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Abstract: The lithiated R-amino-B-substituted acrylonitriles &a-d 

generated in situ by reaction of lithioacetonitrile with either -- 
acetonitrile or substituted nitriles undergo cyclocondensation with 
a-oxoketenedithioacetals through l,l-addition to afford 2,6- 
substituted and 5,6-annelated-l-(methylthioj-3-cyanopyridines a-m, 

lla-h and 12a-b in good yields. __- -- A few of the 2,6-diheterylpyridines 
m-q were also synthesized following this procedure. The 

corresponding a-cinnamoyl fl2a-ci and a-f5-aryl-2,4-pentadienoyl) 
(ad) ketenedithioacetals on the other hand underwent cyclization 
with a to afford the corresponding I-aryl- ior 4-styryl-6-[2-bis 
Imethylthio)ethenyll-3-cyanopyridines 14a-d in good yields. Raney __- 
Nickel desulphurization of some of these pyridines afforded products 
of reductive dethiomethylation and those formed by reductive 
alkylation of nitrile group. 

In continuation of our programmed studies on aromatic and heteroaromatic 

annelation involving reactions of a-oxoketene dithioacetals & with ally1 

and azaallyl anions 1 , we had recently reported that the lithioacetonitrile 

generated under controlled conditions undergoes regioselective l,2-addition 

with 1 to yield the corresponding carbinolacetals 2, which on treatment 

with phosphoric acid underwent Ritter type intramolecular ring closure with 

concomitant methylthio group migration to yield the corresponding 3,4- 

substituted and fused 2,6-bis(methylthio)pyridines 3. in high yields 

(Scheme 1)2-3. The methylthio group migration was successfully interrupted 

by incorporating bromide ion as an external nucleophile to afford the 
3 corresponding 2-bromopyridines . The lithioacetonitrile can also be made to 

undergo either self condensation to give 

lithioaminocrotononitrile4 

the corresponding S- 

(4a) (Scheme 2) or it can further be reacted with 

various other substituted nitriles to afford the corresponding S- 

lithioamino-B-substituted acrylonitriles 4b-e (Scheme 2), a new group of 

ambident nucleophiles that should display marked difference in 

regioselectivity towards 1 resulting in clear X,4-addition and cyclization 

to give the corresponding 4-(methylthio)-3-cyanopyridine derivatives 

(Scheme 2). Such a strategy will enhance the scope of our pyridine 

synthesis since it enables us to manipulate the desired substituents at 2 

and 6 positions of pyridine ring. We herein describe our new results on the 
efficient synthesis of a novel group of pyridine derivatives. 
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1, Zaddition 

Scheme 1 

RESULTS AND DISCUSSION 
When the R-lithioaminocrotononitrile (a) generated in situ by treating 
excess of acetonitrile (3 eqv) with n-butyllithium (1.5 eqv), was reacted 
with &J (R1 = 4-MeOC6H4,R2=H), the product (92%) obtained after work-up was 
characterized as 3-cyano-2-methyl-4-(methylthio)-6-(4-methoxyphenyl)pyri- 
dine (hl on the basis of its spectral and analytical data (Scheme 2j5. The 
regiochemistry of & was further confirmed by its reductive dethiomethy- 
lation with W-4 Raney Nickel in ethanol which afforded two products 
characterized as the substituted pyridines 1(30%) and 8(40%) respectively 
(Scheme 2). Apparently the nitrile group in ~FJ has also undergone reductive 
alkylation under these conditions.In the% NMR spectrum(90 MHz)of Z,the H-4 
and H-5 protons appeared as characteristic doublets at 67.65 and 7.90 with 
a coupling constant of 8.5 Hz which rules out the regioisomeric structure 
u that would be formed by 1,2-addition of the enaminonitrile 4-a to j... 
The other acyclic ketene dithioacetals j&-h similarly reacted with & 
under identical conditions to afford the corresponding pyridines m-h in 
overall high yields (Table 1). Only @J was obtained in 30% yield probably 
due to competetive deprotonation of &IJ in the basic medium. Similarly,the 
5-lithioaminocinnamonitrile (4b) generated in situ by treating lithioaceto- 
nitrile with benzonitrile, also reacted with lb le and I& under identical ---_ 
conditions to afford the corresponding 2-phenylpyridines 6i-k in 57-91% 
overall yields (Table 1). The corresponding R-(2-thienyl) (4~) and B-(2- 

fury11 (w) 9-lithioaminoacrylonitriles generated in situ by reacting 
lithioacetonitrile with 2-cyanothiophene and 2-cyanofuran respectively, 

also underwent facile cyclization with 1-l. under similar conditions to 
afford the respective 2-(2-thienyll-(61) and 2-(2-furyl)-(6m)pyridines in 
good yields (Table 1). However,the 9-(2-pyridyl) derivative 4~ failed to 
react with (lb) under similar conditions and only the starting materialsflb 

and 9~) were recovered unchanged. 

The above reaction strategy was extended for the synthesis of 2,6- 
diheteryl-3-cyanopyridines which are potential ligands for the chelation of 
transition metals (Scheme 3j6. Thus the substituted pyridines (Q-q) with 
either (2-furyl) or (2-thienyl) groups in 2- and 6- positions could be 
obtained in good yields by reacting appropriately substituted a-oxoketene 

dithioacetals 1s and lf_ with either 4-c or 4-d. (Scheme 3). However,the a-(2- 
pyridinoyljketene dithioacetal 1. failed to condense with any one of 4a-e 

to afford the desired 6-(2-pyridylj-2-heterylpyridines. The pyridine 
nitrogen appears to chelate strongly with lithium in 4.e thus resulting in 
the failure of the reaction. 
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z;x/- [ &=,& 
~iCH$IN+R3CN] &Q-e 

&_J, R3 q Me 4A, R3= Z-Fury1 

4, R3 =C6H5 43, R3= 2-Pyridyl 

&, R3 =2-Thienyl 

SMe 

B 
Ar = 4-MeOC6H4 

Scheme 2 

SMe 

&tSMe + Hi5 - 

l_e,x =o &,y=S 
If,x =s 4d,y = 0 

Q-hlla-hl2a ‘b _I_ -I-,- 
(Table 1,2) 

