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Abstract - The react ion  of 3-(4,4-dimethyloxazolin-2-yl)pyridine 

(2 w i t h  nuc leoph i l i c  organol i th ium reagents afforded s t a b i l i z e d  

N-unsubstituted 1 ,  1,4- and/or 1,6-dihydropyridines. 

Reaction o f  & w i th  pheny l l i th ium gave a mixture o f  1,2- ( 2 )  and - 
1,4-dihydropyridines I?_) whereas react ion  wi th n-butyl-  and 

methy l l i th ium afforded a mixture of 1,2- (L) ,  1,4- (3) and 1,6- - 
dihydropyr id ines (5). The regiochemistry of the  nuc leoph i l i c  

subs t i t u t i on  react ion was dependent upon react ion  solvent, 

reac t ion  temperature and the nature of the organol i th ium 

reagent. Reactions ca r r i ed  out using t h e  less po la r  ether as 

solvent,  provided higher y i e l d s  o f  C-2 (2) and C-6 (5) - 
subs t i t u ted  products, whereas react ions performed i n  

tetrahydrofuran provided higher y i e l d s  o f  C-4 subst i tu ted 

products (3). A decrease i n  react ion  temperature, increased the - 
y i e l d  o f  the  1,4-dihydro isomer (3 i n  both  solvents. React~ons 

employing phenyll i th ium were more reg iose lec t ive  than those 

u t i l i z i n g  n-butyl-  and methyl l i th iurn.  

The development of methods f o r  the in t roduct ion  of subst i tuents onto a pyr id ine r i n g  has been an 

important synthet ic  goal. A va r i e t y  o f  synthet ic  methods have been investigated, the  most 

prominent  of wh ich  was halogen-exchange r e a c t i o n s  employing b r o m o p y r i d ~ n e s . ~  The d i r e c t  

metal l a t i o n  of py r i d i ne  was d i f f i c u l t ,  s ince most strong bases acted as nucleophiles, adding 



across t h e  e l e c t r o p h i l i c  azomethine bond.3 The d i r e c t e d  (o r tho)  l i t h i a t i o n  of subs t i t u t ed  

p y ~ i d i n e s  i s  a  v e r s a t i l e  method f o r  e f f ec t i ng  h i g h l y  r eg i ose lec t i ve  e l e c t r o p h i l i c  heteroaromat ic 

s u b s t i t u t i o n  and has been employed as a  p o w e r f u l  s y n t h e t i c  Recent r e p o r t s  have 

demonstrated t h a t  py r i d i nes  ac t i va ted  by h a ~ o g e n s , ~  o ~ a z o l i n e s , ~ ' ~  secondary o r  t e r t i a r y  

carb~xamides , "~  es te rs9  o r  ethers1' can be e f f e c t i v e l y  l i t h i a t e d  w i t h  complete regiochemical 

con t ro l  and t h a t  t h e  r e s u l t i n g  l i t h i o p y r i d i n e s  r eac t  smoothly w i t h  e lec t roph i les .  The d i r e c t  

me ta l l a t i on  of p y r i d i n e  using a complex of n - b u t y l l i t h i u m  and potassium t -bu tox ide  i n  

te t rahydro fu ran  and hexane has s ince  been reported. 11 

It i s  we l l  documented t h a t  e l ec t r on -a t t r ac t i ng  subst i tuents,capable o f  resonance i n t e rac t i on ,  

such as COOH, COMe, C02Me, CONH2, NO2, CN and ooazol in-2-y l  i n  t h e  C-3 and C-5 pos i t i ons ,  

s t a b i l i z e  d ihydropyr id ines  by extending t h e   onj jug at ion.^'^^'^^'^^ Reaction o f  3-cyanopyridine 

w i t h  a l k y l l i t h i u m s  gave a  mix tu re  of 1.2- and 1,4-dihydropyridines, whereas s i m i l a r  r eac t i ons  o f  

3-diethylamino- and 3-methoxycarbonylpyridine y i e l ded  a  mix tu re  o f  1,4- and 1,6-dihydropyr i -  

d ines.14 The p o s i t i o n  o f  t h e  o x a z o l i n - 2 - y l  s u b s t i t u e n t  i s  c r u c i a l ,  s i n c e  t r e a t m e n t  o f  

4-(4,4-dimethyloxazolin-2-yl)pyridine w i t h  a l k y l l i t h i u m s ,  such as n-buty l -  and sec-bu ty l l i th iu rn  

i n  te t rahydro fu ran  a t  low temperature af forded products r e s u l t i n g  from both C-3 m e t a l l a t i o n  and 

add i t ion  t o  t h e  C=N moiety, whereas reac t i on  w i t h  me thy l l i t h i um  gave exc lus ive  C-3 me ta l l a t i on .  

