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Abstract- The add i t i on  of Grignard reagents t o  the 1-phenoxycarbonyl s a l t s  

o f  a l k y l  n i co t i na tes  affords subst i tu ted 1,2- and 1,4-dihydropyridines. The 

crude dihydropyr id ines were aromatized w i t h  g-ch loran i l  o r  su l fu r  t o  g ive  6- 

and 4-subst i tuted a l k y l  n ico t ina tes .  The r e g i o s e l e c t i v i t y  o f  t h i s  two-step 

process, 6- vs. 4- subst i tu t ion ,  was examined and found t o  be dependent upon 

the s t ruc tu re  of the  Grignard reagent. When a  c a t a l y t i c  amount o f  cuprous 

i o d i d e  i s  p resen t  d u r i n g  t h e  G r i g n a r d  reac t i on ,  n e a r l y  e x c l u s i v e  1.4- 

a d d i t i o n  r e s u l t s .  The crude 1 .4-d ihydropyr id ines  were a roma t i zed  w i t h  

s u l f u r  t o  p r o v i d e  4 - s u b s t i t u t e d  m e t h y l  n i c o t i n a t e s  i n  moderate y i e l d  and 

h igh isomeric pur i ty .  

Recently, we have been studying the synthesis of subst i tu ted py r i d i nes  and dihydropyr id ines v i a  

the  add i t i on  of Grignard reagents t o  1-acy lpyr id in ium ~ a l t s . l - ~  The r e g i o s e l e c t i v i t y  o f  t h i s  

react ion,  1,2- vs. 1.4- addi t ion,  was examined and found t o  be dependent upon the s t ruc tures  of 

t h e  p y r i d i n e ,  G r i g n a r d  reagent ,  and t h e  1 - a c y l  group, and t h e  presence of cuprous iodide.'s2 

The 1 - a c y l p y r i d i n i u m  s a l t s  a r e  so r e a c t i v e  t o w a r d  Grignard reagen ts  t h a t  a d d i t i o n  t o  t h e  

py r i d i ne  r i n g  w i l l  occur i n  the  presence o f  other react ive  func t iona l  groups such as ketones4, 

esters1.5, and ha l i des2 .  S ince  s u b s t i t u t e d  3 - a c y l p y r i d i n e s  a r e  g e n e r a l l y  d i f f i c u l t  t o  

~ r e p a r e , ~  we decided t o  study the r i n g - a l k y l a t i o n  of the r e a d i l y  ava i l ab le  a l k y l  n ico t ina tes .  

We repo r t  here a  reg iose lec t i ve  synthesis o f  6-(or 4-1 subst i tuted a l k y l  n i co t i na tes  u t i l i z i n g  

t h e  r e a c t i o n  o f  Gr ignard reagents w i t h  the  1-phenoxycarbonyl sa l t s7  of a l k y l  n ico t ina tes .  

The i n i t i a l  r eac t i on  was performed using phenylmagnesium ch lor ide  and the phenoxycarbonyl s a l t  

o f  m e t h y l  n i c o t i n a t e ( 1 )  i n  t e t r a h y d r o f u r a n  (THF). The crude d i h y d r o p y r i d i n e  m i x t u r e  2 was 

a r o m a t i z e d  w i t h  g - c h l o r a n i l a  t o  g i v e  m e t h y l  6 - p h e n y l n i c o t i n a t e ( 3 )  and m e t h y l  4 -  

phenylnicot inate(4) i n  a  r a t i o  of 4:l (see Scheme I). 
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TO determine what e f f e c t  t he  s t ructure o f  t he  ester  funct ion has on the reg iose lec t i v i t y ,  t he  

analogous r e a c t i o n s  u s i n g i - p r o p y l  n i c o t i n a t e  and t - b u t y l  n i c o t i n a t e  were performed. The 

results are given i n  Table I. Interest ing ly ,  the s t ructure o f  the ester has l i t t l e  e f f e c t  on 

the regiochemistry. 

TABLE 1 

PhCH3, A 5 6  

Ra ~ a t i o b  Overal l  Yield,Xc mp, OC 
5/6 of 5  of 5  

aReactions were pe r f  rmed on a 3-mmol scale i n  THF. b ~ h e  r a t i o  P was determined by  H NMR. 'Y ie lds  a r e  f o r  i so la ted ,  pure, 
mater ia l  obtained from r a d i a l  preparat ive layer  chromatography 
( s i l i c a  gel, e thy l  acetate-hexanes). 

