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An atom efficient synthesis of polysubstituted dihydropyridine derivatives was accomplished by the one-pot four-component condensation
of aldehydes, amines, dialkyl acetylene dicarboxylates and active methylene group-containing compounds such as malononitrile or ethyl
cyanoacetate using morpholine as a catalyst at ambient temperature. Broad substrate scope, non-chromatographic purification, good yields
of the products makes it be a useful and valuable methodology for employing the 1,4-dipolar intermediates in synthetic organic chemistry.
Use of organobase as a single catalyst, room temperature conditions renders the method protocol as a significant addition to the existing

methods for the synthesis of multifunctionalized dihydropyridines.
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INTRODUCTION

Multi-component reactions (MCRs) contribute
significantly to the sustainable and diversity-oriented
synthesis of various heterocyclic compounds in
combinatorial and medicinal chemistry. Reduced number of
steps, high atom economy, energy efficient, time-saving and
cost-effective nature of the MCRs make them highly
desirable tools in synthetic organic chemistry. These
reactions constitute important green tools for the synthesis
of highly functionalized molecules in organic chemistry.

Cascade reactions, also known as domino reactions or
tandem reactions, are chemical processes involving at least
two consecutive reactions occurring, such that each
subsequent reaction occurs due to the entity formed in the
previous step, without the need to isolate the intermediate.
These reactions thus assist in reducing the number of steps
involved in the synthesis of biologically potent heterocyclic
compounds?.  Cost effective synthesis of highly
functionalized and diverse heterocyclic compounds from
readily available precursors is an enduring task for synthetic
organic chemists. The formation of C-C, C-N and C-S bonds
is also one of the significant challenges to the researcher
community?,

Dihydropyridines (DHPs) are abundant in various natural
products as well as pharmaceutically important heterocyclic
compounds; constituting the skeleton of drugs such as
amlodipine, clevidipine, aranidipine and nifedipine (Figure
1). DHP is also a core component of calcium channel
blockers used in the treatment of cardiovascular diseases,
including hypertension and spastic smooth muscle
diseases.*® DHP derivatives exhibit a broad spectrum of
biological activities and well-studied for applications in the
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treatment of Alzheimer’s disease, cardiovascular diseases
and hypertension.® Furthermore DHPs are also well known
for  antimicrobial,” anticancer,® antioxidant® anti-
inflammatory,'®  antidiabetic,'*  antitubercular>  and
analgesic'® activities. These derivatives showed therapeutic
properties including platelet antiaggregatory activities,'*
HIV protease inhibition® and neuroprotection.®
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Figure 1. Some biologically active dihydropyridines

Thus, considering the therapeutic and pharmacological
activities of DHP derivatives, considerable attention has
been focused on designing efficient methodologies for the
synthesis of these heterocyclic compounds. The classical,
most simple and straightforward synthesis of these
heterocycles is the Hantzsch’s reaction of an aldehyde, B-
ketoester and ammonia. However, only a few reports are
available for the synthesis of highly functionalized 1,4-
DHPs involving the use of Meglumine'” grinding
technique,’® triethylamine,® sodium hydroxide,® PEG-
400,22 ammonium hydrogen phosphate (NH;);HPO,?
yttrium triflate,?® p-toluenesulfonic acid (p-TSA)?* and L-
proline.®> However, many of these methods require
prolonged reaction time, use of costly reagents and high
reaction temperature.

Morpholineis a colorless, water-soluble organobase
possessing both amine and ether functionalities. The
presence of etheral oxygen withdraws electron density from
the nitrogen, rendering morpholine less nucleophilic and
less basic than piperidine. It is documented for the catalytic
applications for the synthesis of various heterocyclic
compounds such as o, p-unsaturated nitroalkenes?,
chromene core structured heterocyclic compounds?and
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Hantzsch’s polyhydroquinoline derivatives?®. Thus, in
continuation of our successful efforts in the development of
new strategies for the synthesis of bioactive heterocyclic
compounds?®; herein we report the atom efficient synthesis
of polysubstituted dihydropyridine derivatives by the one-
pot four component condensation of aldehyde (1), amine (2),
dialkyl acetylene dicarboxylate (3) and active methylene
compound such as malononitrile or ethyl cyanoacetate (4)
using morpholine as an organobase at room temperature in
short reaction time to afford the corresponding products in
high yields (Scheme 1).
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Scheme 1. One pot synthesis of DHPs using morpholine
organobase

EXPERIMENTAL

Chemicals used were SD fine or Sigma Aldrich made and
used without further purification. The progress of the
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reaction was monitored on silica-gel coated aluminum TLC
plates (Merck). *H and *C NMR spectra were recorded on a
Bruker ACF 200 spectrophotometer and chemical shifts
were expressed in 6 ppm in CDClzwith reference to TMS as
the standard. IR spectra were recorded on Shimadzu FTIR
(Prestige 21) spectrophotometer, mass spectra on a
Shimadzu MS-Q spectrometer and melting points of the
products were recorded on a digital melting point apparatus
(Optics technology) using capillaries open at one end and
were uncorrected.

General procedure for the one pot four component synthesis of
highly functionalized DHPs

A mixture of aldehyde (2 mmol), malononitrile (3 mmol)
and morpholine (20 mol%) in ethanol (3 mL) was stirred at
room temperature for 10 minutes; followed by dropwise
addition of arylamine (2 mmol) and then dialkyl acetylene
dicarboxylate (2 mmol). The contents were stirred at room
temperature for an appropriate time as specified in Table 1.
The progress of the reaction was monitored by thin layer
chromatography (40 % ethyl acetate:n-hexane). After
completion of the reaction, the reaction mass was
concentrated, poured into ice-cold water and filtered off
residue as the crude multifunctionalized dihydropyridine
which was further purified by crystallization in ethanol.

Table 1. Yields, reaction time and physical constants of DHPs using morpholine organobase

Entry Aldehyde Amine R R1 Product Time, h Yield M. P. (°C)
(%)*
Br
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(*For aldehyde: 2 mmol, active methylene compound: 3 mmol, DMAD or DEAD: 2 mmol, amine: 2 mmol, in ethanol in the presence of

20 mol % morpholine)

The spectral data of the synthesized compounds s

mentioned below:

Dimethyl-6-amino-4-(4-bromophenyl)-1-(3-chloro-4-fluorophe-
nyl)-5-cyano-1,4-dihydropyridine-2,3-dicarboxylate (Table 1,
Entry 1):

Off white solid; M.P.=108-109 °C; *H NMR (CDCls, 400
MHz) & ppm 3.1 (s, 3H), 3.18 (s, 3H), 3.89 (s, 2H), 4.7 (s, 1
H), 7.48 (d, 4H), 8.02 (d, 3H); IR (neat) cm 3332, 2959,
2172, 1741, 1696, 1641, 1562, 1372, 1210, 1032; Mass:
520.1(M+1)".

Diethyl-6-amino-4-(4-chlorophenyl)-5-cyano-1,4-dihydro-1-
(naphthalen-1-yl)pyridine-2,3-dicarboxylate (Table 1, Entry 2):

Off white solid; M.P.=137-138 °C; 'H NMR (CDCls, 400
MHz) & ppm 0.9 (t, 3H), 1.12 (t, 3H), 4.0 (s, 2H), 4.2 (9, 4
H), 4.8 (s, 1H), 7.3 (m, 7H), 7.5 (d, 4H); IR (neat) cm?
3461,3336, 2966, 2177, 1746, 1695, 1646, 1566, 1371, 1239,
1032; Mass: 502 (M+1)+.

Diethyl-6-amino-4-(4-chlorophenyl)-5-cyano-1,4-dihydro-1-
phenylpyridine-2,3-dicarboxylate (Table 1, Entry 3):

Yellow solid; M.P.=176-177 °C; *H NMR (CDCls, 400
MHz) § ppm 0.9 (t, 3H), 1.1 (q, 3H), 3.9 (m, 2H), 4.1 (q,
4H), 4.7 (s, 1H), 7.39 (m, 6H), 7.5 (d, 3H); ¥C NMR
(CDCls, 100.6 MHz) & ppm 13.42, 13.91, 38.27, 60.96,
62.19, 104.94, 120.44, 128.61, 128.88, 129.94, 130.48,
130.62, 132.85, 135.09, 141.76, 143.59, 149.81, 162.81,
162.88, 164.98; IR (neat) cm? 3382.9 (-NH), 2972.2 (C-H
in -CHs), 2187.9 (-CN), 1722.58 (-C=0), 1649.22; Mass:
452 (M+1)*.
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Dimethyl-6-amino-4-(3,4-dichlorophenyl)-5-cyano-1,4-dihydro-
1-(naphthalen-1-yl)pyridine-2,3-dicarboxylate (Table 1, Entry
4):

Yellow solid; M.P.=101-102°C; 'H NMR (CDCls, 400
MHz) & ppm 3.12 (s, 3H), 3.22 (s, 3H), 4.01 (s, 2H), 4.88 (s,
1H), 7.49 (d, 3H), 7.22 (m, 7 H); IR (neat) cm* 3336, 2964,
2172, 1746, 1695, 1644, 1566, 1372, 1217, 1032; Mass:
508. (M+1)*.

Diethyl-6-amino-1-(4-chlorophenyl)-5-cyano-4-(4-fluorophe-
nyl)-1,4-dihydropyridine-2,3-dicarboxylate (Table 1, Entry 5)

Yellow solid; M.P.=183-184 °C; 'H NMR (CDCls, 400
MHz) § ppm 1.05 (t, 3H), 1.1 (t, 3H), 3.9 (m, 2H), 4.05 (q,
4H), 4.7 (s, 1H), 7.1 (d, 2H), 7.3 (m, 4H), 7.5 (d, 2H); 3C
NMR (CDCls, 100.6 MHz) & ppm 13.04, 13.57, 39.38,
60.27, 61.36, 104.61, 115.15, 120.54, 128.58, 129.37,
132.04, 133.88, 135.14, 141.35, 141.38, 150.34, 159.93,
162.36, 164.29; IR (neat) cm™ 3338.7 (-NH;), 2982.3 (C-H
str. -CHs), 2184.8 (-CN), 1744.41 (-C=0O); Mass: 470
(M+1)*.

Dimethyl-6-amino-1-(3-chloro-4-fluorophenyl)-4-(2,4-dichloro-
phenyl)-5-cyano-1,4-dihydropyridine-2,3-dicarboxylate (Table
1, Entry 6):

White solid; M.P.=117-118°C; *H NMR (CDCls, 400
MHz) § ppm 3.1 (s, 3H), 3.15 (s, 3H), 4.01 (s, 2H), 4.78 (s,
1H), 7.4 (d, 4H), 7.62 (d, 2H); IR (neat) cm™ 3334, 2970,
2179, 1749, 1698, 1631, 1572, 1370, 1203, 1044; Mass:
510.72 (M+1)".
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Dimethyl 6-amino-1-(3-chloro-4-fluorophenyl)-5-cyano-1,4-
dihydro-4-(3-nitrophenyl)pyridine-2,3-dicarboxylate (Table 1,
Entry 7):

Off white solid; M.P.=120-121 °C; *H NMR (CDCls, 400
MHz) & ppm 3.21 (s, 3H), 3.28 (s, 3H), 4.12 (s, 2H), 4.73 (s,
1H), 7.81 (d, 3H), 8.07 (d, 4H); IR (neat) cm 3340, 2969,
2273, 1749, 1648, 1568, 1372, 1219, 1033; Mass: 486.91
(M+1)*.

Triethyl-6-amino-1-(4-chlorophenyl)-1,4-dihydro-4-(3,4-di-
methoxyphenyl)pyridine-2,3,5-tricarboxylate (Table 1, Entry
8):

White solid; M.P.=142-143 °C; H NMR (CDCls, 400
MHz) & ppm 0.9 (t, 3H), 1.03 (t, 3H), 1.12 (t, 3H), 3.02 (s,
3H), 3.08 (s, 3H), 3.96 (s, 2H), 4.12 (q, 4H), 4.19 (q, 2H),
4.7 (s, 1H), 7.53 (d, 3H), 7.90 (d, 4H); IR (neat) cm™ 3335,
2957, 2176, 1744, 1694, 1638, 1560, 1372, 1215, 1033;
Mass: 559.03 (M+1)*.

Triethyl-6-amino-1-(4-chlorophenyl)-4-(4-(dimethylamino)-
phenyl)-1,4-dihydropyridine-2,3,5-tricarboxylate (Table 1,
Entry 9):

Yellow solid; M.P.=115-116 °C; *H NMR (CDCls, 400
MHz) & ppm 0.89 (d, 3H), 1.1 (¢, 3H), 1.21 (t, 3H), 2.56 (s,
6H), 3.93 (s, 2H), 4.02 (q, 4H), 4.13 (g, 2H), 4.82 (s, 1H),
7.8 (d, 4H), 8.05 (d, 4H); IR (neat) cm 3338, 2970, 2181,
1747, 1696, 1652, 1570, 1381, 1313, 1132; Mass: 541.9
(M+1)*.

Triethyl-6-amino-1,4-dihydro-4-(4-hydroxy-3-methoxyphenyl)-
1-phenylpyridine-2,3,5-tricarboxylate (Table 1, Entry 10):

Faint solid; M.P.=109-110 °C; !H NMR (CDCls, 400
MHz) § ppm 0.99 (t, 3H), 1.1 (t, 3H), 1.2 (t, 3H), 3.2 (s, 3H),
3.92 (s, 2H), 4.03 (g, 2H), 4.14 (g, 2H), 4.19 (q, 2H), 4.78
(s, 1H), 5.9 (s, 1H, -OH), 7.27 (m, 5H), 7.43 (d, 3H); IR
(neat) cm! 3328, 2803, 2184, 1748, 1690, 1643, 1562, 1370,
1213, 1032; Mass: 510.38 (M+1)*.

Dimethyl-6-amino-1-(3-chloro-4-fluorophenyl)-4-(4-chloro-
phenyl)-5-cyano-1,4-dihydropyridine-2,3-dicarboxylate (Table
1, Entry 11):

Faint yellow solid; M.P.=112-113 °C; 1H NMR (CDCls,
400 MHz) & ppm 3.28 (s, 3H), 3.41 (s, 3H), 4.02 (s, 2H),
4.67 (s, 1H), 7.82 (d, 4H), 7.95 (d, 3H); IR (neat) cm™ 3336,
2956, 2183, 1846, 1695, 1640, 1558, 1372, 1213, 1029;
Mass: 476.01 (M+1)*.

RESULTS AND DISCUSSION

Initially to optimize reaction conditions, the reaction of 4-
chlorobenzaldehyde (1 mmol), malononitrile (1.5 mmol),
diethyl acetylene dicarboxylate (1 mmol) and aniline (1
mmol) mixture was probed as a model condensation
reaction using various bases and solvents at room
temperature for the synthesis of diethyl-6-amino-4-(4-

Eur. Chem. Bull. 2019, 8(3), 71-77
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chlorophenyl)-5-cyano-1,4-dihydro-1-phenylpyridine-2,3-
dicarboxylate (DHP-3) (Scheme 2, Table 2).

Cl
CHO NH,

O

o Base COOR CN

+  cooet | |
Solvent, r.t. COOR N NH,

cN I
CN COOEt

Scheme 2. Model reaction for optimization of reaction conditions

Table 2. Optimization of reaction conditions for the model reaction

No. Conditions Time,h Yield, %@
1 N,N-DIPEA (10 mol %), EtOH, r.t. 5 36
2 Pyrrolidine (10 mol %), EtOH, r.t. 5 70
3 Imidazole (10 mol %), EtOH, r.t. 5 45
4 Cs,C0O3 (10 mol %), EtOH: H,0, rt. 8 64
5 DABCO (10 mol %), EtOH, r.t. 8 53
6 Morpholine (10 mol %), EtOH, r.t. 3 84
7 Morpholine (20 mol %), r.t., EtOH 3 89
8 Morpholine (20 mol %), r.t., 3 81
MeOH
@Reactions carried on 4-chlorobenzaldehyde (1 mmol),

malononitrile (1.5 mmol), diethyl acetylenedicarboxylate (1 mmol)
and aniline (1 mmol).

From Table 2, bases like N,N-diisopropyl(ethyl)amine
(N,N-DIPEA), pyrrolidine, imidazole, DABCO or cesium
carbonate (Cs,COs) were not suitable to catalyze the
transformation at room temperature after 5-8 h of reaction
time. Among the several bases tried for the probe model
reaction; use of morpholine (20 mol %) was found to be
sufficient enough to carry out the transformation via one-pot
synthesis of highly substituted 1,4-DHPs at ambient
temperature. If no base was added, the reaction did not yield
the desired product even after stirring for overnight (12 h).
Morpholine was required in higher concentration (20
mol %) which could be most probably due to its decreased
basicity and presence of an electron withdrawing oxygen
atom in the ring. The reactions were found to be better in
ethanol rather than methanol in terms of the yield of desired
products.

Encouraged with these results, scope and generality of the
catalytic efficiency of morpholine were extended by using
diversely substituted aldehydes and amines (Table 1).

Furthermore, the use of dimethyl acetylene dicarboxylate
instead of diethyl acetylene dicarboxylate and ethyl
cyanoacetate in place of malononitrile also accomplished
satisfactory results. Diethyl acetylenedicarboxylate showed
slightly high reactivity as compared to dimethyl acetylene
dicarboxylate. Aldehydes possessing electron donating as
well as electron withdrawing substituents afforded the
desired products without significant variation in yields. Thus,
the domino one-pot reaction was successful with different
active  methylene  compounds, dialkyl  acetylene-
dicarboxylate, aromatic aldehydes and amines (Table 1)
revealing that the reaction works well and tolerates both
electron-withdrawing and electron-donating substituents in
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aromatic ring generating the target molecules in high yields
with negligible variations in the product. It indicates that the
present protocol has a broad substrate scope. After
completion of the reaction as monitored by TLC, the
reaction mass was concentrated on a rotary evaporator,
poured onto crushed ice, stirred for 10 minutes and filtered
off the resulting precipitated solid as a crude product which
was further purified by crystallization with ethanol. Thus the
work-up procedure for the morpholine catalyzed synthesis
of DHPs was found to be convenient and straightforward.
The products were confirmed by comparison of their
physical constants with the literature values and analysis of
spectroscopic data viz H, *C NMR, IR and MS spectra.

A plausible mechanism for morpholine base catalyzed the
synthesis of 1, 4-DHPs is outlined in Figure 2:

()
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Step-1: The base abstracts proton from the acidic
compound - malononitrile or ethyl cyanoacetate affording
benzylidene intermediate (1) involving the Knoevenagel
condensation.

Step-2: Treatment of DMAD or DEAD with the ethanolic
solution of aromatic amine generates the 1,3-dipole
intermediate (I1).

Step-3: Michael addition of intermediate (1) with the
dipolar intermediate (1), followed by migration of hydrogen,
cyclization and tautomerization of the imino group (C=NH)
to the amino (-C-NHy) group results in the formation of the
desired product.