MeS 
8A 

SMe 

f&,x =O;y=S 
f&,x =y =s 

6J,x =y = 0 
6cJx =s;y=o 

Scheme 3 
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Table 1: Synthesis of 2,6-Substituted-4-(methylthio)-3_cyanopyridines 

Entry L 4 Products RI R2 R3 %Yield(c) 

1 
2 
3 
4 
5 
6 

7 
a 
9 

10 
11 
12 
13 

4-MeOC6H4 

'gH5 
4-ClC6Hq 
2-Naphthyl 
a-Fury1 
2-Thienyl 

3-Pyridyl 
Me 

'6% 
a-Fury1 
Me 

'sH5 

'sH5 

H 

H 
H 
H 

H 
H 

H 
H 
H 
H 
H 
H 
H 

Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

'sH5 
'gH5 
'gH5 
2-Thienyl 
a-Fury1 

92 

86 
90 
92 
a5 
a2 

62 
30 
91 
a7 
57 
65 
76 

The cyclic a-oxoketene dithioacetals J-02 and && derived from cyclopenta- 

none and cyclohexanone respectively also reacted with 4a.b under the above 
reaction conditions to yield the corresponding 5,6-cyclopentanopyridine &_I__ 

and 5,6,7,8-tetrahydroquinolines l.._b, 12a in good yields(Table 2).Under 
similar reaction conditions, the annelated pyridines G-e and &2ib were 

obtained by reacting the corresponding benzocyclic ketene dithioacetals 
l_Oc-e_ with 4_a,b (Table 2). Also the a-oxoketene dithioacetals lOf-h derived .~_._ -. 
from benzocyclic ketones with one heteroatom reacted with 4-a to afford the 
corresponding fused pyridine derivates I.__l_l-h_ in 83-89% overall yields 

(Table 2). The structures of all the product gyridines j__a_-h and 12-b were 
confirmed by their spectral and analytical data. 

The reactivity of 43 with a-cinnamoyl ketene dithioacetals 1_3~-c was next 
examined. Thus under the described conditions &-3.a_-c reacted with 4-a. to 
afford the corresponding 4-aryl-6-[2-bis(methylthio)ethenyllpyridines %5a-c 
in 85-89% overall yields (Scheme 4). The pyridines I_5a-c are apparently 
formed by cyclization of 4-a on the cinnamoyl group of 1-3 followed by 
dehydrogenation of the intermediate dihydropyridines $_+I$-c under experi- 
mental conditions. Similarly l3-d reacted with 4-a to afford the correspond- 
ing I-styrylpyridine J~cJ in 84% yield. However the pyridines I.&+-d which 
would have been formed by the attack of 4e on bis(methylthio)- 
methylene double bond could not be detected in the reaction mixture,thus 
demonstrating high chemoselectivity of 4% towards $_3~-d (Scheme 4). 
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Table 2 Synthesis of 2-Substituted - 5, 6- annelated 3-Cyanopyridines 

Entry Starting materidS NCCH = C($)NHLi Products 

SMe 

% yield 

SMe 

ti 

SMe 

0 

10a - 

SMe 

CI 

SMe 

0 

?m 

ID 

SMe 

1 

2 

3 

4 

z 
7 

0 
9 

10 

SMe 

lQc,n=1,R4 =H 

lJd,n =l, R4=Me0 
lQe,n ~2; R4 =H 

l&n= 1; R4 =H 

0 SMe 

R4m:Me 
LQf, n=l; R4=H 
log, n = 2; R4= Me - 

QfyTe SMe 

0 
I& 

l&2 

SMe 

57 

l&, R3 = Me 

I&, R3 = CgH5 

SMe 

62 

82 

R4 

I& ,n=l;R3=Me;R4=H 87 
IlJ,n=1;R3=Me;R4=Me0 86 
lW,n=2;R3=Me;R4=H 84 
12, n=l; R3= CGH5;R4=H 83 

Me 

ll_t, n=l; R4=H 83 
Eg, n=2;R4=Me 89 

Me 

l& 87 
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SMe lj&W,R’ =C6H5 

_b. R’ =4-CLCgH4 
c, d =4-MeOGH, 

16a-d 
d, R’ =4-MeOCgH4CH = CH 

Scheme 4 

A few of the QrOduCt Qyridines were subjected to reductive dethiomethyl- 

ation with Raney Nickel which was accompanied with concomitant reduction of 

nitrile groug also'. Thus the treatment of @ with W-4 Raney Nickel in 

ethanol afforded the mixture of 1 and 8 as described earliar (Scheme 1). 

When 6~ was heated with W-4 Raney Nickel in refluxing ethanol,the 

intermediate 3-(diethylamino)methylQyridine 8 underwent futher hydrogeno- 

lysis to afford 2,3-dimethyl-6-(4-methoxyQhenyl)Qyridine (L7_)i.n good yield. 

Similarly,the fused Qyridines m and JJ& afforded the corresponding s and 

19 under the described conditions. The nitrile group therefore provides 

further scope for functional group transformation in these systems.AttemQts 

to selectively dethiomethylate & with deactivated Raney Nickel in the 

presence of aprotic solvents (dioxane, acetone) under various conditions 

gave either starting material or intractable mixture of several prOdUCtS. 

Interestingly tetrahydroquinoline &I underwent selective dethiomethylation 

to give 20 on treatment with W-4 Raney Nickel at room temperature under 

similar conditions. 

Extensive literature is available on the synthesis of Qyridine and its 

derivativesa .Most of the methods generally involve introduction of the 

desired substituents on a preconstructed Qyridine rings or the construction 

A 

z, Ar=4-MeOGH4 lJ,R’= Me:&Et2NCH2 

l!J ,R’=C6H5; F&=Me 

CN 

CsH5 
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of these rings from appropriately substituted open-chain precursors. One of 
the oldest and useful methods which still enjoys synthetic applications 

belongs to the latter category involving the condensation of the appropria- 

tely substituted P-aminoacrylate, B-aminoacrylonitrile or the corresponding 

enaminones with @-substituted-a,B-unsatuared carbonyl compounds or their 
8 equivalents . However, quite often these reactions fail to adhere to the 

required regioselectivity and thus a regiomixture of substituted pyridines 
are sometimes obtained. Also most of these enamines have been reacted with 

only acyclic 1,3-electrophilic components and only a few enaminonitriles 
and esters with B-methyl substituents have been utilized in reactions thus 

leading to a limited substituent variation.The present methodology provides 
an advantage of liberal structural manipulation on both the components. A 
number of @-substituted $-lithioaminoacrylonitriles can be generated in 
situ by reacting lithioacetonitrile with a number of substituted nitriles. 