On the  o ther  hand, r eac t i on  of 3-(4,4-dimethyloxazolin-2-yl)pyridine w i t h  me thy l l i t h i um  under 

s i m i l a r  cond i t ions  gave a q u a n t i t a t i v e  y i e l d  o f  t h e  1.4-di hydropynd ine  analog.4b I n  r e l a t e d  

Studies, t h e  r eac t i on  o f  3-(4,4-dimethyloxazolin-2-yl)pyridine w i t h  organol i th iums has been shown 

t o  y i e l d  predominantly 1,4-dihydropyridine intermediates,  which on ox ida t ion ,  p rov ide  a f a c i l e  

route t o  3.4-disubst i tuted pyr ld ines.13 Previously,  we reported1 i n  p re l im ina ry  form, t h e  

synthesis of s t a b i l i z e d  N-unsubst i tuted 3-(4.4-dimethyloxazolin-2-yl)-I,?-, 1.4- and/or 

1,6-dihydropyridines. We now descr ibe t h e  f u l l  account of the  e f fec t  of so lven t  and temperature 

upon the  r eg iose lec t i ve  nuc leoph i l i c  add i t i on  o f  organol i th iums t o  3-(4,4-dimethyloxarolin-2- 

y1 )py r i d i ne  (1 ) .  - 
RESULTS AND DISCUSSION 

1 The e f f ec t  o f  so lven t  and temperature upon regiochemistry was i nves t i ga ted  by H nmr spectrometry 

Since i t  was considered t o  be the  most p rec i se  procedure f o r  determinat ion of t h e  r a t i o  o f  

d ihydropyr id ine  products. The d ihydropyr id ines  2-4 were r equ i r ed  f o r  use as medic inal  synthons - ,.. 
i n  our drug design research.15 Furthermore, ox i da t i on  of t h e  d ihydropyr id ine  intermediates,  

obtained on quenching t h e  r eac t i on  w i t h  water, t o  t h e  d i s u b s t i t u t e d  py r i d i nes  may no t  r e f l e c t  t h e  

t r ue  isomeric r a t i o  of products i n i t i a l l y  present. The reac t i on  o f  3-(4.4-dimethyloxarol in-2-y l )  

py r i d i ne  ! w i t h  pheny l l i th ium,  n - b u t y l l i t h i u n  and me thy l l i t h i um  i n  d i e t h y l  e ther  and te t rahydro-  
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furan a t  25', 0' and -78°C was invest igated, respect ively . A so lu t i on  o f  the organol i th ium 

reagent ( 1  equ iva lent )  was added dropwise t o  a  so lu t ion  o f  1, and t h e  react ion  mix ture  was - 
hydrolyzed w i th  water a f t e r  30 min (see Scheme 1). 

Reaction of pheny l l i th ium w i t h  i n  ether a t  25'C afforded a  mix ture  o f  5 and 2 i n  a r a t i o  o f  

1 4 : l  as determined from the H nmr i n teg ra l s  o f  H-2 a t  5.68 and H-6 a t  6.2 fo r  the  respect ive 

isomers. Sublimation o f  t h i s  mixture afforded the s tab le  2-phenyl-3-(4.4-dimethyloxarolin-2- 

y1)-1,2-dihydropyridine (5) i n  55.7% y ie ld .  I n  contrast ,  reac t ion  o f  pheny l l i th ium with: i n  

tetrahydrofuran a t  2 5 T  afforded a  mixture of the 1,2-dihydro (2a) and 1,4-dihydro (La) isomers - 
(16:84) w i t h  the  1,4-dihydro isomer (3a) predominating. Reaction o f  pheny l l i th ium w i t h 1  a t  0' - 
and -78'C i n  ether and tetrahydrofuran wag a lso  investigated, and t h e  r e s u l t s  a re  summarized i n  

Table 1. The r e l a t i v e  r a t i o  o f  1,4-dihydro isomer (3). t o  1,2-dihydro isomer (s), increased as 

the temperature was decreased i n  both solvents. Thus, react ion  of pheny l l i th ium w i th  1 i n  - 
tetrahydrofuran a t  - 7 8 T  af forded the 1,4-dihydro isomer (3a) i n  quan t i t a t i ve  y i e l d .  No product - 
4a, resu l t i ng  from attack a t  the  C-6 pos i t i on  of 1, i r respect ive  o f  solvent o r  temperature, was ,-- - 
observed. 