R R;
Step-1 ArCHO 'S L H oA —< (Knoevenagel condensation)
ep-1. CN ¥
- H0 CN
Q)
COOR COOR
Step-2. . EtOH JI
ArNH, ] = H,N” “COOR
COOR Ar
(1
Step-3. /’\
COOR

Michael addition

COOR
‘ Proton tranfer

/ICOOR
P//‘\ |

N HoN" ~COOR N7 HN COOR Er COOR
Ar
Ar
COOR
‘ ‘ _Tautomerism. ‘
COOR HN</ N COOR

Figure 2. A plausible mechanism for the morpholine base catalyzed the synthesis of polysubstituted pyridines

CONCLUSION

In summary, an atom efficient, practical strategy and easy
access to highly functionalized 1,4-DHP derivatives using
morpholine as an organobase has been developed by one-pot
four-component reaction of an aldehyde, acidic active
methylene compound, DEAD or DMAD and various amines
via tandem Knoevenagel, Michael and intramolecular
nucleophilic additions at ambient temperature. Ease of work
up, room temperature conditions, broad substrate scope, no
need of column chromatographic purification and good
yields make the present protocol attractive for the
construction of DHPs.

It also provides a practical methodology for employing the

1,4-dipolar intermediate to design new multicomponent
reactions in synthetic organic chemistry.
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SYNTHESIS OF NOVEL SUBSTITUTED-BENZO[d]THIAZOLE-
E B 2,4-DICARBOXAMIDES HAVING KINASE INHIBITION AND
ANTI-PROLIFERATIVE ACTIVITY

Dattatraya D. Gaikwad,® Chandrakant D. Pawar,®! Dattatraya N. Pansare,?
Sadhana L. Chavan,® Umakant D. Pawar, ! Rohini N. Shelke,[@ Santosh L.
Chavan,[9 Rajendra P. Pawar, @ Ashok M. Zine*!

Keywords: Benzo[d]thiazoles; carboxamides; anticancer activity; kinase inhibitors.

A series of novel derivatives containing N*-(4-fluorophenyl)-N2-substitured-benzo[d]thiazole-2,4-dicarboxamides were synthesized via an
efficient, mild and convenient multistep reaction protocol with excellent yields. The structure of the synthesize compounds were confirmed
by IR, *H NMR, °C NMR, °F NMR, mass spectra, elemental analysis and purity was checked by HPLC. All synthesized compounds were
screened for anticancer activity against A-549 and Du-145 cancer cell lines by MTT assay. The preliminary bioassay suggests that most of
the compounds show anti-proliferation with different degrees. The synthesized compound shows ICso values in the range of 1.52-17.18 pM
in both cell lines. The compounds having electron donating groups had higher anticancer activity compared compounds with electron
withdrawing substitutions.

* Corresponding Authors work,’®20 we have synthesized a series of substituted -
Fax: +91 0240-2400413 benzo[d]thiazole derivatives and all the synthesized

E-Mail: pawarcd2013@gmail.com S . R
a] Departm‘;m of Chemigry’ Deogiri College, Aurangabad, ~compounds were tested for their biological activity in cell

431005 (MS), India line and enzymatic study.
[b] Department of Chemical Technology, Dr. Babasaheb
Ambedkar Marathwada University, Aurangabad, 431004
(MS), India
[c] Regional Forensic Science Laboratories, Aurangabad,
431004(MS), India RESULTS AND DISCUSSION
[d] Maharashtra Pollution Control Board, Aurangabad, ) )
431004(MS), India We have synthesized a series N*-(4-fluorophenyl)-N2-
substitured-benzo[d]thiazole-2,4-dicarboxamidey (10a-10l)

starting from easily available 2-amino-3-chlorobenzonitrile

1).

INTRODUCTION @ N oN cN

NH, N N

@ N (b) D (©
The kinases plays important role in cell functioning. There ©:<:| - C[s%SH - @s}uﬂ

are over 500 kinases comprising in the human kinome, and 1 2 3
all are associated with the functioning of cells.! Different
types of kinases are responsible for different functioning of o. on
cells, some kinases are target of rapamycin (TOR) signaling 7 /©/ /©/ M ®
for cell growth2 ® Some are protein tyrosine Kkinase o 9 \yu

S

inhibitors. By considering the importance of kinases we
need to develop new kinase inhibitors with diversified
activity.

NH_O NH/O
In present work we have chosen substituted thiazol nuclei F/©/ é[N\* 0
CN —~
s OH
7

4 6

and its derivatives for cell line and kinases study.
Substituted benzothiazole are known for diversified
biological activities like anti-tubercular, MAP Kkinase
inhibitors.® Kinases plays key role in cancer initiation and
progression.®”  Thiazoyl-sulfonamides act as carbonic

a=Me, b=Et, c=n-Pr, d=CH,CH,OMe,

anhydrase inhibitors® and anticancer.® Some derivatives e=CH.CH.OH, F=CHCHAC(CH)s

comprising thiophene nuclei acts as anti-proliferative o 9
agents.1%2 Neural precursor cell expressed, developmentally 9=CH:NMez, h=CHzCH:NMez, NH N%ng
down-regulated 8 (NEDDS8) activating small molecule-drug

conjugates enzymes inhibitors,'® Raf kinase inhibitor protein i=CH,CH,CH:NMez, j=CHNH,

(RKIP),**  poly-ADP-ribose polymerases (PARP) and F 10a-101

topoisomerase (TOPO) inhibitors.’5 Some benzthiazole ~ KFCH:CH:NH:, I=CH:CH,COOH

forms key building block of some of the biologically active

der.iv_atives.lﬁ'” By C_OnSidering th? di\/_er5ifi9d biological  gcheme 1. Synthesis of N4-(4-fluorophenyl)-N2-substitured-
activity of benzo[d]thiazol and continuation of our research  benzo[d]thiazole-2,4-dicarboxamide (10a-10l) :
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We have optimized the entire step to get good yield, neat
reaction profile, less harsh condition. The optimized steps
are depicted in Scheme 1. Reagents and conditions: (a): N-
methylpiperidinone, 150 °C, 1 h, potassium O-ethyl
carbodithioate, DMF, 180 °C, 12 h; (b): POCls, 100 °C, 2 h;
(c): NaOH, THF, H,O, 12 h; (d): 4-fluoroaniline (5), 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI),
N,N-diisopropylethylamine (DIPEA), DMF, 0 °C- room
temperature, 12 h ; (e): NaCN, MeOH, 12 h ; (f): NaOH,
100 °C, 2 h; (g): SOCI,, 100 °C, 0.5h, substituted amines
(92-9I), 0 °C- room temperature, 12 h.

2-Mercaptobenzo[d]thiazole-4-carbonitrile (2) has already
been prepared in DMF and N-methyl piperidione at high
temperature.?*?> We have used readily available 2-amino-3-
chlorobenzonitrile (1) as a staring material. We have
optimized step a by heating the compound 1 with N-
methylpiperidinone at 150 °C for 1 h and adding the
potassium ethylxanthate in DMF. The N-methylpiperidinone
acts as base as well as high boiling solvent as higher
temperature is required for the reaction to proceed. We
heated that reaction mixture at 180 °C for 12 h to get >96 %
yield. We have used mixture of solvents for solubility of
compound and it helps in clean isolation of pure compound.
The compound 2 was characterized as it shows clear S-C
and S-H bonds in the IR spectrum at 730 cm™* and 2560 cm'™,
respectively and in *H NMR the NH; protons were vanished.

In step b the compound 2 was chlorinated by using POClI;
in 2 h at 100 °C to obtain crude compound with quantitative
recovery, and the crude compound 3 was hydrolysed. The
presence of compound 3 was confirmed with IR
spectroscopy, the bands for C-S and C-H bonds were
disappeared.

Compound 3 was hydrolyzed by using 20 % aqueous
NaOH for 12 h at room temperature and later a routine acid-
base treatment was used to isolate compound 4 with 90%
isolated yield.?® It has been used further without purification.
Compound 4 was characterized by TLC and *H NMR as in
TLC it shows trailing spot at base and in NMR it shows an
acidic peaks at 6 12.2 ppm.

In step d compound 4 reacted with 4-fluoroaniline (5) by
using peptide coupling condition to obtain compound 6 with
90 % yield. Formation of Compound 6 was confirmed with
TLC, mass and *H NMR spectra, as its aromatic region
shows A»-B; pattern of peaks.

In step e we have done displacement reaction on
compound 6 by using sodium cyanide in methanol to obtain
compound 7 with 85 % yield. The presence of compound 7
conformed from IR spectrum as it shows distinct band at
2200 cm* for nitrile group.

The compound 7 was subjected to hydrolysis to get
compound 8. Using basic hydrolysis conditions led to
quantitative yield of compound 8. The compound 8 is a key
intermediate for the synthesis of desired compounds 10a-10j.

The compound 8 was converted to its acid chloride and
lateer reacted with different amines 9a-9j without base to
obtain all the final compounds 10a-10j with >80 % vyields
for all the derivatives. For the compounds 2 to 8 we have
purified all the compounds by washing with different
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solvent combinations and avoided column purifications. For
final compounds 10a-10j we have used column purification
to get required compounds with >95 % purity. The detailed
experimental procedure and characterization of final
compounds and key intermediates were given in
experimental section.

EXPERIMENTAL SECTION

All chemicals, unless otherwise specified, were purchased
from commercial sources and were used without further
purification. The major chemicals were purchased from
Sigma Aldrich and Avra labs. The development of reactions
was monitored by thin layer chromatography (TLC) analysis
on Merck pre-coated silica gel 60 F254 aluminum sheets,
visualized by UV light. Melting points were recorded on
SRS Optimelt, melting point apparatus and are uncorrected.
The 'H NMR spectra were recorded on a 400 MHz Varian
NMR spectrometer. The *C were recorded on a 100 MHz
Varian NMR spectrometer. The chemical shifts are reported
as NMR spectra & (ppm) units and standard is
tetramethylsilane (TMS). The following abbreviations are
used; singlet (s), doublet (d), triplet (t), quartet (g), multiplet
(m) and broad (br s). LC-MS mass spectra were taken with
Micromass-QUATTRO-11 of WATER mass spectrometer.

Experimental procedure for the synthesis of containing N*-(4-
fluorophenyl)-N2-substitured-benzo[d]thiazole-2,4-dicarbox-
amides (10a-101)

Step-a: Synthesis of 2-mercaptobenzo[d]thiazole-4-carbonitrile

@

In the reaction mixture of compound 1 (1.52 g, 0.01 mol)
in N-methylpiperidinone (15 mL) was heated for 1 h at
150 °C. Potassium ethylxanthate (3.2 g, 0.02 mol) dissolved
in DMF (7 mL) was added dropwise and the reaction
mixture was stirred at 180° C for 12 h. Progress of reaction
was monitored by TLC and LCMS. After completion the
reaction, the reaction mixture was cooled to room
temperature and poured into cold H2O (15 mL). The reaction
mixture was acidified by using 4 M ag. HCI solution up to
pH 4, when a solid was precipitated. The formed precipite
was filtered in vacuo, washed with cold water (15 mL) and
diethyl ether (10 mL) to afford 2-mercaptobenzo[d]thiazole-
4-carbonitrile (2, 1.85 g, crude) as a brown solid. The crude
obtained was used further for the next reaction without
purification.

Step-b: Synthesis of 2-chlorobenzo[d]thiazole-4-carbonitrile
@):

To the reaction mixture of compound 2 (1.92 g, 0.01 mol)
in a round bottom flask, POCl; (1.9 mL) was added slowly
at room temperature. The reaction mixture was stirred at
100 °C for 2 h. Progress of reaction was monitored by TLC
and LCMS. The reaction mixture was cooled to room
temperature and evaporated under reduced pressure to
obtain 2-chlorobenzo[d]thiazole-4-carbonitrile (3, 2.5 g,
crude) as gray semisolid compound. The crude obtained was
used further for the next reaction without purification.
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Step-c: Synthesis of 2-chlorobenzo[d]thiazole-4-carboxylic acid

(4):

To a stirred solution of compound 3 (2.50 g) in a round
bottom flask. 20 % aq NaOH solution (25 mL) was added at
room temperature. The reaction mixture was stirred at room
temperature for 12 h. Progress of reaction was monitored by
TLC and LCMS.

The reaction mixture was poured into cold H.O (10 mL)
and extracted with DCM (15 mL). The aqueous layer was
collected and acidified by using 4 M aqg. HCI solution up to
pH 3, when a solid was precipitated out. The formed
precipitate was filtered off in vacuo, washed with water (25
mL), brine (20 mL) and diethyl ether (25 mL) to afford 2-
chlorobenzo[d]thiazole-4-carboxylic acid (4, 2.52g, crude)
as a white solid. The crude obtained was used further for the
next reaction without purification.

Step-d: Synthesis of 2-chloro-N-(4-fluorophenyl)benzo[d]thia-
zole-4-carboxamide (6):

To a stirred solution of compound 4 ( 2.13 g, 0.01 mol) in
DMF (10 mL) 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDCI) (2.89 g, 0.015
mol) and N,N-diisopropylethylamine (DIPEA) (5.23 mL,
0.03 mol) were added at 0 °C. Compound 5 (1.66 g, 0.015
mol) was added at 0 °C and the reaction mixture was stirred
at room temperature for 12 h. Progress of the reaction was
monitored by TLC and LCMS. The reaction mixture was
diluted with cold water (10 mL) and extracted with DCM (2
x 25 mL). The organic layer was separated, washed with 2
M ag. cold HCI (10 mL), brine (20 mL), dried over
anhydrous Na,SO. and concentrated in vacuo. The crude
product obtained was purified by washing with 25:75 of
EtOAc:hexane (50 mL), cold diethyl ether (20 mL) and cold
pentane (20 mL) to afford  2-chloro-N-(4-
fluorophenyl)benzo[d]thiazole-4-carboxamide (6, 2.75 g,
90 %) as an off white solid.

Step-e: Synthesis of 2-cyano-N-(4-fluorophenyl)benzo[d]thia-
zole-4-carboxamide (7):

To a stirred solution of compound 6 (3.06 g, 1.0 mmol) in
MeOH (25 mL) was carefully added NaCN (0.98 g, 2.0
mmol) at room temperature. The reaction mixture was
stirred at room temperature for 12 h. Progress of reaction
was monitored by TLC and LCMS. The reaction mixture
was poured into cold H,O (30 mL) and extracted with DCM
(2 x 15 mL). The organic layer was separated, washed with
H,O (15 mL) and brine (10 mL), dried over anhydrous
Na,SO4 and concentrated in vacuo to afford 2-cyano-N-(4-
fluorophenyl)benzo[d]thiazole-4-carboxamide (7, 2.68 g,
crude) as off white solid.The crude obtained was used
further for the next reaction without purification.

Step-f: Synthesis of 4-(4-fluorophenylcarbamoyl)benzo[d]thia-
zole-2-carboxylic acid (8):

To a stirred solution of compound 7 (2.97 g) in a round
bottom flask. 20 % ag. NaOH solution (25 mL) was added at
room temperature. The reaction mixture was heated at
100 °C for 2 h. Progress of reaction was monitored by TLC
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and LCMS. The reaction mixture was poured in cold H,O
(10 mL) and extracted with DCM (15 mL), the aqueous
layer was collected and acidified by using 2 M ag. HCI
solution up to pH 3. A solid was precipitated out . The
formed precipitate was filtered off in vacuo, washed with
water (25 mL), brine (20 mL) and diethyl ether (25 mL) to
afford 4-(4-fluorophenylcarbamoyl)benzo[d]thiazole-2-car-
boxylic acid (8, 2.85 g, crude) as a white solid. The crude
product obtained was used further for the next reaction
without purification.

Step-g: Synthesis of N*-(4-fluorophenyl)-N2-substituted-
benzo[d]thiazole-2,4-dicarboxamide (10a-10l):

To a stirred solution of compound 8 (0.01 mmol) in DCM
(5 mL) SOCI;, (0.15 mmol) was added at 0 °C. The reaction
mixture was heated at 100 °C for 0.5 h. In another round
bottom flask the amine (9a-9l) (0.015 mmol) and DCM (5
mL) were mixed at 0 °C. The content of the flask one was
added to the amine flask under inert atmosphere and the
reaction mixture was stirred at room temperature for 12 h.
Progress of the reaction was monitored by TLC and LCMS.
The reaction mixture was diluted with cold water (5 mL)
and extracted with DCM (2 x 10 mL). The organic layer
was separated, washed with H,O (5 mL) and brine (5 mL),
dried over anhydrous Na;SO, and concentrated in vacuo.
The crude product obtained was purified by silica gel (230-
400 mesh, 5-35: 95-65 % of DCM:hexane) column
chromatography  to  afford  N*-(4-fluorophenyl)-N2-
substitured-benzo[d]thiazole-2,4-dicarboxamide derivatives
(10a-101, 81-88 %) as a solids.

Spectral Data

N“-(4-Fluorophenyl)-N2-methylbenzo[d]thiazole-2,4-dicarbox-
amide (10a):

Yellow solid; M.p. 172-173 °C; Yield: 83 %; IR (KBr)
(Vmax, €mM1): 1627 (C=0), 1582 and 1520 (Ar); Anal. calc.
for CisH12FN3O,S: C, 58.35; H, 3.67; N, 12.76; Found: C,
58.32; H, 3.70; N, 12.79. LC-MS m/z (%): 330.3 (M+H);
HPLC-98.9 % RT-8.22 min; *H NMR (400 MHz, DMSO-ds,
ppm)= 06 12.8 (s, 1H, NH), 10.36 (s, 1H, NH), 8.23 (d, J =
8.2 Hz, 2H, ArH), 7.97 (d, J = 8.2 Hz, 2H, ArH), 7.66 (d, J
= 7.6 Hz, 1H, ArH), 7.56 (d, J = 7.2 Hz, 1H, ArH), 7.24 (t, J
= 8.4, 4.2 Hz, 1H, ArH), 2.68 (s, 3H, NH-CH;). 3C NMR
(CDCls, 100 MHz, ppm)= 3 25.6, 115.2, 123.2, 123.4, 125.2,
126.4, 127.2, 131.2, 135.2, 158.4, 159.2, 162.4, 164.8, 168.3.

N2-Ethyl-N*-(4-fluorophenyl)benzo[d]thiazole-2,4-dicarbox-
amide (10b):

Yellow solid; M.p. 189-190 °C; Yield: 84 %; IR (KBr)
(Vmax, cm™): 1622 (C=0), 1580 and 1524 (Ar); Anal. calc.
for Ci7H14FN3O,S: C, 59.46; H, 4.11; N, 12.24; Found: C,
59.48; H, 4.10; N, 12.23. LC-MS m/z (%): 344.2 (M+H);
HPLC-98.8 % RT-8.12 min.; *H NMR (400 MHz, MeOD,
ppm)= 6 8.23 (d, J = 7.2 Hz, 1H, ArH), 8.21 (d, J = 8.0 Hz,
2H, ArH), 7.88 (d, J = 8.0 Hz, 2H, ArH), 7.68 (d, J = 7.2 Hz,
1H, ArH), 7.37 (t, J = 7.6 Hz, 1H, ArH), 2.58 (g, J = 15.2,
7.6 Hz, 2H, NH-CHy), 1.24 (t, J = 8.4 Hz, 3H, CH»-CHy).
13C NMR (CDCls, 100 MHz, ppm)= & 14.4, 33.6, 115.2,
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123.3, 123.4, 125.5, 126.6, 127.2, 131.3, 135.5, 158.4, 159.4,
162.2, 164.8, 168.3.

