organic phase was washed with brine (2X 60 mL) followed by
water (2 X60 mL) and finally dried (MgSO04). The solvent was removed in vacuum and a pre-
cooled mixture of freshly distilled THF and methanol (1 : 1, 10 mL) added. An ice-cold solu-
tion of 10% KOH in methanol (5 mL) was added in two portions, with shaking. After 15 min,
the solution was acidified with 5% HC1 and water (100 mL) was added. The solution was
extracted with methylene chloride (2 X 50 mL), the organic phase washed with water (2 X50
mL) followed by brine (2 X 50 mL) and then water, and dried (MgS04). Evaporation of the
solvent left 3 as an oil (1.2 g).

tH-NMR (CDC13: 0.9 (t, 3H, CH2C43), 1.50 (m, 2H, ArCH2-C 942, 2.40 (t, 2H,
ArCHjCHj), 3.90 (s, 3H, OCH3J), 5.70 and 6.40 (2d, J = 2 Hz 1H each, ArH).

2-Mcthoxy-6-(I-propyl)benzoquinone (1)
Compound 3 (1.2 g) was dissolved in dry benzene and silver oxide (1.5 g) and sodium
sulfate (5 g) were added. The mixture was stirred for 3 h, filtered, and the filtrate evaporated.
The residue was crystallized from methanol to obtain orange red crystals of 1 (1.0 g), m.p.

78 °C (lit. [1], m.p. 78-79 °C).
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2,3,4-Trimethoxyphenol (16)

2,3,4-Trimethoxybenzaldehyde [8] (15) (2 g) was treated with m-chloroperbenzoic acid
45 g) as above to give 16 as a viscous liquid (1.3 g).

I-H-NMR (CDC13): 3.80, 3.89, 3.95 (3a, 3H each, 3 OCHJ), 5.35 (s (broad), 1H, OH),
660 (s, 2H, Ar-H).

2,3-Dimcthoxybenzoquinone (8)

To a solution of 16 (1.2 g) in acetonitrile (80 mL), an aqueous solution of ceric ammonium
nitrate (8.1 gin 80 mL of water) was added during a period of 10 min, with shaking in a separat-
ing funnel. Water (300 mL) was added, followed by shaking for 5 min. The mixture was extract-
ed with methylene chloride (2 X 100 m I) and the organic phase washed with water (2 X 100 mL),
followed by aqueous sodium hydrogen carbonate solution (5%, 2 X 100 mL), and dried (Na2S04).
On concentration a residue was obtained which on chromatographic purification afforded
orange coloured crystals (0.8 g) of 2,3-dimethoxybenzoquinone, m.p. s8 °C (lit. [s¢], m.p.
66-67 °C).

1H-)NMR (CDCls): 4.15 (s, 2x3H, 2 OCH3), 6.65 (d, 2H, J = 9 Hz, C5.6-H).

Reaction of dihutyryl peroxide with 7,8,9 and 12. General Procedure

Benzoquinone (0.001 mol) was dissolved in glacial acetic acid (25 mL) and butyryl
peroxide (0.001 mol) was added. The reaction mixture was heated over a free flame till brisk
effervescence started. It was transferred to a boiling water bath and heated for 1 h. After
cooling, the mixture was poured onto crushed ice and extracted with ether (2X50 mL) and
dried (Na2S04). After concentration it was subjected to column chromatography to separate
the products. The results are tabulated.
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Trimethylsilyl iV-aryl carbamates were prepared by reaction of the respective
aniline derivatives, hexamethyldisilazane and carbon dioxide. Two mol-% of anhydrous
CoClj was found to act as a catalyst permitting to double the yield during an equal
reaction time.

Introduction

In a previous communication a new synthesis for the preparation of
trimethylsilylated iV-alkyl-substituted carbamates has been reported [1]. By
this method the corresponding ammonium carbamates are silylated with
chlorotrimethylsilane. A similar method was attempted for the preparation of
iV-aryl-substituted derivatives. However, the first step of the above synthesis,
namely the carbon dioxide addition to aromatic amines did not take place
because of the low basicity of latter compounds. Thus methods reported in
literature were used for the synthesis of iV-aryl derivatives. According to
Sheludyakov et al. [2—4], the iV-phenyl derivative was prepared by the reac-
tion of aniline and hexamethyldisilazane with the introduction of carbon
dioxide at 70 to 75 °C for several hours:

o)
RR'NH + (CH3)3Si—NH—Si(CH3)3+ C02-* RR'NCOSi(CH3)3

Shiina [5—7] prepared silyl carbamates by the carbon dioxide addition
of silylamines using transition metal (Fe, V, Mo and W) chlorides and lithium
metal as catalysts. The reaction took place in more than 100 hours, in a low
yield. Another drawback of the above method is the fact that the respective
silylamine has also to be prepared before the reaction.

*To whom correspondence should be addressed.
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The method of Sheludyakov was employed for the synthesis. First the
preparation of the iV-phenyl derivatives was reproduced, then six new com-
pounds were synthesized. The yields and physical constants of the compounds
are summarized in Table I; the characteristic MS, IR and IH-NMR data are

given in Table II.

It is apparent from Table I that part of the compounds can be prepared
in low yields and with long reaction times. In order to increase the rate of
reaction, relying on the experience of Shiina, transition metal chlorides were

Results

employed as catalysts. Anhydrous CoCl2was found to he efficient.

It is noteworthy that even the catalysts were ineffective in the case of
aniline derivatives having a pKa value lower than 2.5 (cf. m-NO2C6H4NH 2,

p-N02CeHANH2 and (C6H52NH).

Physical constants and yields of

Reaction
X time,
b
1 H 6
2 0-CH3s 16
3 p-CHs 8
4 m-CH 17
5 P-CH30 15
6 p-Cl 8.5
7 p-Br 16

Mass spectra, IR and 'H-NMR datafor

Yield,

%

44.6
19
42
41
60
51
34

Mass spectra

X
M+

m/e
1H 209
2 0-CHs 223
3 p-CHs 223
4 m-CH 239
5 p-CHX 239
6 p-Cl 243
7 p-Br 288
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Int.,

%

34
45
42
51
85
43
50

M-15+
Int.,

%

17
21
14
18
21
26
21

Table |

NHC{0)0Si(CH33 compounds

MO.E.,

129.0— 130
66.0-67.0
82.5-84.0
56.0—58.0
63.0-65.0
105.0-106.
94.0-95.0

Table N

— NHC(0)0Si(CH33 compounds

IR
(in cC14)

V(NH) \
cm-1

3440
3455
3445
3440
3445
3435
3440

.0

5

(C=0)
cm-1

1719
1719
1717
1719
1715
1720
1719

GC
retention
indices

1485
1506
1587
1708
1723
1683
1765

HoH W H O+ H

AW W W N oW N

Reference

[2]

»H-NMR (0) in CDCIj
(TMS standard)

NH

~ o NN~ o

76
45
11
14
.25
98
00

0Si(CH,),

0.34
0.34
0.31
0.33
0.33
0.33
0.33
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Fig. 1. Relative yields of trimethylsilyl JV-p-tolyl carbamate as a function of the reaction time:
(1) non-catalytic reaction, (2) catalytic reaction

Model experiments were performed in order to study and compare the
catalyzed and non-catalyzed reactions. p-Toluidine was used as a model com-
pound. Equal amounts of two reaction mixtures of the same composition were
placed in two reactors set in the same thermostat. Two mol-% of anhydrous
CoCl2 was added to one of the mixtures. Carbon dioxide was introduced at
the same rate into the two reactors. The reaction mixtures were analysed in
a gas chromatograph using ra-hexadecane as internal standard. The results of
the experiments revealed that silylated p-toluidineis the primary product in
the reaction, followed by the formation of trimethylsilyl-iV-p-tolyl carbamate.
The quantity of silylated p-toluidine as a function of time exhibits a maximum.
This fact suggests that the above compound is an intermediary product in
the reaction. The quantity of the product formed in the catalytic and non-
-catalytic reactions, respectively, is shown in Fig. 1. It is apparent that the
yields in the catalyzed reactions are nearly doubled, within the same reaction
time. This is also shown in Table III.

Table 11
Yields of NHC(0)OSi(CHs)s compounds in the catalyzed reactions
X Reaction Yield Yield (cat. react.)
time, h % Yield (uncat. react.)
0-CHs 16 28.7 1.48
P-Cil3 8 79.6 1.87
p-Cl 8.5 86.2 1.68
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Experimental

Mass spectra were recorded with an AElI MS 902 spectrometer at 70 eV. IR spectra
were obtained with a Specord 75 instrument using CCls as solvent. tH-NMR data were measured
with a 250 WM Brucker 250 MHz instrument. Gas chromatographic retention indices were
determined with a 1100 JEOL gas chromatograph on a glass spiral column of 1.5 mx3 mm
i.d., packed with 10% OV-1 on 60—80 mesh Gas-Chrom Q and maintained at 150 °C.

Trimethylsilyl-N-p-tolyl carbamate

p-Toluidine (10.7 g; 0.10 mol) and hexamethyldisilazane (21.1 g; 0.075 mol) were
weighed into a three-necked round-bottomed flask equipped with a gas inlet tube, a reflux
condenser, a desiccator tube and stirrer. The mixture was heated to 70—75 °C and dry carbon
dioxide was introduced at a rate of 40 mL min-1, with vigorous stirring. The formation of
the white ammonium carbamate precipitate indicated the start of the reaction. After s h the
reaction mixture was cooled, and the product which precipitated in crystalline form was
separated by filtration and recrystallized from n-hexane. The yield of the gas chromato-
graphically pure product was 9.5 g (42.6%), m.p. 82.5—84.0 °C.

The other compounds listed in Table | were prepared in a similar way.

Trimethylsilyl- JV-o-tolyl carbamate

o-Toluidine (10.7 g; 0.1 mol), hexamethyl disilazane (12.1 g; 0.075 mol) and CoClj
(0.5 g; 0.0036 mol) were weighed into the reaction vessel described above and heated to 70—
75 °C, with the introduction of carbon dioxide for 16 h. After cooling, n-hexane (30 mL) was
added to the mixture. The product remained in dissolved state and CoClz could be filtered off.
After evaporation of the solvent, the product was crystallized. The crude product was recrystal-
lized from hexane to yield: 5.6 g (28.7%) of the compound, m.p. 66.0—67.0 °C.

The other compounds listed in Table 111 were prepared in a similar way.

The authors thank prof. P&l Sohéar for the sH-NMR spectra.
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REACTIONS OF MORPHINE DERIVATIVES CONTAINING DOUBLE
ALLYLIC SYSTEM

Sa4ndor Berényi, SAndor Makireit** and Ferenc Rantal

(Department of Organic Chemistry, Chemical Institute, Kossuth Lajos University,
H-4010 Debrecen, P.O. Box 20)
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On the basis of repeated and extended studies of the mechanism of the nucleo-
philic substitution reactions of 6-0-tosyl-14/?-chloro-(bromo) codeine (la and Ib) con-
taining double allylic system (in the pressence of Cl-, Br- and Njf ions and in the
absence of an outer nucleophilic partner), it has been found that our former results
[Part X 1117 are valid only for the reaction of 6-0-tosyl-14/?-bromocodeine Ib, and
that in molecules containing allyl halide and Jallyl tosylate units the sequence of reac-
tivity is as follows: allyl bromide > allyl tosylate > allyl chloride. Taking this into
account, novel combination of mechanism are postulated.

In our previous paper [Part XX I111] nucleophilic substitution reactions
of 6-0-tosyl-14/9-chlorocodeine (la) and 6-0-tosyl-14/?-bromocodeine (Ib), con-
taining double allylic system, with Cl~ and Br- ions have been reported.
Taking into consideration the structures of the products of azidolysis (N-),
concerning the mechanism of the multistep reactions it was concluded that in
the case of compounds la and Ib, containing both allyl tosylate and allyl
halide units, the allyl halide system was more reactive to the nucleophiles
investigated.

On the basis of our recent extended studies, however, the above con-
clusion is true only in the case of Ib, and concerning the reactivity of the
leaving group in the allylic position of compounds la and Ib the following
sequence was found: allyl bromide > allyl tosylate > allyl chloride. Accord-
ingly, starting from compound Ib, in dimethylformamide (DMF), the opening
step of the reaction is an Sn2’ reaction of the allyl bromide moiety to afford
7/5-substituted neopine tosylate (lia—c). A parallel 1,4-elimination reaction
gives 6-tosyloxy-6-demethoxythebaine (IVc( (Fig. 1).

Further nucleophilic reaction of the isolated intermediates (lia—c) with
Cl~ or Br- ions yielded 6-chloro- and 6-bromo-6-demethoxythebaine (IVa
and IVb) in an Sn2 + 1,2-E type reaction, whereas in the case of N ion
6/3,7/S-diazidodeoxyneopine (UIb) was obtained as a result of an Sj reaction.

*Part XXIII: S. Berényi, S. Makleit, L. Szilagyi: Acta Chim. Hung., 117, 307 (1984);
Magy. Kém. Foly., 90, 154 (1984).
** To whom correspondence should be addressed.
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«Absence of outer nucleophilic partner.

Fig. 1

Heating ol Ib in dimethylformamide for 30 minutes gave lib and IVc
in approx. 1:1 ratio in the absence of a nucleophilic partner. A probable
mechanism of the Ib —alib conversion is Sni’ but the possibility of an Sn2’
attack of the Br~ ion liberated in the 1,4-elimination (formation of IVc) can-
not be excluded. On further heating, lib is converted into IVb in a low yield,
in an Sni type reaction accompanied by loss of proton.

6-0-Tosyl-14/3-chlorocodeine (la) with CI- and Br- ions gave IYa and
IVb in excellent yields.

No intermediate (Ha and lib) or 1,4-elimination product (IVc) could be
detected or isolated; from this result we conclude that the first step of the
reaction is Sn2 type reaction of the allyl tosylate moiety.

6,14-Disubstituted deoxycodeine (V) formed in this way yielded dienes
(IVa and IVb) by Sn2’ + 1,2-E mechanism. Compound V with ion gave
Illc as the major product and Illb as a by-product in an Snl’ type reaction.
Substance la afforded 1Vc, too, as a result of 1,4-elimination and la gave
HIlb via lie; thus in the case of Ib the Sn2’ + Sn2 mechanism was exclusive
(Fig. 2).

In the absence of an outer nucleophilic partner compound la have llia
besides IVc in dimethylformamide at 150 °C. We suppose that Ilia is formed
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> Absence of outer nucleophilic partner.

Fig. 2

via Va according to Sn2 + Sni’ mechanism. The nucleophilic partner to the
first step is provided by hydrogen chloride liberated in the 1,4-elimination.
Compound llia yielded quantitatively IVain a 1,2-E type reaction in dimethyl-
formamide at 100 °C.

Experimental

M.p.’swere measured'on a Koffler hot-stage, and are uncorrected. Thin-layer chromatog-
raphy was performed on Merck 5554 silica gel 60 1*%4 foils using benzene : methanol (s :2)
developing mixture. The detecting agent was Dragendorff reagent. Column chromatography
was effected on Kieselgel 60 H adsorbent using benzene : methanol (9 : 1) eluent. The 41-NMR
spectra were obtained with a Bruker WP 200 SY spectrometer. Mass spectra were measured
with a VG-7035 (GC-MS-DS) instrument.

6-0-Tosyl-7jS-chloroneopine (Ha)

A mixture of Ib [Part XX 111] (2.0 g; 3.7 mmol), lithium chloride (0.78 g; 18.5 mmol)
and dry dimethylformamide (60 mL) was heated at 100 °C for 50 min, then poured into
crushed ice and extracted with ether. The solvent was evaporated to yield an oil, which partly
crystallized within 24 h. This substance was then triturated with a small amount of acetone
to afford 540 mg of a crystalline product which proved to be a 1:1 mixture of lia and IYc.
From the mother liquor 1.0 g of lia, as a contaminated oily material, was obtained. This
product gave 600 mg oil (approx. 33%) on column chromatographic purification. Physical
data of the hydrochloride: m.p. 224—225 °C, [a]Jy —130 (c = 0.1, water).
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Base (oil); tH-NMR (CDC13, Oppm): 2.48 (s, sH, NCH3, PhCH3); 3.85 (s, 3H, OCHJ);
4.7 (t, 1H, 7ot-H); 4.93 (t, 1H, e£-H); 5.08 (d, 1H, 5/S-N); 5.8 (d, 1H, s-H); 6.63 (ABq, 2H, Ar);
7.3 (d, 2H, Ar); 7.6 (d, 2H, Ar).

MS (m/e): 487 (M +); 452 (M+-35).

6-0-Tosyl-7/J-bromoneopine (11b)

(a) A mixture of Ib (2.0 g; 3.7 mmol), lithium bromide (1.59 g; 18.5 mmol) and dry
dimethylformamide (60 mL) was heated at 100 °C for 20 min. The product was worked up
as described in the case of Ma to obtain 400 mg (approx. 20%) of an oil which, after column
chromatographic purification, crystallized from dry ether on standing for several days; m.p.
137—139 °C, [edd —340 (e = 0.1, chloroform).

W -NMR (CDC13 (fppm): 2.46 (s, 6H, NCH3 PhCHJ); 3.81 (s, 3H, OCH3J); 4.80 (q,
1H, 7a-H); 4.94 (t, 1H, 6R-H); 5.18 (t, 1H, 5/3-H); 5.8 (d. 1H, &-H); 6.63 (ABg 2H, Ar); 7.33
(q, 2H, Ar); 7.62 (d, 2H, Ar).

MS (m/e): 531 (M +); 452 (M+-79).

(b) Compound Ib (0.53 g; 1 :0 mmol) in dry dimethylformamide (15 mL) was heated
at 100 °C for 30 min, then poured into cold water (75 mL) and extracted with ether. The
solvent was evaporated after drying, and the residue crystallized from acetone to afford 117 mg
of IVc [Part XXIII].

85 mg (15.9%) of lib was obtained on column chromatographic purification from the
mother liquor.

6/1,7/5-Dichlorodeoxyneopine (1lia)

Compound la (3.0 g; 6.15 mmol) in dry dimethylformamide (90 mL) was heated at
150 °C for 50 min, poured into cold water (500 mL) and extracted with ether. The ethereal
solution was washed with water, dried and the solvent evaporated.

The oily residue was triturated with acetone to afford 120 mg (4.3%) of crystalline
IVc. An oil (600 mg) was obtained from the mother liquor; this gave 350 mg (approx. 16%)
of Ilia as an oil after column chromatographic purification. This product was crystallized from
acetone; m.p. 155—156 °C, [a]Jo —366.7 (c = 0.1, chloroform).

'H-NMR (CDC13, 6 ppm); 2.43 (s, 3H, NCH3), 3.9 (s, 3H, OCH?J); 4.05 (d, 1H, sa-H);
4.55 (q, 1H, 7a-H); 4.95 (d, 1H, 5/3-H); 5.90 (d, 1H, s-H); 6.73 (ABqg, 2H, Ar).

MS (m/e): 352 (JVI+); 317 (M+-335); 282 (JVI+-70).

6-Chloro-6-demethoxythebaine (1Va)

(a) Compound 1Ma (10 mg; 0.028 mmol) in dry dimethylformamide (1.0 mL) was heated
at 100 °C for 24 h, then poured into water (10 mL); the mixture was made alkaline and extracted
with ether. The ethereal solution was dried and the solvent evaporated to leave a substance
which was homogeneous in TLC; its JH-NMR and MS data were identical with those published
previously [Part X XI11].

(6) A mixture of compound lia (200 mg; 0.41 mmol), lithium chloride (0.1 g; 2.45 mmol)
and dry dimethylformamide (s mL) was heated at 100 °C for 24 h. The solvent was evaporated,
10 mL of water was added and the pH was adjusted to 8 with ammonium hydroxide. The
mixture was extracted with chloroform, the solution washed with water, dried and the solvent
evaporated. The oily residue gave 105 mg (81%) of a crystalline product on the addition of
methanol; this was recrystallized from methanol-chloroform; m.p. 230—233 °C (lit. m.
233—235 °C [Part X XII1]).

6-Bromo-6-demethoxythebaine (I1Vb)

(a) A mixture of compound lib (217 mg; 0.41 mmol), lithium bromide (0.18 g; 2.0 mmol)
and dry dimethylformamide (¢ mL) was heated at 100 °C for 24 h and then worked up as
described for IVa to afford 104 mg (71%) of a crystalline product which was recrystallized
from methanol : chloroform (3 : 1) mixture; m.p. 238—241 °C (lit. m.p. 241 °C [Part X XI11]).

(b) 200 mg (0.38 mmol) of lib in dry dimethylformamide (¢ mL) was heated at 100 °C
for 24 h and worked up as described above to yield 36 mg (26%) of crystalline IVb.

The authors’ thanks are due to the Hungarian Academy of Sciences and to the Alkaloida
Chemical Factory, Tiszavasvari, Hungary, for financial support of these studies. Our thanks
are due to Drs. Z. Dinya and L. Szilagyi for the measurement of the spectra and their help
in the interpretation. Technical assistance of Mr. G. Kiss and Mrs. Zs. Gyulai is highly appre-
ciated.
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Nine new tricyclic hetero systems (13—21) were synthesized by cyclization of
2-hydroxyethylaminopyridopyridazinone and 3-hydroxypropylaminopyridopyridazi-
none isomers with hydrogen bromide. Compounds 13—16, 18—21 and 17 contain
the imidazopyridopyridazine, the pyrimidopyridopyridazine and the tetraazabenzo-
naphthene skeleton, respectively. The imidazo and pyrimido rings in compounds 13 —16
and 18—21, respectively, are sensitive to alkali and can be readily cleaved. According
to spectral studies, compounds 13—16 and 18—21, as well as the derivatives 23, 24 and
?6—30, obtained on alkaline hydrolysis, possess a zwitterionic structure in the base
orm.

In the course of our earlier work it was observed [1] that 2-hydroxy-
ethylamino- and 3-hydroxypropylaminophthalazinones readily undergo cycli-
zation to give imidazo[2,l-a]lphthalazine and pyrimido[2,l-o]phthalazine
systems on heating with mineral acids. In the case of analogous reactivities,
the preparation of tricyclic hetero systems unknown up to now (13—16,18 —21)
is rendered possible starting from isomeric hydroxyalkylaminopyridopyridazi-
nones (1—8).

The hydroxyethylaminopyridopyridazinones are known compounds
(14); the four hydroxypropylamino compounds (5—8) were obtained by
aminolysis of the isomeric monochloropyridopyridazinones with 3-amino-
propanol. The starting materials readily undergo cyclization on treatment
with 48% hydrobromic acid; for processes 1—4 —13—16 refluxing for 2 h,
and for processes 5—8 — 18 —21 refluxing for 30 minutes is suggested. Prog-
ress of the reactions can be monitored by the depth of the colour of the hy-
drobromic acid solution. Compounds 1—8 are dissolved in hydrobromic acid to
give an orange or orange-red colour; on the effect of heating, the colour of the
solution — except in case of 4 — turns pale yellow (completion of cyclization
is indicated by the yellow colour, since the solution of the isolated end-product
in hydrobromic acid is yellow). The colour change takes place in 60 minutes
in cases 1—3 — 13—15, while the reaction is significantly faster in processes

*To whom correspondence should be addressed.
** Results of the diploma work (Budapest, 1982) of the author are included.
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Fig. 1
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1) HBr
2) NH.OH

18 19 20

Fig. 3

5—8 —»18—21 (5—10 minutes). The cause of this effect is in accordance with
our earlier experience [1] that anellation of the pyrimidine ring to the phthala-
zinone skeleton is much more favoured than that of the five-membered
imidazo ring.

During cyclization, the primary reaction was assumed to be the exchange
of OH —»Br (transient bromine substitution was rendered probable on the
basis of model experiments in our work mentioned [1]); these compounds then
undergo cyclization via intramolecular iV-alkylation. The end-products sepa-
rate from the cold acid solution in the form of dibromides with vivid yellow
colour, except 16 and 21 which can be isolated as colourless monohydrobro-
mides also from acid media. All dihydrobromides arevery unstable; they undergo
hydrolysis to give colourless monohydrobromides in water. The aqueous solu-
tions of the monohydrobromides, recrystallized from water or aqueous alcohol,
have slightly acid reaction (about pH 4), which indicates a reduced basicity
compared with the imidazo[2,l-a] and pyrimido[2,l-a[phthalazinone systems
[1]. This is probably due to the electron-withdrawing effect of the nitrogen
in pyridine.

In the IR spectra of the salts 13—16 and 18—21, and of the bases lib-
erated from them, broad NH bands appear in the range 3300—2000 cm-1,
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(B) (yellow)

HBr “H®' +H®
(NH40H)  (HBT)

OH OH
13. 2HBr 13. HBr
(yellow) (colourless)
Fig. 4
0©
16
Fig. 5

which are merged also with the OH band in the spectra of the salts. The spectra
have no amide carbonyl band, only bands with low intensity can be found
above 1600 cm-1, which can be assigned to C= N bonds. The spectra are
analogous to the spectra of imidazo[2,l-a]phthalazinone and pyrimido[2,l-0]-
phthalazinone with zwitterionic structure,published earlier [4].Thus a zwitter-
ionic structure can also be assumed for these compounds, which is transformed
into the enolic form in salts.

Cyclization 4 —»16 takes place in a low yield (about 28%); the main
direction of the reaction is the conversion 4 —17. Since the solution of the
hydrogen bromide salt of 17 in hydrobromic acid has a red colour, the colour
of the solution turns from orange into red on boiling. This observation indicates
that also in the formation of the tetraazabenzonaphthene derivative (17) the
difference in ring anellation, depending on the number of ring members, does
occur, and it is manifested in the rate of the reaction. In the present case, the
coupling in the direction of the N(l) atom accompanied by the formation of
a six-membered pyrazino ring takes place faster than the anellation of the
five-membered ring into system 16. In process 8 —m21, however, cyclization
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lu analogous way:

11-16 24-26
18-21 L 27 -30
Fig. 6

is favoured in the direction of the N(7) atom, since the pyrimidine ring is
formed much faster than the diazepine ring. Such reasons must be responsible
for the fact that during the cyclization of 8 with hydrobromic acid, practically
no compound 22 is obtained.

In the IR spectrum of 17, no bands characteristic of charged NH groups
are found; the secondary NH group, the amide NH and the carbonyl group
bands appear in the ranges expected (3268, 3270—2600, 1678 cin”1). The
positive charge is localized in the pyridine ring, as shown by the IR spectrum.

In compound 16, the signal of the NH(6) proton overlaps the resonance
of the heteroaromatic ring protons, yet it can be distinguished by the integral,
and the fine structure of the spectrum. In compound 17, both NH signals
appear distincly in the spectrum. This assignment is confirmed by the higher
chemical shift of the heteroaromatic ring protons in 17 as compared with
those in 16, which is probably partly due to the delocalized electron deficit
in the heteroaromatic ring.

Table |

Chemical shifts and spin-spin coupling constants of 16 and 17. HBr

Compound H(l) H(2) H(?) H(4) H<5) NH(6) NH(7) *h h
16 9.13 8.01 8.62 3.92 457 8.73 jortho = 4.6
(dd) (dd) (dd) (m) (m.) (9.
j]mle D= 30
17.HBr 9.59 8.52 9.31 3.72 4.97 7.68 12.70 Jjortho = 6.0
(dd) (dd) (dd) (m) (m.) ) 9) . _
jortho = 8.0
jmeta = 1.0
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Table 11

UV spectral data of N-2-aminoethyl- and N-3-aminopropylpyridom
pyridazine-dione isomers

Solvent

EtOH
0.1 N HCI

0.1 IVNaOH

EtOH
0.1 N HCI

0.1 N NaOH

EtOH
0.1 N HCI

0.1 N NaOH

EtOH
0.1 N HCI

0.1 N NaOH

EtOH
0.1 IVHCI

0.1 N NaOH

EtOH
0.1 N HCI

0.1 N NaOH

EtOH
0.1 N HCI

0.1 IVNaOH

EtOH
0.1 N HCI

0.1 N NaOH
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207 sh
4.45

217 sh
4.00
220 sh
3.85

220 sh
4.02
220 sh
3.91

205 sh
4.46

207 sh
4.40

222 sh
3.95
220 sh
3.86

222 sh
3.86
220 sh
3.77

205 sh
4.48

I».. [nm]

213 sh
4.16

227
3.80

226 sh
3.93
225 sh
3.82

213 sh
4.13
226 sh
3.84

213 sh
411

221
3.83

231 sh
3.42

225 sh
3.69

213 sh
417

227
3.84

263
3.80

255
3.87

263
3.85

274
3.45

274
3.48

274
3.43

264
3.70

263 sh
3.74

269
3.52

262
3.86

255
3.96

263
3.89

263
3.80

256
3.85

263
3.82

274
3.44

273
3.49

273
3.42

267
3.27

265 sh
3.57

268
3.24

263
3.88

256
3.94

263
3.88

269
3.79

270
3.58

(°09

326
3.65

303
3.66

329
3.65

320
3.63

309
3.60

328
3.64

305
3.78

311
3.66

332
3.79

328
3.60

305
3.61

329
3.63

327
3.61

306
3.63

331
3.61

323
3.63

312
3.62

326
3.63

335
3.65

315
3.50

337
3.65

329
3.60

305
3.60

329
3.61

345 sh
3.59

376
3.16

351 sh
3.61

355 sh
3.43

342 sh

377
3.17

345 sh
3.60

362
3.33
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The imidazo and pyrimido rings in the new heterocycles (13—16,18—21)
can be readily split by aqueous alkali and compounds of IV-aminoalkyl hydrazid
type (23—30) are formed. According to the IRs pectra, all derivatives exist in
the zwitterionic form, except for 25. The IR spectra have hands characteristic
of NHf1 in the range 3300—2300 cm-1. The band assigned to the tertiary

(0]
X
N TVIIj OH9 —HaO
+ 11t
(0]
25
N CHa OH°, —HgO
+ H®
29
Fig. 7

amide with medium intensity is found at about 1630 cm-1; the intense hand
of the C=N bond adjacent to the polar carbonyl group appears at 1550 cm-1.
In ethanol and in 0.1 N NaOH the UV spectra are practically identical (see
Table I1), which can be explained only by the fact that they possess a zwitter-
ionic structure also in ethanol.

On the other hand, in solid 25 — as shown by the IR spectrum — there
is no NH f group; the hands appearing in the range of higher frequencies can
be assigned to Amide NH an NH2 groups. An amide carbonyl group of high
intensity appears at 1665 cm-1 in the spectrum. The UV spectrum of 25,
recorded in ethanol, resembles neither the spectrum in alkaline solution nor
the UV spectrum of 29 in ethanol. The spectrum of 25 recorded in alkaline
solution is analogous to the UV spectrum of 29 in alkaline solution. Therefore,
25 must exist in the amide form in solide state and in ethanolic solutions; its
formation is stabilized by the electron-withdrawing action of the nitrogen
atom in para position in the pyridine ring and by the intramolecular hydrogen
bond formed. The combined action of the hydrogen bond and the electron-
withdrawing activity of the nitrogen atoms in para position in the six-mem-
bered ring must be responsible for the fact that such an effect has not been ob-
served in other model compounds.
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Experimental

M.p.’s were measured with a Boetius apparatus. The IR spectra were recorded with
a Zeiss Specord 75 IR instrument in KBr pellets; the UV spectra were obtained with a Zeiss
Specord M 40 spectrophotometer in 0.1 N HC1, 0.1 N NaOH and ethanol solutions. The
IH-NMR spectra at 100 MHz were recorded with a Tesla BS 597 instrument in 2 mg/mL
DMSO-d, solutions at room temperature. The internal standard was DSS.

5-(3-Hydroxypropylamino)pyrido[2,3-d]pyridazin-8(7H)-one (5)

A mixture of 3-aminopropanol (6.0 g; 0.08 mol) and 5-chloropyrido[2,3-d]pyridazin-
8(7H)-one (3.62 g; 0.02 mol) [2] was heated at 115 °C for 15 h. The melt was crystallized
from water (10 mL) to obtain yellow crystals (2.73 g; 62%). The substance, dried over P205
in vacuum at 100 °C, melted at 205—207 °C, then recrystallized on gentle further heating.
The prisms formed melted then at 217 —218 °C.

C10H 12N402 (220.2). Calcd. N 25.4. Found N 25.6%.

IR (KBr); rOH, vNHexo 3430, 3308; i>NHAmide 3200 —2200; i’CO 1655; pyridine ring,
,»C =N pyridazine 1582, 1470; vC—O 1067 cm"1

I-(3-Hydroxypropylamino)pyrido[3,4-d]pyridazin-4(3H)-one (6)

A mixture of I-chloropyrido[3, 4-d]pyridazin-4(3H)-one (3.62 g; 0.02 mol) [3] and
3-aminopropanol (6.0 g; 0.08 mol) was maintained at 115 °C for 15 h. The melt was then
recrystallized from water (10 mL) to give yellow crystals (2.98 g; 67.7%), m.p. 231—233 °C.

C10H 12N402 (220.2). Calcd. N 25.4. Found N 25.3%.

IR (KBr): rOH, vNHexo 3397, 3330; rNHAmide 3250 —2500; iCO 1652; pyridine ring,
"C=Npyridazine 1616, 1588, 1470; <5NHex0 1555; rC—O 1059 cm*“ 1

4-(3- Hydroxypropvlamino)pyrido [3,4-d1pyridazin-1(2ii)-one (7)

A mixture of 4-chloropyrido[3,4-d]pyridazin-1(2H)-one (3.64 g; 0.02 mol) [3] and
3-aminopropanol (6.0 g; 0.08 mol) was heated at 115 °C for 15 h. The mass solidifying on
cooling was suspended in some water and filtered. The substance crystallized from water in
form of pale yellow needles (3.4 g; 77.3%), m.p. 224—226 °C.

C10H 12N402 (220.2). Calcd. N 25.4. Found N 25.5%.

IR (KBr): rOH, rNHex0 3389, 3317; jNHAmjde 3200 —2400; rCO 1660, pyridine ring,
r>C= Npyrjdaz;ne 1612, 1575, 1568, 1459; aNHexo 1551; vC—O 1050 cm*“ 1

8-(3- Hydroxypropyluniino)pyrido] 2,3-d] pyridazin-5(6ff)-one (8)

A solution of 8-chloropyrido[2,3-d]pyridazin-5(6H)-one (3.64 g; 0.02 mol) [2] in 3-ami-
nopropanol (8 mL) was refluxed for 30 min. After cooling, the cyrstal mass was suspended in
water, allowed to stand, then filtered. The halogen-free product was crystallized from water
to obtain yellow crystals (3.60 g; 80%), m.p. 197—198 °C.

C,0H,2N40 2 (220.2). Calcd. N 25.4. Found N 25.5%.

IR (KBr): vOH, vNHexo 3402, 3328; rKHaT”e 3200 —2400; rCO 1654; pyridine ring,
rC =N pyridazine 1602, 1578, 1478; ONHexo 1534; i-C-O 1029 cm "1

5-(3-Acetoxypropylaniino) pyrido[2,3-d] pyridazin-8(7if)-one (9)

The hydroxypropylamino compound 5 (0.220 g; 1 mmol) was dissolved in a mixture
of anhydrous pyridine (5 mL) and acetic anhydride (0.5 mL) at room temperature. Next day
the mixture was diluted with water, then evaporated to dryness in vacuum and the distillation
residue was refluxed with ethanol (10 mL) for 1 h. After the alcoholysis was complete, the
dry evaporation residue of the solution was dissolved in some water and saturated with solid
NaHCOa at room temperature. The product which separated was crystallized from ethanol

to give yellow crystals (0.200 g; 76.2%), m.p. 198—199 °C; above 230 °C the melt crystallized
again.
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C12H 14N40 3 (262.3). Calcd. N 21.4. Found N 21.5%.
IR (KBr): vNH 3319, 3264; vCOester 1719; vCOAndde 1668; pyridine ring 1601, 1586,
1555; ONH 1535; rC-0O -C 1265, 1031 ¢ m 1

I-(3-Acetoxypropylamino)pyrido[3,4-rf]pyridazin-4(3H)-one (10)

The hydroxypropylamino compound 6 (0.220 g; 1 mmol) was acetylated in a mixture
of anhydrous pyridine (5 mL) and acetic anhydride (0.5 mL), with mild heating. Next day the
solution was diluted with water, evaporated to dryness in vacuum, and the distillation residue
was refluxed with ethanol (10 mL) for 1 h. The dry residue of the solution was suspended in
water and filtered off. Yellow needles were obtained from ethanol (0.238 g 90.7%), m.p.
201-202 °C.

CI2H 14N40 3 (262.3). Calcd. N 21.4. Found N 21.4%.

IR (KBr): vNH 3354, 3336; vCOester 1743; ’lCOAm)de 1652; pyridine ring 1610, 1585,
1482; <6NH 1552; vC -O -C 1227, 1042 cm*“ 1

4-(3-Acetoxypropylamino)pyrido[3,4-d]pyridazin-I(2H)-one (11)

Compound 7 (0.220 g; 1 mmol) was dissolved in a mixture of anhydrous pyridine (5 mL)
and acetic anhydride (0.5 mL) with mild heating. Next day, water was added to the yellow
solution, and it was evaporated to dryness in a rotary evaporator. The 0,0-diacetyl derivative
was decomposed by boiling with ethanol (10 mL) for 1 h, and the product obtained (0.228 g;
86.9%; m.p. 184 —186 °C) was crystallized from ethanol to give yellow elongated plates, m.p.
185-186 °C.

CI12H 14N 40 3 (262.3). Calcd. N 21.4. Found N 21.6%.

IR (KBrj: P’NHgxo 3312; vNHAmide 3250-2600; rCOester 1744; vCOAmidc 1667,
i'C= Npyridazine 1655; pyridine ring 1624, 1582, 1468; <5NHexo 1558; vC—O—O 1243, 1041 cm- *

8-(3-Acetoxypropylamino)pyrido[2,3-d]pyridazin-5(6H)-one (12)

Derivative 8 (0.220 g; 1 mmol) was dissolved in a mixture of anhydrous pyridine (10 mL)
and acetic anhydride (0.5 mL) with mild heating. Next day the mixture was diluted with water,
the solvent was evaporated in vacuum, and the solid residue was refluxed in ethanol (10 mL)
for 1 h. The product (0.215 g; 82%; m.p. 126 —128 °C) was crystallized from ethanol to obtain
yellowish-white needles with unchanged melting point.

C,,H14N40 3 (262.3). Calcd. N 21.4. Found N 21.5%.

IR (KBr): rNHex0 3423; JNHAmide 3350—2600; rCOester 1749; vCOAmide 1678;
iC = Npyridazine 1532; pyridine ring 1603, 1581; aNHex0 1535; vC—O—O 1236, 1047 cm-1.

2,3-Dihydro-1H-imidazo[2,l-a] pyrido[2,3-e]pyridazin-4-ium-6-ol bromide (13.HBr)

A solution of 5-(2-hydroxyethylamino)pyrido[2,3-d]pyridazin-8(7H)-one (1; 2.06 g;
0.01 mol) [2] in 48% hydrobromid acid (10 mL) was refluxed for 2 h; meanwhile the colour
of the solution turned from dark orange-red into orange-yellow. The dihydrobromide, with
intense yellow colour, precipitated from the cold solution. It decomposed when crystallized
from aqueous ethanol to yield the almost colourless monohydrobromide (2.46 g; 91.3%),
m.p. 322 °C (decompn.).

