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SUMMARY 

Pramiracetam hydrochloride, ~-[2-[bis(l-methylethyl)amino]ethyl]-2-oxo-L- 

pyrrolidineacetamide hydrochloride, CI-879, a new p o t e n t i a l  c l i n i c a l l y  useful  

cogni t ion  a c t i v a t o r ,  was labeled wi th  I 4 C .  

converted t o  i t s  e thyl  ester which reacted w i t h  sodium 2-pyrrolfdinone t o  

y i e l d  e thyl  2-oxo-l-pyrrolidineacetate-a-~4C acid.  

l a t t e r  with N,z-bis(l-me thyle  thyl)- l ,2-e  thanediamine gave pramirace tam f see  

base which was subsequently converted t o  the  hydrochloride s a l t .  

B r ~ m o a c e t i c - Z - ~ ~ C  a c i d  was 

Treatment of the  

KEY WORDS : Pramirace tam hydrochloride, 14C, 2- [ 2- [ b i s (  I-me thyle  thy l )  - 
amino] e thyl  ] -2-0x0- 1-pyrrolidineacetamide hydrochloride, CI-879, 

s e n i l e  dementia of the  Alzheimer's type, cogni t ion a c t i v a t o r  

INTRODUCTION 

Cognition dysfunct ions occur i n  persons of a l l  ages a s  a r e s u l t  of many 

condi t ions including d isease ,  acc idents  and i n j u r i e s ,  developmental defec ts ,  

and normal aging. An agent  which would a c t  favorably on l earn ing  and memory 

mechanisms would be b e n e f i c i a l  i n  the treatment of learn ing  d i s a b i l i t i e s ,  and 
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on t h e  c o g n i t i v e  d i s o r d e r s  and i n t e l l e c t u a l  impai rments  which r e g u l a r l y  occur  

in t h e  e l d e r l y ,  p a r t i c u l a r l y  i n  s e n i l e  dement ia  o f  t h e  Alzhe imer ' s  type .  

I n  a s e a r c h  f o r  such  a n  a g e n t ,  o u r  drug  d i scove ry  program s y n t h e s i z e d  new 

N-( subs t i  t u  t ed  aminoalkyl)-2-oxo- 1 - p y r r o l i d i n e a c e t a m i d e s  and  e v a l u a t e d  them i n  

a n  e l e c t r o c o n v u l s i v e  shock-induced amnesia r e v e r s a l  t e s t  procedure .  2 ,3 ,4  

Prami racetam s u l f a t e ,  CI-879 s u l f a t e ,  E- [ 2- [his( 1 - m e  t h y l e  thy l )amino]  - 
e t h y l  ]-2-oxo-l-pyrrolidineacetamide s u l f a t e ,  a h i g h l y  a c t i v e  member of t h e  

s e r i e s ,  was chosen  for f u r t h e r  t e s t i n g .  It demonst ra ted  a wide margin of 

s a f e t y  i n  an imal  s p e c i e s  and  i n  normal h e a l t h y  v o l u n t e e r s .  It h a s  shown 

encourag ing  a c t i v i t y  for "goal  d i r e c t e d  behavior"  in a non-b l inded  t r i a l  in 

p a t i e n t s  w i t h  primary degene ra t ive  dement ia  ( s e n i l e  dementia o f  t h e  Alzhe imer ' s  

type)  . 5  

C I - 8 7 9  was l a b e l e d  w i t h  carbon-14 for u s e  i n  m e t a b o l i c  and pharmacokine t fc  

s t u d i e s .  The carbon-14 was r e a d i l y  i n c o r p o r a t e d  i n t o  t h e  a - p o s i t i o n  o f  t h e  

ace tamide  u s i n g  commercially a v a i l a b l e  bromoacetic-2-14C a c i d  a s  t h e  s t a r t i n g  

m a t e r i a l  a s  shown i n  Scheme I. 

2 - DMSO 

Scheme I 
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The carbon-14 l a b e l  in CI-879-14C.HCl (5) was presumably metabol ical ly  

s t a b l e  and, therefore ,  s u i t a b l e  f o r  in vivo s tudies ;  s t u d i e s  using high doses 

of unlabeled drug had shown t h a t  the  bulk of the mater ia l  was recovered 

unchanged i n  t h e  urine.6 

RESULTS AND DISCUSSION 

B r o m o a c e t i ~ - 2 - ~ ~ C  a c i d  (1) was converted t o  the corresponding a c i d  

ch lor ide  with thionyl ch lor ide  and subsequently, t o  the e thyl  e s t e r  2. 
ment of the e s t e r  _?. with the sodium s a l t  of 2-pyrrolidinone, formed by reac t ion  

w i t h  sodium hydride i n  toluene containing DMSO, gave 2. 
t h e  e s t e r  2 and excess  ~,~-bis(l-methylethyl)-l,2-ethanediamine gave the amide 

- 4 which was subsequently converted t o  i t s  hydrochloride s a l t  5. 

c a t i o n  of 5 was accomplished by c r y s t a l l i z a t i o n  i n  to luene /ace toni t r i le .  