N4-(4-Fluorophenyl)-N2-propylbenzo[d]thiazole-2,4-dicarbox-
amide (10c):

Yellow solid; M.p. 197-198 °C; Yield: 86 %; IR (KBr)
(Vmax, cm™): 1630 (C=0), 1570 and 1525 (Ar); Anal. calc.
for CisH1sFN3O,S: C, 60.49; H, 4.51; N, 11.76; Found: C,
60.48; H, 4.53; N, 11.78. LC-MS m/z (%): 358.3 (M+H);
HPLC-98.3 %, RT-8.45 min; *H NMR (400 MHz, DMSO-
ds, ppm)= 6 8.23 (d, J = 8.4 Hz, 2H, ArH), 7.92 (d, J = 8.4
Hz, 2H, ArH), 7.84-7.76 (m, 2H, ArH), 7.36 (t, J = 7.2 Hz,
1H, ArH), 5.4 (s, 1H, NH), 3.63 (s, 1H, NH), 2.44 (1, J=7.2
Hz, 2H, NH-CHy), 1.62 (q, J = 15.2, 7.6 Hz, 2H, CH,-CHy),
0.88 (t, J = 8.4 Hz, 3H, CH,-CHs). *C NMR (CDCls, 100
MHz, ppm)= 6 11.3, 23.2, 41.8, 115.2, 123.3, 123.6, 125.4,
126.2, 127.3, 131.5, 135.2, 158.6, 159.2, 162.4, 164.8, 168.3.

N*-(4-Fluorophenyl)-N2-(2-methoxyethyl)benzo[d]thiazole-2,4-
dicarboxamide (10d):

White solid; M.p. 168-169 °C; Yield: 88 %; IR (KBr)
(Vmax, cm™): 1632 (C=0), 1580 and 1535 (Ar); Anal. calc.
for CisH1sFN3OsS: C, 57.90; H, 4.32; N, 11.25; Found: C,
57.95; H, 4.31; N, 11.28. LC-MS m/z (%): 374.2 (M+H);
HPLC-99.4 %, RT-8.24 min; *H NMR (400 MHz, DMSO-
ds, ppm)= 6 8.24 (d, J = 8.4 Hz, 2H, ArH), 7.98 (d, J = 8.4
Hz, 2H, ArH), 7.84-7.76 (dd, J = 3.6, 7.6 Hz, 2H, ArH),
7.38 (t, J = 6.8 Hz, 1H, ArH), 5.6 (s, 1H, NH), 3.66 (s, 1H,
NH), 3.64 (t, J = 7.6 Hz, 2H, O-CHy), 3.22 (s, 3H, O-CH3 ),
2.68 (t, J = 8.4 Hz, 2H, NH-CH,). °C NMR (CDCls, 100
MHz, ppm)= 6 38.4, 58.6, 73.4, 115.6, 123.1, 123.1, 125.6,
126.4, 127.2, 131.5, 135.2, 158.8, 160.2, 162.2, 164.2, 168.8.

N“-(4-Fluorophenyl)-N2-(2-hydroxyethyl)benzo[d]thiazole-2,4-
dicarboxamide (10e):

Off-White solid; M.p. 153-154 °C; Yield: 81 %,; IR (KBr)
(Vmax, €mM1): 1622 (C=0), 1572 and 1520 (Ar); Anal. calc.
for Ci7H14FN3OsS: C, 56.82; H, 3.93; N, 11.69; Found: C,
56.85; H, 3.91; N, 11.68. LC-MS m/z (%): 360.3 (M+H);
HPLC-97.4 %, RT-8.75 min; *H NMR (400 MHz, DMSO-
ds, ppm)= 6 8.24 (d, J = 8.0 Hz, 2H, ArH), 7.97 (d, J = 8.0
Hz, 2H, ArH), 7.84-7.76 (dd, J = 3.6, 8.4 Hz, 2H, ArH),
7.38 (t, J = 7.6 Hz, 1H, ArH), 5.6 (s, 1H, NH), 4.78 (s, 1H,
OH), 3.78 (dt, J = 8.4 Hz, 2H, O-CHy), 3.36 (s, 1H, NH),
2.64 (dt, J = 7.6 Hz, 2H, N-CH,). **C NMR (CDCls;, 100
MHz, ppm)= & 40.2, 61.4, 115.4, 123.2, 123.3, 125.5, 126.4,
127.6, 131.7, 135.1, 158.5, 159.1, 162.1, 163.5, 168.1.

N*-(4-Fluorophenyl)-N2-(3,3-dimethylbutyl)benzo[d]thiazole-
2,4-dicarboxamide (10f):

White solid; M.p. 211-212 °C; Yield: 86 %; IR (KBr)
(Vmax, €M1): 1616 (C=0), 1580 and 1526 (Ar); Anal. calc.
for Co1H22FN3O,S: C, 63.14; H, 5.55; N, 10.52; Found: C,
62.88; H, 5.58; N, 10.58. LC-MS m/z (%): 400.4 (M+H);
HPLC-97.7 %, RT-8.12 min; *H NMR (400 MHz, MeOD,
ppm)= 5 8.16 (d, J = 8.4 Hz, 2H, ArH), 8.06 (d, J = 7.6 Hz,
1H, ArH), 7.78 (d, J = 8.4 Hz, 2H, ArH), 7.41 (d, J = 8.0 Hz,
1H, ArH), 7.06 (t, J = 7.6 Hz, 1H, ArH), 3.42 (dt, J = 7.6 Hz,
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2H, NH-CHy), 1.62 (t, J = 7.2 Hz, 2H, CHy-CH;), 0.98 (s,
9H, CH,-(CHs)s). *C NMR (CDCls, 100 MHz, ppm)= & 28.5,
30.2, 34.6, 43.8, 115.2, 122.8, 123.4, 125.4, 126.4, 127.7,
131.1, 135.4, 158.4, 158.8, 162.6, 164.5, 168.1.

N2-((Dimethylamino)methyl)-N*-(4-fluorophenyl)benzo[d]thia-
zole-2,4-dicarboxamide (10g):

Yellow solid; M.p. 198-199 °C; Yield: 82 %; IR (KBr)
(Vmax, €mM1): 1632 (C=0), 1571 and 1518 (Ar); Anal. calc.
for CisH17FN4O,S: C, 58.05; H, 4.60; N, 15.04; Found: C,
58.08; H, 4.61; N, 15.08. LC-MS m/z (%): 373.4 (M+H);
HPLC-96.8 %, RT-8.45 min; *H NMR (400 MHz, MeOD,
ppm)= 6 8.24 (d, J = 7.2 Hz, 1H, ArH), 8.21 (d, J = 8.0 Hz,
2H, ArH), 7.86 (d, J = 8.0 Hz, 2H, ArH), 7.75 (d, J = 7.6 Hz,
1H, ArH), 7.38 (t, J = 7.2 Hz, 1H, ArH), 3.56 (s, 2H, NH-
CHy), 2.56 (s, 6H, N-(CHs)2). *C NMR (CDCls, 100 MHz,
ppm)= 0 42.8, 68.6, 114.6, 122.8, 123.2, 125.3, 126.4, 127.2,
131.3,135.2, 158.4, 159.6, 162.4, 163.8, 168.3.

N2-(2-(Dimethylamino)ethyl)-N*-(4-fluorophenyl)benzo[d] thi-
azole-2,4-dicarboxamide (10h):

Yellow solid; M.p. 208-209 °C; Yield: 86 %; IR (KBr)
(Vmax, €mM1): 1632 (C=0), 1570 and 1530 (Ar); Anal. calc.
for Ci9H1oFN4O,S: C, 59.05; H, 4.96; N, 14.50; Found: C,
59.08; H, 4.91; N, 14.55. LC-MS m/z (%): 387.3 (M+H);
HPLC-99.2 %, RT-9.02 min; *H NMR (400 MHz, MeOD,
ppm)= 5 8.18 (d, J = 8.4 Hz, 2H, ArH), 8.01 (d, J = 7.2 Hz,
1H, ArH), 7.84 (d, J = 8.4 Hz, 2H, ArH), 7.44 (d, J = 7.6 Hz,
1H, ArH), 7.10 (t, J = 7.6 Hz, 1H, ArH), 3.64 (td, J = 7.6 Hz,
2H, NH-CH,), 2.78 (t, J = 7.2 Hz, 2H, N-CH), 2.38 (s, 6H,
N-(CHs)2). *C NMR (CDCls, 100 MHz, ppm)= & 36.4, 44.6,
57.8, 114.6, 122.8, 123.2, 125.4, 126.4, 127.2, 131.2, 135.5,
158.4, 159.5, 162.4, 163.8, 168.3.

N2-(3-(Dimethylamino)propyl)-N*-(4-fluorophenyl)benzo[d]-
thiazole-2,4-dicarboxamide (10i):

Yellow solid; M.p. 218-219 °C; Yield: 84 %; IR (KBr)
(Vmax, €M1): 1624 (C=0), 1574 and 1518 (Ar), Anal. calc.
for CooH21FN4O,S: C, 59.98; H, 5.29; N, 13.99; Found: C,
59.94; H, 5.24; N, 14.03. LC-MS m/z (%): 401.3 (M+H);
HPLC-97.35 %, RT-8.67 min; 'H NMR (400 MHz, MeOD,
ppm)= 6 8.22 (d, J = 7.6 Hz, 1H, ArH), 8.21 (d, J = 8.4 Hz,
2H, ArH), 7.84 (d, J = 8.4 Hz, 2H, ArH), 7.66 (d, J = 7.6 Hz,
1H, ArH), 7.36 (t, J = 7.2 Hz, 1H, ArH), 2.58 (t, J = 7.6 Hz,
2H, NH-CH,), 2.42 (g, J = 7.2, 3.6 Hz, 2H, N-CHy), 2.26 (s,
6H, N-(CHs)2), 1.90 (g, J = 8.8, 4.4 Hz, 2H, CH,-CH,). *C
NMR (CDCl;, 100 MHz, ppm)= & 24.8, 37.6, 44.9, 56.8,
114.6, 122.8, 123.1, 125.4, 126.4, 127.2, 131.4, 135.6, 158.4,
159.4, 162.4, 163.7, 168.1.

N2-(Aminomethyl)-N*-(4-fluorophenyl)benzo[d]thiazole-2,4-
dicarboxamide (10j):

Brown solid; M.p. 148-149 °C; Yield: 81 %; IR (KBr)
(Vmax, €mM1): 1632 (C=0), 1586 and 1528 (Ar); Anal. calc.
for CisH13FN4O,S: C, 55.80; H, 3.81; N, 16.27; Found: C,
55.84; H, 3.74; N, 16.31. LC-MS m/z (%): 345.3 (M+H);
HPLC-99.1 %, RT-8.16 min; *H NMR (400 MHz, MeOD,
ppm)= 6 8.22 (d, J = 8.4 Hz, 2H, ArH), 7.96 (d, J = 8.4 Hz,
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2H, ArH), 7.92 (d, J = 7.6 Hz, 1H, ArH), 7.76 (d, J = 8.0 Hz,
1H, ArH), 7.26 (t, J = 7.6 Hz, 1H, ArH), 5.60 (s, 1H, NH),
4.28 (s, 2H, NHy), 3.61 (s, 1H, NH), 3.56 (s, 2H, NH-CH,).
13C NMR (CDCls, 100 MHz, ppm)= & 51.6, 115.5, 123.2,
123.5, 125.2, 126.5, 127.2, 131.5, 135.2, 158.4, 159.3, 162.4,
164.6, 168.4.

N2-(2-Aminoethyl)-N*(4-fluorophenyl)benzo[d]thiazole-2,4-
dicarboxamide (10k):

Brown solid; M.p. 154-155 °C; Yield: 84 %; IR (KBr)
(Vmax, €M1): 1624 (C=0), 1576 and 1514 (Ar); Anal. calc.
for Ci7H1sFN4O,S: C, 56.97; H, 4.22; N, 15.63; Found: C,
56.84; H, 4.26; N, 15.58. LC-MS m/z (%): 359.4 (M+H);
HPLC-96.84 %, RT-8.88 min; 'H NMR (400 MHz, MeOD,
ppm)= 6 8.24 (d, J = 8.4 Hz, 2H, ArH), 7.97 (d, J = 8.4 Hz,
2H, ArH), 7.84-7.76 (m, 2H, ArH), 7.36 (t, J = 7.6 Hz, 1H,
ArH), 5.6 (s, 1H, NH), 4.12 (s, 2H, NHy), 3.61 (s, 1H, NH),
3.04 (t, J = 7.6 Hz, 1H, NH-CHy), 2.75 (t, J = 7.2 Hz, 1H,
NH,-CH,). $*C NMR (CDCls, 100 MHz, ppm)= § 38.9, 42.4,
115.8, 123.2, 123.8, 125.2, 126.6, 127.2, 131.5, 135.2, 158.1,
159.4, 161.8, 164.4, 167.9.

3-(N*-(4-Fluorophenyl)benzo[d]thiazole-2,4-dicarboxamido)-
propanoic acid (101):

Yellow solid; M.p. 221-222 °C; Yield: 88 %; IR (KBr)
(Vmax, €m1): 1630 (C=0), 1578 and 1524 (Ar); Anal. calc.
for CisH13FN4O,S: C, 55.81; H, 3.64; N, 10.85; Found: C,
55.85; H, 3.69; N, 10.81. LC-MS m/z (%): 388.3 (M+H);
HPLC-99.2 % ,RT-8.86 min; *H NMR (400 MHz, DMSO-
ds, ppm)= 8 12.56 (br, 1H, COOH), 8.22 (d, J = 8.4 Hz, 2H,
ArH), 7.98 (d, J = 8.4 Hz, 2H, ArH), 7.83-7.79 (m, 2H,
ArH), 7.36 (t, J = 7.6 Hz, 1H, ArH), 5.67 (s, 1H, NH), 3.47
(s, 1H, NH), 2.72 (t, J = 7.2 Hz, 2H, NH-CH_), 2.58 (t, J =
7.2 Hz, 2H, CO-CH,). **C NMR (CDCls, 100 MHz, ppm)= &
34.8, 36.4, 115.5, 123.2, 123.4, 125.6, 126.2, 127.1, 131.2,
135.7, 158.4, 159.1, 161.6, 163.8, 167.8, 178.1.

Biological evaluation

All the synthesized compounds were tested for their in
vitro anticancer activity against various cancer cell lines.

The anticancer activity test is performed according to the
procedure developed by the National Cancer Institute (NCI,
USA) in the ‘In vitro Anticancer Drug Discovery Screen’
that uses the protein-binding dye Sulforhodamine B (SRB)
to assess cell growth.?* 25

All the newly synthesized compounds 10a-10j are
evaluated for their anti-proliferative activities against human
lung cancer cell line (A-549) and human prostate cell line
(DU-145). The results are summarized in Table 1. These
values represent the concentration required to inhibit 50 %
cell population compared with the control cells treated with
DMSO and positive control Doxorubicin under similar
conditions.

For lung cancer cell line (A549) the compounds 10a, 10d,

10g, 10h, 10i, and 10j are the most active with 1Cso value in
the range of 1.52 uM and 2.86 uM.

Eur. Chem. Bull. 2019, 8(4), 78-84

Section A-Research paper

Table 1. In vitro anticancer screening of the synthesized
compounds against cell lines (ICso, UM £ SD, n = 3).

Sr. No. A-5492 DU-145P
10a 2.86+0.12 3.17+0.16
10b 3.88+0.13 4.12+0.08
10c 8.17+0.21 9.06+0.04
10d 2.12+0.11 4.17+0.22
10e 3.16+0.08 2.16+0.06
10f 12.16+0.11 17.18+0.08
10g 1.52+0.24 1.68+0.12
10h 1.74+0.18 1.81+0.08
10i 1.98+0.08 1.97+0.12
10j 2.12+0.22 2.58+0.08
10k 3.18+0.16 4.12+0.16
10l 12.17+0.11 11.13+0.11
Doxorubicin 1.71+0.18 1.82+0.06

aA-549: Human lung cancer cell ling; ® DU-145: Human prostate
cancer cell line; ICso- The concentration required to inhibit 50% of
cell population.

The remaining compounds are moderately to less active
with 1Cso values in the range of 3.18 to 12.17 uM. For Du-
145 cell line the compounds 10e, 10g, 10h, 10i and 10j are
the most active with ICsy value in the range of 1.68 to 2.58
MM. The remaining compounds are moderate to less active
with 1Cso value is in the range of 3.17 to 17.18 uM.

Compounds 10g is the most active for A-549 and Du-145
cell line, 10g is 1.125 and 1.083 times more effective than
the Doxyrubicin standard. The compounds having strongly
electron donating groups like t-butyl (10f) or strongly
electron withdrawing group (10I) seem to be very less active.

The SAR can be drawn like compound having methyl,
ethyl, propyl etc. substituents are moderate to less active as
they all are having electron donating tendency. For the
remaining groups as the electron donating groups are
present along with some electron deficient nitrogen atom
shows promising activity. The compounds only having
electron withdrawing groups are also less active to inactive.
The SAR can be drawn like that for better activity electron
donating nature of substituent should be there along with
some electron deficient atom to enhance the activity.

Table 2. Inhibitory activity of selected compounds against panel of
eight human kinases.

Kinase Inhibition, %

10g 10h 10i
Aurora-A 45 34 61
Aurora-B 28 40 38
CDK2/cyclin A 38 32 47
CDK2/cyclin E 27 36 51
CDK5/P25 26 19 31
EGFR 58 67 64
JNK 64 58 66
ERK1 43 51 49

The compounds 10g, 10h and 10i were found to be the
most active in cell line studies, so further we have tested
them for their activity against a panel of eight human kinase
at 10 uM concentration.
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The inhibition results are summarized in Table 2. Protein
kinase plays a key role in cell proliferation, differentiation
of cell, migration of cell, survival of cell and angiogenesis
of cells. The compound 10g, 10h and 10i show inhibition in
the range of 28 % to 61 % for Aurora-A and Aurora-B
kinases, but the activity are not the same for both kind of
Aurora kinases.

The compounds show inhibitions in the rage of 19 to 51 %.
for CDK/cyclin A, CDKl/cyclin E, CDK5/P25 kinases
belong to CMGC kinase family. For MAP kinase family the
all compounds show inhibition in the range of 49 to 66%.
For EGFR and JNK kinases all three compounds shows
inhibitions >58 %.

CONCLUSION

We have synthesized N4-(4-fluorophenyl)-N2-substitured-
benzo[d]thiazole-2,4-dicarboxamide derivatives (10a-10j)
from aniline through a series of reactions including benz-
thiazol synthesis, chlorination, hydrolysis, cynation and
amide coupling. We have reported simple reaction condition,
easy workup, short reaction time and good to high yields.
The synthesized compounds were screened for anticancer
activity against A-549 and Du-145 cancer cell lines. Most of
the compounds were active for tested cell lines with ICsp
value in the range of 1.52 to 17.18 uM. The compounds 10g,
10h and 10i are most active with I1Csy values in the range of
1.52-1.98 uM. The compounds 10g, 10h and 10i were
shows promising inhibitions (> 58%) for EGFR and JNK
human kinases. The compounds having electron donating
substituents along with electron deficient atom shows
promising activity and greater inhibitions for protein kinases.
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X-RAY PHASE ANALYSIS OF IMPURITIES IN SILICON

E B CRYSTALS MADE FROM METALLURGICAL SILICON WITH

DIRECTIONAL CRYSTALLIZATION
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The control of impurities at each stage of the purification process of Si is the primary topical problem in Si technology. The technique of
determining the impurity composition should be multi-element and with low limit-detection of impurities. From this point of view, X-ray
analysis of the phase composition of Si, based on the identification of X-ray diffraction lines is very attractive. Obtaining of Si directly from
MG-Si is essential to reveal the physical possibilities of the directional crystallization. In this work, there are considered the options on a set
of detectable impurities and the limits of their detection in such type of Si by X-ray diffraction method. It has been shown, that applicability
of X-ray analysis of the phase composition of Si, based on the identification of X-ray diffraction lines, depends on the stage of Si

purification.
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Introduction

Silicon is the main component of the modern efficient
semiconductor  devices  including  micro-,  opto-,
nanoelectronics. Silicon has many advantageous properties
like the high photo and low temperature sensitivity, minimal
reflection losses, therefore the 85 % of solar batteries are
made from silicon. Nowadays and in the nearest future,
silicon is an irreplaceable material and holds leading position
among the semiconductor materials and optoelectronics.

