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SYNTHESIS OF TRITIllM LABELED PRAMIRACETAY 

(CI-879; fi-[2-[BIS( 1-METHYLETHYL)AMINO]ETHYL]-2-OXO-1-PYRROLIDINEACETAMIDE) 

J .  H. Dodd, F. M. Hershenson, J. L. Hicks, D. E. B u t l e r ,  E. P. Lewis, and 

C. C. Huang*, Chemistry Department , Warner-Lambert/Parke-Davis Pharmaceutical 

Research, 2800 Plymouth Road, Ann Arbor, M I  48105 USA 

SlMMARY 

Prami racetam (C 1-879; N-CP-Cbi s ( 1-met hyl e t  h y l  ) ami n o l e t  h y l  I-2-0x0- 1- 

py r ro l i d ineace tamide )  was rad io labe led  w i t h  t r i t ium.  

e t h y l  2,5-di hydro-2-oxo-l~-pyrrole-l-acetate i n  t h e  presence o f  PdfC gave 

e t h y l  2-0~0-1-[3,4-3H]pyrrolidineacetate. 

w i t h  fl, l-bis( l-methylethyl)-1,2-ethanediamine gave pramiracetam, which was 

subsequently converted t o  t h e  corresponding s u l f a t e  s a l t .  

C a t a l y t i c  reduc t i on  of 

Treatment o f  t he  t r i t i a t e d  e s t e r  

KEY WORDS: 

ami no]ethyl]-2-oxo-l-pyrrol idineacetamfde s u l f a t e  , c o g n i t i o n  a c t i v a t o r .  

Pramiracetam s u l f a t e ,  t r i t i u m ,  CI-879, fi-C2-[bis(l-methylethyl)- 

Prami racetam (CI-879; fi-[2-Cbis(l-methylethyl )aminolethy1 I-2-0x0-1-pyr- 

ro l i d ineace tamide )  , a new c o g n i t i o n  a c t i v a t o r  drug, has been shown t o  e x h i b i t  

l e a r n i n g  and memory enhancement i n  animals.ls2 Recently, we pub l i shed  t h e  

syn thes i s  o f  carbon-14 labe led  pramiracetam f o r  d i s t r i b u t i o n  and metabolism 

stud ies.3 Since t h e  mechanism of a c t i o n  o f  t h i s  drug w i t h  regard t o  i t s  

c o g n i t i v e  e f f e c t s  i s  unknown, t h e  rad io - l abe led  pramiracetam.with very h igh  

s p e c i f i c  a c t i v i t y  was des i red  f o r  s tudy ing  p o s s i b l e  i n t e r a c t i o n s  o f  t h e  drug 

w i t h  s p e c i f i c  recep to r  systems. Accordingly, a spec ia l  s y n t h e t i c  sequence 

was devised f o r  t he  i n c o r p o r a t i o n  o f  h igh  s p e c i f i c  a c t i v i t y  t r i t i u m  i n t o  t h e  

molecule (Scheme I ) .  
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RESULTS AND D I S C U S S I O N  

From a radiocheinical s tandpoint ,  i t  i s  u s u a l l y  des i rab le  t o  i n t roduce  

t h e  r a d i o l a b e l  a t  a l a t e r  s tage o f  synthes is .  Thus, t h e  synthes is  o f  t h e  

dehydro analog o f  pramiracetam as t h e  precursor  f o r  t r i t i a t i o n  was o r i g i n a l l y  

explored. However, a t tempts t o  dehydrate t h e  4-hydroxy analog o f  

pramiracetam by convers ion t o  t h e  corresponding to luenesul fonate,  bromide 

( w i t h  HBr) ,  o r  c h l o r i d e  ( w i t h  t r iphenylphosphine,  carbon t e t r a c h l o r i d e )  were 

unsuccessful.  

