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ARTICLE INFO ABSTRACT

Article history: A base-promoted strategic synthesis of varioustfanalized thiomethylatetbenzenes has be

Received established from acetophenones and cyclopropyl yhéttone. We can directly access

Received in revised form thiomethylated-benzene nucleus embedded with diviersctional group by the reaction of 3,3-

Accepted bis(methylthio)-1-arylprop-2-en-1-ones and 2afi#/cyclopropyl)ethylidene)malononitriles

Available online the presence of sodium hydride in THF at reflux gemature. These ecursors are eas
accessible from aryl methyl ketones. Various fuomai groups like alkyl, aryl, nitrile, amir

Keywords: aroyl and thiomethyl can be directly installed he benzene ring. The opet approach for tt

Benzenes construction of thiomethylated-benzene leus was also developed. The structure of

malononitrile synthesized compound was confirmed by X-ray criggehphy.

Base 2009 Elsevier Ltd. All rights reserved
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1. Introduction three steps and unsaturated ketones as a carbleophite to

assemble benzene core via a formal [3+3] cycloamdit
Benzene ring installed with various important fioeal — reaction’® This strategy was further utilized by Wang att
groups is omnipresent and privileged structuralifsoThey  via [4+2] benzannulatidh and Ye and coworkers via [2+4]
are found in a variety of natural productharmaceutical annulatior’® approach and both starting from enals and
compounds, advanced functional materials and variouunsaturated ketones. In early 2015, Luptoraletdescribed
organic ligands used for metal catalyzed chemistry.another intramolecular NHC catalyzed strategy fbe t
Therefore, development of efficient and new syrithet synthesis of functionalized benzaldehyéfesChi and
methods toward multi-substituted benzenes have Ipaésh  coworkers subsequently developed an elegant NHilyead
tremendous attention during recent yeddser the years,

electrophilic  and nucleophilic aromatic  substitatio Previous work

benzannulation reactiofistransition-metal catalyzed cross- i) 0 Rl R o

coupling reaction® aryne intermediatés and arylation via [ H O NHC /dLRZ

C-H activation’®were used as powerful tools to construct the R BN R R
multi-substituted arenes. | o R

Apart from these strategies various approaches Heen g R3 R R2 o3 Rt r2
developed to construct the functioned benzene tijréom ri"ArCOCHs KOH, :i:l/\

suitable precursors. Various diketones and enongs heen A o0 Yo DMF Ar

studied for the construction of multifunctional kenes

through selective transformations under transitiogtal-free This work C%(C/V )CL
conditions! Benzannulation was also carried out by using iii) NC. _CN ‘})/ R
Rhodium and Indium catalyzed reaction of enamingnéary 0 \ NH, O
recently N-heterocyclic carbenes (NHC) have ememea@n O CS;, CHl ﬁAr R* CHs Nc

efficient organocatalytic method to construct vasomulti- Ar 0-5°C |, ~o | scH.  NaHITHF Ar
substituted benzenes. To achieve these transfamsati s s reflux R s”

various o,B-unsaturated electron deficient alkenes were

activated using NHCs followed by addition of carbonScheme 1Previous approaches versus this approach toroetish
nucleophile in the presence of oxidant and basehénfirst  functionalized benzenes

report, Chi and coworkers used endlseadily prepared in



2
domino reaction triggered bydaLUMO activation ofa, -y,
d-diunsaturated enal for the formal [4+2] constrogtiof
multi-substituted benzenes (Scheme 1, entry Very
recently, transition metal-free assembly of the Zeme
skeleton from enaminodiones was established thrash
condensatiofl. A new Rh(lll)-catalyzed approach for the
construction  of  multifunctional  benzenes
regioselective [4+2] C-annulation was developatfe have
also established various ring transformation reastifor the
construction of benzene nucleus by reaction of oueri
functionalized 2-pyranones and carbon nucleopliiieheme
1, entry ii)?

Due to importance of suitably functionalized bereencleus,

we became interested in the development of new -base

promoted approach for their synthesis (Scheme tty éi.
Ketene dithioacetals are well known for the straygthetic

potential’® so we have further explored their synthetic

potential.

2. Result and discussion

To start our study, we have synthesized the reduire

precursors 3,3-bis(methylthio)-1-arylprop-2-en-¥srand 2-
(1-aryl)ethylidene)malononitriles by using earlieeported
procedures. 3,3-Bis(methylthio)-1-arylprop-2-en+ies were
synthesized by the reaction of functionalized gule¢mones,
carbon disulphide and methyl iodide under basiditmns*
The other precursor 2-(1-aryl)ethylidene)malonde#r was
also synthesized by the reaction of alky/aryl me#stone
and malononitrile in the presene of glacial acetidd and
ammonium acetate in toluene under reflux conditfo.

CN
MeS SMe
NC‘ CN Ly )(L CS,,CHsl l
NHzOAc Ar NaHTHF ©
Ar 0,
5 0°c Ar
1

Scheme 2:Synthesis of precursors 3,3-bis(methylthio)-1amgyp-2-en-1-
ones () and 2-(l-aryl)ethylidene)malononitriles?) ([Compound 1 was
synthesized by stirring aryl methyl ketone (10.0 afjcarbon disulphide (11
mmol), methyl iodide (20.0 mmol) and NaH (30.0 mjrial dry THF (50.0
ml) at 0°C; Compound2 was synthesized by stirring malononitrile (48.0
mmol), ammonium acetate (9.60 mmol) and ketoneO(#8mol) and acetic
acid (52.8 mmol) in toluene (30.0 ml) at reflux fErature]

In order to optimize the reaction condition 3,3-
bis(methylthio)-1-phenylprop-2-en-1-one and 2-(1-(p
tolyl)ethylidene)malononitrile was selected as mosabstrate.
We started the study using triethyl amine in DMSOraim
temperature and 7%, but no product formation was observed
(Table 1, entries 1 and 2). Further trial was mageubing
sodamide as base in DMSO at room temperaturéC7inhd 100
°C and 30-35% product was obtained at higher temperat
(Table 1, entries 3-5). Then, we performed the feactsing
sodamide in DMF at 108C and 35% of product was isolated
(Table 1, entry 6). We used potassium tert.-bu@dd KOH at
100 °C and 30-36% product was formed (Table 1, entri€}. 7
Then, we used sodium hydride in DMSO and DMF at IDand
40 and 32% product was isolated respectively (Tapkentries 9
and 10). When reaction was performed in THF usingiuso
hydride at reflux temperature, surprisingly 95% duct was
isolated (Table 1, entry 11). We proposed that thuehigh
polarity of DMF, sodium hydride act as stronger basd cause
decomposition of precursor and therefore low yield witained

through
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Table 1: Effect of base and solvent on the synthesiRabf

S._S

‘ NC.__CN NHz O
o n | Base/Solvent NC O O
Temp O SMe
Me
2a Me 3a
la
Entry Base Solvent TQ) t (h) Yield
(%) 3
1 NE% DMSO RT 12 £
2 NEt DMSO 70 12 ¢
3 NaNH, DMSO RT 12 £
4 NaNH. DMSO 70 12 30
5 NaNH. DMSO 100 12 35
6 NaNH  DMF 100 12 35
7 KO'Bu DMSO 100 12 30
8 KOH DMSO 100 12 36
9 NaH DMSO 100 12 40
10 NaH DMF 100 12 32
11 NaH THF Reflux 6 95
12 NaNH  THF Reflux 12 42
13 CsCO; THF Reflux 12 E
14 KOH THF Reflux 12 55
15 KOBu THF Reflux 12 45

a] all reactions were performed by stirring 3,8¢hbiethylthio)-1-phenylprop-
2-en-1-one (0.5 mmol), 2-(1-(p-tolyl)ethylidene)mabnitrile (0.5 mmol)

and base (0.6 mmol) in solvent (5.0 mL) at difféeremperature; (b) Room
temperature was ranging from 30-36, (c) both starting material left
unconsumed during the reaction.

| | NH, O
S._S
| NC N NaHmHE NC R
o + | —_—
1 R2 Reflux R2 SMe
R

1 2 3
NC NH, NC NH NC NH
o}
el A4 O R
R1 o} o
SMe SMe SMe
3a) R1= CgHs; 95%

3j) R= H; 85% 2 .
3b) R= 3-Br.CqHy; 87% 3’,2) R F: 80% 39) RP= 2,4-Cly CoHl; 68%
3c) R1= 4-CH3.CgHg; 86% 3l) R= Cl; 74% 3r) R°=3-Br.CeHy; 78%

3s) R2= 1-Naphthyl; 45%
3t) R2= 2-Naphthyl; 48%
3u) 3,4-(CH30), CgH3; 78%

3m) R=Br; 72%
3n) R= CH30; 91%
30) R= CHg; 77%
3p) R= CgHs5;78%

3d) R1= 4-CH30.CgHy; 68%

3e) R'= 2-CH30.CgHy; 95%

3f) R1= 1-Naphthyl; 52%

3g) R1= 3,4-(CH30),.CgHg; 64%
3h) R1= 2-furyl; 78%
3i)R1=2-Thienyl; 80%

Scheme 3: Synthesis of various arylated benzers[Reactions were
performed by stirring 3,3-bis(methylthio)-1-arylpr@-en-1-one ( 0.5 mmol),
2-(1-aryl)ethylidene)malononitrile (0.5 mmol) anddaum hydride (0.6
mmol) in THF (5.0 mL) at reflux temperature]

in DMF. From the entry 11, we concluded that THEaxthe
best solvent for this reaction so tested the reigtof some
other bases in THF, such as sodamide, cesium catdyon
KOH and KOBu but none of them provided better results
than sodium hydride (Table 1, entries 12-15). Thaagtion

of 1 and2 in THF in the presence of sodium hydride at reflux



temperature provides the desired product in higidyand is
the best reaction condition

Then, we tested the generality of optimized reactiondition
and performed the reaction using 2-(1-p-tolyl-eiigthe)-
malononitrile and various ketene dithioacetals tammng
differently functionalized aryl group and affordée: arylated
benzene in 52-95% vyield. The presence of diffefemttional
group in aryl ring of ketene dithioacetal affedi® tyield of
the product, but does not follow any specific ten8,3-
Bismethylsulfanyl-1-(pyridine/thiophen/furan-2-yl)-
propenones were also used as a precursor and geldd pf
the desired product was isolated.

Further, treatment of 3, 3-bis-methylsulfanyl-1-phle
propenone with differently functionalized 2-(1-aryl
ethylidene)-malononitriles  afforded the functioreti
benzenes in good yields. From these reactions, gereed
that presence of different functional group in amgt of 2-(1-
aryl-ethylidene)-malononitriles have no significaffect on
the yield of product under basic conditions. Agaom this,
we tested many other combinations of ketene dititzds
and 2-(1-aryl-ethylidene)-malononitriles under tteame
reaction conditions and all of them provide the ies
product in moderate to good yields. It was inténgsto note
that presence of naphthyl group in either startimgterials
provides a lower yield probably due to electronifea of
naphthyl ring.