Although the synthes is  was s t ra ight fornard ,  the p u r i f i c a t i o n  of the f i n a l  

product 2 proved d i f f i c u l t  because of o i l ing-out  problems, r e s u l t i n g  i n  only a 

19% radiochemical y i e l d  f o r  t h a t  s t e p ;  a subsequent p u r i f i c a t i o n  of the mother 

l i q u o r ,  producing the corresponding s u l f a t e  s a l t ,  resu l ted  i n  an addi t iona l  28% 

radiochemical y i e l d  f o r  t h a t  s tep .  

Treat- 

Heating a mixture of 

The p u r i f i -  

EXPERIMENTAL 

B r ~ m o a c e t i c - Z - ~ ~ C  a c i d  with a s p e c i f i c  a c t i v i t y  of 25.2 mCi/mmol was 

purchased from the Amersham Corporation. 

diamine was obtained from BASF, W.  Germany; 2-pyrrolidinone, from Aldrich 

Chemical Company. The unlabeled intermediates  and f i n a l  product, used a s  

re ferences  f o r  comparison with the corresponding labeled compounds, were 

suppl ied by the Chemical Development Group of Warner-Lambert/Parke-Davis, Ann 

Arbor, Michigan. 

N,E-Bis-( 1-me thyle thyl ) - l ,2 -e  thane- 

Melting poin ts  were determined with a Thomas Hoover c a p i l l a r y  melt ing 

poin t  apparatus  and a r e  uncorrected. 

Nicole t  M Y - 1  Spectrophotometer. 

Inf ra red  spec t ra  were obtained on a 
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YPLC a n a l y s e s  were performed on a sys tem c o n s i s t i n g  of a n  A l l t e c h  s i l i c a  

g e l  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  ( 2 1 5  nm) u s i n g  

a mobile phase  o f  MeOH:H20 (70:30) and 0.005M tetrabutylammonium hydroxide .  

f low r a t e  of 1 ml/min gave a t R  v a l u e  f o r  r e f e r e n c e  pramiracetam of f i v e  

minutes ;  f o r  e t h y l  2-0x0-1-pyrrolidineacetate, 4.25 minutes.  

A 

GC a n a l y s e s  were done on 3% OV-17 g a s  chrom Q ,  100-120 mesh, u s ing  

n i t r o g e n  a t  a flow r a t e  of 20 ml/min and a column program of 100-300'C a t  10°C/ 

min. The t R  v a l u e  f o r  r e f e r e n c e  pramiracetam was 1 6  minutes ;  f o r  e t h y l  2-0x0- 

1 - p y r r o l i d i n e a c e t a t e ,  8.5 minutes ;  f o r  N,E-bis( l-methylethyl)-l,Z-ethane- 

diamine, 1.8 minutes .  

Thin  l a y e r  chromatography (TLC) was done u s i n g  Ana l t eeh  s i l i c a  g e l  p l a t e s  

(250 p); s e c t i o n s  were sc raped ,  and  s l u r r i e d  in methanol and  c o c k t a i l  f o r  

1 i q u i d  s c i n t i l l a t i o n  count ing .  

A l l  chromatographic  a n a l y s e s  ( L C ,  G C ,  and TLC), used f o r  de t e rmin ing  r ad io -  

chemica l  o r  chemica l  p u r i t y ,  i nc luded  a comparison to  r e f e r e n c e  s t anda rds .  

L iquid  s c i n t i l l a t i o n  coun t ing  was done w i t h  a Packard  Model 3003 Liquid  

S c i n t i l l a t i o n  Spec t romete r  u s i n g  Beckman Ready-Solv MF' l i q u i d  s c i n t i l l a t i o n  

cock ta i 1. 

Ethyl  2-0~o-l-pyrrolidineacetate-a-~4C, (3) .  Sodium hydr ide  

(50% i n  mine ra l  o i l ,  344 mg unwashed, 7.2 mmol) was added t o  a 50 mL f l a s k ,  

f l u s h e d  w i t h  N2; 5 mL t o l u e n e  was added; a c a t a l y t i c  q u a n t i t y  of DMSO 

(75  pL) was added t o  t h e  r e s u l t i n g  s l u r r y .  

