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SYNTHESIS OF R,S-2-(3-BENZO[b]THIENYL)GLYCINE 

USING IMPROVED AMIDOALKYLATION METHODOLOGY 

Submitted by: J. P. Gardner and B. G. Jackson* 
(11/17/86) 

Lilly Research Laboratories 
Eli Lilly and Company 
Indianapolis, IN 4 6 2 8 5  

The cephalosporin antibiotic (I) resulting from acylation of 7-amino- 

deacetoxycephalosporanic acid with R-2-(3-benzo[b]thienyl)glycine (11) 

possesses desirable biological and pharmacological characteristics. 

Synthesis of R,S-I1 using the methodology of Ben-Ishai et a1.* has been 

reported by H ~ f f m a n . ~  We now report a one-pot version of the amidoalkyla- 

tion reaction. This preparation offers increased yield and a streamlined 

process for large scale reactions. 

Ethyl carbarnate was condensed with aqueous glyoxylic acid in reflux- 

ing acetic acid. The reaction mixture was concentrated to about one-half 

its volume by distillation at atmospheric pre~sure.~ Treatment of the 

resulting solution of hydroxycarbamate 111 with benzo[b]thiopene and 

concentrated sulfuric acid afforded product IV in 75-82% yield. 

CO2H 
I 
CHNHC02CH2CH3 

I 
OH 
I11 IV 

Carbamate IV was examined by HPLC analysis and was found to contain 
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2 %  of t h e  2 - s u b s t i t u t e d  reg io isomer  VI.  Au then t i c  V I  was p repa red  by 

a c y l a t i o n  of t h e  amino a c i d  V5 w i th  e t h y l  ch lo ro fo rma te .  

V VI 

Hydrolys is  of I V  w i th  aqueous sodium hydroxide  

CHC02H 
I 
NHCOpCH2CH3 

a f f o r d e d  R , S - I 1  i n  9 0 -  

98% y i e l d .  Overa l l  y i e l d  of R , S - I 1  from benzo[b ] th iophene  was 80% 

EXPERIMENTAL SECTION 

Mel t ing  p o i n t s  were de te rmined  on a Buchi m e l t i n g  p o i n t  a p p a r a t u s  and a r e  
u n c o r r e c t e d .  I n f r a r e d  s p e c t r a  were recorded  on a N i c o l e t  10-MX. Mass 
s p e c t r a  were o b t a i n e d  on a Consol ida ted  Electrodynamics Corpora t ion  21-110 
mass spec t romete r  o p e r a t i n g  a t  an  i o n i z i n g  v o l t a g e  of 70eV and a sou rce  
t empera tu re  of 220°C. The 'H NMR s p e c t r a  were recorded  u s i n g  a Var ian  T -  
60 in s t rumen t .  U l t r a v i o l e t  s p e c t r a  were de te rmined  on a Cary 2 1 9  u l t r a -  
v i o l e t  spec t ropho tomete r .  Elemental  a n a l y s e s  were o b t a i n e d  u s i n g  a 
Perk in-Elmer  240 Elemental  Analyzer .  HPLC a n a l y s e s  were de te rmined  u s i n g  
a system which c o n s i s t e d  of a Waters M-45 pump, Waters c18 Rad ia l -Pak  
column, Labora tory  Data Con t ro l  U V I I I  mon i to r ,  and a L inea r  r e c o r d e r .  The 
e l u e n t  was 50:50 MeOH:H20 ( 2 %  dibutylammonium phosphate b u f f e r )  a t  a flow 
r a t e  of 2 . 0  ml/min. 

R-S-a-~~Ethoxycarhonyl)aminolbenzo[hlthiopene-3-ac~tic a c i d  ( R . S - I V ) . -  

Glyoxyl ic  a c i d  ( 1 1 . 1 2  m l  o f  a 50% s o l u t i o n  i n  w a t e r ,  100 i n i n o l )  was added 

a t  room tempera ture  t o  a s o l u t i o n  of e t h y l  carbamate ( 8 . 9 1  g ,  100 i n i n o l )  i n  

g l a c i a l  a c e t i c  a c i d  (60 m l ) .  The s o l u t i o n  was h e a t e d  a t  r e f l u x  f o r  two 

hour s  t h e n  d i s t i l l e d  a t  a tmospher ic  p r e s s u r e  t o  o n e - h a l f  i t s  volume. The 

r e s u l t a n t  s o l u t i o n  was cooled  t o  room tempera ture  and f r e s h  a c e t i c  a c i d  

