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APPLICATION OF SPIN LABELING TO DRUG ASSAYS. 111. [15N,2H13]2,2,5,5- 
TETRAMETHYLPYRROLINE-l-O~L-3-CARBOXYLIC A C I D  COUPLED TO PHENYTOIN 
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Research S e r v i c e ,  Veterans Admin i s t r a t ion  Medical Center, 
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SUMMARY 

Phorone and [2H14]phorone w e r e  c y c l i z e d  wi th  15NH3 o r  
t o  [ l5N]- o r  [ 15N,2B17]-4-oxo-2,2,6,6-tetramethyl- 15N2H3 

p i p e r i d i n e  which w e r e  t hen  brominated at  C-3 and C-5. Ring 
c o n t r a c t i o n  then  gave 2,2,5,5-tetramethyl~~rroline - 3- 
carboxamide, which w i t h  H 2 0 2  gave t h e  corresponding n i t r o x -  
i d e .  Hydro lys i s  i n  b a s e  of t h e  doubly l a b e l e d  n i t r o x i d e  
then  gave [ 5N,2H] 2,2,5,5-tetramethylpyrroline-l-oxyl-3- 
ca rboxy l i c  a c i d .  The l a t t e r ,  when coupled t o  phenytoin,  
a f fo rded  a sp in - l abe led  drug of  h igh  s e n s i t i v i t y  f o r  de t ec -  
t i o n  by ESR technique.  I f  t h e  s y n t h e s i s  w a s  s t a r t e d  wi th  
[2H1~]phorone ,  n e g l i g i b l e  loss  of deuter ium w a s  noted i n  
t h e  f i n a l  product  even when p r o t i a t e d  r e a g e n t s  w e r e  used. 

Key Words: [ 5N, 2H1 71 Triacetonamine,  P y r r o l i n e  N i t r o x i d e s ,  Spin-labeled 
Phenyt o i n  

INTRODUCTION 

Over t h e  p a s t  few y e a r s  w e  have been i n v e s t i g a t i n g  t h e  a p p l i c a t i o n  of  sp in -  

l a b e l e d  d rugs  f o r  t h e  de t e rmina t ion  of t h e  c o n c e n t r a t i o n  of d rugs  i n  serum by 

t h e  e l e c t r o n  s p i n  resonance (ESR) technique.  In t h i s  t echn ique ,  t h e  sp in -  

l a b e l e d  drug i n  serum which is  n o t  bound t o  serum p r o t e i n  ( f r e e  drug)  g i v e s  an 

ESR spectrum c h a r a c t e r i s t i c  of a r a p i d l y  r o t a t i n g  molecule  (1). 

t i o n  of f r e e  d rug  can be  e s t ima ted  by t h e  he igh t  of t h e  peaks of the ESR spec- 

trum. The s e n s i t i v i t y  of  t h e  t echn ique  i s  determined l a r g e l y  by t h e  width of 

t h e  peaks of  t h e  ESR spectrum. 

i d e s  i s  due p r i m a r i l y  t o  t h e  unresolved hype r f ine  s p l i t t i n g s  from t h e  p ro tons  

which are w i t h i n  3 bonds of t h e  oxyl-N-atom. 

The concen t r a -  

The l i n e  width i n  nonconjugated a l i p h a t i c  n i t r o x -  
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A s  an ex tens ion  of our  p rev ious  r e p o r t  ( 2 )  we d e s c r i b e  h e r e  t h e  p r e p a r a t i o n  

of an  isotropically-substituted t e t r a m e t h y l p y r r o l i n e  n i t r o x i d e ,  which i s  more 

amenable than  a p i p e r i d i n e  n i t r o x i d e  t o  t h e  i n t r o d u c t i o n  of t h e  v a r i o u s  func t ion -  

a l  groups needed f o r  coup l ing .  

2,2,5,5-tetramethylpyrroline-l-oxyl-3-carboxylic a c i d ,  f& from 

The s u b s t i t u t i o n  o f  1 5 N  f o r  1 4 N  reduces t h e  number of a b s o r p t i o n  peaks i n  t h e  

ESR spectrum from 3 t o  2 ,  t he reby  i n c r e a s i n g  t h e  s e n s i t i v i t y  by 50%. 

In t h e  p r e s e n t  s tudy ,  w e  have prepared [I5N]- 

5NH3 and phorone. 