C,H9BrN40 (269.1) Calcd. Br 29.7. Found Br 29.9%.

IR (KBr): jiQH, i'NH 3300—2000; vC= N 1638, 1557; pyridine ring 1608, 1517 cm-1.

2.3-Diliydro-l//-iinidazo[2,I-<i| pyrido[2,3-i']pyridazin-4-iilm-6-olalc (13)

This compound was obtained from a hot vone. aqueous solution of 13HBr with cone.
ammonium hydroxide, as vivid yellow needles; at about 190 °C the powdered substance trans-
formed into needles and above 300 °C it sublimed without melting.

C,H8N40 (188.2). Calcd. N 29.8. Found N 29.9%.

IR (KBr): rNH 3300—2000; 'C=N 1662, 1572, 1505; pyridine ring 1620 cm-1.

Acta Chim. Hung. 120, 1985



186 KORMENDY et al.: NEW TRICYCLIC HETERO SYSTEMS

2,3-Dihydro-lIT-imidazo[2,l-a]pyrido[3,4-e]pyridazin-4-ium-6-0l bromide (14. 2HBT)

I-(2-Hydroxyethylamino)pyrido[3,4-d]pyridazin-4(3if)-one (2; 2.06 g; 0.01 mol) [3]
was refluxed with 48% hydrobromic acid (10 mL) for 2 h, while the colour of the solution
turned from orange-red into orange-yellow. The excess of hydrogen bromide was removed
in vacuum, the solid residue suspended in anhydrous ethanol and filtered off (3.27 g; 93.4%)
to obtain vivid yellow crystals on recrystallization from a mixture of anhydrous ethanol and
ether containing hydrogen bromide; m.p. 254.°C (decompn.).

C9H 10Br2N40 (350.0). Calcd. Br 45.7. Found Br 44.8%.

IR (KBr): rOH, vNH© 3300—2100; t>C=N 1667, 1653, 1575, 1549; pyridine ring 1612,
1506, 1489 cm*“ 1

2,3-Dihydro-IH-imidazo[2,l-a]pyrido[3,4-e]pyridazin-4-ium-6-olate (14)

The compound was precipitated from a cone, aqueous solution of the hydrobromide
by the addition of cone, ammonium hydroxide; it was crystallized from some water or ethanol-
water to give bright yellow needles, m.p. 238—240 °C.

C9H 8N40 (188.2). Calcd. N 29.8. Found N 29.8%.

IR (KBr): rNH 3300-2000; vC=N 1639, 1563; pyridine ring 1608, 1505 cm* 1

2,3-Dihydro-IH-iniidazo[2,l-a]pyrido[4,3-(]pyridazin-4-iuni-6-ol bromide (15.HBr)

Amixture of 48% hydrobromic acid (IOmL) and 4-(2-hydroxyethylamino)pyrido[3,4-d]-
pyridazin-1(2H)-one (2.06 g; 0.01 mol) [3] was refluxed for 2 h. The colour ofthe solution turned
gradually from orange-red into yellow. After evaporation in vacuum, the dibromide (3.10 g;
88.6%) was isolated by means of anhydrous ethanol, and crystallized from a mixture of water
and ethanol to obtain the monohydrobromide. The compound undergoes sublimation above
260 °C.

CgHgBrNjO (269.1). Calcd. Br 29.7. Found Br 29.9%.

IR (KBr): t>OH, rNH 3300—2200; rC= N 1644, 1570; pyridine ring 1528, 1507 cm "1

2,3- Dihydro-IH-imidazo[2,1-a] pyrido[4,3-e]pyridazin-4-ium-6-olate (15)

The product precipitated on the addition of cone, ammonium hydroxide from a cone.
aqueous solution of 15.HBr; pale yellow crystals from a mixture of ethanol and water. In the
course of m.p. determination, after previous recrystallization, the square plates melted at
332—333 °C with darkening, and then long needles formed from the melt. The latter sublimed
on prolanged heating.

C,,H8N40 (188.2). Calcd. N 29.8. Found N 29.9%.

IR (KBr): vNH 3600-2200; rC=N 1620, 1542; pyridine ring 1575, 1504 cm*“ 1

2,3-Dihydro-IH-imidazo[2,l-a]pyrido[3,2-e]pyridazin-4-ium-6-ol bromide (16-HBr)

A solution of 8-(2-hydroxyethylamino)pyrido[2,3-d]pyridazin-5(6H)-one (4; 10.30 g¢;
0.05 mol) [2] was refluxed in 48% hydrobromic acid (40 mL) for 2 h. The colour of the solution
turned dark red during the reaction. On cooling in a refrigerator 16.HBr precipitated from the
solution; this was filtered off on a glass filter and washed with some 48% hydrobromic acid.
The almost colourless salt (3.80 g; 28.3%) was crystallized from a mixture of ethanol and
water to obtain colourless needles; m.p. decomposition started at about 300 °C.

C9H9BrN40 (269.1). Calcd. Br 29.7. Found Br 29.8%.

IR (KBr): rOH, rNH 3185, 3100—2200; rC=N 1636, 1568; pyridine ring 1505 cm-1.

2,3-Dihydro-1H-iniidazo[2.1-n]pyrido[3,2-ii]pyridazin-4-ium-6-olate (16)

The substance was precipitated from a cone, aqueous solution of the salt (16.HBr) and
crystallized from water to give yellow plates, m.p. 290—292 °C (decompn.).

C9H8N40 (188.2). Calcd. N 29.8. Found N 30.0%.

IR (KBr): i>NH 3300—2400; i>C=N 1572, 1545; pyridine ring 1595, 1582, 1474 cm *

IH-NMR spectral data are shown in Table I.
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2,3-Dihydro-51/-3,4,5,9«-tetraazabenzonaphthen-6-one-9a-ium bromide (17)

The mother liquor of the salt 16.HBr in hydrobromic acid was evaporated to dryness
inlvacuum and the solid residue was repeatedly recrystallized from a mixture of water and
ethanol. Orange-red crystals (7.71 g; 57.3%) were obtained, which strongly darkened above
300 °C and did not melt up to 370 °C.

CeH9BrN40 (269.1). Calcd. Br 29.7. Found Br 30.0%.

IR (KBr): vNII(3) 3268; vNHAmide 3270-2600; rCOAmide 1678; »C=N pyridazine 1631;
pyridine ring 1600, 1576, 1519 cm L

41-NMR spectral data are shown in Table I.

1,2,3,4-Tetrahydropyrimido [2.1-a] pyrido [2,3-c] pyridazin-5-ium-8-0l bromide
(18.HBr)

The colour of a solution of the hydroxypropylamino derivative 5 (4.40 g; 0.02 mol) in
48% hydrobromic acid (20 mL) turned from red into orange on boiling for a few minutes.
After refluxing for 30 min and concentrating the solution in vacuum, the dihydrobromide
with intense yellow colour precipitated. It decomposed to the monohydrobromide on crystal-
lization from ethanol, to yield colourless prisms (5.18 g; 91.5%). M.p.: recrystallization occurred
at about 295 °C; above 320 °C the compound decomposed with intense darkening.

C10H ,,BrN 40 (283.2). Calcd. Br 28.2. Found Br 28.0%.

IR (KBr): rOH, rNH 3300—2300; rC=N 1630, 1572; pyridine ring 1607, 1519 cm-1.

1,2,3,4-Tetrahydropyrimido [2,1-a] pyrido [2,3-c] pyridazin-5-ium-7-olate (18)

The product precipitated from a cone, aqueous solution of the salt 18.HBr on the
addition of cone, ammonium hydroxide. It was very well soluble in cold water. Yellow needles
were obtained by crystallization from ethanol; m.p. 297 —299 °C (with the evolution of a gas).

CI10H 10N40 (202.2). Calcd. N 27.7. Found N 27.9%.

IR (KBr): vNH 3300—2300; vC= N 1548, 1512; pyridine ring 1620 cm*“ 1

1,2,3,4-Tetrahydropyrimido [2,I-u]pyrido[3,4-c]pyridazin-5-ium-7-ol bromide
(19.HBr) and the dibromide (19.2HBr;

A mixture of 48% hydrobromic acid (10 mL) and the hydroxypropylamino compound 6
(2.20 g; 0.01 mol) was refluxed for 30 min (colour change: orange to yellow). The crude dibro-
mide (3.77 g; about 100%) was isolated by evaporation to dryness in vacuum. It crystallized
as a crystalline powder of bright yellow colour from a mixture of anhydrous ethanol and
ether; m.p. 273—277 °C (decompn.).

CI10H ]2Br2N40 (361.1). Calcd. Br 43.9. Found Br 43.4%.

IR (KBr): i>OH, rNH® 3600-2000; rC=N 1642, 1575, 1538; pyridine ring 1600,
1505 cm-1.

When crystallized from a mixture of water and ethanol, the product decomposed into
the colourless monohydrobromide (19.HBr), m.p. 270—274 °C (decompn.).

C.oHjjBrNjO (283.2). Calcd. Br 28.2. Found Br 28.3%.

IR (KBr): rNH 3200—2000; rC =N 1616, 1570, 1554; pyridine ring 1500 cm ' *

1,2,3,4-Tetrahydropyrimido[2,l-a]pyrido[3,4-e]pyridazin-5-ium-7-olate (19)

I sr The compound was precipitated from a cone, solution of 19.2HBr with cone, ammonium
hydroxide. It crystallized as yellow needles from a small amount of water; m.p.: sublimed at
about 340 °C, and did not melt up to 360 °C.

C10H 10N40 (202.2). Calcd. N 27.7. Found N 27.8%.
IR (KBr): vNH 3300—2000; t-C=N 1637, 1580, 1543; pyridine ring 1612, 1510.
1500 cm*“ 1
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1,2,3,4-Tetrahydropyrimido[2,l-a]pyrido[4,3-e]pyridazin-5-ium-7-o0l bromide
(20.HBT)

The hydroxypropylamino compound 7 (2.20 g; 0.01 mol) was refluxed with 48% hydro-
bromic acid (10 mL) for 30 min (colour change: red to yellow). On evaporation to dryness in
vacuum, the crude dibromide (20.2HBr) of bright yellow colour was isolated (3.38 g; 92.8%).
It crystallized from water as monohydrobromide in colourless needles; m.p.: decomposition
with very marked darkening above 330 °C.

C10H,,BrN 40 (283.1). Calcd. Br 28.2. Found Br 27.9%.

IR (KBr): rOH, rNH 3325, 3250—2000; i>C=N 1630, 1582; pyridine ring 1500 cm-1.

1,2,3,4-Tetrahydropyrimido [2,l-a]pyrido[4,3-e]pyridazin-5-ium-7-olate (20)

The base 20 was liberated from the salt 20.HBr with cone, ammonium hydroxide; the
product crystallized from a small amount of water as yellow needles. The compound decom-
posed above 340 °C and did not melt up to 360 °C.

C10H JON4O (202.2). Calcd. N 27.7. Found N 27.4%.

IR (KBr): rNH 3300—2000; rC=N 1629, 1574, 1544; pyridine ring 1617, 1510 cm-1.

1.2.3.4- Tetrahydropyrimido[2,1-a] pyrido[3,2-e]pyridazin-5-ium-7-ol bromide
(21.HBr)

The hydroxypropylamino compound 8 (2.20 g; 0.01 mol) was dissolved in 48% hydro-
bromic acid (10 mL). The solution was refluxed for 30 min (colour change: red to yellow).
The acid solution was evaporated to dryness in vacuum and the solid residue was dissolved
in anhydrous ethanol. The colourless monohydrobromide (2.70 g; 95.4%) was precipitated
from the solution with anhydrous ether to obtain a colourless powder; m.p. 320—321 °C
(decompn.).

CIOHnBrN40 (283.1). Calcd. Br 28.2. Found Br 28.4%.

IR (KBr): i>OH, rNH 3362, 3300, 3178, 3070 —2000; i>XC= N 1641, 1576; pyridine ring
1600, 1513 cm -1

1.2.3.4- Tetrahydropyrimido[2,1-a] pyrido[3,2-e] pyridazin-5-ium-7-olate (21)

The cone, aqueous solution of the salt 21.HBr was made alkaline (pH 8) with potassium
hydroxide solution, then evaporated to dryness in vacuum, on a bath of max. 35 °C tempera-
ture. Base 21 was extracted with ethanol from the dry mixture. A yellow powder was obtained
on crystallization from a mixture of ethanol and ether; m.p.: melting with decomposition
from about 260 °C on.

C10H 10N40 (202.2). Calcd. N 27.7 Found N 27.8%.

IR (KBr): vNH 3265, 3200—2300; rC=N 1633, 1572; pyridine ring 1510 cm -1

Ring cleavage of imidazo- and pyrimido-pyridopyridazinone derivatives by
alkaline hydrolysis

Method: The zwitterion compounds 13—16 and 18—21 or their HBr salts (1 mmol)
were refluxed with 5% aqueous potassium hydroxide solution (4 mL) for 30 min. The colour
of the solution turned from orange into pale yellow in a few minutes. The crude product,
precipitated with hydrochloric acid at pH 8 from the cold solution, was crystallized from
water.

6-(2-Ammoniumethyl)pyrido [2,3-d] pyridazin-5-one-8-olate (23)

Alkaline hydrolysis: 13 -> 23; yield: 200 mg (97.0%). Yellow needles were obtained
from water. M.p.: the powder of the substance transformed into plates above 230 °C then
melted with decomposition at 284—287 °C.

C9H 10N402(206.2). Calcd. N 27.2. Found N 27.4%.

IR (KBr): rNH© 3200-2300, 2120; rCO, rC=N 1627, 1568; pyridine ring 1590,
1498 cm*“ K

UV spectral data are shown in Table II.
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2-(2-Ammoniumcthyl)pyrido[3,4-d]pyridazin-l-one-4-olate (24)

Alkaline hydrolysis: 14 -* 24. Yield: 192 me (93.2%), yellow needles from water, m.p.
253-255 °C.

C9H ION4Oj (206.2). Calcd. N 27.2. Found N 27.5%.

IR (KBr): vNH® 3250—2300, 2150; t-CO, i>C=N 1628, 1559; pyridine ring 1601,
1490 cm™ .

UV spectral data are shown in Table I1.

3-(2-Aminoethyl)pyrido[3,4-d]pyridazine-2H-l,4-dione (25)

Alkaline hydrolysis: 15 25. Precipitation at pH 5. Yield: 206 mg (100%). A colour-
less powder was obtained from a dilute solution of water; in m.p. determination the compound
sublimed from 297 °C on.

C9H 10N402 (206.2). Calcd. N 27.2. Found N 27.2%.

IR (KBr): »NH 3300- 2000; vNH2 3170, 3035; vCO 1665; pyridine ring 1600, 1565,
1485 cm-1.

UV spectral data are shown in Table II.

7-(2-Aminoniumethyl)pyrido[2,3-d]pyridazin-8-one-5-olate (26)

Alkaline hydrolysis: 16 — 26. Yield: 200 mg (97%). Yellow needles from water, m.p.
266 —268 °C (decompn.).

C9H 10N402 (206.2). Calcd. N 27.2. Found N 27.4%.

IR (KBr): vNH® 3300—2400,2050; rCO,vC=N 1640,1570; pyridine ring 1590,1490 cm-1.

UV spectral data are shown in Table II.

6-(3-Ammoniunipropyl)pyrido|2,3-dJpyridazin-5-one-8-olate (27)

Alkaline hydrolysis: 18 27. Yield: 220 mg (100%). Yellowish-white elongated plates
from water, m.p. 261—263 °C.

CIOH 12N402 (202.2). Calcd. N 25.4. Found N 25.6%.

IR (KBr): vNH® 3200 2300, 2138; vCO, t>C=N 1642, 1622, 1570; pyridine ring 1591,
1497 c¢cm -1

UV spectral data are shown in Table II.

2-(3-Ammoniumpropyl)pyrido[3,4-d]pyridazin-l-one-4-olate (28)

Alkaline hydrolysis: 19 —m28. Yield: 100 mg (45.4%). The compound is well soluble
in water. Yellowish white crystals from ethanol containing a little water, m.p. above 300 °C
(decompn.).

CioH 12N40,, (220.2). Calcd. N 25.4 Found N 25.5%.

IR (KBr): rNH® 3250 2250, 2130; vCO, vC=N 1627, 1553; pyridine ring 1600,
1492 cm-1.

UV spectral data are shown in Table II.

3-(3-Ammoniuinpropyl)pyrido [3,4-d] pyridaziii-4-one-l-olate (29)

Alkaline hydrolysis: 20-» 29. The hydrolysate was adjusted to pH 8, and the eva-
poration residue was crystallized from aqueous ethanol to obtain yellowish white needles.
Yield: 210 mg (95.4%), m.p. 237—240 °C.

C10H 12N402 (220.2). Calcd. N 25.4. Found N 25.7%.

IR (KBr): rNH® 3250—2300, 2125; rCO, vC=N 1628, 1553; pyridine ring 1598,
1475 cm-1.

UV spectral data are shown in Table II.

Acta Chim. Hung. 120, 1985



190 KORMENDY et «I.! NEW TRICYCLIC HETERO SYSTEMS

7-(3-Ammoniumpropyl)pyrido[2,3-(flpyridazm-8-one-5-olate (30)

Alkaline hydrolysis: 21 — 30. Yield: 188 mg (85.4%). The hydrate separated as colour-
less needles5from water; in vacuum over P205at 100 °C it turned yellow on releasing water;
m.p. 268—270 °C.

C10H 12N402 (220.2). Calcd. N 25.4. Found N 25.4%.

IR (KBr): rNH? 3270—2400, 2160; rCO, j>C=N 1670, 1637, 1550; pyridine ring 1605,
1497 cm-1.

UV spectral data are shown in Table II.

The elemental analyses were made in the Microanalytical Laboratory (head: Dr. 11-
Medzihradszky) of this Department; the starting materials were kindly supplied by the Bristol
Laboratories, Syracuse, N. Y., U.S.A.; their cooperation is gratefully acknowledged.
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The iV-phenyl-/3-lactarns 5—7 (Y =H) were nitrated with acetyl nitrate to give
either mixtures of their o- and p-nitro derivatives (Y = o- and p-N02 respectively)
or the pure o-nitro derivatives, depending on the number and nature of the C-sub-
stituents of the starting compounds. Catalytic reduction of all p-nitrophenyl derivatives
and of the o-nitrophenylazetidinecarboxylic ester 6m gave the corresponding amino
compounds, while reduction of the o-nitrophenyl derivatives 5b, 6d, 6j, 7b and 7g
led to derivatives 9—11, respectively, of 2,2a,3,4-tetrahydro-IH-azeto[l,2-a]Jquinoxa-
line. Dimethyl diazomalonate, when therinolyzed in the presence of iV-chloroacetyl-p-
-nitraniline and Rh(ll) acetate, furnished the imidate 8 in a low yield, rather than the
amide 3c.

In connection with another research project we were interested in the
preparation of I-(o- and p-nitrophenyl)- (1) and I-(o- and p-aminophenyl)-2-
-azetidinone derivatives (2), and have decided to synthesize these compounds

R1
Rs
1: Y=o0- and p-NO,

or 2: Y —o0- and p-NH.,
0 c,hdy

by applying the Sheehan—Bose /i-lactam synthesis [2] and subsequent manip-
ulations of the functional groups of the dicarboxylic esters 5 (R=H) (cf.
Ref. [3]), the cyclization products of the starting compounds 3. The related
dicarboxylic ester 5e was obtained starting with the pyrrolidine derivative
4a as described earlier [4]. The iV-substituent in the starting compounds 3
and 4 may be a phenyl group, and the nitro group may be introduced by

*For Part 111, see Ref. [1].
** Recipients of scholarships of Gedeon Richter Chemical Works, Ltd. (Budapest)

for 1980—1982 (T. G.) and 1982—1984 (Z. H.), respectively.
*** To whom correspondence should be addressed.

2 Acta Chim. Hung. 120, 1985
Akadémiai Kiad6, Budapest



GIZUR et al.: SIMPLE AND CONDENSED LACTAMS, IV

R' Y
a Et H 1
b Et . NO, [5]
c M . NO,
HO Me
(4a: Y=H)
H H
H ¢« =.COOR'
(0] c,hdy
6*

ni g

* Racemic comj>ound(s). For convenience only one enantiomer is shown
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nitration of the compounds 3 (Y=H) or, at a later stage, of the azetidinone
derivatives 5—7 (Y =H). The result will be the formation of mixtures con-
sisting mainly of the corresponding I-(o- and p-nitrophenyl) derivatives.
Alternatively, a particular nitrophenyl, e.g. the p-nitrophenyl group may be
present in the starting chloroacetyl derivative 3; starting with compounds 3
(Y = p-NO2 the pure I-(p-nitrophenyl) derivatives 5—7 (Y = p-N02 could,
in principle, be obtained. However, in contrast to 6a, 6h and many related
compounds [1, 3, 4], the ester group of compound 6b could not be reduced to
the hydroxymethyl group with NaBH4.

While compound 3a was nitrated with a mixture of nitric and sulfuric
acids, the nitrations of compounds 5—7 (Y =H) were carried out with acetyl
nitrate (freshly prepared from fuming nitric acid and acetic anhydride) at
low temperatures. The ratio of the resulting o- and p-isomers was found to
depend on the number and nature of the substituents of the saturated carbon
atom attached to the lactam nitrogen atom. For details, see Experimental.

Compound 3b was obtained by allowing p-nitraniline to react with
diethyl bromomalonate, and chloroacetylation of the resulting diethyl p-
-nitranilinomalonate as described in the literature [5]; the corresponding
dimethyl ester 3c was similarly obtained. Alternatively, diethyl p-nitranilino-
malonate was synthesized by the reaction of diethyl diazomalonate with
p-nitraniline in the presence of Cu(acac)2as catalyst. When, on the other hand,
dimethyl diazomalonate was made to react with iV-chloroacetyl-p-nitraniline
in the presence of rhodium(ll) acetate, compound 8, an isomer of the expected

i
CHt CLL,COOMc),

dimethyl iV-chloroacetyl-p-nitranilinomalonate 3c, was obtained, because the
carbene resulting from the diazomalonate has attacked the oxygen rather than
the nitrogen atom of the amide group. The two isomers could be readily differ-
entiated on the basis of their IH-NMR and mass spectra. Diagnostic for
structure 8 are the downfield shift (from 6 5.50 to 5.69 ppm) of the signal of
the —H proton and the upfield shift (from 6 7.76 to 6.93 ppm) of the
doublet of the 2’- and 6’-protons relative to the corresponding signals of
compound 3c in the NMR spectrum, as well as the peaks at m/z 197 (3Cl—

-CH2-C =N -C eH4NO02 by peak matching) and 148 [HOCH(COOMe)2-, by
peak matching] in the mass spectrum of compound 8, which are absent from
the spectrum ofthe isomeric 3c, and the peaks at m/z 268 (M—"CICH”"O + H)
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and 77 (BCICH2C =0) in the spectrum of the latter compound which, in turn,
are absent from the spectrum of compound 8.

Catalytic reduction of the p-nitrophenyl derivatives 5—7 (Y =p-N02
(either in pure form or as a mixture with the o-isomers) furnished the corre-
sponding p-aminophenyl derivatives 5—7 (Y=p-NH 2. However, the o-amino-
phenyl derivatives 5—7 (Y=0-NH;j), formed in the course of the reduction
of the above mixtures, were unstable and cyclized to the corresponding
2,2a,3,4-tetrahydro-IH-azeto[l,2-aJquinoxaline derivatives 9—11, respec-

tively. Strikingly, compound 6m gave, in contrast to the free acid 6j, the non-
-cyclized reduction product 60. Refluxing of the latter with methanol in the
presence of a small amount of acetic acid as catalyst did not give the cyclized
product, either.

The relative configurations of C-2 and C-2a in compound 9b are not
known with certainty. Since, however, the ethoxycarbonyl groups of the trans
ester 6h and related compounds are known to be more susceptible to nucleo-
philic attack (alkaline hydrolysis, sodium borohydride reduction) than those
of the diastereomeric cis esters ([1, 4]), the ethoxycarbonyl and R groups in
compound 9b may be assumed to be in cis relation to each other.

A broad screening of compounds 9a and 10a, carried out at the Chemical
Works Gedeon Richter, Ltd., Budapest, did not reveal any useful pharma-
cological activity.

Experimental

IH-NMR spectra were recorded, unless otherwise stated, in CDC13 solutions with TMS
as internal reference at 60 and 100 MHz with Perkin-Elmer R12 and Varian XL-100 spec-
trometers, respectively. IR spectra were obtained with a Spektromom 2000 instrument (Hun-
garian Optical Works, Rudapest), and 70 eV mass spectra with an AEI-MS-902 spectrometer,
using the direct insertion system.
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Dimethyl p-nitrunilinomalonate

This compound was synthesized by the method described in the literature [5] for the
preparation of the homologous diethyl ester. A mixture of p-nitraniline (23.6 g; 171 mmol)
and dimethyl bromomalonate (20.3 g; 96 mmol) was maintained for 48 h at 70 °C /27 mbar,
and subsequently thoroughly mixed with benzene (20 mL). The unchanged p-nitraniline was
filtered off and the filtrate kept for 1 h in arefrigerator to obtain 2.5 g (9.7%) of the title com-
pound,* m.p. 152—154 °C (from i-PrOH).

CuH,N20, (268.23). Calcd. C49.21; H 4.51; N 10.44. Found C 48.93; H 4.60; N 10.61%.

IR (KBr): 3330, 1740/1720 (d), 1520, 1315, 840 cm*“ 1.

1H-NMR (60 MHz): $3.80 s (2xCOOMe), 480 d (J = 6.6 Hz; -NH-CH <), 545 br
(NH), 6.58 + 8.02 (AA'BB’,J = 9.2 Hz; 4xAr-H).

Dimethyl iV-chloroacetyl-p-uitranilinomalonate (3c)

This compound was prepared by the method described in the literature [5] for the
homologous diethyl ester 3b. A mixture of dimethyl p-nitranilinomalonate (0.9 g; 3.3 mmol)
and chloroacetyl chloride (1.1 mL; 13.8 mmol) was refluxed for 8 h and allowed to cool. The
excess chloroacetyl chloride was decomposed by adding methanol (30 mL). The mixture was
evaporated to dryness and the yellow crystalline residue recrystallized from methanol to
obtain 0.75 g (66%) of colourless crystals of the title compound, m.p. 98—100 °C.

C13H 13CIN20 7 (344.71). Calcd. C 45.29; H 3.80; Cl 10.29; N 8.13. Found C 45.59; H
4.10; Cl 10.74; N 8.24%.

IR (KBr): 1750/1730 (d), 1695, 1520, 1340, 855, 845 cm” *

W -NMR (60 MHz): 6 3.73 s (2xCOOMe), 3.86 s (CICH2CO), 550 s (*"C-H ), 7.76 +
+ 8.35 (AA’'BB\J = 9.2 Hz; 4x Ar—H).

MS (180 °C), m/z (rel. intensity, %): 344 (20; M +-), 313 (3.0), 308 (20; M - HC1), 285
(M - COOMe), 281 (0.9), 280 (2.6), 268 (62; M-[COCH2CI-H]), 249 (1.6), 236 (0.5; M —
[COOMe + CH2C1)), 221 (46; 280  59), 209 (100; 268 JLCOOMe), 207 (6.0), 192 (4.0; 209 —
17), 163 (8.0), 149 (24; 209 2L HC02Me), 117 (20; 163 JL N02), 103 (12), 77 (10), 76 (13), 59
(21). (Metastable peaks are indicated by —.)

Reactions of diazomalonatcs with p-nitraniline and IY-chloroacetyl-p-nitraniline

(a) A mixture of p-nitraniline (5 g; 36 mmol), diethyl diazomalonate (4 g; 22 mmol)
dioxane (20 mL) and a small amount of Cu(acac)2was refluxed for 3 h, and allowed to cool.
The unchanged p-nitraniline was filtered off, and the filtrate evaporated to dryness to obtain
diethyl p-nitranilinomalonatc as an oily product (5.7 g; 89%) which crystallized on scratching;
m.p. 123.5 °C (from i-PrOH); lit. m.p. 123—124 °C [5].

IR (KBr): 3400, 1745/1725 (d), 1530, 1330, 840 cm ».

(b) A mixture of JV-chloroacetyl-p-nitraniline (11 g; 52 mmol), dimethyl diazomalonate
(8.3 g; 52 mmol), Rh2(OAc)4 (11.4 mg; 0.026 mmol) and dry toluene (100 mL) was refluxed
until the evolution of nitrogen ceased (about 1h); the reaction mixture remained heterogeneous
throughout. It was allowed to cool, and the unchanged JT-chloroacetyl-p-nitraniline (7 @)
was filtered off. The filtrate was evaporated to dryness to leave an oil which, when allowed to
stand overnight, partly solidified. The semisolid material was taken up in a small amount of
ethanol. The insoluble material was filtered off and recrystallized from ethanol to give 0.5 g
(17247%0 based on the non-recovered JV-chloroacetyl-p-nitraniline) of compound 8, m.p. 123 —

C13H 13C1N,,07 (344.71). Calcd. C 45.29; H 3.80; Cl 10.29; N 8.13. Found C 45.23; H 3.84;
Cl 10.28; N 8.13%.

IR (KBr): 1750, 1690, 1520, 1320, 870 cm*“ 1

'H-NMR (60 MHz): $3.82 s (2XCOOMe), 3.93 s (C1CH,,)), 5.69 s(>C-H), 6.93 + 8.20
(AA’BB’,J = 9.2 Hz; 4xAr-H).

MS (180 °C), m/z (rel. intensity, %): 344 (16; M +-), 328 (0.6%), 313 (6.5), 308 (0.3;
XI - HC1), 285 (2.0, M - COOMe), 281 (2.0), 280 (1.0), 249 (0.7), 236 (8.0; M * [COOMe +
+ CH,C1]), 207 (1.3), 204 (16; M XL MeOH), 197.0119 (by peak matching; 100; M -1147,
C8H,,N20 2C1), 163 (5.0), 151 (13; M A Ll ), 148.0348 (by peak matching; 4.5; C, , 32
(6.2), 103 (5.0), 76 (12), 59 (4.2). (Metastafde peaks are indicated by —.)

*The diethyl ester was obtained in 40% vyield by allowing the reactants to react for
30 days (!) at 70 °C/mbar [5].
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Ethyl I-(p-nitrophenyl)-4-oxo0-2-azetidinecarhoxylate (6b)

A mixture of compound 5c [5] (10 g; 29 mmol), NaCl (2.0 g; 34 mmol), dimethyl sulf-
oxide (16 mL) and water (1.06 mL; 58 mmol) was heated at 170—180 °C, with continuous
stirring, until the starting compound 5c had been consumed (TLC: DC-Alufolien Merck,
Kieselgel 60 PF~; benzene-acetone, 9 : 1). The mixture was allowed to cool and poured into
brine (80 mL). Conventional work-up by extraction with ether gave an oily product (s«7 g)
which crystallized when triturated with t-PrOH. Recrystallization from i-PrOH gave 4 g
(52%) of the title compound, m.p. 78 °C.

" CI2HIN05(250.23). Calcd. C54.54; H 4.57; N 10.60. Found C54.58; H 4.60; N 10.89%.

IR (KBr): 1770, 1740, 1520, 1335, 855 cm "1

IH-NMR (60 MHz): O1.27t + 423 q (J = 7.2 Hz; COOEt), 3.05-3.5 m (3-H2), 4.5-
4.65 m (4-H), 7.35 + 8.08 (AA'BB’,J = 9.2 Hz; 4x Ar-H).

I-Phenyl-4-tosyloxymethyl-2-azetidinone (7f)

Tosyl chloride (13.5 g; 70.6 mmol) was added at 0 °C, in small portions, to a mixture
of 4-hydroxymethyl-lI-phenyl-2-azetidinone [3] (10 g; 56.5 mmol) and pyridine (30 mL).
When the starting azetidinone was consumed (TLC), the mixture was poured into vigorously
stirred ice-water (300 g). The crude crystalline product was recrystallized from ethanol to
obtain 16.9 g (90.5%) of the title compound, colourless crystals, m.p. 127 °C.

CIMH 17N 04S (331.39). Calcd. C 61.62; H 5.17; N 4.23; S 9.67. Found C 61.86; H 5.37;
N 4.01; S 10.01%.

IR (KBr): 1750, 1360, 1180 c¢m 'L

IH-NMR (60 MHz): O 2.34 s (Me, tosyl group), 2.95-3.15 m (3-H2, 4.2—4.35 m
(4-H + —CH2 —), 7.15 - 7.60 (AA’BB’,J = 8.9 Hz; 4xAr—H, tosyl group), 7.2 m (Ph).

Methyl irans-3-(2-methyl-1,3-dioxolan-2-yl)-1-phenyl-4-oxoazetidme-2-carboxylate (61)

An ethereal diazomethane solution, freshly prepared from A-methyl-J1-nitrosourea
(3.15 g; 20 mmol) was added to a solution of compound 6i [4] (2.77 g; 10 mmol) in CH2CI2
(10 mL) with continuous stirring at room temperature. The mixture was stirred for further
2 h to furnish, after conventional work-up, an oil which crystallized when triturated with
ether to give 2.9 g (99%) of the title compound, m.p. 119—120 °C (from EtOH).

Cj6H 1IN 06 (291.30). Calcd. C 61.84; H 5.88; N 4.81. Found C 61.98; H 6.13; N 4.60%.

IR (KBr): 1760 cm“ 1, hr.

W -NMR (60 MHz): 015 s (C-Me), 355 d J = 2.6 Hz; 3-H), 3.75 s (COOMe), 3.9-
41 m (—0-CH2CH20-), 435d (J = 2.6 Hz; 2-H), 7.2 s (Ph).

Nitration of compounds 3a, 5a, 5e, 6c¢, 6i, 61, 7a and 7f

(a) A mixture of cone. HN03 (d = 1.38; 1.3 mL; 18 mmol) and cone. H2S04 (0.8 mL)
was added, with ice-salt cooling, dropwise to a vigorously stirred solution of compound 3a
[2a] (5.0 g; 16 mmol) in cone. H2504 (5 mL); the reaction temperature was maintained through-
out the addition between 0—5 °C. The mixture was stirred at this temperature until, according
to TLC (DC-Alufolien, Merck, Kieselgel 60 F254; benzene-acetone, 9 : 1), the starting com-
pound had been consumed, and then it was poured into a mixture of crushed ice (200 g) and
water (100 mL). The semisolid precipitate was taken up in CH2C12 (50 mL) and the aqueous
layer extracted with CH2CI2 (2X 20 mL). Conventional work-up of the combined CH2CI2
solutions furnished an oil which crystallized when triturated with ethanol. Recrystallization
from ethanol gave 3.0 g (52%) of diethyl Y-chloroacetyl-p-nitranilinomalonate 3b, m.p.
74—76 °C, lit. m.p. 76—77 °C [5], which was homogeneous according to TLC.

IR (KBr): 1740, 1690, 1520, 1345, 870, 850 cm*“ 1

HI-NMR (60 MHz): €122 t + 417 q (J = 7.2 Hz; 2xCOOELt), 3.85 s (CICH2CO),
550 s 0sC —H), 7.73 + 8.27 (AA'BB’,J =9 Hz;_4 XAr-H).

(6) A freshly prepared cold mixture of nitric acid (d = 1.5; 10.6 mL; 0.25 mol) and
acetic anhydride (26 mL) was added dropwise to a solution of compound 5a [2a] (27.9 g:
0.1 mol) in acetic anhydride (60 mL), with continuous stirring at —5 °C. The mixture was
stirred for 1 h more at this temperature, and poured onto ice (200 g). Conventional work-up
by extraction with CH2C12 (3 X40 mL) gave a mixture of diethyl I-(o-nitrophenyl)- and I-(p-
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-nitrophenyl)-4-oxoazetidine-2,2-dicarboxylates (5b, and 5c, respectively) as an oil (26.9 g),
which crystallized when triturated with ether. Recrystallization from ethanol furnished 8.1 g
(24%) of the p-nitro derivative (5c), m.p. 68—69 °C, lit. m.p. 66 —67 °C [5].

IR (KBr): 1780, 1740, 1520, 1340, 840 cm "1

‘H-NMR (60 MHz): 013t + 44 q (J = 7 Hz; 2x COOEt), 3.63 s (3-H2, 7.7 + 8.1
(AA’BB’,J = 9.2 Hz; 4xAr-H).

The dry residue of the mother liquor of the p-isomer 5¢ was taken up in a small amount
of ethanol; a small second crop of this isomer crystallized and was filtered off. The filtrate
was evaporated to dryness to obtain 16.1 g (48%) of the almost pure o-isomer (5b) as the
residue. An analytically pure sample, m.p. 98 °C, of the latter was obtained by recrystalliza-
tion from ethanol.

CIHieN20, (336.30). Calcd. C 53.57; H 4.79; N 8.33. Found C 54.08; H 4.69; N 8.04%.

IR (KBr): 1780, 1740, 1520, 1350, 730 cm* 1

IH-NMR (60 MHz): 0125t + 427 q (J = 7 Hz; 2XCOOEt), 3.6 s (3-H2, 7.8-8.2 m
(4 XAr—H).

(c) A freshly prepared cold mixture of nitric acid (d — 1.5; 2.2 mL) and acetic anhydride
(6 mL) was added dropwise at —5 °C, with continuous stirring, to a solution of compound
5e [4] (8.4 g; 22 mmol) in acetic anhydride (20 mL). The mixture was stirred for further 30 min
at this temperature, and then poured onto ice (50 g). Conventional work-up by extraction
with benzene gave a mixture of diethyl 3-(2-methyl-1,3-dioxolan-2-yl)-1-(o-nitrophenyl)- and
-I-(p-nitrophenyl)-4-oxoazetidine-2,2-dicarboxylates (5f and 5g, respectively) w'hich, when
triturated with ether, furnished 6.4 g (67%) of 5f, m.p. 81—82 °C (from ethanol). From the
mother liquor 0.3 g (3%) of 5§ m.p. 60—62 °C (from EtOH), was obtained.

CjjH~NjO, (422.39). Calcd. C 54.03; H 5.25; N 6.63. 5f: Found C 53.80; H 5.23; N
7.03%. 5g: Found C 53.71; H 5.53; N 6.81%.

IR (KBr) 5g: 1780, 1740, 1510, 1340, 840 cm“ 1

'H-NMR (60 MHz) 5g: $13 t+ 435 q (J = 7.3 Hz; 2XCOOEt), 1.55 s (C-Me),
40 m (-0-CH2-CH20-), 44 s (3-H), 7.75 + 825 (AA'BB’,J = 9.2 Hz; 4xAr-H).
5f: 4 1.05t + 13 t+ 425 q+ 432 q (J = 7.3 Hz; 2XCOOEt), 155 s (C-Me), 4.0 m
(-0-CH2CH2—0-), 442 s (3-H), 7.4—8.1 m (4xAr—H).

