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O R G A N I C  P R E P A R A T I O N S  AND PK0CI:I)lIRES IN". 2O( 3 ) ,  2 4 5 - 2 5 2  (1988)  

SYNTHESIS OF 4-HY DROXY -4- (2-THI ENYL )PENTAMIDE7 

R. Cruz-Almanza,* F. Garcia, B. Ramirez and M. Ordoiiez 

I n s t i t u t o  de Quimica, Universidad Nacional AutBnoma de M6xico 
C i r c u i t 0  Ex te r io r ,  Ciudad U n i v e r s i t a r i a ,  Coyoacdn 04510, Mexico, D. F.  

4-Hydroxy-4-phenyl pentamidel and s t r u c t u r a l l y  re1 ated compounds as we1 1 

as a1 k y l  subs t i t u ted  y-butyrolactones'  e x h i b i t  ant iconvulsant  a c t i v i t y .  

This paper descr ibes two d i f f e r e n t  routes t o  4-hydroxy-4-(2-thienyl  )penta- 

mide 3 and the synthesis o f  the i n t e r e s t i n g  y-butyrolactones 2a and 3. 
The f i r s t  approach involved a Stobbe condensation o f  2-acetyl th iophene 

w i t h  e t h y l  succinate, which a f fo rded  i n  a 75% y i e l d  the isomeric m ix tu re  

+ 
Et02CCH2CH2C02Et 

1 - 
a> R - CH2C02H. R' = CO2Et 
b) R COzEt, R' = CB2C02H 

0 
2 - 

V c H 3  
- 3 ;  4 - 

a) R - C02Et, 8' = H b) B - H, R' = C02Et 

o f  E-3-carbethoxy-4-( 2- th ienyl)-3-pentenoic a c i d  & and i t s  corresponding 

Z-isomer B. 
o i l .  

ed pure Z and E-isomers i n  27% and 26% y i e l d  respec t i ve l y .  

While the  Z isomer c r y s t a l l i z e d ,  t he  E-isomer remained as an 

Fur ther  p u r i f i c a t i o n  o f  both isomers by column chromatography af ford- 

The assignment 

"1988 by Organic Preparations and Procedures Inc. 
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CI<UZ-AI~M/INZ/I, ( :AKCIA.  RAMT REZ A N D  ORDONEZ 

o f  t h e i r  s t r u c t u r e s  was based m a i n l y  on t h e i r  s p e c t r a l  ’H nmr data.  Thus 

Z-isomer e x h i b i t s  t h e  e s t e r  e t h y l  group s h i f t e d  t o  h i g h  f i e l d  due t o  d i a -  

magnetic c u r r e n t s  i n  t h e  th iophene r i n g .  The methyl  group on t h e  double 

bond i n  E-isomer i s  s h i f t e d  l ow  f i e l d  due t o  carbony l  e s t e r  d e s h i e l d i n g .  

Treatment o f  t he  i somer i c  (E-Z) m i x t u r e  w i t h  hydrobromic a c i d  i n  a c e t i c  

a c i d  (38% v / v )  gave a m i x t u r e  o f  t h r e e  p roduc ts .  

ded the  expected bu ty ro lac tone  3 i n  18% y i e l d  toge the r  w i t h  t h e  s t e r e o i s o -  

mer i c  carbe thoxy lac tones  - 2a and - 2b, i n  12% and 10% y i e l d ,  r e s p e c t i v e l y .  

Once again,  t he  s te reochemis t r y  o f  t he  d i a s t e r o i s o m e r i c  p a i r ,  & and 2b was 

assigned on the  b a s i s  o f  t h e i r  ’H nmr spec t ra .  I n  t h e  &-compound 

y-methyl group i s  more d r a s t i c a l l y  a f f e c t e d  by a n i s o t r o p i c  e f f e c t s  f rom the  

carbe thoxy  group than i n  t h e  cor respond ing  2 .km6- iso twr  B. Th is  e f f e c t  can 

be eva lua ted  by comparison w i t h  t h e  r e l a t e d  compound - 3, where the  carbethoxy 

group i s  absent .  

t rea tmen t  w i t h  ammonia under pressure;  

Separa t ion  by h p l c  a f f o r -  

the  

F i n a l l y ,  l a c t o n e  3 was conver ted  i n t o  amide 5 (87%) by 

t h e  o v e r a l l  y i e l d  o f  5 was 11%. 