The silicon mainly used in its crystalline or
amorphous/crystalline thin film (epitaxial layers) forms on
various substrates. The impurity composition of silicon
request depends on the using field of silicon. Depending on
the primary purpose of Si application there are three distinct
Si product form: electronic quality Si, “solar” Si and
metallurgical (technical) Si. Type of silicon must be supplied
with exceptionally specified impurities to provide the
defined expected parameters of Si.

Following and determination of these impurities are an
essential step of the silicon production technology.
Comparing the methods of silicon purity analysis, the
number of simultaneously detectable impurities, the limit of
their detection, the availability of the necessary equipment,
the duration of the investigation and its cost have to take into
consideration.!

Eur. Chem. Bull. 2019, 8(3), 85-87

We have developed a method which can be used for
analysis of all kind of silicon products including
metallurgical, "solar", integrated circuits and other silicons,
etc., and in the most cases, which is multi-element and has
low limit-detection of impurities. This method is based on
X-ray phase analysis of Si, based on the identification of X-
ray diffraction lines. The goal of the present article is the
investigation of the possibility to determine the composition
of detrimental impurities in Si crystals, obtained by pulling
directly from metallurgical grade Si (MG-Si) melt.

Experimental

In the experiments, metallurgical Si (n-MG-Si) with ~98.3
wt.% Si content and detrimental impurities of Fe, Al, P, Ca,
Cu, Mg, Mn, Ni, and Ti was used. The Czochralski growth
method of pulling crystals has been used for obtaining Si
directly from MG-Si melt. Crystals have been grown from
quartz crucible as described in our previous work.®

Microstructure has been examined under Neophont optical
microscope. The specimens were chemically polished in a
mixture of HNOs; + HF (1:1) acids, washed with distilled
water, and etched for 1-5 min in an alkaline solution of 30 %
KOH at 50-100 °C.

Electrical properties (Hall effect and conductivity)
measurements have been implemented by a standard dc
bridge technique.

The content of contaminating impurities in n-MG-Si
before and after the directional crystallization has been
defined by X-ray diffraction method, micro X-ray spectral
and emissive spectral analyses. X-ray investigations have
been implemented on modernized X-ray diffractometer
DRON-4-07 with software applying molybdenum radiation
at the continuous regime of filming by 0.5 degrees min-.
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Results and discussion

Initial experimental material of metallurgical silicon with
98.30 wt.% Si and undesirable impurities up to ~2 wt.% is
the first step product of Si obtained by restoration from
quartzite with reaction to carbon. MG-Si was a multiphase
substance  with n=1.2-10* cm™= The appropriate
microstructure and X-ray diffractogram of MG-Si are shown
in Figs. 1 and 2, respectively.

Figure 1. Microstructure (x100) of Si experimental samples of
di]"felrent purity. (a) n-MG-Si and (b) pulled with a rate of 0.3 mm
min‘L,

Intensity

Diffraction angle .

Figure 2. The x-ray diffraction pattern of n-MG-Si.

Fig.1la shows traces of inclusions of eutectic phases
formed from impurities Mg, Mn, Cu, Fe, Ni, Ti Al, Ca and
the silicon in MG-Si. The solubility of impurities in Si is
much less in solid phase than in liquid state,” and their
concentration exceeded the limit of their solubility in the
silicon. As a result, impurities could not form solid solutions
with silicon and precipitated as inclusions in the silicon
matrix. Since phase composition cannot be judged from the
chemical analysis data, X-ray structural phase analysis
makes it possible to obtain the necessary information. The
complex picture of the multiphase state of n-MG-Si is
reflected in the X-ray diffractogram (Fig. 2).

The x-ray diffraction pattern of an experimental sample of
MG-Si shown in Fig. 2 is typical for multiphase MG-Si
having a significant number of impurities. Fig. 2 identifies
each phase of multicomponent of MG-Si and makes it
possible to determine their percentage.

After pulling of the crystal of MG-Si from the melt at

~0.30 mm per minute rate the experimental sample of n-MG-
Si (n=1.2-10%cm) goes into p-type Si with 99.99 wt.% Si

Eur. Chem. Bull. 2019, 8(3), 85-87

Section D-Research paper

content, current carriers concentration was found to be 2-10°
cm and mobility of them was 510 cm? V-1-s. It means that
MG-Si has been purified from the majority of impurities by
1.5-3 orders up to 99.99 wt.% Si with impurity content of
~1072wt.%.This result could be confirmed by microstructure
(Fig. 1b) and X-ray phase analyses (Fig. 3). Fig. 1b shows
that after pulling of MG-Si from melt the tracks of inclusions
of different phases, observed in the initial microstructure of
MG-Si have disappeared and matrix become single-phase
with dense structure.

46

Intensitv

Diffraction angle ,¢p

Figure 3. The x-ray diffraction pattern of purified pulled Si from
MG-Si melt.

It is known, that a crystalline phase of the substance has
the characteristic diffraction pattern that distinguishes it from
other substances. Therefore, identification of the X-ray lines
in the diffractogram (Fig. 3) has been conducted by the
comparison of the diffractogram of experimental Si under
study with the diffractogram of known Si standards (Fig. 4).8
The interplanar distances d for all lines for different (hkl) has
been calculated by the fundamental law of high-resolution
X-ray spectroscopy (Wulff-Bragg‘s equation). The data of
the interplanar distances and the intensity of the main lines
on the X-ray diffractogram of Si pulled from the melt of n-
MG-Si are placed in Table 1 in descending order.

Table 1. Interplanar distances and main lines intensity (in brackets)
on X-ray diffractogram of Si pulled from a melt of n-MG-Si.

Si® Si pulled from the melt

1 2 3 4
3.138 3.1467 3.1467 3.1486 3.1486
(100) (100) (100) (100) (100)
1.920 1.9246 1.9253 1.9260 1.9253
(60) (60) (60) (60) (60)
1.630 1.6407 1.6413 1.6413 1.6413
(35) (35) (35) (35) (35)
1.357 1.3598 1.3605 1.3609 1.3609
8 8 8 8 8
1.246 1.2476 1.2482 1.2482
(13) (13) (13) (13) -

The intensities of all the diffraction lines measured are
expressed as a percentage of the strongest line to which the
value of 100 % is attributed too. The intensity of diffraction
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maxima depends on the chemical composition of the Si
crystal.

The coincidence (within the measurement error) of the
experimental and tabulated values of Reference Book of the
interplanar distances and relative line intensities make it
possible to identify the phases present in the material
uniquely.
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Figure 4. X-ray diffraction patterns of standard pure Si.

All basic diffraction maxima for pure standard Si (Fig. 4)
are revealed in the X-ray diffraction pattern of purified Si
(Fig.3).2

As can be seen from Fig. 3 and Fig. 4, pulled Si is single-
phase, and the residual impurities in quantity of 102 wt.%
cannot be fixed by X-ray diffraction analysis. Residual
impurities are reflected in electrical properties (n=1.2-10%
cm™) and are detected by emission spectral analysis. This
indicates, that the X-ray diffraction analysis of silicon purity
is limited by 99.99 wt.% Si and does not have sufficient
sensitivity to detect impurities in an amount of <1072 wt.%,
thus X-ray diffraction method is suitable for analyses of Si
purity only up to 99.99 wt.% Si level. For increasing the
sensitivity of X-ray analysis, it is necessary to combine it
with other methods.

Conclusion

In this paper, we considered the possibilities on a set of
detectable impurities and the limits of their detection by X-
ray diffraction method. The presented way is a multi-element
analysis and one of the effective methods for simultaneous
determination of the impurity composition of silicon. The
limits of detection of the amount of detectable impurities are
shown.

Eur. Chem. Bull. 2019, 8(3), 85-87
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The application of X-ray diffraction method to Si depends
on the stage of its purification. The content of contaminating
impurities before and after purification has been established
by X-ray spectral microanalyzer and emissive spectral
analysis too.
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Linear olefins from fatty acids with Ni(I) or Rh(l) catalysts

SYNTHESIS OF LINEAR OLEFINS FROM FATTY ACIDS: A
E B COMPARISON OF NICKEL(I) AND RHODIUM(I) CATALYSTS
IN LIQUID TRIPHENYLPHOSPHINE
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Linear a-olefins (LAO) with good selectivity toward linear olefins (LO) can be synthesized from widely available fatty acids (lauric,
decanoic, miristic, palmitic and stearic acids) in high yield using a Ni(ll) complex: Ni(PhsP)2Cl2 in liquid triphenylphosphine (TPP). It is
shown spectrophotometrically, in liquid triarylphosphine that Ni(PhsP)2Cl. assumes an octahedral coordination geometry which is believed
to be the active species in the dehydration-decarbonylation reaction of fatty acids. For comparison also the Wilkinson's catalyst, i.e., the
Rh(l) complex Rh(PhsP)sCl was also studied as a fatty acid decarbonylation catalyst in liquid TPP. The Wilkinson's catalyst gives an
extremely smooth >95% selectivity toward LAO. Thus, when high LAO selectivity is requested, Rh(PhsP)sCl is the catalyst of choice. On
the other hand, when economic LO/LAO mixtures are requested in high yields, for instance as in the case of hydroformylation feedstocks,
then Ni(PhsP)2Cl: is the recommended catalyst. The LO/LAO products were determined with GC-MS and the LAO selectivity was also

determined with Raman spectroscopy.
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Introduction

Linear olefins (LO) are produced in multimillion ton per
year worldwide. More in detail, linear a-olefins (LAO)
which are the major products among the linear olefins and
have reached a production of 5 million metric ton/year with
sustained yearly growth.! LO and LAO are derived from
petroleum mainly with three different processes. The most
common process for LO/LAO production is based on
ethylene oligomerization over Ziegler catalyst, although also
alternative catalysts based on Ni-complexes are used as
well.2

Alternative industrial processes for LO/LAO synthesis are
based on paraffin thermal cracking, paraffin catalytic
dehydrogenation as well as monochlorination and
dechlorination of paraffins,? although the latter processes
starting from paraffins are somewhat obsolete with respect
to the ethylene oligomerization. The LO/LAO find many
different applications ranging from co-monomers in
commodity polymers i.e. different polyethylene LLDPE
grades, to specialty polymers like the polyolefin elastomers
or “plastomers”, to polyalpha olefins (PAOs) oligomers
suitable as lubricant oil and lubricant oil additives, to raw
materials for surfactants and alkylation reactions and in the
synthesis of other niche specialties.! In the surfactant
application, the LO/LAO are hydroformylated and then
hydrogenated to fatty alcohols. In the hydroformylation
reaction, both LAO and LO with internal double bond are
suitable raw materials since the hydroformylation catalyst
causes the isomerization of LO to LAO.? Fatty alcohols are
then sulfated to produce surfactants like sodium lauryl
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sulfate. LAO is also directly sulfonated or used to alkylate
benzene and then produce alkylbenzene sulfonates
surfactants.?

Fatty acids are widely available from a number of natural
and renewable sources and the current world production
exceeds the 20 million metric ton/year.3* There is a growing
interest in producing raw materials from renewable sources,
to moderate the environmental impact of the excessive use
of fossil sources of raw materials.>*® Recently, it has been
demonstrated that fatty acids could be a valuable source of
LO and LAO through a dehydration-decarbonylation
reaction as comprehensively reviewed by Behr and
Vorholt.* In other words, fatty acids can be converted in
LO/LAO in a single reaction step and in high yields. In a
steadily growing demand of LO/LAO there is certainly field
to introduce a process based on renewable raw materials and
in particular based on fatty acids dehydration-
decarbonylation. The latter process is defined dehydration-
decarbonylation because the fatty acid undergoes the release
of water and carbon monoxide as two distinct products:*4

R-CH,-CH-COOH > R-CH=CH, + CO+ H,0 (1)

rather than the CO, release in the true decarboxylation
process, which could be schematically represented as:®!°

R-CH;-CH,-COOH - R-CH»-CH; + CO; (2)

Initially, reaction (1) was achieved on fatty acid with the
aid of an anhydride additive (like acetic anhydride) and Pd-
or Rh-based complexes with good LAO selectivity:14©

R-CH,-CH,-COOH + (CH3C0),0 = R-CH=CH; +
CO +2CH;COOH  (3)
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More recently, it was shown that (3) can be performed
effectively with metallic Pt or Pd on C preserving the high
selectivity toward LAQO.'"'® The mechanism of such
dehydration-decarbonylation reactions is discussed in detail
by Eliasson et al.*® The research on LAO formation from
fatty acids involved also the adoption of pre-formed Pd-
complexes which reduce the amount of triphenylphosphine
(TPP) used as reaction solvent,?® and a study on the effect of
different phosphine ligand structures on the selectivity
toward LAO or the conversion of fatty acids to LO/LAO
with Pd complexes.?2% The research also moved toward the
study of more economical and wide available catalysts. For
example, a simple iron-based catalyst was found effective in
LO/LAO production from fatty acids, but it was found
effective only under CO overpressure.?

On the other hand, metallic nickel on carbon was found an
effective decarboxylation catalyst for the production of fuels
from fatty acids.® Remarkable results were obtained in
LO/LAO synthesis from fatty acids using simple Ni(ll) salts
in TPP,% or in other phosphine ligands,?* without the need
to use anhydrides and without the need of CO or H;
overpressure. Particularly interesting was also the
demonstration of the regeneration of the TPP ligand, which
acts as metal catalyst reducing agent and in the course of the
dehydration-decarbonylation of fatty acids is converted into
triphenylphosphine oxide (TPPO).%

As pointed out by Behr and Vorholt,'* the anhydride
formation is a crucial step in the dehydration-
decarbonylation process of fatty acids. If the reaction is
conducted at moderate temperatures, a light anhydride (like
acetic anhydride) should be added and the selectivity in
LAO is above 96%. On the other hand, operating at higher
temperatures, acetic anhydride (as a promoter) is no more
needed because the fatty acids anhydride formation is
induced thermally. However, in such conditions, the
selectivity to LAO is expected to drop considerably. Once
the anhydride is formed there is the interaction with the
metal catalyst, with oxidative addition of the metal, the
decarbonylation step and the alkene formation and release.'®

In literature the complex bis(triphenylphosphine)nickel(I1)
dichloride (i.e.(PhsP).NiCl;) was reported as an effective
decarbonylation  reagent of certain  cycloaliphatic
anhydrides.?® The present research is dedicated to the study
of the mentioned Ni(ll) complex as decarbonylation reagent
of fatty acids at high temperatures, when the fatty acids
anhydride formation is thermally-induced. For comparison,
in similar reaction conditions, the mentioned Ni(ll) complex
was substituted with the Wilkinson catalyst (i.e.
(PhsP)sRhCI, a well-known catalyst for carbonylation and
decarbonylation reactions. The dehydration-decarbonylation
products of fatty acids were studied by GC-MS and Raman
spectroscopy.

Experimental
Materials
All fatty acids, namely decanoic acid (> 98 % purity),

myristic acid (> 98 % purity), palmitic acid (> 99 % pure)
were purchased from Aldrich-Merck (St.Louis, MO), with
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the exception of lauric acid (> 99 % pure) which was
obtained directly from Merck (Darmstadt, Germany) and
stearic acid which was a commercial technical grade, being
a mixture of saturated fatty acids from hydrogenated
vegetable oils or from animal fats. The catalysts and ligands
consisting in bis(triphenylphosphine)nickel(Il) dichloride
and tris(triphenylphosphine)rhodium(l) chloride as well as
nickel dichloride, triphenylphosphine and diphenyl(p-
tolyl)phosphine were purchased from Aldrich-Merck.

Methods

The electronic absorption spectra were recorded in a
Shimadzu UV 2450 spectrophotometer with a temperature
controlled cell holder TCC-240A. The complex
(PhsP)2NiCl, was dissolved in liquid diphenyl(p-
tolyl)phosphine and the spectra were collected at 70 °C. For
comparison also NiCl, was dissolved in diphenyl(p-
tolyl)phosphine and the resulting spectra were recorded at
70 °C.

The analysis of the LO/LAO products was performed on a
GC-MS  (gas-chromatograph coupled with a mass
spectrometer). The GC was model 7890A from Agilent
Technologies equipped with 30 m capillary column type
HP5-MS model 19091S-433. The MS was from Agilent
Technologies model 5975C VL-MSD with triple axis
detector. Typical injection volumes were about 5 pL. The
inlet was kept at 300 °C and a ramp from 40°C to 300°C
was employed in 3 min, then an isotherm at 300 °C for 60
min. The setpoint quad of the MS was kept at 150 °C while
the setpoint of the source at 230 °C. The LO/LAO
synthesized from carboxylic acids were diluted with n-
hexane before injection in the GC-MS. Dilutions 1:10, 1:100
and 1:1500 were employed for each sample studied. The
Raman spectra were recorded with a BWTEK spectrometer
model BWS415i using its laser source at 785 nm. The
spectra were acquired on liquid LO/LAO samples directly
through Pyrex vials.

Synthesis of LO/LAO from fatty acids using Ni(PhsP).Cl;

The set up employed for the olefin synthesis from fatty
acids consists of an ordinary distillation apparatus connected
with a vacuum pump. The reaction mixture was typically
loaded in 50 mL round-bottomed reaction flask attached to
the distillation apparatus and submerged in a sand bath kept
in a Duran glass pot over an electrical heating plate. The
reaction flask was typically loaded by 25 mmol of the fatty
acid, 25 mmol of triphenylphosphine (TPP) and 0.84 mmol
of Ni(PhsP).Cl, complex. It was heated to 330 °C
(temperature measured with a thermocouple inside the sand
bath) applying a vacuum initially kept at 90-150 Torr but
brought gradually to 40-50 Torr during the LO/LAO
distillation. The LO/LAO distillation resulted in quite a slow
process, it was completed in a couple of hours.