Scheme 1 

The two t e r t i a r y  ni t rogens i n  1 are both capable of forming chelates (complexes) w i t h  the  organo- - 
l i t h i u m  reagent. A complex formed between the organolithium reagent, and the oxazoline n i t rogen 

o f i  may be or ien ta ted i n  such a  way as t o  d i r e c t  nucleophi l ic  add i t ion  t o  e i t h e r  the  C-2 o r  C-4 

pos i t i on  of the  py r i d i ne  ring. Complexation w i th  t h e  pyridine n i t rogen atom would be expected t o  

increase the p r o b a b i l i t y  of at tack a t  C-2 and/or C-6 as well as the C-4 pos i t ion .  A complex 

where both n i t rogen atoms are chelated such as L i s  also possible. A s i m i l a r  complex has been 

postulated f o r  t h e  react ion  of methy l l i th ium w i th  nicot ine.  16 

The p o l a r i t y  o f  t h e  solvent has a  d i s t i n c t  e f fec t  on the regiochemistry o f  the  react ion  o f  



pheny l l i t h ium w i t h  ?J I n  weakly p o l a r  s o l v e n t s  such as d i e t h y i  ether, complexat ion of t h e  

p y n d i n e  n i t r o g e n  atom w i t h  t h e  o r g a n o l i t h i u m  reagent  appears t o  d i r e c t  a t t a c k  t o  C-2. A s i m i l a r  

e f f e c t  has been observed i n  t h e  m e t a l l a t i o n  of p y r i d i n e . l l  i n  t h e  more p o l a r  te t rahydro fu ran ,  

the  n u c l e o p h i l i c  a d d i t i o n  may be more dependent upon t h e  resonance and i n d u c t i v e  e f f e c t s  of t h e  

py r id ine  n i t r o g e n  atom and t h e  oxazo l ine  s u b s t i t u e n t .  S t e r i c  e f f e c t s  do n o t  appear t o  be 

important, s ince  no C-6 s u b s t i t u t e d  product  42  was de tec ted  i n  these reac t ions .  E q u i l i b r a t i o n  

between isomers was n o t  ev iden t  once t h e  a d d i t i o n  had taken p lace.  

1 Table 1. Isomer ic  r a t i o s  ( 5 )  as determined from H nmr i n t e g r a l s a  

R ' -L~  So lven t  Temp. ,"C 1 2 - I s o m e r  (L) 11,-Isomer ( 3 )  1,6-Isomer (it) 
,- 

PhLl 
PhLi 
PhLi 
PhLi 
PhLi 
PhLi 

n-BuLi 
n-BuLi 
n-BuLi 
n-BuLi 
n-BuLi 
n-BuLi 
MeLi 
MeLi 
MeLi 
MeLi 
MeLi 
MeLi 

E t  0 
E t  0 
E t  0  
THF 
THF 
THF 

E t  0  
E t  0  
E t  0  
THF 
THF 
THF 
E t  0 
E t  0  
E t  0 
THF 
THF 
THF 

'The r a t i o  was c a l c u l a t e d  f rom t h e  i n t e g r a l s  f o r  H-4, H-2 and H-2 of 2 , 3 a n d  
4  respec t i ve ly .  - ,- 

The r e a c t i o n  of n - b u t y l l i t h i u m  w i t h  ,l- was a l s o  inves t iga ted .  Thus, r e a c t i o n  a t  25°C i n  e t h e r  

gave a  m i x t u r e  of 1.2-dihydro (c), 1,4-d ihydro (3b) and 1,6-dihydro (4b)  isomers i n  a  r a t i o  o f  
r- ,- 

50:40:10. A s i m i l a r  r e a c t i o n  i n  t e t r a h y d r o f u r a n  y i e l d e d  z, and i n  a r a t i o  o f  11:55:34. 