I n  o rde r  t o  improve the  o v e r a l l  y i e l d ,  an a l t e r n a t i v e  r o u t e  us ing  2- 

ace ty l t h iophene  as s t a r t i n g  m a t e r i a l  and y -bu ty ro lac tone  as a key in te rme-  

d i a t e  was exp lo red .  Several  methods f o r  t h e  s y n t h e s i s  o f  u -bu ty ro lac tones  

s t a r t i n g  f rom epox ides3 have been descr ibed.  One o f  t he  most v e r s a t i l e  me- 

thods f o r  t he  convers ion  o f  aldehydes and ketones i n t o  epoxides us ing  dime- 

t h y l s u l f o n i u m  methyl  i des ”  has been m o d i f i e d  so as t o  n o t  r e q u i r e  anhydrous 

c o n d i t i o n s  repo r ted ’ .  Treatment 2 -ace ty l  th iophene w i t h  the  sodium s a l t  d i -  

e t h y l  malonate,  f o l l o w e d  by c y c l  i z a t i o n  o f  t h e  r ing-opened in te rmed ia te ,  

h y d r o l y s i s  and deca rboxy la t i on  i n  one-pot gave b u t y r o l a c t o n e  3 i n  57% yield.  

- 

The y-hydroxyamide 3 ob ta ined  as desc r ibed  above proceeded i n  a 39% over -  
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a l l  y i e l d .  

t i c  Drug Development (ADD) Program o f  t h e  Na t iona l  I n s t i t u t e  o f  Hea l th ,  

USA. 

Compound 4 has been submi t ted  f o r  t e s t i n g 6  t o  t h e  A n t i e p i l e p -  

EX PER I MENTAL SECT I ON 

M e l t i n g  p o i n t s  were determined on a Fisher-Jones apparatus and a r e  uncor-  
rec ted .  The i r  spec t ra  were recorded on a Perk in  Elmer 283 B Spectrophoto- 
meter us ing  e i t h e r  potassium bromide m u l l s  o r  nea t  l i q u i d s  between sodium 
c h l o r i d e  p l a t e s .  The 'H nmr spec t ra  were ob ta ined  on a Var ian  FT-80 i n s t r u -  
ment w i t h  TMS as i n t e r n a l  standard.  Mass spec t ra  were recorded w i t h  a Hew- 
l e t t  Packard 5985 B spectrometer w i t h  gc/ms system; compounds were i n t r o -  
duced th rough t h e  d i r e c t  i n s e r t i o n  probe. The h p l c  was performed us ing  a 
Var ian  8500 l i q u i d  chromatograph; a r e f r a c t i v e  index d e t e c t o r  and a Var ian  
A-25 reco rde r  were employed. Samples were separated on a Micropack Si-10 
column; t h e  e l u e n t  was hexane-ethyl  a c e t a t e  (8:2), a t  200 m l / h r .  Elemental 
analyses were performed by D r .  F. Pasher 's  Labora tory ,  Bonn, West Germany. 