The a-oxoketene dithioacetals, on the other hand, can be derived from a 
wide structural variants of active methylene ketones. Recently, Potts and 

co-workers 6 have efficiently utilized the a-oxoketene dithioacetals for the 
synthesis of 2,6_substituted pyridines by first converting them to 1,5- 

enediones through the 1,4-addition of potassium enolate anions of active 
methylene ketones and subsequent cyclization of 1,5-enediones in the 
presence of ammonium acetate. 

EXPERIMENTAL SECTION 
Melting points were obtained on a 'Thomas Hoover' capillary melting point 
apparatus and are uncorrected. Infrared spectra were recorded on a Perkin- 

Elmer 297 spectrophotometer. '?i NMR spectra were recorded on a Varian EM- 
390 spectrometer and chemical shift values are expressed in ppm downfield 

from Me4Si. The 13C NMR spectra were recorded on a Brucker WM-400 
spectrometer. Mass spectra were obtained on a Jeol JMS D-300 spectrometer 
and elemental analyses were carried out by Heraeus CHN-O-RAPID instrument. 
Tetrahydrofuran(THF) was distilled under nitrogen from sodium benzophenone 

ketyl immediately before use. 

Commercially available acetonitrile and benzonitrile were dried and 
distilled before use,while 2-cyanofuran and 2-cyanothiophene were purchased 
from Aldrich and used as such.2-Cyanopyridine was prepared according to the 
reported procedure'.All the oxoketene dithioacetals employed were reported 
earlier and prepared accordinglyl'. 

General Procedure for the Reaction of a-Oxoketene Dithioacetals with B- 

Lithioaminocrotononitrile (4s): 
To a stirred solution of fresp$ y distilled acetonitrile (1.23g, 30 mmol) in 
anhydrous THF (25 mL),n-BuLi (15 mmol) was added through syringe via a 
rubber septum under an efficient atmosphere of nitrogen at -78OC and the 
reaction mixture was stirred for 0.5 hr at the same temperature. The 
resulting light reddish suspension of B-lithioaminocrotononitrile was 
treated (5 min) with a solution of appropriate oxoketene dithioacetal (10 
mmol) in THF (50 mL) and the reaction mixture was allowed to warm to room 
temperature and stirred further for 20 hr. It was then poured into satd. 
NH Cl 

P 
solution, extracted with ether (2 x 50 mL), washed with water (150 

mL ,dried (Na SO ) and concentrated in vacua to give crude pyridines c&-h_, 
Ila-h and 15a'd 4 -- -- -_, which were purified by column chromatography over silica 
gel using EtOAc-hexane (1:20) as eluent. 
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General Procedure for the Reaction of a-Oxoketene Dithioacetals with $- 
lithioamino-B-substituted acrplonitriles (a-g): 

The 5-lithioamino+-substituted acrylonitriles(&b-@were generated in situ 
and reacted with a-oxoketene dithioacetals by following the above general 
procedure using equimolar quantities of acetonitrile(0.62g,lSmmol),appro- 
priate nitrile(l5 mmol),n-BuLi(l5 mmoljand oxoketene dithioacetals(l5mmol). 

In the case of pyridines 6k,61,6n,6o,lla,llb and laa,the reaction mixture 
was further refluxed for 12 hrs after stirring at room temperature (2Ohr) 
under N2 atmosphere to ensure completion of reaction. 
The spectral and analytical data for the product pyridines &-q,X&-h,l2a, 
b 15a-d_ is given below. _I- 

3-Cyano-2-methyl-4-(methylthio)-6-(4'-methoxyphenyl)pyridine (&)colourless 
needles 1473 cm_l(pexane-CHCl;i;mp 157-158°C:IR~KBr~2215,1607,1585,1558,1530,1512, 

; Ii NMR(CDC1 ) 6 2.60(s,3H,SMe),2.74(s,3H,Me),3.88(Qj3H,OMe),6.98 
(d,2H,J=9.0 Hz,arom), .28(s,lH,H-5),7.88(d,2H,J=9.0 Hz,arom); C NMR(CDC1 

3 
) 

6 13.96(SCH3),23.70(CH ),55.24(OC_H ),103.6(C_N),110.81(C-5),114.1(C_H,arom , 
115.61(C-lT,arom),128.7 CH,arom), 7 1 O.l(C-3 ), 155.O(C_-2,C-61, 157.92(s-4). 3 
161.4(C-4');MS m/z 270(M3,100%),255(12) ;224(18).Anal.Calcd for C15H14N20S: 
C,66.64; H,5.22; N,10.36. Found:C,66.47; H.5.09: N,10.13. 

3-Cyano-2-methyl-4-(methylthio)-6-phenylpyridine 
(hexane-CHC13); mp 126-127OC; 

(6b) colourless c<%sta$s 
IR(KBr) 2200,1548,1525,1495,1426 cm ; H 

NMR(CDC13) 6 2.60(s,3H,SMe), 2.72(s,3H,Mei, 7.26(s,lH,H-5). 7.34-7.52(m,3H. 
arom), 7.82-8.10(m,2H,arom); MS m/z 240(M ,100%),194(31),152(8): Anal.Calcd 
for C14H12N2S:C,69.96; H,5.03: N,11.66. Found:C,69.77; H,5.21; N,11.49. 

3-Cyano-2-methyl-4-(methylthio)-6-(4-chlorophenyl)pyridine (6~) 
crystals(hexane-CHCl ):mp 162-163°C:IR(KBr)2209,1596,1580,1562 cm 
(CDC13) 6 2.62(s,3H, 3 Me), 2.74(s,3H,Me), 7.38(s,lH,H-5)+ 7.44(d,2H.J=9.0 Hz 
arom),8.00(d,2H,J=9.0 Hz,arom);MS m/z 276(M ,33%),274(M ,100),228(26).Anal. 
Calcd for C~4HllC1N2S:C,61.19;H,4.O4:N,lO.2O.Found:C,6O.98:H,3.9O:N,lO.O2. 