CN SMe HoN SMe
NC™ ™
. | O NaH/THF
MeS " Reflux
1
R

2

4a) R= CHj; Ar = 2-Cl.CgH4; 65% and 5a) R= CH; Ar =2- SCH3,06H4, 25%
4b) R= CHa; Ar = 2-Br.CeHs; 67% and 5a) R= CHa; Ar' = 2-SCHa CgHa; 20%
4c) R= CHjy; Ar = 4-F.CgHy; 65% and 5b) R= CHa; Ar' = 4-SCH; CsHa; 26%
4d) R= CHs; Ar = 4-Cl.CgHy; 61% and 5b) R= CHa; Ar' = 4-SCH3.CeHa; 28%
4e) R= CHjy; Ar = 4-Br.CqHy; 72% and 5b) R= CH; Ar' = 4-SCH3 CgHa; 17%
4f) R= OCHj; Ar = 2-Cl.C¢Hq; 62% and 5¢) R= OCHs; Ar' = 2-SCH,.CeHa; 25%

Scheme 4:Synthesis of various arylated benzene using ofieanyl)-3,3
bismethylsulfanylpropenones.[Reactions were peréonby stirring 3,
bis(methylthio)-1-arylprop-2-en-1-one (0.5 mmol), (]2ary|)ethy||dene)
malononitrile (0.5 mmol) and sodium hydride (0.6 afijmin THF (5.0 mL)
reflux temperature]

Scheme 5Synthesis of various heteroaryl substituted bere@fiReactions
were performed by stirring 3,3-bis(methylthio)-3dprop-2-en-1-ones ( 0.5
mmol), 2-(1-aryl)ethylidene)malononitriles (0.5 minand sodium hydride

(0.6 mmol) in THF (5.0 mL) at reflux temperature.]

3

In order to perform the reaction at gram scale aeehried

to synthesize compourgh. Surprisingly, we need to replace
the base from NaH to KOH under similar reactionditons,

but lower vyield 54% was obtained. We proposed that
powdered KOH had better solubility than sodium fgelrin
THF and therefore at large scale KOH works bettérlbw
yield was obtained.

Interestingly, the use of 1-(halophenyl)-3,3
bismethylsulfanylpropenones as a precursor, praovitte
product 5 in which halide group was replaced with the
methylthio group in addition to desired producti{&me 4). If
we increase the duration of reaction, yield of pid5
increased. Mechanistically, compouhdan be converted in 5
through ipso attack by in situ generated methyldnioup at
position containing halide group followed by logshalide to
afford the produch.

To expand the scope of the reaction, we furthethggized
heteroaryl substituted benzenes. We have syntlkdize
benzene functionalized with furan and thiophenegaod
yield by using 2-(1-heteroaryl)ethylidene)malondlds as a
precursor (Scheme 5).

We also planned to synthesize alkylated benzengsfailed
due to low yields of corresponding alkylidine madoitrile
and various side reactions under basic conditions.
Interestingly, we have synthesized 2-(1-cycloprepyl
ethylidene)-malononitrile as a precursor and uséaf ifurther
cyclization reaction. Treatment of ketene dithidatavith 2-
(1-cyclopropyl-ethylidene)-malononitrile under basi
condition afforded cyclopropyl functionalized benegein
good yields (Scheme 6). We observed low yield efdksired
product probably due to side reaction occurred urmesic
conditions, such as abstraction of protons fromlapropyl
ring or ring opening reaction. The cyclopropyl grocan be
used for further modification to develop new molecu

entities.
NH
M SMe 2
NaH, THF
o
/\% Reflux
NH2 NH; O
" ) O ®
SMe SMe
8a; 59% 8b; 62%
NH NH, O
NG 2 NC O O OMe
O SMeO OMe SMe OMe
v - 500,
8c: 56% 8d; 50%

Scheme 6 Synthesis of 2-amino-3-(arylcarbonyl)-6-cyclopybg-

(methylthio)benzonitriles

In continuation, we became interested to develepotie-pot
approach for the synthesis of functionalized beagemn this
trial, we first performed the synthesis of keterihidacetal
by stirring the acetophenone, carbon disulphide euedhy!
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iodide under basic condition. Formation of ketene3. X-ray structural analysis
dithioacetal was monitored by TLC. Then 2-(1-
arylethylidene)-malononitriles and additional bages added The structure of the produ®a was confirmed by X-ray
to the same pot and the reaction mixture was refluxitil the  crystallography (Fig. 1)° Compound3a was crystallized in
reaction was completed. Usual work-up afforded theP-1 space group and contains two molecules in ticéntc
functionalized benzenes in good yield. We havelsgized unit cell. Both the phenyl ring of biaryl was naot the same
some of the functionalized benzene in overall gg@ds plane. Both aryl rings of biaryl are planar and tikedral
(Scheme 7). angle between the planes 34.69°.

Scheme 70ne-pot synthesis of highly functionalized benzenes Fig. 1 Ortep diagram of 3-amino-4-benzoyl-4'-methyl-5-

o ) o methylsulfanyl-biphenyl-2-carbonitrile
Mechanistically, we propose that reaction is indih by

Michael addition of carbanion generated from 24{-a  cgnclusions
ethylidene)-malononitrile on ketene dithioacelalfollowed

by elimination of methanethiol to afford the intevdiateA.
Further, in the presence of excess of base, canbani
generated from intermediat® undergoes isomerization to
afford intermediate enolateB. Enolate B undergoes
cyclization by involvement of nitrile group and ban present
at a-position to a carbonyl group to provide intermegi@.
Intermediate C undergoes tautomerization to provide the
desired product.

In summary, we have developed a simple and efficien
approach for the synthesis of highly functionalized
thiomethylated-benzenes under basic condition. Atom
economy of the reported reaction is very high. Wasi
functional groups such as aryl, heteroaryl, arbgteroaroyl,
cyclopropyl, amino and nitrile group can be incagied into
the benzene nucleus. This reaction does not recarne
transition metal catalysts. We also successfulljeaed one-
pot synthesis of functionalized thiomethylated-tmre from
acetophenones. We tried to understand the mecktanist
Mathway, but not able to isolate the intermediatt. the
synthesized compounds are characterized by speofias
techniques and one structure was confirmed by esiogistal
X-ray.

To probe the mechanistic pathway, we tried to isolhe
intermediateA. For this purpose, we performed the reactio
under similar condition using low concentrationshate, but
only desired producB was isolated with the left starting
material. This result demonstrates that intermediat
immediately converted to product due to presencenofe

activated proton than compou@d Experimental section

© 8K General remarks All the reactions were performed by using
NC._CN NaH NC.__CN G CN W= ® ) commercially available reagents without any furthmnrification.
I I | ——=NCc—\\ S Ar The sodium hydride (60% dispered in oil) was washéd hexanes
Art ATy »T' i . s to remove the oil before use. THF was dried ovatilsn under
1 Al ol nitrogen atmospheréH and*C NMR spectra were recorded on a
-SCH3 400 MHz NMR and 100 MHz NMR spectrometer. To perfdima
N oé NC. CN D o NMR spectroscopy, CDglwas used as solvent. Chemical shifts
Ncﬁ\mz L&Arz NaH NC ‘ CN‘ A2 values are reported as parts per milliéavélue) and for proton
JERN A5 s Al S NMR p_eailg of CDGJ (6 = 7.24 ppm fofH) or the mlqdle peak of the
‘ K \ A ] CDCls in _C NMR (0 77.00 ppm) was used as an |nt§rnal reference.
B Characterization data shows signal patterns asglesi d, doublet;
+H+j dd, double doublet; t, triplet; bs, broad singlet; multiplets.
Coupling constants]f are given in hertz (Hz). During the period of
" NH O NH, O reaction, room temperature was ranging from 3035 °
H oA , ne Ar? General procedure for the synthesis of 3,3-bis(mejfthio)-1-
Art SMe Arl SMe arylprop-2-en-1-ones:To a vacuum dried RB flask sodium hydride
c 3 (30.0 mmol) was taken in dry THF (50.0 ml) and eablo 0°C over
ice bath. Then aryl methyl ketone (10.0 mmol) wddeal drop-wise
Scheme 8Proposed mechanistic pathway for the synthedisgily with constant stirring until the solution at lowriperature. Reaction
functionalized thiomethylated-benzenes mixture was stirred for 30 minutes. Then carbonuigiside (11

mmol) was added slowly and the mixture was agdinest for one
hour. Further, methyl iodide (20.0 mmol) was addeap-wise at 0
°C. Then reaction mixture was stirred for anotherolirhat room



temperature. After completion of the reaction, escef THF was
removed under reduced pressure and ice was addibe t@action
mixture and obtained precipitate was filtered, diag@d recrystallized
with cold hexane to isolate the desired prodfitt.

General procedure for the synthesis of 2-(1-aryletfidene)-
malononitriles: To a vacuum dried RB flask malononitrile (3.17 g,
48.0 mmol, 1 equiv), ammonium acetate (0.740 g0 9rnol, 0.2
equiv) and ketone (48.0 mmol, 1 equiv) was addedthE mixture
acetic acid (3.0 ml, 52.8 mmol, 1.1 equiv) and ¢ole (30.0 ml) was
added. The round-bottom was fitted with a DeankSaaparatus and
reaction mixture was refluxed for 1-2 h. The reactmixture was
cooled to room temperature and diluted with tolugs@0 mL). The
organic layer was washed with saturated sodiunribizeate solution
(50.0 mLx3) and water (50.0 mLx2). The organic fayas dried
with MgSQ, and concentrated under vacuum and resulting salil
recrystallized in ethanol to isolate the compotfi.

General procedure for the synthesis of multifunctional
benzenes: To a vacuum dried RB flask 3,3-bis(methylthio)-1-
arylprop-2-en-1-ones (0.5 mmol) and 2-(1-
aryl)ethylidene)malononitriles (0.5 mmol) was pldc&hen sodium
hydride (0.6 mmol) was added followed by additidnTédlF (5.0
mL). The reaction mixture was refluxed till compdet of the
reaction. After completion of reaction, excess éfFTwas removed
under reduced pressure followed by addition ofvieger. Reaction
mixture was neutralized by dilute HCI and obtainedcjpitate was
filtered and dried. The crude product was purified silica gel
column chromatography by using 20% EtOAc in hexasean
eluent.

General procedure for the synthesis of multifunctional
cyclopropylated benzenes:To a vacuum dried RB flask 3,3-
bis(methylthio)-1-arylprop-2-en-1-ones (0.5 mmol)nda 2-(1-
cyclopropylethylidene)malononitrile (0.5 mmol) wataced. Then
sodium hydride (1.0 mmol) was added, followed bglitidn of THF
(5.0 ml). The reaction mixture was refluxed tillnapletion of the
reaction. After completion of the reaction, exceds THF was
removed under reduced pressure followed by thetiaddof ice
water. Reaction mixture was neutralized by dilutikCl and
obtained precipitate was filtered and dried. Theder product was
purified on silica gel column chromatography byngsP0% EtOAc
in hexane as an eluent.

