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A L K Y L A T I O N  OF 3-CYANO-2-OXOPYRIDINE D E R I V A T I V E S  

Z .  A.  B o m i k a ,  M. B.  A n d a b u r s k a y a ,  
Y u .  t~. P e l c h e r ,  a n d  G. Y a .  D u b u r  

UDC 547.822.7'824'828 : 542.953 

A number  of N- and O-alkylpyridines were obtained by alkylation of 3-cyano-2-oxopyr idines  with 
alkyl halides and diazomethane. 

This paper  is devoted to the study of the alkylation of 3-cyano-2-oxopyridines  I with alkyl or phenyl sub- 
stituents in the 6 position [1]. Since 2-oxopyridines in alkaline media are  capable of giving ambident anions [2], 
alkylation may occur  both at the nitrogen atom and at the oxygen atom. I t  is known that the alkylation of 2-oxo-  
pyridines in the presence  of alkali metal hydroxides proceeds pr imar i ly  via an SN2 mechanism at the nitrogen 
atom, whereas in the presence  of s i lver  salts alkylation takes place at the oxygen a tomviaan  SN1 mechanism [3]. 

In the present  r e s e a r c h  we accomplished the alkylation of 2-oxopyridine salts with alkyl halides in the 
presence  of potassium hydroxide. It was found that the s t ruc ture  of the final product is determined by the 
s t ruc ture  of the s tar t ing 2-oxopyridine (1) and the stability of the cation of the alkyl halide. 

Thus oxopyridine Ia, with an e lec t ron-donor  methyl group inthe 6 position that increases  the nucleophilicity 
of the nitrogen atom, is alkylated by methyl and ethyl iodides exclusively at nitrogen to give 1-a lkyl -2-oxopyr i -  
dines IIa, b (Table 1). As the length of the alkyl chaIn increases ,  the stability of the cation of the alkyl halide 
Increases .  and competitive reaction via an SN1 mechanism becomes possible; this explains the formation of a 
mixture of N- and O-alkylpyridines (IIc, d and IIIc, d) in the butylation and benzylation of 2-oxopyridines Ia. 
Only N-hexyl product IIe was isolated in 4370 yield in the case of hexylation. 

C6H5 CsH 5 C6H 5 ~sH5 

R O R R R' R I 
u I 

R' 

I a, b II a - f  III a -h  IV a, b 

I a R=CHa; b R=C6Hs; II a R=CHa, R'=CHa; b R=CHa, R'=C2Hs; c R=CHa. R'=C4H9; 
d R=CHa, R'=CH=C6Ha; d R=CH3, R'=C6HI3; f R=C6Ha, R'=C6H,3; III a R=CHa, R '=  
=CHa: b R=CHa, R'=C=Ha: c R=CHa, R'=C4Hg; d R=CHa, R'=CH=C~Hs; e R=C6Ha, 

R'=C2Ha; e R=C6Hs, R'=C4Hg; g R=C6Hs, R'=CeH~e; f R=C6H~, R'=CHa 

In contras t  to the methyl group, the phenyl group in the 6 position of oxopyridine Ib decreases  the nucleo- 
philicity at the adjacent nitrogen atom and s ter ica l ly  hinders the approach of the reagent to it. The methylation 
and butylation of Ib therefore  give O-alkyl derivatives IIIf, h. Hexyaltion proceeds even less selectively, and the 
N-hexyl product can therefore  be isolated in ~30% yield along with the O-hexyl product.  

The solvent has a great  effect on the alkylation of 2-oxopyridines I. Thus 2-oxopyridine Ia undergoes 
methylation, ethylation, butylation, and benzylation in ethanol, but hexylation occurs  only in dimethyl sulfoxide 
(DMSO) or  acetonitr i le.  2-Oxopyridine Ib undergoes only methylat~on in ethanol. The remaining alkyl halides 
react  with 2-oxopyridine Ib only in DMSO or acetonitri le.  