(d) A freshly prepared cold mixture of nitric acid (d = 1.5; 6 mL) and acetic anhydride
(15 mL) was added dropwise to a vigorously stirred suspension of compound 6¢ [2a] (11.4 g;
60 mmol) in dry CH2C12 (50 mL) at 0 °C. The mixture was stirred for further 2 h at this tem-
perature and poured into ice-water (100 g) to obtain a crude crystalline product which was
recrystallized from ethanol-ether to give 8.3 g (58%) of a mixture of the I-(o-nitrophenyl)-
and I-(p-nitrophenyl-4-oxoazetidine-2-carboxylic acids (6d and 6e, respectively).

C,0H8N206 (236.18). Calcd. C 50.85; H 3.41; N 11.86. Found C 50.85; H 3.52; N 11.84%.

IR (KBr): 3400-2800, 1760-1730 (br), 1520, 1350, 850, 740 cm -1

This mixture was subjected, without separation into its components, to catalytic
reduction (see below).

(e) A freshly prepared cold mixture of nitric acid (d = 1.5; 2.4 mL) and acetic anhydride
(6 mL) was added at —5 °C dropwise to a vigorously stirred solution of compound 6i [4]
(6.9 g; 25 mmol) in dry CH2CI2 (25 mL). The mixture was stirred for 1 h more at this tempera-
ture and poured into ice-water (100 mL). Conventional work-up by extraction with CH2C12
furnished an oil which crystallized when triturated with ether to give 5.0 g (63%) of trans-3-
-(2-methyl-1,3-dioxolan-2-yl)-I-(o-nitrophenyl)-4-oxoazetidine-2-carboxylic acid (6j), m.p.
142—143 °C (from toluene).

CI4H14N20 7 (322.30). Calcd. C 52.17; H 4.38; N 8.69. Found C 52.43; H 4.70; N 8.71%.

IR (KBr): 1770, 1740, 1520, 1340, 730 cm 1

>H-NMR (60 MHz): $15 s (C-Me), 3.75 d (J = 2.6 Hz; 3-H),3.9-4.1 m (-0-CH .
-CH2-0-), 485d (J = 2.6 Hz; 2-H), 6.1 br (COOH), 7.2-8.3 m (4x Ar-H).

(1) A freshly prepared cold mixture of nitric acid (d = 1.5; 0.53 mL) and acetic anhy-
dride (2 mL)was added dropwise to a solution of compound 61 (1.7 g; 5.8 mmol) in dry CH2CIj
(10 mL), with continuous stirring, at 0 °C. The mixture was then stirred for 2 h at this tem-
perature and poured into ice-water (20 mL). Conventional work-up by extraction with CH2C12
gave an oil which crystallized when triturated with ether to furnish 1.5 g (77%) of a mixture
of the isomeric methyl trans-3-(2-methyl-1,3-dioxolan-2-yl)-I-(o-nitrophenyl)- and -I-(p-
—nitroghenyl)—4—0xoazetidine—2—carboxy|ates (6m, and 6n, respectively), m.p. 123 °C (from
EtOH).

CI1H1eN20, (336.30). Calcd. C 53.50; H 4.79; N 8.33. Found C 53.00; H 4.81; N 8.48%.

IR (KBr): 1780, 1750, 1520, 1340, 840, 730 cm*“ 1

JH-NMR (100 MHz): $1.52 s (C-Me), 3.72d (J = 3.0 Hz; 3-H), 3.74 s + 3.85 s (COOMe.
o- and p-isomer, respectively), 4.0-—4.2 m (—O —CH2—CH2—0—), 452 d f-4.80d (J = 3.0
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Hz; 4-H, p- end o-isomer, respectively), 7.2—8.0 m (Ar—H’s, o-isomer, and upper-field half
of the AA’BB’ spectrum of the Ar—H’s of the p-isomer), 8.24 (lower-field half of the AA’BB’
spectrum of the Ar—H’s of the p-isomer, J = 9.2 Hz). Isomer ratio, o :p m 4 : 1

(@) A freshly prepared cold mixture of cone. HNO03 (d = 1.5; 3 mL; 70 mmol) and
acetic anhydride (7.1 mL) was added, with external cooling and vigorous stirring, to a suspen-
ison, precooled to —10 °C, of compound 7a [3] (7.0 g; 27.5 mmol) in acetic anhydride (17 mL)
ta such a rate, that the temperature never exceeded —5 °C. The mixture was stirred at this
temperature until the starting compound had been consumed according to TLC (DC-Alufolien
Merck, Kieselgel 60 PF24 benzene-acetone, 7 : 3) (about 1 h), and then poured onto crushed
ice (60 g) to obtain, after conventional work-up and recrystallization from ethanol, 6.2 g
(88%) of a mixture of 4-mesyloxymethyl-l-(o-nitrophenyl)- and -l-(p-nitrophenyl)-2-azeti-
dinones (7b and 7c, respectively).

Ch HjjNjiOjS (300.29). Calcd. C 44.00; H 4.03; N 9.33; S 10.68. Found C 44.21, H 4.13,
N 9.02, S 10.98%.

Ne (KBr): 1750, 1530, 1370, 1350/1340 (d), 1170, 835, 750 cm*“ 1

'H-NMR (60 MHz): 4 2.82 s + 2.91 (intensity ratio 5«2 : 1; mesyl group, two isomers),
2.95-3.3 m (3-CH2, 4.25-46 m (4-H + -CH20-), 7.15—7.85 m (Ph, Ar-H s of the
o-isomer 7b and upper-field half of the AA’BB’ spectrum of the Ar—H’s of the p-isomer),
8.15 (lower-field half of the AA’BB’ spectrum of the Ar—H"’s of the p-isomer 7c, J — 9.2 Hz).

The mixture was, without separation into its components, directly subjected to reduc-
tion (see below).

(h) Compound 7f (3.3 g; 10 mmol) was similarly nitrated and worked up to obtain
3.6 g (88%) of a non-recrystallized mixture of the I-(o-nitrophenyl)- and I-(p-nitrophenyl)-4-
-tosyloxymethyl-2-azetidinones (7g and 7h, respectively),! a sample of which was recrystallized
from i-PrOH for analysis, m.p. 178 °C.

Cj7TH]6N20 65 (376.38). Calcd. C 54.25; H 4.28; N 7.44; S 8.52. Found C 53.98; H 4.06;
N 7.68; S 8.22%.

IR (KBr): 1750 (d), 1535, 1360, 1330, 1165, 850, 840, 750 cm“ 1.

"H-NMR (60 MHz): $2.37 + 2.41 (Me of tosyl group, two isomers), 2.70—3.55 m
(AB parts of two AB spectra, Jggm= 16 Hz, Jyc= 2.7 and 5.4 Hz, respectively; 3-H2),
4.18—4.65 m (4-H ------CH20 —), 7.1 —8.0 m (Ph, Ar—H’s of tosyl and o-nitrophenyl groups,
upper-field half of the AA’BB’ spectrum of the Ar—H’s of the p-nitrophenyl group), 8.15
(lower-field half of the AA’BB’ spectrum of the Ar-H’s of the p-nitrophenyl group; J = 9.2 Hz).

Reduction of compounds 5b, 5c, 5f, 5g and 6j, and of the
mixtures of compounds 6d + 6e, 6m + 6n, 7b + 7c and 79 + 7h

The title compounds and mixtures were reduced in methanolic (5c) or ethanolic solution
in the presence of 8% Pd—C catalysts at normal pressures and ambient temperatures; owing
to the slight solubilities of the isomeric mixtures 7b + 7c and 7g + 7h in ethanol, they were
reduced in the form of ethanolic suspensions. The following products were obtained by con-
ventional work-up.

(a) Ethyl 1,3-diox0-2,2a,3,4-tetrahydro-lif-azeto[l,2-a]Jquinoxalme-2a-carboxylate (9a),
m.p. 158 °C (from EtOH), in 95% vyield from compound 5b. This compound, lit. m.p. 153 —
154 °C (from i-PrOH-hexane), had been obtained by a different route before [6].

Ci3H 12N 204 (260.24). Calcd. C 60.09; H 4.61; N 10.80. Found C59.99; H 5.00; N 10.87%.

IR (KBr): 1780, 1720, 1700 cm“1 (lit.: 1785, 1690 cm "1 [6]).

"H-NMR (100 MHz): <51.23t + 4.24q (J = 7.2 Hz; COOEl),3.77 + 3.88 (AB,J = 15.8
Hz; 2-H2), 6.9-7.45 m (4x Ar-H), 9.1 hr s (NH); lit. (DMSO-de): 03.78 d (J = 16 Hz) [6].

(6) Diethyl I-(p-aminophenyl)-4-oxoazetidine-2,2-dicarboxylate (5d), m.p. 103—104 °C
(from EtOH), in 96% yield from compound 5c.

C15H 8N 205 (306.32). Calcd. C 58.76; H 5.92; N 9.14. Found C 59.20; H 5.69; N 9.29%.

IR (KBr): 3500—3100 with local maxima at 3310 and 3200; 1760—1730 br, 810 cm-1.

"H-NMR (60 MHz): 6 1.28 t + 425 q (J = 7 Hz; 2XCOOEt), 2.5-2.8 br (NH2),
3-48 s (3-H2), 6.57+7.29 (AA’BB’,J = 9.2 Hz; 4xAr-H).

(c) Ethyl 2-(2-methyl-1,3-dioxolan-2-yl)-1,3-diox0-2,2a,3,4-tetrahydro-1H-azeto[l,2-a]-
quinoxaline-2a-carboxylate (9b), m.p. 156 °C (from EtOH), in 93% yield from compound 5f.

C17H ,8N20 6 (346.34). Calcd. C 58.95; H 5.24; N 8.09. Found C 58.60; H 5.42; N 8.19%.

IR (KBr): 1770, 1750, 1690 cm* ’.

"H-NMR (100 MHz): 01.22t + 4.22q (J = 7.1 Hz; COOEt), 1.63 s (C-Me), 3.95—4.25 m
(-0 —CH2—CH2-0 -), 4.26 s (2-H), 6.85-7.55 m (4xAr-H), 87 br s (NH).
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(d) Diethyl I-(p-aniinophcnyl)-3-(2-methyl-1,3-dioxolan-2-yl)-4-oxoazetidme-2,2-dicar-
boxylate (5h) in 90% vyield as an oii from compound 5g.

C/HjjNjO, (392.41). Calcd. C 58.16; H 6.16; N 7.18. Found C 58.25; H 6.18; N 7.29%.

'H-NMR (60 MHz): $1.15t+ 127 t+ 421 q+ 427 q 0 = 7.2 Hz; 2X COOEt),
152 s (C-Me), 3.4 hr (NH2, 3.9-40 m (-0-CH 2CH20-), 425 s (3-H), 6.57 + 7.24
(AA’BB’,J = 9.2 Hz; 4xAr-H).

(e) 2,2a-Dihydro-lli-azeto[l,2-a]Jquinoxaline-1,3(4H)-dione (10a), m.p. 240 °C (from
EtOH), in 40% vyield, from the mixture of the isomeric compounds 6tl -|- 6e. The highly
insoluble compound 6 g formed in the same reaction mixture was filtered off together with
the catalyst and discarded.

CI0H8N202(188.19). Calcd C 63.82; H 4.28; N 14.89. Found C 64.04; H 4.49; N 15.15%.

IR (KBr): 1770, 1670 cm -1

'H-NMR (100 MHz; CDC13+ DMSO-d,): $3.45 + 3.58 (AB part of an ABX spectrum,
Jkem= 156, JVjC= 3.1 and 5.1 Hz, respectively; 2-H2), 4.34 dd (J = 5.1 and 3.1 Hz; 2a-H),
6.9—7.3 m (4X Ar-H), 10.5 br s (NH).

(/) 2-(2-Methyl-1,3-dioxolan-2-yl)-2,2a-dihydro-IH-azeto[l,2-a]Jquinoxaline-1,3(4H)-
dione (10b), m.p. 170 °C (from EtOH); in 94% vyield from compound 6j.

CJ]4H 14N 20 4 (274.28). Calcd. C61.31; H 5.14; N 10.21. Found C60.89; H 5.06; N 10.50%.

IR (KBr): 1760 and 1690 cm*“ 1

’H-NMR (100 MHz; CDC13+ DMSO-d6): 6 1.51 s (C-Me), 3.94 d (J = 2.8 Hz; 2-H),
39 —43 m (-0-CH,—CH20-), 421 d (J = 2.8 Hz: 2a-H), 6.90-7.35 m (4x Ar-H),
10.3 br s (NH).

(g9) Methyl trans-l-(o-aminophenyl)-3-(2-methyl-1,3-dioxolan-2-yl)-4-oxoazetidine-2-car-
boxylate (60), m.p. 129 °C (from EtOH), in 84% yield from compound 6m, contaminated
by the p-nitro isomer (6n).

C13H 18N20 5 (306.30). Calcd. C 58.82; H 6.00; N 9.15. Found C 58.57; H 6.40; N 9.23%.

IR (KBr): 3600—3200, 1760 br, 760 cm "1

"H-NMR (60 MHz): $15 s (C-Me), 358 d (J = 2.6 Hz; 3-H), 3.7 s (COOMe), 3.9-
41m(-0-CH2-CH2-0—),42br(NH2,445d J = 2.6 Hz; 2-H),6.6-7.2m (4x Ar-H).

(h) I-(p-Aminophenyl)-4-mesyloxymethyl-2-azetidinone (7e), m.p. 119 °C (from EtOH),
in 56% vyield, and 2,2a,3,4-tetrahydro-lH-azeto[l,2-a]Jquinoxalin-l-one (11), m.p. 153 °C
(from ethanol, in 24% yield from the isomeric mixture of compounds 7b -f- 7¢c.*

The crude reduction product in this case was a mixture of compound 7e, its toluene-
sulfonate and compound 11. Because of the slight solubility of the toluenesulfonate, the cata-
lyst had to be thoroughly washed with warm ethanol. Evaporation to dryness of the ethanolic
solution gave the above mixture as a gum which solidified when triturated with ether. From
this, compound Il was extracted with CH2C12 at room temperature. The insoluble residue
was treated with Na2C03 in an ethyl acetate-water two-phase system at 0 °C, in order to
convert the toluenesulfonate into the free base 7e, the final pH being about 9.5.

Compound 7c: CnH14N204S (270.30). Calcd. C 48.88; H 5.22; N 10.36; S 11.86. Found
C 48.99; H 5.42, N 10.37; S 12.23%.

IR (KBr): 3500—3100, with local maxima at 3400, 3350 and 3300; 1720, 1350, 1165,
860, 835 cm* .

"H-NMR (60 MHz): & 2.89 s (mesyl group), 2.95—3.4 m (3-H2-f- NH2), 4.2—4.6 m
(4-H+ -CH2-), 6.61 + 7.16 (AA'BB’,J = 9 Hz; 4XAr-H).

Compound 11: C10H ,0N20 (174.20). Calcd. C 68.95; H 5.79; N 16.08. Found C 68.69;
H 5.93; N 15.80%.

IR (KBr): 3300, 1720 cm "1

‘H-NMR (100 MHz): O 2.65-3.90 m (2-H2+ 2a-H + 3-H2+ NH), 6.55—7.45 m
4xAr-H).

(i) I-(p-Aminophenyl)-4-tosyloxymethyl-2-azetidinone (7j), m.p. 133—134 °C (from
ethanol), in 51% vyield, and compound 11, identical (m.p., IR) with the sample described in
(c), in 32% vyield, from the isomeric mixture of the compounds 7g -f 7h by the same procedure
as described in (h).

Compound 7j: C,7HIBN204S (346.40). Calcd. C 58.95; H 5.24; N 8.09; S 9.26. Found C
59.16; H 5.46; N 7.81; S 8.78%.

IR (KBr): 3420, 3350, 1720, 1360, 1150, 850, 840, 820 c m 1

"H-NMR (60 MHz): 6 2.4 s (Me, tosyl group), 2.75—3.05 m (3-H2), 3.3 br (exchangeable;
NH2, 4.2 br (4-H f- —CH2 —), 6.35—7.65 m (two AA’BB’ spectra; 8xAr—H).

*In calculating the yields of compounds 7e and 11, the starting mixture was assumed
to be the pure isomer 7c and 7b, respectively.
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Starting from the 6-chloro and 6-bromo derivatives of 6-demethoxythebaine
apocodeine and apomorphine (APO) and new derivatives of JV-propyl-iV-demethyl-
apocodeine and IV-propyl-IV-demethylapomorphine (NPA) containing halogen in posi-
tion 2 have been synthesized.

In our previous papers [1, 2] we reported the preparation of 6-demethoxy-
thebaine (la) and demethoxyoripavine (Ib) which gave apocodeine (IVe) and
apomorphine (Ve) in excellent yields on treatment with methanesulfonic acid.
IV-Demethylation of la and Ib has been achieved with azodicarboxylic acid
diethyl ester. The iV-demethyl derivatives obtained in this way are new
starting materials for the preparation of IV-substituted 1V-demethylapocodeine
and -apomorphine derivatives.

In the course of our studies of nucleophilic substitution reactions of
14/?-chloro(bromo)codeine tosylate containing double allylic system, 6-chloro-
6-demethoxythebaine (Ic) and 6-bromo-6-demethoxythebaine(ld) were synthe-
sized in good yields [3]. Owing to their structural features, these new com-
pounds can be converted in various ways.

The aim of our present work was to synthesize new derivatives of apo-
codeine (IVe) and apomorphine (Ve) possessing halogen in position 2, from
compounds Ic and Id. To our knowledge, by the rearrangement of morphinan-
type compounds only morphothebaine containing hydroxyl group in position
2 of the aporphine skeleton, 2,10-dimethoxy-ll-hydroxyaporphine possessing
methoxy group and their IV-substituted 1V-demethyl derivatives have hitherto
been prepared [4, 5]. On rearrangement with methanesulfonic acid 6-chloro-
6-demethoxythebaine (Ic) and 6-bromo-6-demethoxythebaine (Id) gave 2-
chloroapocodeine (94%) (IVa) and 2-bromoapocodeine (95%) (IVb) in good
yields. O-Demethylation of IVa and IVb with 48% hydrobromic acid gave
2-chloroapomorphine (Va) in 54% and 2-bromapomorphine (Vb) in 63% yield.

Compounds Ic and Id were 1V-demethylated with azodicarboxylic acid
diethyl ester (ADDE). The IV-demethyl derivatives Ha, lib were alkylated

*To whom correspondence should be addressed.
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IVa, IVb
CH3S0joH
la X=H, R=CH3 Ha X=C1 Ilia X=C1,
Ib X=H, R=H Ilb X=Br R=CH3-CH2-CH.,
le X=C1, R= CH3 11l b X= Br,
Id X =Br, R=CHS3 r=ch2-ch,-ch3

or

OHX020H R BBr,

P

OH or 48% HBr K T IOH

"OCH3 :""'OH

IVa X=Cl, R= CHI Va X=C1, R=CH3
IVb X=Br, R=CH3 Vb X=Br, R=CHJ
IVc X=Cl, R=CH2CH2-CH3 Ve X=Cl1, R=CH,
IVd X =Br, R= CH2—CHj—CH3 Vd X=Br, r =ch}
IVe X=H, R*GHj Ve X=H, R=(It,

Scheme 1
with propyl bromide, the iV-propyl derivatives Ilia, Illb were then rearranged

into iV-propyl-IV-demethylapocodeine 2-chloro- and 2-bromo derivatives (IVc,
1Yd), which were O-demethylated with boron tribromide to afford the apo-
morphine derivatives Yc, Vd.

In this way iV-propyl-IV-demethyl-2-chloroapomorphine (Vc) was ob-
tained in 35.2% vyield calculated for Ic, and iV-propyl-iV-demethyl-2-bromoapo-
morphine (Vd) in 9.1% vyield calculated for Id.

Experimental

M.p.’s were measured with a Koffler apparatus and are uncorrected. Thin-layer chroma-
tography was performed on Merck 5554 silica gel 60 W% foils using benzene : methanol (8 : 2)
developing mixture. The spots were visualized with Dragendorff’s reagent. Kieselgel 60H
was applied for column chromatographic separation using benzene : methanol (9:1) eluent.
'H-NMR spectra were measured with a Bruker WP 200 SY spectrometer. Mass spectra were
recorded with a VG-7035 (GC-MS-DS) instrument.
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IV-Dcincthyl-6 -chloro-s -dcmethoxythebaine (Ha)

A mixture ofla [3] (6.0 g; 19 mmol), ADDE (4.0 g; 22.8 mmol) and dry benzene (60 mL)
was refluxed for 15 h. The solvent was then evaporated, the residue dissolved in anhydrous
ethanol (120 mL) and ammonium chloride (17 g) in aqueous solution (50 mL) was added. The
mixture was allowed to stand at room temperature for 24 h and the ethanol evaporated. The
product was isolated as the hydrochloride. The salt was filtered off, dissolved in water and
the solution was made alkaline with ammonium hydroxide to obtain 5.04 g (ss% ) of a crystal-
line product, m.p. 154—157 °C, [«]d — 250 (e = 0.1, chloroform).

Ci7H ,,02NC1 (301.763). Calcd. N 4.65»C1 11.78. Found N 4.82; Cl 11.93%.

MS (m/e): 301 (M +); 226 (M +-35).

'H-NMR (CDC13, <5ppm): 3.90 (s, 3H, OCH3J3); 5.28 (s, 1H, S-H), 5.48 (d, 1H, 7-H);
6.10 (d, 1H, s-H); 6.68 (ABq, 2H, Ar).

N - Demetliyl-6-bronm-6-demethoxythabcinc (lib)

According to the procedure described for Ha compound Ib [3] (4.2 g; 11.6 mmol) gave
2.14 g (52.9%) of a crystalline product,m.p. 174—175 °C, [ad — 158.75(c = o.1,chloroform).

C,HieOINBr (346.215). Calcd. N 4.06; Br 23.08. Found N 4.18; Br 22.85%.

MS (m/e): 346 (M+); 26 (M +-80).

‘H-NMR (CcDCls, 6ppm): 3.89 (s, 3H, OCH?J); 5.35 (d, 1H, 5/S-H); 5.43 (d, 1H, 7-H);
6.35 (d, 1H, s-H); 6.68 (ABq, 2H, Ar).

iV-Propyl-1V-demethyl-6-chloro-6-demethoxythebaine (1Ua)

A mixture of compound lia (0.9 g; 3.0 mmol), sodium hydrogen carbonate (0.3 g),
propyl bromide (0.43 g; 3.5 mmol) and anhydrous ethanol (15 mL) was stirred and refluxed
for 20 h. The inorganic salt was filtered off and the solvent evaporated. The residue was tritu-
rated with acetone, the inorganic saltfiltered off, the solvent evaporated and the residue dis-
solved in ether. Insoluble] unchanged starting material wasfiltered off, the solvent evaporated
and the oily residue was converted into the hydrochloride to yield 0.91 (80%) of a crystalline
product, m.p. 237—239 °C, [a]Jo — 205 (c = 0.1, water).

C20H 220 2NC1 « HC1 (380.306). Calcd. N 3.68; ClI 18.64. Found N 3.72; Cl 18.64%.

The free base was an oil.

MS (m/e): 343 (Ar+); 308 (M +-35).

‘H-NMR (CDCls, <5ppm): 0.95 (t, 3H, CH3); 2.75 (m, 4H, CHXH?2); 3.85 (s, 3H, OCH3J);
5.28 (s, 1H, 5/S-H); 5.53 (d, 1H, 7-H); 6.1 (d, 1H, 8-H); 6.63 (ABg, 2H, Ar).

iV-Propyl-1V-demethyl-6-bromo-6-demethoxythebaine (11lb)

Compound Hb (2.07 g; 6.0 mmol) was allowed to react with propyl bromide, and treated
as described for IHa, to afford 1.78 g (55%) of the hydrochloride of IHb, m.p. 240—243 °C.
;I'he )crystalline base was prepared from the salt; m.p. 77—79 °C, [a]Jo — 168 (c = 0.1, chloro-
orm).

C20H2,,02NBr (388.293). Calcd. K 3.6; Br 20.58. Found N 3.9; Br 19.72%.

M'S (m/e): 388 (M+); 308 (Af+—80).

‘H-NMR (CDCls, dppm); 0.95 (t, 3H, CH3); 2.78 (m, 4H, CHCH2); 3.88 (s, 3H, OCH3J);
535 (s, W, 5/S-H); 5.48 (d, 1H, 7-H); 6.46 (d, 1H, s-H); 6.65 (ABq, 2H, Ar).

2-Chloroapocodeine (I'Ya)

Compound la (1.0 g; 3.16 mmol) was dissolved in methanesulfonic acid (54mL) and
heated at 96 °C for 1 h. The mixture was cooled and 14 g of potassium hydrogen carbonate
in 75 mL of water was added, with stirring. The mixture was stirred for further 1 h and the
precipitate filtered off to afford 0.94 g (94%) of the product which was recrystallized from
methanol; m.p. 213—215 °C, [a]p — 55 (c = 0.1, chloroform).

C,8H 1e0 2NCI (315.789). Calcd. N 4.43; Cl 11.22. Found N 4.54; Cl 11.89%.

MS (m/e): 315 (M+).
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*H-NMR (CDCI3, <5ppm): 2.58 (s, 3H, NCHJ3); 3.93 (s, 3H, OCH3); 6.78 (s, 2H, Ar);
7.08 (d, 1H, Ar); 8.23 (d, 1H, Ar).
Hydrochloride: m.p. 215 °C (decomp.).

2-Bromoapocodeine (1Vb)

According to the procedure described for IVa, compound Ib (1.0 g; 2.77 mmol) gave
0.95 g (95%) material which was crystallized from methanol; m.p. 217—219 °C [a]y — 116
(c = 0.5, chloroform).

CisH 180 2NBr (360.241). Calcd. N 3.88; Br 22.18. Found N 3.92; Br 22.42%.

MS (m/e): 360 (M+); 280 (M +-80).

JH-NMR (CDC13, <5ppm): 2.55 (s, 3H, NCH3); 3.95 (s, 3H, OCH3); 6.9 (m, 4H, Ar).

Hydrochloride: m.p. 245 °C (decomp.).

A-Propyl-A -demethyl-2-chloroapocodeine (1Vc)

Applying the procedure described above, compound Ic (1.2 g; 3.15 mmol) gave 1.06 g
(88.3%) of the crude product which was converted into the hydrochloride; m.p. 248—249 °C,
«],, — 104 (c = 0.1, water).

C20H2202NCI « HC1 (385.306). Calcd. N 3.63; Cl 18.40. Found N 3.52; Cl 18.25%.

The free base was an amorphous substance.

MS (m/e): 343 (M+); 308 (M + -35).

1H-NMR (CDC13 <5ppm): 1.05 (t, 3H, CCH3); 2.4-3.0 (m, sH, CH2); 6.75 (s, 2H, Ar);
7.1 (s, 1H, Ar); 8.35 (s, 1H, Ar).

A-Propyl-A-demethyl-2-bromoapocodeine (1Vd)

Compound 1d (1.0 g; 2.57 mmol) yielded 0.52 g (52%) of the crude base under the
above-mentioned conditions; m.p. of the hydrochloride: 235—237 °C. The free base was a
solid, m.p. 75—80 °C, [ocb — 70 (¢ = 0.25, chloroform).

MS (m/e): 388 (M+).

1H-NMR (CDC13 <5ppm): 1.00 (t, 3H, CCH3), 2.45-3.14 (m, sH, CH2); 6.75 (s, 2H. Ar);
7.2 (s, 1H, Ar); 8.38 (s, 1H, Ar).

2-Chloroapomorphine (Va)

Compound IVa (0.31 g; 1.0 mmol) in 48% hydrobromic acid (12 mL) was refluxed for
12 h; the hydrobromide was filtered off after cooling and recrystallized from methanol to yield
0.203)9 (53%) of a crystalline substance m.p.: decomp. above 300 °C; [ab —88.7 (c = 0.1,
water).

Ci7HIe0O 2NCI « HBr (382.689). Calcd. N 3.65. Found N 3.82%.

MS (m/e): 301 (M+).

tH-NMR (CDCIj, <5ppm): 3.05 (s, 3H, NCH3); 6.80 (ABq, 2H, Ar); 7.28 (s, W0, Ar);
8.35 (s, 1H, Ar).

2-Bromoapomorphine (Vb)

Compound IVb (0.36 g; 1.0 mmol) in 48% hydrobromic acid (12 mL) was refluxed for
12 h and the reaction mixture was worked up as described for IVa to afford 0.27 g (64%)
of the crystalline product; m.p. decomp. above 300 °C [ab — 78.8 (c = 0.22, ethanol).

Ci17H ,eOjNBr « HBr (427.149). Calcd. N 3.27; Br 37.4. Found N 3.38; Br 36.2%.

MS (m/e): 346 (M+).

>H-NMR (DMSO-de, dppm): 3.1 (s, 3H, NCH3); 6.75 (ABq, 2H, Ar); 7.45 (s, 1H, Ar);
8.5 (s, 1H, Ar).

A-Propyl-A-demethyl-2-chloroapomorphine (Vc)
Compound IVc (0.34 g; 1 mmol was dissolved in dry chloroform (5.0 mL) and boron

tribromide (1.5 g; ¢ mmol) in dry chloroform (17 mL) was added during 2 min at room tem-
perature under nitrogen atmosphere, with vigorous stirring. The reaction mixture was stirred
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at room temperature for 25 min, then it was poured into a mixture of ice (8 g) and cone, ammo-
nium hydroxide (2 mL), stirred for another 30 min, and extracted with chloroform : methanol
(3 : 1) mixture. The solution was dried and the solvent evaporated. The residue was triturated
with anhydrous ethanol to obtain 0.21 g (65%) of a solid material. Its hydrochloride had m.p.
210-214 °C, [a]D - 110 (c = 0.1, water).

MS (m/e): 329 (M+); 294 (M +—35).

'H-NMR (CDCI3 <5ppm): 0.99 (t, 3H, CCH3); 1.25 (s, 4H, CHr); 6.67 (ABqg, 2H, Ar);
7.05 (s, 1H, Ar); 8.05 (s, 1H, Ar).

iV-Propyl-iV-demethyl-2-bromoapomorphine (Vd)

According to the procedure described for Vc compound 1Yd (0.38 g; 1 mmol) gave
0.22 g (60%) of the product. Its hydrochloride had m.p. 203—206 °C; [a]Jo — 103 (c = 0.1,
water).

MS (m/e): 374 (JIT+); 294 (1V+-80).

1H-NMR (CDCls, <5ppm): 1.00 (t, 3H, CH3); 1.55 (s, 4H, CH2); 6.75 (ABqg, 2H, Ar);
7.13 (s, 1H, Ar); 8.4 (s, 1H, Ar).
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(SHORT COMMUNICATION)
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sym-Diphenylthiourea has been oxidized by singlet oxygen using Methy-
lene blue, Rose Bengal and Eosin-Y sensitizers in methanolic medium. A stable
peroxy compound has been isolated as the reaction product (I) which has
been confirmed by molecular weight determination, elemental analysis and
spectral data.

The reaction has been carried out using sym-diphenylthiourea (2.0 gm)
in methanol (100 mL) and methanolic solution of methylene blue (2 mL
1.0 X1O~4M). A tungsten lamp has been used for irradiation purpose (Sylvania,
500 W). (I) has been separated by column chromatography using benzene as
an eluent. The above reaction has also been carried out in the presence of
Rose Bengal and Eosin-Y as sensitizers and same product has been obtained.
Participation of singlet oxygen in the reaction has been confirmed by using
scavengers which decreased the yield considerably.

n02
GH00H

Electronic absorption spectrum of (1) shows bands at 206 and 274 nm
characteristic of nitro group attached to the benzene nucleus. The infrared
spectrum of (1) shows important absorption at 3020 cm-1 (aromatic), 1535 and
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1310 cm-1 (—NO2 group) and 890 cm-1 (peroxy linkage). The H-NMR
spectrum of (1) gives complex multiplet in the range of 2.70—2.90 x corre-
sponding to the four aromatic protons and a singlet at 5.95 r corresponding to
two protons of —CH2 group. The mass spectrum of (I) gives molecular ion
peak at m/e 169.

Calculated C, 49.7; H, 4.1 and N, 8.2 for CTH7/N 04; Found C, 49.1; H,
4.5 and N, 8.0%.
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Reaction of salicylate ion with VO(Il), Cu(ll), Ni(ll), Co(ll), Fe(ll), Mn(ll)
and Zn(ll) gave bis-(salicylato)-diaqua complexes of these ions. The structure of com-
plexes were predicted from elemental analysis and IR spectra. The decomposition of
the complexes was studied by TG, DTG and DTA techniques. The decomposition process
consisted of three steps, elimination of two water molecules followed by successive
decomposition of dehydrated complex with metal oxide as the end product. The thermal
stability of the metal salicylate follows the order: YO(Il) > Cu(ll) > Zn(Il) > Co(ll)>
Ni(ll) > Fe(ll) > Mn(ll).

Introduction

The versatile chelating ability of salicylic acid with various metals is
well established. Structural studies have shown that it can form various types
of complexes having different type of bonding, depending on the nature of
the metal ion and reaction conditions. Much effort has been devoted to prepa-
ration and study of metal chelates of salicylic and nuclear substituted salicylic
acids, mainly because of the possibility of their use as antimicrobial agent.

We are much interested in the thermal study of transition metal com-
plexes of salicylic acid, as we have already investigated the antifungal and
antibacterial activity of these complexes [L—4]. In view of the importance of
the structural activity relationships, it was thought worthy to perform thermo-
gravimetry study of metal complexes of salicyclic acid. Such a study will
provide valuable information about dehydration, pyrolysis of the anhydrous
complex as well as intermediate products formed during decomposition, which
will facilitate and help us in the synthesis of analogous biologically active
complexes.

The literature of thermal analysis, so far contains only a few reports
dealing with the thermal decomposition of alkali and alkaline earth metal
salicylates [5—9]. Little is known about thermal decomposition of Th(V)
salicylates [10] and ammonium salicylate [11]. Very recently we have reported
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TG, DTG and DTA studies of Fe(l1), VO(I1) and Zn(11) complexes of salicylic
acid [12 —14]. This report deals with the thermal decomposition of the com-
plexes of VO(Il), Cu(ll), Ni(ll), Co(ll), Fe(ll), Mn(ll) and Zn(ll) with
salicylic acid studied by TG, DTG and DTA together with the analysis of
intermediate products formed during the decomposition process. The stoichiom-
etry and structure of all the complexes along with the dehydrated product
is discussed on the basis of analytical and IR studies.

Experimental
Materials and methods

The complexes were prepared by the method described previously [15]. Equimolar
solutions of metal salts and the ligand were prepared and mixed in stoichiometric ratio
(M :L = 1:2). The solid complexes obtained were washed thoroughly with ethanol, dried
and recrystallized from dimethyl formamide. All the reagents used were of BDH AnalaR

Table |

Thermal and analytical datafor the bis-(salicylato)-diaqua complexesa

Temperature Composition % Weight loss (%W)
Complex D.P.» range (°C) Colour rggit(?uee cal. obs.
(1) Cu(SA)2 m2HD 1 100—240+4  Dark green Cu(SA)2 9.63 9.5
1 250—370+2  Blusih green CuCO0s3 66.92 66.0
11 370—-560+4  Black CuO 78.70 78.0
(M) Ni(SA)2 w2HD | 80 —220+2 Green Ni(SA)2 9.75 9.6
1 Undiscernible — — — —
11 230—520+2  Greenish black NiO 79.64 795
(w ) Co(SA)2 m2HD 1 100—220+4  Brown Co(SA)2 9.75 9.6
1 230—-360+2  Bright red CoCO0s 67.76  67.5
11 360—520+3 Dark brown CoO 79.68 79.5
(TV) Mn(SA)2 - 2HD 1 80—120+2 Tan Mn(SA), 9.86 9.5
1 Undiscernible - — — —
11 220—500+4  Grey green MnOc 80.56 79.0
(v) Fe(SA)z2 « 2HsO 1 80—220+2  Dark brown Fe(SA)2 9.84 9.75
1 Undiscernible — — - —
1 240—620+4  Dark brown FeOd 80.36 9.50
(v1) VO(SA)2 « 2HjO 1 110—260+4  Dirty green VO(SA)2 9.55 9.50
1 Undiscernible — — — —
11 270—520+3  Dark blue O=V=0° 78.0 77.75
(v i1y Zn(SA)2 « 2HD 1 100—240+4  Dirthy white Zn(SA)2 9.59 9.50
1 260 —340+2  White ZnCO03 66.6 66.5
11 350-450+3  Dirty white Zn 78.32  77.50
a = All the experiments were carried out in air at a heating rate of 4 °C/min.
b = Decomposition Period (Step).
c = In the final residue, the possibility for formation of Mn304 cannot be ruled out as
the experiments were carried out in air.
d = FeO was the major end product above 600 °C, however, below this temperature it

gets contaminated with Fes04, as the metal is characterized by its ability to form

such oxide.

The end product was expected to be a mixture of vanadium di- and penta-oxides.

Formation of Y206 may he due to the oxidation of vanadium dioxide in air.

— = Indicates that the decomposition product(s) could not be isolated and identified
owing to the lack of a clear cut horizontal onthe TG curve as the intermediate prod-
ucts are not stable to the required extent.
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grade. Metal contents were estimated by conventional gravimetric methods [16]. Elemental
analyses (carbon and hydrogen) were carried out in the usual way. The bonding in the complexes
was established by IR spectral study.

Elemental analysis

Metal content was determined by the conventional methods [16]. Carbon, hydrogen
analyses were carried out using a Colemann CHN analyser-29. The results are recorded in
Table I.

IR spectra

IR spectra of all the bis-(salicylato)-diaqua complexes and their dehydrated products
were recorded using Perkin-Elmer Grating IR-Spectrophotometer Model-377 by KBr disc
technique. The IR-spectrum of salicylic acid was also recorded for comparison. The 4000 —
400 cm-1 region was scanned in thirteen minutes.

Far infrared spectra were recorded in the region 500—50 cm-1 employing Polytec
FIR 30 Fourier Far infrared spectrometer.

Thermogravimetry (TG)

Thermogravimetry was carried out on a Stanton recording thermo balance (HT-Model)
of 1 mg sensitivity in static air with a heating rate of4 °C/min. The chart speed was maintained
at 3 inches/hr. AU samples (*u<100 mg) were of the same particle size and were packed as uni-
formly as possible in a platinum crucible and the same was used throughout the experiments.

Differential thermal analysis (DTA)

DTA assembly with temperature programmer of F and M Scientific 240 Hewlett
Packard and thermocouple platinel-1l of Engelhard Ltd., U.S.A. were used. DTA curves
for i35 mg of each sample, were recorded by Rigadenki Kogyo Co. Ltd. recorder in static
air at a heating rate 4 °C/min. Alumina was used as a reference standard.

Results and Discussion

Analytical data of the complexes, composition of the residue and decom-
position temperature are presented in Table |I. TG, DTG and DTA curves
are shown in Figs. 1 to 3, while the corresponding transition temperature,
TG weight loss data and DTA peak temperature are listed in Table Il. The
position of the characteristic IR peaks are shown in Table I11.