General procedure for the gram scale synthesis of
multifunctional benzenes:To a vacuum dried 100 ml RB flask 3,3-
bis(methylthio)-1-phenylprop-2-en-1-one (6.0 mmalyd 2-(1-p-
tolyl)ethylidene)malononitrile (6.0 mmol) was place Then
potassium hydroxide (9.0 mmol) was added, followgdddition of
THF (60 ml). The reaction mixture was refluxed tibmpletion of
the reaction. After completion of the reaction, esg of THF was
removed under reduced pressure followed by thetiaddof ice
water. Reaction mixture was neutralized by dilutikCl and
obtained precipitate was filtered and dried. Theder product was
purified on silica gel column chromatography byngsP0% EtOAc
in hexane as an eluent.

General procedure for one-pot synthesis of multifuctional

5

same mixture. The reaction bath was transferredilttbath and
refluxed till completion of the reaction. After cpiation of reaction,
excess of THF was removed under reduced pressliosvéal by
addition of ice water. Reaction mixture was newsdli by dilute
HCI and obtained precipitate was filtered and drigde crude
product was purified on silica gel column chromaaminy by using
20% EtOAc in hexane as an eluent.

3-Amino-4-benzoyl-4'-methyl-5-(methylthio)-[1,1'-biphenyl]-
2-carbonitrile (3a): To a vacuum dried RB flask 3,3-bis(methylthio)-
1-phenylprop-2-en-1-one (0.5 mmol, 0.112 ¢g) and 1-8
tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 ghs placed. Then
sodium hydride (0.6 mmol, 0.0144 g) was addedo¥add by addition
of THF (5.0 ml). The reaction mixture was refluded 6 hours. After
completion of the reaction, excess of THF was reedawnder reduced
pressure followed by the addition of ice water. d®ea mixture was
neutralized by diluting HCI and obtained precigtatas filtered and
dried. The crude product was purified asilica gel column
chromatography by using 20% EtOAc in hexane asl@ne Yield
95% (170 mgq); light yellow solid; mp 150-152 °C; IRBr): 3395,
2210, 1645 ci; 'H NMR (400 MHz, CDC)): 6 2.36 (s, 3H, -SMe),
2.43 (s, 3H, -ChH), 4.89 (s, 2H, -NHK), 6.69 (s, 1H, ArH), 7.31 (dl
=8 Hz, 2H, ArH), 7.49 (tJ = 8 Hz, 4H, ArH), 7.62-7.66 (m, 1H,
ArH), 7.87 (d,J = 8 Hz, 2H, ArH);**C NMR (100 MHz, CDG)): ¢
16.5, 21.3, 93.9, 115.9, 117.1, 120.9, 128.3, 12829.4, 129.6,
134.2,135.2, 137.0, 139.2, 144.8, 147.2, 148.8 51 HRMS (ESI):
calculated for H;gN,OS, 359.1213 (MH), found:nvz, 359.1214

3-Amino-4-(3-bromobenzoyl)-4'-methyl-5-(methylthio}[1,1'-
biphenyl]-2-carbonitrile (3b): To a vacuum dried RB flask 1-(3-
bromophenyl)-3,3-bis(methylthio)prop-2-en-1-oné&(tmol, 0.151 g)
and 2-(1-p-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 glas
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduess$yre followed
by the addition of ice water. Reaction mixture wastralized by
diluting HCI and obtained precipitate was filtewtd dried. The crude
product was purified on silica gel column chromasaplyy by using
20% EtOAc in hexane as an eluent. Yield 87% (199; fight yellow
solid; mp: 148-150 °C; IR (KBr): 3471, 2208, 1691tntH NMR
(400 MHz, CDC}): 6 2.37 (s, 3H, -SMe), 2.43 (s, 3H, -@H5.00 (s,
2H, -NH,), 6.69 (s, 1H, ArH), 7.31-7.33 (m, 2H, ArH), 7.86J=8
Hz, 1H, ArH), 7.49 (dJ = 8 Hz, 2H, ArH), 7.73-7.76 (m, 2H, ArH),
7.98-7.99 (m, 1H, ArH)}*C NMR (100 MHz, CDGJ): ¢ 16.6, 21.3,
94.1, 116.1, 117.0, 119.9, 123.1, 128.1, 128.3,512880.4, 132.1,
135.0, 136.8, 139.1, 139.3, 145.0, 147.6, 148.3,2lHRMS (ESI):
calculated for GH;gBrN,OS, 437.0318, (MH+2); found: mz
439.0326.

3-Amino-4'-methyl-4-(4-methylbenzoyl)-5-(methylthig-[1,1'-
biphenyl]-2-carbonitrile (3c): To a vacuum dried RB flask 3,3-
bis(methylthio)-1-p-tolyl)prop-2-en-1-one (0.5 mmol, 0.119 g) and 2-
(1-(p-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 ghas placed.
Then sodium hydride (0.6 mmol, 0.0144 g) was adé@thwed by
addition of THF (5.0 ml). The reaction mixture wesfluxed till
completion of the reaction. After completion of tleaction, excess of

benzenes (3):To a vacuum dried RB flask sodium hydride (3.0 THF was removed under reduced pressure followetthdoyaddition of

mmol) was taken in dry THF (10.0 mL) and cooledfC over the
ice bath. Then aryl methyl ketone (1.0 mmol) wadeatldrop-wise
with constant stirring to the solution at’0. Reaction mixture was
stirred for 10 minutes. Then carbon disulphide ¢@rhol) was added
slowly and mixture was again stirred for half houfsen methyl
iodide (2.0 mmol) was added drop-wise &0and reaction mixture
was stirred for another hour at room temperaturen@etion of
reaction was monitored by TLC and then sodium hyd(idO mmol)
and 2-(1-aryl)ethylidene)malononitriles (1.0 mmebs added to the

ice water. Reaction mixture was neutralized by witgutHCI and
obtained precipitate was filtered and dried. Thader product was
purified on silica gel column chromatography byngs20% EtOAc in
hexane as an eluent. Yield 86% (160 mg); lightoxelisolid; mp:
170-172 °C; IR (KBr): 3427, 2208, 1698 ¢ntH NMR (400 MHz,
CDCly): 6 2.35 (s, 3H, -SMe), 2.41 (s, 3H, -QH2.42 (s, 3H, -CH),
4.79 (s, 2H, -NH), 6.66 (s, 1H, ArH), 7.28 (] = 8 Hz, 4H, ArH ),
7.46 (d,J = 8 Hz, 2H, ArH), 7.76 (dJ = 8 Hz, 2H, ArH);**C NMR
(100 MHz, CDC}): ¢ 16.4, 21.3, 21.9, 93.8, 115.9, 117.2, 121.3,
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128.3, 129.4, 129.7, 129.8, 134.3, 135.3, 139.2.514145.5,
147.0, 148.1, 196.0. HRMS (ESI): calculated fogHG:N,OS,
373.1369 (MH); found:m/z, 373.1367.

3-Amino-4'-methoxy-4-(4-methylbenzoyl)-5-(methyltho)-
[1,1'-biphenyl]-2-carbonitrile (3d): To a vacuum dried RB flask 1-
(4-methoxyphenyl)-3,3-bis(methylthio)prop-2-en-leon(0.5 mmol,
0.127 g) and 2-(1pttolyl)ethylidene)malononitrile (0.5 mmol, 0.091
g) was placed. Then sodium hydride (0.6 mmol, 0i0d¥was added,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduess$yre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtewtd dried. The crude
product was purified on silica gel column chromaaplyy by using
20% EtOAc in hexane as an eluent. Yield 68% (132, fight yellow
solid; mp: 165-167 °C; IR (KBr): 3369, 2210, 1728 tntH NMR
(400 MHz, CDCY): 6 2.38 (s, 3H, -SMe), 2.43 (s, 3H, -gH3.89 (s,
3H, -OMe), 4.77 (s, 2H, -N§), 6.68 (s, 1H, ArH), 6.95-7.00 (m, 2H,
ArH), 7.25-7.32 (m, 2H, ArH), 7.46- 7.50 (m, 2H, HY;, 7.86-7.88,
(m, 2H, ArH);**C NMR (100 MHz, CDG)): 6 16.2, 21.3, 55.6, 93.7,
114.2, 115.7, 117.2, 128.3, 129.4, 129.6, 129.2,213135.3, 139.1,
144.3, 146.8, 148.0, 164.6, 194.6. HRMS (ESI): dated for
CaaH21N20,S, 389.1318 (MH); found:m/z, 389.1326.

3-Amino-4-(2-methoxybenzoyl)-4'-methyl-5-(methyltho)-[1,1'-
biphenyl]-2-carbonitrile (3e): To a vacuum dried RB flask 1-(2-
methoxyphenyl)-3,3-bis(methylthio)prop-2-en-1-o0e5(mmol, 0.127
g) and 2-(14¢-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 gas
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cphation of the
reaction, excess of THF was removed under reduessyre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filteatt dried. The crude
product was purified on silica gel column chromadpdy by using
20% EtOAc in hexane as an eluevield 95% (184 mg); light yellow
solid; mp: 180-182 °C; IR (KBr): 3359, 2208, 1726 tnH NMR

148.4, 196.3. HRMS (ESI): calculated fopg8,;N,0OS, 409.1369
(MH™); found:mvz, 409.1361.

3-Amino-4-(3,4-dimethoxybenzoyl)-4'-methyl-5-(methithio)-
[1,1'-biphenyl]-2-carbonitrile (3g): To a vacuum dried RB flask 1-
(3,4-dimethoxyphenyl)-3,3-bis(methylthio)prop-2-emmne (0.5 mmol,
0.142 g) and 2-(1pftolyl)ethylidene)malononitrile (0.5 mmol, 0.091 g)
was placed. Then sodium hydride (0.6 mmol, 0.01¢4vas added,
followed by addition of THF (5.0 ml). The reactioixture was refluxed
till completion of the reaction. After completiofitbe reaction, excess of
THF was removed under reduced pressure followethdyaddition of
ice water. Reaction mixture was neutralized by tididy HCI and
obtained precipitate was filtered and dried. Theder product was
purified on silica gel column chromatography byngs?0% EtOAc in
hexane as an eluent. Yield 64% (134 mg); lightopelsolid, mp: 155-
157 °C; IR (KBr): 3322, 2210, 11698 &m'H NMR (400 MHz,
CDCly): ¢ 2.32 (s, 3H, -SMe), 2.46 (s, 3H, -©H3.89 (s, 3H, -
OMe), 3.97 (s, 3H, -OMe), 6.82 (s, 1H, ArH), 6887 (m, 1H,
ArH), 6.92-6.94 (m, 1H, ArH), 7.14 (d,= 4 Hz, 2H, ArH), 7.35 (d,
J =12 Hz, 2H, ArH), 7.61 (dJ = 8 Hz, 1H, ArH);**C NMR (100
MHz, CDCk): ¢ 17.7, 21.3, 55.9, 56.0, 105.9, 110.6, 112.9, 121.6,
121.9, 122.1, 123.6, 128.8, 129.5, 131.7, 135.8,213147.2, 147 .4,
148.5 1495, 149.7, 161.8. HRMS (ESI): calculatedr fo
Ca4H2aN205S, 419.1424 (MP); found:m/z, 419.1423.