Since t h e  gyromagnetic c o n s t a n t  of prot ium is  s i x  t i m e s  t h a t  of deuter ium, 

s u b s t i t u t i o n  of prot ium by deuter ium reduces  t h e  hype r f ine  s p l i t t i n g s  and thus  

t h e  l i n e w i d t h .  S ince  t h e  area of  t h e  ESR a b s o r p t i o n  spectrum is i d e n t i c a l  w i th  

e i t h e r  set of i s o t o p e s ,  t h e s e  s u b s t i t u t i o n s  should t h e o r e t i c a l l y  i n c r e a s e  t h e  

s e n s i t i v i t y  of d e t e c t i o n  of t h e  f r e e  s p i n  l a b e l s  about  seven-fold ( 3 ) .  There- 

f o r e ,  t h e  d e u t e r a t e d  isomer of  t h e  a c i d  w a s  a l s o  prepared by s t a r t i n g  wi th  ['H14] 

phorone and [15N]ammonia. The s i x  r e a c t i o n  sequence (Scheme I) g i v e s  a 22% y i e l d ,  

based on 5NH4C1.  The 5N,were  t hen  coupled t o  5-(4-aminophenyl)-5- 

phenyl hydantoin (DPH-NH2), t h u s  y i e l d i n g  sp in - l abe led  a n a l o g , L ,  of t h e  drug 

phenytoin (1). 

Secondly,  w e  have modified t h e  s y n t h e s i s  so t h a t  t h e  p roduc t s  were i s o l a t e d  

and p u r i f i e d  on ly  when deemed c r u c i a l ,  t h u s  s t r e a m l i n i n g  t h e  s t e p s  used p re -  

v i o u s l y  wi th  s t anda rd  r e a g e n t s  ( 4 ) .  T h i r d l y ,  w e  have examined t h e  e x t e n t  of 

protium-deuterium exchange a t  each s t e p  i n  t h e  r e a c t i o n  sequence i n  o r d e r  t o  

a s c e r t a i n  which non-deuterated r e a g e n t s  o r  s o l v e n t s  could have been used.  Finally, 

w e  have compared t h e  r e l a t i v e  s e n s i t i v i t i e s  of doubly i s o t o p i c a l l y  s u b s t i t u t e d  

compounds t o  t h o s e  of t h e  s t anda rd  s p i n  l a b e l s .  

A primary b u i l d i n g  b lock  of numerous s p i n  l a b e l s  is  &which c o n t a i n s  

methyl and methylene groups.  C h i a r e l l i  and Rassat  have a l r e a d y  shown t h a t  t h e  

methylene p ro tons  o f &  and of Tempone are l a b i l e  (5). 

bonds du r ing  t h e  r e a c t i o n  i n  Scheme I t h u s  remained t o  be determined.  

The s t a b i l i t y  of C - H ( D )  
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METHODS AND RESULTS 

NMR experiments  on t h e  e n o l i z a t i o n  of & i n  CDC13  i n  t h e  presence of 5% D C 1  

i n  D 2 0  showed t h a t  t h e  r a t i o  of methyl t o  methylene H of k i n c r e a s e d  from 3:l t o  

3.5:l i n  48 h r .  However, u s i n g  a more p o l a r  s o l v e n t ,  as AcOD, it  became 3.5:l i n  

1 2  h r  and a f t e r  a d d i t i o n  of a s t r o n g  a c i d ,  e .g . ,  48% aq. H B r ,  t h e  r a t i o  inc reased  

t o  7 . 3 : l  i n  30 min. Th i s  r a p i d  r a t e  of exchange of t he 'me thy lene  hydrogens of 2 
i n  t h e  presence of HBr  i s  expected a l s o  t o  occur  under t h e  c o n d i t i o n s  needed f o r  

subsequent brominat ion,  where H B r  is  generated.  

was brominated i n  AcOD (125 mmoles). The NMR spectrum ( i n  DMSO-d6) of t h e  r e s u l t -  

i n g &  showed t h a t  67% of t h e  o r i g i n a l  methine p ro tons  was r e t a i n e d .  

of t h e  product was t r e a t e d  wi th  NHkOH followed by NaOH t o  give%. 

spectrum showed 70% of v i n y l  sites w i t h  t h e  protium. 

wi th  ND40D and NaH t o  g ive  & w i t h  a s i m i l a r  pe rcen t  of v i n y l  H. 

&was t r e a t e d  wi th  ND40D followed by NaH t o  g i v e k w i t h  methyl t o  v i n y l  proton 

In t h i s  s tudy  a H C 1  (10 mmoles) 

Then, h a l f  

Its NMR 

The o t h e r  h a l f  was t r e a t e d  

Subsequently,  
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i n  a r a t i o  of 1 2 : 1 ,  much l i k e  when NHkOH had been used with&. 