3-Cyano-2-methyl-3-(methylthio)-6-(2-naphthyl)pyridine(~~? colourlesslneea- 
les (hexane-CHCl3): mp 187-188'C; IR(KBr) 2222,1560,1540,1432 cm ; H 
NMR(CDC13) 6 2.58(s,3H,SMe), 2.79(s,3H,Me), 7.38(s,lH.H-5), 7.40-7.60(m,3H, 
arom), 7.74-8.08(m,4H,arom).8.44(s,lH,arom); MS m/z 290 (M+,100%),244(18). 
Anal.Calcd for Cl8Hl4N2S:C,74.45;H,4.86;N,9.65.Found:C,74.26:H,4.62:N,9.6l. 

3-Cyano-2-methyl-4-(methylthio)-60(2-furyl)pyridine (6-e.) light Yell_pW 
feedles (hexane-CHCl ); mp 159-160 C; 
H NMR(CDC1 1 6 2.58?s,3H SMe) 

1R(KBr)2205,1594,1540,1483,1430cm ; 

7.16(d,lH,J23 Hz,H-3'furyi), 
, 2.68(s,3H,Me), 6.50-6.58(brs,lH,H-4'furyl), 

230(M+, lOO%), 202(10), 
7.28(s,lH.H-5), 7.5l(brs,lH,H-S'furyl): MS m/z 

197(g). Anal.Calcd for C12N10N20S: C,62.58; H.4.38; 
N,12.17. Found: C,62.37; H,4.26; N,12.02. 

3-Cyano-2-methyl-4-(methylthio)-6-(2-thienyl)pyridine(~~) light yello_wne~- 
dleschexane-CHCl ); mp 155-156OC; 
NMR(CDC13) 6 2.4?(s,3H,SMe), 

1R(KBr)2204,1554,1514,1440,1420 cm ; H 
2.66(s,3H,Me), 7.08-7.30(m,lH,H-4'thienyl), 

7.24(s,lH,H-51, 7.50(brd,lH.J=5 Hz,H-3' thienyl), 7.68(brd,lH,J=4.5 Hz,H-5' 
thienyl): MS m/z 246(M+,lOO%), 213(12), 200(8). Anal.Calcd for C12H10N2S2: 
C.58.50; H,4.09: N,11.37. Found: C.58.32; H.3.96; N,11.58. 

3-Cyano-2-methyl-4-(methylthio)-6-(3-pyridyl)pyridine(~~.) colourl~gsl crYs- 
tals(CHC1 );mp 195-196°C;IR(KBr)2210,1580,1558,1528,1445,1425 cm 
(CDC13) d2.68(s,3H,SMe),2.80(s,3H,Me),7.34-7.58(m,merged 

: H NMR 
with H-5,1H,H-5' 

pyridyl),7.34(s,lH,H-5),8.28(dt,lH,J=9,1.5 Hz,H-l'pyridyl),8_74(brd,lH,J=5 
Hz,H-6'pyridy1),9.24(brs,lH,H-2'pyridyl);MS m/z 241(M+,100%),195(26).Anal. 
Calcd for Cl3HllN3S:C,64.70;H,4.6O:N,l7.4l.Found:C,64.48:H,4.79;N,l7.~4. 

3-Cyano-4-(methylthio)-2,6-dimethyl~~rkdine(6h)light brown needleschexane); 
mp 42-43°C:IR(KBr)2210,1580,1440 cm ; H NMR(CCIQ) 62.42(s,3H,SMe),2.54(s, 
3H,Me),2.70(s,3H,Me),6.90(s,lH,H-5):MS m/z 178tM ,100%),163(6),132(62) ,104 
(13). Anal.Calcd for CgH10N2S: C,60.64; H,5.65; N,15.72. Found: C,60.88; 
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H.5.49; N,15.85. 

3-Cyano-2,6-diphenyl-4-(methylthiojpyridine (a) 
ane-CIiCl 1; mp 145OC; 

colouyiessl crystals (hex- 
IR(KBr) 2215,1550,1490,1430 cm ; 

2.75(8,3~,SMe),7.42-7.65(m,7H,arom 
Ii NMR(CDC13) 6 

and H-5),7.84-8.20(m,4H,arom); MS m/z 
302(M ,lOO%), 255(31). Anal. Calcd for ClgH14N2S: C.75.46; H,4.67; N,9.27. 
Found: c,75.54; H,4.59; N,9.14. 

3-Cyano-6-(2-furyl)-4-(methio)-a-phenylpyridine (63) colourless CrYf- 
tals (hexane-CHC13); mp 176-177OC; IR(KBr) 2215,1595,1545,1481 cm-'; H 
NMR(CDC13) 62.65(s,3H,SMe), 6.51-6.61(m,lH,H-4' furyl), 7.19-7.30(m,lH,H-3' 
fury14,7.40-7.62(m, SH,arom,H-5 and H-5' fury1),7.81-8.04(m,2H,arom):MS m/z 
292(M ,lOO%), 259(58), 246(13). Anal.Calcd for C17H12N20S: C,69.84; H,4.14: 
N,9.58. Found: C,69.98, H,4.09; N,9.65. 

3-Cyano-6-methyl-4-(methylthio)-a-phenylpyridine (6&j 
(hexane-CHCl )* mp 133-134°C; 
6 2.14t.s 3H,3Mk) 
m/z 24l(M++l,lOO%), 
H,5.87; N,11.66. Found: 

225(21). Anal. Calcd for C14H12N2S: C,69.96; 
C,69.81; H,5.92; N,11.88. 

3-Cyano-2-(2-thienyl)-4-(methylthio)-6-phenylpyridine (61) colourless qyf-~ 
talsthexane-CHCl 1; 141-142°C* 1R(KBr)2200,1575,1550,1508,1418cm 
NMR(CDC1 1 6 2.28(s y"H SMe) 7 11-;.40(m,2H,arom).7.23(s lH.H-5),7.65(s,kH 
arom) , 83.38-8.54 (brd,lH’, thieny-1 H) ; MS m/z 308(M+,lOO%). Anal.Calcd for 

C17H12N2S2: C,66.20; H.3.92; N,9.09; Found: C,66.09; H,4.02; N.9.01. 