I n  tet rahydrofuran,  a t t a c k  a t  C-4 was favored a t  d l 1  temperatures, whereas a t t a c k  a t  C-2 and C-6 
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was predominant i n  ether a t  O D  and 25T. The percentage of 1,4-dihydro product (2) increased 

whi le  t ha t  of the  1,2-dihydro isomer (2 )  decreased i n  both solvents as the temperature was 

reduced. These react ions d i f f e red  from those employing phenyl l i th ium, since the 1,6-dihydro 

isomer ( 4 2 ) ,  r e s u l t i n g  from a t t a c k  a t  C-6, was a l s o  formed. These r e s u l t s  i n d i c a t e  t h a t  

n -buty l l i th iu rn  i s  less  reg iose lec t ive  than phenyl l i th ium which may be due, a t  leas t  i n  par t ,  t o  

d i f f e r e n c e s  i n  n u c l e o p h i l i c i t y .  The r a t i o  o f  t h e  i somer i c  d i h y d r o p y r i d i n e s  (2~-2) was 

determined from the 'H nmr i n teg ra l s  (COCI3) of H-4, 

H-2 and H-2 a t  6.8, 6.92 and 7.2 6 f o r  the  1,2-dihydro, 1,4-dihydro and 1,6-dihydro isomers, 

respect ively.  The dihydropyr id ines (2 and 4 b ) ,  which were d i f f i c u l t  t o  obtain as pure products, 

were character ized as t h e i r  N-methoxycarbonyl der iva t ives  (25 and 2)  obtained by treatment o f  

t h e  N - l i t h i o  intermediates w i t h  methyl ~ h l o r o f o r m a t e . ~  P u r i f i c a t i o n  was effected on preparat ive 

s i l i c a  gel G p l a te r  (0.5 mm) wi th  ether:hexane (6:4 v l v )  as development solvent. 

The react ion mixtures containing 2-E, obtained from the react ion  o f  n -buty l l i th ium w i th  2 i n  

tetrahydrofuran a t  25'. 0" and -78'C were oxidized using 2,3-dichloro-5.6-dicyano-1,4-benzo- 

quinone (OOQ), potassium permanganate o r  oxygen.17 These experiments were performed t o  determine 

the s t a b i l i t y  of the isomeric products 5-2 toward the ox idat ion  agents and t o  cor re la te ,  if 

possible, the  r a t i o  o f  the  ox idat ion  products 6-8 w i t h  the i n i t i a l  r a t i o  of z-% as determined 

from 'H nmr i n teg ra l s .  The react ion  mixture, ob ta ined,a f te r  react ion  of n -buty l l i th iu rn  w i t h l a t  

25°C i n  tetrahydrofuran and hydro lys is  w i th  water, was oxidized w i t h  000. Preparative s i l i c a  gel 

G t l c  af forded t h e  pure 4-butyl isomer ( 7 )  but the 2-butyl  (E) and 6-butyl  (8) products were not ,-- 
1 resolved as ind ica ted by H nmr. On the other hand, oxidat ion o f  t h e  react ion  mixture, obtained 

from react ion  o f  n -bu ty l l i t h i um w i t h l  i n  tetrahydrofuran a t  O°C and hydrolysis w i t h  water, w i t h  

potassium permanganate afforded,! and,! i n  a  r a t i o  of 7 : l  a f t e r  t l c  separation r e l a t i v e  t o  62:35 

1 as ind ica ted by H nmr i n teg ra l s  f o r  the  o r i g i n a l  react ion mixture. The 1,2-dihydro isomer (ZJb) 

decomposed dur ing the ox idat ion  react ion s ince no trace o f  ,6- was evident i n  the  unpur i f ied  

ox idat ion  react ion  mixture. Oxidation o f  the  react ion mixture, obtained by treatment of w i t h  

n -bu ty l l i t h im  i n  tetrahydrofuran a t  -7EPC, with potassium permanganate or oxygen yielded I and 8 



1 
i n  r a t i o s  of 83:17 and 81:19 respec t i ve l y  as i nd i ca ted  by the  H nmr i n t eg ra l s .  These s tud ies  

i nd l ca te  t h a t  the  1,2-isomer (E )  undergoes appreciable decomposition dur ing  ox i da t i on  and the  

t o t a l  y i e l d  of products i s  low. 