(E,Z) 3-Carbethoxy-4-(2-thienyl)-3-pentenoic ac id ,  l a  and 1b.- I n t o  500 r i l l  

round bo t tom f l a s k  w i t h  two ground j o i n t s ,  f i t t e d  w i t h  condenser, d r y i n g  

tube, a d d i t i o n  funne l  and magnet ic s t i r r e r ,  was p laced a suspension o f  4.8 

g (0.2 mol )  o f  sodium h y d r i d e  (as  50% suspension i n  o i l )  i n  120 m l  o f  d r y  

benzene. A m i x t u r e  o f  12.62 g (0 .1 mo l )  o f  2 -ace ty l th iophene,  34.8 g (0 .2  

mo l )  o f  d i e t h y l  succ ina te  and 120 m l  o f  d r y  benzene was added dropwise and 

t h e  con ten ts  s t i r r e d  a t  room temperature f o r  3 h r s .  A f t e r  t h i s  p e r i o d , t h e  

r e a c t i o n  m i x t u r e  was coo led  i n  an ice-water  ba th  and methanol ( 2  m l )  was 

added t o  d e s t r o y  sodium h y d r i d e .  

ac id ,  t h e  s o l v e n t  was removed under reduced pressure  and t h e  m i x t u r e  was 

d i l u t e d  w i t h  water  (200 m l )  and e x t r a c t e d  w i t h  e t h e r  (3 x 15C m l ) .  The 

o rgan ic  l a y e r  was e x t r a c t e d  w i t h  a 52 s o l u t i o n  o f  potassium hyd rox ide  (3 x 

60 m l ) .  

and t h e  combined o rgan ic  l a y e r s  were d r i e d  over  anhydrous sodium s u l f a t e  

and evaporated t o  dryness t o  a f f o r d  19.0 g (75%) of an o i l y  p roduc t  which 

i s  t h e  E,Z-mixture o f  t h e  Stobbe condensat ion p roduc ts .  

was used w i t h o u t  separa t i on .  

A f t e r  a c i d i f i c a t i o n  w i t h  h y d r o c h l o r i c  

A f t e r  a c i d i f i c a t i o n ,  t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  e t h e r ,  

T h i s  o i l y  p roduc t  

2 4  7 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



Separation of the E and Z Isomers.- The o i ly  product described abovecrys- 

t a l l i z e d  p a r t i a l l y  on standing overnight.  The so l id  was co l l ec t ed ,  washed 

w i t h  hexane, passed through a s i l i c a  gel column and  e luted with an 8:2 mix- 

tu re  of ethyl acetate-hexane; the so l id  obtained a f t e r  evaporation was re-  

c rys ta l1  ized from ethyl ace ta te  and ident i f ied  as  Z-3-carbethoxy-4- (2 - th ie -  

nylj-3-pentenoic acid ( l b ) ,  - (6.96 g ,  27::), m p .  93-95"; IR (KBr): 3300-2500, 

3070, 1705, 1626, 1520, 1425, 1380, 1240, 925 ern-'; 'H nmr ( C D C 1 3 ) :  6 0.95 

(3H, t ,  J = 7 Hz), 2.18 (3H, s ) ,  3.50 (2H, s ) ,  3.95 (2H, q ,  J = 7 Hz),6.90 

(ZH, m ) ,  7.20 (lH, m ) ,  7.75 (lH, broad);  Ms (m/z ,  r e l a t i v e  i n t e n s i t i e s ) :  

254 (8,M+), 210 (30), 209 (15), 181 (40), 165 (ll), 164 (42), 137 (18), 

136 ( l o o ) ,  135 (79), 91 (45). 

Anal. Calcd. fo r  C12H,,0LS : C ,  56.68; H, 5.55; S, 12.61 

Found : C ,  56.53; H, 5.50; S, 12.66 

The f i l t r a t e ,  composed mainly by the  E-isomer was then purif ied by column 

chromatography ( s i l i c a  ge l ,  using a n  8:2 mixture of ethyl acetate:hexane as  

e luen t )  and then preparative t l c  t o  give 6.52 g (26%) of the pure E-isomer 

as an o i l :  IR(film):3300-2500, 3060, 1710, 1610, 1365, 1280, 1190, 920cm-l: 

'H nnr ( C D C 1 3 ) :  d 1.30 (3H, t, J = 7 Hz), 2.46 (3H, s), 3.50 (2H, s), 4.25 

(2H, q ,  J = 7 Hz), 6.95 (2H, m ) ,  7.25 (lH, m ) ,  8.50 (lH, broad); Ms (m/z 

r e l a t i v e  i n t e n s i t i e s )  254 (8,Mt), 210 (28), 209 (13), 181 (28), 165 (ll), 

164 (47), 137 (26), 136 ( l o o ) ,  135 (80), 91 (25). 