The e f f e c t  o f  t h e  Gr ignard  reagent  on t h e  r e g i o s e l e c t i v i t y  was s t u d i e d  and t h e  r e s u l t s  a re  

given i n  Table 11. The crude d i h y d r o p y r i d i n e s  were a r o m a t i r e d  w i t h  s u l f u r 9  i n  r e f l u x i n g  

naphthalene, and the r a t i o  o f  aromatized products (7 and 8) was determined by GC analysis Of 

the c rude  m a t e r i a l .  The 6 - s u b s t i t u t e d  methy l  n i c o t i n a t e s  7 were i s o l a t e d  i n  low y i e l d  by 

chromatography on s i l i c a  gel. With methyl and n -bu ty l  Grignard reagents, a  60/40 mixture of 4- 

and 6-subst i tuted n icot inates resulted. Cyclohexylmagnesium ch lor ide gave mainly 1.4-addition. 

presumably due t o  a  s t e r i c  ef fect.1 The r a t i o  was reve rsed  w i t h  phenylmagnesium c h l o r i d e ,  

giving mainly the 6-subst i tuted product. The p re fe ren t ia l  at tack o f  a r y l  Grignard reagents a t  

the a-posi t ion o f  other l -acy lpyr id in ium s a l t s  has been reported.''l0 
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TABLE I1 

1. RMgX, THF 

2. S,  naphthalene,: R 
7 R 

Crude Yield,% P u r i f i e d  Yieldc 
Of 7 t8  O f  7 

Cyclohexyl 16/84 65 4  

Phenyl 84/16 76 3 0 ( 5 8 ) ~  

aReact ions  were pe r fo rmed  on a  3-mmol scale. b ~ h e  r a t i o  was 
de te rm ined  by GC. c Y i e l d s  a r e  f o r  i so la ted,  pure,  m a t e r i a l  
obtained f rom r a d i a l  p repara t ive  l aye r  chromatography. d ~ i e l d  
when 9 -ch lo ran i l  was used f o r  the  aromatization. See Table I. 

Synthesis of Methyl 4-Alkylnicot inates.  We recen t l y  reported t h a t  a  c a t a l y t i c  amount (5 mol %) 

of C U I  has a  ma jo r  e f f e c t  on t h e  r e g i o s e l e c t i v i t y  o f  t h e  G r i g n a r d  r e a c t i o n  w i t h  1- 

acy lpyr id in ium sa l ts ,  causing near ly  exc lus ive  a t tack  a t  the 4-pos i t ion  o f  the p y r i d i n e  r ing.  

Subsequent aromat iza t ion  of the  crude 1.4-dihydropyridines provides 4-subst i tu ted py r i d i nes  i n  

good ~ i e 1 d . l . ~  We have s t u d i e d  t h e  e f f e c t  of CUI (5 mol %) on t h e  r e a c t i o n  o f  G r i gna rd  

reagents w i t h  the  1-phenoxycarbonyl s a l t  of methyl n ico t ina te  (I), and the r e s u l t s  a re  given i n  

T a b l e  111. The G r i g n a r d  r e a g e n t  was added d ropw ise  t o  a s o l u t i o n  o f  m e t h y l  n i c o t i n a t e ,  CUI 

(5%). and pheny l  c h l o r o f o r m a t e  i n  THF-methyl s u l f i d e  (3 e q u i v )  a t  -20°C t o  g i v e  1.4- 

dihydropyr id ines 9a (see Scheme 11). The reac t i on  i s  regiospecif ic, fo rming on l y  minor amounts 

O f  t h e  isomeric 1,2-dihydropyridines 9b. Aromat izat ion of t h e  crude d ihydropyr id ines  9  w i t h  

su l f u r  i n  re f l ux ing  deca l i n  gave methyl 4 -a lky ln ico t ina tes  8  i n  moderate t o  good y ie ld .  