3-Cyano-2-(2-furyl)-4-(methBlthio) 
(hexane-CHC13); 

-6-phenylpyridine(6m) colzfrless crystals 
mp 122-123 C;1R(KBr)2200,1584,1540,1510 cm ; H NMR(CDC13) 

6 2.66(s,3H,SMe),6.60-6.74(dd,lH,J=3.5,2 Hz,H-l'furyl),7.40-7.84(m,5H,arom 
and fury1),7.40(s,lH,H-5),8.OO-8.3O(m,2H,arom~:MS m/z 292(M+,100%),263(24), 
246(17). Anal.Calcd for C17H12N20S: C,69.84,H,4.14;N,9.58. Found:C,69.66;H, 
3.97; N,9.49. 

3-Cyano-6-(2-furyl)-2-(2-thienyl)-4-(me~hylthio)pyridine (6~) light yellow 
~~:~t",~"13er"ne-CHC13); 64%: mp 168-169 C; 1R(KBr)2200,1588,1550,1510,1482, 

furyl), 
H NMR(CDC13) 6 2.61(s,3H,SMe), 6.56-6.66(dd,lH,J=3.5,2 Hz,H-4' 

7.20(dd,lH,J=5,4.5 Hz,H-Q'thienyl), 7.28(m,lH,H-3'furyl),7.3O(s,lH, 
H-5),7.48-7.73(m,2H,H-3'furyl and thienyl),8.30(brd,lH,J=5 Hz,H-5 thienyl); 
MS m/z 298(M+,100%),252(18). Anal.Calcd for C15H10N20S2: C,60.38; H,3.38; 
N,9.39. Found: C,60.42; H,3.24; N,9.20. 

3-Cyano-2,6-bis(2-thienyl)-4-(methylthio)pyridine(~_~) light_pe$low crystals 
(hexane-CHC13); 57%; mp 149-15OOC; IR(KBr)2200,1560,1422 cm ; H NMR(CDC1 1 
62.70~s,3H,SMe~,7.13-7.42~m,3H,thienyl~,7.3l~s,lH,H-5~,7.62~brd,lH,J=5.5 it, 

thjeny1),7.74-8.0(m,lH,thienyl), 8.48(brd,lH,J=5.5 Hz,thienyl); MS m/z 314 
(M ,lOO%). Anal.Calcd for C15H10N2S3:C,57.29: H,3.21; N,8.97.Found:C,57.11; 
H,3.09; N,8.85. 

3-Cyano-2,6-bis(2-furyl)-4-(methylthio)pyridine 
);85%; mp 151-152°C: 

(6Pm) colourless crysta s 

1 
hexane-CHCl 4 1R(KBr)2214,1604,1592,1547,1513,1481cm ; 
H NMR(CDC13j 6 2.59(s,3H,SMe),6.40-6.69(dd,lH,J=3.5, 2 Hz,H-l'furyl),7.20 
(brd,merged with H-5 signal,lH,J=3.5 Hz,H-3'furyl).7.22(s,lH,H-5),7.40(brd, 
lH,J=$.5 Hz.H-3'furyl), 7.55(brs,lH,H-5'furyl),7.63(brs,lH,H-5'furyl~;MS m/z 
282(M ,lOO%), 236(7). 
Found: C,63.67; 

Anal.Calcd for C15H10N202S: C.63.81; H.3.57; N,9.92. 
H,3.69; N,9.98. 

3-Cyano-2-(2-furyl)-6-(2-thienyl)-4-(methylthio)pyridine (6g) colourle s 

? 
eedlesfhexane-CHCl );78%;mp 126-127°C;IR(KBr)2200,1549,1505,1480,1432cm -B 
H NMR(CDC13) 6 2.d4(s,3H,SMe),6.64(dd,lH,J=3.5, 

; 
2 Hz,H-d'furyl),7.18-7.40 

~m,lH,H-4'thienyl),7.30(s,lH,H-5~,7.60~m,2H,thienyl and fury1),7_76(brs,2H, 
thienyl and furyl); MS m/z 298(M ,60%). Anal.Calcd 
H.3.38; N,9.39.Found: C,60.09; H,3.22; N.9.16. 

for C15H10N20S2:C,60.38; 

3-Cyano-2-methyl-4-(methylthio)-6,7~~ihpdro-5ilLcyclopenta[b]pyridine (l-la) 
yellow oil;IR(KBr)2202,1548,1525 cm ; H NMR(CDC13) 6 1.66-1.90(m,2H,CH2), 
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2.36(s,3H,SMe),2.41(s,3H,Me),2.62-2.97(m,4H,CH2): Anal.Calcd for CllH12N2S: 
C,64.67; H,5.92; N,6.86.Found: C,64.59; H,5.78; N,6.64. 

3-Cyano-2-methyl-4-~methylthio)-5,6,7,8-tetrahydroiso~inoline(~~~lcplour- 
less crystals (hexane-CHCl ); mg 71-72'C; IR(KBr)2220,1535,1420 cm ; H NMR 
(CDC13) 6 1.72~l.q9(m,4H,Cd 1, 2.62(s,3H,SMe),2.64(s,3H,Me),2.70-2.98(m,4H, 
CH );MS m/z 218(M ,65%),203$100),170(11).Anal.Calcd for C12H14N2S: C,66.01, 
H,Z .46; N,12.83. Found: C,59.85; H,6.29; N,12.96. 

3-Cyano-4-~methylthio~-2-phenyl-5,6.7,8-te~rahydroquinoline c&&@ colour- 
it;; ,','-"I":'a,ls (hexane-CHC13); mp 127-128 C; 'a".'6"o";s',3~~~~;:q7~:a:_5~:~gP~~: 

H NMR(CDC13)6 1.70-1.98(m,4H,CH2), 
2H,CH ~,2.74-3.10~m,2H,CH2~,7.32-7.58~m,3H,arom~,7.82-8.O6~m,2H,arom~: 
m/z 3 aO(M+,lOO%) 265(23), 247(100). Anal.Calcd for C17H16N2S: C,72.8:$ 
H,5.75; N,9.99. Found: C,72.71; H,5.62; N,10.06. 