In addition to the alkyl halides, diazomethane was also used as an alkylating agent. In this case,  according 
to [4], the ra ther  acidic hydrogen of 2-oxopyridine adds to the diazoalkane to give the methyldiazonium salt 
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TABLE I. Charac ter i s t i c s  of  Pyr id ines  II and III 

Com - 
pound 

lla CHa 
lib CH~ 
Ilc CH~ 

I ld CH~ 
I Ir CHs 
IIf CsHs 

Ilia CH~ 
IIIb CHs 

IIIc CH~ 
IIld CHs 
IIle C~H~ 

IIIf C~Hz 
IIIg CsH~ 
II Ih C~Hs 

R' 
Crystalliza- 

mp, "C tion solvent 
Empirical 
form ula 

C~4H,~N20 
CIsHt4N20 
C~7HtsN~O 

Ce3H~oN~O 
CIgHe~N~O 
Cz~Ht~N~O 
C~H~N~O 
Ct3H~4N20 

C,zH~sN~O 
C~oC~N~O 
C2oCIsN~O 

Found, % 

CHz 43--1446 Ethanol 
C2H5 48--149 Ethanol 
C4H9 t28,5--  Ether 

-129,5 
CHeCGH~ [21--122 Ether 
C6HI~ 77-- 78 Ether 
C6H~3 114--115 Ether 
CH~ !02--104 Ethanol 
C~Hs 84--85 Pe~oleum 

ether 
C4H9 138,5--39,SlEthanol 
CH2C~H~ 10~-107]Ethanol 
C2H5 109--110 r Pe~olettm 

ether 
C,H~ [108--109[Ether 
C6Ht~ 80--81 [Hexane 
CHz 96--977 Ethanol 

C22H20N20 
C24H~4N20 
C~gH,4N20 

C HI N 

Calc., % i 

C IH [ N 

74,7 5,4 12,5 75,0 5,4 2,5 
175,7 5,7111,6175,61 5,9 1,8 
76,8 
80,1 6,8 0,5  0110,7176,6 I 

5,81 9,9180,015,4 9,3 
78,0 7,81 9,7/77,517,5 9,5 

6,91 7,5/80,6 / 6,,8 %9 

5,4 9,3 80,3 5,6 9,0180,01 
79,8 l" 9,3 54 9,2/80,0 5,4 

80,7 6,11 8,3/80,51 6,1 8,5 
80,7 6,91 7,9t80,71 68 7,9 
79,4 5,11 9,7[79,71 4:9 9,8 

84 
71 
32 

24 
43 
28 
72 
72 

24 
42 
81 

54 
42 
93 

TABLE 2. IR and PMB Spec t ra  of P y r i d i n e s  II and III 

PMR spectra 
Corn- IR spectra 
pound cm -1 solvent 6, ppm 

IIa 1653,2223 CDCI8 2,43(CH~), 3,52(N--CH3), 6~20(CH). 7.45iC6H5) 
IIb 1652,2223 CF3COOH 1,48(CH3), 2,68(CH3), 4,34(N--CH2). 6.90(CH). 

7,61 (CsHs) 
IIc 1658,2222 CDCI3 1,02(CH3), 1,60(2-CH2), 2,50(CH3), 

4,08(N--CH2), 6,19(CH), 7,51 (CsHs) 
lid 1645.2224 CF3COOH 2,60(CH3), 5,38(N--CH2), 6,83(CH), 

7,32 (C6H~), 7,54 (C~HD 
II e 1648, 2221 CC14 0,89(CH3), 1,35(4-CH2), 2,45(CH3), 

3,91(N--CH2). 6,05(CH), 7,42(C6H5) 
IIf 1650. 2220 CC14 0,90--1,40(CH3+4-CH2), 4,33(N--CH2), 

7,26(2-C~Hs), 7,80 (CH) 
IIIa 1140,22t8 ds-DMSO 2,52(CH3), 4,00(O--CH3), 7,06(CH), 7,53(CGH5) 
IIIb 1142,2223 CF3COOH 1,69(CHz), 2,89(CH~), 4.9O(O--CH~), 7,52(CH), 

7,72 (C6H5) 
III c 1143, 2222 CC14 1,01 (CH3), 1,72(2-CH~), 2,46(CHz), 

4,43(O--CH2), 6,82(CH), 7,53(CsHs) 
IIId 1142,2222 CFzCOOH 2,61(CH3), 5,59(O--CH2), 6,81(CH), 7,26(C6H~), 

7,58 (C6H~) 
1II e 1148, 2220 CF3COOH 1,75(CHs), 5,06(O--CH2), 7,74(2-C6Hs),8,10(CH) 
II1 f 1150, 2229 CC14 0,98(CH3), 1,70(2-CH2), 4,50(O--CH2), 