The r a t i o  of isomeric 1,Z-dihydro (26).  1,4-dihydro (2) and 1,6-dihydro (42) products, obtained 

from reac t i on  o f i w i t h  me thy l l i t h i um  was q u a l i t a t i v e l y  s ~ m i l a r  t o  those observed upon reac t i on  

w i t h  n - b u t y l l i t h i u m  w i t h  respect t o  so lven t  and temperature (see Table 1). The percentage o f  

1.2-dihydro isomer (2) was increased wh i l e  t h a t  o f  t h e  1 ,bd ihydro  isomer (z) was decreased 

( m e t h y l l i t h i m )  r e l a t i v e  t o  t h a t  o f  t h e  1,2-dihydro isomer (c) and 1 ,Ld ihyd ro  isomer 

( z ) ( n - b u t y l l i t h i u r n ) ,  respec t ive ly .  lhere '  appears t o  be l i t t l e  d i f f e rence  i n  r e g i o s e l e c t i v i t y  

between n -bu t y l l i t h i um  and methyl l i th iurn.  The d lhydropyr id ine  isomers (2d-4d) were charac ter ized  ,-- r 
as t h e i r  N-methoxycarbonyl de r i va t i ves  (z-s), as descr ibed prev ious ly .  

CONCLUSIONS 

The reac t i on  of 3-(4.4-dimethyloxazolin-2-y1)pyridine (3 w i t h  phenyl-, n -bu ty l -  and 

me thy l l i t h i um  i s  a  use fu l  method fo r  t h e  synthesis o f  s t a b i l i z e d  N-unsubst i tuted 1,Z-dihydro, 

1.4-d~hydro and/or 1,6-dihydropyridines (2-5). The 3-(4.4-dimethyloxazo1in-2-y1) subs t i t uen t  i s  

i n e r t ,  and does no t  induce a - m e t a l l a t i o n ,  and confers a  s t a b i l i z i n g  e f f e c t  by extending t h e  

~ o n j u g a t i o n . ' ~ ~ ~ ~ ~ ~ , ~ '  The regiochemigtry of t h e  nuc leoph i l i c  a d d i t i o n  r eac t i on  i s  so lven t  and 

temperature dependent. Reactions performed i n  t h e  l ess  po la r  so lven t  such as d i e t h y l  e ther  

afforded h igher  y i e l d s  o f  C-Z (2) and C-6 (4)  subs t i t u t ed  products than those reac t ions  c a r r i e d  
P- 

out  i n  t h e  more po la r  te t rahydro fu ran  which y i e l ded  predominantly C-4 (3) subs t i t u t ed  products a t  

s i m i l a r  temperatures. A decrease i n  r eac t i on  temperature reduced the  p ropo r t i on  of the  C-2 (L) 
subs t i t u t ed  product and increased t h e  amount of t h e  C-4 (3) subs t i t u t ed  product. The reac t i ons  

o f  pheny l l i th ium w i t h i w e r e  more se l ec t i ve  than those employing 1 - b u t y l -  o r  methy l l i th ium,s ince  

t h e  former afforded only 1.2-dihydro (A) and l ,4-dihydra (3) products,whereas the  l a t t e r  y i e l ded  

a l l  th ree  isomeric products (5-5). Reaction of pheny l l i th iu rn  w i t h  i n  te t rahydro fu ran  a t  -78'C 

gave a  q u a n t i t a t i v e  y i e l d  o f  t h e  1,4-dihydro product  (2) .  The r a t i o  of isomeric products 2-4 
obtained upon reac t i on  of  1 w i t h  n - b u t y l l i t h i u m  was q u a l ~ t a t ~ v e l y  s i m i l a r  t o  those obtained upon ,- 
reac t ion  w i t h  methyl l i t h i um .  Reaction o f  t h e  in te rmed ia te  N - l i t h i o  d i  hydropyr id ines (2-4) 
( R ~ = L ~ )  w i t h  e l ec t r oph i l es  such as methyl chloroformate, provides a  f a c i l e  rou te  t o  s t a b i l i z e d  

3  N-subst i tuted d i h y d r o p y r i d i n e s 2 - 5  (R =COZMe). 

The s t a b i l i z e d  d ihydropyr id ines  2-4- are use fu l  medic inal  synthons which a re  being used i n  ou r  

drug design program. 
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EXPERIMENTAL 

EQUIPMENT and MATERIALS - Me l t i ng  po in t s  were determined wi th a Buchi c a p i l l a r y  apparatus and are 

uncorrected. Nuclear magnetic resonance spectra were determined f o r  so l u t i ons  i n  deuterochloro-  

form w i t h  t e t r ame thy l s i l ane  as an i n t e r n a l  standard with a  Bruker AM-300 or  Var ian EM-360 

spec t rometer .  I n f r a r e d  s p e c t r a  were r eco rded  on a N i c o l e t  5DX FT o r  P e r k i n  Elmer 267 

spectrometer. Mass spectra Were determined w i t h  an AEI MS-50 mass spectrometer. 