Other variants in the molar ratio between the three
components of the reaction mixture are summarized in
Table 1 when lauric acid was employed as fatty acid in the
dehydration-decarbonylation reaction. In Table 2 are
reported the results relative to the dehydration-
decarbonylation reaction for a series of selected fatty acid
other than lauric acid.
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Table 1. LO/LAO formation from lauric acid Ni(PhsP)2Cl2 vs. Rh(PhsP)zCl

(®)Batch Lauric Ni(PhsP),Cl, TPP  Products GC-MS Raman
# acid yield, mol % [ndecenes  undecane  1-undecene | 1-undecene transicis
(LO+LAO) selectivity %o | selectivity % internal LO

la 100 31 0 0

1b 100 3.1 50 77 94.8 5.2 53.5 65.2 23

2a 100 7.6 40 85 97.2 2.8 34.8 46.9 2.6

2b 100 7.6 40 0

2c 100 7.6 100 45 76.2 1.0

2d 100 7.6 100 22 64.0 1.2

3a 100 3.3 100 97 78.6 15

3b 100 3.3 100 26 95.6 4.4 43.1 44.5 1.6

() Batch Lauric Rh(PhsP)sCl TPP  Product undecenes Undecane 1-undecene 1-undecene Trans/cis

# acid yield % mol (LO+LAO) selectivity % selectivity % internal LO

4a 100 0.9 0 0

4b 100 0.9 50 50 99.5 traces >95 >95 n.a.

4c 100 1.3 100 71 99.5 traces >05 >05 n.a.

Ref.?®  Nonanoic NiCl, TPP  Product Alkenes Alkanes LAO LAO Trans/cis
acid yield, mol % (LO+LAO) selectivity % selectivity % internal LO

(**) 100 10 100 86 >95% n.d. 14 n.d. n.d.

(*) Results of the present work. The reagents are reported in molar ratio making 100 lauric acid; reaction conditions 320-340°C in sand
bath, vacuum applied 40-90 Torr. Product yield is calculated on the moles of the starting fatty acid. Amount of LO, LAO and alkane
determined by GC-MS. LAO selectivity and trans/cis ratio determined by Raman spectroscopy.

Synthesis of LO/LAO from fatty acids using Rh(PhsP)sCl
(Wilkinson catalyst)

The same reaction set-up and reaction conditions
described in the previous section was also employed in the
lauric acid dehydration-decarbonylation reaction using the
Wilkinson catalyst, i.e., Rh(PhsP)sCl in place of the Ni-
complex. The results are summarized at the bottom of Table
1. The Rh(l) complex was used at about 1/3 the
concentration of the Ni-complex.

Results and discussion

The work of John, Hillmayer and Tolman,®® on the
dehydration-decarbonylation reactions of fatty acids was
impressive, since excellent results were achieved without
the need to use acetic anhydride as a promoter of fatty acid
anhydride formation and without the need of any other
additive than simple nickel (Il) salts. However, it was
reported that the Ni-complex (PhsP):NiCl, is an active
dehydration-decarbonylation catalyst on carboxylic acid
anhydrides.?® Since (PhsP):NiCl, is commercially available
and not expensive, this prompted us to study its activity in
the dehydration-decarbonylation reaction of fatty acids
aiming to better yields and better selectivity than simple Nil,
and NiCl, catalysts reported previously.

Spectrophotometric study of (PhsP):NiCl; in liquid diphenyl(p-
tolyl)phosphine

Among the first-row transition metals, Ni(ll) is unique in
the behavior of its complexes which interconvert into
different stereocisomers rather easily.?’” For instance,
(PhsP)2NICl;, has a tetrahedral and paramagnetic structure,
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but its crystallization from chlorinated solvents convert the
complex into the square planar diamagnetic stereoisomer.?”
29 Furthermore, also in solution the equilibrium between the
tetrahedral and the square planar structure has been detected
for several Ni(ll) complexes.?’?°

Fig. 1 shows the electronic absorption spectrum of
(PhsP)2NiICl, dissolved in diphenyl(p-tolyl)phosphine
(DPTP), a ligand and solvent analogous to TPP but having a
lower melting point than TPP (67°C vs. 80°C respectively).
Thus, DPTP was used as a solvent at 70°C in the
temperature controlled cell holder. The spectrum of
(PhsP)2NiICl, in liquid DPTP is characterized by three
electronic transitions. The transition next to the near infrared
occurs at 906 nm and has approximately the same intensity
of the transition in the visible at 540 nm. The transition next
to the UV-A occurs at about 400 nm and its peak is too
strong to be observed in the spectrum of Fig. 1, but it was
observed at lower (PhsP),NiCl, concentration in DPTP.

T T T

Abs

60 600 00 1050
nm

Figure 1. Electronic absorption spectra in liquid diphenyl(p-
tolyl)phosphine at 70-72 °C: (PhsP)2NiCl2 (black line) and NiCl2
(red line).
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Such electronic spectral band pattern is typical of the
octahedral structure of the nickel complexes which are
paramagnetic.’?° Thus, it should be admitted that an
equilibrium of the type

(Phsp)zNiC|2+2(O-M€CeH4)Ph2P +—>

((O-MECGH4)thp)z(Phsp)zNiC|2
(4)

occurs in the DPTP medium. The originally tetrahedral
complex (PhsP);NiCl, assumes an octahedral and
paramagnetic structure in a coordinating solvent like TPP or
DPTP. Thus, it is believed that the actual catalytically active
species in the dehydration-decarbonylation reaction of the
fatty acids is this octahedrally coordinated nickel complex.

Fig. 1 also shows the electronic spectrum of NiCl,
dissolved in DTPT at 70 °C. The spectrum is characterized
by a unique absorption band at about 400 nm accompanied
by a broad and weak feature at about 550 nm. This spectrum
suggests that at 70 °C NiCl; is able to coordinate DPTP, but
the electronic transitions indicate essentially a square planar
diamagnetic geometry. There is no evidence for an eventual
square planar — tetrahedral equilibrium and no evidence at
all for the formation of the octahedral coordination structure
of Ni(ll). It should be assumed that NiCl, reacts with DPTP
and hence also with TPP at higher temperatures than 70°C
and longer time to produce the effective active species
which is able to catalyze the dehydration-decarbonylation
reaction on fatty acids. With these premises, it is expected a
better catalytic performance from (PhsP):NiCl, in the
dehydration-decarbonylation of fatty acids with respect to
NiCl; in liquid TPP.

LO/LAO synthesis from lauric acid and (PhsP);NiCl, in TPP

Lauric acid (or dodecanoic acid) which is obtained from
coconut oil and palm kernel in multimillion metric ton/year,?
was the preferred fatty acid to study the dehydration-
decarbonylation reaction to LO/LAO in the present study.
The results relative to lauric acid are reported in Table 1
while the results on a selection of other fatty acids
dehydration-decarbonylation are summarized in Table 2.

Other authors, have already reported that NiCl, in TPP is
able to convert nonanoic acid into products with 89 % yield
but low selectivity in LAO products which is reported as
limited to 14 % only. These results are also reported at the
bottom of Table 1 as a reference, suggesting the low
selectivity of NiCl, toward LAO.

As shown in Table 1, TPP is an essential solvent and
ligand in the dehydration-decarbonylation with (PhsP).NiCl,
complex. Run #la in Table 1 shows that 3.1 % mol of
(PhsP)2NiCl; in lauric acid alone is not able to produce any
dehydration-decarbonylation reaction on lauric acid.
However, the addition of 50 % mol TPP over lauric acid
(run #1b) provides 77 % mol yield of products. The products
were composed of 94.8% of LO/LAO undecenes and the
undecane represents only 5.2 %. The selectivity to the LAO
1-undecene was found at 53.5 % by GC-MS and 65.2 % by
Raman spectroscopy. A discussion on Raman spectroscopy
for the analysis of LO/LOA is covered in detail in the last
section of this paper.
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Run #2a shows that an increase of (PhsP):NiCl;
concentration over lauric acid improves the overall products
yield from 77.0 % to 85 %, suppresses the formation of the
alkane undecane to 2.8 % but reduces the selectivity
considerably to LAO down to 34.8 % by GC-MS and
46.9 % by Raman, increasing the yield of LO with internal
double bond. In run #2b, the consumed lauric acid in the
exhausted run #2a was reconstituted. However, no reaction
products were obtained at all, probably because of the
oxidation of TPP to triphenylphosphine oxide (TPPO) as
already noticed by other authors.?® Indeed, GC-MS analysis
of the white condensate found in the head of the distillation
apparatus has revealed the presence to TPPO accompanied
by lower amounts of TPP.

Run #2c was made after the addition of a new amount of
TPP so that the total TPP already present from run #2a (and
transformed to TPPO) and the newly added TPP were in an
equimolar amount with the lauric acid. Run #2c is
characterized by a relatively low yield in the LO products
which was limited to 44.5 % mol while the selectivity to
LOA was found at 76.2 % by Raman spectroscopy. A
further replacement of the consumed lauric acid, produced
the run #2d, where the overall products yield dropped
further to only 22 % by mol over lauric acid while the
selectivity to LOA remained quite good, 64 % by Raman.
The latter permits the determination of the trans/cis isomers
ratio for the olefins with an internal double bond. While in
batches #1a and #2a the trans olefins amount was more than
double the cis olefins amount, in run #2c and #2d the trans
and cis olefins were found at an approximately equimolar
ratio.

When an equimolar mixture of lauric acid and PhsP are
melted together, they form a clear and homogeneous liquid
phase. Such a mixture seems to have all the characteristics
of a deep eutectic solvent.*® In such a solvent, it is believed
that the fatty acid decarbonylation reaction may be
facilitated. To test this hypothesis run #3a was designed
with the use of an equimolar mixture of lauric acid and TPP
while the (PhsP);NiCl, concentration was brought back to
the levels employed in run #lb. The yield in overall
products was exceptionally high, i.e., 97 % mol over the
starting lauric acid, while the alkane undecane was only
4.4% of the products and 95.6 % were LO. The LAO
selectivity, i.e., 1-undecene content in the products was
found at 78.6 %, a good result. Indeed, other authors? have
reported that certain Ni(0) complexes such as Ni(PhsP)s as
well as (PhsP):Ni(CO), are able to increase the selectivity
considerably toward LAO in nonanoic acid deoxygenation
reporting values of 66-70 % but at the expenses of low
yields in the conversion of nonanoic acid i.e. 25-30 %.
Instead, with Ni(ll) complex (PhsP);NiCl, and the
conditions of run #3a, the yields in lauric acid conversion
were nearly quantitative, and the selectivity to LAO (1-
undecene) was quite impressive, reaching 78.6 %.

The following run #3b was started after the reconstitution
of the lauric acid added on top to the reaction mixture
remained from run #3a. This time, the yield in the overall
products stopped at 26 % by mol, probably because the
complete oxidation of TPP to TPPO was reached before the
complete conversion of all the available lauric acid. The
LOA selectivity dropped to 43.1 % as determined by GC-
MS and 44.5 % as derived from Raman spectroscopy.
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All the data in Table 1 show that the expected better
catalytic performances of the complex (PhsP):NiCl,, are
confirmed both in terms of higher conversion of lauric acid
into LO/LAO and moreover in terms of much higher
selectivity in LAO production than NiCl.. Furthermore, the
Raman spectroscopy has assessed that the undecenes with
internal double bonds in all the batches 1-3 reported in
Table 1 occur most frequently with an excess of trans
isomer over the cis isomer. Thermodynamically the trans
isomers are more stable than the cis isomers while a-olefins
are thermodynamically the least stable.’ Thus, the
dehydration-decarbonylation reaction is supposed to
produce first the a-olefins for kinetics reasons, which in
their turn isomerize into the thermodynamically more stable
cis and trans olefins with the internal double bond. The
prevalence of trans olefins (over the cis olefins) may be
explained with the thermodynamic argument while the
selectivity in LAO has certainly a mechanistic and kinetics
basis.

LO/LAO synthesis from lauric acid and (PhsP);RhCl in TPP

The Wilkinson's catalyst is an Rh(l) complex very
effective as homogeneous hydrogenation catalyst of alkene
and alkynes in mild conditions and as hydroformylation
catalyst for olefins.®? The chemical structure of (Ph3P);RhClI
is square planar with tetrahedral distortion® and the
complex was reported as an active decarboxylation
catalyst.3® Thus, in this study, the Wilkinson's catalyst was
tested in the dehydration-decarbonylation reaction of lauric
acid in comparison with the results obtained with
(PhsP)2NiICl, and using similar reaction conditions. The
results are summarized at the bottom of Table 1.

Run #4a shows that (PhsP)sRhCl is completely ineffective
in the dehydration-decarbonylation reaction of lauric acid in

Section B-Research Paper

the absence of TPP, exactly as in the case of (PhsP);NiCl; in
run #la.

Thus, TPP plays a key role in this reaction irrespective to
the nature of the central metal complex involved. Run #4b
shows that the addition of 50% mol of TPP over lauric acid
makes (PhsP)sRhCI effective in producing undecenes with
very high selectivity. Undecane by-product is obtained in
trace amounts. Run #5b also shows that (PhsP);RhCI
ensures a very high selectivity toward LAO (1-undecene)
formation with >95% content overall undecenes as detected
by Raman and confirmed by GC-MS.

In run #4c the (PhsP)sRhCI complex was acting over an
equimolar mixture of lauric acid and TPP. A remarkable
increase in the undecenes yield was observed with respect to
run #4b (from 50 to 71% by mol over lauric acid), while the
selectivity toward 1-undecene was preserved above 95%.

In summary, the Wilkinson’s catalyst (PhsP)sRhCI
presents the merit over (PhsP):NiCl; of very high selectivity
toward LAO production while the by-product alkane,
undecane, is produced only in trace amounts. However, the
overall products yield of LO/LAO from lauric acid is lower
with the Rh(l) complex in comparison to the overall yields
achieved with the Ni(ll) complex.

LO/LAO synthesis from a selected fatty acid and (PhsP):NiCl,
in TPP

The Ni(Il) complex (PhsP);NiCl, was also studied in the
decarbonylation-dehydration reaction of a series of selected
fatty acids as reported in Table 2. Using the equimolar ratio
between the fatty acid and TPP, the complex (PhsP).NiCl;
ensures in all cases a high conversion of the fatty acids into
the products LO/LAO.

Table 2. LO/LAO formation from fatty acids (other than lauric) and Ni(PhsP)2Cl2 catalyst

*) Fatty acid Ni(PhsP).Cl, TPP Product GC-MS RAMAN

Batch Type Molar yield, mol | Alkenes Alkanes  Selectivity | Selectivity trans/cis

# ratio % (LO+LAO) LAO % LAO % internal LO
5 Decanoic 100 34 100 71 80.3 2.3

6 Myristic 100 3.4 100 93 93.6 6.4 57.6 47.6 2.9

7 Palmitic 100 3.4 100 90 86.3 13.7 43.2 35.0 3.6

8 Stearic 100 3.9 100 83 91.1 8.9 43.6 34.0 3.8

(*) Results of the present work. The reagents are reported in molar ratio making 100 lauric acid; reaction conditions 320-340 °C in sand
bath, vacuum applied 40-90 Torr. Product yield is calculated on the moles of the starting fatty acid. Amount of LO, LAO and alkane
determined by GC-MS. LAO selectivity and trans/cis ratio determined by Raman spectroscopy.

Table 3. Distribution of products LO/LAO as determined by Raman and GC-MS

Run# Catalyst % LAO % LO with internal C=C % cis-LO % trans-LO
by GC-MS 3b Ni(PhsP)Cl2  45.0 55.0 n.d. n.d.
by Raman 3b Ni(PhsP)Cl. 445 5515 30 60
by GC-MS 4c Rh(PhsP)sCl >05 4 n.d. n.d.
by Raman 4c Rh(PhsP)sClI >05 n.d. n.d. n.d.

Note: the alkanes are excluded from the calculation, only the olefins are considered
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The by-product formation, i.e., alkanes remains significant
also with higher fatty acids homologs than lauric acid. In the
case of palmitic and stearic acid, the alkane fraction
(respectively pentadecane and heptadecane) reached about
10 % or more of the overall products. Regarding the LAO
content, the maximum selectivity of 80 % was detected with
Raman on 1-nonene produced from decanoic acid and
remained quite high also on the higher homologs of fatty
acids. For instance, it is remarkable the LAO selectivity of
57.6 % observed on the products from myristic acid. In the
case of the olefins obtained from palmitic and stearic acid,
the LAO selectivity stopped at about 43 % (GC-MS).

It is quite remarkable that the trans/cis ratio is found
higher in the LO with internal double bonds produced from
higher fatty acids homologs whereas thermodynamics favor
the trans isomer with the higher olefins homologs.

LO/LAO selectivity determination with Raman spectroscopy

In addition to the GC-MS analysis of the products
obtained from the dehydration-decarbonylation reaction of
fatty acids, also the Raman spectroscopy is a suitable
analytical tool which is able to distinguish the amount of
LAO over the total LO. Regarding LO with internal double
bonds, Raman spectroscopy is able to detect both the
amount of cis-LO and trans-LO. Raman spectroscopy is
very sensitive to the geometry of the double bonds, and their
substitution degree.®* In the Raman spectra the alkane by-
products were not determined. Thus, the focus is only on the
LO/LAO olefins.

Fig. 2 shows the Raman spectra of the LO produced from
lauric acid and Ni(ll) complex (run #3b). Three distinct
peaks can be observed at 1640, 1656 and 1670 cm™. The
peak at a lower frequency is due to the LAO 1-undecene, the
peak at 1656 cm™ to cis-undecenes with an internal double
bond and the peak at 1670 cm™ to trans-undecenes with an
internal double bond. From the integrated absorptivity of
each of these peaks, it is possible to determine the relative
amount of the three mentioned LO isomers.

S000 +

3000 +

Relative Intensity

2000 +

1000 +

1800 1650 1700
Raman Shift (em-1)

Figure 2. Raman spectra of the undecene mixture obtained from
the lauric acid decarbonylation-dehydration reaction. The blue
trace is due to the undecenes produced with Ni(ll) catalyst from
run #3a. The peak at 1640 cm™ is due to 1-undecene, the band at
1656 cm'! to cis-undecenes with an internal double bond and the
peak at 1670 cm* to trans-undecenes with an internal double bond.
The red trace is essentially due to 1-undecene produced from Rh(I)
catalyst and run #6.
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The calculations are summarized in Table 3 and compared
with GC-MS results, recalculated by excluding the alkane
components present in the mixture of products.

For the LO from lauric acid and Ni(1l) complex (run #3b),
the LAO content determined by GC-MS was 45.0% in fair
agreement with 44.5% determined from the Raman
spectrum of Fig. 2. Furthermore, among the LO with an
internal double bond which represents more than 50% of the
total olefins, the trans isomers are preponderant representing
60% of the LO. However, as shown in Table 1 and 2, the
coincidence in the LAO values found with GC-MS and
estimated with Raman spectroscopy are seldom precisely the
same. However, Raman spectroscopy is a rapid screening
tool for the analysis of the LO/LAO while GC-MS remains
the most useful analytical tool in this case.

Fig. 2 also shows the Raman spectrum of the LO/LAO
obtained from lauric acid and Rh(l) complex (run #4c). In
this case, only a single and sharp band can be observed at
1640 cm suggesting that the LAO 1-undecene was by far
the main product. In fact, from the Raman spectrum, it is
possible to determine an LAO content of >95% which is in
good agreement with the value of >95% determined by GC-
MS. Because of the very low content of LO with an internal
double bond, in the case of the products from run #4c, it was
not possible to determine the trans/cis ratio as done in the
case of the products from batch #3b. All the results are
summarized in Table 3.