3-Amino-4-(furan-2-carbonyl)-4'-methyl-5-(methylthio)-[1,1'-
biphenyl]-2-carbonitrile (3h): In a vacuum dried RB flask 1-(furan-
2-yl)-3,3-bis(methylthio)prop-2-en-1-one (0.5 mm6I107 g) and 2-
(1-(p-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 ghas placed.
Then sodium hydride (0.6 mmol, 0.0144 g) was adé@thwed by
addition of THF (5.0 ml). The reaction mixture wesfluxed till
completion of the reaction. After completion of tleaction, excess of
THF was removed under reduced pressure followetthdaddition of
ice water. Reaction mixture was neutralized by witgutHCI and
obtained precipitate was filtered and dried. Thader product was
purified on silica gel column chromatography byngs20% EtOAc in
hexane as an eluent. Yield 78% (136 mg); lightoxelisolid, mp:
160-162 °C; IR (KBr): 3561, 3459, 2210, 1665tH NMR (400

(400 MHz, CDCJ): 6 2.29 (s, 3H, -SMe), 2.40 (s, 3H, -SMe), 3.78 MHz, CDCk): 6 2.42 (s, 6H, -SMe, -C}), 4.93 (s, 2H, -Nb), 6.60-

(s, 3H, -OMe), 5.46 (s, 2H, -N#j 6.57 (s, 1H, ArH), 6.95 (dl = 8

Hz, 1H, ArH), 7. 00 (tJ = 8Hz, 1H, ArH), 7.27 (dJ) = 8 Hz, 2H,

ArH), 7.44-7.57 (m, 4H, ArH)™C NMR (100 MHz, CDGJ): 6 16.7,

21.2, 56.4, 93.6, 112.0, 115.5, 120.7, 121.9, 12828.7, 129.3,
130.8, 131.2, 132.4, 134.3, 135.3, 139.2, 147.9,514159.0, 195.4.
HRMS (ESI): calculated for GH,;N,0,S, 389.1318 (MH); found:

m'z, 389.1326.

4-(1-Naphthoyl)-3-amino-4'-methyl-5-(methylthio)-[1,1'-
biphenyl]-2-carbonitrile (3f): To a vacuum dried RB flask 3,3-
bis(methylthio)-1-(naphthalen-1-yl)prop-2-en-1-of@e5 mmol, 0.137
g) and 2-(14-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 @as
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduess$yre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtewtd dried. The crude
product was purified on silica gel column chromaaplyy by using
20% EtOAc in hexane as an eluent. Yield 53% (108, fight yellow
solid, mp: 175-177 °C; IR (KBr): 3469, 2208, 1660 5ntH NMR
(400 MHz, CDCY): 6 2.31 (s, 3H, -SMe), 2.42 (s, 3H, -gH4.94 (s,
2H, -NH,), 6.71 (s, 1H, ArH), 7.30 (d] = 8 Hz, 2H, ArH ), 7.49-
7.55 (m, 3H, ArH), 7.61 (t) = 8Hz, 1H, ArH), 7.87-7.99 (m, 4H,
ArH), 8.31 (s, 1H, ArH)}*C NMR (100 MHz, CDCJ): § 16.4, 21.3,
93.8, 115.9, 117.1, 121.0, 124.2, 126.9, 127.8,312R28.9, 129.0,
129.4, 129.8, 132.2, 132.5, 134.2, 135.2, 136.5,213144.8, 147.1,

6.61 (m, 1H, ArH), 6.70 (s, 1H, ArH),7.23-7.30 (i, ArH), 7.31
(d,J = 8 Hz, 2H, ArH), 7.47 (dJ = 8 Hz, 2H, ArH), 7.70 (s, 1H,
ArH); ¥*C NMR (100 MHz, CDGJ): 6 16.7, 21.3, 94.0, 113.0, 116.5,
117.0, 120.5, 121.4, 128.3, 129.4, 135.2, 139.8,014147.5, 148.2,
148.4, 152.4, 182.7HRMS (ESI): calculated for fgH;/N,O,S,
349.1005 (MH); found:m/z, 349.1008.

3-Amino-4'-methyl-5-(methylthio)-4-(thiophene-2-cabonyl)-
[1,1'-biphenyl]-2-carbonitrile (3i): To a vacuum dried RB flask
3,3-bis(methylthio)-1-(thiophen-2-yl)prop-2-en-1eon (0.5 mmol,
0.115 g) and 2-(1pttolyl)ethylidene)malononitrile (0.5 mmol, 0.091
g) was placed. Then sodium hydride (0.6 mmol, 04084 was
added, followed by addition of THF (5.0 ml). Theacdon mixture
was refluxed till completion of the reaction. Afteompletion of the
reaction, excess of THF was removed under redugedspre
followed by the addition of ice water. Reaction mpe was
neutralized by diluting HCI and obtained precipiteigs filtered and
dried. The crude product was purified on silica gmlumn
chromatography by using 20% EtOAc in hexane asl@ene Yield
80% (146 mg); light yellow solid, mp: 165-167 °C; (RBr): 3473,
2208, 1612 cm; 'H NMR (400 MHz, CDCJ): 6§ 2.41 (s, 3H, -SMe),
2.43 (s, 3H, -Ch), 4.80 (s, 2H, -NB), 6.70 (s, 1H, ArH), 7.15 (4
= 8 Hz, 1H, ArH), 7.31(d,J = 8 Hz, 2H, ArH), 7.47 (dJ = 8 Hz,
2H, ArH), 7.61-7.62 (m, 1H, ArH), 7.79-7.80 (m, 1iArH); °C
NMR (100 MHz, CDC)): ¢ 16.5, 21.3, 93.9, 116.1, 117.0, 121.6,
128.3, 128.6, 129.4, 129.5, 135.2, 135.8, 136.9,213143.6, 144.3,
147.147.8, 187.9. HRMS (ESI): calculated for,gt;7;N,OS,,
365.0777 (MH); found:m/z, 365.0775.



3-Amino-4-benzoyl-5-(methylthio)-[1,1'-biphenyl]-2-carbonitrile

(3)): To a vacuum dried RB flask 3,3-bis(methylthio)-1-
phenylprop-2-en-1-one (0.5 mmol, 0.112 g)
phenylethylidene)malononitrile (0.5 mmol, 0.084 \gas placed.
Then sodium hydride (0.6 mmol, 0.0144 g) was adédthwed by
addition of THF (5.0 ml). The reaction mixture weasfluxed till
completion of the reaction. After completion of tleaction, excess
of THF was removed under reduced pressure followgdthe
addition of ice water. Reaction mixture was neigea by diluting
HCI and obtained precipitate was filtered and drigde crude
product was purified on silica gel column chromaégdy by using
20% EtOAc in hexane as an eluent. Yield 85% (148; rtight
yellow solid, mp: 140-142 °C; IR (KBr): 3345, 2210,266cm®; 'H
NMR (400 MHz, CDCY)): ¢ 2.37 (s, 3H, -SMe), 4.89 (s, 2H, -MH
6.70 (s, 1H, ArH), 7.43-7.55 (m, 5H, ArH), 7.57-9.6m, 2H, ArH),
7.62-7.66 (m, 1H, ArH), 7.88 (d,= 8 Hz, 2H, ArH);**C NMR (100
MHz, CDCk): 6 16.6, 93.8, 115.9, 117.1, 121.6, 128.6, 128.9,0,29.
129.3, 129.7, 134.4, 136.8, 138.0, 144.8, 14748.5, 196.6.
HRMS (ESI): calculated for £H1-N,0S, 345.1056 (MH); found:
m/z, 345.1059.

3-Amino-4-benzoyl-4'-fluoro-5-(methylthio)-[1,1'-biphenyl]-2-
carbonitrile (3k): To a vacuum dried RB flask 3,3-bhis(methylthio)-1-
phenylprop-2-en-1-one (0.5 mmol, 0.112 ¢g) and 241-
fluorophenyl)ethylidene)malononitrile (0.5 mmolD93 g) was placed.
Then sodium hydride (0.6 mmol, 0.0144 g) was ad@@thwed by
addition of THF (5.0 ml). The reaction mixture wesfluxed till
completion of the reaction. After completion of fleaction, excess of
THF was removed under reduced pressure followetthdaddition of
ice water. Reaction mixture was neutralized by wigutHCI and
obtained precipitate was filtered and dried. Theder product was
purified on silica gel column chromatography byngs?0% EtOAc in
hexane as an eluent. Yield 89% (161 mg); lightoxelisolid, mp:
145-147 °C; IR (KBr): 3579, 2210, 1648 ¢mH NMR (400 MHz,
CDCly): 6 2.37 (s, 3H, -SMe), 4.90 (s, 2H, -M6.60 (s, 1H, ArH),
7.17-7.22 (m, 2H ArH), 7.48-7.52 (m, 2H, ArH), 7-3468 (m, 2H,
ArH), 7.64 (t,J = 8 Hz, 1H, ArH), 7.87 (dJ = 4 Hz, 2H);**C NMR
(100 MHz, CDC}): 6 16.6, 94.0, 116.1, (d,= 20 Hz), 117.0, 121.4,
129.3 (dJ = 60 Hz), 130.4, 130.5, 134.2, 134.3, 134.4, 13745.1,
146.2, 148.5, 163.3 (d,= 250 Hz), 196.4. HRMS (ESI): calculated
for Co1H16FN,0S, 363.0962 (MP); found:mvz, 363.0964.

3-Amino-4-benzoyl-4'-chloro-5-(methylthio)-[1,1'-bphenyl]-2-
carbonitrile (31): To a vacuum dried RB flask 3,3-bis(methylthio)-1-
phenylprop-2-en-1-one (0.5 mmol0.112 g) and 2-(1-(4-
chlorophenyl)ethylidene)malononitrile (0.5 mmol, 101 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduessyre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtelwtd dried. The crude
product was purified on silica gel column chromatpdpy by using
20% EtOAc in hexane as an eluent. Yield 74% (14, fight yellow
solid, mp: 130-132 °C; IR (KBr): 3571, 2210, 1660 5ntH NMR
(400 MHz, CDC}): 6 2.36 (s, 3H, -SMe), 4.87 (s, 2H, -NK16.64 (s,
1H, ArH, 7.45-7.51 (m, 6H, ArH), 7.63 @,= 8 Hz, 1H, ArH), 7.85
(d, J = 8 Hz, 2H, ArH);**C NMR (100 MHz, CDG)): 6 16.4, 93.7,
115.8, 116.7, 121.4, 129.0, 129.0, 129.6, 129.8,3,3135.4, 136.5,
136.8, 145.1, 145.8, 148.4, 196.3. HRMS (ESI): dated for
C,1H16CIN,OS, 379.0666 (MH; found:m/z, 379.0668.

