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A b s t r a c t  - Treatment o f  3 - s u b s t i t u t e d  1-(phenoxycarbony1)-1.2-dihydro- 

py r i d i nes  w i t h  V i l sne ie r  reagent (POCl3/DMF1 gave 3-subst i tuted 5 - fomy l - l -  

1phenoxycarbonyl)-1.2-dihydropyridines, which were aromat ized w i t h  h o t  

su l f u r  t o  provide 5-subst i tuted 3-pyridinecarboxaldehydes. The formylat ion 

o f  4 -subst i tu ted 1-(phenoxycarbony1)-1.4-dihydropyridines and subsequent 

a r m a t i z a t i o n  gave 4-subst i tuted 3-pyridinecarboxaldehydes. 

E l e c t r o p h i l i c  subs t i t u t i on  on the r i n g  carbons of p i r i d i ne  i s  d i f f i c u 1 t . l  The Fr iede l -Cra f ts  

acy la t i on  and Vi lsmeier formylat ion,  which are important methods for  the preparat ion o f  a r y l  

ke tones and aldehydes, f a i l  i n  the  pyr id ine  series, making many 3-pyr idyl  ketones and 

3-pyridinecarboxaldehydes d i f f i c u l t  t o  prepare. Recently i n  our labora tor ies  we have been 

developing syntheses o f  subst i tu ted pyr id ines  v i a  1-acyldihydropyridine  intermediate^.^.^ 
The 6-pos i t ion  o f  a 1-acyldihydropyridine i s  e lec t ron r i c h  and suscept ib le t o  e l e c t r o p h i l i c  

attack. We have reported the Fr iede l -Cra f ts  acylat ion of several 1-acyldihydropyridines. 

The intermediate 8-acylated 1-acyldihydropyr id ines could be aromatized w i th  ho t  s u l f u r  t o  

provide subst i tu ted 3 - a ~ y l p y r i d i n e s . ~ ~  This synthet ic  sequence i s  tantamount t o  the  regio- 

s p e c i f i c  8 -acy la t i on  o f  the py r i d i ne  r i n g  system. 

shono4 has described one example o f  a 6-formylation of a 1-acyl-1.4-dlhydropyridine, and we5 

recent ly  repor ted the 6-formylat ion of 1-1phenoxycarbonyl)-1.2-dihydropyridine v i a  t h e  

V i  1 smeier-Haack reaction. The reg iospec i f i c  6 - fomy la t i on  of 1-acyldi  hydropyridines has 

considerable po ten t i a l  f o r  the synthesis of subst i tuted 3-pyr id inecarboxa ldehydes.  We 

repo r t  here the  preparat ion o f  several 5-  and 4-substituted 3-pyridinecarboxaldehydes frm 

1-acyldihydropyr id ine intermediates. 

Several 3 -subst i tu ted pyr id ines  were transformed i n t o  the 3-subst i tuted I-(phenoxycarbonyll- 

1.2-dihydropyridines using Fou ler 's  method (pyr id ine,  phenyl chloroformate, NaBH.,. M ~ O H I . ~  

The h y d r i d e  add i t ion  occurs reg iospec i f i ca l l y7  a t  the 2-posi t ion o f  the i n  s i t u  formed 

I -acy lpyr id in ium s a l t  t o  g ive  the  desired 1.2-dihydropyridines i n  moderate y i e l ds  as shown 

i n  Table I. 

Two a d d i t i o n a l  1.2-dihydropyridines. 3-phenyl-l-~phenox~carbon~l1-1.2-dihydropyridine (&) 

and 3-cyclohexyl-l-~phenoxycarbonyll-1,2-dihydropyridine ( E l ,  were prepared frm 3-brmo-l-  

(phenoxycarbony1)-1.2-dihydropyridine (El by u t i l i z i n g  a cross-coupling reaction.' Phenyl- 

magnesium ch lo r i de  was added t o  a so lu t i on  of $ i n  benzene containing a c a t a l y t i c  amount o f  

bis~l,3-diphenylphosphino)propanenickel(11) ch lo r i de  to prov ide dihydropyr id ine 2 i n  674 

y ie ld .  The analogous react ion  using cyclohexylmagnesium ch lo r i de  gave dihydropyr id ine if i n  

54% y ie ld .  ( N Y ~ ~  3% NiC12(dppp) 

 COOP^ RMgx  COOP^ 
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Table 1. Synthesis o f  3-Subst i tuted I-(Phenoxycarbony1)-1.2-dihydropyridines 

Compounda R Yield. zb mp, 'C 

B r  

C1 

OMe 

Me 

a ~ e a c t i o n s  were performed fo l l ow ing  Fowler 's  procedure on a 20-mmol sca le  using 1.3 equiv of 

NaBH4 and 1.0 equiv of P ~ O C O C ~  i n  methanol a t  -78'C. b ~ i e l d s  are  f o r  isolated,  pure mater ia l  

obtained from preparat ive l aye r  chranatography o r  r ec r ys ta l l i za t i on .  CDihydropyr id ine 26 
was i s o l a t e d  as an unstable o i l  t h a t  was used immediately i n  the  n e x t  step. 