3-Cyano-5,6-dihydro-2-methyl-4-~methylth~o)-ben~o[b]~inoline (g&I light 
131-132 C; 1R(KBr)2200,1600,1540,1520,1427 

2.76($,3H,Me), 2.87-3.29(m,4H, 
8.18-8,38(m,lH,H-10 arom); MS m/z 266 (M+,64%), 

Calcd for C16H14N2S: C,72.14; H,5.30; N,10.52. 
Found: C,72.31; H, 5.11; N, 10.29. 

3-Cyano-5,6-dihydro-8-metho~-2-methyl-4-(methylthio~-~en~o[bl~inoline 
(lZJ$) light yellow neeq;fH (h$;;;;C-lCH,c?): mp 170-171 C; IR(KBr)2209,1611, 
1575,1540,1515,1440 cm 2.53(s,3H,sMe),2.74(9,3H,Me),2.81- 
3.29(m,4H,CH2),3.84(s,3H,0Me),6.88(d~lH,J=1.5 Hz,H-7 arom) 6.92(dd,lH,J=8, 
2 Hz,H-9 arom),8_28(d,lH,J=8 Hz,H-10 arom); MS m/z 296(M',lOO%),281(53), 
248(84).Anal.Calcd for C17H16N20S: C,68.87; H,5.44; N,9.45. Found:C,68.66; 
H,5.27; N,9.59. 

3-Cyano-6,7-dihydro-2-methyl-4-(methylthio)-5tlLbenzocyclohepta[1,2-b]pyri- 
dine (-1 light yellow crystal? (hexane-CHC13); mp 131-132°C; IR(KBr) 
2217,1543,1518,1442,1402 cm-l; H NMR(CDC13) 6 2.10-2.40(m,2H,CH2), 
2.66(s,3H,SMe), 2.85(s,3H,Me), 2.40-2.99(m, merged with SMe and Me 
signals,QH,CH ) 7.18-7.56(m,3H,arom) 7.73-8.89(m,lH,arom); MS m/z 
28O(M+,lOO%), !Z65(94). Anal. Calcd for d17H16N2S: C;72.82; H,5.75; N,9.99. 
Found: C,72.76; H,5.83; N,10.22. 

3-Cyano-5,6-dihydro-4-(methylthio)-2-~henylbenzo[bl~inoline (&&I coloq- 
tess needles (hexane-CHCl 1; mp 174-175OC; IR(KBr)2218,1604,1535,1518 cm ; 
H NMR(CDC13) 6 2.64(s,3 ,SMe), 2.84-3.09(m,2H,CH ), 3.18-3.38(m,2H,CH2), i 
7.21-7.61(m,6H,arom), 7.90-8,09(m,2H,arom), 8.38-Z.50(m,lH,arom); MS m/z 
328(M+,lOO%), 327(X), 313(67).Anal. Calcd for C2IH16N2S: C,76.79; H,4.91; 
N,8.53. Found: C,76.66; H,4.88; N,8.47. 

3-Cyano-2-methyl-4-(methylthio)-5~[1~benzothiapy~ano[4,3-b] pyridine(Qf) 
light yellow 
1520,143O .m-~9'",'e~*~:e~c~1~!~4~ ~k!,2&fea)3 'a.~~l~"~~f~~:::"~~~~~~~: 
cH ),7.18-7.39(m,3H,arom),a.32a-a.4a~m,lH~H-lo arom); 
26ihOO) 

MS m/z 284tM ,54%), 
236(46). Anal. 

Found: 
Calcd for C15H12N2S2: C,63.35; H,4.25, N,9.85. 

C:63.21; H,4.14; N, 9.69. 

3-Cyano-5,6-dihydro-2,9-dimethyl-4-~methylthio~-[l~benzothie~ino~5,4-b~- 
pyridine (1l.g) ligPtlyellow needlesthexane-CHC13);mp 182-183 C;IR(KBr)2220, 
1600,1550,1526 cm ; H NMR(CDC1 ) 6 2.40(s,3H,Me),2.68(s,3H,SMe),2.8O(s,3H, 
Me),2.97-3.48(m,4H,CH ),7.32(br 
7.64(d,lH,J=8.5 Hz,H- 2 

a ,lH,J=SHz,H-10 arom),7.48(brs,lH,H-8 arom), 
1 arom):MS m/z 312(M+,100%),297(38),284(54).Anal.Cal- 

cd for Cl7Hl6N2S2: C.65.35; H,5.16: N,8.97. Found: C.65.51; H.5.04; N,8.79. 

3-Cyano-5,6-dihydro-2-methyl-4-(methylthio)-[llbenzoxegino~5.4-b~pYridine 
(llh) light yellow cry_sltals(hexane-CHCl 1; mp 124-125 C; IR(KBr)2224,1604, 
1550.1530.1489,1410 cm ; H NMR(CDC13) 3 2.62(s,3H,SMe),2.84(s,3H,Me) t3.20 
(t,2H,J=6.5 Hz,CH 1 
arom);MS m/z 282 ?M', 

4.52(brt,2H,CH 1, 7.02-7.51(m,3H,arom),7.7l-7.9O(m,lH. 
58%). 267(100?. Anal. Calcd for C16Hl4N2CS: C.68.06: 

H,5.00; N,9.92. Found:,C,67.88; H,4.72; N.9.64. 
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!l?t?$!;:??' mp 112-115'). 
ridyl)acrylonitrile (9) colourless crystals (CIiCl 1; 882; fp 

IR(KBr13440 3320 2195,166O 1610,15i8 cm- ; Ii 
NMR(CDC~ ) 6 4.60(s,lH,olefi~ic),5.70-6.l~(brS:2H,NH ),7:26-7.94(m,3H,pyri- 
dylj8.64 brd,lH,J=6 Hz,H-6 pyridyl). Anal.Calcd for ? ?! 