3-Amino-4-benzoyl-4'-bromo-5-(methylthio)-[1,1'-biphenyl]-
2-carbonitrile (3m): To a vacuum dried RB flask 3,3-bis(methylthio)-
1-phenylprop-2-en-1-one (0.5 mmol, 0.112 g¢g) and 1-24
bromophenyl)ethylidene)malononitrile (0.5 mmol, ZB1 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
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followed by addition of THF (5.0 ml). The reactionixture was
refluxed till completion of the reaction. After cphation of the

and 2-(1-reaction, excess of THF was removed under redueesssyre followed

by the addition of ice water. Reaction mixture wastralized by
diluting HCI and obtained precipitate was filtett dried. The crude
product was purified on silica gel column chromaaplyy by using
20% EtOAc in hexane as an eluent. Yield 72% (152, fight yellow
solid, mp: 170-172 °C; IR (KBr): 3409, 2208, 1635tH NMR
(400 MHz, CDC}): § 2.41 (s, 3H, -SMe), 4.89 (s, 2H, -MH6.66 (s,
1H, ArH), 7.36-7.40 (m, 1H, -ArH), 7.47-7.54 (m, 4ArH), 7.60-
7.62 (m, 1H, ArH), 7.65-7.69 (m, 1H, ArH), 7.87 iz 8 Hz, 2H,
ArH); *C NMR (100 MHz, CDG)): ¢ 16.4, 93.7, 115.8, 121.6,
122.8, 127.2, 129.0, 129.6, 130.3, 131.3, 132.4,413140.1, 145.1,
145.4, 148.3, 196.3. HRMS (ESI): calculated fonHGsBrN,OS,
423.01461 (MH+2); found:m/z, 425.014509.

3-Amino-4-benzoyl-4'-methoxy-5-(methylthio)-[1,1'-
biphenyl]-2-carbonitrile (3n): To a vacuum dried RB flask 3,3-
bis(methylthio)-1-phenylprop-2-en-1-one (0.5 mnibl 12 g) and 2-1-
(4-methoxyphenyl)ethylidene)malononitrile (0.5 mm@I099 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduessyre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtelwtd dried. The crude
product was purified on silica gel column chromaapdyy by using
20% EtOAc in hexane as an eluent. Yield 91% (17, fight yellow
solid, mp: 120-122 °C; IR (KBr): 3427, 2208, 1603 {ntH NMR
(400 MHz, CDC}): 6 2.34 (s, 3H, -SMe), 3.85 (s, 3H, -OMe), 4.88
(s, 2H, -NH), 6.65 (s, 1H, ArH), 6.99-7.01 (m, 2H, ArH), 7.Z%3
(m, 4H, ArH), 7.59-7.63 (m, 1H, ArH), 7.85 (d~ 8 Hz, 2H, ArH);
3C NMR (100 MHz, CDG)): ¢ 16.4, 55.3, 93.7, 114.1, 115.8, 117.2,
120.6, 128.9, 129.5, 129.7, 130.3, 134.1, 137.8,7,4146.8, 148.4,
160.3, 196.4. HRMS (ESI): calculated fop,B.gN,O,S, 375.1162
(MH™); found:m/z, 37.1164.

3-Amino-4-benzoyl-4'-methyl-5-(methylthio)-[1,1"-biphenyl]-2-
carbonitrile (30): To a vacuum dried RB flask 3,3-bis(methylthio)-1-
phenylprop-2-en-1-one (0.5 mmol, 0.112 g¢g) and &f1-
tolyl)ethylidene)malononitrile (0.5 mmol, 0.122 glas placed. Then
sodium hydride (0.6 mmol, 0.0144 g) was addedy¥ed by addition of
THF (5.0 ml). The reaction mixture was refluxetl ddmpletion of the
reaction. After completion of the reaction, exces3HF was removed
under reduced pressure followed by the additioicefvater. Reaction
mixture was neutralized by diluting HCI and obtdin@ecipitate was
filtered and dried. The crude product was purifiedsilica gel column
chromatography by using 20% EtOAc in hexane asla@nte Yield
95% (170 mg); light yellow solid; mp: 150-152 °C; (RBr): 3395,
2210, 1645 cil; *H NMR (400 MHz, CDCY)): *H NMR (400 MHz,
CDCly): 6 2.36 (s, 3H, -SMe), 2.43 (s, 3H, -@H4.89 (s, 2H, -NB),
6.69 (s, 1H, ArH), 7.31 (d] = 8 Hz, 2H, ArH), 7.49 (tJ = 8 Hz,
4H, ArH), 7.62-7.66 (m, 1H, ArH), 7.87 (d,= 8.0 Hz, 2H, ArH);;
13C NMR (100 MHz, CDCJ); 6 16.3, 22.0, 93.8, 115.8, 117.1, 121.2,
128.3, 129.4, 129.7, 129.8, 134.3, 135.3, 139.4,514145.5, 147.0,
148.1, 196.0.. HRMS (ESI): calculated fop,819N,0S, 359.1213
(MH™); found:nvz, 359.1214
3-Amino-4-benzoyl-5-(methylthio)-[1,1":4',1"-terphenyl]-2-
carbonitrile (3p): To a vacuum dried RB flask 3,3-bis(methylthio)-
1-phenylprop-2-en-1-one (0.5 mmol, 0.112 g) and1-Zf{,1-
biphenyl]-4-yl)ethylidene)malononitrile (0.5 mmd),.122S g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 gk walded,
followed by addition of THF (5.0 ml). The reactionixture was
refluxed till completion of the reaction. After cepiation of the
reaction, excess of THF was removed under reducedspre
followed by the addition of ice water. Reaction mpg was
neutralized by diluting HCI and obtained precipitetzs filtered and
dried. The crude product was purified on silica galumn
chromatography by using 20% EtOAc in hexane asl@ene Yield
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78% (164 mg); light yellow solid, mp: 190-192 °C; (RBr):
3579, 2208, 1648 ch *H NMR (400 MHz, CDCJ): § 2.38 (s, 3H, -
SMe), 4.92 (s, 2H, -Nj, 6.75 (s, 1H, ArH), 7.39-7.41 (m, 1H,
ArH), 7.46-7.52 (m, 4H, ArH), 7.62-7.68 (m, 5H, ArH7.71-7.74
(m, 2H, ArH), 7.88-7.90 (m, 2H, ArH)¥*C NMR (100 MHz,
CDCly): 6 16.4, 93.8, 116.0, 117.0, 121.2, 127.1, 127.4,7,2128.8,
128.9, 129.6, 134.2, 136.9, 140.2, 142.0, 144.8,714148.4, 196.4.
HRMS (ESI): calculated for GH,;N,0OS, 421.1369 (MH); found:
m/z, 421.1372.

3-Amino-4-benzoyl-2',4'-dichloro-5-(methylthio)-[1.1'-

biphenyl]-2-carbonitrile (3g): To a vacuum dried RB flask 3,3-
bis(methylthio)-1-phenylprop-2-en-1-one (0.5 mm@fl12 g) and 2-
(1-(2,4-dichlorophenyl)ethylidene)malononitrile §0mmol, 0.118 g)
was placed. Then sodium hydride (0.6 mmol, 0.0144vas added,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cphation of the
reaction, excess of THF was removed under reduessyre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtermtt dried. The crude
product was purified on silica gel column chromatpdy by using
20% EtOAc in hexane as an eluent. Yield 68% (14, fight yellow
solid, mp: 133-135 °C; IR (KBr): 3473, 2210, 1658H NMR (400
MHz, CDCk): § 2.35 (s, 3H, -SMe), 4.83 (s, 2H, -MH6.61 (s, 1H,
ArH), 7.33-7.35 (m, 1H, ArH), 7.37-7.40 (m, 1H, AxH7.50-7.53
(m, 2H, ArH) 7.56-7.56 (m, 1H, -ArH), 7.66 @,= 8 Hz, 1H, ArH),
7.88 (d,J = 8 Hz, 2H, -ArH);**C NMR (100 MHz, CDCJ): § 16.4,
95.3, 116.0, 116.6, 122.0, 127.4, 129.0, 129.6,Q3B1.5, 134.4,
135.4, 135.7, 136.6, 143.4, 144.8, 147.8, 196.2. SREESI):
calculated for GH;sCLN,OS, 413.0277 (MHB; found: nvz
413.0279.

3-Amino-4-benzoyl-3'-bromo-5-(methylthio)-[1,1'-biphenyl]-2-
carbonitrile (3r): To a vacuum dried RB flask 3,3-bis(methylthio)-1-
phenylprop-2-en-1-one (0.5 mmol, 0.112 ¢g) and 231l-
bromophenyl)ethylidene)malononitrile (0.5 mmol, ZB1 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cphation of the
reaction, excess of THF was removed under reduessyre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtel@td dried. The crude
product was purified on silica gel column chromadpdy by using
20% EtOAc in hexane as an eluent. Yié&Po (165 mg); light yellow
solid, mp: 148-150°C; IR (KBr): 3409, 2208, 1635 tmH NMR
(400 MHz, CDC}): 6 2.41 (s, 3H, -SMe), 4.89 (s, 2H, -NK16.66 (s,
1H, ArH), 7.36-7.40 (m, 1H, -ArH), 7.47-7.54 (m, 4ArH), 7.60-
7.62 (m, 1H, ArH), 7.65-7.69 (m, 1H, ArH), 7.87 M= 8 Hz, 2H,
ArH); *C NMR (100 MHz, CDGJ)): ¢ 16.4, 93.7, 115.8, 116.5,
121.6, 122.8, 127.2, 129.0, 129.6, 130.3, 131.3,113134.4, 136.7,
140.1, 145.1, 145.4, 148.3, 196.3. HRMS (ESI): dated for
C,1H16BrN,OS, 425.0161 (MH); found:nvz, 425.0158.
2-Amino-3-benzoyl-4-(methylthio)-6-(naphthalen-1-
yl)benzonitrile (3s) To a vacuum dried RB flask 3,3-bis(methylthio)-
1-phenylprop-2-en-1-one (0.5 mmol, 0.112 g) and-P@phthalen-1-
yl)ethylidene)malononitrile (0.5 mmol, 0.109 g) wpfaced. Then
sodium hydride (0.6 mmol, 0.0144 g) was addedo¥add by addition
of THF (5.0 ml). The reaction mixture was reflux@ddcompletion of
the reaction. After completion of the reaction, esg of THF was
removed under reduced pressure followed by thdiaddif ice water.
Reaction mixture was neutralized by diluting HCldaonbtained
precipitate was filtered and dried. The crude pobduas purified on
silica gel column chromatography by using 20% EtOf\bexane as
an eluentYield 45% (89 mg); light yellow solid, mp: 178-18D°IR
(KBr): 3469, 2210, 1665 ch *H NMR (400 MHz, CDCJ): 6 2.31
(s, 3H, -SMe), 4.87 (s, 2H, -NH 6.74 (s, 1H, ArH), 7.50-7.60 (m,
6H, ArH), 7.66 (tJ = 8 Hz, 1H, ArH), 7.73 (d) = 8 Hz, 1H, ArH) ,
7.93-7.97 (m, 4H, ArH)}*C NMR (100 MHz, CDGJ)): § 16.2, 96.1,
116.3, 117.2, 121.3, 125.1, 126.2, 126.7, 127.8,5,2129.0, 129.3,
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129.6, 131.1, 133.6, 134.3, 135.8, 136.8, 144.5,0,4147.9, 196.5.
HRMS (ESI): calculated for £H1gN,0S, 395.1213 (MH); found:
m/z, 395.1215.