F o r m y l a t i o n  of  + S u b s t i t u t e d  1-Acyl-1.2-dihydropyridines. Shono's4 method f o r  the  

fo rmy la t ian  o f  enecarbamates was fo l lowed w i t h  some v a r i a t i o n  i n  equivalents of reagents and 

tempera ture .  Mono fo rmy la t i an  occur red  t o  give the  3-subst i tuted 5-formyl-1.2-dihydro- 

py r i d i nes  3 i n  good y i e l ds  as shown i n  Table 11. 

Table  11. Synthesis of 3-Subst i tuted 5-Fotmyl-l-~phenoxycarbonyl)-1,2-dihydropyridines 3 
fran 3-Substi tu ted  I-(Phenoxycarbony1)-1.2-di hydropyr id ines 2, 

Di hydropyr id ine R Formylat ion Condi tonsa Y ie l d  ( % l b  mpc, 'C 
O f  3 

2a Br 2.2 equiv. POC13/DMF; RT 20 h 57 118-120 

2b C1 1.5 equiv. POCl3/0MF; re f l uxed  40 min 64 113-114 

2C Me0 2.2 equiv. POCl3IDMF; RT 24 h 59 107-109 

2d Me 1.1 equiv. P0C13/DMF; re f luxed 40 min 71 d 

2e Ph 2.2 equiv. POCl3IDMF; RT 4.5 h 73 115-117 

Zf C6Hll 2.2 equiv. POC13/DMF; RT 18 h 65 113.5-115 

' ~ 1 1  reac t ions  were run i n  methylene ch lo r i de  and then hydrolyzed w i t h  excess KOAc i n  water. 

b Y i e l d ~  were obtained frm r a d i a l  p repara t ive  l aye r  chranatography (EtOAc-hexanes). cUnless 

indicated,  t h e  products were r e c r y s t a l l i z e d  from e thy l  acetatelhexane. d ~ h i s  product  was 

i s o l a t e d  as a c lear  o i l .  
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F o r m y l a t i o n  of  4 - S u b s t i t u t e d  1-Acyl-1,4-dihydropyridines. The copper-catalyzed reg io -  

se l ec t i ve  a d d i t i o n  of Grignard reagents t o  1-acylpyr id in ium s a l t s  i s  a convenient method f o r  

t h e  syn thes is  of l-acyl-4-alkyl(aryl)-1.4-dihydropyridines.2 We prepared d ihydropyr id ines  Q 

us ing  t h i s  procedure and formylated them us ing  the Yi lsmeier  r eac t i on  t o  g ive  the  aldehydes 

% a s  shown i n  Table 111. 

R' 

rp 1 .+y PhOCOCl N DMF 
 COOP^  COOP^ 
4 5a R ' = P h , R = H  

Sb R ' = M e , R = H  

5c R'=Me,R=OMe 

Table 111. Synthesis of 4-Subst i tuted 3-Fonnyl-l-(phenoxycarbonyl)-1.4-dihydropyridine5 5 
from 4, 

Synthesis o f  Subs t i tu ted  3-Pyridinecarboxaldehydes frm 3 and 5. The 3-fonnyl-1.2-dihydro- 

p y r i d i n e s  3 and 3-formyl-1.4-dihydropyridines 5 were a r m a t i r e d  using s u l f u r  i n  r e f l u x i n g  

decahydronaphthalene o r  naphthalene t o  p rov ide  the des i red  subs t i t u t ed  3 -py r i d i neca rbox -  

aldehydes as shown i n  Table 1Y. 
Th i s  three-step synthesis i s  convenient and al lows f a r  t h e  

p repa ra t i on  o f  many subs t i t u t ed  3-pyridinecarboxaldehydes t h a t  would be d i f f i c u l t  t o  prepare 

by o ther  methods. 

D ihydropyr id ine  R '  R Fonny la t ion  Conditions Y ie l d  zb mp. 'C 
O f  2 

4a Ph H 2.2 equiv. POC13/DNF; RT 36 h 43 158-159.5 

4 b CH3 H 2.2 equiv. POC13/DMF; RT 20 h 60.5 C 

4c CH3 CH30 2.2 equiv. POCl3/DMF; RT 48 h 71 c 

a~ll reac t i ons  were r un  i n  methylene ch l o r i de  and then hydrolyzed w i t h  excess KOAc i n  water. 