Scheme I1  

1. 5% "1 

9 + 
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TABLE 111. Synthesis o f  Methyl 4 -A lky ln ico t ina tes  (See Scheme I I L  

Ra I l a t i ob  Crude Yield,% Pur i f i ed  yield,Xc 
8/7 o f  7 t8  of 8 

Me 99/1 

n-Bu - 93!7 

Cyclohexyl 96/4 

Phenyl 95/5 

aReact ions  were per formed on a 3-mmol sca le .  b ~ h e  r a t i o  was 
de te rm ined  b y  GC. W e l d s  a r e  f o r  i s o l a t e d ,  pure,  m a t e r i a l  
obtained from r a d i a l  p repara t ive  layer  chromatography. 

EXPERIMENTAL SECTION 

Reactions i nvo l v i ng  organometal l ic  reagents were performed i n  oven-dried glassware under a N2 

atmosphere. Tetrahydrofuran (THF) was d r i e d  b y  d i s t i l l a t i o n  f r o m  sodium benzophenone k e t y l  

p r i o r  t o  use. To luene was d r i e d  ove r  3A m o l e c u l a r  s ieves. Cuprous i o d i d e  (CuI), u l t r a p u r e ,  

was ob ta ined  f r o m  A l f a  Products.  Other  s o l v e n t s  and reagen ts  f r o m  commerc ia l  sources were 

generally used w i thou t  f u r t h e r  pu r i f i ca t i on .  

Melting po in t s  were determined w i t h  a Thomas-Hoover c a p i l l a r y  me l t i ng  p o i n t  apparatus and are 

uncorrected. 1~ NMR s p e c t r a  were reco rded  on a V a r i a n  EM-360 spect rometer .  G a s - l i q u i d  

chromatography (GC) was performed w i t h  a Hewlett-Packard 5830A gas chromatograph equipped w i t h  

a 30 m x 0.25 mm FSOT column packed w i t h  OV-101. 

6-Phenylnicotinate m. A s o l u t i o n  of methyl n i c o t i n a t e  (411 mg, 3 mmol) i n  6 m l  of d r y  

THF under N2 was cooled t o  -20°C (d ry  ice/cc14). Phenyl chloroformate (0.39 ml, 3.0 mmol) was 

added dropwise and the mix ture  was s t i r r e d  a t  - 2 0 T  fo r  10 min. A so lu t i on  o f  phenylmagnesium 

chlor ide (3.0 mmol) i n  1.5 ml of THF was added dropwise. The m ix tu re  was s t i r r e d  a t  -20°C f o r  

15 min fo l lowed by the  add i t i on  of aqueous 20% NH4C1 s o l u t i o n  (20 ml). Ether (50 ml)  was added 

and the organic l aye r  was washed w i t h  20-m1 po r t i ons  of 10% HCl (ZX), water, and brine. A f te r  

drying (MgS04), the  so lu t i on  was concentrated t o  g i v e  the crude d ihydropyr id ine  as a viscous 

o i l .  To t h i s  o i l  i n  d r y  t o l u e n e  (20 m l )  was added 810 mg (3.3 mmol) of 2 - c h l o r a n i l .  The 

mixture was heated a t  r e f l ux  f o r  3 h and cooled t o  room temperature. Ether (50 ml)  and 25 ml 

of 1N NaOH were added, and a f t e r  s t i r r i n g  f o r  10 min t h e  m ix tu re  was f i l t e r e d  through ce l i t e .  

The organic layer  was washed w i t h  20-ml po r t i ons  o f  water and brine. A f t e r  d ry ing  (MgS04), the  

s o l u t i o n  was f i l t e r e d  and concen t ra ted  t o  y i e l d  875 mg o f  a y e l l o w  s o l i d .  P u r i f i c a t i o n  b y  

r a d i a l  p r e p a r a t i v e  l a y e r  chromatography (0.1% MeOH/CH2CI2) gave 370 mg (58%) o f  me thy l  6- 

phenylnicot inate (3) as a wh i te  sol id.  The product was r e c r y s t a l l i z e d  from e t h y l  acetate t o  

g i ve  an a n a l y t i c a l  sample o f  3: mp 113-114'C; NMR (CDCI3) 89.4 (bs,lH), 8.44 ( d  o f  d,lH,J=2,8 
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Hz), 8.18 (m,2H), 7.86 (d.lH.J.8 Hz). 7.52 (m,3H), 4.0 (s,3H); IR (KBr) 1720, 1600, 1290 cm-1. 