2-Amino-3-benzoyl-4-(methylthio)-6-(naphthalen-2-

yl)benzonitrile (3t): To a vacuum dried RB flask 3,3-bis(methylthio)-
1-phenylprop-2-en-1-one (0.5 mmol, 0.112 g) and-Péphthalen-2-
yl)ethylidene)malononitrile (0.5 mmol, 0.109 g) wpataced. Then
sodium hydride (0.6 mmol, 0.0144 g) was addedo¥add by addition
of THF (5.0 ml). The reaction mixture was refluxétlcompletion of
the reaction. After completion of the reaction, ess of THF was
removed under reduced pressure followed by theiiaddif ice water.
Reaction mixture was neutralized by diluting HCldaobtained
precipitate was filtered and dried. The crude pobduas purified on
silica gel column chromatography by using 20% EtOMbexane as
an eluent.Yield 48% (95 mg); light yellow solid, n¥8-180 °C; IR
(KBr): 3469, 2210, 1665 ch *H NMR (400 MHz, CDCJ): § 2.39
(s, 3H, -SMe), 4.93 (s, 2H, -NM 6.81 (s, 1H, ArH), 7.49-7.58 (m,
5H, ArH), 7.63-7.70 (m, 2H, ArH), 7.89-7.92 (m, 2KrH), 7.93-
7.97 (m, 1H, ArH), 7.99 (s, 1H, ArH), 8.06 (s, 1AtH); °C NMR
(100 MHz, CDC}): ¢ 16.5, 94.1, 116.3, 121.1, 125.9, 126.7, 126.9,
127.7, 128.0, 128.4, 128.6, 129.0, 129.6, 133.6,313134.3, 135.4,
136.9, 147.1, 148.5, 196.5. HRMS (ESI): calculdtgdC,sH;4N,0S,
395.1213(MH); found:nmvz, 395.1215.

3-Amino-4-benzoyl-3',4'-dimethoxy-5-(methylthio)-[11'-
biphenyl]-2-carbonitrile (3u): To a vacuum dried RB flask 3,3-
bis(methylthio)-1-phenylprop-2-en-1-one (0.5 mnibl12 g) and 2-1-
(3,4-dimethoxyphenyl)ethylidene)malononitrile (0mmol, 0.114 g)
was placed. Then sodium hydride (0.6 mmol, 0.0144vas added,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduessyre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtemtt dried. The crude
product was purified on silica gel column chromadpdpy by using
20% EtOAc in hexane as an eluent. Yield 78% (147, fight yellow
solid, mp: 153-155 °C; IR (KBr): 3317, 2210, 1697 tnH NMR
(400 MHz, CDC}): 6 2.40 (s, 3H, -SMe), 3.95 (s, 3H, -OMe), 3.99
(s, 3H, -OMe), 4.92 (s, 2H, -Ni 6.70 (s, 1H, ArH), 6.99 (dl = 8
Hz, 1H, ArH), 7.12-7.17 (m, 2H, ArH), 7.47-7.51 (i2H, ArH),
7.61-7.65 (m, 1H, ArH), 7.87 (d,= 4 Hz, 2H, ArH);**C NMR (100
MHz, CDCk): ¢ 16.5, 55.9, 56.0, 93.8, 111.1, 111.6, 115.9, 117.2
120.8, 121.1, 128.9, 129.5, 130.6, 134.1, 137.0,714146.9, 148.4,
148.8, 149.8, 196.4. HRMS (ESI): calculated fogHzi1N,OsS,
405.1267 (MH); found:m/z, 405.1271.

3-Amino-4-(2-chlorobenzoyl)-4'-methyl-5-(methylthig-[1,1'-
biphenyl]-2-carbonitrile (4a): To a vacuum dried RB flask 1-(2-
chlorophenyl)-3,3-bis(methylthio)prop-2-en-1-ones(@hmol, 0.129 g)
and 2-(1-p-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 glas
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduess$yre followed
by the addition of ice water. Reaction mixture wastralized by
diluting HCI and obtained precipitate was filtelwtd dried. The crude
product was purified on silica gel column chromaaplyy by using
20% EtOAc in hexane as an eluent. Yield 65% (127, fight yellow
solid, mp: 185-187 °C; IR (KBr): 3511, 3341, 2210, a&#n’; *H
NMR (400 MHz, CDC}): 6 2.30 (s, 3H, -SMe), 2.42 (s, 3H, -gH
6.07 (s, 2H, -NH), 6.56 (s, 1H, ArH), 7.29 (s, 1H, ArH), 7.31-7.35
(m, 2H, ArH), 7.44-7.45 (m, 2H, ArH), 7.46 (s, 2BrH), 7.48 (s,
1H, ArH); *C NMR (100 MHz, CDGJ): 6 17.0, 21.3, 93.8, 115.4,
117.1, 118.7, 126.9, 128.2, 129.4, 130.5, 130.2,4,3132.6, 135.0,
139.3, 139.5, 148.1, 148.7, 151.2, 195.3. HRMS (E3lrulated for
C,H16CINLOS, 393.0823 (MH; found:m/z, 393.0826.



3-Amino-4'-methyl-5-(methylthio)-4-(2-(methylthio)benzoyl)-
[1,1"-biphenyl]-2-carbonitrile (5a): To a vacuum dried RB flask 1-
(2-chlorophenyl)-3,3-bis(methylthio)prop-2-en-1-ong(0.5 mmol,
0.128 g) and 2-(1pttolyl)ethylidene)malononitrile (0.5 mmol, 0.091
g) was placed. Then sodium hydride (0.6 mmol, 040d¥was added,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cphation of the
reaction, excess of THF was removed under reduess$yre followed
by the addition of ice water. Reaction mixture wastralized by
diluting HCI and obtained precipitate was filtermatt dried. The crude
product was purified on silica gel column chromadpdy by using
20% EtOAc in hexane as an eluent. Yield 25% (51; gt yellow
solid, mp: 180-182 °C; IR (KBr): 3365, 2208, 1603 tnH NMR
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0.121 g) and 2-(1gfttolyl)ethylidene)malononitrile (0.5 mmol,
0.091 g) was placed. Then sodium hydride (0.6 mth6l144 g) was
added, followed by addition of THF (5.0 ml). Theacgon mixture
was refluxed till completion of the reaction. Afteompletion of
reaction, excess of THF was removed under reducedspre
followed by the addition of ice water. Reaction rpg was
neutralized by diluting HCI and obtained precipitetzs filtered and
dried. The crude product was purified on silica gmlumn
chromatography by using 20% EtOAc in hexane asl@ene Yield
26 % (41 mg); light yellow solid, mp: 160-162 °C; (RBr): 3360,
2208, 1610 ciy; *H NMR (400 MHz, CDC)): 6 *H NMR (400
MHz, CDCk): 6 2.35 (s, 3H, -SMe), 2.41 (s, 3H, -SMe), 2.51 (s, 3H

(400 MHz, CDCY): 6 2.32 (s, 3H, -SMe), 2.41 (s, 3H, -SMe), 2.50 -CHa), 4.80 (s, 2H, -NH), 6.66 (s, 1H, ArH), 7.24 (dl = 4 Hz, 2H,

(s, 3H, -CH), 5.10 (s, 2H, -NH), 6.62 (s, 1H, ArH), 7.13 (1 = 8
Hz, 1H, ArH), 7.28 (dJ = 8 Hz, 2H, ArH), 7.36-7.38 (m, 1H, ArH),
7.45-7.47 (m, 2H, ArH), 7.49-7.55 (m, 2H, ArHYC NMR (100

ArH), 7.27-7.30 (m, 2H, ArH), 7.44-7.46 (m, 2H,HY, 7.76 (dJ =
8 Hz, 2H, ArH);*C NMR (100 MHz, CDGCJ)): ¢ 14.8, 16.4, 21.3,
93.9, 115.9, 117.1, 121.1, 125.0, 128.3, 129.4,013080.1, 135.3,

MHz, CDCk): ¢ 15.7, 16.5, 21.2, 93.8, 115.8, 117.1, 121.0, 123.7139.2, 144.4, 147.0, 147.9, 148.2, 195.2. HRMS (E3lrulated for

128.3, 129.4, 129.5, 132.4, 133.1, 134.6, 135.2,213143.4, 145.5,
147.4, 149.0, 196.3. HRMS (ESI): calculated foyHziN,OS,,
405.1090 (MH); found:m/z, 405.1089.
3-Amino-4-(2-bromobenzoyl)-4'-methyl-5-(methylthio}[1,1'-
biphenyl]-2-carbonitrile (4b): To a vacuum dried RB flask 1-(2-
bromophenyl)-3,3-bis(methylthio)prop-2-en-1-one5(@hmol, 0.151
g) and 2-(14-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 g)
was placed. Then sodium hydride (0.6 mmol, 0.014%as added,
followed by addition of THF (5.0 ml). The reactionixture was
refluxed till completion of the reaction. After cpistion of the
reaction, excess of THF was removed under redugedspre
followed by the addition of ice water. Reaction mpg was
neutralized by diluting HCI and obtained precipiteias filtered and
dried. The crude product was purified on silica gmlumn
chromatography by using 20% EtOAc in hexane asl@ene Yield
67% (146 mg); light yellow solid, mp: 182-184°C; IRHR): 3471,
2208, 1694 cm; 'H NMR (400 MHz, CDCJ): 6 2.23 (s, 3H, -SMe),
2.35 (s, 3H, -CH), 6.06 (s, 2H, -NH), 6.48 (s, 1H, ArH), 7.23 (d
= 8 Hz, 2H, ArH), 7.28-7.30 (m, 2H, ArH), 7.35-7.8%, 1H, ArH),
7.40 (d,J = 8 Hz, 2H, ArH), 7.57-7.59 (m, 1H, ArH)*C NMR (100

MHz, CDCk): 6 16.5, 21.3, 93.9, 115.8, 117.1, 121.0, 123.8,2,25.

128.3, 129.4, 132.5, 133.1, 134.6, 135.3, 139.3,414145.5, 147.4,
149.0, 196.3. HRMS (ESI): calculated fos,B8,sBrN,OS, 437.0318
(MH™); found:mvz, 437.03109.