These experiments  show t h a t  l i m i t e d  exchange occur s  d u r i n g  brominat ion which 

i s  t y p i c a l l y  seen  as a f a s t  a d d i t i o n  of B r z  t o  t h e  e n o l  o f A .  

i t  p r e c i p i t a t e s  as t h e  hydroha l ide  sa l t .  

from brominat ion o f z H C 1  d i d  not show t h e  l a b i l e  H and D i n  a r a t i o n  of 60:125 

p r e s e n t  i n  t h e  r e a c t i o n  mix tu re . ) .  

a f t e r  brominat ion a t  C-3 and C-5 and b e f o r e  t h e  r e s u l t i n g L h y d r o h a l i d e  p r e c i p i -  

O n c e L i s  formed 

(Apparent ly  f o r  t h i s  r eason  t h e  product  

Thus t h e  l i m i t e d  exchange a p p a r e n t l y  o c c u r s  

tates. 

Scheme I1 
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The bond-forming s t e p s  of  subsequent  r i n g  c o n t r a c t i o n  s e e m  t o  be  conce r t ed ,  

o r  f a s t e r  t han  any exchanges,  t h u s  accoun t ing  f o r  l a c k  of exchange w h e n a w a s  

t r e a t e d  wi th  ND40D. The mechanism of  t h i s  r e a c t i o n  (Favorski)  i s  g e n e r a l l y  thought 

t o  proceed v i a  a cyclopropanone i n t e r m e d i a t e ,  2 (Scheme 11). 

t h e  p r e s e n t  c a s e ,  is thought  t o  form v ia  alpha-bromocarboxamide an ion ,  3 by a 

ve ry  f a s t  deha logena t ion .  

double  bond v i a  ?;2,would e n t a i l  among t h e  p roduc t s  a monobromocarboxamide which 

was n o t  found by u s  us ing  TLC followed by MS. 

Thc double  bond, i n  

Th i s  r e s u l t s  i n  t h e  carboxamideA. The formation of a 

To o b t a i n 2 ,  L w a s  hydrolyzed a t  100°C f o r  24 h r  i n  D 2 0  t o  which BaO had been 

added. Th i s  r e a c t i o n  gave no exchange a t  e i t h e r  t h e  methyl o r  the v i n y l  carbon . 
This  was confirmed by t r e a t i n g  & i n  H 2 0  w i t h  Ba(OH)2. 

by I R  and MS, no ev idence  of new C-H bonds. 

The r e s u l t i n g  a c i d  gave 

The degree  of exchange d u r i n g  t h e  e n t i r e  s y n t h e s i s  w a s  f u r t h e r  examined by 

s t a r t i n g  w i t h a .  In t h e s e  s t u d i e s ,  & w a s  brominated i n  AcOH; the product  w a s  

r e a c t e d  wi th  NH40H; t h e  r e s u l t i n g A  w a s  ox id i zed  w i t h  H2OZ t o  g i v e a w h i c h  w a s  

then hydrolyzed i n  H2O f o r  one day w i t h  Ba(OH)2 a t  100°C t o  g i v e  e v e n t u a l l y  a. 
The EfS showed a n e g l i g i b l e  l o s s  of D a t  t h e  complet ion of t h e  sequence. 
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We have f u r t h e r  examined whether t h e r e  is exchange du r ing  t h e  r educ t ion  of 

4 o r 2  i n  t h e  presence of 10% Pd-C w i t h  D2 .  

i n t r o d u c t i o n  of an amino group a t  C-3 by Hofmann degradat ion.  The amino l a b e l  

can then  be coupled a s  i n  Scheme I t o  a molecule wi th  a -COOH group (l)]. Reduc- 

t i o n  of  2 y ie lded  h y d r o x y l a m i n e i  which was then  ox id ized  by a i r  ( 0 2 )  t o  t h e  

r e s p e c t i v e  n i t r o x i d e ,  2, whi le  s t i l l  i n  t h e  presence of t h e  c a t a l y s t .  

cab ly ,  i f  t h e  c a t a l y s t  had been f i l t e r e d ,  t h e  ox ida t ion  was ve ry  slow (6) a s  r e a d i l y  

observed by t h e  l a c k  of c o l o r a t i o n  (from c o l o r l e s s  t o  yel low).  

made t o  measure t h e  i n c o r p o r a t i o n  of deuterium by MS. Apparently due t o  t h e  pre- 

s ence  of l a b i l e  hydrogens on many compounds, MS of p a r t l y  s u b s t i t u t e d  n i t r o x i d e s  

were o f t e n  found t o  have l i m i t e d  q u a n t i t a t i v e  d i a g n o s t i c  va lue .  

p y r r o l i d i n e s  gave s a t i s f a c t o r y  MS s p e c t r a  (M ) on ly  a f t e r  having been oxidized t o  

n i t r o x i d e s .  