Anal. Ca lcd  f o r  Cl3H1lNO2: C, 73.23; H, 5.19; N, 6.57. Found: C, 73.13; H, 5.30; N, 6.52. 

Isopropyl  6-Phenylnicotinate. Prepared from isopropy l  n ico t ina te  using the procedure described 

above: 60% y i e l d ;  mp 68-6g°C (hexane); NMR (CC14 69.3 (bs,lH), 7.2-8.6 (bm,7H), 5.3 (q,lH), 

1.4 (d.6H)); I R  (KBr) 1710, 1600, 1290 c r l .  Anal. Calcd f o r  C15H15N02: C, 74.66; H, 6.26; N, 

5.80. Found: C, 74.57; H, 6.11; N, 5.87. 

t e r t - B u t y l  6 -Pheny ln i co t i na te .  Prepared from w - b u t y l  n i c o t i n a t e  u s i n g  t h e  procedure  

desc r i bed  above: 57% y i e l d ;  mp 78-7g°C (hexane); NMR (CC14) 69.25 (bs,lH), 7.2-8.4 (bm,7H), 

1.6 (s,9H); IR (KBr) 1710, 1600, 1300 cm-l. Anal. Calcd f o r  CI6Hl7NO2: C, 75.27; H, 6.71; N, 

5.48. Found: C, 75.05; H, 6.78; N, 5.51. 

Syn thes i s  o f  M e t h y l  6 - A l k y l n i c o t i n a t e s .  General Procedure. The crude dihydropyr id ines were 

prepared f rom methyl  n i c o t i n a t e  (3 mmol) and Grignard reagents us ing the procedure described 

above f o r  the synthesis of 3. The dihydropyr id ines were t reated w i t h  sublimed s u l f u r  (3 mmol) 

i n  r e f l u x i n g  naphtha lene (10 g) f o r  3  h  under Np. Ether (50 m l )  was added t o  t h e  coo led  

react ion  mix ture  fo l lowed by ex t rac t i on  w i t h  four 30-ml por t ions  o f  c o l d  10% HC1. Methylene 

c h l o r i d e  (50 m l )  was added t o  t h e  coo led  a c i d  e x t r a c t .  The m i x t u r e  was made b a s i c  w i t h  10% 

NaOH and ex t rac ted w i t h  CH2C12. The combined organic layer was d r i ed  (K2C03), f i l t e red ,  and 

concen t ra ted  t o  g i v e  t h e  c rude s u b s t i t u t e d  n i c o t i n a t e s .  The r a t i o  o f  m e t h y l  6- and 4- 

a l k y l n i c o t i n a t e s  was de te rm ined  b y  GC a n a l y s i s  (see Table 11). The 6 - s u b s t i t u t e d  me thy l  

n i co t i na tes  7  were i so la ted  pure by  r a d i a l  p repara t ive  layer chromatography ( s i l i c a  gel, EtOAc- 

hexane). 

Me thy l  6 - n - B u t y l n i c o t i n a t e :  I s o l a t e d  as a  c l e a r  o i l :  29% y i e l d ;  NMR (CDC13) 69.25 (bs,lH), 

8.3 ( d  of d,lH,J=2,8 Hz), 7.3 (d, lH,J4 Hz), 4.0 (s,3H), 2.9 (t,2H), 0.7-2.0 (bm,7H!; IR (nea t )  

1725, 1600, 1300 cm-l .  Anal. Ca lcd  f o r  C10H15N02: C, 68.37; H, 7.82; N, 7.25. Found: C, 

68.32; H, 7.89; N, 7.29. 

Methyl 6 - C ~ C l o h e x y l n i c o t i n a t e .  I s o l a t e d  as a  c l e a r  o i l :  4.2% y i e l d ;  NMR (CDC13) 69.25 

(bS,lH), 8.3 ( d  of d,lH,J=2,8 Hz), 7.3 (d,lH,3=8 HZ), 4.0 (s,3H), 2.8 (bs,lH), 1.1-2.3 

(bm, lO~) .  Anal. Ca lcd  f o r  C13H17N02: C, 71.21; H, 7.52; N, 6.39. Found: C, 71.36; H, 7.74; 

N, 6.44. 