7,30 (2-C~Hs), 7,85 (CH) 
III g 1 t45, 2221 CC14 0,93(CH3), 1,47(4-CH~), 4,57(O--CH2), 

7,62 (2-C6Hs), 8,07 (CH) 
III h 1146, 2220 DMSO 4,21 (O--CH3), 7,72(2-C6Hs), 8,34(CH) 

+ 
( C H 3 - N -  N), which r e a c t s  with the oxopyr id ine  anion.  Exc lus ive ly  the O - m e t h y l  de r iva t ive  IIIh was i sola ted  in 
the ea se  of 2 -oxopyr id ine  Ib, whe reas  a m i x t u r e  of N-  and O - m e t h y l  p roduc t s  in a r a t io  of 2 : i was i sola ted  in 
the ca se  of oxopyr id ine  Ia. 

O - A l k y l p y r i d i n e s  IIIa,h were  obta ined by a l t e r n a t i v e  syn t he s i s  f rom 2 - e h l o r o p y r i d i n e s  IV [5] and sod ium 
alkoxide.  However ,  O - a l k y l  de r i va t i ve s  IIIb, e we re  obta ined only f rom 2 - c h l o r o p y r i d i n e s  IV. 

The  IR s p e c t r a  (Table  2) of N - a l k y l  d e r i v a t i v e s  II con ta in  the abso rp t ion  f r equenc i e s  of a c a r b o n y l  group 
at 1645-1658 cm -1 and of a n i t r t l e  group (2220-2224  era - l ) .  

The a b s o r p t i o n  band of a c a r b o n y l  group is  absen t  in the s p e c t r a  of a l l  O - a l k y l  p roduc t s  IIr, but t he re  a r e  bands  
of s t r e t c h i n g  v i b r a t i o n s  of an e the r  group at 1140-1150 c m  - t  and of a n i t r i l e  group at 2218-2229 cm -1. 

The  PMR s p e c t r a  con ta in  s i gna l s  f rom the p ro tons  of a l l  of the f r a g m e n t s  of the mo l e c u l e s  in the n e c e s s a r y  
r eg ions  (Table  2); the s i g n a l  f rom the me thy lene  group a t tached to the  n i t r o g e n  a tom in II a ppe a r s  at 3 .91-5.38 
ppm, and the s igna l  of the me thy lene  group at tached to oxygen in p y r i d i n e s  III shows up at 4 .43-5 .59 ppm. 

E X P E R I M E N T A  L 

The IR s p e c t r a  of m i n e r a l  oil  and hexach lo robu tad iene  s u s p e n s i o n s  of the s u b s t a n c e s  were  r e c o r d e d  with 

a UR-20 s p e c t r o m e t e r .  The PMR s p e c t r a  were  r e c o r d e d  with a P e r k i n - E l m e r  R-12A s p e c t r o m e t e r  (60 MHz) 
with t e t r a m e t h y l s i l a h e  as the i n t e r n a l  s t anda rd .  The c o u r s e  of the r e a c t i o n s  and the ind iv idua l i ty  of a l l  of the 
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syn thes ized  compounds were  moni tored  by means  of t h i n - l a y e r  ch romatography  (TLC) on Silufol in an a c e t o n e -  
hexane sys t em.  

1 , 6 - D i m e t h y l - 2 - o x o - 3 - c y a n o - 4 - p h e n y l p y r i d i n e  (IIa). A mix tu re  of 0.5 g (2.38 mmole) of 2-oxopyr id ine  Ia 
in 20 ml of ethanol,  0.2 g (3.6 mmole) of KOH in 2 ml of water ,  and 2 ml (32 mmole) of methyl  iodide was 
ref luxed for 2 h, a f te r  which the solvent  was vacuum evapora ted ,  and the r e s i due  was washed with wate r  and 
c r y s t a l l i z e d  f rom ethanol to give 0.45 g (84%) of methy lpyr id ine  IIa. 