[This  r educ t ion  must precede t h e  
M 

Inexp l i -  

Attempts were then 

P y r r o l i n e s  and 

+ 

The l i n e w i d t h s  of t h e  ESR s p e c t r a  of t h e  r e s u l t i n g  n i t r o x i d e s  a r e  com- 

pared i n  Table 1. Noticeably,  t h e  p y r r o l i n e  n i t r o x i d e s  have narrower l i newid ths  

Table  1 

The peak-to-peak ESR l i newid ths ,  AH of five-membered r i n g  n i t r o x i d e s  i n  aque- 

ous b u f f e r  a s  a func t ion  of d e u t e r a t i o n .  The b u f f e r  was deoxygenated wi th  Ng.  

PP' 

Compound X Y 2 AH ( G I  
PP 

5a H H - 1.006 f 0.008" 

5b D D - 0.387 f 0.011 

m 

- ( q 2  

1C4 H H H 1.096 f 0.010 

(cx3)2 (CX 3) 2 10 H D H 1.032 f 0.006 

rm 

- 
N 
I 
0 - 10  D H D 0.557 k 0.012 

10 D D H 0.556 k 0.005 

D D D 0.423 L 0.015 

- 
R = C(O)-NH2 

u. 
*Proton supe rhype r f ine  s p l i t t i n g s  resolved.  
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than t h e  p y r r o l i d i n e  n i t r o x i d e s .  

s p l i t t i n g s  of t h e  l a t t e r .  

0.20 G and 0.35 G f o r  t h e  methyl  and v i n y l  p ro tons ,  r e s p e c t i v e l y ,  i n  water. Using 

t h e  method of Ba le s  (8) and our  s p e c t r a  w e  have c a l c u l a t e d  an  e f f e c t i v e  hype r f ine  

s p l i t t i n g  (h f s )  of 0.25 G f o r  a l l  15  p ro tons  of lo_a_. 

t h a t  i f  t h e  v i n y l  deu te ron  of = i s  rep laced  by a p ro ton ,  t h e  observed l i n e  would 

e x h i b i t  a s p l i t t i n g .  

deuteron h a s  been r e t a i n e d  du r ing  t h e  s t e p s  i n  Scheme I. 

a s  fol lows : 

(2 ) .  

Scheme I t o  a f f o r d A - d l 2 ,  which showed a v i n y l  h f s  of 0.45 G i n  t h e  ESR spectrum. 

Upon r educ t ion  o f L - d l 2  wi th  Dg t o 2 - d  

dence of r e so lved  h f s  from t h e  s i n g l e  proton a t  C-4. I n  f a c t ,  t h e  l i newid th  w a s  

t h e  same a s  of t h e  compound r e s u l t i n g  from t h e  r e d u c t i o n  o f &  by H2. 

t h e s e  r e s u l t s  we in fe r r ed  t h a t  f o r  t h e  p y r r o l i d i n e  n i t r o x i d e ,  t h e  proton s p l i t t i n g  

a t  C - 3  i s  small and t h e  p ro tons  at  C-4 are n e a r l y  equ iva len t .  

Th i s  i s  because of t h e  l a r g e r  proton (deuteron)  

Windle (7 )  h a s  r e p o r t e d  hype r f ine  s p l i t t i n g s  f o r 2  of 

Our s imula t ions  a l s o  show 

The absence of such a s p l i t t i n g  i n  2 shows t h a t  t h e  v i n y l  

Th i s  was then  confirmed 

[ 2H1 4]phorone w a s  c y c l i z e d  i n  excess  NH4OH a s  p rev ious ly  desc r ibed  

The resultingA-tetramethyl-d12 was t r e a t e d  wi th  p r o t i a t e d  r e a g e n t s  a s  per  

and conversion t o  10-d14, t h e r e  w a s  no e v i -  
X - 

From 

For t h e  s p i n - l a b e l  drug a s s a y ,  t h e  peak ampli tudes were determined a t  t h e  

modulation ampli tude which maximized t h e  ampli tude ( I )  of t h e  low f i e l d  peak. The 

s e n s i t i v i t y  was given by: 

t i v i t y  of L- 
of both compounds w e r e  recorded a t  t h e  i d e n t i c a l  non-d i s to r t ing  modulation ampli- 

t ude ,  i . e . ,  a t  0 . 1  of t h e  peak-to-peak width f o r z - I 5 N ,  t h e n  t h e  s e n s i t i v i t y  

of t h e  l a t t e r  was 6.6 5 0 . 1  times t h a t  of a. Furthermore,  u s ing  t h e  hype r f ine  

s p l i t t i n g s  and i n t r i n s i c  l i newid th  of Windle (7 ) ,  t h e  p red ic t ed  I( '5N,2H)/I(14N,1E) 

r a t i o  is 6.2:1,  i n  good agreement wi th  our  expe r imen ta l  v a l u e  of 6 . 6 .  This  i s  then 

a l s o  i n  agreement wi th  t h e  r e l a t i v e  s e n s i t i v i t y  r e p o r t e d  while  t h i s  manuscript  was 

i n  p r e p a r a t i o n  ( 3 ) .  