Stoichiometry and structure of the complexes

The analytical data reported in Table | indicates that the stoichiometry
of all the complexes is ML, ¢« 2H.0, where M stands for VO (I1), Cu(ll), Ni(ll),
Co(ll), Fe(ll), Mn(Il), Zn(ll) and L the anion of salicylic acid.

The infrared spectrum of the solid salicylic acid is almost identical to
that of its complexes in the region 2000—625 cm-1. The frequencies of most
interest with regard to structure are the C—O and O—H vibrations. The
r(C=0) hand at 1650 cm.. is shifted to a lower frequency (1570 cm-1) in
all the complexes showing that complexation has taken place through the
carboxyl group [17, 18]. The infrared spectra also shows that the r(OH)
band has shifted from 3240 cm.. in salicylic acid to 23500 cm.. in the
complexes indicating the absence of hydrogen bonding [19]. Appearance of
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Fig. 1. TG, DTG and DTA curves for bis-(salicylato)-diaqua complexes; (1) Cu(ll), (2) Ni(ll)

new band in the neighbourhood of 800 cm- . in all the complexes shows that
the water molecules are co-ordinated to the metal ion [20—22]. The presence
of a band at 315 cm- . confirms the presence of co-ordinated water [23].
The presence of water as co-ordinated water is further borne out by the thermal
decomposition data (Figs. 1 to 3). It may also be noted that the aO -H
(phenolic) bending peak at 1300 cm- . remained almost at the same position
for both salicylic acid and its complexes. This shows that there is no loss of
proton by the phenolic OH group up on co-ordination.

All the complexes are insoluble in water and common organic solvents
suggesting polymeric structure to each of them. Because of their insolubility
in common organic solvents extent of polymerization could not be determined.
Early reported data on magnetic susceptibility and electronic spectra, except
Zn(l1), indicated octahedral stereochemistry for all the complexes [24]. The
thermal decomposition would appear to be consistent with this type of struc-
ture and would suggest that the water molecules are directly bonded to the
metal ion along with two salicylate moieties to give a co-ordination number
of six for each of the metal(ll) ions.
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Fig. 2. TG, DTG and DTA curves for bis-(salicylato)-diaqua complexes; (1) Co(ll), (2) Mn(IIl)

The increase in the difference between vCOO(asym) and vCOO(sym),
(/13), has been taken as a measure of increasing covalency of the M—O bond
[25]. The salicylic acid complexes presented a band at ~1600—1620 for
rCOO(asym) and at #1435 —1450 for vCOO(sym). Thus the covalent character
of the M—O bond follows the order: Fe(ll) m<Mn(ll) < Co(ll) < Ni(ll) <
< Cu(ll) < Zn(Il) < YO(II).

Thermal decomposition

In general TG weight loss data, DTG and DTA curves suggest three
steps of the thermal decomposition of the complexes as follows:

Step |
[CeH.(OH)COO]2M *2H20 — [CiH.(OH)COO]2M + 2H2
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Temp. (°C)

Fig. 3. TG, DTG and DTA curves for bis-(salicylato)-diaqua complexes; (1) Fe(ll), (2) VO(II)

Step Il

[CcH. (OH)COO]2M —»MCO: -* combustion (volatile) products; CO, C02 2H20

Step 111

MCO: — MO + CO02

At step I, co-ordinated water is lost. This step is characterized by an
endothermic effect (DTA curves; Figs. 1to 3). This is supported by TG curves
where the first inflection corresponds to the weight loss of two water molecules
(TG curves; Fig. 1to 3 and Table I).

In steps Il and 111, pyrolysis of anhydrous complex occurs. In step II,
metal carbonate formation and combustion of salicylate moiety takes place;
the net effect of step Il is exothermic as shown by the DTA curve. The gaseous
combustion products of the salicylate moiety are CO,C02 H2 in accordance
with those reported for other salicylate systems [7, 9]. In step Ill, metal
carbonate finally decomposes into metal oxide with the evolution of CO02
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Table N
TG horizontal maximum and range of DTG and DTA peaks of
bis-(salicylalo)-diaqua complexes
Maxima of
Range of TG Range of Maxima on the
Complex D.P. ho%zontal th{eral?:'el'G DTG geffect DX':'A trace DF‘zl'?ge?fgit
(0 ) 0 (°c)
(I) Cu(SA), *2H,0 I 100—240%4 200 (m) 166-219 210(s) Endo. 165-250%2
M 250-370+2 300 (s) 252-333 350 (s) Exo. 300-246+4
hi 370-560+4 392 (m) 372-419 480 (s) Exo. 426-500+2
(M) Ni(SA), *2H,0 | 80-220+2 179 (m) 159-192 200 (m) Endo. 100-226%2
n Undiscem-
ible — — - -
hi 230-520%+2 359 (s) 339-419 400 (s) Exo. 226-479+4
(W) Co(SA), *2H,0 I 100-220+4 153 (m) 139-172 205 (w) Endo. 166-272+4
il 230-360+2 272 (s) 226-352 330(s) Exo. 300-372+2
hi 360-520+3 400 (m) 372-413 440 (w) Exo. 400-500+4
(IV) Mn(SA)j « 2HjO | 80-210+2 186 (w) 179-192 205 (w) Endo. 100-233%2
il Undiscern-
ible - - - —
in 220-500+4 272 (s) 233-313 390 (m) Exo. 346-419+2
(V) Fe(SA)2 « 2H,0 | 80-220+2 172 (w) 166-185 190 (m) Endo. 110-226+2
il Undiscern-
ible — — — -
hi 240-620+4 339 (s) 252-352 400 (s) Exo. 372-472+4
(V1) VO(SA)j * 2H,0 I 110-260+£4 179 (m) 172-200 220 (s) Endo. 152-266+2
n  Undiscern-
ible — — — —
hi 270-520+3 413 (s) 379-466 400 (s) Exo. 333—459+4
(VII) Zn(SA)2 « 2HjO I 100-240+4 200 (s) 180-200 210 (m) Endo. 200-280z%4
N 260-340+2 340 (sh) 320-360 340 (s) Exo. 333-400%2
hi 350-450+3 460 (s) 440-500 450 (s) Exo. 416-526+4

s (sharp), sb (sharp and broad), sh (shoulder), m (medium), mb (medium and broad),
w (weak).

This decomposition is endothermic always, the oxidation, however, of a prod-
uct of cracking from the preceding decomposition process, or that of carbon
probably produced an exothermic effect shown on the DTA curve.

At the end of steps | and Il, small horizontals occur, whose importance
for analytical purposes is rather doubtful. A horizontal corresponding to metal
oxide is especially useful for analytical purposes.

The recorded DTA curves (Figs. 1 to 3) are observed to have unusual
shapes, however, we have compared them with those reported by earlier
workers [5, 7, 9] for other salicylates and observed that they too have obtained
unusual shapes of DTA exothermic peaks. Such abnormal shapes are also
found in malato-aqua [26] and EDTA [27] complexes of transition metals.

The abnormal shape of exothermic peaks of the DTA curves is probably
due to the various gaseous combustion products escaped as a consequence of
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Table I11

Characteristic 1.R. frequencies for bis-(salicylate)-diaqua complexes

Bis-(Salicylato)-diaqua complexes of

SA
Cu(ln) i1y Co(ll)

rCOO_-asy 1660 (s) 1615 (s) 1630 (s) 1620 (s)
rCOO_-sym 1450 (s) 1400 (s) 1420 (s) 1410 (s)
roH 3600—2600 3660—2700 3670—3000 3650-3000

(3300) sb (3380)sb (3390)sh (3500) sb
40 -H 1315 (s) 1315 (s) 1320 (m) 1320 (m)
6yHjO - 870 (m) 860 (s) 860 (s)
rM-0 + (C-C) - 596 (sh) 585 (sh) 540 (mh)
rM—0 + ring — 455 (m) 470 (wb) 425 (m)
dcoo- — 215 210 210

s (sharp), ss (sharp and broad), m (medium), w (weak), wb (weak and broad), sh (shoulder)
Bis-(Salicylato)-diagua complexes of

Mn(Il) FL(I1) VO (Il) Zn(11)
i'COO- -asy 1602 (s) 1630 (s) 1630 (s) 1630 (s)
i>COO~-syin 1400 (s) 1435 (s) 1405 (s) 1410 (s)
rOH 3655-2800 3640-2900 3665-2700 3650—2800
3 (3900) sb (3410) sb (3340) sb (3400) sb
OO-H 1320 (m) 1320 (m) 1310 (w) 1315(w)
oyH20 850 (s) 855 (s) 860 (s) 855 (s)
i'Mm -0 + (C—C) 580 (w) 565 (sh) 570 (m) 575 (m)
rM—O - ring 475 (mb) 450 (w) 430 (w) 435 (w)
/1CO0- 202 195 225 220

the decomposition of the organic skeleton,i.e., salicylate moiety of the com-
plex. A large and broad exothermal peak in a wide temperature range on the
DTA curve for decomposition of dehydrated complexes indicates beside the
decomposition, oxidation and combustion processes too.

Characteristic thermal behaviour of individual complexes

The persual of Figs. 1—3 indicates that in case of Cu(SA)2.2U0 20,
Co(SA)2 +2H20 and Zn(SA)2+2H20 all the three decomposition steps could
be distinguished. On the other hand, for Ni(SA)2«2H2, Mn(SA)2+2H20,
Fe(SA)2 «2H20 and VO(SA)2 «2HaO only two steps could be discernible. In
the latter cases the overlapping of steps Il and 111 takes place probably due
to almost rapid and continuous decomposition of the dehydrated complexes.
In all the cases stoichiometries of the thermal decomposition products are
found to be quantitative (Tables I and I1).

It is worthy to note that for Fe(SA)2+2170, FeO was the major end
product above 575 °C. However, below this temperature it gets contaminated
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with Fe20 3. As these reactions were carried out in air, there may be possibility
of other oxide formation also, but the predominant oxide which might have
been formed is Fe304 as the metal is characterized by its ability to form such
oxide. In case of Mn(SA)2 « 2H20 the final residue was expected to be a mixture
of MnO and Mn304 (Tables I and I1). Similarly for VO(SA)2 « 2H20, the end
product was found to be a mixture of vanadium di and penta oxides. Forma-
tion of V2 5is probably due to the reason that the thermal decomposition
takes place in air which causes the oxidation of vanadium dioxide.

Isolation of intermediate products

In order to isolate intermediate products of the thermal decomposition,
samples were heated in air to an appropriate temperature in a crucible and
the residues were analysed. The decomposition products have also been con-
firmed by IR and X-ray K-absorption edge studies. However, all the inter-
mediate products of the decomposition steps could not be isolated and iden-
tified owing to the lack of a clear cut horizontal on the TG curve, as the inter-
mediate products are not stable to the required extent.

The IR spectra, however, confirm the dehydration (Step 1) since the
peaks and bands characteristic of the co-ordinated water disappeared in the
IR spectra of first decomposition product.

As aresult of dehydration the change in stereochemistry of the complexes
is observed. It is worthy to note that the colour intensity is increased due to
the formation of dehydrated complexes. The composition of the dehydrated
complex is checked through elemental analysis, IR spectra and X-ray K-
absorption studies.

We have studied the X-ray K-absorption spectra of Cu(ll), Ni(ll),
Co(ll) and Zn(ll) complexes (ML2—2H20) as well as their dehydrated prod-
ucts (ML2 [28] and have indicated that change in stereochemistry from
octahedral to tetrahedral takes place as a consequence of dehydration. Details
of the study will be published elsewhere [28].

Thermal stability of the complexes

If the initial decomposition temperature is taken as a measure of the
thermal stability of complexes, we can conclude that the stability of the metal
complexes increases roughly in the order Mn(ll) < Fe(ll) < Ni(ll) < Co(ll)<
< Zn(Il) < Cu(ll) < VO(II).

It is interesting to note that the dehydration temperatures of the com-
plexes increases with the increase in coordinated water frequency. This is also
in the order mentioned above.

This finding may also be explained in terms of metal percentage (M%
in the complexes (Table 1) .
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Conclusions

Results of this study on thermal decomposition of salicylic acid com -
plexes showed that thermal analysis can be useful for the determination of
the number of molecules of water bound, for detecting contamination with
starting reagents and for the control of the agreement of declared composition
of a compound. It also provides a means for correlating the microbial activity
with the change in the stereochemistry of the active species.

The knowledge of heating curves is useful for gravimetric analysis of
a compound. For quantitative analysis of the compound studies, a horizontal
formed at the first and the last stage of decomposition is only suitable. Par-
ticularly the latter is of much quantitative importance.

Increasing heating rates, DTA and DTG peaks as well as horizontal on
the TG traces, changed in the manner reported by Schultze [29].

*

The authors express their sincere thanks to the late Dr. M. D. Karkhanawala (the late
Head, Chemistry Division, BARC, India) for providing facilities and to the U.G.C. (India)
for research fellowship to the authors (BDH and SMA).
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By using a combination of spectral photography and photographic equidensito-
metry the distribution of the elements Li, Al, (TI), (Sn), Ag, Mg, (Si), Sb, Be and C
was investigated in the plasma of the d.c. arc at cathodic evaporation of powder speci-
mens from a crater electrode. The effect of the concentration of the readily ionizable
additive Li (Li2C03) on the distribution of the trace elements was studied. A correlation
was found between ionization potential of the trace element and additive concentration,
on the one hand, and intensity increase, on the other hand. Conclusions were made
for optimization of single-element and multielement analyses.

To determine trace elements in pure substances and natural products,
analytical methods combined with concentrating techniques are frequently
applied. The traces are often bound to carbon powder by adsorption, the
latter then being directly subjected to spectral analysis. In order to improve
the detection limit, readily ionizable elements like K, Na, Li, Ga, Ba etc.
[1—3] are utilized, added in the form of their salts to the carbon powder.
Excitation of these specimens is usually performed by d.c. or a.c. arcs. The
image of the central part of the discharge is formed on the slit of the spectro-
graph. When making use of d.c. arcs, some authors [4—7] utilize the intensify-
ing effect of the region close to the cathode and form the image of this region.
Improvements of the detection limit attained in this manner may reach one
order of magnitude. For this reason it is of particular interest to investigate
the temporal-spatial distribution of the elements in the plasma of the d.c. arc.
Spatial distribution has been studied so far by radioactive isotopes [8—10],
by AAS [11] and by determination of the width and intensity of the spectral
lines [12—14]. In this work another method developed by us is described,
allowing two-dimensional evaluation of the plasma. The underlying concept
is a combination of spectral photography (photography with a stigmatic
image-forming spectrograph without slit) and photographic equidensitometry
[15]. We applied this method to numerous studies of arc plasmas [16—21]

*Part X1Il: Spectrochim. Acta, 39B, 1225 (1985)
**To whom correspondence should be addressed.
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and also to studies ofinductively coupled plasma [22]. A comprehensive paper
is given in [23].

In this paper it will be applied to study the effect of Li (LigCOg) on the
distribution of trace elements in the arc plasma. Evaporation of the specimens
was performed on the cathode, having a lower temperature as compared to
the anode. Owing to this condition, the specimen will evaporate elements.

Experimental

Apparatus

For spectral arc photograms: plane-grating spectrograph PGS-2 (Carl-Zeiss-Jena, GL»R)
without slit. Image formation: direct, reduction 5 : 1 with one lens. Plane grating: 650 lines/mm,
blaze wave length 1020 nm. Reciprocal linear dispersion: 3rd order 0.234 nm/mm, 4th order
0.176 nm/mm. Photographic plate: ORWO-WU 3, blue extra hard. Electrodes: cathode (lower
electrode) = crater, electrode & mm diam. Crater: 4 mm diam, 2 mm depth, anode (upper
electrode) = counter electrode, 6 mm diam, conically formed (17 mm length, 2 mm diam).
Distance: 5 mm.

For line spectra: spectrograph ISP-30 (U.S.S.R.). Slit width: 0.012 mm. Image forma-
tion: intermediate with 3 lenses, image of the part of the arc close to the cathode (0 to 2 mm).
Exposure: 30 s.

(The reason for using these different instruments was not a matter of principle, but
due to the division of work between the institutes participating.)

Materials

Carbon powder, spectral grade.

Li2C03; Li-contents in the carbon powder: 0; 0.25; 0.5; 0.75; 1; 2; 4; 6; 8; 10%, resp.
Trace elements: each specimen contained 0.002% Al (AL>03); 0.008% Sn (Sn02; 0.002% Ag
(AgNO03); 0.002% Si (Si02); 0.008% Be(Be (N032; 0.0049% Sb (Sb203); 0.002% Mg (MgO);
0.008% T1 (T1INO3).

Performing of experiments

20 mg carbon powder (mixed with the trace elements and the desired amount of Li2COs)
was placed into the crater of the cathode (lower electrode). 10 A d.c. current was used for
excitation.

Exposure with the PGS-2 instrument for a spectrogram to be used for equidensito-
grams was 1s. Exposure can be performed after differing prefiring times or — also repeatedly —

Table |

Characteristics of the selected spectral transitions ionization potentials and
improvements of the total radiation intensity at cathodic evaporation
(anodic evaporation = 100%)

Elemgnt gnd Excitat_ion Ionisali_on Improvement
spectial line potential potential (%)
(nm) (eV) (eV)

Li | 323.26 3.83 5.39 —
Al 1 308.21 4.02 5.98 310
Tl 1 276.79 4.44 6.11 300
Sn | 317.50 4.33 7.34 260
Ag | 328.07 3.78 7.57 260
Mg | 285.21 4.34 7.64 205
Si | 288.16 5.08 8.15 150
Sb | 287.80 5.36 8.64 135
Be | 332.13 6.45 9.32 115
C | 247.86 7.49 11.26 —
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during a burn-off. Total intensity with the ISP-30 instrument was determined in the usual
manner (exposure 30 s).

The characteristics of the evaluated lines are summarized in Table |I. The elements
differ above all in their ionization potential.
Spectral photography

The light source, that is, the total d.c. arc was projected with one lens at a reduction
of 5 : 1 directly in the slit plane of a stigmatic plane grating spectrograph PGS-2. The entrance
slit of this spectrograph had been removed and replaced by a photographic shutter with a
circular opening (r = 0.2...0.8 cm). In this manner one obtains on the photographic plate,
instead of the spectral lines, for each transition the total image of the arc. Spectral overlappings
may occur, however the resolution of the spectrograph is so good that in not too line-rich
spectra very many evaluable spectral plasma images will be obtained.
Photographic equidensilometry

A series of contact copies with different exposure times were made of the spectrograms
obtained, on plane film (FU 5 ORWO Wolfen, GDR); these copies, after development, but
without fixation were subjected to a second exposure with diffuse light. Due to the Sabattier-
effect, after a second development and fixation, a white line will appear on a dark background.
This line, the equidensite, connects all points of equal density in the original photogram.
A contact copy will then yield a black line against a light background. These individual equiden-
sities were then suitably magnified and mounted together, so that the final result is the total
image of the arc as equidensitogram. For calibration of individual equidensities a standard
grey wedge was used. Equidensity numbers up to 10 are equal to the density values multiplied
by 10; above No. 10, the numbers increase with density values of 0.2 (e.g. No. 10 = density
1.0; No. 15 = density 2.0). For the sake of lucidity only the number of the highest equidensity
is marked in the equidensitograms. From this value one can find the values of the other equi-
densites by counting in the reverse order of succession.

Results and Discussion

Distribution of the matrix elements in the arc

In order to find the distribution of the matrix elements, spectrograms
oi (, I and Li I were taken in the presence of different Li concentrations.
Exposures were made at 2 s, 11 s and 20 s after the start of burn-off, so that
temporal changes in element distribution could also be observed. Results are
represented in Fig. 1. To promote comprehensiveness, the corresponding equi-
densitograms of C and Li have been combined into one figure each.

Figure 1shows that in the absence of Li, the distribution of C is close to
homogeneous over the whole arc column. Slightly higher enrichments are
observable in the vicinity of the cathode. In the presence of 1% Li, Li atoms
are present in the cathode space only. This orientation increases with longer
burn-off periods. In contrast, the distribution of the C atoms at the beginning
of the discharge (after 2 s) is oriented towards the anode. As Li concentration
decreases with increasing burn-off time, C distribution becomes homogeneous
again. In the presence of high Li concentrations (8%), Li distribution is almost
homogeneous at the beginning and subsequently increasingly oriented towards
the cathode. C enrichment has its maximum at the anode, and the maximum
is slowly shifted towards the centre with increasing burn-off time.
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807.U

Fig. 1. Dependence of the spatial and temporal distribution of C | and Li | intensity on the
Li concentration of the specimen (superimposed equidensitograms)

The reason for these distributions is in the two motion components
convection (for all particles) and migration of ions in the electric field, and
in the differing ionization degrees in the arc.

The ionization degree of the C atoms difficult to ionize will change with
the concentration of the readily ionizable Li, controlling electron pressure.
In the absence of Lithe ionization degree of Cis relatively high at temperatures
of 7000 to 8000 °C present in the pure carbon arc, so that the two motion
components will result in a homogeneous arc plasma. With increasing Li
concentration, arc temperature decreases and electron pressure increases.
This results in a reduced ionization degree of C and hence in reduced oriented,
field-controlled migration of the C+ ions. Evaporation decrease from the
cathode affects the phenomena. As a result, anode-oriented C distribution will
appear. The situation for Li is similar. Arc temperature is lowest at extremely
high Li concentration (8%, 2 s). Consequently, the ionization degree of Li
will also be lowest, although electron pressure is maximum at these conditions.
Hence, Li atoms can move axially by convection (and also by diffusion) toward
the centre of the arc. Decreasing Li concentration is equivalent to temperature
increase and ionization degree increase for Li, by reason of which oriented
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Al I 308.21 nm

2S 118 208

Fig. 2. Dependence of the spatial and temporal distribution of Al | intensity on the Li con-
centration of the specimen

motion of the Liions will lead to its enrichment increase in the cathode space,
that is, diffusion and convection will be suppressed.

Figure 2—6 demonstrate the results for the trace elements Al I, Ag I,
Mg I, Sb | and Be I.

The distribution of the trace elements in the arc plasma is similar to
that of Li, that is, at high Li concentrations (8%, 2 s) a more or less pronounced
homogeneous distribution of the atoms is observable. At decreasing Li con-
centrations (gradual evaporation from initial 8%, or lower initial concentra-
tion and additional gradual evaporation) the maxima are shifted towards
the cathode.

The differences observed between individual trace elements are due to
their differing ionization potentials and consequently — under identical exter-
nal conditions, i.e. electron pressure controlled by C or Li — differing degree
of ionization.

Highest Li concentration results, in the case of Al, in homogeneous
element distribution. This is similar for Ag | and Mg | too, but in these cases
significant homogenization is observed already at an initial Li concentration
of 1%. This is even more expressed in the case of the less readily ionizable
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Agi 328 07 nm

2s 11s 20s
Vb /

0.0V. Li nu g

Fig. 3. Dependence of the spatial and temporal distribution of Ag I intensity on the Li con-
centration of the specimen

Mgl 285.21 nm

Fig. 4. Dependence of the spatial and temporal distribution of Mg | intensity on the Li con-
centration of the specimen
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Sbl 287.80 nm

2 s 1s 208
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Fig. 5. Dependence of the spatial and temporal distribution of Sb | intensity on the Li con-
centration of the specimen

Be I 332.13 nm

2s 20s

80V. L

Fig. 6. Dependence of the spatial and temporal distribution of Be | intensity on the Li con-
centration of the specimen
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elements Sb | and Be I. In the Li-free arc only the least ionizable element Be |
shows a trend towards homogeneous distribution, all other elements are
ionized to such a degree that field-controlled oriented motion of the ions
prevents a free distribution of the atoms being in dynamic equilibrium with
the ions. All particles are enriched in the cathode space.

Obviously, total intensity of radiation in the respective maxima of the
selected atomic lines is also affected by the degree of ionization. This is clearly
expressed in the case of Al, where maximum density at 8% Li, 2 s is much
higher than at 0% Li, 2 s (cf. equidensities No. 9 and No. 3 in Fig. 2). From
the present concept there is no explanation for the substantial intensity
decrease of Sb | and Be I lines in the present of 8% Li; other factors must be
responsible for the phenomenon. In the case of Sb, the reason might be a very
rapid evaporation (<2 s) of the bulk of Sb, caused by the carrier effect of
LNCOa- In the case of Be, substantial intensity decrease might presumably
be caused by slower evaporation due to increased carbide formation. How-
ever, these effects have not been further studied.

The results discussed indicate that for individual elements, differing Li
concentrations are required to establish optimum conditions. In multielement
analyses, therefore, a compromise must be made. It is also clear that the
choice of the arc region close to the cathode for analytical purposes will improve
the line to background ratio. We therefore chose the arc section cathode to
2 mm above the cathode to investigate the relationship total intensity during
a burn-off versus Li concentration for the individual elements. The results
are presented in Fig. 7.

This figure demonstrates that for readily ionizable elements (Al I,
Tl 1) maximum intensity is reached in the presence of 6—8% Li. For Ag I,
Mg | and Sn | whose ionization potential is similar, this value is 2% Li, and
for the least readily ionizable Be | around 0.25% Li. For a multielement
analysis, a value of 1—2% Li is recommended.

Since already the equidensitograms demonstrated that total intensity is
influenced not only by the motion in the arc plasma, but also by evaporation,
cathodic and anodic evaporation of the elements was compared, the spectro-
grams being taken from the arc section close to the cathode (0 to 2 mm) also
in the case of anodic evaporation. Also, optimum Li concentration was deter-
mined and applied in the case of anodic evaporation. Optimum Li concentra-
tion was found to be the same for both evaporation variants.

The improvement by optimum Li concentration is also presented in
Table 1, clearly manifesting that in the chosen analysis example cathodic
evaporation is much preferable. Also, a distinct trend is recognizable that
cathodic evaporation is of particular advantage for readily ionizable elements.
This trend is attributable to optimum conditions being less clearly defined for
more difficultly ionizable elements (cf. Fig. 7).
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Li %

Fig. 7. Total intensity of the special lines Al I 308.21nm,TIl | 276.79 nm, Sn | 317.50 nm, Ag |
328.07 nm, Mg | 285.21 nm, Si | 288.16 nm, Sb | 287.80 nm, Be | 332.13 nm versus Li concentra-
tion of the specimen

Conclusions

1. It was stated, by combining spectral photography and photographic
equidensitometry, that the distribution of elements in the d.c. arc plasma
depends on the concentration of the additive (readily ionizable element), on
the ionization potential of the trace element, on the physico-chemical proper-
ties (mainly evaporation) of the trace element and on the moment of the
burn-off period.

2. The addition of readily ionizable elements (e.g. Li) to the specimen
results, at cathodic evaporation of the trace elements and the additive, in
a larger excitation zone of the element in the arc. Radiation maxima will be
shifted from the space close to the cathode towards the centre of the arc with
increasing additive concentration. This shift takes place already at low addi-
tive concentrations in the case of difficultly ionizable elements, and only at
high additive concentrations in the case of readily ionizable elements.

Since optimum intensity is observed parallel to this shift, a compro-
mise of conditions must be made for multielement analyses; these conditions
may, however, be improved for single-element analyses.

3. Best effects in intensity increase are obtained for elements with low
ionization potentials by replacing the generally applied anodic evaporation
by cathodic evaporation. Also, readily ionizable elements — in cathodic
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evaporation — show higher intensity increases with optimum additive con-
centrations as compared to the results in the absence of additive.
4. It could be confirmed that the plasma-diagnostic method developed

allows to improve the detection of trace elements and to elucidate plasma
processes. In particular, it could be demonstrated that element distribution
in the arc is subjected to a continued temporal change.
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Several catalysts composed of Ti02 and NiO, Co304 or Fe20a were prepared.
It was found that the admixtures reacted partly with Ti02 support. PureTiO2and the
doped catalysts evolved hydrogen from a mixture of water and EDTA under irradia-
tion. The admixture of NiO (1 wt.%) increased the photoactivity of Ti02 by a factor
of 1.4. For all the catalysts the initial step of the photoreaction was the reduction of
surface Ti(lY) by photogenerated hydrogen. An explanation of the influence of admix-
tures on hydrogen evolution is given.

Introduction

Although Ti02alone does not decompose water under irradiation [1, 2],
some modifications of this oxide are photocatalysts for water splitting. It is
well known that platinum-group metals supported on Ti0O2give rise to hydro-
gen evolution from water over irradiated titania [3, 4, 5]. On the other hand,
oxygen and hydrogen evolution from water was observed when Ti02 was
loaded (or mixed) with an oxidation catalyst — Ru02[6, 7, 8]. Domen et al.
[9, 10] reported that water vapour and liquid water could he photodecomposed
on NiO—SrTi0O3catalyst. They suggested that an admixture of a p-type semi-
conductor oxide (NiO) played the role of the reduction catalyst, i.e. the con-
duction band electrons reacted with H+-ions through NiO. Thewissen et al. [11]
observed a slight enhancement of the photoreduction of S20g~-ion on SrTi03—
LaCr03 powders in comparison with pure SrTi03. Moreover, impurity tech-
nigue has been used to improve the response of Ti02based photocatalysts and
photoelectrodes, e.g. their n-type conductivity [4, 8] or extending the spectral
response of Ti02into the visible region [4, 12, 13].

The present paper deals with the influence of NiO, Co304 and FeX 3
admixtures on hydrogen evolution on irradiated anatase and is a part of our
study on the influence of transition metals and their oxides on the photo-
activity of titania.

*To whom correspondence should be addressed.
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Experimental

Catalyst preparation

Pure Ti02 was obtained by the hydrolysis of TiCl4. After adjusting the pH to 8.0 with
ammonia, the slurry was heated to 353 K, cooled down and filtered. The precipitate was dried
overnight at 383 K, annealed at 673 K for 6 h and crushed in an agate mill-mortar. For mixed
catalysts the desired amount of NiCl2 (CoCl2 or FeCl3) solution was added to the aqueous slurry
of Ti02 and Ni(OH)2 (Co(OH)2 and Fe(OH)3 respectively) was precipitated with a dilute
sodium carbonate solution. The precipitate was filtered, dried and annealed in air at 673 K
for 6 h. All chemicals used were of analytical grade, the water was bidistilled in a Pyrex water
still.

Characterization of the catalysts

Specific surface area measurements were performed by the static BET method on a
Gravimat, Sartorius, Microbalance type 4102 using nitrogen adsorption at 77 K.

X -ray diffraction patterns were taken on a TUR MG 2 diffractometer using CuKa
irradiation.

In order to determine the composition of the catalysts they were treated with boiling
concentrated hydrochloric acid for 0.5 h, the slurry was filtered off, and Ni, Co and Fe were
measured by atomic absorption spectroscopy (Unicam SP 90).

Reflection spectra of pure Ti0O2 and NiO—Ti02 catalysts were recorded on a Specord
M 40 spectrometer using magnesium oxide as a standard. The absorbance were measured in
the wavelength range of 200 —800 nm.

Hydrogen evolution experiments

0.1 g of the catalyst was placed in a round bottomed Pyrex flask and 100 cms of 0.01 M
EDTA solution was added. The suspension was magnetically stirred with bubbling oxygen-
free argon for 2 h in order to remove traces of oxygen and then illuminated under flowing
argon with a medium pressure mercury lamp operated at 180 Y. The light passed through the
filter which transmitted practically only the 366 nm wavelength. The temperature of the
reaction mixture was 298 i 2 K. Hydrogen evolved under illumination was analysed by gas
chromatography using a TCD detector, a column packed with active carbon (413 K) and
argon as a carrier gas.

The incident light flux was measured by an oxalate-uranyl actinometer according to the
procedure described by Harchard and Parker [14]. The light flux was assumed as 7.2x10-2
/(mole of quanta per second for the 366 nm wavelength.

Results and Discussion

Three series of doped samples were used for this study: NiO doped
Ti02 Co0304 doped Ti02and Fe20 3 doped Ti02 The amounts of dopants are
listed in Table I.

As it was mentioned in Experimental, the starting Ti02 sample was
annealed at 673 K. The use of such a low temperature gave pure anatase,
what was confirmed by X-ray data. The specific surface area of the pure
Ti02 was 128 mlg-1.

The doping with NiO, Co030 4 and Fe20 3was made on the surface of the
above described Ti02 The intention of the authors was to prepare hetero-
geneous samples consisting of islands of dopant oxide on the surface of Ti0O2.
However, the compositional study of the doped samples showed that only a
part of a foreign oxide was dissolved in concentrated HC1. The amounts of
dopanst which were dissolved during the treatment with hydrochloric acid
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Table |

Data on the samples investigated and their photoactivity
in hydrogen evolution from water

Amount of Solubility Rate of hydrogen evolution aptum
Base oxide Dopant dopant of dopant &H
wit. % %p IxTole~1x 104  cm3h-1x103 %
TiOj — — — 18 14.7 0.50
no, NiO 0.5 X 16 131 0.45
THO2 NiO 10 36 24 193 0.69
TiOj NiO 20 X 13 10.9 0.38
TiOj 1.0 31 traces traces —
Ti02 Co30 4 20 X traces traces —
TiO,, Fezo 3 05 X 1.0 84 0.28
Ti02 Fe20 3 1.0 55 13 10.9 0.38
Tit2 Fe2o 3 20 X traces traces —

x — The solubility of dopant was not measured

are given in Table I. The measurements were performed for the samples con-
taining 1 wt.% of dopant oxide. For comparison purposes, pure NiO, Co304
and Fe20 3were treated with HC1 under the same conditions. All three oxides
dissolved readily in about ten times shorter period than the doped samples.
Titania alone does not dissolve in hydrochloric acid. The annealing of doped
Ti02 at higher temperatures (673—773 K) in hydrogen resulted in the reduc-
tion to metals of only a part of the oxide (i.e. NiO, Co304and Fe20 3). Therefore,
it is highly probable that with samples doped with 1 wt.% of NiO, Co30, or
Fe2 3, the main part of admixture reacts with anatase and/or migrates into
the bulk of Ti02 crystals. The rest is expected to form some islands on the
surface of Ti02 Our supposition is confirmed by recently published findings
of Goldman [15] on the reactions between NiO and Ti02 According to the
above author, the low temperature sintering of a mixture of NiO and Ti02
leads to the formation of a solid solution of these two oxides. Higher tempera-
tures, above 873 K, cause the formation of a new compound NiTi03.

X-ray diffraction spectra of the doped samples are similar to the X-ray
pattern of pure Ti02 i.e. show only lines characteristic of anatase and, there-
fore, they do not provide any information which could contribute to the under-
standing of the sample structures.

Anatase—Ti02 is a semiconductor with a hand gap of 3.2 eV [16], and
any light energy equal to or higher than the band gap is absorbed by Ti02
and causes the transfer of electron from the valence band into the conduction
one. Electrons and holes thus created have sufficient energy to decompose
water, i.e. to reduce H+ and to oxidize O2-. However, both hydrogen and
oxygen evolution processes are hindered on pure Ti02 [16, 17]. The purpose
of this study was to introduce some admixtures facilitating hydrogen genera-
tion, hence the use of a sacrificial compound (EDTA) which enhances the
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oxidation by photogenerated holes. The use of such sacrificial molecules
allows us to focus our attention on the cathodic reduction of water (i.e. by
photogenerated electrons) which is a slower process. One can see from Figure 1
that the 366 nm light, which was used in all the experiments, was absorbed
by Ti02.

The rates of hydrogen production and quantum efficiencies are listed
in Table 1. The values given correspond to the stage at which the hydrogen
production rates are constant, i.e. after the initial step of the photoreaction
(see Fig. 2). One can see from Table | that pure anatase-Ti02 causes a slow
hydrogen generation under illumination. For doped samples, only doping with
1wt.% of NiO increases the rate of H2production under stationary conditions.

250 _ ,300 350 400 500 600 800
Wavelength Jnm)

Fig. 1. Visible and UV absorption of the catalysts; 1 — pure Ti02 2 — Ti02with 2 wt.% NiO

Fig. 2. Light induced water decomposition. Volume of H2 produced as a function of irradiation
time; 1 —pure Ti02 2 —Ti02 with 1 wt.% NiO, 3 —Ti02 with 1 wt.% Fe203
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The activity of Ti02—0.5 wt.% NiO sample is similar to that of pure Ti02
and the activity of Ti02 — 2 wt.% NiO catalyst is slightly lower. Among the
other samples, only those containing 0.5 and 1.0 wt.% of Fe20 3 cause the
photogeneration of hydrogen in measurable amounts. The other samples have
only traces of hydrogen (<1 cmh_1XI103).

As it was already mentioned (see Introduction), the admixture of NiO
enhanced the photoactivity of SrTi03in water splitting. Similarly, the activity
of Ti02—1 wt.% NiO system was by about 40% higher than that of pure
Ti02 For the system of NiO—SrTi03, however, the increase in hydrogen pro-
duction was much higher. It seems to be likely that for SrTi0O3with the perovs-
kite structure, NiO does not react with the support and forms only “islands”
on its surface. These “islands” act similarly to the “Pt—islands” on SrTi03
or Ti02 In the case of the NiO—Ti02 catalysts, there are two factors influ-
encing the activity:

1. the “NiO—islands” on the surface of Ti0O2 indeed enhance the hydro-
gen generation;

2. the formation of solid solution of NiO in Ti02 or of any new phase
distinctly decrease the photocatalytic activity, e.g. NiTi03is not active as an
anode for water photoelectrolysis [18].

We should add here that the NiO — admixture does not improve much
the spectral response of Ti02 (see Fig. 1).

We can see from Fig. 2 that for the following catalysts: pure Ti02
Ti02—1 wt.% NiO and Ti02—1 wt.% Fe2 3, hydrogen started to evolve
after more than 1.5 h of illumination. The same phenomenon has been observed
for all the catalysts. Moreover, detailed observations of the pure white Ti02
in the initial step of illumination showed darkening of the catalyst. The blue-
black colour was stable as long as there was no contact with oxygen and
disappeared when the suspension of the catalyst was exposed to air. This
blue-black colour was due to the reduction of some surface Ti(I1V) to Ti(lll).
The above fact has been also observed by Kruczynski et al. [19] for amor-
phous Ti02 suspended in 50% KOH and irradiated. The reduction of Ti02
during irradiation of a Ru02—Ti02 mixture in the presence of water vapour
was reported recently by one of us [8].

In conclusion, we can say that doping of anatase with 1 wt.% of NiO
enhances the hydrogen generation from water under illumination. Unfortu-
nately, the formation of solid solutions (or some compounds) between Ti02and
dopant oxide lowers the photoactivity of anatase, especially in the case of
Co304—Ti02 and Fe20 3—Ti02 systems. NiO seems to act as a mediator in
the electron transfer from the conduction band of Ti0O2to the water molecule
as it has been reported by Domen et al. [9, 10]. For all the catalysts the initial
step of the reaction is the reduction of the surface Ti(lY) by photogenerated
hydrogen.
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Two colour order systems (Methuen, Munsell) were used to classify the colours
of several metal complexes. This enables, via the ISCC-NBS method, a systematic
designation of their colours to be made, thus removing any ambiguities in their colour
names.

The colour of a metal complex is an important parameter and should be
described accurately. However, the literature abounds with colour descriptions
that are vague and meaningless to other workers; for example, orchid, rose,
salmon and buff.