1 - E t h y l - 2 - o x o - 3 - c y a n o - 4 - p h e n y l - 6 - m e t h y l p y r i d i n e  (IIb). This compound was s i m i l a r l y  obtained from 2- 
oxopyridine Ia and ethyl  iodide.  

l - B u t y l - 2 - o x o - 3 - e y a n o - 4 - p h e n y l - 6 - m e t h y l p y r i d i n e  (IIc) and 2 - B u t o x y - 3 - e y a n o - 4 - p h e n y l - 6 - m e t h y l p y r i d i n e  
(IIIc). A mix ture  of 0.5 g (2.38 mmole) of 2 -oxopyr id ine  Ia in 10 ml of ethanol,  0.2 g (3.6 mmole) of KOH in 5 
ml of water ,  and 1 ml (8.8 mmole) of butyl iodide was refluxed for 20 h, af ter  which the solvent  was vacuum 
evapora ted ,  and the r e s idue  was t r e a t ed  with water .  The aqueous mixture  was ex t rac ted  with hexane, and the 
ex t r ac t  was worked up to give 0.15 g (24%) of 2-butoxypyr id ine  IIIc. The r e s i due  was c r y s t a l l i z e d  f rom e the r  to 
give 0.2 g (32%) of 2 -oxopyr id ine  IIc. 

1 - B e n z y l - 2 - o x o - 3 - e y a n o - 4 - p h e n y l - 6 - m e t h y l p y r i d i n e  (IId) and 2 -Be_nzy loxy-3-cyano-4-pheny l -6 -methy l -  
pyr id ine  (IIId). A mixture  of 0.5 g (2.38 mmole) of 2 -oxopyr id ine  Ia in 10 ml of ethanol,  0.2 g (3.6 mmole) of 
po tass ium hydroxide in 5 ml of water ,  and 0.6 ml (5.04 mmole) of benzyl  b romide  was ref luxed for 7 h, a f te r  
which the solvent  was r emoved  by vacuum evapora t ion ,  and the r e s i d u a l  oi l  was washed with water  and t r i t u r a t e d  
with e ther .  The e ther  ex t r ac t  was worked up to give N-benzy lpyr id ine  IId. The r e s idue  was c r y s t a l l i z e d  f rom 
ethanol to give 0.3 g (42%) of pyr id ine  IIId. 

1 - H e x y l - 2 - o x o - 3 - c y a n o - 4 - p h e n y l - 6 - m e t h y i p y r i d i n e  (tie). A mix ture  of 0.5 g (2.38 mmole) of 2 -oxopyr id ine  
Ia in 15 ml of ace ton i t r i l e ,  0.2 g (3.6 mmole) of KOH in 5 ml of water ,  and 3 ml (20.4 mmole) of hexyl iodide 
was ref luxed for 3 h, a f te r  which the solvent  was removed  by vacuum evapora t ion ,  and the res idue  was washed 
with wate r  and c r y s t a l l i z e d  f rom ether  to give 0.3 g (43%) of pyr id ine  IIe. 

1 - H e x y l - 2 - o x o - 3 - c y a n o - 4 , 6 - d i p h e n y l p y r i d i n e  (IIf) and 2 -Hexy loxy-3 -cyano-4 ,6 -d ipheny lpy r id ine  (IIIg). A 
solution of 0.2 g (3.6 mmole) of KOH in 5 ml of wate r  and 3 ml (20.4 mmole) of hexyl iodide were  added drop-  
wise to a ref luxing solut ion of 0.5 g (1.95 mmole) of 2 -hydroxypyr id ine  Ib in 10 ml of ace ton i t r i l e  in the course  
of 2 h, a f t e r  which the mix ture  was vacuum evapora ted ,  and the r e s idue  was t r ea t ed  with water .  F r a c t i o n a l  
crystallization from hexane yielded 0.3 g (42%) of pyridine lllg; 0.2 g (28%) of 2-hydroxypyridine llf precipitated 
from ether. 

2-Methoxy-3-cyano-4-phenyl-6-methylpyridine (Ilia). A) A solution of 0.1 g (4.38 mmole) of sodium in 10 
ml of methanol was ad.ded to 1 g (4.38 mmole) of 2-ehloropyridine IVa, and the mixture was refluxed for 1 h. 
The NaCl was removed by filtration, and the solvent was removed from the filtrate by evaporation. The residue 
was crystallized from ether to give 0.7 g (72%) of pyridine Ilia. 

B) An ether solution (40 ml) of diazomethane (~ 1 g) was added to 0.5 g (2.38 mmole) of 2-hydroxsqoyridine 
la in I00 ml of acetone, and the mixture was allowed to stand at room temperature for 24 h. It was then 
vacuum evaporated, and the residual oil was treated with water and subjected to fractional crystallization from 
ether to give 0.15 g (29%) of methox~npyridine Ilia; ethanol yielded 0.3 g (57.5%) of N-methylpyridine fla. 

2-Ethoxy-3-cyano-4-phenyl-6-methylpyridine (IIIb). This compound was similarly obtained from chloro- 
pyridine IVa and sodium ethoxide by method A. 