C,66.11; H.4.65; N,28.79. 
8H7N3' C,66.19:H,4.86: 

N.28.95. Found: 

3-Cyano-2-methyl-4-phenyl-6-[2-bis(methylthio)ethen~]pyridine(~_~.~) light 
yellow need_lps lthexane-CHC13); 89%: mp 120-121 C; IR(KBr)2200,1565, 
1496,1428 cm ; 
finic), 

H NMR(CDC1 ) 6 2.50(s,6H,SMe)iZj.83(s,3H,Me),6.43~s,lH,ole- 
7.40(s,lH,H-51, 7.32-7.69(m,5H,arom); C NMR(CDC1 1 6 16.33, 17.37 

(SMe), 23.95(Me), 116,62(CN), 118.80(olefinic C), 120.196&5), 128.36(C-3' 
and C'-5), 128.75(C-l'), 
148.OO(C-3), 155.1O(C-41, 

128.83(C-2'and C-6'), 129-59(C-4'), 137.$O(C=SMe), 
157.5O(C-21, 162.5O(C-6); MS m/z 312(M ,18%),297 

(100),265(12),250(20). Anal.Calcd for Cl7Hl6N2S2: C,65.35; H,5.16: N,20.52. 
Found: C,65.29; H,5.31; N,20.63. 

3-Cyano-2-methyl-4-(4-chlorophenyl)-6-[2-bis(methylthio)ethenyl~pyridine 
(_1_5_b_) light yellow needles (hexane-cqC131); 85%: mp 144-145 C; IR(KBr) 
2200,1595,1575,1562,1548,1498,1429 cm ; H NMR(CDC1 ) 6 2_50(s,6H,SMe), 
2.70(s,3H,Me),$.48(s,lH,olefinic), 7.45(s,lH,Ij-5), 7.dO(s,4H,arom); MS m/z 
348(30%),346(M ,60),333(48),331(100). Anal.Calcd for C17H15C1N2S2: C,58.86; 
H, 4.36; N,8.08. Found: C, 58.69; H,4.26; N, 8.22. 

3-Cyano-2-methyl-4-(4-methoxyphenyl)-6-[2-bis(methylthio)ethen~llpyridine 
(1-5~) light yellow crystals (hexa_ye-ClHCl ); 
2200,1610,1570,1550,1510,1495,1430 cm * H &R&?11~5;1~~50C~~ f?SKMBe;! 
2.81(s,3H,Me),3.88(s,3H,OMe), 6.46(s,l$,olefinic),7.~$(d,2H,J=9.O~z,&om), 
7.42(s,lH,H-5),7.63(d,2H,J=9.0 Hz,arom); MS m/z 342(M ,51%),327(100). Anal. 
Calcd for C18H18N20S2:C,63.13; H,5.30; N,8.18.Found:C,62.98; H,5.12;N,8.01. 

3-Cyano-2-methyl-4-~4-methoxylstyryl)-6-[2-bis(methylthio)eth~nyl]pyridine 
(e) light yellow needle$lfxane-CHC13);84%; mp 139-140°C;IR(KBr)2200, 
1606,1574,1512,1504,1430 cm ; H NMR(CDC1 1 6 2.50(s,3H,SMe),2.72(s,3H,Me), 
3.82(s,3H,OMe),6.40(s,lH,CIj=C(SMe) ), 

ti 
6.9a(d,2H,J=9.0 Hz,arom),7.26(d,2H,J= 

9 Hz,arom),7.48(s,lH,H-5),7.57(s,2 ,olefinic): MS m/z 368(M+,32%),353(100), 
335(29),321(18).Anal.Calcd for C20H20N20S2; C,65.18: H,5.47; N,7.60. Found: 
C,65.02; H,5.29, N,7.75. 

General Procedure for Reductive Dethiomethylation of 3-Cyano-4-(methyl- 
thiojpyridines (6-a llc 12a b) with Raney Nickel. - _~__~.____~_ 

'on of pyridine(5 mmol)in ethanol(80 mL)was stirred with W-4 Raney 
15-20 times by weight) for 2-4 hr (monitored by TLC) [refluxed 

Raney Nickel was separated by filtration and the residue 
washed with the hot ethanol and the combined filtrate was concentrated in 
vacuo.The residue was extracted with chloroform (30 mL), washed with water 
(2x30 mL), dried (Na2S04), and evaporated to give the crude products which 
were purified either by recrystallization from suitable solvent or passing 
through short length silica gel column using EtOAc-hexane (1:20) as eluent. 
In the case of e, elution with EtOAc-hexane gave first 2 (30%) followed by 
& (40%). 

3-Cyano-2-methyl-6-(4-methoxyphenyljpyridine 
30%; mp 94OC; 

(7.1 white crystals 
CHC13); IR (KBr) 2195,1586,1533,1511,1491,1428,1356 cm 
NMR(CDC13) 6 2.80(s,3H,Me),3.89(S,3H,OMe),7.06(d,2H,J=9.0 Hz,arom), 7.6;(d, 
lH,J=8.5 Hz,H-41, 7.90(d,lH,J=8.5,H-5).8.13(d,aH,Jr9.0 Hz,arom). Anal.Calcd 
for C14H12N20:C,74.98: H,5.40; N,l2.49.Found:C,74.77; H,5.18;N,12.35. 

3-~N,N-diethylamino)methyl-2-methy~~6-f4-methoxyphenyl~pyridine cs, red 
oil: 40%;1R(neat)1603,1580,1505 cm - H NMR(CDC13) 61.03(t,6H,J=7.5Hz,Me), 
2.50(q,4H,J=7.5Hz,CH ~,2.62~s,3H,Me~~3.50~s,2H,CH2~,3.80~s,3H,OMe~.6.98~d, 
2H,J=9.0 Hz,arom),7. a 4(d,lH,J=8.0 Hz,H-41, 
2H,J=9.OHz,arom);MS m/z 284(M+,36%). Anal. 

7.67(d,lH,J=8.0 Hz,H-5), 7.98(d, 
Calcd for C18H24N20: C.76.02; H, 

8.50; N,9.85. Found: C,76.21; H,8.62; N,10.02. 
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2,3-Dime_thyl-C-(I-methoxyphenYl)Pyridine (;J) T olourless crystals (hexane); 
Ii NMR(CCl4)_ 6 2.20(s,Xi,Me), mp 67-68°C; 65%; IR(KBr) 1612,1589,1516 cm-'; 

2.48(s,Xi,Me),3.72(s,3H,OMe), 6.84(d,2H,J=9,Hz,arom), 7.27(brs,2H,H-4 and H- 
5), 7.86(d,2H,J=9.OHz,arom); MS m/z 215(M +2,100%),200(27),172(11). Anal. 
Calcd for C14H15NO:C,78.84; H,7.09; N,6.57.Found: C,78.66: H,6.88; N,6.72. 