This arises for the following reasons. Apart from physiological differen-
ces, different observers have differing impressions as to the nature of the
colour associated with a particular name. Any one observer assigns a name to
the colour of an object by comparing it with his colour memory. It has been
shown [1] that what a person imagines to be the colour of a familiar object
may be divergent from the actual colour of that object.

The colours of solids can be assessed with either a colorimeter (tinto-
meter) or a colour-order system. A number of these systems have been proposed
[2, 3]. the most popular being that of Munsell [4]. Three parameters are required
to completely describe a particular colour:

hue — that property of visual perception by which different regions of
the spectrum are distinguished and named, i.e. red, blue etc.,

saturation the intensity of a hue or degree of freedom from admixture
with white,

lightness — the variation of the visual perception along the continuum
between white and black.

In the Munsell system these parameters are referred to as hue, chroma
and value respectively.

To our knowledge there has been no extension of colorimetric methods
to coordination compounds. We have therefore classified a number of com-
plexes by both the Methuen and Munsell colour systems (see Table 1). The

*To whom correspondence should be addressed; Department of Chemistry, Purdue
University, West Lafayette IN. 47907, U.S.A.
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Table I

Colour classification and systematic colour names ofsome coordination compounds

Colour notation

Compound Reported colour
Methuen2 Munsell381 Methuen2
Ni(py),Clj pale yellow green8 P 28.5A4 6.5GY 8.5/3 pastel green
K2PdCl4 yellow greenish brown,: G3 4D8 4.5Y 5.5/7.5 olive brown
red brown
g4 4B5 3.5Y 8/5.5 greyish yellow
K3[Fe(CN),] red,7 P 6.5A>8 3YR 6.5/>15 deep orange
ruby red8 g2 5A8 7.5YR 7.5/15 deep orange
G3 4A7 3.5Y 8/12 orange yellow
gd 3A6 45Y 8.5/8 yellow
[Co(N H36C1]C12 dark red violet9 P 13E8 2.5RP 3/9 deep magenta
[Ni(en)3]CI2 « 2ILO orchid10* P 16A7 4.5P 4.5/14.5 reddish violet
Ni(en)2CI2 bluel0» P 21.5A6 6PB 6/9.5 blue
Ni(py)4CI2 pale bluell Gj 24A3 6.5B 8/2 pale turquoise

1P = assessed as prepared/obtained, G2= medium ground, G3= finely ground, G4 = very finely ground
2Cornerup, A., Wanscher, J. H.: “Methuen Handbook of Colour”, 2nd ed., Methuen, London 1967
3G = green, Y = Yellow, R = red, P = purple, B = blue

Colour name

ISCC-NBS*

light yellow green
light olive

moderate yellow
vivid orange

vivid orange-yellow
vivid yellow

light yellow

deep reddish purple
vivid purple
brilliant blue

very pale blue

4 Revised Munsell notations; Newhall, S. M., Nickerson, D., Judd, D. B.: J. Opt. Soc. Am., 33, 385 (1943). The three symbols indicate

hue, value and chroma

5Kelly, K. L., Judd, D. B.: “The ISCC-NBS Method of Designating Colours and a Dictionary of Colour Names”, Circular 553 National

Bureau of Standards, Washington 1955
6 Goodgame, D. M. L. et al.: J. Chem. Soc., 1964, 5194

7Weast, R. C. (ed.): “CRC Handbook of Chemistry and Physics”, 58th ed., CRC Press, West Palm Beach, 1977—78

8B.D.H. Chemicals Ltd., Catalogue, 1981 —82

9Schlessinger, G. C.: Inorg. Synth., 9, 160 (1967)

10 State, H. M.: Inorg. Synth, (a) 6, 200 (1960); (b) 6, 198 (1960)
11 Nelson, S. M,, Shepherd, T. M.: J. Chem. Soc., 1965, 3276
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complexes, wherever possible, were used in the form in which they were
prepared. In the case of very intense colours it was necessary to grind the
crystals so that they would fit the available standard colour ranges. From
the Munsell notation, a systematic colour name, derived by the National
Bureau of Standards [5], that unequivocally describes the colour of the com-
plex can be obtained.

The effect of particle size on the colour for some complexes is also shown
in Table I. An estimate of the degree of grinding is tabulated under “treat-
ment”. This is necessary for samples with uneven particle sizes (e.g. K3[Fe(CN)e]
K2PdCl4) and for intensely coloured crystals.

Although this method can be employed for any coloured complex, it
will be most useful for complexes with non-spectral colours and for those
metal ions which form a vast number of complexes with various shades of
the same colour (e.g. Cu(ll), Rh(Ill)).

The colours of solution can also be assessed with a colour order system [5].
We have used this method to monitor colour changes in reactions as an alter-
native to spectrophotometric monitoring. The detection of colour changes is
fairly straightforward and the end of a reaction can be easily determined.

Experimental

Potassium ferricyanide was obtained from B.D.H. Ltd and K2PdCl4 from Johnson
Matthey Ltd. The compounds, [Ni(py)2CIs] [6], [Ni(py)2CI4] [7], [Ni(en)2CI2] [8a], [Ni(en)3]Cls m
«2H2 [8b] and [Co(NH3)ECLCIL2 [9] were prepared by methods reported previously.

The method of colour assessment was similar to that described by Kelly and Judd [5 .
Each test sample was prepared by placing a portion of the compound onto a microscope slide
to give an area (ca. 2 cm2 of uniform appearance and thickness with a flat matt surface.
The bottom of the slide immediately beneath the sample was covered with white paper.
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SYNTHESIS OF 6,7-DIAZACHOLESTANE
DERIVATIVES*
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Syntheses of 8/?-cyano-6,7-diazacholesterol (6a), 6,7-diaza-8(14)-cholesten-3/9-ol
(7a), 6,7-diaza-8(14)-coprosten-3/9-ol (7b) and some other B-ring hydropyridazine
cholestanes are described. All attempts to transform 6a into the azine 1 failed, and the
unusual autooxidation products (8 and 9) were isolated.

In connection with studies on the mechanism of vitamin D action [2—4],
our attention has been drawn to compounds of potential anti-vitamin activity.
One of the most interesting compounds in this respect seemed to be the 6,7-
-diaza analog of vitamin D 3 and therefore we have undertaken studies on the
synthesis of its possible precursor, 6,7-diaza-5,7-cholestadien-3/S-ol (1). Some
nitrogen-containing side chain analogs of vitamin D have been already synthe-
sized [2, 3] and one of them, 25-aza-vitamin D 3 [5], has been found to be an
inhibitor of D-activity.

As a possible approach to the azine 1 synthesis, the reaction of the rea-
dily available 6,7-dinor-5,8-seco-5,8-cholestadion-3/S-ol [6] with hydrazine could
be considered. However, recent studies [7] have shown that this reaction does
not result in the formation of 1. An alternative synthetic route to 1, which
was chosen by us, involved the introduction of two nitrogen atoms as a very
early stage of the synthesis, followed by the removal of two, superfluous car-
bons from the ring B. This could be accomplished using the 4-phenyl-1,2,4-
-triazoline-3,5-dione adduct of 7-dehydrocholesterol 2a [8] as a source of
two nitrogen atoms located at the right place of the steroid molecule and pro-
tected against oxidation by a readily removable group. Although the PTAD
adduct of ergosterol has often been used for protection of the 5,7-diene during
ozonolysis [9] of the double bond in the side chain, it is known that the 6(7)-
double bond of the adduct may also be cleaved with an excess of ozone [10].
The ozonolysis of 2b was carried out in two different solvents: dichloromethane-
methanol mixture and in dichloromethane aloue.

+ See Ref. [1]

*To whom correspondence should be addressed.

**This work was partially done at the Department of Biochemistry, University of
Wisconsin, Madison, Wisconsin 53706, USA.
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1 2a: K=H 3a:  11=11; X =0
b: K = Ac: b: R =Ac; X='0

¢c: R=Ac x=1s

di:  R=Ac; X=X

In the first case a mixture of at least four compounds (presumably
acetals) was formed which, after hydrolysis with hydrochloric acid, afforded
the hydroxydialdehyde 3a in 76% yield. The reaction when performed in the
absence of methanol led directly to the dialdehyde 3b. Our further design was
the replacement of both formyl functions in 3b by good leaving groups, followed
by base-catalyzed cleavage of the urazole ring [11] with simultaneous elimina-
tion of the substituents at C-5 and C-8. Accordingly, an attempt was made
to convert compound 3b into the 5/?,8/?-diformale via Baeyer—Villiger oxida-
tion. Unfortunately, both aldehyde groups in 3b appeared to be resistant
towards peracids. As it was found that the dialdehyde 3b reacted readily with
hydroxylamine to give the dioxime 3c, we decided to replace the formyl groups
by cyano, which seemed to be sufficiently easy to remove [12] by hydrolysis.
The transformation of the dioxime 3c into the dinitrile 4 was achieved in highest
yields by the thermal elimination of the elements of acetic acid [13] from the
acetyl derivative of the dioxime 3d. Other methods of dinitrile 4 preparation
from the dioxime 3c (see Experimental) were comparatively less efficient, and
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direct methods starting from the dialdehyde 3b (e.g. using hydroxylamine-O-
-sulfonic acid [14]) failed to give 4. The hydrolysis of the dinitrile 4 was studied
in several different solvents (methanol, dioxan, rabutanol, diglyme), but the
reaction course was essentially the same, the only difference being in the
rate of the reaction. The best results were obtained with KOH in refluxing
aqueous dioxan. In about 1 hour all starting material disappeared, and the
main product (about 85%) was partially hydrolyzed compound 5a. Further
reaction was somewhat slower and led to 8/?-cyano-6,7-diazacholesterol (6a;
66% vyield, in 5 hours). After this phase, the reaction became still slower and
much less definite. All attempts to isolate further hydrolysis products were
unsuccessful due to their unstability and very similar polarity. Since compound
6a seemed to be a direct precursor of the azine 1, we tried hydrogen cyanide
elimination by many means. It was reasonable to assume that the generation
of a negative charge at the neighbouring nitrogen would facilitate cyanide
ion abstraction. However, all strong bases tried (NaH, LiH, NaBH4, t-BuOK,
n-BuLi, LDA) failed to give the desired product 1. Only in the case of lithium
aluminium hydride reduction of 6a did the elimination of HCN occur, with
concomitant C—N double bond reduction. Two products, 7a and 7b, differing
in configuration at C-5, were obtained in a ratio of 5 : 1. Since it was very
likely that the easy removal of cyanide during LiAlH4reduction occurred owing
to the proximity of the electron-deficient aluminum atom,and in order to
retain the C(5)—N double bond, we tried a much milder reducing agent contain-
ing aluminum: aluminum isopropoxide. Using this reagent in refluxing ben-
zene, compound 6a was converted smoothly to the unexpected product 8
in 78% vyield. It is obvious from its structure that a molecule of atmospheric
oxygen participated in the reaction. The formation of exclusively one product
with a C(3—C(4 double bond suggested that the elimination of the 3/3-sub-
stituent had accompanied the autooxidation process. This was confirmed by
the observation that the 3~-acetate derivative 6b when treated with AI(0-iPr)s
under the same conditions gave also exclusively the same product 8, although
considerably more slowly than the free alcohol 6a. Presumably, the elimina-
tion beginning the whole process, is the rate-determining step.

In separate experiments it was established that compound 8 formed also
during the analogous reactions of 5a, 5b and even the dinitrile 4. In the last
case the degradation of the 4-phenyl-1,2,4-triazoline-3,5-dione ring*preceded
further transformations; TLC control showed the following sequence of reac-
tions: 4 —=5b —6b —»8. It is noteworthy that no intermediates of the complex
transformation 6b —8 could by observed. Surprisingly, the same compound
8 was the the main product (45%) also in a next experiment for the removal
of HCN from 8/?-cyano-6,7-diazacholesterol (6a), by pyrolysis at 200 °C. The
minor, more polar product (20%) of the reaction appeared to be compound
9 with the 3/J-hydroxyl group retained. The structures of both products 8 and
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9 unequivocally proved that an oxygen molecule from the air was again
involved in the process. The proposed mechanism of the reaction is shown
on the scheme.

The key intermediate seems to he the 6,7-diaza-8(14)-dehydro compound
i which reacts immediately with oxygen in the free-radical chain process [15]

Scheme 1

(via «, iii and iv) to give the 14-hydroxy compound v. The most likely primary
autooxidation product v decomposes to the epoxy-carbocation vi. The hydroxyl
ion needed to quench this cation at C-5, completing the process, may derive
either from the decomposition of the hydroperoxide v, or from an external
source. The elimination of the 3/bhydroxyl group, largely accompanying the
process, may take place at any moment before or during the oxidation. The
reactions of 6a with aluminum isopropoxide and its pyrolysis were also
carried out in oxygen-free atmosphere. The experiments failed to afford an
intermediate i, proving the extreme susceptibility of such a system to oxida-
tion. It cannot be excluded that the autooxidation of i occurred during the
subsequent work-up of the reaction mixture and/or chromatographic isolation*
The reaction of 6a with AI(0-fPr)3 effected in the presence of triphenyl-
phosphine gave also 8 in a high yield.

The described synthesis, though it did not afford 6,7-diaza-5,7-cholesta-
dien-3/?-o0l (1), represents an efficient and useful approach to 6,7-diazasteroids
of potential biological activity. It seems that the above method of transforma-
tion of a diene into diaza compounds can be presumably extended to other
homocyclic conjugated diene systems.

*This observation prompted us to examine the possible application of aluminum iso-
propoxide to regenerate the 5,7-diene systems from the corresponding PTAD adducts. However,
the reaction of 2b with AI(0-tPr)3 was very slow and afforded 7-dehydrocholesterol acetate
in a rather poor yield.
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Experimental

M.p.’s were determined on a Hoover apparatus and are uncorrected. NMR spectra
('"H and 13C) were taken in CDC13 with Bruker WH-270 FT and Nicolet-200 spectrometers,
with TMS as interna] standard. IR spectra were recorded on a Nicolet MX-1, in KBr pellets.
Mass spectra were obtained at 110 120 °C above ambient temperature, at 70 eV with an
AEI MS-9 spectrometer coupled to a DS-50 data system. UV spectra were recorded in absolute
ethanol with a Hitachi Model 100 60 recording spectrophotometer. Optical rotations were
measured on a Perkin-Elmer Model 41 polariméter. HPLC was performed on a W aters Asso-
ciates Model ALC/GPC 204, using a Zorbax-SIL (DuPont) 6.4 mmX 25 cm column, monitoring
at 250 nm in most cases. Column chromatography was effected on Silica Gel 60, 70—230 mesh,
ASTM (Merck).

1,4-Cycloaddition of 4-phenyl-1,2,4-triazoline-3,5-dione to
7-dehydrocholesterol acetate

A solution of 4-phenyl-1,2,4-triazoline-3,5-dione (obtained by oxidation of 12.1 g of
4-phenylurazole with ieri-butyl hypochlorite) in acetone (190 mL) was added dropwise to a
stirred solution of 7-dehydrocholesterol acetate (21.3 g) in benzene (450 mL) and acetone
(360 mL) until a faint pink colouration persisted. The reaction mixture was stirred for 1 h
and the solvents were removed under reduced pressure to afford a pale yellow foam. Crystalliza-
tion of the crude material from methanol-acetone (3 : 1) yielded 2b in pure form (27 g; 90%),
m.p. 135 °C, [a]Q -79° (c= 0.9); lit. [8] m.p. 133—136 °C, [aB1-91.4° (c= 2.26).

C, 9 7a0,. Calcd. C 73.85; H 8.54. Found C 73.67; H 8.48%.

IR, rmax: 1760, 1734, 1702 (C~0O), 1243 cm-1

UV (ethanol), Amax: 256 nm (e - 3900).

'H-NMR, <& 0.80 (s, 18-H), 0.98 (s, 19-H), 2.00 (s, CH3COO-), 546 (m, w/2 = 25 Hz,
1H, 3a-H), 6.23, 6.42 (ABg,J — 9 Hz, 2H, 6-H and 7-H), 7.25—7.50 (m, 5H, aromatic protons).

Ozonolysis of the adduct 2b

(@) Compound 2b (16 g) was dissolved in dichloromethane (600 mL) and treated with
an excess of ozone at —70 °C. Dimethyl sulfide (4 mL) was added at -70 °C and the mixture
warmed to room temperature. Evaporation of the solvent and filtration through a short silica
gel column using benzene-ether mixture (85 : 15) afforded the dialdehyde 3b (14 g; 83%) as
a pale yellow foam, [aR  50° (c = 0.6).

iB “max12740 (aldehyde C H), 1781, 1739, 1722 (C~0), 1420, 1245 cm 'l

"H-NMR, <& 0.92 (s, 18-H), 1.17 (s, 19-H), 2.17 (s, 3H, CH3COO ), 5.08 (m, w/2 = 115
Hz, 1H, 3a-H), 7.25 7.50 (m, 5H, aromatic protons), 9.73 (s, 1H, —CHO) 9,97 (s, 1H, —CHO).

(b) The adduct 2b (12 g) in CH2CI2methanol mixture (2 : 1; 600 mL) was cooled to

70 °C and ozone was passed through the solution until a blue colour appeared. Addition of
dimethyl sulfide (4 mL) and evaporation of the solvent gave an oily residue. It was dissolved
in acetone (500 mL), diluted hydrochloric acid (1 : 1;, 200 mL) was added, and the mixture
was refluxed for 6 h. On cooling, the hydroxydialdehyde 3a, crystallized in essentially pure
state. Yield: 9 g (76%), m.p. 207 - 208 °C, [aR5 28° (c = 0.9).

C3H49IN306. Calcd. C 71.04; H 8.35. Found C 71.19; H 8.40%.

iR "max: 3439 (O-H), 1782, 1726, 1715 cm -1 (C=0).

"H-NMR, O: 0.94 (s, 18-H), 1.13 (s, 19-H), 4.12 (m, w/2 = 21 Hz, 1H, 3a-H), 5.34 (d.
J = 95 Hz, 1H, O H), 730 7.55 (m, 5H, aromatic protons), 9.72 (s, 1H, -CHO), 9.97
(s, 1H, -CHO).

Ace%ation of hydroxydialdehyde 3a (Ac2, Py, reflux 4 h) afforded the acetoxy
compound 30, identical in all respects with the product described above under (a).

Reaction of the dialdehyde 3b with hydroxylamine

A mixture of 3b (8 g), hydroxylamine hydrochloride (19.46 g) and sodium acetate
(31.36 g) in ethanol (200 mL) was vigorously stirred and heated under reflux for 1 h. The reac-
tion mixture was poured into water and extracted with methylene chloride. The extract was
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washed with NaHCO3 solution, water, and then dried and evaporated. The crude product
3c was purified by filtration through a silica gel column in benzene-ether (4:1) solution.
Yield: 7 g (83.5%), [a]b5-46° (c= 0.5).

C3B [ 06 Calcd. C 66.94; H 8.05. Found C 66.61: H 8.12%.

IE, rmax: 3417 (O -H), 1775, 1722 (C=0), 1417, 1247 cm"1

IH-NMR, & 0.82 (s, 18-H), 1.08 (s, 19-H), 2.02 (s, CH3C0O0-), 511 (m, w/2 = 11 Hgz,
1H, 3a-H), 7.30—7.55 (m, 5H, aromatic protons), 7.59 (s, 1H, —CH=N—), 7.75 (s, 1H,
—CH=N-).

MS, m/e: 663 (M+, 30%), 43 (100%).

Synthesis of the dinitrile 4

(a) The dioxime 3c (7 g) was acetylated overnight with acetic anhydride (15 mL) in
pyridine (25 mL). After the usual work-up, the crude, foamy triacetate 3d was pure enough
for use in the next step. Yield: 7.5 g (95%), [a]b6 —23° (c= 0.8).

IR, vmax: 1777, 1726 (C=0), 1418, 1246, 1195 cm -1

IH-NMR, <& 0.81 (s, 18-H), 1.09 (s, 19-H), 2.07, 2.09, 2.12 (3Xs, 3xCH3C0O0O—), 5.16
(m, w/2 = 12 Hz, 1H, 3a-H), 7.3—7.5 (m, 5H, aromatic protons), 7.93 (s, 1H, —CH=N—),
8.06 (s, 1H, —CH=N—).

The triacetate 3d (3 g) was refluxed in acetic anhydride (60 mL) for 1 h. After cooling,
the reaction mixture was poured onto ice and allowed to stand until all Ac20 decomposed.
The product, dinitrile 4 was extracted with benzene. The extract was washed with water, with
saturated sodium hydrogen carbonate solution, then again with water, dried and evaporated.
The crude product was filtered through asilica gel column in benzene-ether (95 : 5) solution.
Yield: 2.3 g (91%), colourless foam, [a]f/—25° (c = 0.7).

C37/H4NB50 4. Calcd. C 70.78; H 7.87. Found C 70.63; H 7.82%.

IR, rmax: 2240 (C=N), 1777, 1742, 1726 (C=0), 1410, 1240 cm -1

"H-NMR, & 1.10 (s, 18-H), 1.69 (s, 19-H), 2.14 (s, CH3COO-), 5.18 (m, w/2 = 10 Hz,
1H, 3a-H), 7.35—7.55 (m, 5H, aromatic protons).

13C-NMR, & 1155, 117.0 (—C=N), 125.8, 128.9, 129.2, 130.1 (aromatic C’-2, C'-4,
C’-3, C’-1), 150.5, 152.5 (triazoline-dione C=0), 170.3 (acetate C=0).

MS, m/e: 627 (M+, 25%), 600 (M+-HCN, 32%), 585 (M+-HCN—Me), 14%), 119
(PhNCO, 35%), 43 (100%).

(6) The dioxime 3c (100 mg) was refluxed in acetic anhydride (5 mL) for 1.5 h to yield
the dinitrile 4 (70 mg; 74%).

(c) The dioxime 3c (1 g) was dissolved in pyridine (6 mL) and thionyl chloride (1 mL)
was added dropwise at 0 °C. The reaction mixture was allowed to stand for 0.5 h to give 710 mg

75%) of 4.
( ) (d) A solution of 3c (750 mg) and triethylamine (0.67 mL) in methylene chloride (10 mL)
was treated dropwise with trifluoromethanolsulfonic anhydride [16] (0.5 mL) in methylene
chloride (10 mL) at —70 °C. The reaction was allowed to warm slowly to room temperature
(3 h). The yield of 4 was 390 mg (55%).

Hydrolysis of the dinitrilc 4

(a) To a stirred solution of the dinitrile 4 (950 mg) in dioxan (65 mL) an aqueous solu-
tion of KOH (2.6 g in 12.5 mL) was added. The mixture was refluxed for 5 h and poured into
water. The products were extracted with benzene, washed with water, dried and evaporated.
Silica gel column chromatography of the crude material afforded compounds 5a (210 mg;
26%; elution with benzene-ether 3 : 1) and 6a (415 mg; 66% elution with benzene-ether 2 : 3).

Compound 5a: m.p. 206—209 °C (from acetone-hexane); [a]Jo6 +173° (c = 0.6).

C33H48N402 Calcd. C 74.40; H 9.08. Found C 74.31; H 9.10%.

IR, jmax: 3456 (O—H), 3382 (N-H), 2235 (C=N), 1714 (C=0), 1519, 1444 cm"1

UV, Anax: 247 nm (s = 24 000).

TH-NMR, G 1.12 (s, 18-H), 1.19 (s, 19-H), 3.47 (m, w/2 = 26 Hz, 1H, 3a-H), 6.91 (t,
J = 7Hz, IH,p-ArH), 7.18 (m, 2H, m-ArH), 7.64 (d,J = 8 Hz, 2H, 0-ArH), 8.58 (s, 1H, N—H).

MS, m/e: 413 (M+-PhNCO, 56%), 386 (M+-PhNCO-HCN, 25%), 371 (M+-PhNCO-
—HCN—Me), 90%), 353 (M +-PhNCO-HCN-Me—H20, 95%), 119 (PhNCO, 100%).

Compound 6a: m.p. 103—106 °C (from acetone-hexane); [a]bs +224° (c — 0.8).

C2,H43N30. Calcd. C 75.49; H 10.48. Found C 75.29; H 10.39%.

IR, rmax: 3396, 3315 cm-1 (O—H, N—H).

Acta Chim. Hung. 120, 1985



MORZYCKI, SICINSKI: 6,7-DIAZACHOLESTANE DERIVATIVES 245

1H-NMR, G: 0.91 (s, 18-H), 1.32 (s, 19-H), 3.64 (m, w/2 = 26 Hz, 1H, 3ct-II), 5.70 (broad
s. 1H, N—H). ;

13C-NMR, & 128.2 (-C=N), 1536 (-C =N -).

MS, mle: 413 (M+, 100%), 386 (M+-HCN, 14%), 371 (M+-HCN—Me), 60%), 353
(M+-HCN—Me—H2, 52%).

(6) The partial hydrolysis of the dinitrile 4 carried out in a similar manner (reaction
time 1 h) afforded 5a in 85% yield.

Acetylation of the hydrolysis products 5a and 6a

Compound 5a (100 mg) was acetylated with acetic anhydride (1 mL) in pyridine (2 mL)
overnight. The reaction mixture was poured into an aqueous solution of cupric sulfate, and
extracted with benzene. The extract was washed successively with CuS04 solution, water,
then dried and evaporated. The crude product was crystallized from aqueous ethanol to afford
5b (82 mg; 76%), m.p. 226-228 °C; [oc]b6 +133° (c = 0.9).

IR, rmax: 3355 (N—H), 2240 (C=N), 1728 (acetate C=0), 1706 (C=0), 1518, 1445,
1243 cm-1.

H-NMR, & 1.16 (s, 18-H), 1.37 (s, 19-H), 2.07 (s, CH3C0O0-),4.78|(m,t*/2 = 28 Hz,
1H, 3a-H), 7.03 (t,J= 7.5 Hz, 1H,p“ArH), 7.28 (t,J = 7.5 Hz, 2H, m-ArH), 750 (d,J = 75
Hz, 2H, o-ArH).

Analogous acetylation of compound 6a afforded the acetate 6b in 73% yield: m.p.
128—130 °C (from aqueous ethanol); [a]t? +198° (c — 1.2).

IR, vmax: 3338 (N-H), 2230 (Ce N), 1717 (C=0), 1279 cm"1

IH-NMR, <& 1.01 (s, 18-H), 1.40 (s, 19-H), 2.06 (s, CH3C0O-),4.76(m,w/2 = 27 Hz,
1H, 3a-H), 553 (s, 1H, N-H).

Lithium aluminum hydride reduction of 6a

(a) 8|S-Cyano-6,7-diazacholesterol (6a) (50 mg) dissolved in anhydrous ether (50 mL)
was treated with LiAIH4 (50 mg). The reaction mixture was stirred at room temperature
for 2 h. The excess of LiAIH4was decomposed with water, anhydrous Na2S04 was added, and
all inorganic materials were filtered off. The clear filtrate was evaporated and the residue sub-
jected to HPLC separation. Using 10% 2-propanol in hexane, the products 7b (7.0 mg; 15.6%)
and 7a (35 mg; 78%) were collected at 50 mL and 60 mL volume, respectively. Compound
7a: m.p. 169—172 °C (from aqueous ethanol); [a]lp + 21°(c = 1.0).

CBHmN2. Calcd. C 77.26; H 11.41. Found C 77.25; H 11.47%.

IR, rmax: 3355 ¢cm-1 (broad, N—H, O—H).

"H-NMR, <& 0.61 (s, 18-H), 0.88 (s, 19-H), 2.71 (dd, J’= 4 Hz, = 12 Hz, 1H, 5a-H),
3.70 (m, w/2 = 27 Hz, 1H, 3a-H).

13C-NMR, O: 119.4 (C-14), 151.8 (C-8).

MS, m/e: 388 (M+, 100%), 373 (M+-Me, 13%).

Compound 7b: [a]f> +114° (c — 0.6).

IR, vmax: 3440 (shoulder, O—H), 3358 cm-1 (N—H).

*H-NMR, < 0.64 (s, 18-H), 1.02 (s, 19-H), 3.06 (dd, J4= 3.5 Hz, J,,= 8 Hz, 1H, 5/i-H),
4.19 (m, w/2 = 18 Hz, 1H, 3<x-H).

MS, m/e: 388 (M+, 100%), 373 (M+-Me, 41%).

(6) An analogous reaction was tried at —70 °C (3 h); only unchanged starting material
6a was recovered by HPLC.

Reactions with aluminum isopropoxide

(a) A suspension of AI1(0-iPr)3 (250 mg) in the benzene solution of compound 6a (58 mg
in 30 mL) was refluxed with vigorous stirring for 3.5 h. After cooling, the reaction mixture
was poured into saturated aqueous potassium sodium tartrate solution, washed with water,
dried and evaporated. HPLC (3% 2-propanol in hexane) purification of the crude product
afforded compound 8, eluting at 20 mL volume, in 78% vyield; m.p. 87 89 °C (from hexane-2-
-propanol); [a]ff +10.0° (c = 0.4).

CBH40N202 Calcd. C 74.96; H 10.06. Found C 75.01; H 10.13%.

IR, vmax: 3350 cm-1 (O—H).
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IH-NMR, & 0.96 (s, 18-H), 1.12 (s, 19-H), 535 (d, J = 10 Hz, 1H, 4-H), 5.73 (s, 1H,
O-H), 6.07 (m, 1H, 3-H).

13C-NMR, <& 81.7 (C-5), 118.9 (C-3), 134.6 (C-4).

MS, m/e: 400 (M+, 7%), 384 (M +-0, 65%), 372 (M+-N2 38%), 369 (M+-0 Me), 58%),
351 (M +-0—Me-H D, 100%).

(6) The reactions of 5a carried out in an analogous manner gave compound 8 in 76%

ield.

Y The similar reactions of the compounds 4, 5b and 6b with aluminum isopropoxide
required longer heating (16 h) and afforded the same product 8 in 57%, 59% and 64% yield,
respectively.

Pyrolysis of 8/S-cyano-6,7-diazacholesterol (6a)

A sample of 6a (60 mg), placed in a small tube, was immersed in a hot silicone oil bath
(120 °C). After melting of the crystals, the temperature was raised to 200 °C within 10 min.
When the temperature exceeded 180 °C evolution ofhydrogen cyanide was observed. The tube
containing the sample was slowly cooled (in 10 min) to 120 °C and then placed in an ice-bath.
The pale yellow, oily; product was chromatographed on a HPLC column. Using 8% 2-propanol
in hexane, compounds 8 (at 10 mL; 26 mg; 45%), unreacted 6a (at 46 mL; 3 mg; 5%), and
9 (at 54 mL; 12 mg; 20%) were gradually eluted. Analytically pure 8 was obtained by re-
chromatography (2% 2-propanol in hexane); the product was identical in all respects with
the compound previously described. Rechromatography (8% 2-propanol in hexane) of 9 af-
forded an analytically pure sample; m.p. 125—128 °C (dec), [sdd5 +15° (c = 0.2).

C25H 42N ,,03. Caled. C 71.73; H 10.11. Found C 71.62; H 10.09%.

IR, rmax: 3380 (O-H), 1040 cm*“1

IH-NMR, 6: 0.98 (s, 18-H), 1.25 (s, 19-H), 3.89 (m, w/2 = 28 Hz, 1H, 3a-H), 5.68 (s,
1H, O -H).

MS, mle; 418 (M+, 33%), 402 (M+-0, 11%), 390 (M+-N2 37%), 375 (M+-N,—Me,
46%), 43 (100%).

The authors would like to express their gratitude to Prof. H. F. DeLuca for enabling
them to accomplish most of the experiments in his laboratory, and to Prof. H. K. Schnoes

for useful discussions (both from Department of Biochemistry, Madison, Wisconsin 53706,
USA).
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The synthesis of adrenaline-carboxylic acid was attempted by méthylation of
3,4-dibenzyloxy-N-carbobenzyloxyphenylserine. The reaction gave two products in non-
agqueous medium: iV-benzyloxycarbonyl-(3,4-dibenzyloxyphenyl)-0-methylserine and
2-0x0-3-methyl-5-(dibenzyloxyphenyl)oxazolidine-4-carboxylic acid. A similar ring-
closure reaction had been previously described to occur only in aqueous medium.

Phenylserine [1] and adrenaline-carboxylic acid (iV-methyl-3,4-dihydroxya
phenylserine) are both well known and stable compounds. However, the latter
was synthesized by a very complicated method [2] giving a very poor yield
(3.9%). We wanted to find a new, rational synthesis of adrenaline-carboxylic
acid and its derivatives suitable for peptide synthesis. Heged(is [3] worked out
a good method for the synthesis of 0- and iV-protected dihydroxyphenylserine
and the separation of the four stereoisomers. Using 3,4-dibenzyloxyphenyl-
serine 1 as starting material, we planned the following route (Fig. 1) for the
synthesis for adrenaline-carboxylic acid, on the basis of literary data [3, 4].

The tAreo-3,4-dibenzyloxy-]V-carbobenzyloxyphenylserine (2) was synthe-
sized according to Hegedls [3]. McDermott’s method [4], which is generally
used for iV-methylation of JV-carbobenzyloxyamino acids, was applied in the
synthesis of compound 3. Unfortunately, the reaction of 2 with methyl iodide
and sodium hydride under the described conditions resulted in two main
products: iV-benzyloxycarbonyl-(3,4-dibenzyloxyphenyl)-0-methylserine (4)
and 2-oxo0-3-methyl-5-(dibenzyloxyphenyl)oxazolidine-4-carboxylic acid (5)
(Fig. 2).

The structures of 4 and 5 were proved by NMR spectroscopy using TMS
as internal standard. All the IH-NMR (90 MHz) signals were assignable, but
the differences were not remarkably large. Only the integral of aromatic pro-
tons differed significantly, indicating the presence of three benzyl (phenyl)
groups in 4 and only two in 5. The methoxy group in 4 gives a singlet at 3.05
ppm, while the iV-methyl group in 5 resonates at 2.9 ppm. The structure of 5
was confirmed by 13C-NMR (25.2 MHz), showing the signal of the NCH3
carbon at 31.7 ppm, and two carbonyl lines at 172.2 ppm and 158.0 ppm,

*To whom correspondence should be addressed.
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I
H.N—CH—COOH Z-NH-CH-COOH Z—N—CH—COOH
CH-OH CH-OH CH-OH
adrenaline-
-carboxylic
acid
OBzl OBzl OBzl
1
Fig. 1
BzIO
+ BzIlOO
+ OHO
Fig. 3

corresponding to the free acid carbonyl and the CO-carbon of the oxazolidin-
-2-one ring, respectively. It seems that under standard méthylation conditions
there are two competitive reactions taking place:
1. méthylation of the hydroxyl group resulting in the formation of
JV-benzyloxycarbonyl-(3,4-dibenzyloxyphenyl)-0-methylserine (4); and
2.ring closure, catalyzed by the base sodium hydride, and parallel
iV-methylation resulting in 2-oxo0-3-methyl-5-(dibenzyloxyphenyl)-
oxazolidine-4-carhoxylic acid (5).
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The desired compound 3 — protected adrenaline-carboxylic acid —
was formed only in trace amounts.

It is known from the literature [5, 6] that iV-carbobenzyloxythreonine
and -serine give cyclic products by treatment with aqueous alkali. According
to our results, this type of ring closure can also take place in non-aqueous
medium; the alcoholic hydroxyl group of 2 attacks the C =0 of the iV-protect-
ing benzyloxycarboByl group and benzyl alcohol is liberated (Fig. 3).

As the methoxy compound 4 has no tendency to ring formation, the
target compound 3 could be synthesized either by méthylation of an O-pro-
tected derivative of 2, or by appropriate hydrolytic cleavage of the cyclic
compound 5.

Experimental

M.p.’s were measured with a Bichi—Tottoli melting point determining apparatus and
are uncorrected. The NMR spectra were recorded with VARIAN EM 390 (41, 90 MHz) and
VARIAN XL-100 (13C, 25.2 MHz) spectrometers, respectively.

iV-benzyloxycarbonyl-(3,4-dibenzyloxyphenyl)-0-methylserine, 4, and
2-0x0-3-methyl-5-(dibenzyloxyphenyl)-oxazolidine-4-carboxylic acid, 5

3,4-Dibenzyloxy-IV-carbobenzyloxyphenylserine (2.1 g) dissolved in 9 mL of dry
THF, was reacted at 0 °C with 2.0 mL of methyl iodide in the presence of 0.53 g of sodium
hydride (55% suspension in mineral oil). After 24 h stirring at room temperature, 20 mL of
ethyl acetate and 10 mL H2 were added. The IV-carbobenzyloxy-3,4-dibenzyloxyphenyl-0-
-methylserine 4 precipitated as grey crystals. It was purified by repeated extraction of the
ethyl acetate solution of 4 with 0.1 M HCL1 and recrystallized from warm ethyl acetate. Yield:
380° mg (17.5%), m.p. 194-196 °C, Rf= 0.35 [EtOAc: (MeOH-AcOH—HX, 2:1:2)
95 : 2 »/»].

CPH3INO, (541.57). Calcd. C 70.96; H 5.77. Found C 71.3; H 6.04%.

The first mother liquor (THF-ethyl acetate-H2) containing 5 was evaporated to
dryness; the residue was dissolved in 5% NatlC03solution and washed with ether and acidi-
fied. The 2-oxo0-3-methyl-5-(dibenzyloxyphenyl)oxazolidine-4-carboxylic acid 5 was extracted
with ethyl acetate, and crystallized from ethyl acetate-THF. Yield: 880 mg (49.9%), m.p.
125—127 °C, Rf= 0.42 [EtOAc: (pyridine-AcOH-H20, 20 :6:11) 80 : 20 v/v],

CjjHjjNOg (417.44). Calcd. C 68.57; H 5.07. Found C 68.70; H 5.34%.

*
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Complexes of the types M(4-MeQ)2X2and M(4-MeQ)X2where 4-MeQ is 4-methyl-
quinoline, M = Co, Ni, Cu, Zn, Cd and Hg and X = CI, Br, I, SCN, OCN, N3and NO03
have been prepared and characterized. The stereochemistry of these complexes has
been deduced from the electronic spectra, magnetic properties and infrared absorption
frequencies of the pseudohalide groups. The metal-halogen, and metal-nitrogen stretch-
ing vibration frequencies have been assigned and discussed in relation to the structures
of the complexes.

Introduction

During the last decades metal(ll) complexes of pyridine derivatives
have been studied extensively [1]. The corresponding quinoline derivatives,
however, have received little attention. Thus while 4-methylpyridine com-
plexes with transition metal halides and pseudohalides have been studied
from different viewpoints [2—6], only few complexes of 4-methylquinoline
have been reported [7, 8]. In this paper we report on the far infrared spectra
of cobalt(ll), nickel(ll), copper(ll), zinc(ll), cadmium(ll) and mercury(ll)
halide and pseudohalide complexes of 4-methylquinoline (hereafter abbre-
viated as: 4-MeQ) otherwise called lepidene. The stereochemistry of these
complexes have been deduced from their electronic spectra and magnetic
moments.

Experimental

4-MeQ was obtained from Aldrich company.
Physical measurements have been carried out as described previously [9].