2-Ethoxy-3-cyano-4,6-diphenylpyridhle (IIIe). This compound was similarly obtained from chloropyridine 
Fv'a and sodium ethoxide by method A. 

2-Butoxy-3-cyano-4,6-diphenylpyridine (fill). A mixture of 0.3 g (1.16 mmole) of 2-oxopyridine Ib in 10 
ml of aeetonitrile, 0.2 g (3.6 mmole) of KOH in 5 ml of water, and 2 ml (17.7 mmole) of butyl iodide was refluxed 
for 3 h, a f te r  which the solvent  was removed  by vacuum evapora t ion ,  and the r e s idue  was t r e a t e d  with water  and 
c r y s t a l l i z e d  f rom e ther .  

2 -Methoxy-3-cyano-4 ,6 - -d ipheny lpyr id ine ( I I Ih ) .  A) A mix ture  of 0.7 g (2.5 mmole) of 2 -oxopyr id ine  Ib in 
40 ml of acetone,  0.2 g (3.6 mmole) of KOH in 3 ml water ,  and 4 ml (64 mmole) of methyl  iodide was ref luxed 
for 8 h, a f te r  which the solvent  was vacuum evapora ted ,  and the r e s i due  was t r ea ted  with water  and c r y s t a l l i z e d  
f rom ethanol  to give 0.5 g (70%) of py r id ine  IIIh. 
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B) An ether solution (40 ml) of ~ 1 g of diazomethane was added to a solution of 0.4 g (1.47 mmole) of 2- 
oxopyridine Ib in 100 ml of acetone, and the mixture was allowed to stand at room tempera ture  for 24 h. It was 
then vacuum evaporated, and the residue was treated with water  and crysta l l ized from ether to give 0.35 g (83%) 
of pyridine IIIh. 

C) This compound was obtained in 93% yield f rom chloropyridine IVb by method A in the synthesis of IIIa. 

1~ 
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C O N F O R M A T I O N A L  S T U D Y  

OF t r a n s -  ( + ) -  ( 9 S , 1 0 S ) - D E C  A H Y D R O - 4 - Q U I N O L O N E  

AND I T S  N - S U B S T I T U T E D  D E R I V A T I V E S *  

V.  M. P o t a p o v ,  G. Vo G r i s h i n a ,  
a n d  E .  A.  G o l o v  

UDC 541.634:547.831.3.8 

The spec t ropola romet r ic  study of t rans-(+)-(9S,10S)-decahydro-4-quinolone indicates the exis-  
tence of inver tomers  with respec t  to the nitrogen atom, conformers  formed during rotation of the 
substituent attached to the nitrogen atom about the C - N  bond for trans-(9S,10S)-N-(o,-phenyl-  
ethyl)decahydro-4-quinolone,  and conformers  formed through convers ion of the two-r ing sys tem 
for  c i s -  (9R,10 S)-N- (~-phenylethyl) decahydro-4-quinolone.  

The hydrogenolysis  of the two isomeric  N-(a,-phenylethyl)decahydro-4-quinolones (I) with c i s -  and t r ans -  
fused rings leads to remova l  of the chira l  phenylethyl substituent and the formation of the same trans-(+)-(9S,-  
10S)-decahydro-4-quinolone in both cases  [4]. This subsequently made it possible,  during the preparat ion of 
optically active t rans-decahydro-4-quinolone  (II), to subject a mixture of the cis and t rans  i somers  of I to 
hydrogenolysis  without their  separat ion,  t rans-(+)-Decahydro-4-quinolone was recrys ta l l i ze f  from hexane until 
its melting point was constant.  The presence  of a second substance, which we assumed to be the cis i somer  of 
II, was detected during a chromatographic  study of the mother liquor; however, it was found to be impossible to 
isolate it because of the small  quantity present .  The formation of the same substance can be detected chromato-  
graphically after  UV ir radiat  ion or thermal  isomerizat ion of a solution of pure t rans i somer  II. 

Both r ings in t rans-decahydro-4-quinolone  are  linked rigidly, and ring conversion is impossible.  How- 
ever,  different positions of the substituents on n i t r o g e n -  equatorial  (IIA) and axial (IIB) - a r e  possible as a 
resul t  of inversion of the nitrogen atom: 

* Communication XXXVIII from the ser ies  "Stereochemical  Studies"; see [1] for communication XXXVII. 
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