5,6-Dihydro-3-(N,N-diethylamino~methyl-2-methyl~~zofhlquinoline (33) red 
oil; 76%: IR(CCIA) 1590.1578.1545,1430 cm : 
(t,6H,J=7.5Hz,Me), \.53(g,4H,J=7.5Hz,CH 

Ii NMR(CDC1,) 5 1.06 

3.51(s,2H,CH ),7.06-7.56(m,3H,arom),7.4 
1, 2.62(s,jH,Me), 2.90(br<,4H,CH2). 

m/z 266(M+,?OO%) 
a (s,lH,H-4),8.21-8.46(m,lH,arom); MS 

251(25). Anal. 
N,5.26. Found: 

Calcd for ClgH24N: C,85.66; H,9.08; 
C,85.73; H,8.91; N,5.09. 

5,6-Dihydro-3-methyl-a-ghenylbenylbenzo[hlquinoline (kg.1 _lwhlite crystals 
(hexane): 71%: mp 47-48 c: IR(KBr) 1600.1580.1555 cm : H NMR(CDC1,) 
62.31(brS,2H,CH2); 2,49(s,jH,Me), 2.88(brS,2H,CH2), 7.14~8.10(m,8H,arom~, 
8.32-8.41(m,lH,arom); MS m/z 271 (M+,lOO%); Anal. Calcd for C20H17N: 
C,88.52; H,6.32; N,5.16. Found: C,88.59; H,6.19; N,5.02. 

3-Cyano-2-phenyl-5,6,7,8-tetrahydroguinoline(~2t.l white crystals 
CHCl ); 

2 
66%; mp 68OC; IR(KBr) 2220,1571,1552,1452,1440,1392 cm 

NMR( DC1 ) 61.48-2.04(m,4H,CH ), 
7.65-8.0$(m,2H,arom), i 

2.42-3.10(m,4H,CH 1 7.18-7.60(m,3H,arom), 
8.51(s, H,H-4); MS m/z 234(p:35%). Anal. Calcd for 

C16H14N2: C,82.02; H,6.02; N,11.96. Found: C,81.88; H,5.95; N,12.05. 

Acknowledgements - A.K.G. thanks C.S.I.R., New Delhi for Senior Research 
Fellowship. Financial Assistance by U.G.C., New Delhi, under COSSIST 
prouramme is also acknowledaed. 

1. 

2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 

REFERENCES AND NOTES 
(a) Singh, G.; Ila, H.; Junjappa, H Tetrahedron Lett. 1984,25,5095-5098; 
(b) Balu, M-P.; Singh, G.; Ila, H.; Junjappa, H. Tetrahedron Lett. 1986, 
27, 117-120; (c) Gupta, A.K.; Ila, H.; Junjappa, H. Tetrahedron Lett. 
1987, 28, 1459-1462; (d) Balu, M.P.; Ila,H.; Junjappa, H. Tetrahedron 
Lett. 1987, 28, 3023-3026. 
Gupta, A.K.; Ila, H.; Junjappa, H. Tetrahedron Lett. 1988,29,6633-6636. 
Gupta, A.K.; Ila, H.; Junjappa, H. Tetrahedron (in press). 
(a) Gronowicz, G.A.; West, R. J.Am.Chem.Soc. 1971, 93 1714-1720; (b) 
Wakefield, B.J. in 'The Chemistry of Organolithium Compounds', Pergamon 
Press 1974,p 31; (c) Lang,Jr.,S.A.; Cohen,E.J.Med.Chem. 1975,18,441-443. 
Attempt to react free B-aminocrotononitrile with oxoketene dithioacetals 
under varying _co+nditions in the presence of different bases like 
K2C0 /DMF,t-BuO K /EtOH were not successful. 
(a) %otts, K.T.; Cipullo, M.J.: Ralli, P.; Theodoridis, G. J.Am.Chem. 
sot. 1981, 103, 3584-3585; (b) Potts, K.T.; Cipullo, M.J.: Ralli, P.; 
Theodoridis, G. J.Am.Chem.Soc. 1981, 103, 3585-3586; (CT) Potts, K.T.; 
Cipullo, M.J.; Ralli, P.; Theodoridis, G. J.Org.Chem. 1982, 47, 3027- 
3038; (d) Potts, K.T.; Winslow, P.A. J.Org.Chem. 1985, 50, 5405-5409; 
(e) Potts, K.T.; Usifer, D.A.; Guadalupe, A.: Abruna,H.D.J.Am.Chem.Soc. 
1987, 109, 3961-3967; (f) Guadalupe, A.R.; Usifer, D.A.: Potts, K.T.; 
Hurrell, H.C.; Mogstad, A.-E.: Abruna, H.D. J.Am.Chem.Soc. 1988, 110, 
3462-3466. 
(a) Rabinovitz, M. in 'The Chemistry of Cyano Group', Rappoport, Z., 
Ed., Interscience Publishers, 1970, Chapt. 7, p. 307-340: (b) Rice, 
R.G.; Kohn, E-J. J.Am.Chem.Soc. 1955, 77, 4052-4054. 
Jones,G. in 'Comprehensive Heterocyclic Chemistry', Boulton, A.J. and 
McKillop, A./ Ed., Pergamon Press, Vol. 2, Part 2A Chapter 2.08 (a) p. 
395-510; (bl p. 457-470. 
Feely. W.E.; Beavers, E.M. J.Am.Chem.Soc. 1959, 81, 4004-4007. 

10.(a) Chauhan, S.M.S.; Junjappa,H. Tetrahedron, 1976, 32, 1779-1787: (b) 
Thuillier, A.: Vaille, J. Bull.Soc.Chim.Fr., 1962, 2182-2186. 

ll.Gilman, H.; Beel, J.A.; Brannen, C.G.; Bullock, M.W.: Dunn, G.E.: 
Miller, L.S. J.Am.Chem.Soc. 1949, 71, 1499-1500. 

la.Pavlic, A-A.; Adkins, H. J.Am.Chem.Soc. 1946,68, 1471. 