I / ( r e c e i v e r  ga in  x [ s p i n - l a b e l ] ) .  The r e l a t i v e  sens i -  

15  N v e r s u s k w a s  found to be 2.80 2 0.05. Y e t ,  when t h e  s p e c t r a  

Recent ly ,  t h e  s y n t h e s i s  of a [ '5N,2H]piper idine sp in - l abe l  a t t ached  t o  ma le i c  

anhydride has  been r epor t ed  ( 9 ) .  

compared t o  t h a t  made wi th  s t anda rd  i s o t o p e s .  These a u t h o r s  r epor t ed  an i n c r e a s e  

i n  s e n s i t i v i t y  s i m i l a r  t o  o u r s  (10). 0 However, when t h e  ["N,*H]piperidine-labeled 

The r e s u l t i n g  spin- labeled maleimide was then 
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maleimide and [15N,2H]pyrroline-labeled phenytoin are compared by u s i n g  t h e  known 

s p l i t t i n g s  (3,7)*,  we f i n d  t h a t  t h e  phenytoin ana log  has a narrower c a l c u l a t e d  

l i n e w i d t h  than  t h a t  of  t h e  maleimide ana log .  Thus, t h e  p y r r o l i n e  l a b e l  appea r s  

t o  g i v e  g r e a t e r  a b s o l u t e  s e n s i t i v i t y  than  t h e  p i p e r i d i n e  l a b e l .  Th i s  may be  due 

t o  t h e  g r e a t e r  r i g i d i t y  of t h e  p y r r o l i n e .  

In summary, t h i s  and ou r  p rev ious  r e p o r t  d e s c r i b e  a method f o r  s y n t h e s i z i n g  

5N,2H-substi tuted p y r r o l i n e  and p y r r o l i d i n e  s p i n - l a b e l s .  The r e s u l t s  i n d i c a t e  

t h a t  non-deuterated r e a g e n t s  can be used,  except  i n  t h e  c y c l i z a t i o n  of &where 

ND40D should be used.  The r e d u c t i o n  of  t h e  double  bond, o f  cour se ,  r e q u i r e s  D2. 

EXPERIMENTAL 

I R  s p e c t r a  w e r e  recorded on a Beckman Model 1 1 2 1 0  spectrophotometer .  ESR 

s p e c t r a  w e r e  ob ta ined  on e i t h e r  a Varian Model E-4 o r  a Model E-109 ESR spec t ro -  

meter .  The l a t t e r  w a s  i n t e r f a c e d  w i t h  a mini-computer and t h e  s p i n  l a b e l  concen- 

t r a t i o n  determined by double  i n t e g r a t i o n  of  t h e  ESR s p e c t r a .  The re la t ive s e n s i -  

t i v i t y  of  o r d i n a r y  v e r s u s  i s o t o p i c a l l y  s u b s t i t u t e d  s p i n  l a b e l s  w a s  recorded i n  

d i l u t e  s o l u t i o n s  ( l e s s  t han  M) i n  50 mM phosphate  b u f f e r  and 150 mM N a C l  

c o n t a i n i n g  5% e t h a n o l .  

Inc .  (Rahway, NJ). For TLC, GS-254 s i l i c a  g e l  coa ted  p l a t e s  w e r e  ob ta ined  from 

Anal tech,  POB 7558, Newark, DE 19711. NMR s p e c t r a  were recorded on Varian T-60 and 

HA-80 NMR spec t romete r s .  For gas - l iqu id  chromatography, a Hewlett-Packard Model 

5750B chromatograph w a s  used.  The s y n t h e s i s  of t r i ace tonamine  was monitored by 

GC w i t h  t h e  i n j e c t i o n  p o r t  a t  2 8 0 ° C .  

i n  seconds.  