Preparation ofthe complexes

M(4-MeQ)2X2 (X = CI, N03 M= Co, Cu, Zn, Cd, Hg) complexes were prepared by
refluxing the components in | : 2 molar ratio dissolved in ethanol for several hours and the
final mixture allowed to stand for several days.

Co(4-MeQ)2X2 (X = Br, I, OCN) and Co(4-MeQ)(N,,)2 complexes were prepared by
mixing Co(N03)2+«3 H2 with the ligand in ethanol followed by addition of the aqueous
solution of NaX. The final mixture was boiled on a water bath when X was Br, OCN, or N3,

*Part |, Bull. Soc. Chim. France, 1980, 1-278.
** To whom correspondence should be addressed.
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until the volume reduced to one half of its original volume. For the iodide complex, Nal dis-
solved in ethanol was added to a boiling mixture and the final solution allowed to stand for
several days.

Ni(4-MeQ)2CI2: The yellow form was prepared by boiling a mixture of the components
until near dryness. The blue form was obtained by the method reported for the quinoline

Table |

Analytical data and some physical properties

% Found/calculated

Complex Colour iM1 (BM)
M c H N X
Co(4-MeQ)XI2 blue 14.41 56.70 4.50 6.62 19.81 441
14.15 57.73 4.33 6.73 19.81
Co(4-MeQ)Br2 blue 11.20 47.30 3.80 5.38 35.35 4.42
11.60 47.50 3.56 5.54 35.73
Co(4-MeQ)22 green 10.10 40.25 3.04 4.00 46.17 4.50
9.83 40.05 3.00 4.07 46.72
Co(4-MeQ)2ZANCS)2  blue 12.58 56.80 3.90 12.00 4.26
12.77 57.30 3.90 12.14
Co(4-MeQ)2AOCN)2  blue 13.82 61.36 4.01 13.26 4.34
13.56 61.46 4.22 13.03
Co(4-MeQ)(N32 blue 19.80 40.50 3.34 34.36 4.36
20.50 41.90 3.14 34.25
Co(4-MeQ)2AN032  violet 12.35 51.31 3.68 11.68 4.42
12.55 51.15 3.83 11.93
Ni(4-MeQ)2CI2 blue 13.95 57.21 4.08 6.82 17.21 3.42
14.10 57.67 4.32 6.72 17.02
Ni(4-MeQ)2CI2 yellow 14.20 56.82 4.52 6.38 17.12 3.12
14.10 57.67 4.32 6.72 17.02
Ni(4-MeQ)CI2 pinkish red 21.32 44.05 3.49 5.27 25.36 3.32
21.15 43.97 3.29 5.13 25.96
Ni(4-MeQ)2ANCS)2  pale 12.42 56.88 4.04 12.30 3.01
green 12.73 57.25 3.90 12.14
Ni(4-MeQ)2AN032  green 12.62 51.24 3.90 12.02 0.00
12.52 51.16 3.84 11.94
Cu(4-MeQ)2CI2 green 15.25 57.07 4.37 6.55 1.86
15.09 57.09 4.28 6.65
Cu(4-MeQ)ClI2 brown 23.20 43.10 3.40 5.15 1.95
22.86 43.23 3.25 5.04
Cu(4-MeQ)2Br2 greenish 12.19 46.85 3.60 5.58 1.84
yellow 12.46 47.15 3.53 5.48
Cu(4-MeQ)2NCS)2 green 14.00 57.00 3.64 12.00 1.92
13.60 56.59 3.88 11.99
Cu(4-MeQ)2ANCO)2 blue 15.30 58.10 4.25 12.70 1.90
15.03 57.82 4.25 12.80
Cu(4-MeQ)(N32 brown 22.05 41.10 3.32 33.30 194
21.85 41.32 3.12 33.70
Zn(4-MeQ)2CI2 white 15.66 56.78 4.08 6.80 0.00
15.46 56.78 4.25 6.60
Zn(4-MeQ)2Br2 white 12.83 46.66 3.72 5.50 0.00
12.76 46.86 3.54 5.46
Zn(4-MeQ)(N3)2 white 22.75 41.35 3.24 33.30 0.00
22.35 41.05 3.10 33.49
Cd(4-MeQ)CI2 white 34.56 36.30 2.70 4.12 0.00
34.41 36.74 2.75 4.28
Hg(4-MeQ)CI2 white 48.52 29.00 2.20 3.40 0.00
48.36 28.93 2.17 3.30
Hg(4-MeQ)(N3)2 white 47.21 28.27 2.20 23.12 0.00
46.87 28.05 2.10 22.90
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complex [10]. The 1: 1nickel(ll) chloride complex was obtained from the yellow 1 : 2 complex
by heating at 120° to a constant weight.

Cu(4-MeQ)(N3)2 complex was prepared by the method reported for the preparation
of the 3-picoline complex [11]. Cu(4-MeQ)(NCS)2 complex was prepared adding an agueous
Cu(NO0 32solution to the ligand in 1 : 1 molar ratio, stirring the boiled mixture and then adding
a KSCN solution. The green 1 :2 complex was formed immediately and then it changed to
the brown 1:1 complex

M(4-MeQ)2ANCS)2complexes were prepared according to the method recommended by
Vogel [12] for the preparation of pyridine complexes.

Zinc(ll) and mercury(ll) azide complexes were prepared by the methods given for
the corresponding azides of pyridine [13, 14].

The metal contents were determined by standardized methods.

Result and Discusion

The elemental analyses of the isolated complexes together with their
colours and some physical properties are collected in Table I.

This work consists of two parts. In the first part the stereochemistry
of the isolated complexes is deduced from their electronic spectra and the
magnetic moments. The second part is concerned with the assignments and
discussion of the metal-halogen and metal-pseudohalide and metal-ligand
stretching modes.

Cobalt(11) complexes

The electronic spectra of the solid blue complexes are indicative of tetra-
hedral geometry [15], exhibiting the 4T1P) #—4A2 v3 transition as a multiple
band. The similarity of the spectra of the solid state and in solution, except
for Co(4-MeQ)(N3)2 together with the intensity of the absorption bands,
indicate that the tetrahedral geometry is maintained in solution too. Figure 1,
shows that the spectra of the complexes are very similar except that the bands
are shifted to higher frequencies in the sequences | < Br <[ Cl <C OCN <C

NCS " N3. This order agrees well with that found [16] for CoX”- complex
anions, except that azide is between chloride and cyanate. This may be due
to the fact that the azide complex, is bridged through the azide groups. The
tetrahedral structures of these complexes are confirmed by their room-temper-
ature magnetic moments (Table 1), which indicate high spin cobalt(l1) ion [17].
The spectrum of the hygroscopic violet cobalt(ll) nitrate complex differs a
little from those of the other cobalt complexes. However, its spectrum is
very similar to that observed for the tetrahedral Co(NO 34~complex ion [18].
Its magnetic moment (4.42 BM) strongly implies tetrahedral geometry.

Nickel(Il) complexes

The electronic spectrum of the solid blue Ni(4-MeQ)2CI2complex exhibits
a strong multiple band (Figure 2 and Table Il) in the 18.500 —15,000 cm-1
range which is consistent with tetrahedral nickel(ll) ion [19] and assigned
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Fig. 1. Electronic spectra of: (1) Co(4-MeQ)22 (2) Co(4-MeQ)Br2 (3) Co(4-MeQ)XI2 (4)
Co(4-MeQ)2ANCS)2

Fig. 2. Electronic spectra of solid complexes: (a) Ni(4-MeQ)2CI2 (blue), (b) Ni(4-MeQ)2CI2
(yellow), (c) Ni(4-MeQ)CI2 (d) Ni(4-MeQ)2ANOs)2
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to the 3TLP) #—37\, v3 transition. The spectrum of the yellow 1 :2 isomer
is very similar to that reported [20] for the corresponding quinoline complex.
The splitting of the low frequency band may suggest a distorted octahedral
geometry. The observed bands may be assigned to 3A2g#—3Blg (11,764 cm-1 ,

Table 11

Electronic spectral datafor the complexes

Complex Solvent Maximum absorption (cm-1)

Co(4-MeQ)2CI2 NM 16806,15625

Acetone 17241 (300), 16873 (460)
Co(4-MeQ)Br2 NM 16129, 15151, 14493

Acetone 16666 (250), 15151 (480)
Co(4-MeQ)2 2 NM 16000, 15037, 14388

Acetone 15151 (140,) 14388 (180), 13513 (230)
Co(4-MeQ)ANCS)2 NM 17699, 16393

Acetone 17699 (300), 15873 (750)
Co(4-MeQ)2OCN), NM 17857, 16949, 16129
Co(4-MeQ),(N3)2 NM 18691, 16529
Co(4-McQ)2AN 03)2 NM 19230, 18182

Acetone 18691 (94)
Ni(4-MeQ)Cl2a NM 24390, 18518, 16529, 15037
Ni(4-MeQ)2CI NM 24900, 21739, 12500, 11764
Ni(4-MeQ),,(NCS)2 NM 24390, 20920, 14285
Ni(4-MeQ)2N 03)2 NM 24390, 15748, 10952
Cu(4-MeQ)2CI2 NM 25641, 15151
Cu(4-MeQ)CI2 NM 19608, 13513
Cu(4-MeQ)2Br2 NM 12988, 16129

Acetone 23585 (870), 15151 (200)
Cu(4-MeQ),(NCS)2 NM 22727, 15384
Cu(4-MeQ)2NCO)2 NM 16260
Cu(4-MeQ)(N3), NM 22727, 18518, 14084

NM=: nujol mull spectra, e is given between parentheses

3Ege* 3Blg (12,500 cm -1), 3A2g+-3Blg (21,739 cm 'l) and 3Eg(3P) - 3Big
(24,900 cm-1) in DIh symmetry [20]. The latter band may be mixed with a
charge-transfer transition. The spectrum of the 1 :2 thiocyanate complex
exhibiting a band at 20,920 cm-1 assigned to the 3TIg(P)/<—3A2g, v3, transition
and at 14,285 cm*“1to the 3Tlg <—3A2g, V2transition [19] suggesting octahedral
structure.

While the spectrum of the 1 :1 chloride complex suggests a five coordi-
nate nickel(ll) ion [19], hut octahedral structure may not be ruled out. It
may be attained through a sixth longer bond to a chloride opposite the ligand
making a weaker contribution to the ligand field. The spectrum of Ni(4-MeQ)2
(N032complex together with its diamagnetism suggests square planar struc-
ture [21].
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Copper(11) complexes

The position of the d—d bands observed in the spectra of the solid
Cu(4-MeQ)2X2 (X = CI, Br, NCS or OCN) complexes suggests six coordinate
pseudooctahedral structures [22]. On the other hand the spectra of the 1:1
complexes exhibit a relatively strong hand around 19,000 cm-1 together with
a moderate d—d band around 13,500 cm-1. The position of this latter band
suggests [23] five coordinate structure for these complexes. The spectrum of
the azide complex closely resembles that reported for the Cu(3-picoline)(N3)2
complex whose polymeric trigonal bipyramidal structure has been proved
by X-ray analysis [11]. The higher frequency band may be assigned to a charge-
transfer transition from the bridging group to the copper(ll) atom. As the
spectra of these 1 :1 complexes resemble one another, one may suggest trigo-
nal bipyramidal stereochemistry for them.

The room temperature magnetic moments (Table 1) given for the 1 :2
complexes are consistent with that of a copper(ll) ion being in an orbitally
non-degenerate ground state [17].

Infrared spectra

Anion vibration

The vibration frequencies of the thiocyanate, cyanate and azide groups
are given in Table III.

The results indicate bridging thiocyanate groups [24] in the 1 :1 and
1:2 complexes except for Co(4-MeQ)2NCS)2 which possesses terminal N-
-bonded thiocyanate groups.

Table I11

Pseudohalide stretching vibrationfrequencies (cm-1)

Complex vae 0
Co(4-MeQ)2ANCS)2 2095 vs, 2080 vs 780 m 440 w
Ni(4-MeQ)2NCS)2 2115 vs, 2080 vs 812 w, 770 m 472 m, 445 w
Cu(4-MeQ)2ANCS)2 2105 vs, 2085 s 808 w, 770 m 477 m, 440 w
Co(4-MeQ)2NCO)2 2220 vs, 2190 s 1340 m 618 w, 603 m
Cu(4-MeQ)2ANCO)2 2240 vs, 2220 vs 1338 m, 1325 m 610 m, 600 m
Co(4-MeQ)(N3)2 2120 vs, 2100— 1340 m, 1290 s 670 m, 630 w, 595 m
2080 vs, 2060 vs

Cu(4-MeQ)(N32 2090 vs, 2075 vs 1338 w, 1285 m 665 w, 602 w
2055 vs

Zn(4-MeQ)(N3)2 2130 s, 2090 vs 1350 m, 1290 s 665 wm, 608 m, 600 m
2065 vs

Hg(4-MeQ)(N3)2 2045 vs, 2020 s 1355 m ,1300 m 645 w, 685 m
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The frequencies of the cyanate groups for the 1 :2 cobalt complex
resemble those reported [24] for the anionic complexes Co(NCO)4~, indicating
terminal IV-cyanate groups for this tetrahedral complex. Those of the 1 :2
copper complex indicate bridging cyanate ligands [7].

The spectra of the 1 : 1 azide complexes exhibit split pas N3 band. Split
Ps N3vibration mode has been frequently observed [11, 25, 26] for copper(ll)
azide complexes containing terminal and bridging azide groups. The ap-
pearance of the vs N3bands in the spectra of 1 : 1 complexes suggests asym -
metric azide groups.

The spectra of the nitrato complexes show NO bands at 1440 and 1315
cm-1 for cobalt and at 1415 and 1305 cm -1 for nickel complex, which indicate
unidentate nitrate groups [24]. These results confirm the structures suggested
from the electronic spectra of these complexes i.e. that they exhibit terminal
O—NO02groups.

Far infrared spectra

(@) Ring vibrations of 4,-methylquinoline
Table IV summarizes the observed vibration frequencies below 650 cm-1.
The general feature of the ligand vibrations above 650 cm-1 is the slight shift

Table IV

Infrared absorptionfrequencies (cm-1) of metal-halide
and metal-pseudohalide complexes ofi-methylquinoline (4-MeQ)

Quinoline ring

Compound vibrations pM—X VM—N(L)
4-MeQ 595 m, 575 wm, 400 rn
Co(4-MeQ)2Cl., 632 wm, 590 w, 415 m 340 s, 313 s 220 s
Co(4-MoQ)2Br2 620 m, 590 w, 412 m 255 sh, 245 vs 220 ms
Co(4-McQ)210 618 m, 592 w, 415 m 230 s 225 sh
Co(4-MeQ)2(NCS)2 620 m, 590 w, 415 m 330 s, 305 s 230 s
Co(4-MeQ)2(NCO)2 630 m, 590 w, 410 m 385 s, 348 s 230 s
Co(4-MeQ)2(N 03)2 625 wm, 590 w, 410 m 265 m 235 ms
Co(4-MeQ)(N3)2 630 w, 590 sh, 418 m 370 s 265, 245 s
Zn(4-MeQ)2CI2 625 wm, 590 m, 412 m 320 m, 295 ms 235 s
Zn(4-MeQ),,Br2 620 w, 588 m, 415 m 250 ms, 220 m 235 ms
Zn(4-MeQ)(N3)2 620 w, 590 m, 410 m 340 m 238 ms
Ni(4-MeQ)2Cl,,“ 640 w, 590 m, 415 m 320 s, 305 s 240 s
Ni(4-MeQ)XI2 632 m, 582 w, 418 m — - 235 s
Ni(4-MeQ)CI2 628 m, 580 w, 420 m - - 245 s
Cu(4-MeQ)2CI2 628 in, 582 w, 420 in 290 s, 265 wm 250 s
Cu(4-MeQ)CI2 632 w, 580 in, 418 m 290 sh, 268 s 250 s
Cu(4-MeQ).,Br2 630 m, 580 w, 420 m 250 s 250 s
Cu(4-MeQ)2NCS)2 630 w, 582 m, 418 m 320 ms 255 s
Cu(4-MeQ)ANCO),, 630 m, 580 w, 420 m 390 ms 245 s
<u(4-MeQ)(N3)2 630 vw, 490 w, 422 in 387 m 260, 247 s
Cd(4-MeQ)CI2 635 w, 582 in, 420 m <200
Hg(4-MeQ)(N3)2 644 m, 580 sh, 415 m — — <200

aBlue tetrahedral form.
bYellow polymeric octahedral form.

Acta Chim. Hung. 120, 1985



258 GOHER, HAFEZ: COMPLEXES OF 4-METHYLQUINOLINE

to higher frequencies upon complexation of 4-MeQ. However, two bands
below 650 cm-1 experience significant shifts to higher frequencies. These two
hands: 595 and 400 cm-1 are ring deformation modes. In addition, the 570
cm-1 band in the free ligand appears around 590 cm-1 and 580 cm-1 for
tetrahedral and polymeric octahedral complexes, respectively. The 595 cm-1
band is the more sensitive to the stereochemistry of the complexes of a given
metal e.g. Ni(4-MeQ)2CI2 (tetrahedral) 640, 415 cm-1 and Ni(4-MeQ)2CI2
(polymeric octahedral) 632, 418 cm-1. While these two bands shift upon
complexation, the relationships between such shifts and the stereochemistry
of the complexes are not so significant as those found [la, Ib] for corresponding
vibrations of coordinated pyridine.

(b) Metal-halogen and metal-nitrogen stretching vibrations

The pM—X stretching vibrations are identified by their shifts to lower
frequencies when X is progressively changed from chloride to iodide. The
pM—N(L) and other metal-ligand (anion) are assigned on the assumption
that for a series of complexes, MX2Ln, of the same stereochemistry, the pM—N
(L) vibrations occur at approximately the same frequencies for a given metal.
The metal-halogen and metal-nitrogen frequencies assigned to these bases are
given in Table IV.

Tetrahedral ML2X 2(C2v) complexes are expected to show two pM—X
vibrations (Al+ BX and two pM—N(L) vibrations + B2 which are
IR-active. The spectra of the tetrahedral chloro complexes of Ni and Co are
characterized by two strong bands and one medium to strong band in the
200—400 cm-1 region. The former two bands are pM —X vibrations, because
they shift down to *=«0.77 of their values in analogous bromo derivatives, and
lower still in iodo derivatives. The frequency of the third band is almost
independent of halogen and is accordingly assigned to a pM—N(L) vibration.
The spectrum of Zn(4-MeQ)2CI2 exhibits two bands, associated with the
pZn—Cl vibrations, which are absent from the analogous bromo complex,
and therefore both possess tetrahedral structures. The pM—X vibrations of
cobalt complexes lie 10—25 cm-1 above those of comparable zinc or nickel
complexes. This trend was observed in the case of corresponding pyridine
complexes [la, Ib].

Table V compares the pM—X and pM—N(L) vibrations of some 4-MeQ
complexes with corresponding complexes of pyridine and quinoline. While
the pM —X vibrations of 4-MeQ, like the pyridine complexes, lie *=«10 cm -1
higher than those of quinoline, the pM—N(L) vibrations of pyridine complexes
lie *=«30 cm-1 above those of both quinoline and 4-methylquinoline. In the
case of the polymeric distorted octahedral Cu(4-MeQ).2CI2 complex the rCu—Cl
vibrations are lower by *=«30 cm-1 (Tables IV and V) than those of the analo-
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Table V

Comparison of vM—X and iM 1, in some ML2X2complexes

Complex t>M— X vM—L Ref.
C°(py)XI2 344,304 252 [lal
AO(%)zAZ 333,312 226 [1a]
Co(4-MeQ)XCI2 340, 313 220
Co(py)Br2 274, 242 250 [1a]
Co(4-MeQ)2Br2 255, 245 225
C«(PY)2Ci2 294, 235 268 [la]
Cu(Q)XI2 332 259 [lei
Cu(4-MeQ)2Ch 290, 265 250
Cu(py)2Br2 255,202 269 [1a]
Cu(Q),,.Br2 266 256 [le]
Cu(4-MeQ)2Br2 250 250
Zn(py)2Cl)2 329, 296 220 liai
Zn(Q)l,, 316,300 205 [1b]
Zn(4-MeQ)XCI2 320,295 235

py = pyridine, Q = quinoline

gous quinoline complex. The position of rM—X vibrations reflects the influ-
ence of the electron-releasing methyl group which increases the base strength
of 4-methylquinohne compared with quinoline.

The spectra of tetrahedral Co(4-MeQ)2ANCX)2(X = O or S) complexes
exhibit two bands associated with the rCo—NCX vibrations which reveal
iV-bonded cyanate or thiocyanate groups. The appearance of a single band
associated with the vM—N 3vibration in the spectra ofthe 1 : 1 azide complexes
suggests that one of the azide groups is terminal and the other acts as a
bridging group leading to polymeric tetrahedral for cobalt and zinc complexes
and polymeric five coordinate structure for the copper complex.

The polymeric octahedral 1 :2 as well as five coordinate 1 : 1 chloro
complexes of nickel do not show the vNi—CI vibration bands, as they are
expected to be below 200 cm-1 [le] for bridging chloro complexes.
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The charge-transfer interaction between hydroxy aryl Schiff’s bases and aro-
matic tri- and dinitrobenzenes is investigated using IR, UV and tH-NMR spectroscopy.
The results reveal that complex formation takes place through sa-electron transfer
only in case of non-acidic and weak acidic acceptors, while with strong acidic acceptors
the reaction takes place through both electron and proton transfer. The results show
that the aniline ring is the moiety involved in the charge-transfer interaction.

Introduction

Charge-transfer (CT) complexes of aromatic nitro compounds with
a-donor systems were the subject of several interesting investigations [1—6].
Numerous studies considered the CT complexes of aromatic amines, aromatic
hydrocarbons with condensed ring system, however, few investigators dealt
with the CT complexes of Schiff’s bases [7—9].

Complex formation between some benzylidene aniline and p-nitrophenol
was demonstrated by the change in the intensity of the \gh band of p-nitro-
phenol at 3610 cm-1, it was reported that the intensity of the vOh band is a
more or less linear function of the Hammett a constant of the substituent on
the benzylidene aniline molecule [7]. It was also suggested that complex
formation between p-nitrophenol and benzylidene aniline derivatives would
take place through intermolecular hydrogen bonding involvingthe OH group of
p-nitrophenol and the C=Nhnkage ofbenzylidene aniline [8]. From adetailed
IR spectroscopic study of CT complexes, formed by the interaction of a series
of dinitro- or trinitrobenzenes with some p-CH3 or OCHS3 substituted ben-
zylidene aniline, it was concluded that complex formation involves a—a*
or a—a* and proton transfer from the acceptor to the C=N linkage [9].

In the present investigation the CT complexes of some hydroxy deriva-
tives of benzylidene aniline as donors with some aromatic dinitro- and tri-
nitrobenzenes are studied using UV, IR, and *HNMR spectroscopy.

* To whom correspondence should be addressed.
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Important bands in the IR spectra of CT complexes with nonacidic
or weak acidic acceptors

Donor colour 10Q

Complexes with picryl chloride (1)

Bands of free acceptor

a brown 204
b brown 178
¢ orange brown 178
d orange 178
e orange 188
f orange 186

brown 202
% reddish brown 107
i orange 182
j dark brown 112
K brown 205
1 orange 177
n brown 213
0 orange 170

Complexes with trinitrotoluene ()

Bands of free acceptor

a brown 68
b brown 184
¢ pale brown 141
d pale brown 79
e brown 83
f pale brown 163

pale brown 80
% pale brown 84
i yellow brown 74
j brown 79
K pale brown 80
1 pale brown 81
m brown 72
n pale brown 77
0 brown 76

Complexes with 2,4-dinitrophenol (3)

Bands of free acceptor
a dark brown 93
b dark brown 119
¢ pale buff 115
d pale buff 112
e yellow 118
brown 128
% pale brown 114
i pale brown 103
i brown 113
K dark brown 177
1 brown 138
m brown 107
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VvOH

3270
3260
3260
3260
3250
3260
3250
3260
3260
3260
3250
3260
3260

Table |

NOaasym

1553,1540
1550, 1530
1545,1537
1550,1540,1530
1548,1540,1535
1550,1540, 1535
1545,1535
1540,1535
1548,1540,1535
1548,1540,1530
1555,1540,1535
1550,1542,1535
1550,1540,1530
1550,1545,1535
1550,1540,1528

1550, 1520

1550, 1540, 1515
1550, 1542,1520
1545,1540,1510
1550,1542, 1518
1545,1530, 1518
1545 b, 1520
1548,1540,1520
1550, 1542, 1515
1545,1540,1510
1550,1540, 1520
1550,1543, 1520
1550,1540,1520
1548,1542,1518
1550, 1542, 1520
1550,1540, 1510

1540,1520
1530,1515
1535, 1515
1535, 1510
1530,1515
1535, 1515
1525,1515
1530,1515
1525, 1515
1530,1515
1535,1515
1530, 1515
1535,1515

NOf sym

1342,1335
1330

1335

1330

1335
1342,1335
1340, 1330 sh
1342,1335
1340,1335
1340,1333
1345,1336
1345,1335

1360
1355,1345
1350 b
1350,1340 sh
1355,1348
1350 b
1350 b
1350 b
1348
1350,1340
1350 b
1348 b
1350

1353

1352

1350 b

1350
1345
1343
1343
1342
1345
1335
1340
1340,1335
1342
1340
1345
1343

yCH

788
770
m
780

770
782
780
770
772
775

800

792
795

793
790
795
792
790
792
792
795
793
790

928, 825
925,820
923,820
925, 818
922,818
918,820
920,818
918,820
918,820
920,820
919, 821
917,820
915,820
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T able 1 (continued)

M.P.
Donor colour °C) VOH NOa asym NO, sym yCH

Complexes with 2,5-dinitrophenol (4)

Bands of free acceptor 1552,1535 1355 850, 837, 818
a dark brown oil 3280 1550, 1530 1352

b dark brown 154 3270 1550,1530 1350

c grey 155 1535 1355 845, 833,815
d brown 83 3270 1545, 1535 1352 832

e pale brown 104 3280 1548,1530 1350 840,825

f green 175 1540 1348 843, 825

g brown 97 3280 1545,1530 1350 848,835, 810
h  brown 99 3290 1548,1530 1351 845,830,815
i brown 86 3285 1545,1528 1350 845,830

j dark brown 89 3270 1542,1528 1350 848,833,815
K brown 189 1540,1528 1345 845, 835, 815
1 grey 156 3260 1540,1528 1350 848, 830

m brown 98 3290 1545,1530 1350 848,833,815

sh: shoulder, b: broad

Experimental

All compounds used in the present investigation were pure BDH chemicals. The prep-
aration of complexes and the working procedures are the same as described previously [3].
The donors used have the general structural formula:

in which X and Y are: (H, 0-OH), a, (H, ra-OH) b, (H, p-OH) ¢, (0-OH, H), d, (m-OH, H) e,
(p-OH, H) f, (0-OH, 0-OH) g, (0-OH, m-OH) h, (0-OH, p-OH) i, (m-OH, 0-OH) j, (m-OH,
m-OH) k, (m-OH, p-OH) 1 (p-OH, 0-OH) in, (p-OH, m-OH) n and (p-OH, p-OH) o.

The acceptors used are non-acidic acceptors such as picryl chloride (1), trinitrotoluene
(2); acceptors with weak acidic properties as 2,4-dinitrophenol (3), 2,5-dinitrophenol (4) or
acceptors with strong acidic character as picric acid (5), 3,5-dinitrosalicylic acid (¢) and 3,5-
-dinitrobenzoic acid (7).

The IR spectra were recorded on a UNICAM SP 1000 infrared spectometer in KBr
discs, whereas the NMR spectra on a Perkin Elmer R 34-220 Hz NMR spectrometer (the
NMR measurements were done at UMIST- Manchester- England during a scientific visit of
R.M. lIssa). The electronic absorption spectra were recorded on a PYE UNICAM SP 1750
recording spectrophotometer applying the nujol mull technique.

Results and Discussion

The intermolecular interaction between the donors and accepto rs used
in the present investigation, as gathered from the results of IR and NMR
spectra depends to a large extent on the nature of the acceptor. The various
types of interaction are discussed in the following:
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Interaction involving electron transfer

This type of CT interaction is observed when the donors react with
non-acidic acceptors (1) and (2) or the weak acidic ones (3) and (4). The spectral
characteristics of these compounds are as follows.

IR spectra (Table I)

The ycH hands of the donor part of the CT complex (benzylidene aniline
derivatives ) are shifted to higher wavenumbers whereas those of the acceptors
are shifted to lower values. This shift is observed with CT complexes involving
ti—n* interaction in which a fa-electron is transferred from the HOMO on
the donor to the LUMO of the acceptor. The shift of the ycH bands of the
anilino ring is greater than the shift of those of the benzal, this behaviour
reveals that the electron transfer to the acceptor would originate from the
anilino ring. Such CT interaction leads to obvious shifts in the N 02-bands
of the acceptors to lower wavenumbers. The asym. and sym. N 02bands of
(1) and (2) display in many cases a higher splitting in the spectra of the CT
complexes indicating increased differentiation in the energy of the NO2
groups. For compounds formed with donors containing the OH-group in
p-position of the anilino ring the highest shifts to lower values are observed
as a result of the possible hydrogen bonding between the p-OH and the p-NOa
groups.

The OH bands of the donor parts of the CT complex show varied behav-
iour depending on the position of the OH group. The shifts are not regular
for compounds containing two OH groups due to difficulties concerning the
differentiation between the two bands, for those with one group only a general
trend would he pointed out. The fgh f°r donors (a) and (b) are shifted to
higher wavenumbers as a result of the decrease in the strength of the intra-
molecular hydrogen bond and the sa-electron density on the donor part. The
shift in the vOH bands of (b), (c), (e) and (f) to higher wavenumbers is much
obvious due to the destruction of the intermolecular hydrogen bonding liable
to exist in the solid lattice of the donor. The shift with (b), (c) and (f) is higher
than (e) since the OH-group in the latter compound is probably involved in
an intermolecular hydrogen bond with the facing N02group on the acceptor
molecule.

N MR spectra

The *H NMR spectra of the donors in CDC13 show a group of signals
within the 6.7—7.8 ppm range due to the aromatic protons of the two rings.
The OH signals are observed downfields at 9.8—10.9 ppm. The acceptors
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chosen in this investigation are (1) and (2) since they have their signals at
much higher 6-values (8.9—9.3 ppm) compared to the aromatic protons of
the donors.

A comparison between the NMR spectra of the CT complexes and those
of the components reveals that the signals of the acceptors are shifted to
lower 6-values while those of the donors are displaced to higher ones. The
magnitude of the shift varies according to the donor and acceptor used; also
the shift is higher with the signals due to anilino protons which is in accordance
with the results of the IR spectra.

Based on the information obtained from the IR and NMR spectra, the
CT interaction can be formulated as in (IT).

Electronic absorption spectra

The electronic absorption spectra of the CT complexes of this group
display a single CT band within the 450—570 nm range corresponding to the
>X — 7T* intermolecular charge-transfer interaction with ECT= 2.18 —2.25 eV.
This assumption is supported by calculating the energy of the CT interaction
for the complexes with acceptor (3) using the relation given by Briegleb [1]:

Ect= Ip—Ea+ C

where Ipis the ionization potential of the donor, its value can be determined
from the electronic absorption spectra [10] (8.8—9.1 eV); EA is the electron
affinity of the acceptor, it is —0.7 eV [11] for trinitrotoluene; Cis the coulombic
force between the electron transferred and the positive hole left behind, it
is —5.6 eV.

The values of EcT thus obtained amount to 2.5—2.8 eV which coincide
well with that determined from Amax (2.18—2.25 eV). The plots of Eqt as a
function of Ip are more or less linear relations with almost identical slopes but
varied intercepts. From the intercepts the electron affinities of the acceptors
under investigation are determined and 0.86, 0.69, 0.58 and 0.54 eV for accep-
tors 1—4 are obtained. The values are comparable to those evaluated from
the electronic absorption spectra [10] and also with the literature values in
case of acceptor (2) [11].
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The existence of only one absorption band in the electronic absorption
spectra reveals that the CT complex formation between the benzylidene ani-
line derivatives and the trinitro or dinitrobenzenes under investigation takes
place through n — n* bonding. The contribution of n — re* type interaction
to complex formation is low or absent.

Interaction involving electron and proton transfer

This type of interaction occurs when the donors used are allowed to
react with acceptors of strong acidic property, namely acceptors (5), (6) and
(7). The IR and NMR spectra of these complexes differ considerably from
those of their components.

IR spectra

The IR spectra of the CT complexes compared to those of the free com-
ponents exhibit a new group of broad intense bands within the 3000—2400
cm-1 range which can be assigned to the stretching mode of the = N +—H
structure formed through the transfer of a proton from the phenolic groups
of (6) and (7) or the carboxyl group of (8) [3]. This is supported by the disap-
pearance of the OH bands corresponding to these groups and the shift of the
C= N band to lower values in the spectra of the CT complexes. The ycH bands
of the donors shift to higher wavenumbers while those of the acceptors are
shifted to lower ones, a behaviour which is characteristic of the n — n* CT
interaction. The shift in the ycH bands of the anilino part are higher than
those of the benzal part which is identical with the case of CT complexes
involving electron transfer only.

The proton transfer from the acceptor to the donor and the formation
of the CT complex leads to the destruction of the intramolecular or the inter-
molecular hydrogen bonding involving one NO02group of the acceptor mole-
cule. This leads to a decreased difference in the energy states of the N 02
-groups hence the number of the asym. N02-bands becomes less than in the
free acceptor. The asym. N 02bands shift to higher or lower wavenumbers
a behaviour which is common for CT complexes of the acceptors under study
involving proton transfer [3]. The sym. NOabands are mostly shifted to
lower values as a result of the increased s-electron density on the ring of the
acceptor part of the CT complex. The yoH bands of the donor part display a
shift to higher values. For complexes of donors with the OH group in (»-posi-
tion, the shift reflects the destruction of the intramolecular hydrogen band
as a result of the protonation of the azomethine nitrogen. For donors with
the OH-group in m- or p-positions the shift is brought about by the decreased
a-electron density on the donor ring and elimination of the intermolecular
hydrogen bond existing in the solid lattice of the free donor.
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Table 11

267

Important bands in the IR spectra of CT complexes with strong acidic acceptors

M.P.
Donor colour °C)

Complexes with picric acid (5)
Bands of free acceptor

a olive green 175
» brown 162
c brownish yellow 175
d yellow 161
e yellow 180
ryellow 211
n olive green 174
nbrown 126
i yellow 193
i dark brown 164

dark brown 146
1 yellow 185
u dark brown 152
n dark brown 141
o brownish yellow 264

=N +—H

2900-2400
2900 -2400
2900-2400
2900-2400
2900- 2400
2900-2400
2900-2400
2900-2400
2900-2400
2900-2400
2900-2400
2900-2400
2900-2400
2900- 2400
2900-2400

Complexes with 3,5-dinitrosalicylic acid (6)

Bands of free acceptor

a grey 210
b brown 129
c pale brown 212
¢ orange brown 173
e buff 203
+  pale yellow 240
s dark brown 174
n buff 124
i dark brown 204
i dark brown 176
« brown 120
1 greenish yellow 206
m dark brown 110
n dark brown 127
o pale brown 242

2900-2300
2900-2300
2900-2300
2900-2300
2900-2300
2900-2300
2900- 2300
2900 2300
2900-2300
2900-2300
2900-2300
2900 2300
2900- 2300
2900 2300
2900-2300

Conﬁplexes with 3,5-dinitrobenzoic acid (7)

Bands of free acceptor

a brown 164
b brown 156
c yellow 164
d orange 113
e dark brown 117
t  buff 192
s dark brown 123
h  brown 118
i yellow 205
i dark brown 119
K dark brown 126
1 yellow 208
m  brown 190
n dark brown 137
0 pale brown 245

b: broad, sh: shoulder

3000- 2300
3000-2300
3000- 2300
3000-2300
3000 2300
3000-2300
3000-2300
3000-2300
3000-2300
3000-2300
3000 2300
3000-2300
3000-2300
3000-2300
3000-2300

VvOH

3110

3570
3460
3100
3170
3210
3130
3160
3180
3130
3160
3200
3150
3170
3200
3200
3190
3200
3160

3190

C=0

1700
1675

1645
1685
1660
1685
1675
1655
1640
1675
1645
1650
1680
1660
1675
1680
1650

NOjsym

1555, 1540,
1530

1560, 1538
1560,1540
1550,1545
1555, 1541
1550,1540
1547

1550, 1540
1560,1542
1550,1540
1550,1542
1555, 1540
1548,1535
1548, 1540
1555, 1538
1555,1537

1540,1530

1533
1530
1533,1525
1528
1530
1515
1528
1530
1535.1515

1535,1520
1530
1535
1530, 1520

1550,1540
1540
1540
1535
1535
1540
1537
1545
1545
1540
1543
1540
1538
1542
1545
1540

NOaasym

1350

1339

1340
1342,1335
1343

1342

1335

1330

1335
1340,1332
1340

1340

1335 b
1340

1340
1345,1335

1349

1345

1342
1345,1330
1345

1343

1320

1342

1335
1345, 1335
1342

1340
1350,1335
1344

1342

1340 b

1350
1342
1345
1342
1340
1340
1335
1345
1341
1336
1345
1343
1340
1340
1345
1342

784

779
781
781
778
780

775
779

781 sh
780 sh
780 sh

925,825

920, 818
922, 815
912,810
913,812

. 815
915,812
920,812
922,815
920, 813
920,813
918,812
922, 815
920,817
918,813
920, 812

823, 808, 727
—,800,722
820, 800, 720
—,795,723
820, ,718
—, 800, 720
818, 122
—,790, 722
—,800, 722
818, 795,718
—,801,722
—,800, 720
815, 800, 720
-,800, 725
—, 800,723
815,795,720



268 ISSA et al.: MOLECULAR COMPOVNDS OF SCHIFF’S BASES

N M R spectra

The NMR spectra of the complexes in comparison to those of the free
components reveal a shift of the signals due to the donor part to higher fields
whereas those of the acceptor are shifted to lower fields. This result from the
n — ti* interaction leading to the increased n-electron density on the acceptor
and its decrease on the donor. The shift in the signals of the donor part in
this class of complexes is of higher magnitude than in case of CT complexes
involving electron transfer only. This can be ascribed to the positively charged
azomethine linkage (C=N +—H) which exerts a higher deshielding effect on
the aromatic protons than the azomethine bond (CH=N).

The NMR spectra of the CT complexes involving proton transfer exhibit
a broad signal within the 5.6—9.8 ppm range which is absent in the NMR
spectra of electron-transfer complexes. This signal can be attributed to the
proton of the protonated azomethine nitrogen (=N +—H). The position of
the signal depends on the nature of both donor and acceptor.