As a r e s u l t ,  o u r  e f f o r t s  were turned t o  the  p repara t i on  o f  e t h y l  2,5- 

dihydr0-2-0~0-1~-pyrrole-l-acetate (3).  Treatinent o f  e t h y l  4-hydroxy-2- 

0x0-1-pyrro l id ineacetate4 (1) w i t h  to luenesu l fony l  c h l o r i d e  produced the  

corresponding to luenesu l fona te  2, which was then desul fonated w i t h  

t r i e t h y l a m i n e  t o  g i v e  t h e  a,B-unsaturated lactam e s t e r  2. 
Inco rpo ra t i on  o f  t he  t r i t i u m  labe l  i n t o  pramiracetam was accomplished by 

c a t a l y t i c  reduc t i on  of e t h y l  2,5-dihydr0-2-~~0-1~-pyrrole-l-acetate (3) with 

t r i t i u m  gas i n  the  presence o f  20% Pd/C. 

t r i t i a t i o n  were developed us ing  deuterium gas. 

t r i t i u m  labe led  e s t e r  4 was then t r e a t e d  w i t h  ~,N--bis(l-methylethyl)-1,2- 

ethanediamine t o  g i v e  prami racetam f r e e  base, which was subsequently 

converted t o  the  corresponding s u l f a t e  s a l t .  

The cond i t i ons  used f o r  t h i s  

The r e s u l t i n g  double 

Decoupled t r i t i u m  nuclear  magnetic resonance spectroscopy es tab l i shed  

unequivocably t h a t  t h e  t r i t i u m  l a b e l s  were l oca ted  i n  t h e  C-3 and C-4 carbons 

as an t i c ipa ted .  A small  percentage o f  t r i t i u m  were a l so  observed i n  t h e  C-5 

carbon, probably as a r e s u l t  o f  c a t a l y t i c  exchange between t r i t i u m  gas and 

C-5 hydrogen under t h e  r e d u c t i v e  cond i t i on .  

w a s  a l so  conf i r f led by t h e  h igh  s p e c i f i c  a c t i v i t y  determined-49.8 Ci/mmol. 

The s p e c i f i c  a c t i v i t y  represented approximately 86% t r i t i u m  inco rpo ra t i on .  

This  r e s u l t  i n d i c a t e d  t h a t  t h e r e  was p o s s i b l y  slow exchange between the  

t r i t i u m  gas and t h e  p r o t i c  so l ven t  (95% EtOH), but  t h e  r a t e  of exchange was 

probably  slower than t h a t  o f  reduct ion.  

The double t r i t i u m  i n c o r p o r a t i o n  
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p- toluenesul fonyl PTSO 

pyri  d i  ne 

chloride Et3N 
H o ( - $ i 2 C 0 2 E  t ______.) N-Cll2C02E t > 

0 0 

2 - 1 - 

EXPERIMENTAL 

1H-NMR spect ra were determined on a Bruker WH90 (90 MHz) spectrometer. 

Chemical s h i f t s  were repo r ted  i n  6 (ppm) downf ie ld  from te t ramethy l s i l ane .  

The 3H-hYR spectrum o f  pramiracetam s u l f a t e  was prov ided t o  us from DuPont 

NEN Products on a Bruker WP200 spectrometer ope ra t i ng  a t  213.47 YHz. 

I n f r a r e d  spec t ra  were recorded on a N i c o l e t  XL-1/3600 FT- IR  spectrophoto- 

meter. 

Mass spec t ra  were obta ined w i t h  a F inn igan Series 4000 G.C.-M.S. M e l t i n g  

p o i n t s  were determined w i t h  a Thomas Hoover capi 1 l a r y  me1 t i  ng p o i n t  apparatus 

and a re  uncorrected. 

Packard 574 l i q u i d  s c i n t i l l a t i o n  counter us ing  Beckman Ready-Solv MP 

s c i  n t i  11 a t i  on cock ta i  1. 

L i q u i d  s c i n t i l l a t i o n  coun t ing  was performed w i t h  a 

Th in  l a y e r  chromatography (TLC) was performed on Analtech s i l i c a  gel 

Radiochemical p u r i t y  determinat ions were performed by p l a t e s  (250 IJ). 

coun t ing  sect ions ( 5  m) scraped from TLC p l a t e s  and suspended i n  YeOH and 

c o c k t a i l  before counting. 