Conclusions

It was shown that starting from lauric or dodecanoic acid,
widely available from coconut and palm kernel oil it is
possible to synthesize in a single step and high yields a
mixture of linear olefins (LO) i,e, a mixture of undecenes
with a good selectivity toward the linear a-olefin (LAO) 1-
undecene. The synthesis can be achieved with the easily
accessible and economic Ni(Il) complex (PhsP),NiCl, using
liquid triphenylphosphine (TPP) as a solvent. The best
yields were reached when an equimolar mixture of lauric
acid and TPP were heated with (PhsP) 2NiCl,. The reaction
starting from fatty acids and leading to LO/LAO was
defined as a dehydration-decarbonylation reaction,** since it
involves firstly the formation of the fatty acid anhydride
with the release of water, followed by the decarbonylation
with CO release (see Egns. 1) and (3) as assessed
experimentally.? As secondary product also the alkane
undecane was detected by GC-MS in very low vyield and
undoubtedly due to the decarboxylation reaction of lauric
acid according to Eqgn. (2).

The Ni(ll) complex (PhsP);NiCl, is an effective
dehydration-decarbonylation in liquid TPP and it works well
also with other fatty acids than lauric acid. As shown in
Table 2, the mentioned complex is able to produce LO/LAO
in high yield and good LAO selectivity also with decanoic,
myristic, palmitic and stearic acid, confirming the general
purpose effectiveness of the proposed catalyst. The
electronic absorption spectra of (PhsP).NiCl, in liquid
triarylphosphine has revealed that Ni(ll) assumes an
octahedral coordination structure which is believed to be the
active species in the dehydration-decarbonylation reaction.
Conversely, NiCl, liquid triarylphosphine does not show the
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same spectrum as that displayed by (PhsP);NiCl, at 70 °C
and it is already known to be less effective in the
dehydration-decarbonylation reaction of fatty acids, giving
lower yields and low to negligible selectivity toward LAO.?

The catalytic performances of (PhsP):NiCl, in the
dehydration-decarbonylation reaction were also compared
with those of the expensive Rh(l) complex Rh(PhsP)sCl
known as Wilkinson’s catalyst. The Rh(l) catalyst shows an
extremely high selectivity in LAO formation with yields
>95 % as determined both with Raman spectroscopy and
confirmed by GC-MS. Furthermore, the alkane by-product
is produced in trace amounts. The unique drawback of the
Wilkinson’s catalyst is the lower yields in the lauric acid
conversion to LO/LAO in comparison to those achieved
with the Ni(Il) complex.

In conclusion, Rh(PhsP)sCl is the catalyst of choice if
>95 % LAO selectivity is required with no other by-
products. However, if the industrial goal is to produce a
mixture of LO/LAO in high yields without the need of high
selectivity to LAO, as in the case of feedstock for
hydroformylation reaction, then the catalyst of choice is the
easily accessible and economic Ni(Il) complex (PhsP)2NiCl..
TPP plays a key role both as ligand and as redox solvent.
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PYCNANTHUS ANGOLENSIS (WELW.) WARB AND
BYROPHYLLUM PINNATUM (LAM.) OKEN

Olawale H. Oladimeji,’®" and Augustine A. Ahmadu™

Keywords: extracts; isolates; antioxidant; Pycnanthus angolensis; Byrophyllum pinnatum

Pycnanthus angolensis (Welw.) Warb and Byrophyllum pinnatum (Lam.) Oken are two herbal recipes employed in native medicine for the
treatment /management of gastrointestinal disorders, skin infections and more especially cancers, wounds and many other inflammatory
conditions. Before now, seven compounds (NG-1b, NG-2, NG-3b, NG-4c, NG-5a, KF-1a and KF-2) have been obtained from the extracts
of these plants by column and /or preparative thin-layer chromatographies. The search for new and more active antioxidant agents necessitated
the screening of these compounds for potential activity. Generally the isolates gave (ICso) of between 0.50 and 0.60 pug mL. However, NG-
1b demonstrated a significant activity at 0.48 ug mL* which compare favourably with that shown by Vitamin A (a standard antioxidant drug)
at 0.49 pg mL"*. These compounds, most especially NG-1b could be further worked on with the aim of improving on the observed antioxidant

activity through in-vitro structural activity relationship studies (SARS) and probably in-vivo clinical trials.
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Introduction

Free radicals occur in the human body in the forms of
reactive oxygenated species (ROS), super-oxides, peroxides,
hydroxyl and nitrogenous species. These chemical species are
natural by-products of cellular metabolism and also form an
integral part normal physiology.* Furthermore, they can also
be produced by bacterial leucocytes, atmospheric pollutants,
drugs, xenobiotics and in mitochondrial respiration. In
addition, chemical conversion of fats during lactation,
exercise, fever, infections and even fasting can result in
increased radical activity leading to damage of the immune
and nervous systems. The stress hormones (adrenalin and
noradrenalin) secreted by the adrenal glands under conditions
of continuing and excessive emotional stress are metabolized
into simpler, albeit, free radical molecules which can attack
biological moieties such as proteins, lipids, enzymes, DNA
and RNA resulting in cellular or tissue or organ injury
associated with degenerative diseases.? The consumption of
fruits and vegetables containing antioxidants has been found
to offer protection against these diseases.® Besides playing an
important role in the physiological systems, antioxidants have
been used in the food industry to prolong the shelf life of
foods especially those rich in polyunsaturated fats. The
consumption of natural antioxidants has been reported to
have potential health benefits.* However, the continued use
of synthetic antioxidants is a source of concern " due to the
health risks and associated toxicity." 78
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Phytochemicals such as flavonoids, terpenes and
polyphenols have been reported to inhibit free radical
reactions, protect the human body from disease ®'° and retard
lipid oxidative rancidity.!* Therefore, researches are
presently focused on obtaining antioxidants from plant
sources. Two of such plants namely, Pycnanthus angolensis
(Welw.) Warb and Byrophyllum pinnatum (Lam.) Oken are
employed in folkloric medicine for the treatment of
gastrointestinal disorders, skin diseases and more especially
cancers, ulcers, wounds and inflammations. Previous studies
by the lead author and co-workers have led to seven
compounds namely, ethyl cinnamate (cinnamic acid, ethyl
ester) (NG-1b), 3-ethoxy-3,7-dimethyl-1,6-octadiene (ethyl
linalool) (NG-2), 9-oximino-2,7-diethoxyfluorene (2,7-
diethoxy-9H-fluoren-9-one  oxime)  (NG-3b), 1,2-
benzenedicarboxylic acid diethyl ester (diethyl phthalate)
(NG-4c), ethyl 1,6-dihydro-2-methyl-4-hydroxy-6-oxo-3-
pyridine carboxylic acid, ethyl ester (1,6-dihydro-2-methyl-
4-hydroxy-6-oxo0-3-nicotinic acid, ethyl ester (NG-5a), 1-
ethoxy-2- hydroxy-4-prophenyl guaethol (KF-1a) and 17-(1'-
cyclobutan)-2'-one-3-hydroxy)-(3p,17p)-spiro(andorst-5-ene,
(KF-2) from the plants.’?® This present study was done by
subjecting the crude extracts and the seven isolated
compounds to antioxidant tests with a view of confirming or
disproving the reported uses in ethno-medicine for the
treatment/management of inflammatory conditions which
arise from the debilitating incidence of free-radicals.

Experimentals

Fresh leaves of P. angolensis and B. pinnatum were
collected in the month of July, 2016 within the University of
Uyo Campus, Nigeria. The plants had previously been
identified in studies 117 for which voucher specimens No. H
045 and No. H 047 were deposited in the Herbarium Unit of
the Faculty of Pharmacy. Immediately after collection, the
plant materials were separately dried in a laboratory oven
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(Gallenkamp, England) at 40 °C for 48 h and the resultant
materials powdered on an electric mill (Uniscope, England).

Extraction and processing of plant material

The powders were extracted with cold 96 % ethanol at
room temperature (27 + 2 °C) for 72 h. The obtained filtrates
were then evaporated to dryness in-vacuo on a rotary
evaporator (R205D, Shensung BS & T, China). The extracts,
NG-1b, NG-2, NG-3b, NG-4c, NG-5a, KF-1a and KF-2
previously isolated from chromatographic separations of
organic fractions of the two plants 215 were kept in
appropriately labelled amber bottles and then stored in a
refrigerator at -4 °C prior to the antioxidant tests.

DPPH (2, 2-Diphenyl-1-picryhydrazyl hydrate) assay

The purple colour of the methanolic solution of DPPH is
bleached when it accepts hydrogen or electrons from
extract/isolate/standard antioxidant drug. The 2, 2-diphenyl-
1-picrylhydrazyl (DPPH) molecule is noted for its stable free
radical nature and when mixed with a substance that can
donate a hydrogen atom or electrons results in its reduced
form, 1,1-diphenyl-2-picrylhydrazine. The tests were done by
developing the spotted samples of crude extracts, NG-1b,
NG-2, NG-3b, NG-4c, NG-5a, KF-1a and KF-2 in ethyl
acetate: methanol (1:2) solvent mixture in duplicates.
Ascorbic acid (Gemini Chemicals, Nigeria) was spotted
along to serve as positive control. The developed
chromatograms were sprayed with 0.1 % w/v methanolic
solution of DPPH reagent (Sigma-Aldrich, Germany). The
plates were irradiated with ultra-violet light at A, 366 nm for
15 minutes. Spots which appeared white against a purple
background were taken as evidence of positive tests
indicating antioxidant activity. 18-2*

Spectrophotometric determination of antioxidant activity using
DPPH reagent

Substances which are capable of donating electrons or
hydrogen atoms (free-radical scavengers) can convert the
purple-coloured DPPH  radical (2, 2-diphenyl-1-
picrylhydrazyl hydrate) to its yellow-coloured non-radical
form (1,1-diphenyl-2-picryl hydrazine).? ?? This reaction can
be monitored by spectrophotometry. This is the most widely
employed method of screening for antioxidant activity in
plants 2326

DPPH (4 mg) was weighed and dissolved in methanol (100
mL) to produce the stock solution
(0.004 % wi/v). Serial dilutions of the stock solution were
carried out. The absorbance of each of the sample was taken
at Am 512 nm using the UV-VIS spectrophotometer (Jenway
6405, USA). A solution of methanol without DPPH served as
the blank.

Determination of the antioxidant activity of crude extract /
isolate

In every case, 2 mg of the extract/isolate was dissolved in

50 mL of methanol. Serial dilutions were done to obtain the
following concentrations; 0.0008 mg mL™, 0.0016 mg mL™*
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and 0.0024 mg mL? using methanol. 5 mL of each
concentration was incubated with 5 mL of 0.004 % w/v
methanolic DPPH solution for optimal analytical accuracy.
After an incubation period of 30 minutes in the dark at room
temperature (25 + 2 °C), observation was made for a change
in the colour of the mixture from purple to yellow. The
absorbance of each of the test samples was then taken at Am
512 nm. The Radical Scavenging Activity (RSA %) or
Percentage Inhibition (P1 %) of free radical DPPH was thus
calculated:

RSA % (P1 %) = [(Ablank — Asampte)! Abiank] X100

where

Apiank 1S the absorbance of the control reaction (DPPH
solution without the test sample and

Asample 1S the absorbance of DPPH incubated with the
extract/isolate /anti-oxidant drug.

Extract/isolate /standard antioxidant drug concentration
providing 50 % inhibition (1Cso) was calculated using a graph
of inhibition percentage against the concentration of the
extract/isolate/standard antioxidant drug.?’-28

DPPH assay of standard antioxidant drugs

Standard antioxidants namely, vitamin A (Emzor Drugs,
Nigeria), vitamin C (Greenfield Drugs, Nigeria) and vitamin
E (Gemini, Nigeria) were used. While vitamin C was in a
tablet dosage form, vitamins A and E were formulated as
gelatine capsules. The estimated weight of the formulations
containing 2 mg of the standard antioxidant drugs were
determined by proportionality and then diluted. Methanol
was used to dissolve vitamin C, while n-hexane was used to
dissolve vitamins A and E because solubility problems
encountered with these two vitamins. Thus, methanolic and
hexane solutions of 0.004 % w/v DPPH were used for
incubation of vitamin C, vitamin A and E respectively for 30
minutes.

The absorbance value of each of the drugs was taken at
wavelength at Am 512 nm and the 1Cso determined.

Results and discussion

The plants were identified and collected observing basic
rules of plant collection. Furthermore, the principles
governing extraction and processing of extract/isolate were
strictly adhered to, thus preventing any changes to the
chemical composition of the samples.®* Phytochemical
investigations on the plant extracts indicated the presence of
alkaloids, saponins, tannins, terpenes, flavonoids and cardiac
glycosides while anthraquinones and cyanogenic glycosides
were absent.3! The crude extracts and resultant sub-fractions
were separately put through silica chromatographic
separations and the exercises led to the isolation of
compounds coded as NG-1b, NG-2, NG-3b, NG-4c, NG-5a,
KF-la and KF-2 respectively. The identities of these
compounds have been established to be ethyl cinnamate
(cinnamic acid, ethyl ester), 3-ethoxy-3,7-dimethyl-1,6-
octadiene (ethyl linalool), 9-oximino-2,7-diethoxyfluorene
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(2,7-diethoxy-9H-fluoren-9-one oxime), 1,2-
benzenedicarboxylic acid diethyl ester (diethyl phthalate),
ethyl 1,6-dihydro-2-methyl-4-hydroxy-6-oxo-3-pyridine
carboxylic acid, ethyl ester (1, 6-dihydro-2-methyl-4-
hydroxy-6-oxo-3-nicotinic acid, ethyl ester, 1-ethoxy-2-
hydroxy-4-prophenyl guaethol and 17-(1’-cyclobutan)-2'-
one-3-hydroxy)-(3B,17p)-spiro(androst-5-ene,  respectively
using a combination of MS and IR spectral techniques.!>15

HaC CH
X HNG 3
o)
CH,
o)
NG-1b NG-2 ‘
CH
3 HaC” CH,

¢
0" cH,
O\/CHS
o]
NG-4c H
O~ N CHs
OH  CHg
NG-5a
HyC = OH
0" cH,
KF-la

KF-2

Figure 1. Structures of the studied compounds
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Table 1. Absorbance of samples incubated with DPPH at different
concentrations Amax (512 nm)

Sample Absorbance

0.0008 mg 0.0016 0.0024

mL? mg mL*? mg mL?
P. angolensis 0.538 0.532 0.520
B. pinnatum 0.324 0.322 0.276
NG-1b 0.299 0.282 0.280
NG-2 0.270 0.263 0.259
NG-3b 0.194 0.188 0.181
NG-4c 0.166 0.164 0.161
NG-5a 0.192 0.183 0.179
KF-1la 0.202 0.189 0.184
KF-2 0.115 0.107 0.096
Vitamin A 0.298 0.267 0.257
Vitamin C 0.115 0.098 0.078
Vitamin E 0.163 0.157 0.152

NG-1b=ethyl cinnamate (cinnamic acid, ethyl ester); NG-2=3-
ethoxy-3,7-dimethyl-1,6-octadiene  (ethyl linalool); NG-3b=9-
oximino-2,7-diethoxyfluorene (2,7-diethoxy-9H-fluoren-9-one
oxime); NG-4c=1,2-benzenedicarboxylic acid diethyl ester (diethyl
phthalate); NG-5a = ethyl 1,6-dihydro-2-methyl-4-hydroxy-6-oxo-
3-pyridine carboxylic acid, ethyl ester (1,6-dihydro-2-methyl-4-
hydroxy-6-oxo-3-nicotinic acid, ethyl ester; KF-la=1-ethoxy-2-
hydroxy-4-prophenyl guaethol; KF-2 = 17-spiro(1’-cyclobutan)-2'-
one-3-hydroxy)-(3pB, 17p)-androst-5-ene; RSA % (Pl %) = Radical
scavenging activity (Percentage inhibition); 1Cso = concentration at
which 50 % of DPPH is scavenged or inhibited; NR=Not regressed
(value could not be regressed from the % inhibition-concentration
curve).

Table 2. Radical scavenging activity (percentage inhibition) of
samples at different concentrations (mg mL?) and ICso of samples
(blank absorbance of 0.004 % w/v methanolic DPPH reagent: 0.613)

Sample RSA % (P1 %) 1Cso
pg mL*

0.000 0.0016 0.0024

8
P. angolensis  12.23 13.21 15.17 NR
B. pinnatum 47.14 4747 54.97 1.17
NG-1b 51.22 54.00 54.32 0.48
NG-2 55.95 57.10 57.75 0.55
NG-3b 68.35 69.33 70.47 0.58
NG-4c 7293 73.24 73.74 0.59
NG-5a 68.67 70.15 79.79 0.54
KF-1a 67.05 69.17 69.98 0.50
KF-2 81.24 82.54 84.40 0.59
Vitamin A 51.39 56.44 58.07 0.49
Vitamin C 81.57 84.01 87.28 0.67
Vitamin E 73.41  74.39 75.20 0.60

Rapid thin-layer chromatographic analysis for antioxidant
activity

The extracts, isolates and ascorbic acid showed white spots
on purple background when the chromatogram was sprayed
DPPH reagent. The observation of white spots (irrespective
of initial spotted colour) was the evidence of reduction of
DPPH reagent (discoloration) by the by free-radical
scavenger in the samples.
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Determination of the antioxidant activity of extract/ isolate/
antioxidant drug

The Beer-Lambert Law is the basis of all absorption
spectrophotometry. Therefore, a plot of absorbance against
concentration for a cell of unit thickness (1 cm) should give a
straight line passing through the origin. The reduction of the
DPPH radical was determined by taking its absorption at a
wavelength of Am 512 nm. It was observed that the absorbance
of DPPH decreased as the concentration of added free radical
scavenger extract /isolate /standard antioxidant drug)
increased which suggested that the DPPH reagent was being
reduced. The results of the reduction are as presented in
Table 1. The Radical Scavenging Activity (RSA %) or
percentage inhibition (Pl %) and the ICso values of extract and
standard antioxidant drugs were computed as Table 2 shows.

The RSA % is an indicator of the antioxidant activity of
extract/ isolate /standard antioxidant drug.3? All the isolated
compounds gave largely moderate antioxidant activity (1Cso)
of between 0.50 ug mL*and 0. 60 ug mL%. However, NG-
1b elicited a remarkable activity at 0.48 ug mL™. It should be
stated that this activity compare favourably with that
demonstrated by Vitamin A (a standard antioxidant drug) at
0.49 pg mLl. Furthermore, the antioxidant activities
demonstrated by the isolated compounds were not surprising
because different preparations of the plants are used in ethno-
medicine to treat /manage disease conditions such as wounds,
inflammations and tumours amongst so many others.%= In
addition, secondary metabolites such as flavonoids or
flavonoid-like, terpenes and phenols or hydroxylated
compounds (such as NG-2, NG-3b, NG-4c, NG-5a, KF-1a
and K-2) have been reported to inhibit free radical reactions
and protect the human body from disease. ® 18 3%-45 Alsg, the
importance of the radical scavenging ability of some
phytochemical compounds have found useful applications in
the extension of shelf-life and control of deterioration of fatty
foods, nutriceuticals and spices. ¢4 Aside the DPPH assay,
other methods for determining the antioxidant activity of
plants include the hydrogen peroxide, nitric oxide,
conjugated  diene, superoxide, phosphomolybdenum,
peroxynitrile and xanthine oxidase assay methods amongst
many others, 5-51

Conclusion

The results of this present study indicate that compounds
isolated from the plants have demonstrated antioxidant
activities which can compare with those of standard
antioxidant drugs in clinical practice. Also, these compounds
are to be further investigated (in-vitro SARS) in our
laboratories with a view to improving on the observed
activities.
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A rapid, green and efficient method for the synthesis of 1,8-dioxooctahydroxanthene and 3,3-arylidenebis(4-hydroxycoumarin) derivatives
through a one-pot condensation from various aromatic aldehydes is described using manganese ferrite (MnFe204) and cobalt ferrite
(CoFe204) as promoting material under solvent-free conditions which can easily be recovered and reused. Compared with other synthetic
methods, this new method has advantages such as milder reaction conditions, good to excellent yields, short reaction times, and

environmentally benign procedure.
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INTRODUCTION

Synthesis of heterocyclic compound has a huge
importance in chemistry, biochemistry, modern drug design,
and these compounds are widely distributed in nature.
Nowadays there are a lot of heterocyclic pharmaceuticals,
these are used widely as antitumor, antiviral, antibiotic, anti-
HIV pharmaceuticals although there is a large number of
literatures about the synthesis of heterocyclic compounds
have potential biological activity, but preparation of novel
compounds and more efficient and economic methods
means challenge for organic chemists.