Table 111

Signals in the NMR spectra o/CT complexes with 3.5-dinitrobenzoic acid

Donor ¢ Donor f Donor | Donor o
Proton
donor compl. donor compl. donor compl. donor compl.
Signals of acceptor part of the complex
7.67 — - — — OH
3.80 8.62 8.37 8.65 8.38 H2
8.97 8.93 9.03 8.95 9.03 Ha
8.70 9.00 9.08 9.03 9.08 Hs
Signals of the anilino part
7.05 7.20 7.10 8.18 7.30 7.40 7.65 7.20 H2
6.75 6.85 6.80 6.88 6.83 6.90 6.75 6.80 H3s
7.10 7.15 H>
6.75 6.85 6.80 6.88 6.83 6.90 6.75 6.80 Hs
7.05 7.20 7.10 7.18 7.30 7.40 7.65 7.70 He
4.85 8.65 9.40 6.50 o + B
8.80 8.98 9.10 9.18 8.10 8.38 OH
8.4
Signals ofthe benzal part
7.75 7.81 7.70 7.75 7.00 7.07 H2
7.40 7.45 7.30 7.37 6.90 6.95 6.85 6.90 H3s
7.55 7.54 7.15 7.18 Ha
7.40 7.45 7.30 7.37 7.18 7.22 6.85 6.90 Hs
7.75 7.81 7.70 7.75 7.30 7.30 7.00 7.07 He
10.00 10.00 d.f 10.00 d.f. 9.00 9.12 OH

665 675 660 665  6.77 685 672 677 =C-H

d.f.: Downfields above 10 ppm
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Electronic absorption spectra

The visible electronic absorption spectra of the CT complexes belonging
to this class exhibit also one CT band within the 430—470 nm range. The
band is situated at higher energies compared to that of CT complexes not
involving the proton transfer. This is due to the higher ionization potential
of the protonated azomethine molecule and the lower electron affinity of the
anion of the acceptor compared to the neutral molecule. A quantitative treat-
ment for this class of CT complexes is difficult because the protonation energy
changes by the different acidity of the acceptor and basicity of the donor.

From the results of the IR-, NMR- and electronic spectra of the present
investigation, the bonding in the CT complexes of benzylidene anilines and
picric acid can be formulated as follows:
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In earlier papers [1—4] we have reported the Diels-Alder reactions of
3(2i/)-isoquinolinones with dienophiles in which the component effecting the
addition reaction contained a C=C double bond. In the present paper investi-
gations are described in which dienophiles containing the C=C triple bond
were used; the best known and most widely employed representative of these
dienophiles is dimethyl acetylenedicarboxylate. Although in the analogous
reactions reported in the literature [5] (e.g., the reaction of 2-pyridone with
dimethyl acetylenedicarboxylate) primarily a Michael addition takes place in
similar compounds or, in the case of other derivatives, the occurrence of the
addition reaction can only be assumed by the presence of the decomposition
products of the adduct expected hut not isolable even as an intermediary
product, in some cases, under mild conditions dimethyl acetylenedicarboxylate
(in the following, DMAD) can favourably be used as a dienophilic agent.

In the knowledge of these results, the reaction of I-phenyl-4-methyl-
-3(2H)-isoquinolinone (1) and DMAD was examined at different temperatures
(Scheme 1). In benzene solution, no reaction took place either at room tem-
perature or at the boiling point; in xylene solution, after refluxing at 110 °C
for several hours, the product of Michael addition (3) was isolated from the
reaction mixture, instead of the adduct expected (2), after separating it from
several unidentifiable by-products; the formation of the Diels-Alder adduct
(2) could not be detected. The structure of 3 was confirmed by both the IR
(amide 1625 cm-1, ester: 1725, 1270 and 1210 cm-1) and the 1H- and 13C-NMR
spectra (see Experimental); however, a product with satisfactory analysis
could not be obtained; the substance could not be purified by the column
chromatographic technique, either. For this reason, 3 was identified in the

*Part 1V: see Ref. [4]
**To whom correspondence should be addressed
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form of its adduct with IV-phenylmaleimide; 3 was refluxed with NPMI in
xylene to obtain the adduct 4 with satisfactory analysis. Compound 4 was
assumed to have the conformation shown in Scheme 1; the maleimide part
has probably endo position (see Ref. [4]), and the geometry of the olefinic
side-chain — on the basis of literature analogues [6] — is shown to be E.
The NMR spectra, owing to the poor solubility of the compound, cannot be
used for confirming the structure; therefore, in addition to the satisfactory
elemental analysis data and the consistent IR spectrum, the structure of 4
was supported by its characteristic mass spectrum, which allowed to draw
the following important conclusions:

(1) the mass number (m/z 550) of the molecular ion with low intensity
corresponds to the molecular mass of the adduct expected;

(2) the mass spectrometric retro-synthetic reaction path could be ob-
served: this is the formation of the m/z 377 and 173 ions. Their ratio
was nearly constant in time, at the same time they correspond to the
molecular ions of the starting compounds (A and B ; see Experimental);

(3) the appearance of the ion with m/z 365 has an outstanding diagnostic
value; this can be regarded as the product of the other possible RDA
(reiro-Diels-Alder) process occurring under electron bombardment;
on the basis of its mass number, this ion can be formed by fission
releasing the following CHMNOS5 unit:

0=C=N-C=CH-COOCHS3
CIOOCH3

from the molecular ion, that is, the probable structure of the frag-
ment ion is:
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This latter mass spectrométrie statement is all the more interesting and
important here, since Acheson and Tasker [6] described a reaction accompanied
by the loss of isocyanate in the reaction of 2-pyridones, without the isolation
ofthe adduct (Scheme 2). The authors, although they failed in isolating dimethyl

carbonate, assumed completion of the adduct formation on the basis of N-
-methylphthalimide isolated.

The conversion of compound 3 into adduct 4 is an additional example
that compounds, which can be hardly or not at all purified, may be identified
by adduct formation in a Diels-Alder reaction.

Experimental

M.p.’s were measured with a Bilchi—Tottoli melting point determining apparatus and
are uncorrected. The IR spectra were recorded with a Perkin-Elmer 457 spectrophotometer
in KBr pellets, the NMR spectra with WM-250 (IH) and WP-80SY (I3C) Bruker instruments
in CDC1s solution at 250 (*H) and 20 MHz (13C) in 5 mm tubes at room temperature, using
the deuterium signal of the solvent as the lock and TMS as internal reference. The mass spectra
were obtained with an AEI MS-902 type double focussing mass spectrometer; operating con-
ditions: 70 eV, s kV, 100 uK, direct insertion with a temperature of the ion chamber of 200 °C.

Preparation of the Michael adduct and its reaction with NPMI
I-Phenyl-4-methyl-3(2ff)-isoquinolinone [7] (1.177 g; 5 mmol) and DMAD (1.35 g;

9.5 mmol) were refluxed in xylene (60 mL) for 23 h. After evaporating the reaction mixture
to dryness, the oil obtained was subjected to chromatographic separation on a column packed
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with Al120 3 and, after combining the appropriate fractions, by evaporation of the solvent and
rubbing the residual oil with ether, compound 3 (0,35 g; 18.5%) was obtained; m.p. 180—
182 °C

IR (KBr): vC=0 Amide 1625, ester bands 1730, 1270 and 1210 cm-1.

tH-NMR (ppm, CDCIj): CCHs 2.50 s (3H), OCHs 3.63 and 3.83, 2Xs (2x3H), =CH
6.85, s (1H), ArH 6.80, t (7), 7.02, d (5), ~7.3 m (3°,4°,5"), ~7.45 (s, 2’,6"), 7.55 d (8).

13C-NMR (ppm, CDC13): CCHsz 11.6, OCHs 52.1, 53.3, =CH 117.2, 117.9*, = CHN
140.4, 140.9*, C-4a, sa 121.8, 122.9, C-2’,6" and C-3°,5" 128.3, 128.6**, C-4,5,6,7,8,4" 126.8,
128.6**, 129.3, 129.9, 130.5, 131.0, C-I 132.5, C-l 146.9, C=0 160.0, 162.7, 163.0.

As the analysis of the product was not satisfactory, it was refluxed with NPM1 (0.076 g;
0.44 mmol) in xylene (15 mL) for 12 h. The solid product was filtered off, washed with ether
and dried to obtain 4 (0.1 g; 45.5%), m.p. 287—289 °C.

Cs2H 2eN20,. Calcd. C 71.10; H 4.85; N 5.9. Found 71.04; H 4.93; N 5.10%.

IR (KBr): rC=C 1640 cm -1, vC=0 1700, 1715, 1730, 1775 cm- 1 (shoulders).

MS, m/x (1%): 550 (1) M; 519 (5) M-OCH3; 491 (5) Af-COOCH3; 377 (100) A; 365
(11); 363 (5); 349 (8); 318 (23) (377 * COOCH,1: 286 (4); 235 (s); 218 (30); 203 (s); 202 (s);
173 (10) B ; 91 (5); 77 (4).

*

The authors’thanks are due to Prof. P. Sohar (EGIS Pharmaceuticals, Spectroscopical
Department) for recording the NMR spectra.
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SYNTHESIS AND SPECTRAL STUDIES OF SOME
(E)-«-[(ARYL)SULFONYL]JCHALCONES
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(Chemical Laboratories, KSRM College of Engineering, Cuddapah-516 003, A.P., India)
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Fourteen new a-[(aryl)sulfonyl]chalcones have been prepared by condensing
phenacyl-4-nitrophenacyl-aryl sulfones with aromatic aldehydes. The (/*-configuration
for these compounds has been assigned on the basis of infrared and proton magnetic
resonance spectral data.

Introduction

Active methylene compounds such as arylsulfonylacetic acids, benzyl-
sulfonylacetic acids, ethyl phenylsulfonylacetate, phenacylphenyl sulfones
condense [1—4] with aromatic aldehydes in the presence of catalytic amounts
of ammonia or aprimary amine in glacial acetic acid affording a, ~S-unsaturated
sulfones. The condensation yields in each case exclusively a single geometrical
isomer, presumably the (F)-isomer, which is the more stable one. In an attempt
to prepare a series of new a-[(aryl)sulfonyl]chalcones, which are intermediates
for the synthesis of 2-pyrazolines and cyclopropanes, the preparation of new
phenacyl- and p-nitrophenacyl-arylsulfones seemed to be of interest to us.

Results and Discussion

New phenacyl- and 4-nitrophenacyl-aryl sulfones have been prepared
in fairly high yields following the procedure of Troger [5]. Fluorobenzene,
bromobenzene, methoxybenzene have been converted into the appropriate
/»-substituted benzenesulfonyl chlorides by chlorosulfonylation [6]. The cor-
resimnding arylsulfinate [7] has been condensed with phenacyl or 4-nitro-
phenacyl bromide in ethanol to give phenacyl- and 4-nitrophenacyl-aryl
sulfones.

The infrared spectra of these sulfones (1) have strong bands around
1680 cm -1 characteristic of the carbonyl stretching frequency. The character-
istic absorptions of the sulfonyl groups at 1330 —1300 and 1145—1120 cm-1
are also displayed by these sulfones. The NMR spectra show a singlet around
4.75 ppm due to the active methylene (CH2) group.

A number of new a-[(aryl)sulfonyl]chalcones have been prepared by
the condensation of phenacyl- and 4-nitrophenacyl-aryl sulfones with aromatic

*To whom correspondence should be addressed
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4-N02C,H4
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+ Present Chem. Abstr. index name: (2?)-2-[(4-Fluorophenyl)sulfonyl]-l-phenyl-3-(4-fluorophenyl)-2-propen-l-one. Products recrystallized

Physical data of (E)-<x-\(aryl)sulfonyl]chalcones, Ar—C(Ar' S02)C=CH —Ar"

C«H5

CeHs
4-FCdH4
4-FC,,H4
4-FCjH,
4-BrCeHa4
4-BrCeHa
4-BrCeHa4
4-BrCeHa
4-CH30CeH 4
4-CH30CsH4
4-CH30CsH4
céh s

CeHse

Table |

4-FCeH4

4-C2Hs0, 3-CH30CeH3
4-FC,,Ha

2-CICsHa4

4-CICeH4

4-CH3CroH4

4-FCeH a4

2-ClICsHa4

2-N02CeH4

4-C,Hs0, 3-CH30CesH 3
4-CiCeHa

2-N02CsH4

2-CICeH4

2-N02CsH4

from (a) ethanol (b) 2-propanol (c) glacial acetic acid

Yield,
%

62a
58b
63a
69b
65a
58a
56a
68C
72¢c
57a
6la
69c
60a
64c

o

M.p.,
°C

142-143
162-163
125—126
120-121
128 129
109-110
105-106
160-161
159-160
130-131
119-120
135-136
141-142
200-201

Found,%

421
5.17
3.62
3.67
3.70
3.68
3.28
3.24
3.12
5.17
4.28
4.22
3.38
3.34

Calcd., %

C

68.83
68.22
65.61
62.92
62.92
59.87
56.64
54.62
53.40
66.30
63.99
62.40
58.95
57.52

412
5.24
3.67
3.52
3.52
3.88
3.16
3.05
2.98
5.34
4.15
4.04
3.29
3.21
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aldehydes in glacial acetic acid solution in the presence of catalytic amounts
of benzylamine (Table 1I).

In a-[(aryl)sulfonyl]chalcones (2), the arylsulfonyl and benzoyl groups,
mwhich bear some structural resemblance to each other and which are both

0 ]
il ChHjOHjNH,
nr—C—CWn,so,Ar" + Ar"—CIIO g AT-C-C-SU.AT-
il
CH-AT"

2

bulky, are cross-conjugated with the —C=CHATr" group. It would be of
interest to know which of them is in (E) and which is in (Z) position to the
aryl group. Keeping this in view, a number of new a-[(aryl)sulfonyl]chalcones
have been prepared to study their geometrical configuration.

The two isomeric forms possible for a-[(aryl)sulfonyl] chalcones are 3
and 4. Since the chalcones are of the type RIR2C=CHR 3, their configurations

Table Il
IR and NMR spectra of (F,)-a.-[(aryl)sulfonyl]chalcones

IR, cm*, (KBr) NMR, O ppm (CDCIj)
No. - A - f f i
Vc_o(ijt-of-plan(eJCH vC=0 vS02 d(c=CH) substnuerni;glsn aromatic
1 1618 820 1654 1315,1140 8.04
2 1612 800 1655 1310,1140 8.02 4.04 (q) (CHrCH3),

3.50 (s) (OCH3),
1.38 (t) (CH,Ctf3

3 1620 805 1654 1320, 1145 8.06

4 1621 810 1655 1320, 1146 8.48

5 1616 814 1652 1318,1142 8.05 -

6 1610 805 1650 1312,1142 8.08 2.20 (e) (CH3)

7 1618 812 1650 1315,1140 8.05

8 1620 818 1650 1318, 1142 8.47 -

0 1618 815 1652 1315,1140 8.57

10 1610 800 1650 1310,1135 8.03 4.04 (q) (ca,CH3),
3.85 (s) (C113),
351 (s) (CHD),
1.39 (t) (CII.,CH3)

11 1615 810 1652 1320, 1145 8.02 3.85 (s) (CH3)

12 1620 812 1654 1315,1140 8.50 3.85 (s) (CH3)

13 1618 818 1666 1318, 1144 8.55

14 1620 820 1664 1320, 1146 8.58 _

Acta Chim. Ilung. 120, 1985



278 REDDY, REDDY: (E)-a-[(ARYL)SULFONYL]CHALCONES

cannot be determined from the C—H stretching and deformation vibrations.
However, a qualitative structural diagnosis is possible by examining the char-
acteristic vibrational frequencies of the C=C and C =0 bonds and the influ-
ence of substituents on them. The stretching vibrational frequencies of the
C=C and C=0 bonds in these compounds are given in Table II.

An examination of the infrared spectral data in Table Il reveals that
in a-[(aryl)sulfonyl]chalcones the substituents in the aromatic ring =C H —Ar"
do not have any significant effect on the frequency of the C=0 stretching
vibration. It may be noted that the carbonyl band appears almost at the same
frequency (around 1650 cm-1), whether the substituent is an electron-with-
drawing group like —NO02 or an electron-releasing group such as —CH3 or
—OCHS3. If the benzoyl group is situated trans to ring A as in the simple
known chalcone 5, there will he conjugative interaction of the carbonyl and
phenyl (ring A) groups through —CH= CH. In such a case a substituent in
ring A will increase or decrease the carbonyl stretching frequency depending
upon its ability to withdraw or release electrons. An electron-releasing group

5

in the para position of ring A will lower the C =0 stretching frequency due to
the decreasing ofthe force constant ofthe carbon-oxygen bond; and an electron-
attracting group in the para position will increase the carbonyl stretching
frequency. The data in Table Il thus indicate that there is no appreciable
conjugative interaction between the para-substituted styryl group and the
carbonyl group. A situation like this can arise on steric grounds if the benzoyl
group is situated cis to the benzene ring carrying the substituent R (see 6).
The increase in the carbonyl stretching frequency in compounds No. 13, 14
is due to the presence of the nitro substituent in para position of the benzoyl
group.

The infrared spectra of these a[(aryl)sulfonyl]chalcones also exhibit
strong bands in the region 815—800 cm-1 confirming that they are all tri-
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substituted ethylenic compounds [8]. The spectra also have strong hands in
the region 1620—1610 cm-1 [9] due to the C=C vibration and very strong
peaks in the regions 1320—1310 and 1146 —1136 cm-1, characteristic of
sulfonyl groups [10].

Proton magnetic resonance spectral data are considered to give most
reliable physical evidence for the configurational assignment of (E) and (2)
isomers. However, application of NMR to a, M-unsaturated ketosulfones seems
to be very limited. The NMR spectra of the a-[(aryl)sulfonyl]chalcones analyzed
are presented in Table Il. Since these compounds are trisubstituted ethylenes
of the type CeH5C=CH, chemical shifts have been used to assign the geome-
trical configuration.

Ry applying the additive rule of Matter [11], the chemical shifts for
the vinylic protons of (£J)-a-[(aryl)sulfonyl] chalcones have been calculated.
The calculated value for the vinylic proton is found to be 8.53 ppm and the
observed values varied from 8.02 to 8.58 ppm for (E)-a-[(aryl)sulfonyl]chal-
cones. Further it is found that if the aromatic ring gem to the vinylic proton
contains a nitro or a chloro group in the ortho position, the chemical shift
for the vinylic proton appears around 8.50 ppm. This is in agreement with
the value 8.49 ppm reported earlier [12] for the compound in which the vinylic
hydrogen and aromatic ring are in gem position. Hence the method of prepa-
ration and also the infrared and proton magnetic resonance spectral data con-
firm that all the oc-[(aryl)sulfonyl]chalcones investigated in this work are
(F)isomers.

Experimental

All m.p.’s were determined on a Toshniwal apparatus and are uncorrected. IR spectra
were obtained on a Perkin-Elmer 257 instrument in KBr pellets. NMR spectra were recorded
in CDC1s using a Perkin-Elmer R-32 spectrometer (90 MHz) with TMS as internal standard.

Bromobenzene, fluorobenzene, anisole, acetophenone, 4-nitroacetophenone and the
arylaldehydes were commercial products and purified when necessary.

The substituted benzenes were converted into the corresponding sulfonyl chlorides by
chlorosulfonylation[s], and then into sodium arylsulfinates[7].

General procedure for the preparation of phenacyl-aryl sulfones (1)

To a solution of phenacyl bromide (a-bromoacetophenone) (0.05 mol) in ethanol (200
mL), the appropriate sodium arylsulfinate (0.05 mol) was added and the reaction mixture
was refluxed for 6 — 8 h. The product which separated on cooling was filtered off and washed
several times with water to remove sodium bromide. The product was then recrystallized from
ethanol. Phenacyl-phenyl sulfone, m.p. 90—91 °C (lit. [3] m.p. 91—92 °C); phenacyl-p-
-fluorophenyl sulfone, m.p. 148—149 °C; phenacyl-p-bromophenyl sulfone, m.p. 121—122 °C;
phenacyl-p-methoxyphenyl sulfone, m.p. 104—105 °C; p-nitrophenacyl-phenyl sulfone, m.p.
136—137 °C).

General method for the synthesis of (£)-a-[(aryl)sulfonyl] chalcones (&)
A solution of phenacyl-aryl sulfone (0.01 mol) in acetic acid (10 mL) was mixed with

an aryl aldehyde (0.01 mol) and benzylamine (0.5 mL), and refluxed for 3 h. The solution was
cooled and ether (50 mL) was added. In some cases partial precipitation of the productoccurred.
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This was filtered off and the ethereal solution was washed successively with dilute hydrochloric
acid, aqueous 10% NaOH, saturated NallS0s solution and water. Evaporation of the dried
ethereal layer gave usually a solid product. In some cases when the residue was a syrup, it
was triturated with a little methanol, the resulting solid was filtered off and recrystallized
from a suitable solvent. Relevant data of the compounds synthesized are given in Tables
I and II.

*

The authors wish to thank Dr. Kurt L. Loening, Nomenclature Director, Chemical
Abstracts Services, Columbus, Ohio 43210, for suggesting names for these compounds. The
authors also wish to thank Dr. D. B. Reddy for his interest in this work.
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SYNTHESIS OF THE NITRILO-ANALOGUE OF 13-OXAPROSTACYCLIN*
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The synthesis and antiaggregant activity of the nitrilo analogue (5) of 13-oxa-
prostacyclin are described. The synthetic sequence begins with the epoxy-alcohol s
and proceeds via the 13-oxaprostaglanding F2a and derivatives (9 and 16). The
oxaprostaglandin was converted into the azido derivative 19, which was cyclized to the
desired imine 5. Compound 5 had lower biological activity than prostacyclin.

Prostacyclin (1), a recently discovered unstable metabolite of prosta-
glandin-endoperoxide [2 4], has an important role in the inhibition of blood
platelet aggregation and causes relaxation of arterial smooth muscle [5—10].
Prostacyclin can induce significant improvement in several vascular diseases,
and is generally considered a potential antithrombotic agent. Unfortunately,
the therapeutical utility of prostacyclin is severely limited by the great hydro-
lytic lability of the molecule [11] and its fast metabolism [12 —14]. Therefore
various analogues of prostacyclin have been synthesized with the aim of
developing chemically and metabolically stabilized analogues [6, 15—19].

In an effort to overcome the inherent metabolic instability problem of
prostacyclin, we have recently synthesized a series of 13-thia- and 13-oxa-

Ci

110 1l no
r /
1. XY = QiCl1 i: X-Y - CH-G
2: x-v = S-CH, 5: X-Y = O-CH
3: x-y = O-€ll.

* A preliminaryreportof this work waspresented at the Kyoto Conference on Prosta-
glandins, Kyoto, 1984; Abstracts of papers, p. 36. Reported in preliminary form: L. Novék,
P. Kovacs, J. Rohaly, I. Stadler, P. Kdrmdczy, and Cs. Szantay: in Advances in Prostaglan-
din, Thromboxane, and Leukotriene Research. Manuscript accepted for publication.
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prostacyclin derivatives (types 2 and 3) and evaluated them for in vitro anti-
aggregant activity on human platelet-rich plasma [20—23]. Of all these new
prostacyclin analogues, the most potent inhibitor of ADP-induced aggregation
was 13,14-dihydro-13-oxaprostacyclin (3). Its sodium salt exhibited a tenfold
weaker antiaggregant activity (IC50: 0.02 /ig/mL) than prostacyclin.

However, the 13-oxaprostacyclin (3) is also an unstable molecule;
because of the presence of the labile enol-ether functional group, being suscep-
tible to rapid hydrolysis and thus leading to inactivation, it had a half-life of
about 5 min under physiological conditions.

An approach to stabilize chemically the prostacyclin nucleus is the
substitution of the enol-ether function with an isosterical group. 9-Deoxy-
Najo-nitrilo-PGFj”~ (4, nitrilo-prostacyclin) is one of the most stable prosta-
cyclin analogues reported, possessing an antiplatelet activity comparable to
that of prostacyclin [24, 25]. This result prompted us to synthesize the nitrilo
analogue of 13-oxaprostacyclin (5).

The initial steps of the synthetic approach to the target compound 5 are
outlined in Scheme 1. The optically active epoxy-alcohol (6), which can be
synthesized stereoselectively from Corey’s lactone [26], was converted into
the corresponding mesylate (7) in the usual manner. Treatment of this mesy-
late with 2(S)-hydroxy-l-heptanol (8) [27] in the presence of a catalytic
amount of BF3«Et2 resulted in a mixture of three compounds. Separation
of this mixture by repeated column chromatography afforded the desired 9-0-
-mesylate of 13-oxaprostaglandin F2a (9), its positional isomer (10), and the
II-O-mesylate of 13-oxaprostaglandin F2a (11) (ratio of 9 :10 :11, ca.
3:6: 1)*. Compound 11 was formed by the migration of the mesyl group in
9, probably through a cyclic intermediate (12).

A variety of procedures were investigated for the inversion of configu-
ration at position C-9 from S into R. This was necessary, because in the second
part of the synthesis we planned to introduce an azido group by an SN-2-
-reaction, which would inverse the configuration (Scheme 2).

Reaction of the mesylate 9 with tetrabutylammonium acetate in boiling
acetone readily furnished the 9-O-acetate of the prostaglandin F23 derivative
(13). Unfortunately, this acetate was not reactive enough; it was recovered
virtually unchanged after exposure to sodium azide.

Reaction of the mesylate 9 with tetrabutylammonium chloride afforded
a mixture of the 9-epimeric chloro compounds (14 and 9-epi-14) in a ratio
of ca. 3 : 1, probably due to the partial Snl character of this displacement
reaction.

* The structural assignments for isomers 9,10 and 11 are supported by standard spectral
methods (see Experimental). Further, from the ring opening reaction of epoxycyclopentanol
the more polar compound proved to be the 13-oxyprostaglandin derivative and the less polar
major compound had the position-isomeric structure [23].
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The reaction with potassium superoxide gave a better result. In this
approach the mesylate 9 was protected by reaction with dihydropyran and
phosphoryl chloride, and the resulting Il,15-bis(tetrahydropyranyl ether) of
9 was treated with potassium superoxide in dimethyl sulfoxide and 1,2-

12 n
Scheme 1. Synthesis of 13-oxaprostaglandin

Scheme 2. Synthesis of the nitrile analogue of 13-oxaprostacyclin
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-dimethoxyethane containing dicyclohexyl-18-crown-6. The reaction proceeded
satisfactorily, yet the desired product (16) was obtained in only a modest
yield (48%).

In the next step of Scheme 2, the prostaglandin F23derivative 16 was
converted into the corresponding tosylate (17) by reaction with tosyl chloride
in pyridine, and then this tosylate was made to react with sodium azide in
hexamethylphosphoramide. The azide 18 obtained was subjected to thermal
cyclization and the resulting imine 20 was converted into the methyl ester of
the target compound 21 by deprotection. The sodium salt of 5 was prepared
by base-catalyzed hydrolysis of the methyl ester 21.

Finally, the required inversion of configuration at C-9 in 9 was accom-
plished without the protection of the hydroxyl groups. To do this, we allowed
the mesylate 9 to react with tetrabutylammonium iodide. The stereochemically
pure iodo compound 15 was immediately converted into the azide 19 by reac-
tion with freshly prepared silver azide in methylene chloride. Thermolysis of
this azide furnished the desired nitrilo-prostacyclin analogue (21).

As expected, the nitrilo analogue of 13-oxaprostacyclin was quite stable
even in a pH 1 solution at room temperature for several hours and it formed
a hygroscopic hydrochloride salt.

The nitrilo analogues of 13-oxaprostacyclin was evaluated for inhibition
of ADP-induced aggregation of rabbit platelet-rich plasma using the procedure
of Born [28]. Contrary to expectations, the sodium salt of 5 had only weak
inhibitory activity. The ID% value was 4 « 103 times higher than that of
prostacyclin. It did not show blood pressure lowering activity in cat, in the
0.001 —1 mg/kg concentration range.

Experimental

IR spectra were obtained with a Spectromom 2000 spectrometer. RI-NMR spectra
were recorded at 100 MHz using a JEOL FX-100 FT instrument. All signals are expressed in
ppm downfield from Me4Si (= 0.0) used as internal standard. The following abbreviations
are used: singlet (s), doublet (d), triplet (t), quartet (g), multiplet center (me), broad (br).
Mass spectra were determined on a JEOL-20K and JMS-01SG-2 combined GC/MS system:
ionizing energy 74 eV, acc. voltage 10 kV, ionizing current 200 ///1. The spectroscopic data for
all new compounds were consistent with the assigned structures.

Homogeneity of the products was determined by ascending thin-layer chromatography
(TLC) on precoated sheets (silica gel 60 F 254 Merck). Column chromatography was carried
out on 40—63 nm silica gel at 2—3 bar pressure; eluant flow rate 5—10 mL/min. All reactions
were made in purified solvents. The solvents were dried by storage over molecular sieves
(type 4 A), with the exception of methanol, which was stored over type 3 A molecular sieves.
Organic extracts were always dried over MgS04 before filtration and evaporation in vacuum.

(—)-Methyl [7-(5-hydroxy-2,3-a-epoxycyclopentyl)]heptanoate 5’-mesylate (7)
To a cooled (—10 °C) and stirred mixture of 4.0 g (17 mmol) of (—)-methyl [7(5-

-hydroxy-2,3a-epoxycyclopentenyl)]-heptanoate (¢) and 6.72 g (6 mmol) of triethylamine in
50 mL of dry methylene chloride there was added dropwise 5.72 g (50 mmol) of methanesul-
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fényi chloride, and the resulting mixture was stirred at —10 °C for 2 h. The reaction mixture
was poured into ice-water (150 mL) and the layers were separated. The aqueous phase was
extracted twice with methylene chloride (100 mL each), and the combined organic layers
were washed with 5% HC1 and with H20, and then dried over MgS04. After filtration and
concentration, the crude product (5.3 g) was purified by column chromatography to afford
4.88 g (92%) of 7; TLC (hexane-acetone, 3:2) Rfo.6.

IR (liquid film): 1730 (CO), 1460, 1360, 1340, 1220, 1165, 1040, 1010, 970, 920 cm -1

>H-NMR(CDC13): ©2.25 (11H, me, 5CH.2 CH), 2.88 (3H, s, CH3-S 0 2, 3.32 (2H, me,
2CH—O0), 3.58 (3H, s, OCHJ), 495 (1H, m, CH 0), 5.42 (2H, m, CH=CH).

MS m/e (relative intensity): 318 (<1) [M+], 288 (1) [M-CH3OH], 222 (5), 204 (s),
191 (11), 173 (s), 162 (7), 148 (11), 140 (100), 135 (12), 130 (20), 98 (19), 91 (26), 80 (55), 67
(33), 55 (17).

13,14-Dihydro-13-oxaprostaglandin-f n « -mesylate methyl ester (9)

To a stirred solution of 3.75 g (12 mmol) of 7 in 10 mL of dry ether was added 1.8 g
(13.6 mmol) of 2(S)-hydroxy-l-heptanol (8). The mixture was cooled in an ice-bath to 5 °C
and treated portionwise during 1 min with 1 mL of BFs3 « Et20. The reaction mixture was
allowed to warm to room temperature over s h. The solvent was evaporated under reduced
pressure, the residue dissolved in methylene chloride, and then filtered through a short column.
Concentration in vacuum gave a mixture of three compounds; separation was effected by
column chromatography to give products 9 (faster moving, 0.85 g; 17.2%), 11 (0.27 g; 5.5%),
and 10 (slower moving, 1.68 g; 34%).

9: TLC (CHCls-acetone, 7:3) Rf 0.31.

IR (liquid film): 3350 (OH), 1730 (CO), 1460, 1430, 1380, 1360, 1345, 1250, 1170, 1130,
1090, 1060, 980, 910 cm*“1

W -NMR (CDC13): 60.89 (3H,t,J = 7 Hz, CH3), 1.3 (8H, bs, 4CH,)), 1.6-2.1 (4H, m,
2CH2, 2.15-2.5 (7H, m, 3CH2 CH), 2.98 (3H, s, CH3S02), 3.3-4.0 (3H, m, OCH2 O-CH),
3.68 (3H, s, OCHJ3), 4.12 (2H, m, 20-CH), 4.95 (1H, m, O CH), 545 (2H, m, CH=CH).

MS m/e (relative intensity): 450 « 1) [JIl+], 354 (2) [M-CH3S03H], 336 (5) [M-H20 -
—CH3S03H], 222 (13), 191 (13), 162 (4), 149 (7), 148 (s), 143 (19), 135 (9), 101 (26), 96 (32),
83 (56), 79 (31), 67 (18), 55 (100), 44 (36), 42 (48).

10: TLC (CHCls-acetone, 7 : 3) Rf 0.39.

IR (liquid film): 3400 (OH), 1735 (CO), 1455, 1380, 1360, 1340, 1250, 1185, 1115, 1100,
1050, 985,910 cm "1

*H-NMR (CDC13): 60.89 (3H, t, J = 7 Hz, CH3), 1.3 (sH, bs, 4CH2, 1.55—2.0 (4H,
m, 2CH2, 2.1-2.55 (7H, m, 3CH2 CH), 3.02 (3H, s, CH3S02), 3.3 (2H, me, O—CH?2), 3.55
(1H m, O-CH), 3.66 (3H, s, OC3), 4.1 (2H, me, 2 O-CH), 4.9 (1H, m, O-CH), 5.4 (2H,
CH= CH)

MS m/e (relative intensity): 450 «1) [M+], 354 (2) [iVi-CH3S03H], 336 (12) [M-
-H20-C H 3S03H), 222 (18), 204 (11), 195 (18), 191 (10), 173 (5), 162 (5), 149 (8), 148 (9), 143
(7), 135 (10), 101 (35), 96 (26), 83 (62), 79 (22) 67 (19), 55 (100), 44 (28), 42 (54).

11: TLC (CHCls-acetone, 7 : 3) Rf 0

IR (liquid film): 3340 (OH), 1725 (CO) 1460, 1440, 1380, 1365, 1345, 1250, 1180, 1120,
1090, 1040, 980, 910 cm -1

*H-NMR (CDC13): 6 0.89 (3H, t, J = 7 Hz, CH3), 13 (8H, bs, 4CH2, 1.5-2.0 (411,
m, 2CH2), 2.2—2.5 (7H, m, 3CH2 CH), 2.99 (3H, s, CH3S02, 3.3 (2H, m, 0-C H 2), 3.67 (3H,
s, OCH3), 3.8-4.15 (3H, 30-CH), 48 (1H, m, O-CH), 545 (2H, m, CH=CH).

MS m/e (relative intensity): 450 « 1) [M+], 354 (4) [Ai-CH3S03H], 336 (7) [M-H20 -
—CH3S03H], 222 (11), 204 (5), 191 (11), 173 (5), 162 (5), 149 (9), 148 (7), 143 (21), 135 (7),
101 (26), 96 (30), 83 (59), 79 (35), 67 (14), 55 (100), 43 (36), 42 (48).

13,14-Dihydro-13-oxaproslaglandin- F2 9-acetate methyl ester (13)

To a stirred solution of 9 (0.25 g; 0.55 mmol) in dry acetone (10 mL) was added tetra-
butylammonium acetate (0.66 g, 2.2 mmol), and the resulting solution was refluxed for 20 h.
The solvent was evaporated and the residue dissolved in ether. The ethereal solution was washed
with brine, dried, and then concentrated. The oily residue was purified by column chromato-
graphy to give 13 (0.16 g; 70%), TLC (CHCls-acetone, 7:3) Rf 0.75.

IR (liquid film): 3300 (OH), 1730 (CO), 1460, 1445, 1360, 1240, 1165, 1105, 1080,
1040 cm-1.
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IH-NMR (CCl4): %0.85 (3H, t, J = 6 Hz, CH3), 1,1—25 (19H, m, 9CHr, CH), 2.0
(3H, s, CH3CO), 35 (5H, m, CH2—O0, 3CH-0), 3.6 (3H, s, OCH3), 4.65 (1H, m, CH-0),
54 (2H, me, CH=CH).

9/9-Chloro-9-deoxy-13,14-dihydro-13-oxapro8taglandin-F2 methyl ester (14) and
9a-chloro-9-deoxy-13,14-dihydro-13-oxaprostaglandin-F2 methyl ester (9-epi-14)

To a stirred solution of 9 (0.5 g; 1.1 mmol) in dry acetone (15 mL) was added tetra-
butylammonium chloride (1.2 g; 4.4 mmol) and the resulting mixture was refluxed for 24 h.
After evaporation in vacuum, the residue was taken up in ether, filtered, and the solvent was
evaporated under reduced pressure. The residue was purified by column chromatography
to yield a mixture of 14 and its epimer (0.32 g; 75%); TLC (CHClIs-acetone, 7:3) Rf 0.83
and 0.79.

IR (liquid film): 3350 (OH), 1730 (CO), 1460, 1440, 1380, 1360, 1245, 1100, 1040 cm’ 1

MS m/e (relative intensity): 392 (3) and 390 (s) [JVI+], 361 (3), 359 (8) [M-OCH3], 354
(10) [M-HC1], 336 (10) [M-HC1-H20], 305 (5), 261 (9), 259 (24), 223 (33), 205 (35), 191 (45),
188 (62), 157 (22), 140 (29), 55 (100).

13,14-Dihydro-13-oxaprostaglandin- F*. 9-mesylate methyl ester
I,15-5i.s(tetrahydropyran-2-yl ether)

To a stirred mixture of 1.32 g (2.9 mmol) of 9 and 0.97 g (12 mmol) of dihydropyran
in 30 mL of dry benzene was added 5 drops of phosphoryl chloride, and the resulting mixture
was stirred at room temperature for 2 h. Triethylamine was added to neutralize the mixture,
then it was poured into brine (30 mL). The layers were separated, and the aqueous phase
extracted with benzene (3X20 mL). The combined organic layers were washed with brine,
dried over MgS04, and concentrated. The residue was chromatographed to give 1.65 g (91%)
of the I1l,15-bis(tetrahydropyran-2-yl ether) of 9; TLC (benzene-acetone, 10 :1) Rr 0.3.

IR (liquid film): 1740 (CO), 1460, 1440, 1380, 1360, 1320, 1280, 1260, 1200, 1120, 1080,
1040 cm-1.

tH-NMR (CC14): 6 0.88 (3H, 1J =6 Hz, CH3), 1.0—2.4 (31H, m, 15CH2 CH), 2.98
(3H, s, CH3—S02, 3.3-4.15 (8H, m, 3CH2-0, 2-CH—O), 4.65 (2H, m, 20-CH-0), 5.03
(I1H, m, CH-0), 544 (2H, m, CH=CH).

13,14-Dihydro-13-oxaprostaglandin-.F,2 methyl ester
11,15-bis(tetrahydropyran-2-yl ether) (16)

A cooled (0 °C) mixture of 1l,15-bis(tetrahydropyran-2-yl) ether) of 9 (0.3 g; 0.5 mmol)
and 18-Crown-6 (0.54 g; 1.4 mmol) in dimethyl sulfoxide and 1,2-dimethoxyethane (4 mL
each) was mixed with potassium superoxide (0.27 g, 3.8 mmol), and the resulting solution
was stirred at room temperature for 4 h. The reaction mixture was poured into ice-water
(15 mL), acidified with 5% HC1, and then the organic layer was separated. The aqueous portion
was extracted with there portions of ether (20 mL each). The combined organic extracts
were dried over MgS04 and evaporated. The oily residue was treated with ethereal diazomethane
solution, and then purified by column chromatography to afford 0.12 g (48%) of 16; TLC
(hexane-acetone, 7:3) Rf 0.75.