Golumn chromatography was c a r r i e d  ou t  on Merck K iese lge l  60 (40-63nm). 

High pressure l i q u i d  chromatography (HPLC) analyses o f  t h e  f i n a l  product were 
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performed on a system c o n s i s t i n g  o f  an A l l t e c h  s i l i c a  gel column (10 p), an 

A l t e x  l l O A  pump, and a DuPont UV d e t e c t o r  (215 nm). 

The t r i t i a t i o n  c o n d i t i o n  us ing  deuter ium gas was developed i n  our 

l a b o r a t o r i e s ,  and t h e  ac tua l  t r i t i a t i o n  was performed by DuPont NEN Products 

(NEN) under c o n t r a c t  w i t h  Warner-Lambert/Parke-Davis. 

A l l  au then t i c  un labeled in termediates and t h e  f i n a l  product  were 

synthesized a t  Warner-Lambert/Parke-Davis. 

E t h y l  4-[[ (4-Methylphenyl ) s u l  fonyl]oxy]-2-oxo-l-pyrrol i d i  neacetate (2). - 
To a magne t i ca l l y  s t i r r e d  s o l u t i o n  o f  p y r i d i n e  (30 mL) and e t h y l  4- 

hydroxy-2-0x0-1-pyrrolidineacetate (lJ (2.15 g, 11.5 mnol) was added 2.40 g 

(12.7 nnnol) o f  p - to luenesu l fony l  c h l o r i d e .  The s o l u t i o n  was s t i r r e d  

ove rn igh t  a t  room temperature. The excess p y r i d i n e  was removed i n  vacuo. 

The res idue was chromatographed on 120 g o f  s i l i c a  gel us ing  e t h y l  ace ta te  as 

t h e  e luan t  t o  a f f o r d  2.31 g (59%) o f  t h e  to luenesu l fona te  2 as c o l o r l e s s  o i l :  

l H  MR (90 MHz) (CDC13)67.73 (d, 2H, J = 8.1 Hz), 7.29 (d, 2H, J = 8.1 

H z ) ,  5.0 - 5.2 (m, lH), 3.5 - 4.4 (in, 6H), 2.45-2.65 (m, 2H), 2.43 ( s ,  3H), 

1.24 (t, 3H, J = 6.3 Hz); I R  ( f i l m )  2960, 1740, 1700, 1595 cm-1. 

E t h y l  2,5-Dihydro-2-oxo-1H-pyrrole-l-acetate (3 ) .  - 
A s o l u t i o n  of t h e  t o s y l a t e  2 (2.31 g, 6.77 m o l ) ,  t r i e t h y l a m i n e  (20  mL), 

and te t rahyd ro fu ran  (20 rnL) was magne t i ca l l y  s t i r r e d  overn ight  a t  room tem- 

perature.  The r e s u l t i n g  p r e c i p i t a t e  was removed by f i l t r a t i o n ,  and the  re -  

maining v o l a t i l e s  were removed i n  vacuo. 

ge l  us ing e t h y l  ace ta te  as t h e  e luan t  a f fo rded  1.12 g (98%) o f  t h e  a, B- 

unsaturated lactam 3 as a c o l o r l e s s  o i l :  

( d t ,  l H ,  J = 6.0, 1.5 Hz), 6.20 (d t ,  lH, J = 6.0, 1.5 Hz), 4.0 - 4.3 (m, 4H), 

4.23 (s,2H), 1.30 (t, 3H, J = 7.0 Hz); IR ( f i l m )  2950, 1720, 1665, 1200, 

800 cm-1. 

Chromatography on 75 g o f  s i l i c a  

1H WlR (90 MHz) (CDC13) 67.18 

E t h y l  2-0x0-1-[ 3,4-2H?]pyrrol i d i  neacetate. 