Synthesis of Methyl  4 -A lky ln ico t ina tes  8. General Procedure. A  so lu t i on  o f  methyl n i co t i na te  

(411 mg, 3  mmol), 30 mg o f  Cur, and 1.5 m l  o f  m e t h y l  s u l f i d e  i n  8  m l  o f  d r y  THF was coo led  t o  

-20DC ( d r y  ice/CC14). Phenyl  c h l o r o f o r m a t e  (0.39 ml, 3.0 mmol) was added d ropw ise  and t h e  



mixture was s t i r r e d  a t  -20'C fo r  10 min. A so lu t i on  o f  the Grignard reagent (3.0 mmol) i n  2.0 

ml of THF was added dropwise. The mix ture  was s t i r r e d  a t  -20°C f o r  15 min, a l lowed t o  come t o  

room temperature ,  and quenched w i t h  20 m l  of aqueous 20% NH4CI s o l u t i o n .  E t h e r  (50 m1) was 

added and the organic l aye r  was washed w i t h  20 m l  po r t i ons  of 20% NH~CI/NH~OH (50:50), water, 

10% HCI (ZX), water,  and b r i ne .  A f t e r  d r y i n g  (MgS04), t h e  s o l u t i o n  was concen t ra ted  t o  g i v e  

the crude d ihydropyr id ine  9 as a viscous o i l .  The dihydropyr id ines were aromatized w i t h  s u l f u r  

(3 mmol) i n  r e f l u x i n g  d e c a l i n  (3h). I s o l a t i o n  atld p u r i f i c a t i o n  were t h e  same as desc r i bed  

above f o r  the  synthesis o f  methyl 6 -a lky ln ico t ina tes .  

rn 4-Methylnicot inate:  I so la ted  as a c l ea r  o i l :  48% y ie ld ;  NMR (CDC13) 69.25 (s,lH), 8.68 

(d,lH,J=6 Hz), 7.28 (d,lH,J=6 Hz), 4.0 (S,3H), 2.65 (s,3H); IR (nea t )  1720, 160 , 1440 cm-l. 

Anal. Ca l cd  f o r  C8H9N02: C, 63.56; H, 6.00; N, 9.27. Found: C, 63.47; H, 6.14; N, 9.06. 

Methyl 4 - n - B u t y l y l n i c o t i n a t e :  I s o l a t e d  as a c l e a r  o i l :  44% y i e l d ;  NMR ( c o c I ~ )  69.2 (S,lH), 

8.7 (d,lH,J=6 Hz), 7.28 (d.lH.J.6 Hz), 4.0 (5,3H), 3.05 (t,2H), 0.8-1.9 (bm.7H); IR (neat )  

1720, 1590, 1280 cm-l. Anal. Ca lcd  f o r  C10H15N02: C, 68.37; H, 7.82; N, 7.25. Found: C, 

68.34; H, 7.84; N, 7.27. 

Methyl 4-Cyc lohexy ln i co t i na te :  I s o l a t e d  as a c l e a r  o i l :  41% y i e l d ;  NMR (CDC13) 89.1 (s,lH), 

8.72 (d,lH,J=6 Hz), 7.4 (d,lH,J=6 Hz), 4.0 (s,3H), 3.5 (bs, 1H), 1.1-2.2 (bm,lOH); I R  (nea t )  

1720, 1590, 1280 cm-l. Anal. Ca lcd  f o r  CI3Hl7NO2: C, 71.21; H, 7.82; N, 6.39. Found: C, 

71.15; H, 7.69; N, 6.36. 

rn 4-Phenylnicotinate: I so la ted  as a c l ea r  o i l :  60% y ie ld ;  NMR (CDCI3) 69.18 (s,lH), 8.82 

(d,lH,J=S Hz), 7.48 (s,5H), 7.35 (d,lH), 3.7 (s.3H); IR (nea t )  1720, 1580, 1280 cm-I. Anal. 

Calcd f o r  Cl3H11NO2: C, 73.23; H, 5.20; N, 6.57. Found: C, 73.47; H, 5.17; N, 6.52. 
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