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SUMMARY 

3 The s y n t h e s i s  o f  C4- H lox i race tam (6)  from e t h y l  2-(4-chloro-3-oxo- 

bu ty ramido lace ta te  ( 1 )  i s descr ibed.  E t h y l  2-(4-chloro-3-oxo-butyramido~ 

a c e t a t e  ( 1  1 was reduced w i t h  sodium b o r o t r i t i d e  a t  Amersham I n t e r n a t i o n a l  p l c  

(TR5 t r i t i a t i o n  s e r v i c e )  t o  g i v e  e t h y l  2-(4-chloro-C3- HI-3-hydroxy- 3 

bu ty ramid0 )ace ta te  (2 ) .  

ox i race tam (6)  i n  4.8% o v e r a l l  rad iochemica l  y i e l d ,  f u r n i s h i n g  5735 pCi,  

212 MBq, 41.8 pg, o f  s p e c i f i c  a c t i v i t y  21.7 Ci/mmol, 802.9 GBq/mmol, and 

rad iochemica l  p u r i t y  of  g r e a t e r  t h a n  98%. 

Th is  was e labo ra ted ,  i n  f o u r  s teps ,  t o  [4-'HI 
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INTRODUCTION 

Cogni t ive d e t e r i o r a t i o n  i n  the e l d e r l y  i s  a major medical and soc io log i ca l  

problem. Nootropic agents, a c lass o f  psychotropic drugs w i t h  d i r e c t  and 

s e l e c t i v e  a c t i v i t y  on h igher  i n t e g r a t i v e  mechanism o f  the b ra in ,  are o f  
1 i nc reas ing  i n t e r e s t  f o r  the treatment o f  impaired c o g n i t i v e  func t i ons .  

Oxiracetam, developed and in t roduced i n  therapy by I S F ,  I t a l y ,  a subsid iary  o f  

SmithKline Beecham Pharmaceuticals, i s  an e f f e c t i v e  example o f  t h i s  c lass o f  
n 
L compounds. 

DISCUSSION 

3 We requi red about 5 m C i ,  185 MBq, o f  C4- Hloxiracetam (6) w i t h  a spec i f i c  

a c t i v i t y  o f  approximately 20 Ci/mmol, 740 GBq/mmol, which represents about 40 pg 

o f  ma te r ia l .  

the l i t e r a t ~ r e . ~ * ~ ' ~ * ~  Re were requ i red  t o  i n t roduce  the  t r i t i u m  l a b e l  

e f f i c i e n t l y ,  and i n t o  a s tab le  p o s i t i o n  o f  the molecule. 

u t i l i z e d  a m o d i f i c a t i o n  o f  the rou te  described i n  reference 3 f o r  the 

A number o f  syntheses o f  non-label led oxiracetam have appeared i n  

Accord ing ly  we  

r a d i o l a b e l l e d  synthesis. 

scheme 1. I n  i n i t i a l  experiments w i t h  non-label led, and low s p e c i f i c  a c t i v i t y  

ma te r ia l  (26 mCi/mmol , 962 MBq/mmol) oxiracetam could be prepared reproducib ly  

i n  20% y i e l d  from e t h y l  2-(4-chloro-3-hydroxybutyramido) acetate.  Modi f icat ions 

t o  work up and p u r i f i c a t i o n  procedures requi red f o r  the microgram scale 

synthesis were  developed du r ing  these experiments. 

The synthesis o f  [4-'Hloxiracetam i s  i l l u s t r a t e d  i n  

The rad io labe l  was in t roduced by reduct ion o f  e t h y l  2-(4-chloro-3-oxo-butyramido)- 

acetate7 ( 1 )  w i t h  sodium b o r o t r i t i d e  ( 5  C i ) ,  i n  ethanol, a t  -3O"C, by Amersham 

I n t e r n a t i o n a l  p l c  (TR5 se rv i ce ) .  A p o r t i o n  o f  the crude e t h y l  2-(4-chloro-[3- 

3H1-3-hydroxybutyramido)acetate (2) was p u r i f i e d  by column chromatography 

before use. The hydroxyl f unc t i on  o f  e t h y l  2-(4-chloro-[3- HI-3-hydroxy 

butyramido)acetate (2)  was r e a d i l y  p ro tec ted  as i t s  THP ether ,  by treatment w i th  