Reactions were checked by TLC t o  determine when the r eac t i on  was cmp le te .  b ~ i e l d s  were 

obtained f r an  Kugelrohr d i s t i l l a t i o n .  CProduct was i s o l a t e d  as a l i g h t  ye l low o i l .  



Table IY. Synthesis o f  Subs t i tu ted  3-Pyridinecarboxaldehydes g and from Oihydropyr id ines 
and d. 

Oihydropyridine Equiv Sol vent  Time o f  Pyr id ine  Y ie l d  mp. 'C 
of  S8 Reflux I 

3a 1.0 naphthalene 2 h r  6a 54' 95-96 
3b 1.0 naphthalene 2 h r  6b 55' 69-70(69-70)~ 
3c 1.2 decal i n 6 h r  6c 69: 33-34 
3d 1.0 naphthalene 2 h r  66 71 3 8 ~ 3 9  (37)1° 
3e 1.0 deca l i n  2 h r  6e 51a 
3 f  1.2 deca l i n  2 h r  6f 36a c 
5a 1.1 naphthalene 2.5 h r  7a 6ga c 
5b 1.5 deca l i n  5.5 h r  7b 5 3b c 
5c 1.5 deca l i n  6 h r  7c 67b 70.5-71.5 

a ~ i e l d s  o b t a i n e d  f rom r a d i a l  p r e p a r a t i v e  l aye r  chrmatography. b ~ i e l d s  obtained from 

Kuqelrohr d i s t i l l a t i o n .  CProduct was i s o l a t e d  as a c l e a r  o i l .  

EXPERIMENTAL 

Reactions i nvo l v i ng  o r g a n m e t a l l i c  reagents were performed i n  oven-dried glassware under a 

N2 atmosphere. Tetrahydrofuran UHF1 was d r i e d  by d i s t i l l a t i o n  from sodium benzophenone 

ke ty l  p r i o r  t o  use. Cuprous i od i de  ICuI) ,  u l t r apu re ,  was obtained from A l f a  Products.  

Other so lven ts  and reagents frm cmmerc ia l  sources were genera l l y  used w i thout  f u r t h e r  

p u r i f i c a t i o n .  

Mel t ing p o i n t s  were determined w i t h  a Thanas-Hoover c a p i l l a r y  me l t ing  p o i n t  apparatus and 

are uncorrected. IH nmr spectra were recorded on a Var ian EM-360 o r  JEOL FX-90-Q spectro- 

meter. Ir spectra were r eco rded  on a Pe rk i n -E lme r  7108 spec t rophotometer .  Rad ia l  

Preparat ive l aye r  chromatography was c a r r i e d  ou t  by using a Chromatotron (Harr ison Assoc.. 

Pal0 A l to .  CAI. Combustion analyses were performed by M. H. W.  Laborator ies,  Phoenix. AZ. 

Preparat ion o f  3-Phenyl-1-(phenoxycarbony1)-1.2-dihydropyridine (2e). A s t i r r e d  s o l u t i o n  of 

1.00 g (3.57 mmol) of 3-brmo-1-(phenoxycarbony1)-1.2-dihydropyridine (g) and 0.096 g (0.17 

mmol) of bis(l.3-diphenylphosphino)propanenickel(II) ch lo r i de  i n  8 ml of d ry  benzene was 

cooled t o  ODC. Phenylrnagnesium ch lo r i de  i n  THF (2.20 ml. 4.2 mmol) was added dropwise and 

the r eac t i on  was s t i r r e d  f o r  2 h a t  RT. An aqueous s o l u t i o n  (20 m l )  of 20% NH4Cl was added 

a t  O'C and the  mix tu re  was warmed t o  RT. The aqueous l a y e r  was ex t rac ted  w i t h  Et20 (2  x 20 

ml l .  The combined organic l aye r  was washed w i t h  20-ml po r t i ons  of water and br ine,  and d r i e d  

over MgSOq. The s o l u t i o n  was f i l t e r e d  and concentrated t o  y i e l d  1.28 g of crude product. 

This mater ia l  was p u r i f i e d  by r a d i a l  p repara t i ve  l a y e r  chromatography ( s i l i c a  gel ,  hexanes- 

C H ~ C I ~ ,  50:50) t o  y i e l d  0.652 g (67%) of 2 as a c l e a r  v iscous o i l :  1~ nmr (CDCI~I 6 6.91- 

7.74 (m. 11 HI. 6.50 Id. 1 HI. 5.58 ( t .  1 HI 4.95 ( b r  d. 2 HI; ir (neat)  3065. 1725. 1490, 

1365, 1205, 1080 cm-l. 