3-Amino-4-(4-fluorobenzoyl)-4'-methyl-5-(methylthio)-[1,1'-

biphenyl]-2-carbonitrile carbonitrile (4c): To a vacuum dried RB
flask  1-(4-fluorophenyl)-3,3-bis(methylthio)prope+-1-one (0.5
mmol, 0.121 g) and 2-(Jpftolyl)ethylidene)malononitrile (0.5 mmol,
0.091 g) was placed. Then sodium hydride (0.6 m&6l.44 g) was
added followed by addition of THF (5.0 mL). The can mixture
was refluxed till completion of the reaction. Afteompletion of the
reaction, excess of THF was removed under reduessyre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtemtt dried. The crude
product waspurified on silica gel column chromatography byngsi
20% EtOAc in hexane as an eluent. Yield 65% (122, fight yellow
solid, mp: 145-147 °C; IR (KBr): 3579, 2208, 1648 tnH NMR
(400 MHz, CDC}): 6 2.37 (s, 3H, -SMe), 2.43 (s, 3H, -QH4.89 (s,
2H, -NH,), 6.68 (s, 1H, ArH), 7.13-7.18 (m, 2H, ArH), 7.6, J=8
Hz, 2H, ArH), 7.47 (dJ = 8 Hz, 2H, ArH), 7.88-7.91 (m, 2H, ArH);
3C NMR (100 MHz, CDGJ): § 16.4, 21.3, 94.1, 116.0 (d,= 10
Hz), 116.3, 117.0, 120.6, 126.4, 128.3, 129.5,33@,J = 10 Hz),
135.2, 139.3, 144.7, 147.3, 148.4, 166.4 Jdz 270 Hz), 194.8.
HRMS (ESI): calculated for £H,gFN,OS, 377.1118 (MB; found:
m/z, 377.1114.

3-Amino-4'-methyl-5-(methylthio)-4-(4-(methylthio)benzoyl)-
[1,1'-biphenyl]-2-carbonitrile (5b): To a vacuum dried RB flask 1-
(4-fluorophenyl)-3,3-bis(methylthio)prop-2-en-1-ong0.5 mmol,

CoiH2N,0S,, 405.1090 (MH); found:miz, 405.1097.

3-Amino-4-(4-chlorobenzoyl)-4'-methyl-5-(methylthig-[1,1'-
biphenyl]-2-carbonitrile (4d): To a vacuum dried RB flask 1-(4-
chlorophenyl)-3,3-bis(methylthio)prop-2-en-1-one5(@nmol, 0.129
g) and 2-(14-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 g)
was placed. Then sodium hydride (0.6 mmol, 0.014was added,
followed by addition of THF (5.0 ml). The reactionixture was
refluxed till completion of the reaction. After cpiation of the
reaction, excess of THF was removed under reducedspre
followed by the addition of ice water. Reaction tabe was
neutralized by diluting HCI and obtained precipiteigs filtered and
dried. The crude product was purified on silica galumn
chromatography by using 20% EtOAc in hexane aslaene Yield
61% (120 mg); light yellow solid, mp: 144-146 °C; (RBr): 3471,
2210, 1660 ci; 'H NMR (400 MHz, CDC)): 6 2.35 (s, 3H, -SMe),
2.41 (s, 3H, -ChH), 4.92 (s, 2H, -NHB), 6.66 (s, 1H, ArH), 7.29 (dl
=8 Hz, 2H, ArH), 7.43-7.47 (m, 4H, ArH), 7.77-3.8m, 2H, ArH);
13C NMR (100 MHz, CDCJ): 6 15.7, 21.3, 94.0, 115.9, 116.9, 120.2,
128.3, 129.2, 129.5, 130.9, 135.1, 135.4, 139.0,514144.7, 147 .4,
148.5, 195.2. HRMS (ESI): calculated fos,8,§CIN,OS, 393.0823
(MH™); found:mv/z, 339.0828.

3-Amino-4-(4-bromobenzoyl)-4'-methyl-5-(methylthio}[1,1'-
biphenyl]-2-carbonitrile (4e): To a vacuum dried RB flask 1-(4-
bromophenyl)-3,3-bis(methylthio)prop-2-en-1-one5(@hmol, 0.151
g) and 2-(14-tolyl)ethylidene)malononitrile (0.5 mmol, 0.091 g)
was placed. Then sodium hydride (0.6 mmol, 0.014%as added,
followed by addition of THF (5.0 ml). The reactionixture was
refluxed till completion of the reaction. After cpistion of the
reaction, excess of THF was removed under redugedspre
followed by the addition of ice water. Reaction mpe was
neutralized by diluting HCI and obtained precipiteias filtered and
dried. The crude product was purified on silica gslumn
chromatography by using 20% EtOAc in hexane asl@ene Yield
72% (157 mg); light yellow solid, mp: 143-145 °C; (RBr): 3473,
2210, 1658 cm; 'H NMR (400 MHz, CDCJ): 6 2.27 (s, 3H, -SMe),
2.40 (s, 3H, -CH), 4.88 (s, 2H, -NH), 6.60 (s, 1H, ArH), 7.18-7.25
(m, 2H, ArH), 7.40 (dJ = 8 Hz, 2H, ArH), 7.54-7.56 (m, 2H, ArH),
7.63-7.66 (m, 2H, ArH)}*C NMR (100 MHz, CDGJ): ¢ 16.4, 21.3,
94.0, 115.9, 117.0, 120.1, 128.3, 129.2, 129.5,0 3132.2, 135.1,
135.9, 139.3, 144.8, 147.5, 148.5, 195.5. HRMS (E3lrulated for
C,H1gBrN,OS, 437.0318 (MH); found:nvz, 437.0317.

3-Amino-4-(2-chlorobenzoyl)-4'-methoxy-5-(methyltho)-[1,1'-
biphenyl]-2-carbonitrile (4f): To a vacuum dried RB flask 1-(2-
chlorophenyl)-3,3-bis(methylthio)prop-2-en-1-one5(@nmol, 0.129 g)
and 2-(1-(4-methoxyphenyl)ethylidene)malononit{@®5 mmol, 0.099
g) was placed. Then sodium hydride (0.6 mmol, M0g¥was added,
followed by addition of THF (5.0 ml). The reactiomixture was refluxed
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till completionof the reaction. After completion of the reaction,

excess of THF was removed under reduced pressimevdd by the
addition of ice water. Reaction mixture was neizteal by diluting HCI
and obtained precipitate was filtered and driece tude product was
purified on silica gel column chromatography byngs20% EtOAc in
hexane as an eluent. Yield 62% (128 mg); lightopelsolid, mp: 133-
135°C; IR (KBr): 3471, 2208, 1660 ¢m HNMR (400MHz,
CDCly): 6 2.29 (s, 3H, -SMe), 3.85 (s, 3H, -OMe), 6.07 (s, 2H
NH,), 6.52 (s, 1H, ArH), 6.99 (d, = 8 Hz, 2H, ArH ), 7.30-7.44 (m,
4H, ArH), 7.51 (d,J = 8 Hz, 2H, ArH);**C NMR (100 MHz,
CDCly): § 16.5, 55.3, 93.7, 114.1, 115.6, 117.3, 120.7,7,2R5.1,
129.7, 130.4, 132.5, 133.1, 134.6, 143.4, 145.3,0,4149.0, 160.3,
196.3. HRMS (ESI): calculated for »£1,5CIN,O,S, 409.0772
(MH™); found:mvz, 409.0775.

3-Amino-4'-methoxy-5-(methylthio) -4-(2-
(methylthio)benzoyl)-[1,1'-biphenyl]-2-carbonitrile  (5c). To a
vacuum dried RB flask 1-(2-chlorophenyl)-3,3-bisthyéthio)prop-2-
en-1-one (0.5 mmol, 0.128 9) and 2-(1-(4-
methoxyphenyl)ethylidene)malononitrile (0.5 mmol 0¥ g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduess$yre followed
by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtelwtd dried. The crude
product was purified on silica gel column chromaaplyy by using
20% EtOAc in hexane as an eluent. Yield 25% (53; ight yellow
solid, mp: 170-180 °C; IR (KBr): 3473, 2208, 1604 {ntH NMR
(400 MHz, CDC}): ¢ 2.32 (s, 3H, -SMe), 2.49 (s, 3H, -SMe), 3.85
(s, 3H, -OMe), 5.12 (s, 2H, -NH 6.60 (s, 1H, ArH), 6.99 (d=8
Hz, 3H, ArH ), 7.13 (tJ = 8 Hz, 1H, ArH), 7.37 (dJ = 8 Hz, 1H,
ArH), 7.51 (d,J = 8 Hz, 3H, ArH);**C NMR (100 MHz, CDCJ): ¢
15.6, 16.5, 55.3, 93.7, 114.1, 115.6, 117.3, 12023.7, 125.1,
129.7, 130.4, 132.5, 133.1, 134.6, 143.4, 145.3,014149.0, 160.3,
196.3. HRMS (ESI): calculated for£1,:N,0,S,, 421.1039 (MH);
found:m/z, 421.1040.

2-Amino-3-benzoyl-6-(furan-2-yl)-4-(methylthio)benonitrile
(6a): To a vacuum dried RB flask 3,3-bis(methylthioptienylprop-2-
en-l-one (0.5 mmol, 0.112 g and
yl)ethylidene)malononitrile (0.5 mmol, 0.079 g) wpfaced. Then
sodium hydride (0.6 mmol, 0.0144 g) was addedo¥add by addition
of THF (5.0 ml). The reaction mixture was reflux@ddcompletion of
the reaction. After completion of the reaction, esg of THF was
removed under reduced pressure followed by thdiaddif ice water.
Reaction mixture was neutralized by diluting HCldaonbtained
precipitate was filtered and dried. The crude pobduas purified on
silica gel column chromatography by using 20% EtOfbexane as
an eluent. Yield 84% (140 mg); light yellow solidp: 158-160 °C;
IR (KBr): 3454, 2208, 1629 cf 'H NMR (400 MHz, CDCJ): ¢
2.42 (s, 3H, -SMe), 4.95 (s, 2H, -Mi6.58-6.59 (m, 1H, ArH), 7.14
(s, 1H, ArH), 7.37 (dJ = 4 Hz, 1H, ArH), 7.46-7.50 (m, 2H, ArH),
7.58-7.64 (m, 2H, ArH), 7.82-7.84 (m, 2H, ArHYC NMR (100

2-(1-(furan-2-

Tetrahedron

by the addition of ice water. Reaction mixture wasitralized by
diluting HCI and obtained precipitate was filtewt dried. The crude
product was purified on silica gel column chromadpdpy by using
20% EtOAc in hexane as an eluent. Yield 76% (133, fight yellow
solid, mp: 156-158 °C; IR (KBr): 3685, 2212, 1648 %ntH NMR
(400 MHz, CDC}): 6 2.39 (s, 3H, -SMe), 4.95 (s, 2H, -NH6.81 (s,
1H, ArH), 7.18 (tJ = 8 Hz, 1H, ArH), 7.46- 7.47 (m, 1H, ArH), 7.50
(d,J =8 Hz, 2H, ArH), 7.62-7.67 (m, 2H, ArH), 7.8587.(m, 2H,
ArH); ¥C NMR (100 MHz, CDGJ)): § 16.5, 92.5, 115.6, 126.4,
127.5, 128.0, 128.2, 128.4, 128.9, 129.5, 130.2,213136.9, 139.0,
139.3, 148.8, 196.2. HRMS (ESI): calculated forgHGsN,OS,,
351.0620 (MH); found:m/z, 351.0616.