3 
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dihydropyran i n  dichloromethane i n  the presence o f  py r id in ium p-toluene 

~ u l p h o n a t e ~ ’ ~  (PPTS). Although the crude THP e the r  (3) could be success fu l l y  

p u r i f i e d  by column chromatography ( s i l i c a .  CH2C12) on a m i l l i g r a m  scale, 

however on a microgram scale l oss  of the THP p r o t e c t i n g  group was experienced 

presumably due t o  the a c i d i c  nature o f  the s i l i c a .  

Consequently the PPTS was washed o u t  o f  the reac t i on  m ix tu re  w i t h  water, and the 

e t h y l  2-[4-chloro-13- H1-3-(tetrahydropyran-2-yloxy)butyramidolacetate (3) 

reacted w i thou t  f u r t h e r  p u r i f i c a t i o n .  

3 

C y c l i s a t i o n  t o  the p y r r o l i d i n o n e  (4) was c a r r i e d  ou t  by adding the THP protected 

ma te r ia l  t o  sodium hydr ide i n  d r y  a c e t o n i t r i l e  a t  0°C. 

room temperature gave e t h y l  2-0x0-14- H3-4-(tetrahydropyran-2-yloxy)-l- 

p y r r o l i d i n e a c e t a t e  (4) .  

condi t ions.  On a microgram scale when d i l u t e  a c i d  was added t o  dest roy excess 

sodium hydride. complete decomposition o f  the product (4) was observed. 

be l ieved t o  be due t o  the generation o f  l o c a l i s e d  h i g h l y  bas ic  condi t ions.  

However, by simply reve rs ing  the  add i t i on ,  i . e .  adding the  r e a c t i o n  m ix tu re  t o  

the ac id ,  t h i s  problem was r e a d i l y  overcome. 

Subsequent warming t o  
3 

This ma te r ia l  was found t o  be ve ry  unstable i n  bas ic  

This i s  

The remaining two steps i n  the  synthes is  w e r e  r e a d i l y  achieved. 

p r o t e c t i n g  group was removed from the cyc l i sed  in termediate by treatment w i t h  

PPTS i n  ethanol a t  50’C, and the crude e t h y l  [4- Hl-4-hydroxy-2-oxo-l- 

p y r r o l i d i n e  acetate (5) p u r i f i e d  by column chromatography. 

e s t e r  f u n c t i o n a l i t y  was c a r r i e d  ou t  by treatment w i t h  saturated methanolic 

ammonia t o  g i v e  crude C Hloxiracetam. 

The THP 

3 

Ammonolysis o f  the 

3 

3 The crude C Hloxiracetam ( 6 )  was p u r i f i e d  by hp lc  on Spherisorb 10 

s t a t i o n a r y  phase e lu ted  w i t h  acetoni t r i1e:water .  95:5 v /v ,  f u r n i s h i n g  5.735 mCi ,  

212.2 MBq. o f  radiochemical p u r i t y  g rea te r  than 98% as assessed by t l c  and 

hp lc .  

amino 

The s p e c i f i c  a c t i v i t y  was determined by a u.v . /hp lc  peak he igh t  assay 
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SCHEME 1 

THE SYNTHESIS OF [4-3H]OXIRACETAM 

1 2 

3 

CH,CO,Et 

4 

Ho Ho 

lH2Jx0 I - '.2Jx0 I 

CH,CO,Et CYCONH, 

5 6 
[4-3H]OXIRACETAM 

a) NsBT4 b) dlbydropyran c) KaH d) PITS e) MeOH/NH3 

relative to non-labelled standard oxiracetam to be 21.7 Ci/mmol. 802.9 

GBqlmmol. 

phase, acetonitrile:water, 95:s v/v. 