3-CYclohexYl-l-~phenoxycarbonyl)-1,2-dihydropyridine ( Z f ) .  Oihydropyr id ine Zf was prepared 

fran 5 and cyclohexylmagnesium ch lo r i de  by us ing  t h e  procedure descr ibed above f o r  t h e  

Preparat ion of &. The crude product  was p u r i f i e d  by r a d i a l  p repara t i ve  l a y e r  chromatography 

( s i l i c a  ge l .  EtOAc-hexanes, 20:80) t o  g i ve  0.431 g (55%) of Zf as a c l ea r  o i l :  'H nmr 

(CC14) 6.95-7.65 (m, 5 HI, 6.80 Id. 1 HI, 5.63 (d, 1 HI, 5.25 ( t ,  1 H). 4.41 ( b r  d. 2 H), 

0.85 - 2.30 I b r  m. 11 H); ir (neat)  2915. 1850, 1727, 1595, 1495, 1358, 1200. 1075, 750, 685 

cm-1. 
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4-Meth~l-l-(phenoxycarbonyl1-1.4-dihydropyridine (4b). General Procedure f o r  the Prepara t ion  

o f  1,4-Oihydropyridines 4. In a 300 ml t h ree  neck f lask .  a s o l u t i o n  of cuprous i od i de  (0.28 

g, 1.5 mmol) and methyl s u l f i d e  I 8  m l l  i n  15  ml o f  THF was s t i r r e d  a t  RT f o r  10 min. THF 

1140 m l l  and 2.43 ml I30  mmol) o f  p y r i d i n e  were added t o  the  r eac t i on  and t h e  s o l u t i o n  was 

cooled t o  -23'C (d ry  icelCC14). Phenyl chloroformate 13.86 ml. 30 mmol) was added s lowly.  

A t h i c k  wh i t e  ppt. formed upon add i t ion ,  and the  mixture was s t i r r e d  f o r  10 min. Methyl- 

magnesium ch lo r i de  i n  THF (10.0 ml. 30 m m l )  was added t o  the  heterogeneous mixture,  which 

tu rned homogeneous upon c m p l e t e  a d d i t i o n  o f  the  Grignard reagent. The reac t i on  was s t i r r e d  

f o r  20 min a t  -23'C. then a t  RT f o r  an add i t i ona l  20 min, fo l lowed by add i t i on  o f  aqueous 20% 

NH4Cl (70 ml ) .  To t h i s  s o l u t i o n  was added 150 m1 of ether, and the  organic l a y e r  was washed 

w i t h  40-ml Por t ions  of 20% NH4ClINH40H (50:50), water, 10% HCl, water and br ine .  The organ ic  

phase was d r i e d  over MgS04, f i l t e r e d  and concentrated t o  g ive  6.13 g (95%) o f  the  crude 

product  as a ye l l ow  o i l .  Kugelrohr d i s t i l l a t i o n  lbp 110-160'C11.8 mm Hg) gave 5.87 g (91%) 

o f  as a co l o r l ess  o i l :  'H nmr (CDCl3) 6 7.1-7.5 lm. 5 H). 6.85 Id. 2 HI. 4.85-5.05 (m. 2 

H), 3.0-3.1 Im, 1 HI, 1.18 (d, 3 HI, 1% nmr (COCI~I 150.5. 129.4, 125.7, 121.8, 121.4, 

113.0. 112.4. 27.5. 24.3; i r  (neat1 2960, 1720. 1330. 1190. 730 cm-l. A small sample o f  t h i s  

mater ia l  was p u r i f i e d  fo r  combustion ana l ys i s  by r a d i a l  p repara t i ve  l a y e r  chromatography 

( s i l i c a  gel ,  EtOAc-hexanes. 10:901. Anal. Calcd for Cl3Hl3NOZ: C. 72.53; H. 6.10; N. 6.51. 

Found: C, 72.33; H. 6.06; N. 6.27. 

3-Fom~l-4-methyl-l-(phenoxycarbonyl)-1.4-dihydropyridine (5bl .  General Procedure f o r  t h e  

-Formylat ion o f  Oihydropyr id ines 2 and 4. Phosphorus oxychlor ide (5.40 ml. 57.9 mmol) was 

added s lowly  t o  a s t i r r e d  so l u t i on  of 8.9 ml  I116 mmoll o f  OMF i n  10 ml o f  CH2C12 a t  O'C. 