Ammonium-15N c h l o r i d e  w a s  ob ta ined  from Merck and Co., 

Re ten t ion  t i m e s  f o r  each compound are given 

The low r e s o l u t i o n  MS w e r e  recorded on an A E I  Model MS-30. All measurements 

w e r e  performed u s i n g  an i o n i z a t i o n  v o l t a g e  of 70 e V  and an a c c e l e r a t i n g  v o l t a g e  

of 4 KeV and a s o u r c e  t empera tu re  of 200°C. 

i n s e r t i o n  probe and s p e c i a l  care w a s  t aken  t o  ensu re  c o n s t a n t  sample evapora t ion  

d u r i n g  a c q u i s i t i o n  of d a t a .  Spec t r a  of s t anda rd  and en r i ched  samples were recorded 

Samples w e r e  introduced v ia  a d i r e c t  

*Note t h a t  i n  Reference 3 ,  t h e  p ro ton  h y p e r f i n e  s p l i t t i n g s  are a c t u a l l y  one-half 
of t h e  c o r r e c t  v a l u e s ,  wherads t h e  deu te ron  s p l i t t i n g s  are c o r r e c t .  
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s e q u e n t i a l l y  under i d e n t i c a l  c o n d i t i o n s .  I s o t o p i c  enr ichment  c a l c u l a t i o n s  were 

c a r r i e d  ou t  on d a t a  t h a t  were t h e  weighted ave rage  of a number of s i m i l a r  s cans  

( o r  of s e q u e n t i a l  s p e c t r a ) .  

[ 15N]Triacetonamine (2a-I5N). [ 1 5 N ] ~ o n i a  w a s  l i b e r a t e d  from NH,C1 (1.0 g,  

18.5 mmol) i n  w a t e r  ( 3  ml) and NaOH (1 .0  g) and t h e n  condensed over  phorone (2.76 

g ,  20.0 mmole) i n  a v e s s e l "  as  d e s c r i b e d  p r e v i o u s l y  (2 ) .  The r e a c t i o n  m i x t u r e  

w a s  d i s s o l v e d  i n  e t h e r  and t h e  product  w a s  e x t r a c t e d  w i t h  10% H C 1 .  The aqueous 

phase w a s  made b a s i c  and t h e  product  w a s  e x t r a c t e d  w i t h  e t h e r  t o  g i v e  2 - l 5 N  (1.70 

m 

g ,  59%).  

[ 15N]-2 ,2,5,5-Tetramethylpyrroline-l-oxy1-3-carboxylic a c i d  (6a-1 5 N ) ,  To - 
2a-I5N (1 .30  g ,  8.30 mmole) i n  AcOH ( 4  ml) was added dropwise  B r 2  (2.70 g ,  17  

mmole) i n  AcOH ( 2 0  ml) .  A f t e r  24 h r  a t  room t empera tu re  t h e  s o l v e n t  was  removed 

a t  reduced p r e s s u r e  and t h e  s o l i d  r e s i d u e ,  &-15N, w a s  washed w i t h  e t h e r .  

t r a t e d  NH,OH (18 ml) w a s  added and t h e  s o l u t i o n  w a s  s t i r r e d  f o r  2 h r .  Sodium 

hyrox ide  (5 g) w a s  t hen  added, caus ing  fo rma t ion  of w h i t e  p r e c i p i t a t e .  The 

suspens ion  was washed w i t h  C H C 1 3  ( 4  x 5 ml) .  The o r g a n i c  phase  w a s  d r i e d  (MgS04) 

and t h e  s o l v e n t  w a s  evapora ted  y ie ld ing&-15N,  as shown by GC and P I S :  where 154 

f M  -CH3) was t h e  l a r g e s t  ion  observed .  

m l ) ,  MeOH (3  ml) and 30% H2&(12 mi). While keep ing  t h e  s o h .  i n  dark,NaW04 (10 

mg) and EDTA (10 mg) were added and t h e  m i x t u r e  w a s  s t i r r e d  a t  room t empera tu re  

f o r  two days .  The 

o r g a n i c  phase  w a s  d r i e d  (MgSO,) and t h e  s o l v e n t  evapora t ed  t o  y i e l d  &-15N, 630 

mg, 24% based on I 5 N H 4 C 1 ,  I R :  v (KBr): 3360, 3180, (N-H); 1680 C=O, 1620 C=C 

cm-1. 