To a 250 mL Erlenmeyer f l a s k  was added 100 mL o f  95% ethanol ,  600 mg 
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3.55 mnol) o f  a, B-unsaturated lactam 3, and 60 mg o f  Pearlman cata-  

l y s t  (20% Pd/C). The m i x t u r e  was placed under a deuterium atmosphere and 

s t i r r e d  f o r  3 h. The r e a c t i o n  m i x t u r e  was f i l t e r e d  through C e l i t e  t o  remove 

t h e  c a t a l y s t  and evaporated i n  vacuo t o  g i v e  570 mg (93%) o f  t h e  d ideu te ra ted  

lactam, which was a s i n g l e  spot  on TLC ( s i l i c a  gel,  EtOAc, Rf = 0.5): 

1H MR (90 MHz) (CDC13) 6 4.19 (9, 2H,'J = 7.0 Hz), 4.05 (s, ZH), 

3.50 (d, 2H, J = 6.8 Hz), 2.41 (bd, lH, J = 7.9 Hz), 2.0 (in, lH) ,  1.28 (t, 

3H, J = 7.0 Hz); I R  ( f i l m )  2990, 2200 weak, 1750, 1695 cm-1; mass spectrum 

(m/e, re1 i n t e n s i t y )  174 (46, M+), 100 (100, M+ - C02Et). 

[ 3 , 4-3HslP rami racetam Sul f a t e  N-[ 2-[8i s ( 1 -methyl e t h y l  )ami no]ethyl]-2-oxo-l- 

p y r r o l  i d i  neacetami de( 51. - 
The f o l l o w i n g  c o n d i t i o n s  were used by NEN f o r  t h e  p repara t i on  o f  

[3,4-3H2]pramiracetam s u l f a t e :  E t h y l  2,5-Di hydro-2-oxo-ltJ-pyrrole-l- 

ace ta te  was reduced w i t h  c a r r i e r - f r e e  t r i t i u m  gas i n  EtOH us ing  20% Pd/C f o r  

2 h. 

removed under reduced pressure, and 200 p1 o f  N,tj-bis(l-methylethyl)-1,2- 

ethanediamine was introduced. The r e s u l t i n g  s o l u t i o n  was heated a t  95"-100°C 

f o r  24 h. 

CH2Cl2/CH30H/NH4OH/H20 60:40:1:20 us ing  t h e  lower phase o f  t he  b i n a r y  

system). 

w i t h  EtOH, and concentrated t o  g i ve  pramiracetam f r e e  base, which was 

subsequently conver ted t o  t h e  corresponding s u l f a t e  s a l t  us ing  one equ iva len t  

o f  H z S O ~ : ~ H  MR (CDC13) (1H-decoupled) 6 2.4 (d, J = 10.7 Hz), 2.1 (d, 

J = 10.7 Hz). 

A f t e r  t he  reduct ion,  t h e  c a t a l y s t  was f i l t e r e d .  The so l ven t  was 

The crude product  was p u r i f i e d  by p repara t i ve  TLC ( s i l i c a  ge l ,  

The des i red  band was v i s u a l i z e d  by autoradiography, scraped, e l u t e d  

Due t o  h igh  s p e c i f i c  a c t i v i t y  o f  t he  l abe led  compound, i t  underwent 

It was f u r t h e r  r a d i o l y t i c  decomposition a f t e r  i t  was received from NEN. 

p u r i f i e d  by us by p r e p a r a t i v e  TLC ( s i l i c a  ge l ,  hexane/P-PrOH/NH40H 60:35:5). 

The radiochemical p u r i t y  o f  t h e  f i n a l  product  was g rea te r  than 98% by TLC 

(a. SiO2, n-hexane/n-PrOH/NH40H 60:35:5, Rf = 0.36; b. SiO2, CH2C12/ 

MeOH/NH40H/H20 60:40:1:20, Rf = 0.71) and HPLC ( s i l i c a  gel 10 II), 

heptane/P-PrOH/NH4OH 60:35:5, f l o w  r a t e  1 mL/min, R t  = 5 min). 
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