Xanthenes and their substituted derivatives are useful targets
for chemical synthesis as they have been associated with a
diverse range of therapeutic and pharmacological properties
such as antiviral® and antibacterial activity.? Apart from
these applications, they are used in photodynamic therapy.®
view of the general observation that the biological activities
are invariably associated with1,8-dioxooctahydroxanthenes
and 3,3-arylidene bis(4-hydroxycoumarin) derivatives, in
this work we describe a new method and promoter to
prepare some derivatives belong to these compound classes.

RESULT AND DISCUSSION
Synthesis of 1,8-dioxooctahydroxanthene derivatives

Many procedures for the synthesis of xanthenes and
benzoxanthenes have been reported in the literature,
including the reaction of For this purpose, react two
molecules of dimedone (5,5-dimethyl-1,3-cyclohexane
dione) with various aromatic aldehydes,* by using of
different Lewis acid catalysts such as triethylbenzyl
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ammonium chloride®, p-dodecyl benzenesulfonic acid®,
diammonium  hydrogen  phosphate  under  various
conditions,” sulfonic acid under ultrasonic irradiation,® ionic
liquids,® Amberlyst-15,*® NaHSO;-SiO; or silica chloride.*

In continuation of our work,'?*” we have developed the
new protocol that using nanosized manganese ferrite
(MnFe;O4) is an efficient and reusable promoter for the
synthesis of 3,3,6,6-tetramethyl-9-aryl-1,8-dioxooctahydro
xanthene derivatives. The salient features of this protocol
include the use of a small amount of the MnFe,O., good
yields, operational simplicity, short reaction times, promoter
separation from the reaction medium. Moreover, the use of
environmentally benign catalyst and avoidance of hazardous
organic solvents are important features of this method.

To optimize the reaction conditions, the reaction of 5,5-
dimethyl-1,3-cyclohexanedione (2 mmol) and benzaldehyde
(1 mmol) under solvent-free conditions was selected as a
model. After many studies on the above model reaction, we
found that when less than 1 mmol of MnFe,O4 was applied
the corresponding products obtained in lower yields and
require more time, whereas use of more than 1 mmol
MnFe;O4 did not improve the yield and require the same
time. This was due to the fact that beyond a certain
concentration, there exist an excess of MnFe;O4 sites over
what is actually required by the reactant molecules and
hence, the additional MnFe,O4 does not increase the rate of
reaction. Therefore, in all further reactions 1 mmol of
MnFe,O4 was used.

Scheme 1. Synthesis of 1,8-dioxooctahydroxanthene
In order to evaluate the generality of the process, we

carried out a series of reactions using 5,5-dimethyl-1,3-
cyclohexanedione (2 mmol) and various aromatic aldehydes
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(2 mmol) in presence of MnFe;,O, (1 mmol ) at 110 °C
under solvent-free conditions. Most importantly, aromatic
aldehydes with substituent’s bearing either electron-
donating or electron-withdrawing groups as well as
heterocyclic aldehydes reacted successfully in the presence
of MnFe;0s. In all these reactions expected products were
obtained in good to excellent yields. The results are shown
in Table 1. The suggested mechanism for the MnFe;O4
promoted synthesis of 1,8-dioxooctahydro xanthenes is
shown in Scheme. Concerning the reaction mechanism, we
suggest that, initially activation of the carbonyl group of
aldehyde by MnFe,O, facilitates nucleophilic attack of
dimedone in its enol form and form the corresponding
carbocation. This carbocation then reacts with these
activated dimedone to give intermediate, which then
undergo dehydration to give the final product.

Table 1. Synthesis of 1,8-dioxooctahydroxanthene by
condensation of aldehydes and 5,5-dimethyl-1,3-cyclohexanedione
using MnFe20sa.

R Product Time, % M.P., °C

min Yiel | Found  Reported

d

H 1la 45 90 203-204 204-205"
3-Cl 1b 45 95 180-182 182-184*
4-Cl 1c 60 92 225-227  226-228"
4-NO, 1d 50 94 223-225  224-225°
4-OH le 60 92 245-246  247-248"

Synthesis of 3,3-arylidene bis(4-hydroxycoumarin) derivatives

An efficient method was proposed for the condensation of
aldehydes with 4-hydroxycoumarin, which led to the
corresponding 3,3-arylidene bis-(4-hydroxycoumarin) and
different aldehydes in the presence of CoFe,O.. Initially, the
systematic evaluation of different solvents fo rthe model
reaction of 3-nitro benzaldehyde and 4-hydroxycoumarin in
the presence of CoFe,O, in water at reflux was focused on.
Attempts were made to study and optimize the reaction
conditions in order to show that performing the reaction in
H,O with low yield while using the amounts of EtOH in the
media produced satisfactory results. These results revealed
that the highest yield was obtained with the water/ethanol
(1:1) solvent system.

A B 2a’d

Scheme 2. Synthesis of 1,8-dioxooctahydroxanthenes in the
presence of cobalt ferrite (CoFe20a)

In order to check the viability of this protocol in obtaining
a series of 3,3-arylidene bis (4-hydroxycoumarin)
derivatives, arrange of dicoumarols was synthesized using
different aldehydes and 4-hydroxycoumarin under the
standardized reaction condition (Table 2). Regardless of the
nature of the substitution (electron donating and electron
withdrawing) of the aromatic aldehydes, the products were
obtained in good to excellent yields. In these reactions, there

Eur. Chem. Bull., 2019, 8(3), 101-104

DOI: 10.17628/ech.2019.8.101-104

Section A-Research paper

was no need for the column purification of the products. The
obtained solid products were just filtered off from the
reaction mixture, dissolved in hot ethanol, refiltered to
separate solid mixed oxide residue and finally recrystallized
from the filtrate to obtain pure dicoumarols.®

According to the proposed mechanism, the formation of
3,3-arylidene bis(4-hydroxycoumarin) could be rationalized.
From the Knoevenagel condensation of aromatic aldehydes
with 4-hydroxycoumarin in the presence of CoFe,O. and
followed by Michele addition of the second 4-
hydroxycoumarin (Scheme 2).

Table 2. Synthesis of 3,3-arylidene bis(4-hydroxycoumarin)
derivatives bycondensationofaldehydes and 4-hydroxycoumarin
using CoFe204

R Pro- Time, Yield, M.P., °C

duct min % Found Reported
H 2a 45 96 232-234 230-232%*
4-OMe 2b 45 95 249-251 246-248*
4-Cl 2c 45 92 258-260 256-258*
4-NO; 2d 45 90 237 - 240 232-234%*

EXPERIMENTAL

Melting points were determined on an electrothermal
apparatus, and the temperature was not calibrated. IR
spectra were recorded as thin films on KBr using a Perkin-
Elmer 1700 spectrophotometer. The NMR spectra were
recorded on a Bruker ARX-300 spectrometer. Sample
solutions were prepared in dimethylsulfoxide (DMSO)
containing tetramethylsilane (TMS) as an internal reference.
Mass spectra were recorded on a JMS-DX300 at 70 eV.

All chemical reagents were commercially available and
purified with standard methods before use. Solvents were
dried in routine ways and redistilled.

General procedure for the synthesis of 1,8-dioxooctahydro-
xanthene Derivatives:

The 5,5-dimethyl-1,3-cyclohexanedione (2 mmol), an
aromatic aldehyde (1 mmol) and MnFe;O4 (1 mmol) was
heated in the oil bath at 110°C for the appropriate time. The
progress of reaction was monitored by thin layer
chromatography (TLC). Upon completion, the reaction
mixture was cooled to room temperature and ethanol (10 ml)
was added. The MnFe,O4 was recovered from filtrate. The
residue was washed with ethanol (95%) to give compounds
3a-l in high yields. Recovered MnFe,O4 was washed with
diethyl ether (10 ml) and calcined at 120 °C for 1 h, before
reusing.

3,3,6,6-Tetramethyl-9-phenyl-3,4,5,6,7,9-hexahydro-1H-
xanthene-1,8(2H)-dione (1a).

'H NMR (CDCls, 500 MHz): 0.99 (s, 12H), 1.90 (s, 4H),
1.92 (s, 4H), 3.90 (s, 1H), 7.11-7.32 (m, 5H, Ar-H); IR
(KBr) : 1710, 1622, 1545, 1509, 1120 cm’; MS (70
eV) m/z (%): 351.45 (M*+1, 100).
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9-(3-Chlorophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-
1H-xanthene-1,8(2H)-dione (1b).

'H NMR (CDCls, 500 MHz): 0.98 (s, 12H), 1.92 (s, 4H),
1.94 (s, 4H), 3.93 (s, 1H), 7.11-7.13 (d, 2H, Ar-H); 7.30-
7.32 (d, 2H, Ar-H); IR (KBr): 1712, 1620, 1542, 1504,
1122 cmt; MS (70 eV) m/z (%):385.90 (M*+1, 100).

9-(4-Chlorophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-
1H-xanthene-1,8(2H)-dione (1c).

'H NMR (CDCls, 500 MHz): 0.98 (s, 12H), 1.92 (s, 4H),
1.94 (s, 4H), 3.92 (s, 1H), 7.30-7.32 (m, 4H, Ar-H); IR
(KBr): 1710, 1622, 1545, 1509, 1120 cm™; MS (70 eV) m/z
(%): 385.90 (M*+1, 100).

3,3,6,6-Tetramethyl-9-(4-nitrophenyl)-3,4,5,6,7,9-hexahydro-
1H-xanthene-1,8(2H)-dione (1d).

'H NMR (CDCls, 500 MHz): 0.99 (s, 12H), 1.90 (s, 4H),
1.92 (s, 4H), 3.91 (s, 1H), 7.48-7.50 (d, 2H, Ar-H); 8.14—
8.16 (d, 2H, Ar-H); IR (KBr): 1710, 1622, 1545, 1509, 1120
cmt; MS (70 eV) m/z (%): 396.45 (M*+1, 100).

9-(4-Hydroxyphenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (1e).

'H NMR (CDCls, 500 MHz): 0.99 (s, 12H), 1.90 (s, 4H),
1.92 (s, 4H), 3.88 (s, 1H), 5.50 (s, 1H), 6.80-6.82 (d, 2H,
Ar-H); 7.14-7.16 (d, 2H, Ar-H); IR (KBr): 1710, 1622,
1540, 1506, 1115 cm; MS (70 eV) m/z (%): 367.45 (M*+1,
100).

General procedure for the synthesis of 3,3-arylidene bis(4-
hydroxycoumarin) Derivatives

A mixture of 4-hydroxycoumarin (2 mmol, 0.324 g),
substituted benzaldehydes (1 mmol, 0.106 g), and cobalt
ferrite (CoFe;O4, 1 mmol, 0.326 g) was stirred at reflux in 5
ml ethanol-water mixture (1:1). The progress of the reaction
was monitored by TLC. After the reaction completion and
upon its cooling, the solid material was precipitated from the
solution. The precipitates were filtered off, washed with
water, and were recrystallized from EtOH to obtain pure
3,3-arylidenebis(4-hydroxy-2H-chromen-2-ones) derivatives
as yellow-white solids.®

3,3,6,6-Tetramethyl-9-phenyl-3,4,5,6,7,9-hexahydro-1H-
xanthene-1,8(2H)-dione (2a).

'H NMR (CDCls, 500 MHz): 0.99 (s, 12H), 1.90 (s, 4H),
1.92 (s, 4H), 3.90 (s, 1H), 7.11-7.32 (m, 5H, Ar-H); IR
(KBr) : 1710, 1622, 1545, 1509, 1120 cm; MS (70 eV) m/z
(%): 351.45 (M*+1, 100).
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9-(4-Methoxyphenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexa-
hydro-1H-xanthene-1,8(2H)-dione (2b).

'H NMR (CDCls, 500 MHz): 0.98 (s, 12H), 1.92 (s, 4H),
1.94 (s, 4H), 3.80 (s, 3H), 3.92 (s, 1H), 7.10-7.12 (d, 2H,
Ar-H); 7.30-7.32(d, 2H, Ar-H); IR (KBr): 1710, 1622,
1545, 1509, 1120 cm; MS (70 eV) m/z (%): 381.50 (M*+1,
100).

9-(4-Chlorophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-
1H-xanthene-1,8(2H)-dione (2c).

'H NMR (CDCls, 500 MHz): 0.98 (s, 12H), 1.92 (s, 4H),
1.94 (s, 4H), 3.92 (s, 1H), 7.30-7.32 (m, 4H, Ar-H); IR
(KBr): 1710, 1622, 1545, 1509, 1120 cm™; MS (70 eV) m/z
(%): 385.90 (M*+1, 100).

3,3,6,6-Tetramethyl-9-(4-nitrophenyl)-3,4,5,6,7,9-hexahydro-
1H-xanthene-1,8(2H)-dione (2d).

'H NMR (CDCls, 500 MHz): 0.99 (s, 12H), 1.90 (s, 4H),
1.92 (s, 4H), 3.91 (s, 1H), 7.48-7.50 (d, 2H, Ar-H); 8.14—
8.16 (d, 2H, Ar-H); IR (KBr): 1710, 1622, 1545, 1509, 1120
cmt; MS (70 V) m/z (%): 396.45 (M*+1, 100).

CONCLUSION

In conclusion, manganese ferrite (MnFe,O.) and cobalt
ferrite (CoFe,0.) were proved to be efficient promoter for
the synthesis of dicoumarols and 1,8-
dioxooctahydroxanthenes, respectively. These conditions
had advantages such as shorter reaction time, simpler work-
up, inexpensive and non-toxic promoter, environmental
benignity and excellent yields. The protocol described
herein is advantageous in terms of preclusion of hazardous
organic solvents, low amount of prooter, shorter reaction
time, good yields, recovery and reusability of the promoter.
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One-pot synthesis in [DBUH] OAc ionic liquid
ONE POT, FOUR-COMPONENT SYNTHESIS 2-AMINO-6-(1,4-
E B DIOXO-3,4-DIHYDROPHTHALAZIN-2(1H)-YL)-4-ARYL-4H-
PYRAN-3,5-DICARBONITRILES IN AN IONIC LIQUID

Section A-Research paper
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Keywords: Diethyl phthalate, benzaldehydes, ethyl cyanohydrazide active methylene compounds; 1,8-diazabicyclo[5.4.0]-undec-7-
en-8-ium acetate

[DBUH][OAc] (1,8-diazabicyclo[5.4.0]-undec-7-en-8-ium  acetate) mediated, green synthesis of 2-amino-6-(1,4-dioxo-3,4-
dihydrophthalazin-2(1H)-yl)-4-aryl-4H-pyran-3,5-dicarbonitriles have been synthesized by condensing diethyl phthalate, ethyl
cyanohydrazide, benzaldehydes and malononitrile in [DBUH][OAc] medium, at 60-65 °C for 2 h. Particularly valuable features of this

method include high yield, broad substrate scope, shorter reaction times and straightforward procedure
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INTRODUCTION

Non-volatile, room-temperature ionic liquids (RTILS)
have been extensively used as solvents and catalysts in
‘“‘green chemistry’’,! a major driving force motivating
organic chemists to develop environmentally benign
methods of preparation of organic compounds.? lonic liquids
are widely used in many fields of chemistry and industry.
Their use as catalysts has attracted much attention in organic
synthesis because product isolation and catalyst recycling
are straightforward; occasionally, improvements in reaction
rate and/or selectivity are also observed.*

Multi-component reactions (MCRS) are one-pot processes
in which three or more compounds react in a single reaction
vessel to form a product containing substantial components
of all the reactants.® Thus, design of highly efficient
chemical reaction sequences that provide maximum
structural complexity and diversity with a minimum number
of steps in the synthesis of compounds with interesting
properties is important for drug discovery and synthesis of
natural products.® MCRs have attracted much attention in
combinatorial and medicinal chemistry and have been
designed to produce biologically active compounds.” One of
the main challenges in medicinal chemistry is the design and
synthesis of biologically active molecules.®

Phthalazines are important heterocycles that are known to
possess multiple biological activities such as antimicrobial,
anticonvulsant,  antifungal, anticancer and  anti-
inflammatory.® Carling et al. reported'® the synthesis of 3-
phenyl-6-(2-pyridyl)methyloxy-1,2,4-triazolo[3,4-a]phthala-
zines and analogs which were found to be a key structural
element of certain CNS - active drugs. Jain et al. reported.**
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the synthesis of keto-glutamine tetrapeptide analogs
containing a 2-oxo-pyrrolidine ring as a glutamine side
chain mimic which showed improved inhibition against
hepatitis A virus 3C proteinase. Grasso et al. reported®? the
synthesis  of  6,7-methylenedioxyphthalazin-1(2H)-ones
which were found to be potent anticonvulsant agents.
Nomoto et al. reported® the synthesis of 6,7-
dimethoxyphthalazine derivatives which showed relatively
potent cardiotonic activity comparable to that of amrinone.
Watanabe et al. reported™ the synthesis of 4-benzylamino-1-
chloro-6-substituted phthalazine which was found to be
vasorelaxant activities and a number of methods have been
reported for the synthesis of phthalazine derivatives.'s
Therefore, it was considered worthwhile to synthesize
phthalazine moiety containing 4H-pyrans.

Keeping these results in our mind, we now wish to report
one-pot, three-component synthesis of title compounds in
weakly basic [DBUH][OAc] medium.

RESULTS AND DISCUSSION

Initially, one pot, four-component reaction of diethyl
phthalate 1 (1 mmol), ethyl cyanohydrazide® 2 (1 mmol),
benzaldehyde 3a (1 mmol), and malononitrile 4 (1 mmol)
in different ionic liquid medium (([DBUH][OAC],
[bomim][Br] and [bmim][OH] ) at 60-65 °C to form 2-
amino-6-(1,4-dioxo-3,4-dihydrophthalazin-2(1H)-yl)-4-
phenyl-4H-pyran-3,5-dicarbonitrile 5a have been taken as a
model reaction. However, it was found that the one-pot
reaction of in the presence of [DBUH][OAC] as a medium
for 2 h at 60-65 °C gave the highest yield (92 %) and the
clean product 5a (Table 1, entry 1). Here, initially
compound 1 was reacted with 2 in [DBUH][OACc] at 60-65
°C for 20 min to form 3-(1,4-dioxo-3,4-dihydrophthalazin-
(1H)-yl)-3-oxo-propanenitrile as intermediate 6 (confirmed
by TLC that means the absence of starting materials). Then
to this reaction mixture added 3a and 4 and again heated at
60-65 °C for 1.5 h to form 2-amino-6-(1,4-dioxo-3,4-
dihydrophthalazin-2(1H)-yl)-4-phenyl-4H-pyran-3,5-
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dicarbonitrile 5a. The product i.e 2-amino-6-(1,4-dioxo-3,4-
dihydrophthalazin-2(1H)-yl)-4-phenyl-4H-pyran-3,5-
dicarbonitrile 5a were obtained in excellent yield (92%) on
simple work-up of reaction mixture. The structure of the
compound 5a has been confirmed by *H-NMR, IR and mass
spectroscopy.