IR (liquid film): 3400 (OH), 1735 (CO), 1460, 1450, 1380, 1360, 1305, 1250, 1200, 1140,
1080, 1030, 960 cm -1

MS m/e (relative intensity): 540 « 1) [M+], 455 () [M-THP], 438 (7) [M-HOTHP].
356 (31), 354 (29), 338 (30), 283 (53), 239 (44), 222 (s8), 185 (25), 143 (s6), 140 (50), 99 (100).

13,14-Dihydro-13-oxaprostaglandin-F2£ methyl ester 9-tosylate
I,15-bis(tetrahydropyran-2-yl ether) (17)

To a stirred solution of 16 (0.47 g; 0.85 mmol) in dry pyridine (10 mL) was added p-
-toluenesulfonyl chloride (0.34 g; 1.8 mmol) and the resulting solution was stirred at room
temperature for 2 h. The reaction mixture was poured into ice-water (30 mL) and the layers
were separated. The aqueous phase was extracted with three portions of benzene (20 mL
each), and the combined organic layers were washed with H20, brine, dried (MgS04), and
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concentrated. The oily residue was purified by column chromatography to give 0.32 g (53%)
of 17; TLC (benzene-EtOAc 6:4) Rr 0.9.

IR (liquid film): 1735 (CO), 1600, 1460, 1450, 1380, 1360, 1275, 1250, 1170, 1120, 1080,
1030, 970 cm "1

MS m/e (relative intensity): 577 (1), 279 (18), 155 (11), 149 (100), 97 (21), 91 (35), 85
(33), 78 (51), 69 (34), 57 (69), 55 (49).

9-Azido-9-deoxy-13,14-dihydro-13-oxaprostaglandin-F,a
methyl ester I1,15-bis(tetraliydropyran-2-yl) ether) (18)

To a stirred solution of 0.49 g (0.7 mmol) of 17 in 15 mL of hexamethylphosphoramide
was added 0.06 g (0.85 mmol) of sodium azide, and the resulting solution was stirred at 40 °C
for 24 h. The reaction mixture was poured into ice-water (20 mL), the organic layer was sepa-
rated and the aqueous phase extracted with ether (3 X30 mL). The combined organic extracts
were dried (MgS04), filtered, and concentrated under reduced pressure. The residue was chro-
matographed to give 18 (0.17 g; 42%); TLC (hexane-acetone, 7 :3) Rr 0.8.

IR (liquid film): 2180 (N,,), 1740 (CO), 1460, 1380, 1360, 1270, 1255, 1190, 1120, 1080,
1030, 980 cm -1

41-NMR (CDC13): $0.88 (3H, t, J 6 Hz, CH3), 1.0 2.6 (31H, m, 15CH2 CH), 35
(9H, me, 3CH,,0, 3CH - O), 3.65 (3H, s, OCH3), 4.25 (1H, m, CH - N3),4.75 (2H, m,0 CH 0)
54 (2H, m, CH=CH).

9-Deoxy-9a,6-nitrilo-13,14-dihydro-13-oxaproslaglandin- Fla
I1,15-bis(tctryhy«lropyran-2-yl ether) (20)

Compound 18 (0.24 g; 0.42 mmol) was dissolved in 10 mL of 1,2-dimethoxyethanc
and the solution was refluxed for 24 h. The solvent was evaporated under reduced pressure
and the residue purified by column chromatography to yield 20 (0.11 g; 50%,); TLC (hexane-
acetone, 7 : 3), Rr0.2.

IR (liquid film): 1735 (CO), 1635 (C=N), 1460, 1435, 1380, 1350, 1250, 1195, 1110,
1070, 1020, 985, 900 c m 1

MS m/e (relative intensity): 537 (4) [M +], 506 (4) [M-OCII13], 452 (3), 437 (21), 422
(20), 368 (36), 352 (14), 338 (16), 254 (42), 238 (32), 222 (20), 85 (100), 58 (18).

9/J-lodo-9-deoxy-13,14-dihydro-13-oxaprostaglandin- 7% methyl ester (15)

To a stirred solution of 9 (0.5 g; 1.1 mmol) in dry acetone (15 mL) was added tctrabutyl-
ammonium iodide (1.62 g; 4.4 mmol) and the solution was refluxed for 16 h. After evaporation
of the solvent in vacuum the oily residue was taken up in ether, filtered, and evaporated. The
residue was purified by column chromatography to yield 15 (0.42 g; 80%); TLC (ClIC13
-acetone, 7 : 3) Rr 0.8.

IR (liquid film): 3300 (OH), 1730 (CO), 1460, 1440, 1380, 1360, 1245, 1180, 1100, 1040,
960 cm-1.

‘H-NMR (CDC13): $0.88 (3H, t,J = s Hz, CH3), 1.3 (8H, bs, 4CH2, 1.6 2.0 (411, m,
2CH2, 2.1-2.55 (7H, m, 3CH,,, CH), 3.5 (4H, me, CH2 O, CH-O, CH ), 3.68 (3H, s,
OCH3), 4.15 (2H, me, 2CH-0), 5.45 (2H, m, CH=CH).

MS m/e (relative intensity): 482 (<.T) [Af+], 354 (4) [JVf-HI], 336 (13) [M-HI H20],
305 (s) [/1IT-H1-H20-0C H 3], 223 (23), 222 (40), 191 (28), 173 (10), 135 (37), 83 (51), 55 (100).

9-Aziilo-9-ileoxy-13,14-dihydro-13-oxaprostaglaiidin- F2a methyl ester (19)

To a stirred solution of silver nitrate (0.5 g; 2.9 mmol) in H2D (10 mL) was added a
solution of sodium azide (0.2 g; 3 mmol). The resulting suspension was filtered and the solid
residue successively washed with H20, EtOH, ether and methylene chloride (20 mL each),
and then covered with methylene chloride (10 mL). To this stirred suspension was added a
solution of 15 (0.42 g; 0.9 mmol) in methylene chloride (2 mL) and the resulting mixture was
refluxed for 24 h, under argon. After cooling, the precipitate was filtered off and the solvent
evaporated in vacuum. The oily residue was purified by column chromatography to afford
19 (0.3 g; 88%); TLC (CHClz-acetone, 7:3) Rj 0.78.
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IR (liquid film): 3340 (OH), 2180 (N3), 1730 (CO), 1640 (C=C), 1460, 1445, 1380, 1360,
1250, 1190, 1180, 1110, 1060 cm - 1@

MS m/e (relative intensity): 397 (<1) [M+], 354 (2) [M-HN3], 336 (10) [M-NH3—H20],
305 (3), 223 (18), 222 (23), 205 (9), 191 (23), 173 (11), 135 (25), 67 (37), 55 (100).

9-Deoxy 9a,6-nitrilo-13,14-dihydro-13-oxaproslaglandin-J1 , methyl ester (21)

Method A : Compound 19 (0.5 g; 0.95 mmol) was dissolved in 20 mL of dry 1,2-dimethoxy-
ethane and the resulting solution was refluxed for 24 h. The solvent was evaporated under
reduced pressure and the residue purified by column chromatography to give 21 (0.24 g;
56%); TLC (benzene-CH3OH, 5: 1) R, 0.65.

IR (liquid film): 3320 (OH), 1735 (CO), 1640 (C=N), 1460, 1380, 1360, 1250, 1220,
1160, 1080, 1060 cm-1

XH-NMR (CC14): 0.9 (3H,t,J = 6 Hz, CHJ3, 1.3 (6H, me, 3CH2), 1.55 (6H, me, 3CH2),
195—2.6 (9H, m, 4CH2 CH), 3.4 (4H, me, CH2-0, CH-O, CH-N), 3.6 (3H, s, OCH3),
4.2 (2H, me, 2CH-0).

MS m/e (relative intensity): 369 « 1) [M+], 320 (3) [M-H20-0C H 3], 239 (s), 221
(5), 220 (9), 208 (11), 191 (10), 184 (s), 143 (16), 142 (56), 101 (18), 97 (22), 83 (44), 69 (13),
57 (44), 55 (100).
Method B : To a cooled (0 °C) solution of 20 (0.22 g; 0.42 mmol) in dry methanol (5 mL) was
added saturated methanolic HC1 solution (1 mL) and the resulting mixture was allowed to
warm to room temperature (3 h) The solvent was then evaporated under reduced pressure
and the oily residue treated with dry ether to give the hydrochloride of21 (hygroscopic semi-
solid; 0.17 g; 85%).

IR (KBr). 3250 (b, OH), 1730 (CO), 1670 (C=NH), 1460, 1435, 1380, 1360, 1320, 1240,
1190, 1160, 1080, 960 cm"1

9-Deoxy-9a,6-nitrilo-13,14-dihydro-13-oxaprostaglandin-F]x (5) sodium salt

A solution of 21 (0.41 mmol) in 1 mL of MeOH was mixed with ¢ mL of 0.1 N NaOH
and the resulting mixture was stirred at room temperature for 24 h. MeOH was removed in
vacuum and the solution diluted to 20 mL with H20. Samples containing 1.0 mg of the sodium
salt of 5 were prepared by lyophilizing 0.1 mL aliquots of the above solution.

The authors’thanks are due to Pal Kolonits, Eva Szabd and Jend Fekete for the spectral
analyses. Financial assistance from Chinoin Pharmaceutical and Chemical Works Ltd., Buda-
pest, is gratefully acknowledged.
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In this paper the flame discrete sample nebulization, a procedure for sample
introduction in flame emission and atomic absorption spectrometry is examined using
the YEB Carl Zeiss Jena commercial apparatus. The delivery of small volumes of
solution, 100 ,uL may be accomplished manually with modified Teflon microsampling
cup, or automatically by a suitable sample changing system. The parameters pertinent
to the operation of this commercial system, including injected volume, damping, carry-
over, length of plastic tubing, type of burner head are considered, and the optimal

operating conditions were established. The utility of the method and apparatus is
demonstrated by the direct determination of copper, iron and zinc in rock salt and brine.

Introduction

The ability to perform trace level metal analysis on small volumes of
solution, especially in the geochemical, biological and clinical field, has grown
increasingly important in recent years. The possibility of working in flame
photometry with small amounts of sample was first demonstrated in 1963
when Lang and Hermann [1] were able to reduce the volume needed to as
low as 10 jtiL by using a direct nebulizer-flame assembly and an oscilloscope.
In 1973, Sebastiani, Ohls and Riemer [2] described a method wherein they
introduced a defined volume of solution 50 —200 /fL into the nebulizer of an
atomic absorption instrument using a microliter pipet.

In conventional atomic absorption (AAS) or emission spectrometry (AES)
the sample is continuously aspirated into the flame, and the reading is taken
when a signal plateau is reached. Sample material is aspirated continuously
so that typically between 0.5 and 2 mL of sample solution is consumed. In
comparison, less than one tenth of this volume is needed for the discrete

* Presented at the VIth Polish Spectroanalytical Conference, Bialowieza, 25—29 May,
1981, Poland.
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sample nebulization. The prime advantage of this technique lies in the ex-
tremely small sample quantity required, typically ~50 —100 [xL, it also allows
the nebulization of solutions with a very high dissolved solids content through
the burner-nebulizer without clogging, or of organic solvents which may not
normally be regarded as suitable for flame spectrometry. Finally, the tech-
nique has the potential for extremely rapid sample throughout, and the presence
of substantially fewer interferences.

One disadvantage of this technique is that because the sample is added
as a short burst over a fraction of a second, the precision with the technique
is not as high as with the regular macrosampling technique. Another disadvan-
tage is that the short time given to the detector-recorder system to respond
to the signal may necessitate the use of a special recorder or peak recording
device to measure the response. Finally, this method involves amicropipetting
step that is generally not required in standard aspiration.

In view of the above statements, it seemed worth-while to evaluate the
applicability of the discrete nebulization AAS and AES using particular
instruments made by Carl Zeiss Jena, as well as parameters pertinent to the
design and operation of such system: sample size, damping, carryover, and
reproducibility for a fixed set of conditions. One other observation which
might be take into account is that theoretically, this technique should be
adaptable to different models and makes of instruments, but this has not
always proven to be the case. Thus this method can not be considered routine,
as documented by Cresser [3], who reviewed discrete sample nebulization in
atomic spectroscopy. The application of this approach in an emission and
absorption measurement have been described recently [4—8]. An improved
Teflon cup [9] for microsampling technique is presented which facilitates
sample changing. In addition, an automatic sampler the Carl Zeiss Jena P 100
has been adapted to automate the discrete nebulization for use in flame AAS
or AES. This is an important accessory for trace metal determinations in a
large number of applications, for example in the clinical and biochemical
sectors. Finally, the sequential determination of trace metals such as copper,
iron and zinc in 10% solution of rock salt and brine provides an illustration
of how this microvolume sampling technique can be used by using equipment
made by VEB Carl Zeiss Jena, DDR.

Preliminary studies

Instrumentation

The basic instruments used were a classical single beam atomic absorp-
tion spectrometer Carl Zeiss Jena AAS 1 N and a filter flame photometer
FLAPHO 4 connected to a fast-response strip chart potentiometric recorder
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K 201 with a time constant of 0.04 sec/cm. Normal hollow cathode lamps of
the same manufacture and flame atomization were used for atomic absorption
and flame emission analyses, respectively. Lamp currents and slit widths
were as recommended by the manufacture. The standard burner heads were
used. Optimum gas flow rates and burner positions were determined while
aspirating continuously standard solutions of the given elements. The peak
heights were measured as signals proportional to the concentration. Recorder
paper speed was also adjusted to achieve the best sharp profile peak. The
P 100 automatic sample changer was adapted for automated discrete nebuliza-
tion. When using the AAS 1 N or FLAPHO 4 in conjunction with the P 100
in this technique, the latter has to be equipped with the holder gib for 1.5 mL
plastic sample tubes.

Sample introduction system

The manual dipping technique was used for the flame discrete nebuliza-
tion. The sample introduction system is schematically shown in Figures and
Photographs [9]. A drop of sample solution was transferred with a micro-
pipette into a newly designed Teflon sampling cup. The cup was one of a series
of small holes with one center bigger hole, made by drilling the plane surface
of a Teflon rod. The capillary tube was removed from the blank solution, placed
quickly on the sample drop until the latter had completely disappeared from
the cup; the capillary tube was then immediately returned to the blank solu-
tion. Transfer of the capillary tube between the blank and micro-volume of
sample solutions must be very quick, because the blank solution must be con-
tinuously nebulized between nebulization of the sample solution to prevent
blockage of the nebulizer-burner system. It is important to inject reproducibly
the sample drop into nebulizer of the apparatus. The yielded transient signals
are transient peaks. Peak heights are measured.

Sampling device for the Teflon microsampling cup

Analysis using the discrete nebulization technique which can be carried
out manually by dipping a capillary tube into a small hole in the surface of
a Teflon rod, depends on the transfer of the sample drop into the nebulizer
of the spectrometer. This is accomplished by using one of a variety of sampling
devices such as micropipettes, dispensers or syringes. The analyst should
evaluate as many different types of these devices as he can; techniques vary
from operator to operator and are related to different aspects. Consequently,
reproducibility is significantly dependent upon the sample introduction tech-
nique. In spite of that the following have been evaluated: ultramicro dispenser
with Eppendorf tip, Hamilton syringe without disposable tip, Finnpette
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device, and glass micropipette. In all cases the injected volume was 100 ,ttL.
The reproducibility of the signals for FLAPHO 4 and AAS 1N in emission
and absorption modes, respectively, was measured by using 25 replicate
1 ppm Ca standard water solution. The relative standard deviation of each
series was calculated from the peak height of the emission or absorption signals.

The best precision was obtained by using a glass micropipette giving a reprodu-
cibility of 1.4—1.5%.

Determination of optimum conditions

Before a discrete nebulization can be used for practical analysis and for
a particular instrument a number of parameters must be investigated. For
convenience, experiments designed to determine the optimum conditions are
discussed individually below.

Effect of injection volume

In flame AAS or AES 0.5 to 2.0 mL of sample solution is generally used
for the determination of a single element. A recorded signal, such as that
shown in Fig. 1A, is obtained. When a high chart speed is used for the record-
ing of these signals, a preliminary investigation clearly indicated that after
a solution consumption of only approximately 100 /tL for AAS 1 N and 150 pL
for FLAPHO 4 the almost final height, that is, a stationary signal is achieved

Fig. 1. Recorder tracings obtained aspirating 1 mL of sample into air-C2H2 flame, 1 ppm
Ca by AAS IN (curve 1), and 1 ppm Na by FLAPHO 4 (curve Il). A: chart speed 1 min/cm,
B: same signal expanded using a chart speed of 5 s/cm
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Fig. 2. Effect of injected sample volume on absorption signal for 1 ppm Ca (curve 1), andjon
emission intensity for 1 ppm Na (curve Il), demonstrating that absorption and emission
intensity reaches a plateau at approximately 100 ph and 150 ph, respectively

This amount of liquid is sufficient to utilize fully the concentration sensitivity
of flame AAS or AES.

The influence of the volume of the injected sample onthe absorption oremis-
sion intensity was determined. Such an effect can be seenin Fig. 2 where several
volumes 10—1000 ph of 1 ppm Ca or 1 ppm Na standard water solution were
injected into the flame through standard nebulizers. Increasing the amount
of sample increases the absorption or emission intensity until a plateau at
approximately 100 ph or 150 ph is reached; additional sample merely results
in the peak becoming wider. This means that samples 100 pL (e.g. of 1 ppm
Ca) or 150 pL (e.g. of 1 ppm Na) give approximately the same concentration
sensitivity achieved with larger samples (e.g. 1 mL) for AAS or AES. The
absolute sensitivity (weight basis) is however about 10 times improved for
a 100 ph sample. Aliquots of 100 pL of 1 ppm Ca and 150 ph of 1 ppm Na,
respectively, produced transient absorption or emission signals equivalent
to about 95% or 90% of the corresponding value attained using continuous
nebulization of larger sample volumes. Based on the evidence here, a 100 ph
or 150 ph sample size, respectively is used for further discussion. These results
for the manual discrete nebulization technique are in good agreement with
atomic absorption results described elsewhere [2, 10—12].

Effect of damping

Berndt and Jackwerth [10] showed that the reduction in signal caused by
discrete sample nebulization, in contrast to continuous nebulization, could be
explained in part at least, in terms of instrument response time. The sensitivity
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of determination drops rapidly with increasing damping. Figure 3 shows the
record of the Mg signals with different damping settings of the instrument
AAS 1 N used. At a nebulization rate of 4 mL/min (~67 /xL/sec) for example,
a 100 /rifu sample is nebulized in 300 msec. With a detector/recorder time con-
stant of 500 msec (the lowest setting of the AAS 1 N instrument) instrument
response time might be expected to be the limiting factor. However, the time
taken for the sample to pass through the flame, after dilution with the N20 —
— C2H 2 flame mixture, might be well above 300 msec, making the 500 msec
time constant less significant. If, on the other hand, a 100 pL pulse is nebulized
more slowly over 400 msec (e.g. at 3 mL/min for more viscous solutions),
damping effect would be less pronounced.

The results do show a reduction of discrete nebulization signal compared
to continuous nebulization. However, this could be explained using the theory
that the sample does not remain in the flame long enough in order to have
the amplifier of this particular instruments gain a representative quick and
full signal. This is caused by the fact that the amplifier has a minimum damp-
ing that is contained within the instruments. This did not present a problem
since all results would be correct if the conditions of the instruments remained
the same. The damping of AA instrument must be at the lowest setting since
the impulse signals rapidly become smaller with increased time constant and
for AAS 1N this response time should be about 0.1 sec.

The determination using FLAPHO 4 can be done only with one se-
lectable time constant 1.0 sec.

Carryover

The great source of error in a flame discrete nebulization with a dipping
technique is carryover (memory effect). Carryover is the residue present in
the capillary tubing and in the nebulizer/burner system from the previous
sample. Carryover has its greatest effect when changing from a concentrated
solution to a dilute solution. It is also dependent on the nebulizer uptake, the
sample volume injected, and is markedly reduced by an intermediate rinse.
Carryover can easily be determined for a particular solution as shown in Fig.
4A, which is an example of carryover test for Na aqueous solution. Contamina-
tion rates were measured amounting up to about 21% of the last signal.
Carryover is greatest at low uptake rates because the aspirating air through
the capillary is not as effective in flushing as it at higher rates. Moreover, at
higher uptake rates more sample is aspirated into the flame thus reducing the
effect of the quantity present in the capillary. This observation is well docu-
mented in the next Figure 4B (contamination rate about 7%). An intermediate
rinse between sample can reduce carryover by a factor of 3—5. Ildeally, a
rinse should consist of the solution being determined. This reduces carryover
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0,5 1 2 u 10
Damping time (sec)

Fig. 3. Effect of damping time on absorption signal for 2'ppm Mg for 100 /il. aliquots and for
continuous nebulization (~1 mL), for AAS 1 N as recorded on a K 201 recorder’

B

Fig. 4. Carryover test, 1 ppm Na aqueous solution, sample volume 150 /iL, A: carryover —
21.2%, nebulizer aspiration rate - 2.7 mL/min (FLAPHO 4), B: carryover - 6.7% nebulizer
aspiration rate — 4.0 mL/min (AAS 1 N)

to a minimum as the residue is matched to that of sample. However, a rinse
with the sample is not always possible (e.g. high solids or biological fluids)
and a distilled water or solvent rinse may be required. A specially designed
Teflon sampling cup [9] with possibility for an intermediate very convenient
rinse between samples well met this above mentioned requirements.

It should be noted, that the baseline drift in both cases was not observed.

Effect of length of plastic tubing

The peak height would be expected to vary according to the length of
plastic tubing. The length of plastic tubing (i.d. 0.9 mm) from the sample

Acta Chim. Hung. 120, 1985



298 MATUSIEWICZ: FLAME DISCRETE NEBULIZATION
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Fig. 5. Effect of the tubing length on the peak height for 100 6L injected volume. Concentra-
tion — 2 ppm Zn (AAS 1N)

drop to the needle of the nebulizer of AAS 1 N was varied. As shown in Fig. 5,
in the case of water solution, variation of the length of tubing between 3 and
30 cm did effect the peak height in a small degree only. The peak heights were
unchanged up to 8 cm; the subsequent decrease with longer tubing was due
to introduce dilution. Small sample size solutions were introducing by plastic
tubing of 6 cm for both instruments.

Type of burner head

By direct comparison using a 5 cm one-slot burner for a nitrous oxide-
acetylene flame, a 5 cm three-slot burner for an air-acetylene flame, and one
other conventional emission-type burner, giving cylindrical flame shape
(Meker burner, 58 holes) line-emission/absorption intensities were found to
be directly proportional to flame length. Multipass optical systems (3 times
in the case of AAS 1 N) were also shown to effect emission and absorption
in the same way.

It appears that the 5 cm one-slot burner provides nearly optimum sen-
sitivity and versatility in most flame emission and absorption work. As was
expected, self-absorption in the long flame in discrete nebulization is not a
serious problem. To analyse solutions at higher concentrations, which would
show strong self-absorption and pronounced flattening of the calibration curves,
it is a simple matter to turn the burner head crosswise to the optical path,
just as recommended for reducing sensitivity in classical continuous nebuliza-
tion atomic absorption [13] or emission [14] spectrometry.

Automated discrete nebulization technique

Automation is desirable in AAS or AES primarily because it reduces
operator time and improves precision in analytical chemistry. The first auto-
mated discrete nebulization for dispensing small volume samples in flame
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AAS was introduced in 1976 by Berndt and Jackwerth [15]. The Carl Zeiss
Jena P 100 automatic samples accessory was adapted to automate the discrete
nehulization method for use in flame AAS and AES.

The dipping technique of the flame discrete nehulization utilizing the
Carl Zeiss Jena P 100 automatic samples was used equipped with an AAS
1 N and K 201. The P 100 must be equipped with polyethylene sample vessels
1.5 mL capacity and the holder gibs for these cups especially constructed
by this same firm. The peak heights were measured as signals proportional
to the concentration. Determinations were made with the fastest damping
(damping factor 0.5 sec) and with an initial sample flush and a dip of 2 sec
(the lowest possible adjusted cycling time on time unit 3in P 100 which corre-
sponds to a sample volume of about 100 /tL with nebulizer uptake rate of
3 InL/min for air-acetylene flame, and 134 fj,L with nebulizer uptake rate of
4 mL/min for nitrous oxide-acetylene flame. After each sample insertion a
distilled water rinse, which eliminates the effects of carryover, with simulta-
neous automatic zero setting was employed. The method and the AAS and
AES instrument parameters are identical for both manual and automated
injections.

By comparing the RSD, results obtained using manual dipping technique
were compared to those obtained using the P 100. A 100 ,uL aliquots of the
sample solution were injected manually 25 times using a microliter glass
pipette and also automatically by the P 100 (100 //fm for nebulizer uptake

Automatic dispensing, RbD 1.38%

(2ppm Cu)
0.39
038 - O 000000 o000 0 00000 0
a
£ 037 0 000 s}
0
= Manual dispensing, RSD 210%
& (2ppm Cu)
£ 0.39 0 0
00
038 o o 0o o o o 00O
0.37 000 Go o
0.36
1 5 Mo .. 15 20 25

Number of measurements

Fig. 6. A comparison of automatic and manual sample injection for 100 /«L
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rate of 3 mL/min). The RSD of each series was calculated from the peak heights
of the AA signals. Results are illustrated in Fig. 6. The length of a complete
measuring cycle is 9 sec. Although in some cases the same RSD are found
by manual as well as by mechanical sample injection, the superiority of the
auto sampler can be sometimes confirmed.

Analytical application

The determination of traces such as Cu, Fe and Zn in 10% solution of
rock salt and brine was used an example of a high dissolved solids sample
solution and provides an illustration of how this discrete nebulization tech-
nique, using equipment of Carl Zeiss Jena, can be used.

Preliminary studies were performed using a 100 /tL aliquots of 5% (tvjv)
solutions. However, subsequent work showed that there were no burner clogging
problem with 100 /xL aliquots of 10% solution of salts if rinse of distilled
water is carried out between each sample. Furthermore, the latter were utilized
in all further work. When continuous aspiration of this solution was attempted,
the nebulizer become clogged within a few minutes. Each sample was run
twice and the average peak was compared with the calibration curves to give
the concentration of Cu, Fe and Zn. The metals matched working standards
were prepared in the 10% NaCl solution (Merck, Suprapur). To guarantee
the accuracy of the results of the analysis, then, a separate calibration using
the addition methods must be carried out for each sample type, so that rapid,
on-the-spot microstandard additions were made directly in the Teflon micro-
sampling cone by using a procedure described elsewhere [11].

Table |

Analytical results of trace elements in 10% (w/v) rock salt and brine*

Sample 1 Sample 2 Sampl<; 3 Sample 4 Sample 5
Element
A B A B A B A B A B
Cu 150 120 120 100 2.0 2.7 9.2 10.9 130 100
Fe 830 701 720 805 81 71 421 411 202 221
Zn 130 151 80 70 15 12 290 300 110 105

* Concentration expressed as ng of metals per gram of salt and based on a single analysis
average of two determinations

A: Discrete nebulization, 100 fiL,

B: Hanging mercury drop electrodeposition-emission spectrographic technique [18]

Sample 1: Wieliczka salt mine, Poland

Sample 2: Klodawa salt mine, Poland

Sample 3: InoWroclaw salt mine, Poland

Sample 4: Karlowe Vary salt, Czechoslovakia

Sample 5: Ciechocinek brine, Poland
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This technique was applied to the analysis of the samples listed in
Table I. The analytical results for samples obtained by the discrete nebuliza-
tion and by the another method [16] are in good agreement. The precision
of this method was measured in the present studies for atomic absorption
(2 ppm Cu, Fe, Zn) to be about 4% RSD at a 100 pL sample volume.

Conclusions

The work described above clearly shows that a conventional Carl Zeiss
Jena nebulizer in conjunction with a typical burner heads and spectrometric
equipment has an important place in multielement trace analysis on micro-
liter samples. Evidence is available that the type of nebulizer described here,
together with the suggested method of sample transfer, is applicable to con-
ventional Carl Zeiss atomic absorption and flame photometer equipment.

There is not significant difference in accuracy and precision between
nebulization of small volumes and continuous nebulization, and the discrete
nebulization is a complement to, rather than a replacement for, any present
sampling method.
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BOOK REVIEWS

Hollo, J. (ed.): Food Industries and the Environment

International Symposium,Budapest, Hungary 9 -11 September, 1982. Akadémiai Kiadd,
Budapest, 1984. 565 p.

This book, a joint edition with Elsevier Science Publishers as the 9th volume of the
series Developments in Food Science, contains the papers on the international symposium
held in Budapest, dealing with environmental protection problems in the food industries:

— water pollution

— air pollution (dust, stench)

— soil pollution

— energy

— wastes

— microbiology and hygiene

— vibration

noise.

The symposium was organized by CIIA (Commission Internationale des Industries
Agricoles et Alimentaires), by the Hungarian Scientific Society for Food Industry and by the
Committee of Chemical Technology of the Hungarian Academy of Sciences.

The volume contains the three plenary lectures delivered by Holld, Kovacs and Nay
Khtun, the closing address held by Dardenne, and 64 papers grouped as follows:

1. General topics, 14 papers

2. Canning industry, 7 papers

3. Dairy industry, 8 papers

4. Meat industry, 18 papers

5. Other industrial branches, 7 papers

6. Noise — stench, 6 papers

The papers dealt with environmental pollution problems of the food industries (meat,
dairy, canning, sugar, starch, spirits, beer, bakery, fodder). Development of low-waste technol-
ogies and application of membrane filtration in the food industries were subjects particularly
emphasized.

The major part of the papers was directed towards the solution of waste-water prob-
lems. Numerous novel processes were treated: physico-chemical methods, flotation using
chemicals, electroflocculation processes ultilizing activated biological sludge, aerobic and
anaerobic fermentation processes. Utilization of material recovered from waste-water was also
discussed wastes as a possible source of energy (anaerobic fermentation to methane). One
paper deals with the utilization of waste-water for irrigation purposes.

The volume presents a list of the authors’ addresses. A subject index facilitates finding
literature references.

The book is of interest to governmental libraries, libraries of Academic and industrial
research institutions; engineers engaged in the food industries; chemists working in labora-
tories of foodstuff research, or responsible for environmental protection.

Péter Biacs
Central Food Research Institute,
Budapest
5* Acta Chim. Hung. 120, 1985
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E. Upor, M. Mohai, Gy. Novak: Photometric Methods in Inorganic Trace
Analysis
Akadémiai Kiad6, Budapest 1985

The English, revised version of the hook appeared as joint edition published by Akadé-
miai Kiadé, The Publishing House of the Hungarian Academy of Sciences, Budapest, Hungary
and Elsevier Science Publishers B. V., Amsterdam, The Netherlands. At the same time, the
Elsevier’s edition of this monograph is the 20th Volume in the series of “Comprehensive
Analytical Chemistry” and connects with Volume XIX, in which the theoretical and general
aspects of spectrometry were described.

The first part of the book reviews the main steps in the photometric methods. Chapter
1 deals (rather shortly) with the position and further possibilities of photometric methods in
trace analysis. The next four chapters summarize the most important problems influencing
the choice and result of individual analyses, as the planning, elaboration and control of analy-
tical methods; methods suitable for separation of interferences, and concentration possibilities
(including precipitation, ion-exchange, extraction and distillation or electrochemical methods);
preparation of samples for analysis (including sampling, storage of samples, sample processing
and phase analysis); and the error sources influencing the accuracy of determination. All
chapters have their separate references.

It follows that the main Chapter of the monograph is the 6th one, entitled “Determina-
tion of the individual elements” (more than 200 pages of a total of 403), starting from its
first subtitle: “Alkali metals” to the 44th one: “Zirconium”. Of course, the volumes of these
parts are different depending on the importance and usual concentration of given element(s)
or even on the difficulties of its determination.

The general structure of discussion is as follows:

(i) A brief account is given of the analytical (complex chemical) properties of the ions
of the element in question;

(ii) When a fair number of well-proved reagents are known for the determination, their
fundamental properties are tabulated;

(iii) 1f one reagent is outstandingly applicable for the determination in the authors’
experience, procedures based on other reagents are not given;

(iv) An attempt is made to mention the variants suitable for analysis of the most impor-
tant types of samples;

(v) A detailed description is given primarily of those determinations that have been
elaborated in the authors’ laboratory or in the application of which they have had experience;

(vi) If the element in question can be determined advantageously by some other method
too, this is referred to.

The book is complete with a subject index and an Appendix, summarizing in alpha-
betical order the common names, structural formules and chemical names of the most impor-
tant (organic) reagents referring to the elements to be determined.

The practical usefulness is the main point of the monograph, based first of all upon
the experiences, which have been gained by the authors’ well-known research in this area:
in developing and improving methods for the determination of trace elements in ores, rocks
and other natural materials. The large number of analytical procedures cover more than 44
elements and illustrate basic theoretical points.

The book, as invaluable practical guide may be recommended to research and analyti-
cal chemists and advanced students alike.

Lajos Barcza
Institute of Inorganic and
Analytical Chemistry,
Edtvds Lorédnd University, Budapest
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P. W. J. M. Boumans: Line Coincidence Tables for Inductively Coupled Plasma
Atomic Emission Spectrometry

2nd Edition, Pergamon Press, Oxford, 1984,
Volumes 1 and 2: 929 pages

The second edition of Boumans’ Line Coincidence Tables for inductively coupled
plasma atomic emission spectrometry (ICP-AES) followed the first edition after four years,
which reflects both the importance and the success of the work. Indeed, the development
of the ICP-AES methods requires knowledge of spectral interferences, in particular line coin-
cidences. Clearly, ICP-AES methods are ever more applied in analytical chemistry.

It is interesting to compare atomic absorption and atomic emission spectroscopic
(AAS and AES) methods from the point of view of interference effects. The interference effects
relevant to both AAS and AES are classified into two groups: “spectral interferences” and
“non-spectral interferences”. Considering the problem of line interferences one can conclude
that AAS methods generally have an advantage over AES methods. This stems from the
fact that in AAS only the coincidence of the resonance lines within the spectral window can
cause analytical errors, which happens in a few cases (about 30 line overlaps are known). On
the other hand, in AES coincidences with any lines can occur and may result in analytical
error if disregarded. The number of coincidences is rather large in the often line-rich atomic
and ionic spectra emitted by the ICP.

It has been documented that the ICP-AES methods have an advantage over the AAS
methods as to non-spectral interferences. This manifests in the reduced level of volatiliza-
tion and ionization interferences, well-known in flame AAS, and of gas phase dissociation
interferences often found in graphite furnace AAS. In addition, the capability of multi-element
analysis, the higher detection power for a group of elements and the large linear range of the
analytical curves are interesting positive aspects of ICP-AES. The multi-element capability
has the disadvantage that many spectral interferences can occur. However, it also provides
a broad choice of analysis lines with good detection limits.

In AES methods using other excitation sources (e.g. arc, spark, glow-discharge) the
knowledge of line coincidences is important as well. Spectral data (wavelengths and intensities
of lines) determined with the use of these excitation sources became first available in 1939
in the comprehensive form of the M.I.T. Wavelength Tables (200 -1000 nm, 190 000 lines).
Further tabulations have been published so as to cover vacuum ultraviolet range or for special
excitation conditions. The applicability of the line intensity data taken from the classical
tabulations is limited, however, because the relative intensities change with the character
of the excitation source and even for one and the same type of source large differences may
occur.

Argon ICPs form a favourable exception. If the same type of nebulizer (e.g. a pneuma-
tic nebulizer) is used, the relative sensitivities (= intensities per unit of concentration) do
not differ widely from source to source, if the ICP is operated under compromise conditions
for multi-element analysis. This favourable property was exploited in setting up the Line
Coincidence Tables. Boumans tabulated the so-called “critical concentration ratio” (CCR),
defined as the ratio of the concentration of interférent to analyze at which the ratio of the
intensities of interfering line to analysis line in the spectral window of the latter is unity
(50% of line interference). It follows from this definition that the higher the CCR value for
a certain combination of an interfering and analysis line, the smaller the magnitude of the
interference. The value of the CCR depends on the sensitivities (S/ and Sa), the difference
in wavelengths (zU) and the effective line profiles, thus on the spectral band width (A W)
of the spectrometer applied.

The main body of tables comprises the CCR tables for 892 prominent lines i.e. “most
sensitive lines” of 67 elements. A separate CCR table is given for each prominent lines. Inter-
fering lines within an interval of £0.25 nm about the analysis lines are taken into account.
The CCRs are tabulated for spectral bandwidths of 0.010, 0.015, .. ., 0.035, 0.040 nm, so the
user can read the data that apply to the spectral bandwidth of his own apparatus. The CCR
tables contain also the sensitivity data (S/, Sa), the detection limit (cj) and the rank number
of the analysis line (order of increasing detection limit). The “finding lists” in the 1st volume
facilitates access to the CCR tables. The general rules for consulting the CCR tables are illus-
trated by several examples, such as the selection of “interference free” lines for Nb, W and
Zr as minor constituents in the spectrum of a stainless steel (Fe, Ni and Cr major elements)
An example of even greater complexity is of a mixture of rare earths and associated elements
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Sc, Y, Hf. Zr. A separate “finding list” summarizes the prominent lines suitable for ICP emis-
sion spectrography (638 lines in the 230—440 nm range).

The “introduction” (Volume 1) gives an adequate explanation and discussion of the
principles, the computations underlying the tables and testing methods, which have played
role in the determination of the CCR values. It is noted here that the exploitation of the line
intensities of the arc spectra (National Bureau of Standards) made it possible to set up the
CCR tables at the present stage of development of the ICP-AES. The relative intensities of
the arc spectra were converted to the ICP scale with the aid of experimental conversion
factors. Testing has been continued in the author’s laboratory (Philips Research Laboratories,
Eindhoven) after the appearance of the 1st edition. “Fortunately the paving of the bumpy
roads leading to a definite solution of the spectral interference problem in the ICP-AES is not
left as a tasks for a single laboratory” — Boumans says [(Spectrochim. Acta, 38B, 747 (1983)].
The results of these recent works appear in the 2nd edition, which contains 172 revised or
added CCR tables. According to the author’s intention the “modification, adaptation and
extension” are not finished either at the present stage and “regular updating of the present
tables can he envisaged”. This is certainly necessary, as Boumans clearly recognizes: the
number of tabulated possible interfering lines is by far not yet large enough. Therefore the
tables will give certainly only about rejection of lines as being unsuited foran analysis. Accep-
tance as being “free from interference” does require further experimental checks. The user
should be well aware of this limitation.

On the whole, Boumans’ Line Coincidence Tables may be classed among the indispen-
sable “laboratory tools”. The two volumes cost about the half price of a quartz ICP torch.
The use of the tables may save time and argon, and thus may also the life of torches in that the
number of experimental checks on interferences can be substantially reduced by a judicious
a priori line selection. B

Tibor KANTOR
Institute for General and Analytical
Chemistry, Technical University of
Budapest
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