- 
Concen- 

+ 
T h i s  mater ia l  w a s  d i s s o l v e d  i n  H20 (12 

The mix tu re  w a s  a c i d i f i e d  and washed w i t h  CHC13  ( 3  x 4 ml) .  

max 

Compound &-"N ( 2 9 1  mg, 1.57 mmole) i n  H 2 0  ( 5  ml) which con ta ined  Ba(OH)2-5H20 

(630 mg) was s e a l e d  in an ampule and s t i r r e d  a t  100°C f o r  24 h r  (by means of a 

*The v e s s e l  was modi f ied  by o m i t t i n g  t h e  g l a s s  bead. 
a g a i n s t  a sudden s u r g e  of l i q u i d  from ampule A t o  ampule B ,  two s t a g g e r e d  opposing 
i n d e n t a t i o n s  were b u i l t  i n t o  g l a s s  t u b i n g .  
2 c a l l s  f o r  u s e  of t r i c h l o r o a c e t y l  c h l o r i d e  as t h e  dehydra t ing  a g e n t .  
p u b l i c a t i o n ,  a c e t y l  c h l o r i d e  wi th  acetone-dg w a s  used i n  a n  e x p e r i  e n t .  

(19%), M -3 (17%).  
be  m e c h a n i s t i c a l l y  involved ,  c a u s i n g  l i m i t e d  sc rambl ing  of H and D. 

In i ts  s t e a d ,  as a guard 

The p rocedure  t o  p r e p a r e  & i n  Reference  
S ince  i t s  

The M$ of t h e  r e s u J t i n g  phorone-dl4 (L-dl,) had molecu la r  i o n  of 152 (8%); M T -1 (12%),  M -2 

It t h u s  appea r s  t h a t  t h e  methyl  group of a c e t y l  c h l o r i d e  may 
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sea l ed - in  microspinning-bar) .  A f t e r  coo l ing ,  w a t e r  ( 5  ml) was added and t h e  

mix tu re  w a s  t r e a t e d  wi th  sma l l  p e l l e t s  of Dry I c e  wh i l e  s t i r r e d .  

was f i l t e r e d .  

mixture  was d r i e d  wi th  h e a t  and N2 gas .  

t one  and t h e  suspension was f i l t e r e d .  

a yel low r e s i d u e  (271 mg, 93%); I R :  v i n  K B r :  1720 C=O and 1632 C=C cm-l; 

MS f o r  CgH1415N03 The experiment was r epea ted  

by h y d r o l y z i n g 2  i n  D 2 0  and BaO; t h e  product ,  &, d i sp layed  no C-D abso rp t ion  

i n  its I R  spectrum. 

The suspension 

The f i l t r a t e  w a s  ad jus t ed  with H2S04 t o  pH of 3 and t h e  r e s u l t i n g  

The s o l i d  r e s i d u e  was t r e a t e d  wi th  ace- 

Acetone w a s  evaporated,  t o  g ive  6a-15N a s  
rm 

max 

c a l c .  185.0940, found 185.0945. 

[ 5N]2 ,2,5,5-Tetramethyl-d~~-4-d-pyrroline-3-carboxamide. Bromine (1.70 g,  

10.6 mmole) i n  a c e t i c  acid-D (2 ml) w a s  added dropwise t o  a s o l u t i o n  of [ I5N,dL7] -  

t r i ace tonamine  (1.0 g 5.8 mmole) i n  AcOD (3 ml).  The mix tu re  was s t i r r e d  over- 

n i g h t  and t h e  s o l v e n t  was then  removed a t  reduced p res su re .  The r e s i d u e  w a s  

2 - l 5 N - d e u t e r i o  bromide (2.50 g ) .  

mix tu re  was s t i r r e d  under n i t r o g e n .  The nex t  day, 1.5 g of a 50% suspension of 

NaH i n  mine ra l  o i l  was s lowly added. 

(4 x 4 ml) and t h e  o rgan ic  phase w a s  d r i e d  (MgS04). 

(800 mg), 

I R :  2220 (CD3) and 1680 C=O cm-l i n  KBr. 

It was t r e a t e d  wi th  26% ND40D (15 ml) and t h e  

The r e s u l t i n g  mix tu re  was washed w i t h  C H C l 3  

The r e s i d u e  was [15N] 5 
which by GC showed a r e t e n t i o n  t i m e  of 140 s e c ,  column temp a t  175°C; 

2,2,5,5-Tetramethyl-d,~-pyrroline-3-carboxamide-l-N-oxyl (5-dI7) .  Phorone- - 
d I 4  w a s  cyc l i zed  wi th  NH40H a s  r epor t ed  p rev ious ly  (2)*. The NMR spectrum (CDC13) 

of t h e  r e s u l t i n g  tetramethyl-dl2-Ashowed -CH2- (2.25 ppm) and a t r a c e  of absorp- 

t i o n  a t  1.25 ppm (CH3). The product was then  converted toA-d12 as per  Scheme I. 

t h e  las t  s t e p ,  A-dl2 and an  equa l  weight of g-chloroperbenzoic a c i d  w e r e  s t i r r e d  

f o r  2 h r  i n  CHC13  (11). The r e a c t i o n  mixture  w a s  chromatographed by TLC ( s i l i c a  

g e l ,  EtAc). The band, R 0.50, gave t h e  product  ( t h e  chlorobenzoic  a c i d  moves 

f a s t e r  w i t h  extended t a i l i n g ) .  

of 0.45 G.  