Anal. Calcd. f o r  C l 2 H l 4 O Q S  : C ,  56.68; H ,  5.55; S, 12.61 

Found : C ,  56.63; H, 5.68; S, 12.57 

Reaction of I with Hydrobromic Acid.- 

ped with a condenser a n d  magnetic s t i r r e r  were mixed 12.5 g (0.049 mol) of 

the isomeric mixture of acids  and @, 50.0 rnl o f  glac ia l  ace t i c  ac id ,  

38.0 rnl o f  a hydrobromic acid in ace t i c  acid 38% ( v / v ) ,  11.0 ml of water 

and heated a t  50" fo r  1.5 hrs .  After t h i s  period, the react ion mixture was 

I n  a 250 ml round bottom f l a sk  equip- 

2 4 8  
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SYNTHESIS OF 4-HYDROXY-4-(2-THIENYL)PENTAMIDE 

coo led  t o  room temperature and d i l u t e d  w i t h  50.0 m l  o f  water and e x t r a c t e d  

w i t h  e t h e r  (3 x 75 m l ) .  The e the rea l  e x t r a c t  was washed w i t h  a 5% so lu t i on  

o f  potassium carbonate (3 x 50 m l )  and water u n t i l  n e u t r a l ,  d r i e d  over an- 

hydrous sodium s u l f a t e  and t h e  s o l v e n t  evaporated t o  dryness. The residual  

brownish o i l  was passed through a column o f  s i l i c a  ge l  (70-230 mesh) e l u t -  

ed wi th a 8:2 hexane-ethyl ace ta te  m i x t u r e  t o  g i v e  5.13 g of an o i l y  p ro -  

duc t .  

by t l c .  

ne-ethyl  ace ta te  as e l u e n t .  The compounds were cha rac te r i zed  as f o l l o w s .  

3-(2-Thienyl)-y-valerolactone (J), I R  (CHC1 3 ) :  2980, 2915, 1782, 1425, 1380, 

A m i x t u r e  o f  t h r e e  produc ts  w i t h  very  s i m i l a r  rf va lue  was de tec ted  

Separa t ion  of such m i x t u r e  was performed by h p l c ,  us ing  8:2 hexa- 

1260, 710 cm-'; 'H nmr (CDC13): 6 1.82 (3H, s ) ,  2.60 

7.20 ( l H ,  m); Ms (m/z r e l a t i v e  i n t e n s i t i e s ) :  182 (44, 

(17), 127 (61), 123 (35), 111 (loo), 97 (lo), 43 (38) 

Anal. Calcd. f o r  C9H1002S : C,  59.32; H, 5.53; S, 17. 

4H, m ) ,  6.90 (6H, m),  

M'), 167 (77), 139 

9 

Found : C, 59.35; H, 5.65; S, 17.72 

" c i s "  Carbethoxy l a c t o n e  (s), I R  (CHC13): 2915, 2840, 1785, 1730, 1455, 

1410, 1370, 1235, 1215, 1180, 1155, 700 cm-'; 'H nmr (CDC13): 6 1.33 (3H, 

t, J = 7 Hz), 1.75 (3H, s ) ,  2.74 (lH, dd, J = 18 Hz, J = 9 Hi!), 3.10 ( lH ,  

dd, J = 18 Hz, J = 7 Hz), 3 62 ( lH ,  dd, J= 9 Hz, J = 7 Hz), 4.25 (2H, q, J 

= 7 Hz), 7.0 (2H, m) ,  7.25 l H ,  m) ;  Ms (m/z r e l a t i v e  i n t e n s i t i e s ) :  254 (20, 

M'), 181 ( 3 ) ,  166 (6), 128 43), 127 (42), 111 (loo), 100 (38), 55 (49), 

43 (20). 