A l l  o rgano l i th ium reac t ions  were performed under d r y  nitrogen. Ether and te t rahydro fu ran  were 

r e f l uxed  over l i t h i u m  aluminum hydr ide  from which it was d i s t i l l e d  j u s t  p r i o r  t o  use. 3 - (4 ,441-  

methyloxazolin-2-yl)pyridine was prepared according t o  the l i t e r a t ~ r e . ~ ~  A l l  products descr ibed 

gave r i s e  t o  a  s i n g l e  spot on t l c  us ing  a  so lven t  system of  low, medium and h igh  p o l a r i t y .  No 

residue remained a f t e r  combination of t h e  products. 

3-(4,4-Dimethyloxazolin-2-yl)-2-phenyl-l,2-dihydropyridine (Zal. 

A  so l u t i on  o f  lJl.056 g, 6  mnol) i n  d ry  d i e t h y l e t h e r  (20 n l )  was added dropwise t o  a  s o l u t i o n  o f  

pheny l l i t h i um  ( 6  mmol) i n  d ry  e ther  (30 m l )  w i t h  s t i r r i n g  a t  25'C under a  n i t r ogen  atmosphere. 

The reac t i on  was al lowed t o  proceed a t  25'C f o r  30 min, and t h e  mix tu re  was cooled t o  O T  and 

then water (10 m l )  was added dropwise. The e therea l  f r ac t i on  was separated, and t h e  aqueous 

l a y e r  was ex t rac ted  w i t h  e ther  (2  x  20 ml). The combined ethereal  ex t r ac t s  were d r i e d  (Na2S04), 

and t h e  so lven t  was removed jnn t o  y i e l d  a  s o l i d  resldue. Th is  residue was sublimed t o  g ive  

2a as a  ye l l ow  s o l i d  (0.85 g, 55.7%), rnp 169-170PC; i r (KB r ) ,  3240 and 1640 cm-l; nmr (DMSO-d6 - 
and CDC13) 6 ,  7.16-7.66 (m, 5H, Ph), 6.9 (d, J  =6.5Hz, lH, H-41, 6.48 (d, Jss6=6Hz o f  d, 

4.5 

JNH,6'6H~. lH ,  H-6; c o l l a p s e s  t o  a  d, J5,6=6Hz a f t e r  deu te r i um  o x i d e  exchange) ,  5.68 (d, 

JNH,2i3Hz, lH, H-2), 4.85 (d, J -6.5Hz of d, J5,6=6Hz of  d, JNH,5=1.5Hr, lH, H-5; b r  s, 1H. NH, 4 -5  

exchanges w l t h  deuterium oxide),  3.9 (s, 2H, 0CH2), 1.3 and 1.18 (two s, 3H each, CH3); C16H18N20 

requ i res  C ,  75.59; H, 7.08; N, 11.02). ( ~ound :  C,  75.73; H, 7.07, N, 10.98). 

The reac t ions  of l w i t h  phenyl-, n -bu t y l -  and methy l l i th ium was a lso  c a r r i e d  ou t  a t  25-, 0' and 

-78°C i n  e ther  and te t rahydro fu ran  (see Table 1 )  us i ng  t h i s  general procedure. The physical  data 

(mp, ir, 'H nmr) f o r  3a, 3b and 3c were i d e n t i c a l  t o  those prev ious ly  reported13b except t h a t  t h e  

mp o f ?  was 184-186'C ra the r  than 169-172°C. The mp of i s  169-172'C. 

General Procedure f o r  the  Preparat ion o f  1-Methoxycarbonyl De r i va t i ves  of 1,2- (2). 1.4- ( 3 )  and 

l ,6 -D~hydropyr id ines  ( 4 1  - A so lu t i on  o f  (1.056 g, 6  mnol) i n  dry te t rahydro fu ran  (20 m l )  was 

added dropwise t o  a so l u t i on  of n - b u t y l l i t h i u m  ( 6  mmol) i n  d ry  te t rahydro fu ran  (30 ml )  w i t h  

s t i r r i n g  i n  a n i t r ogen  atmosphere a t  25-C. The reac t ion  was al lowed t o  proceed f o r  30 min a t  

25°C. and t h e  m i x tu re  was cooled t o  -78-C. A  s o l u t i o n  of methyl chloroformate (0.5 ml, 6  rnmol) 



i n  dry t e t r a h y d r o f u r a n  ( 5  m l )  was added dropwise w l t h  s t i r r i n g .  The r e a c t i o n  m i x t u r e  was a l lowed 

t o  warm t o  25°C and then  water  (10 m l )  was added. E x t r a c t i o n  w i t h  e t h e r  (3 x 25 mL), d r y i n g  