The [4-3Hloxiracetam (6) was stored at 4°C in the hplc mobile 

EXPERIMENTAI 

3 Ethyl 2-(4-chloro[3- HI-3-hydroxybutyramido)acetate (2) (4.7 Ci , 174 GBq) was 

obtained by reduction of ethyl 2-(4-chloro-3-oxo-butyramido) acetate (1 1 with 

sodium borotritide at Amersham International using their TR5 tritiation 

service. A portion of this material (500 m C i ,  18.54 GBq, 40% radiochemically 

pure) was purified by column chromatography (silica, dich1oromethane:methanol , 
50:l v/v followed by 2O:l vlv) to give ethyl 2-(4-chloro-[3- 3 HI-3-hydroxy 

butyramid0)acetate ( 2 )  (150 m C i .  5550 MBq, 80% radiochemically pure). 

specific activity sodium borotritide reduction is detailed below. 

The low 
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3 Hplc p u r i f i c a t i o n  of E4- Hloxiracetam ( 6 )  was c a r r i e d  o u t  us ing a Gi lson 

p repara t i ve  sys tem w i t h  a Spherisorb 10 p amino column (4.5mm x 20cm) e lu ted  

w i t h  a c e t o n i t r i l e : w a t e r ,  95:5 v /v  a t  1 mllminute, UV de tec t i on  a t  220 nm. 

Radiochemical p u r i t i e s  w e r e  determined by hplc  and t l c .  

determined us ing a Be t tho ld  LB2832 Automatic L inear  Analyser i n  the f o l l o w i n g  

systems:  Merck HPTLC s i l i c a  5642 developed i n  i) ch1oroform:methanol (12:8 

v / v ) ;  ii) ch1oroform:methanol: g l a c i a l  a c e t i c  a c i d  ( 1 O : l : l  by volume); and iii) 

e t h y l  acetate:methanol: concentrated ammonium hydroxide (5:2:1 by volume). 

A n a l y t i c a l  hp l c  was c a r r i e d  ou t  us ing a Beckman 344 system, equipped w i t h  a 

Beckman 171 r a d i o a c t i v i t y  detector  and Nelson PC I n t e g r a t o r ,  software vers ion 

4.01. The s p e c i f i c  a c t i v i t y  was 

ca l cu la ted  from a uv/hplc  peak height  assay r e l a t i v e  t o  non-label led oxiracetam 

as external  standard, c a r r i e d  o u t  us ing the a n a l y t i c a l  hp l c  sys tem above. 

L i q u i d  s c i n t i l l a t i o n  counting was performed us ing a Beckman LS6800 counter. 

i d e n t i t y  o f  a l l  r a d i o l a b e l l e d  compounds was confirmed by t l c  comparison t o  

au then t i c  samples. 

T l c  p u r i t i e s  were  

The hplc  cond i t i ons  w e r e  the same as above. 

The 

E thv l  2-(4-chloro-[3-3H1-3-hvdroxvbutvramido)acetate ( 2) 

Sodium b o r o t r i t i d e  (6.7 mg, 17.97 m C i ,  664.9 MBq, 0.176 mmoles) was cooled i n  

d r y  ethanol ( 2  m l )  t o  -30°C. and e t h y l  2-(4-chloro-3-oxo-butyramido)acetate (1) 

(117 mg, 0.529 mmoles) added, t o  the s t i r r e d  mixture.  

r e a c t i o n  was a c i d i f i e d  w i t h  a c e t i c  ac id ,  added t o  water (5  m l ) ,  and ex t rac ted  

w i t h  e t h y l  acetate (3  x 10 m l ) .  The organic layers were d r i e d  over magnesium 

sulphate, f i l t e r e d  and evaporated t o  g i v e  e t h y l  2-(4-chloro-[3- HI-3-hydroxy- 

butyramido)acetate (2) (11.4 mC1, 421.8 MBq, 63% radiochemical y i e l d ) .  

A f t e r  an hour the 

3 

E thy l  2-C4-ch 10ro-C3-~HI-3-( te t rahvdrowran-2-v l  oxv) butv  ramidolacetate (3) 

3 Ethy l  2-(4-chloro-C3- HI-3-hydroxybutyramido)acetate (2) (150 mC1. 5550 MBq. 

nominal ly  0.0055 mmol. 807. rad iochemical ly  pure) was d i sso l ved  i n  d i ch lo ro -  

methane (0.5 m l )  con ta in ing  dihydropyran (5 p l ,  0.055 mmol) and a f e w  c r y s t a l s  
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of pyridinium p-toluenesulphonate. 

temperature. After 20 hours a further portion of dihydropyran ( 5  vl. 0.055 

mmoles) and pyridinium p-toluenesulphonate (a few crystals) were added. After 

24 hours the reaction mixture was diluted with diethyl ether. washed with brine, 

and water. 