(15 m l ) ,  c o n c e n t r a t e d  s u l f u r i c  a c i d  ( 1 2  m l ) ,  aiid b e n z o [ b ] t h i o p e n e  (13 .42  

g ,  100 m i n o l )  were added s e q u e n t i a l l y  wh i l e  t h e  tempera ture  was mainta ined  

a t  20-25°C. The r e a c t i o n  mixture  was s t i r r e d  f o r  2 1  hour s  a t  room 

t empera tu re .  Water (114 r n l )  was added dropwise t o  t h e  r e s u l t a n t  mix ture  

and t h e  p roduc t  was c o l l e c t e d  t o  g ive  22 .19  g ( 7 5 % )  which was 

r e c r y s t a l l i z e d  from e t h y l  ace t a t e /hexane ,  mp. 159-160°C. I R  (CHC13): 

1 7 2 1 ,  1505, 1428,  1058 cm- l .  UV ( E t O H ) :  X m a x  ( E )  298 (3052) ,  289 (2883) ,  
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259 (5499), 227 (26,970)nm. 6 8.3-7.4 (m,6H, aromatic 

and amide), 5.74 (d,lH, methine), 4.16 (q,2H, methylene of ester), 1.28 

(t,3H, methyl of ester). MS: m/e 279 (M+), 261, 235, 161, 134. 

Anal. Calcd. for C13H13NOqS: C,55.90; H,4.69; N,5.01; S,11.48 

Found: C,56.19; H,4.77; N,4.85; S,11.25 

'H NMR (DMSO-d6): 

R.S-2 - (3 -Benzo lb l th i env l ) e lvc ine  (R.S-II).- R,S-IV (17.78 g ,  64 mmol) was 

added to a solution of sodium hydroxide (25.5 g ,  640 mmol) in water (108 

ml) and heated at reflux for one hour. The resulting solution was cooled 

to room temperature and the pH was adjusted to 11 by dropwise addition of 

concentrated hydrochloric acid (36 ml). The cloudy solution was filtered 

through Celite. The pH of the filtrate was adjusted to 7 by addition of 

concentrated hydrochloric acid (8 m l )  causing precipitation of the 

product, 11.73 g (go%), mp. 200-202"C. IR (KBr): 1643, 1611, 1520, 1508, 

1403, 1373, 1334 cm-l. UV (EtOH): Xmax (E) 298 (3127), 289 (3076), 259 

(6078), 228 (25,344)nm. 'H NMR (DMSO-db + DC1): 6 8.4-7.5 (m,5H, 

aromatic), 5.75 (s,lH, methine). MS: m/e 207 (M+), 162 ( l o o ) ,  135, 91. 

Anal. Calcd. for C10HgN02S: C,57.95; H,4.38; N,6.76; S,15.47 

Found: C,57.77; H,4.15; N,6.47; S,15.21 

R.S-a-I(Ethoxvcarhonvl)aminolbenzo[hlthio~hene-2-acetic acid (R.S-VI).- 

R,S-2-(2-benzo[b]thienyl)glycine (R,S-V) (5.00 g ,  24 mmol) was added to a 

solution of water (66 ml) and acetone (20 ml) . The pH was adjusted to 

10.5 with a 45% solution of tribasic potassium phosphate (0.5 ml) . The 

resulting solution was cooled to 5°C. Ethyl chloroformate (3.00 ml, 31 

mmol) was added and the pH was maintained at 10.5 over 75 minutes by 

addition of tribasic potassium phosphate solution as needed. The result- 

ing solution was warmed to 25°C and stirred an additional 75 minutes. 

Ethyl acetate (100 ml) was added and the pH of the two-phase mixture was 

adjusted to 2.0 with 15% sulfuric acid. The layers were separated and the 

ethyl acetate layer was washed with brine then dried (Na2S04). Evapora- 
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tion of solvent under reduced pressure afforded a yellow solid which was 

recrystallized from acetic acid:water (1:l) to yield 3.92 g (58%). IR 

(CHC13): 1723, 1504, 1436, 1341, 1303, 1052 cm-l. UV (EtOH): Amax(€) 

299 (2116), 289 (2272), 260 (9298), 228 (27,133)nm. 'H NMR (DMSO-d6): 6 

8.3-7.3 (m,6H, aromatic and amide), 5.57 (d,lH, methine), 4.12 (q,2H, 

methylene of ester), 1.23 (t,3H, methyl of ester). MS: m/e 279 (M+), 261, 

233, 206, 188, 160 (loo), 135. 

Anal. Calcd. for C13H13NOqS: C,55.90; H,4.69; N,5.01 

Found: C,56.20; H,4.48; N,4.91 
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Omission of the concentration operation resulted in reduced yields o f  
IV . 
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Halophenols and halobenzoic acids are reduced with Raney alloys in an 
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