2-Amino-6-(furan-2-yl)-3-(4-methoxybenzoyl)-4-
(methylthio)benzonitrile (6¢): To a vacuum dried RB flask 1-(4-
methoxyphenyl)-3,3-bis(methylthio)prop-2-en-1-orge5( mmol, 0.127
g) and 2-(1-(furan-2-yl)ethylidene)malononitrile.§0mmol, 0.079 g)
was placed. Then sodium hydride (0.6 mmol, 0.01¢4vas added,
followed by addition of THF (5.0 ml). The reactioixture was refluxed
till completion of the reaction. After completiohtbe reaction, excess of
THF was removed under reduced pressure followethdddition of
ice water. Reaction mixture was neutralized by tididy HCI and
obtained precipitate was filtered and dried. Theder product was
purified on silica gel column chromatography byngs?0% EtOAc in
hexane as an eluent. Yield 74% (137 mg); lightoyelsolid, mp:
149-151 °C; IR (KBr): 3395, 2208, 1674 ¢mH NMR (400 MHz,
CDCly): 6 2.40 (s, 3H, -SMe), 3.89 (s, 3H, -OMe), 4.82 (8, 2
NH,), 6.80 (s, 1H, ArH), 6.95-6.96 (m, 1H, ArH), 6.8R7 (m, 1H,
ArH), 7.16-7.18 (m, 1H, ArH), 7.44-7.46 (m, 1H, ArH7.64-7.65
(m, 1H, ArH), 7.84-7.85 (m, 2H, ArH)}**C NMR (100 MHz,
CDCl): 6 16.2, 55.6, 92.4, 114.2, 115.4, 117.2, 121.7,3,2127 .8,
128.2, 129.5, 132.2, 138.7, 139.4, 144.7, 148.4,7,6194.3. HRMS
(ESI): calculated for gH;;N,O;S, 365.0954 (MF); found: m/z,
365.0957.

2-Amino-3-(4-methoxybenzoyl)-4-(methylthio)-6-(thiphen-2-
yl)benzonitrile (6d): To a vacuum dried RB flask 1-(4-
methoxyphenyl)-3,3-bis(methyithio)prop-2-en-1-oé (mmol, 0.127 g)
and 2-(1-(thiophen-2-yl)ethylidene)malononitrile5@nmol, 0.087 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 @ agded, followed
by addition of THF (5.0 ml). The reaction mixtureasvrefluxed till
completion of the reaction. After completion of tleaction, excess of
THF was removed under reduced pressure followebebgddition of ice
water. Reaction mixture was neutralized by dilutit@gl and obtained
precipitate was filtered and dried. The crude prodas purified on silica
gel column chromatography by using 20% EtOAc irahexas an eluent.
Yield 72 % (137 mg); light yellow solid, mp: 149415C; IR (KBr):
3395, 2208, 1674 chm *H NMR (400 MHz, CDCJ): § 2.40 (s, 3H, -
SMe), 3.89 (s, 3H, -OMe), 4.82 (s, 2H, -BH6.80 (s, 1H, ArH),
6.95-6.96 (m, 1H, ArH), 6.97-6.97 (m, 1H, ArH)18-7.18 (m, 1H,
ArH), 7.44-7.46 (m, 1H, ArH), 7.64-7.65 (m, 1H, AxH7.84-7.85
(m, 2H, ArH); ®°C NMR (100 MHz, CDG)): ¢ 16.2, 55.6, 92.4,
114.2, 115.4, 117.2, 121.7, 127.3, 127.8, 128.9,5,2132.2, 138.7,
139.4, 144.7, 148.4, 164.7, 194.3. HRMS (ESI): dated for

MHz, CDChL): § 16.5, 89.1, 111.5, 112.0,112.4, 117.4, 120.6, 128.9C,H;7N,0,S,, 381.0726 (MH); found:m/z, 381.0729.

1295, 134.1, 134.3, 137.1, 143.6, 145.4, 148.8,51496.3. HRMS
(ESI): calculated for GH;sN,0,S, 335.0849 (MP); found: m/z,
335.0854.

2-Amino-3-benzoyl-4-(methylthio)-6-(thiophen-2-
yl)benzonitrile (6b): To a vacuum dried RB flask 3,3-
bis(methylthio)-1-phenylprop-2-en-1-one (0.5 mn@l12 g) and 2-
(1-(thiophen-2-yl)ethylidene)malononitrile (0.5 min®@.087 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 gk vealded,
followed by addition of THF (5.0 ml). The reactianixture was
refluxed till completion of the reaction. After cplation of the
reaction, excess of THF was removed under reduess$yre followed

2-Amino-3-benzoyl-6-cyclopropyl-4-(methylthio)benzaitrile

(8a ) To a vacuum dried RB flask 3,3-bis(methyithioptienylprop-2-
en-1-one(0.5 mmol, 0.112 0) and 2-(1-
cyclopropylethylidene)malononitrile (0.5 mmol, 080§) was placed.
Then sodium hydride (0.6 mmol, 0.0144 g) was addthwed by
additon of THF (5.0 ml). The reaction mixture wesfluxed till
completion of the reaction. After completion of tleaction, excess of
THF was removed under reduced pressure followetebgddition of ice
water. Reaction mixture was neutralized by dilutit@gl and obtained
precipitate was filtered and dried. The crude prodas purified on silica
gel column chromatography by using 20% EtOAc irehexas an eluent.



Yield 59 % (91 mg); light yellow solid, mp: 149-15C; IR (KBr):
3395, 2208, 1674 ch 'H NMR (400 MHz, CDCJ): ¢ 0.82-0.86 (m,
2H), 1.13-1.18 (m, 2H), 2.18-2.24 (m, 1H), 2.303H, -CH;), 4.83

(s, 2H, -NH), 6.19 (s, 1H, ArH), 7.46 (tJ = 8 Hz, 2H, ArH),
7.59.7.62 (m, 1H, ArH), 7.79 (d,= 8 Hz, 2H, ArH);**C NMR (100
MHz, CDCL): ¢ 9.6, 15.0, 16.8, 95.9, 111.1, 116.4, 120.2, 128.6
129.6, 134.0, 137.4, 144.7, 148.0, 150.1, 196.6;MBR(ESI):
calculated for @H,;,N,0S, 309.1506 (MA); found:nvz, 309.1073.

2-Amino-6-cyclopropyl-3-(4-methylbenzoyl)-4-

(methylthio)benzonitrile (8b ): To a vacuum dried RB flask 3,3-
bis(methylthio)-1-(p-tolyl)prop-2-en-1-one (0.5 min0.119 g) and 2-(1-
cyclopropylethylidene)malononitrile (0.5 mmol, 080@) was placed.
Then sodium hydride (0.6 mmol, 0.0144 g) was adddthwed by
addition of THF (5.0 ml). The reaction mixture wesfluxed till
completion of the reaction. After completion of tleaction, excess of
THF was removed under reduced pressure followebebgddition of ice
water. Reaction mixture was neutralized by dilutih@l and obtained
precipitate was filtered and dried. The crude prodas purified on silica
gel column chromatography by using 20% EtOAc irahexas an eluent.
Yield 61 % (100 mg); light yellow solid, mp: 14%1 °C; IR (KBr):
3395, 2208, 1674 ¢ *H NMR (400 MHz, CDCJ): 6 0.81-0.82 (m,
2H), 1.12-1.14 (m, 2H), 2.15-2.22 (m, 1H). 2.2938l, -CH;), 2.40
(s, 3H, -SMe), 4.73 (s, 2H, -NMH 6.17 (s, 1H, ArH), 7.24 (d] =
8Hz, 2H, ArH), 7.68 (dJ 8Hz, 2H, ArH); *C NMR (100 MHz,
CDCly): ¢ 9.5, 14.9, 16.7, 22.0, 96.2, 111.0, 117.0, 1202R.7,
129.8, 134.7, 144.7, 145.3, 147.8, 149.8, 196.1;M8R(ESI):
calculated for gH;gN,0S, 323.1213 (MH; found:m/z, 323.1220.

2-Amino-6-cyclopropyl-3-(4-methoxybenzoyl)-4-
(methylthio)benzonitrile (8c): To a vacuum dried RB flask 1-(4-
methoxyphenyl)-3,3-bis(methyithio)prop-2-en-1-ofie5 mmol, 0.127 g)
and 2-(1-cyclopropylethylidene)malononitrile (0.5noi, 0.066 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 @ agded, followed
by addition of THF (5.0 ml). The reaction mixtureasvrefluxed till
completion of the reaction. After completion of tleaction, excess of
THF was removed under reduced pressure followebebgiddition of ice
water. Reaction mixture was neutralized by dilutitgl and obtained
precipitate was filtered and dried. The crude prodas purified on silica
gel column chromatography by using 20% EtOAc irahexas an eluent.
Yield 56% (95 mg); light yellow solid, mp: 149-15C; IR (KBr):
3395, 2208, 1674 ¢ *H NMR (400 MHz, CDCJ): 6 0.79-0.83 (m,
2H), 1.10-1.15 (m, 2H), 2.13-2.21 (m, 1H), 2.3038, -SMe), 3.86
(s, 3H, OMe), 4.68 (s, 2H, -N} 6.17 (s, 1H, ArH), 6.89-6.92 (m,
2H, ArH), 7.76-7.78 (m, 2H, ArH):*C NMR (100 MHz, CDCJ): 6
9.4, 14.7, 16.7, 55.6, 96.0, 110.9, 114.2, 11628.8, 130.0, 132.2,
144.4, 147.6, 149.6, 164.6, 194.8; HRMS (ESI): waled for
CygH1N20,S, 339.1162 (MF); found:m/z, 339.1166.

2-Amino-6-cyclopropyl-3-(3,4-dimethoxybenzoyl)-4-

(methylthio)benzonitrile (8d): To a vacuum dried RB flask 1-(3,4-
dimethoxyphenyl)-3,3-bis(methylthio)prop-2-en-1-¢f@e5 mmol, 0.142
g) and 2-(1-cyclopropylethylidene)malononitrile5(@mol, 0.066 g) was
placed. Then sodium hydride (0.6 mmol, 0.0144 g agded, followed
by addition of THF (5.0 ml). The reaction mixtureasvrefluxed till
completion of the reaction. After completion of tleaction, excess of
THF was removed under reduced pressure followetebgddition of ice
water. Reaction mixture was neutralized by dilutitgl and obtained
precipitate was filtered and dried. The crude prodas purified on silica
gel column chromatography by using 20% EtOAc irehexas an eluent.
Yield 56% (95 mg); light yellow solid, mp: 149-151 ;°(R
(KBr): Yield 72 % (137 mg); light yellow solid, mp48-151 °C;
IR (KBr): 3395, 2208, 1674 ¢ 'H NMR (400 MHz, CDCJ): 6
0.79-0.85 (m, 2H), 1.10-1.15 (m, 2H), 2.15-2.20 (4, iCH,)
2.31 (S, 3H, -SMe), 3.91 (s, 6H), 4.65 (s, 2H, NI8.18 (s, 1H,
ArH), 6.80-6.89 (m, 1H, ArH), 7.50-7.56 (m, 1H, ArHYC
NMR (100 MHz, CDC)): 6 9.4, 15.0, 16.6, 56.1, 96.0, 110.1,
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110.4, 110.4, 111.0, 112.3, 116.9, 120.9, 125.8,0,3147.5,
149.6, 154.5, 194.9. HRMS (ESI): calculated fgpHGN,O5S,
369.1267 (MH); found:m/z, 369.1275.
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