Encouraged by above optimization results conditions, the
one-pot reaction has been carried out at different
temperature (RT, 40, 60 and 80 °C) in the presence of
[DBUH][OAc] mediated to get desired compound 5a.
However, it was found that the one-pot reaction of 1 (1

HZN\ (o)

OFEt NH_( Ar-CHO

OEt c|H2 +

o) CN
1 2 3
Ar = @ f ’ ’ ’
CH; OCH; NO,
a b c d

Scheme 1. Preparation of compound 5 by one-pot synthesis

After having optimized the reaction conditions, the
generality of the reaction was confirmed by carrying out the
condensation of several others 3b-3f respectively in
[DBUH][OAc] medium at 60-65 °C for 2 h giving 5b-5f
very good yields and no side product formation was detected.
It was found that this method works with a wide variety of
substrates. It is worthy of mentioning that the reaction of
compounds 1, 2, 3a-3f and 4 could get higher yield and
require shorter reaction time for the formation of 5a-5f.

The synthesis of 5 could also be achieved in step-wise
syntheses. Thus, a mixture of 1 and 2 was heated at 60-65
°C for 0.5 h in [DBUH][OAc] medium to form intermediate
6.1 Then, 6 was reacted with 3 at 60-65 °C for 0.5 h in

&y

e
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mmol), 2 (1 mmol), 3a (1 mmol) and 4a (1 mmol)] in the
presence of [DBUH][OAc] as medium (1 mmol) for 120
min at 60-65 °C gave the highest yield (92 %) and the clean
product 5a (Table 1, entry 1). In order to examine the
quantity of [DBUH][OACc], the one-pot reaction has been
carried out at different quantity (0.5, 1 and 2 mmol) of
[DBUH][OAC] with respect of diethyl phthalate 1. However,
it was found that the one-pot reaction of [1 (1 mmol), 2 (1
mmol), 3a (1 mmol) & 4a (1 mmol)] in the presence of
[DBUH][OACc] as medium (1 mmol) for 2 h at 60-65 °C
gave the highest yield (92%) (Table 2, entry 2).

NH,
0N CN
N pBUJIOAG) NI A,
- 1 r
*CN  60-65°C/2h NH
o)
4 5

2

[DBUH][OAc] medium to form intermediate 7*® followed
by 7 was reacted with 4 at 60-65 °C for 0.5 h in
[DBUH][OAc] medium to form 5. The reaction was
monitored by TLC. The structures of these products have
been established earlier based on their spectral data (Scheme
2).

Furthermore, compound 5 was assigned E-configuration
on the presumption that bulky groups in a trans position
would confer thermal stability on the molecule. This is the
case by a careful examination of the Frame-work molecular
models of both E and Z-configurations of 5 wherein it was
observed that there was a minimum number of steric
interactions in the E-configuration.

o) o 0 j\ [DBUJ[OAG}
0
oet . L [DBUJ[OAC} N~ ~CH-CN _ %% €
ot > NH CH;zCN gge50C NH Ar-CHO
3
o}
1 0 2 6
NH,
o O 0 CN
CN [DBUJ[OAC} O
N | 60-65 °C N= A4
NH e NH
HC\Ar CN CN
H,C o
7 4CN 5

Scheme 2. Stepwise synthesis of compound 5.
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Table 1. Effect of ionic liquid, the temperature on the reaction of
compounds 1, 2, 3a and 4 to yielding 5a.

Entry lonic liquid T, °C Time, h 5a, %
1 [DBUH][OAC] 60-65 2 92
2 [bomim][Br] 60-65 5 75
3 [bmim][OH] 60-65 3 78
4 [DBUH][OAc]  RT 12 81
5 [DBUH][OAc]  40-45 35 71
6 [DBUH][OAC]  80-85 15 62

Table 2. The effect of the amount of [DBUH][OAC] in the
preparation of compounds 5a from 1, 2, 3a and 4.

Entry [DBUH][OAC], Time,h  5a, %
mmol/mmol of 1

1 0.5 4 85

2 1 2 90

3 2 2 80

EXPERIMENTAL SECTION

Melting points are uncorrected and were determined in
open capillary tubes in sulphuric acid bath. TLC was run on
silica gel — G and visualization was done using iodine
vapour or UV light. IR spectra were recorded using Perkin —
Elmer 1000 instrument in KBr pellets. 'H NMR spectra
were recorded in DMSO-ds using TMS as internal standard
at 400 MHz operating frequency. Mass spectra were
recorded on Agilent-LCMS instrument. All reagents were
purchased from Merck or Aldrich and used without further
purification. [DBUH][Ac] was prepared as reported
elsewhere.t’

Preparation of compounds 5a-5f from compounds 1, 2, 3a-3f
and 4 by one-pot synthesis:

A mixture of 1 (1 mmol) and 2 (1 mmol) were heated at
60-65 °C for 0.5 h in [DBUH][OAc] (1 mmol) for 0.5 h.
(until no starting materials could be detected on thin-layer
chromatography (TLC)). To this reaction mass added
compounds 3 and 4 and heated again at at 60-65 °C for 1.5 h.
(until no starting materials could be detected on thin-layer
chromatography). After the reaction was complete, cold
water was added to the reaction mixture and solid part was
separated by filtration. The product was recrystallised from
ethanol solvent to obtain compounds 5.

5a: Mp: 139-141 °C; IR (KBr): 3306-3401 cm (broad,
medium, -NH-), 2218 cm™* (sharp, strong, -CN-), 1706 cm*
(sharp, strong, -CO- of amide group), 1659 cm™ (sharp,
strong, -CO- of amide group); *H-NMR (DMSO-ds, 400
MHz): § 6.1 (s, 1H, -CH), 7.5-8.0 (m, 9H, Ar-H), 9.6 (s, 2H,
-NH,), 11.6 (s, 1H, -NH, DO exchangeable); *C-NMR
(DMSO-ds, 400 MHz): & 48.5, 75.5, 86.3, 114.6, 115.1,
124.5, 127.9, 128.6, 129.7, 130.7, 134.1, 136.0, 155.8, 157.4,
163.0, 163.6; HRMS calcd for CyHisNsO; [M+H]":
384.0427. Found: 384.0424.
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5b: Mp: 181-182 °C; IR (KBr): 3309-3405 cm (broad,
medium, -NH-), 2210 cm™* (sharp, strong, -CN-), 1716 cm'*
(sharp, strong, -CO- of amide group), 1656 cm™ (sharp,
strong, -CO- of amide group); *H- NMR (DMSO-ds, 400
MHz): § 6.1 (s, 1H, -CH), 7.5-8.0 (m, 9H, Ar-H), 8.1 (s, 2H,
-NH2), 11.6 (s, 1H, -NH, D20 exchangeable); 'H- NMR
(DMSO-ds, 400 MHz): § 2.2 (s, 1H, -CHs), 6.2 (s, 1H, -CH),
7.5-8.1 (m, 8H, Ar-H), 9.7 (s, 2H, -NH,), 11.4 (s, 1H, -NH,
D,O exchangeable); *C-NMR (DMSO-ds, 400 MHz): &
33.4, 47.3, 74.3, 82.9, 110.2, 111.3, 123.5, 124.3, 125.7,
128.3, 131.5, 135.3, 137.1, 153.4, 155.2, 163.3, 164.5; M*+1
=398.

5c: Mp: 141-143 °C; IR (KBr): 3303-3405 cm™ (broad,
medium, -NH-), 2217 cm™* (sharp, strong, -CN-), 1704 cm'*
(sharp, strong, -CO- of amide group), 1658 cm™ (sharp,
strong, -CO- of amide group); *H- NMR (DMSO-ds, 400
MHz): § 6.1 (s, 1H, -CH), 7.5-8.0 (m, 9H, Ar-H), 9.4 (s, 2H,
-NH,), 11.6 (s, 1H, -NH, D;O exchangeable); *H- NMR
(DMSO-dg, 400 MHz): 3 3.2 (s, 1H, -OCHg), 6.3 (s, 1H, -
CH), 7.5-8.2 (m, 8H, Ar-H), 9.3 (s, 2H, -NHy), 11.4 (s, 1H,
-NH, D,O exchangeable); 13C-NMR (DMSO-ds, 400
MHz): 6 38.5, 43.4, 73.4, 84.2, 111.4, 112.4, 123.4, 125.3,
127.3, 128.3, 131.6, 133.4, 134.3, 156.3, 157.3, 163.1,
164.1; M*+1 =414,

5d: Mp: 162-163 °C; IR (KBr): 3304-3402 cm™ (broad,
medium, -NH-), 2211 cm-1 (sharp, strong, -CN-), 1704 cm'*
(sharp, strong, -CO- of amide group), 1655 cm™ (sharp,
strong, -CO- of amide group); *H- NMR (DMSO-ds, 400
MHz): § 6.1 (s, 1H, -CH), 7.5-8.0 (m, 9H, Ar-H), 8.1 (s, 2H,
-NH,), 11.6 (s, 1H, -NH, D,O exchangeable); *H-NMR
(DMSO-dg, 400 MHz): & 6.2 (s, 1H, -CH), 7.4-8.0 (m, 8H,
Ar-H), 9.1 (s, 2H, -NH2) 11.6 (s, 1H, -NH, D20
exchangeable); C-NMR (DMSO-ds, 400 MHz): § 49.3,
74.3, 85.3, 113.1, 114.6, 123.4, 124.5, 127.3, 128.4, 131.1,
133.2, 135.3, 145.4, 150.2, 163.1, 163.3; M*+1 =429.

5e: Mp: 181-183 °C; IR (KBr): 3306-3404 cm (broad,
medium, -NH-), 2214 cm* (sharp, strong, -CN-), 1702 cm'*
(sharp, strong, -CO- of amide group), 1655 cm™ (sharp,
strong, -CO- of amide group); *H-NMR (DMSO-ds, 400
MHz): § 6.1 (s, 1H, -CH), 7.5-8.0 (m, 9H, Ar-H), 8.1 (s, 2H,
-NH2), 11.6 (s, 1H, -NH, D,O exchangeable); 1H- NMR
(DMSO-ds, 400 MHz): & 2.3 (s, 1H, -CH3), 6.1 (s, 1H, -CH),
7.4-8.1 (m, 8H, Ar-H), 9.2 (s, 2H, -NHy), 11.3 (s, 1H, -NH,
D20 exchangeable); *C-NMR (DMSO-ds, 400 MHz): &
28.3, 43.2, 74.1, 80.0, 109.5, 110.4, 118.4, 120.8, 125.4,
127.6, 131.6, 134.3, 135.2, 150.1, 153.2, 164.1, 164.7; M*+1
=398.

5f: Mp: 178-180 °C; IR (KBr): 3302-3401 cm™ (broad,
medium, -NH-), 2217 cm™* (sharp, strong, -CN-), 1707 cm'*
(sharp, strong, -CO- of amide group), 1653 cm™ (sharp,
strong, -CO- of amide group); 1H- NMR (DMSO-dg, 400
MHz): § 6.1 (s, 1H, -CH), 7.5-8.0 (m, 9H, Ar-H), 8.1 (s, 2H,
-NH,), 11.6 (s, 1H, -NH, D20 exchangeable); 'H- NMR
(DMSO-dg, 400 MHz): & 6.1 (s, 1H, -CH), 7.5-8.0 (m, 8H,
Ar-H), 93 (s, 2H, -NH), 11.3 (s, 1H, -NH, D.O
exchangeable); C-NMR (DMSO-ds, 400 MHz): § 42.3,
74.4, 85.2, 110.5, 114.3, 122.4, 126.5, 128.6, 129.1, 131.4,
134.4, 136.3, 155.6, 157.4, 163.3, 163.9; M*.+1 =418.
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Preparation of compound 6 from compounds 1 and 2 via step-
wise reaction

A mixture of diethyl phthalate 1 and ethylcyanohydrazide
2 were heated at 60-65 °C in [DBUH][OAc] (1 mmol) for
0.5 h. After the completion of the reaction as monitored by
TLC, the reaction mixture was poured into ice-cold water.
The product was precipitated out, filtered, washed with
water, dried and recrystallised from ethanol. Yield=72 %.
M.P. 152-154°C [Lit M.P. 150-152 °C].Y7

Preparation of compounds 7 from compound 6 and compounds
3

A mixture of 6 (1 mmol), 3a-3f (1 mmol) and [DBUH]
[OAc] (2 mmol) were heated at 60-65 °C for 0.5 h. After the
completion of the reaction as monitored by TLC, the
reaction mixture was poured into ice-cold water. The
product was precipitated out, filtered, washed with water,
dried and recrystallised from ethanol. Yield =88 %.

7a: Mp: 200-202 °C; IR (KBr): 3267-3518 cm™ (broad,
medium, -NH-), 2258 cm? (sharp, strong, -CN-), 1749 cm-1
(sharp, strong, -CO- group), 1683 cm™ (sharp, strong, -CO-
of amide group),1613 cm-1 (sharp, strong, -CO- of amide
group); *H- NMR (DMSO-ds, 400 MHz): § 7.6-8.4 (m, 10H,
Ar-H and NC-C=CH), 114 (s, 1H, -OH, DO
exchangeable); 13C-NMR (DMSO-ds, 400 MHz): & 35.5,
81.3, 81.4, 117.2, 122.9, 124.0, 127.2, 128.4, 128.5, 129.0,
129.1, 129.6, 133.0, 136.1, 143.4, 164.4, 164.5, 164.8;
HRMS calcd for C18H11N303 [M+H]*: 318.0423. Found:
318.0426.

7b: Mp: 195-197 °C; IR (KBr): 3266-3513 cm (broad,
medium, -NH-), 2253 cm™* (sharp, strong, -CN-), 1742 cm'!
(sharp, strong, -CO- group), 1684 cm™ (sharp, strong, -CO-
of amide group),1617 cm (sharp, strong, -CO- of amide
group); *H-NMR (DMSO-ds, 400 MHz): & 2.8 (s, 3H, CHs),
7.6-8.4 (m, 9H, Ar-H and NC-C=CH), 11.5 (s, 1H, -OH,
D,O exchangeable); *C-NMR (DMSO-ds, 400 MHz): &
34.4,101.5, 106.3, 107.3, 114.4, 116.6, 122.2, 125.3, 131.4,
132.1, 133.1, 134.3, 138.3, 139.2, 140.4, 143.9, 154.8, 161.8,
164.9; M*.+1 =332.

7¢c: Mp: 228-230 °C; IR (KBr): 3263-3515 cm (broad,
medium, -NH-), 2252 cm* (sharp, strong, -CN-), 1743 cm'!
(sharp, strong, -CO- group), 1682 cm™ (sharp, strong, -CO-
of amide group), 1616 cm™ (sharp, strong, -CO- of amide
group); 'H- NMR (DMSO-ds, 400 MHz): & 4.0 (s, 3H,
OCHg), 7.1-8.3 (m, 9H, Ar-H and NC-C=CH), 11.3 (s, 1H, -
OH, D,0 exchangeable); **C-NMR (DMSO-ds, 400 MHz):
6 44.5, 100.2, 104.2, 105.5, 110.6, 113.7, 121.3, 123.6,
128.4, 131.2, 132.8, 134.2, 135.6, 138.3, 141.3, 144.2, 158.1,
161.4, 163.5; M*.+1 =348,

7d: Mp: 220-222 °C; IR (KBr): 3263-3512 cm (broad,
medium, -NH-), 2251 cm* (sharp, strong, -CN-), 1740 cm'*
(sharp, strong, -CO- group), 1681 cm-1 (sharp, strong, -CO-
of amide group),1616 cm™ (sharp, strong, -CO- of amide
group); 'H- NMR (DMSO-ds, 400 MHz): & 7.4-8.3 (m, 9H,
Ar-H and NC-C=CH), 11.0 (s, 1H, -OH, DO
exchangeable); *C-NMR (DMSO-ds, 400 MHz): § 101.4,
103.2, 104.2, 109.1, 111.6, 118.3, 120.4, 124.6, 129.1,
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132.4, 134.6, 135.7, 138.4, 140.2, 144.3, 158.1, 162.3,
165.3; M*.+1 =363.

7e: Mp: 230-232 °C; IR (KBr): 3263-3512 cm (broad,
medium, -NH-), 2250 cm™* (sharp, strong, -CN-), 1741 cm'*
(sharp, strong, -CO- group), 1681 cm™ (sharp, strong, -CO-
of amide group), 1618 cm-1 (sharp, strong, -CO- of amide
group); *H- NMR (DMSO-ds, 400 MHz): § 2.9 (s, 3H, CH3),
7.6-8.4 (m, 9H, Ar-H and NC-C=CH), 11.6 (s, 1H, -OH,
D,O exchangeable); *C-NMR (DMSO-ds, 400 MHz): &
34.6,100.3, 104.2, 105.3, 113.4, 114.6, 121.2, 126.3, 130.3,
133.4, 134.5, 135.6, 138.5, 139.2, 140.4, 143.6, 156.4, 161.6,
164.4; M*.+1 =332.

7f: Mp: 170-172 °C; IR (KBr): 3267-3518 cm* (broad,
medium, -NH-), 2258 cm? (sharp, strong, -CN-), 1749 cm-1
(sharp, strong, -CO- group), 1683 cm™ (sharp, strong, -CO-
of amide group), 1613 cm™ (sharp, strong, -CO- of amide
group); *H- NMR (DMSO-ds, 400 MHz): & 7.4-8.3 (m, 9H,
Ar-H and NC-C=CH), 111 (s, 1H, -OH, DO
exchangeable); *C-NMR (DMSO-ds, 400 MHz): § 101.3,
103.4, 105.5, 108.3, 110.5, 119.2, 121.3, 123.5, 129.1,
131.4, 132.6, 134.7, 135.6, 141.2, 144.2, 158.4, 161.4,
166.2; M*.+1 =352,

Preparation of compound 5 from compounds 7 and 4

A mixture of 7 (1 mmol), 4 (1 mmol) and [DBUH][OAC]
(2 mmol) were heated at 60-65 °C for 1.0 h . After the
completion of the reaction as monitored by TLC, the
reaction mixture was poured into ice-cold water. The
product was precipitated out, filtered, washed with water,
dried and recrystallized from ethanol to form 5. Yield =85%.

CONCLUSION

In summary, we have successfully adapted a simple one
pot as well as step-wise and tandem process for the
synthesis of novel 2-amino-6-(1,4-dioxo-3,4-
dihydrophthalazin-2(1H)-yl)-4-phenyl-4H-pyran-3,5-
dicarbonitrile with simple work up procedures in green
methods.
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