Anal.  Calcd. f o r  C12H1404S : C, 56.68; H, 5.55; S, 12.61 

Found : C,  56.75; H, 5.68; S, 12.69 

" t r a n s "  Carbethoxy Lactone (a), I R  (CHC13) : 2990, 2940, 1795 

1420, 1370, 1220, 1152, 1182, 710 cm-'; 'H nmr (CDC13): 6 1.14 

7 Hz), 2.04 (3H, s ) ,  2.71 ( l H ,  dd, J = 17 Hz, J = 8 Hz), 3.20 

17 Hz, J = 9 Hz), 3.50 ( l H ,  dd, J = 8 Hz, J = 9 Hz), 3.95 (2H, 

1740, 1450, 

(3H, t, J = 

l H ,  dd, J = 

q , J = 7  

2 4 9  
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CRUZ-ALMANZA, G A R C I A ,  RAMIREZ AND ORDONEZ 

Hz), 6.90 (2H, m ) ,  7.20 ( l H ,  m) ;  Ms ( m / z  r e l a t i v e  i n t e n s i t i e s ) :  254 (14 ,  

M'), 181 ( 4 ) ,  166 ( 4 ) ,  128 ( 9 9 ) ,  127 ( l o o ) ,  111 ( 9 9 ) ,  100 ( 9 8 ) ,  55 ( 9 3 ) ,  

43 ( 6 3 ) .  

Anal. Calcd. f o r  C12H1404S : C ,  56.68; H ,  5.55; S ,  12.61 

Found : C ,  56.57; H ,  5.72; S ,  12.57 

4-Hydroxy-4-(2-thienyl )pentamide ( 4 )  - .- A h i g h  pressure hydrogenation vessel 

was charged with 1.0 g (0.0055 mol) of l ac tone  3 and 35 ml of l i q u i d  ammo- 

nia  and heated a t  35' f o r  5.0 hrs ( the  pressure reached a t  t h i s  temperatu- 

re was 13.6 a tm) .  

evaporated.  

fo rd ing  0.95 g (87%) of 4, mp. 59-61'; IR ( C H C 1 3 ) :  3700-3100, 3530, 3415, 

2965, 2930, 1680, 1590, 1410 crn-'; 'H nmr (DMSO D 6 ) :  6 1.65 (3H, s ) ,  2.25 

(4H, m ) ,  4.15 ( l H ,  b road ) ,  5.55 (2H, b road) ,  6.90 ( 2 H ,  m ) ,  7.20 ( l H ,  m);  

Ms (m/z r e l a t i v e  i n t e n s i t i e s ) :  199 ( 5 ,  M'), 184 ( 6 0 ) ,  183 ( l o ) ,  181 ( 3 ) ,  

127 (81), 111 ( 2 9 ) ,  73 (71 ) ,  44 ( 2 6 ) ,  43 (100) .  

Anal. Calcd. f o r  C9H1302NS : C ,  54.25; H ,  6.58; N ,  7.03; S ,  16.09 

Found : C ,  54.11; H ,  6.63; N ,  7 .12; S ,  16.15 

Af te r  this r e a c t i o n  pe r iod ,  the excess  of ammonia was 

The sol  i d  r e s idue  was c r y s t a l  1 ized from chloroform-hexane a f -  

Preparat ion of 2-Methyl-2-(2-thienyl)oxirane (5) .- I n  a 250 m l  round bottom 

f l a s k  f i t t e d  with a condenser and magnetic s t i r r e r ,  were placed 5.0 g 

(0.039 mol) of 2-acetyl thiopheneY 8 .9  g (0.043 mol) of t r imethylsulfonium 

iod ide ,  6.7 g (0.119 mol) of potassium hydroxide,  0.178 g (0 ,009  mol) of 

water and 90 m l  of a c e t o n i t r i l e  under a ni t rogen atmosphere. 

mixture was s t i r r e d  vigorously and heated a t  60" f o r  20 hrs. 

per iod,  t he  r e a c t i o n  mixture was cooled a t  room temperature and t h e  s o l i d  

was c o l l e c t e d  and washed w i t h  15 m l  of a c e t o n i t r i l e .  The f i l t r a t e  was con- 

cen t r a t ed  under reduced pressure a t  room temperature t o  give an o i l  (4 .95 

g ,  95% y i e l d )  which was used f o r  the next r eac t ion  w i t h o u t  f u r t h e r  p u r i f i -  

c a t i o n .  