(Na SO ) and removal o f  t h e  s o l v e n t  a vacua gave a m i x t u r e  o f  %, 3: and i n  q u a n t i t a t i v e  
2 4 

y i e l d .  T h i s  m i x t u r e  was s e p a r a t e d  on s i l i c a  g e l  G p l a t e s ,  0.5 mm i n  t h i c k n e s s ,  u s i n g  

ether:hexane (6:4 v l v )  as a development so lven t .  The p roduc ts  were c h a r a c t e r i z e d  by i r ,  'H nrnr 

and h i g h - r e s o l u t i o n  mass spectrometry da ta  as i l l u s t r a t e d  below. 

2-n-Butyl-3-(4,4-dimethyloxarolin-2-yl)-l-methoxycarbonyl-1.2-dihydropyridine (2c) .  *Rf 0.55; 

o i l ,  7.1% y i e l d ;  i r  (nea t ) ,  1735, 1670, 1644 and 1620 cm-l; 'H nmr (CDC13) 6 ,  0.98 (t, J=7Hz, 3H, 

-CHZCi3), 1.1-1.88 (m, 12H, -(&H2)3CH3. geminal CH3), 3.92 (s, 3H, C o g 3 ) ,  4.06 (s ,  2H, -CH?-), 

5.32-5.72 (m, 2H, H-2 and H-5). 6.8 (d, J5,6=5.5Hr, IH, H-6). 7.06 (d, JqS5=9.75Hz, lH, H-4). 

Exact Mass calcd. f o r  Cl6HZ4N2O3: 292.1787; found ( h i g h - r e s o l u t i o n  ms): 292.1785. -- 

4-n-Butyl-3-(4.4-dimethyloxazolin-2-yl)-l-methoxycarbonyl-1,4-dihydropyridine (3c). *Rf 0.6; 

1 1  o i l ,  20.1% y i e l d ;  i r  (nea t ) ,  1745, 1700 and 1650 cm- ; H nmr (CDC13)6 , 1.0 (t, J=7Hr, 3H, CH2 

3)' 1.2-1.7(m, 12H, @j3CH3, geminal CH3), 3.58 (m, lH, H-4), 3.96 (s, 3H, C02CH3), 4.02 (s, 

2H, 0CH2), 5.15 (d, JgS6=8Hz of d, J4,5=5Hz, IH, H-5). 6.93 (d, JgS6=8Hz, lH,  H-6). 7.7 (s ,  lH,  

H-2). Exact  Mass calcd.  f o r  Cl6HZ4N2O3: 292.1787; found ( h i g h - r e s o l u t i o n  ms): 292.1778. 

6-n-Butyl-3-(4,4-dimethyloxazolin-2-yl)-l-methoxycarbonyl-1,6-dihydropyridine (4c) .  *Rf 0.4; mp 

1 1  65-67°C; 17.3% y i e l d ;  i r  (KBr) ,  1735, 1670, 1640 and 1600 cm- ; H nmr (CDC13) 6 ,  0.94 ( t ,  J=7Hz, 

3H, CH2&H3), 1.1-1.7 (m, lZH, f&H2j3CH3, geminal CH3), 3.88 (s ,  3H, C02&H3), 4.03 (s, 2H, 0CH2), 

4.84 (m, IH, H-6), 5.72 (d, JqS5=9.75Hr o f  d, JgS6=5.5Hz, lH,  H-5), 6.5 (d, J =9.75Hz, IH, 
4,5 

H-4), 7.57 (s ,  lH, H-2). Exact  Mass calcd. f o r  Cl6HZ4N2O3: 292.1787; found ( h i g h - r e s o l u t i o n  ms): 

292.1783. 

The 1,2- ($), 1,4- (2 )  and 1 ,6 -d ihydropyr id ines  (s)  were prepared by t h e  r e a c t i o n  o f  1 w i t h  

m e t h y l l i t h i u m  u s i n g  t h e  general procedure descr ibed  above. 