The resulting solution was stirred at room 

The ether layer was dried over magnesium sulphate, filtered and 

evaporated to give the required ethyl 2-14-chlor0-13-~HI-3-(tetrahydropyran-2- 

yloxy)butyramidolacetate (3) (143 mCi, 5291 MBq, 95% radiochemical yield, 80% 

radiochemically pure as assessed by tlc (silica. ethyl acetate)). 

3 Ethvl 2-0X0-[4- H1-4-~tetrahvdro~vran-2-~loxv~-l-~vrrolidineacetate (4) 

3 Ethyl 2-[4-chloro-[3- Hl-3-(tetrahydropyran-2-yloxy)butyramidolacetate (143 mCi 

5291 MBq, nominally 0.0052 mmol, 80% radiochemically pure) was dissolved in dry 

acetonitrile ( 1  ml) and added to a suspension of NaH (1.7 mg. 50% in oil, 0.035 

mmoles) in dry acetonitrile (0.5 ml) at 0°C. 

to warm to room temperature and stirred for two hours. 

added to acetic acid (10 pl) in water (1 ml) and diethyl ether (2 ml) with 

cooling in an ice bath. 

dried over magnesium sulphate, filtered and evaporated to give the desired ethyl 

2-oxo-[4- H1-4-~tetrahydropyran-2-yloxy~-l-pyrrolidineacetate (4) (106 mCi, 

3922 MBq, 65% radiochemical yield, 70% radiochemically pure as assessed by tlc 

(silica, ethyl acetate)). 

The reaction mixture was allowed 

The reaction mixture was 

The ether layer was separated, washed with water and 

3 

3 Ethvl C4- H1-4-hvdroxv-2-oxo-l-~vrrolidineacetate (51 

3 Ethyl 2-oxo-"l- Hl-4-~tetrahydropyran-2-yloxy~-l-pyrrolidineacetate (106 mCi. 

3922 MBq, nominally 0.003 mmoles, 70% radiochemically pure) was dissolved in 

ethanol ( 2  ml). and a few crystals of pyridinium p-toluenesulphonate added. The 

reaction was stirred at 50°C,  and further portions o f  pyridinium 

p-toluenesulphate were added after two hours, twenty hours and twenty four 

hours. 

evaporated and purified by column chromatography (silica. ethyl acetate), to 

After forty-four hours the reaction mixture was allowed to cool, 



3 give the desired ethyl C4- H1-4-hydroxy-2-oxo-l-pyrrolidineacetate (5) (21 

mCi, 777 MBq, 25% radiochemical yield; 88% radiochemically pure, as assessed by 

t.1.c (silica, ethyl acetate)). 

mi de. [4-3Hloxi raceta m (61 14- H1-4-Hvdroxv-2-oxo-l-~vrrolidineaceta 3 

3 Ethyl C4- Hl-4-hydroxy-2-oxo-l-pyrrolidineacetate (5) (21 mCi, 777 MBq, 

nominally 0.0008 mmoles, 88% radiochemically pure) was dissolved i n  methanolic 

ammonia ( 1  ml) and stirred at room temperature. After four hours the reaction 

mixture was evaporated to give 14- Hl-4-hydroxy-2-oxo-l-pyrrolidineacetamide 

(6) (14.5 mCi, 536.5 MBq. 67% radiochemical yield, 86% radiochemically pure, as 

assessed by t.1 .c. (silica, ch1oroform:methanol 3:2 v/v)). This material was 

3 

then purified by hplc (see above) to give C4-JHloxiracetam (6) (5735 pCi, 

212.2 MBq. 21.7 Ci/mmol, 4.8% overall radiochemical yield) with a radiochemical 

purity by hplc of 98.0% and by tlc in system, i )  98.42, system i i )  98.9% and 

system i i i )  >99%. 
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