In  

f 

Its ESR spectrum showed a v i n y l  hype r f ine  s p l i t t i n g  

*In Reference 6 ,  phorone was r e a c t e d  w i t h  hydroxylamine, ox ida t ion  wi th  “ a i r ”  then 
gave Tempone i n  0.3% y i e l d .  I n  our  expe r i ence ,  phorone r e a c t e d  wi th  hydroxylamine 
t o  y i e l d  p r e f e r e n t i a l l y  t h e  oxime of phorone, a l though i n  low y i e l d .  Ammonia, on 
t h e  o t h e r  hand, does add p r e f e r e n t i a l l y  t o  t h e  double  bonds of L t o  g i v e &  
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Isolation and assays for the above pyrroline and its derivatives is con- 

in CHCL3:acetone = 3:1, veniently done by TLC with silica gel GF 254. 

are f o r A =  0 . 3 8 , A =  0.76, %= 0.68 and&= 0.08. 

UV light but can be visualized with 12 vapor. 

The R f 

Compoundkis not seen under 

Reduction of 4a. The pyrrolinek (108 mg, 0.64 mmole) in EtOD (8 ml) was 

allowed to react with D2 in the presence of 10% Pd-C (30  mg) at ambient conditions 

until 0.62 mmole of D2 had been consumed (% 40 min). 

filtered and the solvent removed to give product. The IR spectrum (in KBr) showed 

no C=C bond at 1600, cm-l nor C-D at 2220 cm-l (CD3) and a weak absorption at 

2070 cm-l (methylene or  methine C-D). 

equivalent CH3; (1.10, 1.18, 1.25, 1.35 ppm); MS (rel. heightsofthe parent peak, 

P+) 173 (5%), 172 (4%) and 101 (P+, 100%). 

The reaction mixture was 

The NMR spectrum (in CDC13) showed 4 non- 

Reduction of 5a to 9a-d-- and reoxidation to 10a-dl2. The nitroxide &(45 - - A  - 
mg) in MeOD (10 ml) in the presence of 10% Pd-C (15 mg) was hydrogenated with D2 

at ambient temperature and pressure for 2 hr. Reduction was monitored by TLC. 

The solvent from an aliquot was removed. The white residue was apparently 

partly-deuterated 2,2,5,5-tetramethyl-N-hydroxypyrrolidine-3-carboxamide (MS,IR). 

The rest of t h e  reaction mixture was treated with a stream of air for 30 min, 

causing the solution to t u r n  yellow. The catalyst was then removed by filtration 

and the solvent by evaporation. The residue was partly deuterated This 

material was dissolved in EtOH thereby removing labile D from the amide N. The 

ethanol was removed, leaving&a with one D each at C-3 and C-4. 

Alternatively, on small scale, pyrrolines were reduced as fo1lows:z-' 5N,  

(1 mg) in anhydrous EtOH (1 ml) in the presence of 10% Pd-C (1 mg) in a 4 ml 

vial was first flushed with H2 for 1 hr and then with air for 15 min. The mixture 

was filtered, the solvent pas removed, the residue was l&l5N-dI3. 

Compound 7. [' N]2,2,5,5-Tetramethylpyrroline-dl 3-1-oxyl-3-carboxylic acid, 

- 6b-I5N, (18 mg), ethyl chloroformate (10 vl) and N-methylmorpholine (20  ul) in 

anhydrous tetrahydrofuran (2 ml) were stirred for 3 hr. 4'-Aminodiphenylhydantoin 

( 2 4  mg) in THF (2 ml) was added. The next day the mixture was filtered. The fil- 

trate was chromatographed by TLC in CHC13:EtOH:acetone, 8:l:l. 

- 

The center band 
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of t h e  t h r e e  major ones,  R f  0.44, gave p u r e  product  (6  mg, 15%) ;  W: u 

E t O H :  

7-I5N,dl l  (445, 35%) (where % are r e l a t i v e  h e i g h t s  of t h e  peaks i n  t h e  M 

(E)  i n  max 

271 (13000) nm; MSL-15N,d1, (447 = M + , 40%) ,1 - l5N,d12  (446, 25%) and 
+ 

envelope) .  
m 
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