The r eac t ion  

Af te r  t h i s  

An a n a l y t i c a l  sample was obtained by d i s t i l l a t i o n  of the crude 
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SYNTHESIS OF 4-HYDROXY-4-(2-THIENYL)PENTAMIDE 

product;  however, apprec iab le  decomposi t ion was observed. I R  ( f i l m ) :  3132, 

2981, 1667, 1439, 1270, 1220, 1067, 981, 907, 825 cm-l; 'H nmr (CDC13) : 6 

1.73 (3H, s), 2.98 (2H, s ) ,  6.95 (2H, m), 7.13 (lH, m); Ms (m/z r e l a t i v e  

i n t e n s i t i e s ) :  140 (M', 2), 125 ( 5 ) ,  124 ( 3 ) ,  83 (7 ) ,  57 (100). 

Anal. Calcd. f o r  C7H80S : C, 59.97; H, 5.75; S, 22.87 

Found : C, 59.79; H, 5.86; S, 22.96 

Prepara t ion  of 3-(2-Thienyl  ) - v -va le ro lac tone  (3 )  .- I n  a th ree  necked 250 

m l  f l a s k  f i t t e d  w i t h  a condenser, d r y i n g  tube, a d d i t i o n  funne l ,  septum and 

magnetic s t i r r e r ,  were p laced 30.0 m l  o f  abso lu te  e thano l  and 1.43 g (0.62 

mol)  o f  sodium w i re .  sodium e thox ide  was added drop- 

wise 9.97 g (0.062 mol )  o f  f r e s h l y  d i s t i l l e d  e t h y l  malonate and t h e  mixture 

s t i r r e d  f o r  10 min. 

w i a  a hypodermic sy r inge  and t h e  r e a c t i o n  m i x t u r e  heated a t  80" f o r  5 h r s .  

A f t e r  c o o l i n g  t o  room temperature, a s o l u t i o n  o f  3.13 g o f  potassium hydro- 

x i d e  i n  12 m l  o f  water was added and t h e  r e a c t i o n  m i x t u r e  heated under r e -  

f l u x  f o r  5 h rs .  Then, ethanol  was removed under reduced pressure ,  t h e  r e -  

s idue was coo led  i n  an ice-water  ba th  and s u l f u r i c  a c i d  (4.94 g i n  10 g o f  

i c e )  was c a r e f u l l y  added w i t h  s t i r r i n g  a t  r t  f o r  5 h r s .  The produc t  was 

e x t r a c t e d  w i t h  e the r  ( 3  x 50 m l ) .  The e the rea l  phase was d r i e d  over so- 

dium s u l f a t e  and t h e  e t h e r  evaporated. The brownish-ye l low o i l y  res idue  

was decarboxy la ted  by hea t ing  w i t h o u t  s o l v e n t  a t  145-150" i n  an o i l  ba th  

u n t i l  e v o l u t i o n  o f  carbon d i o x i d e  ceased. The res idue  was d i s t i l l e d  under 

reduced pressure t o  a f f o r d  3.96 g (57%) o f  l a c t o n e  3,  bp. 140-145"/1 mm Hg. 

To t h i s  s o l u t i o n  of 

A f t e r  t h i s  t ime,  4.89 g (0.062 mol )  o f  5 was added 

Acknowledgment.- The au thors  w ish  t o  thank Messrs. J .  Cgrdenas, R.  V i l l e -  
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