6 mmol) i n  5 mL t o l u e n e  was added dropwise  t o  t h e  s l u r r y .  The r e s u l t i n g  

r e a c t i o n  mix tu re  was s t i r r e d  under  n i t r o g e n  a t  6 O o C  f o r  f o u r  h o u r s  as  hydrogen 

was evolved. Ethyl  bromoacetate-2-14C (9.7 m C i ,  1.478 mCi/mmol, 6.6 mmol), 

which had been p repa red  from bromoacetic-2-14C a c i d  i n  74% rad iochemica l  

y i e l d  by t h e  a c e t y l  c h l o r i d e  u s i n g  t h i o n y l  c h l o r i d e ,  was d i l u t e d  w i t h  5 m l  

t o l u e n e  and  added dropwise  t o  t h e  s t i r r e d  s l u r r y  ma in ta ined  a t  45'C. S t i r r i n g  

was con t inued  ove rn igh t .  The r e a c t i o n  mix tu re  was f i l t e r e d .  The yellow-orange 

2 -Pyr ro l id inone  (0.455 mL, 
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f i l t r a t e  contained 7.9 mCi  and was 919: radiochemically p u r e  by LC ana lys i s ;  no 

unreacted precursor  was detected.  The toluene was removed i n  vacuo. The 

product was d i s t i l l e d  i n  vacuo with a h e a t  a s s i s t  t o  a s h o r t  path d i s t i l l a t i o n  

head using an e l e c t r i c a l  heat ing ribbon. 

7.5 mCi (77% radiochemical y ie ld) .  

The d i s t i l l a t e  product contained 

N- [ 2- [ B i s (  1 - m e  thyle  thy1)aminol e thy1 ] -2-0x0-1-pyrrolidineace tamide-a - 
I4C (4) The e t h y l  2-oxo-l-pyrrolidineacetate-2-~~C (2) (7.5 di, 

5 mmol) from the  previous s t e p  was t ransfered  t o  a LO mL f l a s k  f lushed with 

N 2 .  N,E-Bi s( 1 - m e  thy le  thyl)-1,2-e thanediamine (1.32 mL, 7.6  mmol) was added. 

The reac t ion  mixture was heated t o  115'C with s t i r r i n g  while maintaining N 2  

pressure;  the ethanol  d i s t i l l a t e  was co l lec ted .  The reac t ion  mixture was 

s t i r r e d  overnight  a t  140'C. 

a t  125'C.. The product was 78% radiochemically pure and contained 2 l %  of the  

I4C-labeled precursor  by LC analysis .  

the  diamine. The product contained 5.4 m C i  (72% radiochemical y i e l d ) .  

The unreacted precursors  were d i s t i l l e d  in vacuo 

GC ana lys i s  confirmed the absence of 

N- [2- [ B i s (  1-me thyle  thyl)amino]ethyl] -2-0x0-1-pyrrolidineace tamide-a- 

I4C Hydrochloride, (5 ) .  

dissolved in  d i s t i l l e d  water. The r e s u l t i n g  deep amber so lu t ion  was t rea ted  

wi th  Darco G-60, s t i r r i n g  the  s l u r r y  a t  room temperature f o r  two hours fol loved 

by f i l t r a t i o n  through a C e l i t e  bed. The Darco treatment was repeated twice. 

The pH of the  r e s u l t i n g  yelloki f i l t r a t e  was ad jus ted  t o  pH 2 with 6 5  HC1 and 

was washed twice with d ie thyl  e ther .  The water was evaporated in vacuo t o  give 

a n  amber o i l  which was t r i t u r a t e d  with anhydrous d ie thyl  e ther .  The o i l  was 

dissolved i n  2-propanol maintained a t  60'C; hot  n-hexane was added t o  the haze 

point .  

s o l i d  (2.7 m C i ) .  Dissolut ion in hot  toluene with the subsequent addi t ion  of 

a c e t o n i t r i l e  followed by cool ing and seeding r e s u l t e d  in a c r y s t a l l i n e ,  tan 

colored f i n a l  product (1 m C i ;  229 mg; 1.5 mCi/mmol) (19% radiochemical y i e l d ) .  

The radiochemical p u r i t y  was > 96% by TLC analys is  (CH~C~~:M~OH:NHL,OH:H~O 

The crude product of the previous s t e p  was - 

The product o i l e d  o u t  and was s t i r r e d  in an i c e  bath r e s u l t i n g  i n  a tan 
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[60:40:1:20] lower phase, R f  = 0.52; toluene:EtOAc:Et2NH [7:2:1], R f  = 0.32; 

CH2C12:Acetone:MeOH:NH40H [70:20:10:1], Rf = 0.23), and 99% by HPLC 

ana lys i s .  The chemical p u r i t y  was 100% (GC); the I R  spectrum was i d e n t i c a l  t o  

a reference s tandard of pramiracetam except  f o r  t h e  presence of water. 1 R  

(KBr): 3435 and 3427 (H20), 3259 (N-H), 2400-2800 (mul t ip le ,  N-H s a l t ) ,  1690 

(C = 0 ) ,  1668 (C = 0 )  cm-1. Melting point: 141-146.5'C (Reference s tandard,  

151-151.5OC). Analysis ca lc 'd  for C~4H27N302'1/2H2O-HCl: C ,  53.40; 

14, 9 . 2 8 ;  N ,  17.35. Found: C ,  53.68; H, 9.86; N ,  13.50. 
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