~-(~,4-Oimeth~loxazolin-Z-yl)-l-methoxycarbonyl-2-ethyl-l,2-dihydropyidine (2e). *Rf 0.6; o i l ;  

12.8% y i e l d ;  i r  ( n e a t ) ,  1740, 1670 and 1620 c m - l ;  'H nrnr (CDC13) 6 , 1.2 ( d ,  JNe,H-2=6H~, 

%-C-2), 1.32 (s, 6H, geminal CH3), 3.86 (s ,  3H, COZCH3), 4.02 (s, 2H, 0CH2), 5.2-5.72 (m, 2H, 

H-2, H-5). 6.72 (d, J5,6=6Hz, IH, H-6). 7.0 (d, J4,5=8Hz, lH, H-4). Exact Mass calcd. f o r  

C13H18N203: 250.1318; found ( h i g h - r e s o l u t i o n  ms): 250.1310. 
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3-(4,4-Dimethyloxazolin-2-~l)-l-methoxycarbonyl-4-methyl-1,4-dihydropyridine (3e l .  *Rf 0.7; o i l ;  

36.6% y i e l d ;  i r  (nea t ) ,  1750. 1700, 1650 and 1635 cm-l; 'H nmr (CDCI3)6 . 1.3 (d, JMe,H-4=6.5Hz, 

CH3-C-41, 1 3  (s,  6H, geminal CH3), 3.48 (ddd, JMe,H-4=6.5Hz o f  d, JqS5=5Hz, IH, H-4). 3.92 (s ,  

3H, C02CH3), 4.0 (s, 2H, K H z ) ,  5.12 (d, J5,6=8Hz o f  d, JqS5=5Hz, lH, H-5). 6.8 (d. JgS6=8Hz, lH, 

H-6), 7.6 (s, 1H. H-2). Exact  Mass calcd. f o r  Cl3Hl8N2O3: 250.1318; found ( h i g h - r e s o l u t i o n  ms): 

250.1312. 

3-(~,4-~imethyloxazolin-2-yl)-l-methoxycarbon~l-6-meth~l-1,6-dih~dro~~ridine (4el. *Rf 0.4; o i l ;  

22.1% y i e l d ;  i r  (nea t ) ,  1740, 1670, 1640 and 1600 cm-l; 'H nmr (CDC13) 6 ,  1.27 (d, JMe,H-6=6H~, 

3H, CH3-C-6). 1.4 (s ,  6H, geminal CH3), 3.92 ( s ,  3H, C02CH3), 4.08 (s, 2H, K H z ) ,  4.92 (ddd, 

JMe,H-6=6Hz of d, JgS6=5.5Hz. lH, H-6), 5.7 (d. Jqr5=9.75Hz o f  d, JgS6=5.5Hz, lH, H-5), 6.5 (d,  

J4,5=9.75 Hz, lH, H-4), 7.56 (s, 1H. H-2). -- Exact Mass calcd. f o r  C13H13N203: 250.1318; found 

( h i g h - r e s o l u t i o n  ms): 250.1316. 

4-n-Butyl-3-(4,4-dimethyloxazolin-2-yl)pyridine L7) and 6-n-Butyl-3-(4,4-dimethyloxazolin-2-yl1- 

e y r i d i n e  (81. - The r e a c t i o n  m ix tu re ,  ob ta ined  f rom r e a c t i o n  o f , ?  ( 6  m o l )  w i t h  n - b u t y l l i t h i u m  (6  

mmol) a t  ODC i n  te t rahydro fu ran  as descr ibed  p rev ious ly ,  was d i s s o l v e d  i n  acetone (50 ml). A 

s o l u t i o n  of potassium permanganate i n  acetone (5% w/v) was added dropwise w i t h  s t i r r i n g  u n t i l  t h e  

p u r p l e  c o l o r  p e r s i s t e d  and then i s o p r o p y l  a l coho l  (10 m l )  was added t o  reduce excess potassium 

permanganate present .  The r e a c t i o n  m i x t u r e  was f i l t e r e d ,  and t h e  res idue  was washed w i t h  acetone 

( 3  x  10 ml). Removal of t h e  s o l v e n t  from t h e  combined f i l t r a t e s  gave a m i x t u r e  which 

was p u r i f i e d  on s i l i c a  ge l  G p la tes ,  0.5 mn i n  th i ckness ,  u s i n g  e t h y l  ace ta te  as a development 

so lven t .  E x t r a c t i o n  o f  t h e  product  bands w i t h  methanol y i e l d e d  ,7- (0.38 g, 2 7 . 5 ~ ) ' ~ ~  and 8 (0.11 ,. 
g. 7 . 8 ~ ) ' ~ ~  which were i d e n t i c a l  ( i r ,  'H nmr) w i t h  l i t e r a t u r e  data.  
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