The s o l u t i o n  was s t i r r e d  a t  RT f o r  25 min, then t r ans fe r red  v i a  a double t i pped  needle 

i n t o  a s o l u t i o n  o f  5.67 g (26.3 mmol) of 1.4-dihydropyridine i n  35 ml of dry CH2C12 a t  

09C. The i c e  bath was removed and s t i r r i n g  was continued a t  RT f o r  20 h, dur ing  which t ime 

t h e  r eac t i on  tu rned b r i g h t  yel low. A f te r  coo l ing  to O'C, an aqueous s o l u t i o n  of KOAc I15 g)  

i n  H20 150 m l )  was added s lowly.  The m ix tu re  was re f luxed f o r  20 min, separated, and 

ex t r ac ted  w i t h  C H Z C l 2  (50 ml) .  The organic phase was washed w i t h  40-ml po r t i ons  of water. 

sa tu ra ted  NaHC03, water and br ine ,  and then d r i ed  over MgS04. The so lu t i on  was f i l t e r e d  and 

concentrated t o  y i e l d  6.4 g o f  the  crude product. Kugelrohr d i s t i l l a t i o n  lbp  120-180eC12 mm 

Hgl; p rov ided 3.86 g 160.5%) o f  aldehyde 2 as a l i g h t  ye l l ow  viscous o i l :  'H nmr ICOCl3) 

69 .42  I s ,  1 HI, 7.75 (s, 1 H), 7.15-7.50 (m, 5 HI, 6.88 Id, 1 H), 5.08-5.30 (m, 1 H), 

4.35-4.45 (m. 1 HI, 1.22 I d ,  3 H). nmr lCOC13) 190.6, 150.0, 140.4, 140.3, 129.5, 

126.4, 121.0, 120.6, 115.5, 115.4, 25.7, 22.6; i r  (neat)  1750, 1680, 1625, 1355, 1325, 

1180 cm'l. A small sample o f  t h i s  mater ia l  was p u r i f i e d  f a r  canbustion ana lys is  by r a d i a l  

p repara t i ve  l a y e r  chromatography ( s i l i c a  g e l ,  EtOAc-hexanes, 10:901. Ana l .  Ca l cd  f o r  

C14H13N03: C. 69.11; H. 5.40; N, 5.76. FoundC, 69.22; H. 5.23; N. 5.74. 

5-Brano-3-pyridinecarboxaldehyde (6a). General Procedure f o r  the  Aromat izat ion of Oihydro- 

py r i d i nes  3 and 5. I n  a 50 ml round bottom f lask was placed 0.271 g (0.88 rnmoll of d ihydro-  

p y r i d i n e  g, 0.029 g (0.90 m m l )  of sublimed sul fur  and 6 g of naphthalene. The reac t i on  

m i x tu re  was re f luxed f o r  2 h under a N2 atmosphere using an a i r  condenser, dur ing  which t ime 

the  s o l u t i o n  turned black. The reac t i on  mix tu re  was cooled t o  RT, d isso lved  i n  30 ml of 

Et20, and ex t rac ted  w i t h  10% HC1 ( 3  x 20 m l l .  The canbined ac id  ex t r ac t s  were washed w i t h  

20 ml of Et20 and cooled t o  O'C. Methylene chlor ide (30 m l l  was added and the  m i x tu re  was 

made bas i c  w i t h  25% NaOH, and ex t rac ted  w i t h  CH2C12 ( 2  x 20 n l l .  The crmbined organic phase 

was washed w i t 0  br tne,  d r i e d  (K2C03), f i l t e r e d ,  and concentrated t o  g i ve  0.132 g of  a brown 



o i l .  T h i s  ma te r i a l  was p u r i f i e d  by r a d i a l  p repara t i ve  l a y e r  chrmatography ( s i l i c a  gel .  

E~OAC-hexanes, 30:701 t o  g i ve  0.089 g (54%) o f  & as a wh i t e  so l i d :  1~ nmr (CDCI~I 10.25 

IS, 1 HI, 8.99-9.21 (m. 2 HI, 8.46 (5, 1 H I ;  i r (KBr l  3050, 1680, 1575, 1390, 1220, 1015 

cm-l. Th i s  canpound was prepared f o r  elemental ana lys is  by r e c r y s t a l l i z a t i o n  frm hexanes: 

mp 95-96'C. The wh i t e  c r y s t a l s  were then sublimed (1.2 mm Hg) us ing  a c o l d  f i n g e r  apparatus: 

mp 95-96.C. Anal. Calcd fo r  C6H4BrNO: C, 38.74; H, 2.17; N, 7.53. Found: C, 38.80; H, 

2.30; N, 7.66. 
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