
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

1H NMR Spectral Simplification with Achiral and Chiral Lanthanide Shift
Reagents. Fenimide. Direct Simultaneous Determination of Four
Stereoisomers
Carol Myersa; Robert Rothchilda

a Department of Science Toxicology Research and Training Center, The City University of New York
John Jay College of Criminal Justice, New York, NY

To cite this Article Myers, Carol and Rothchild, Robert(1987) '1H NMR Spectral Simplification with Achiral and Chiral
Lanthanide Shift Reagents. Fenimide. Direct Simultaneous Determination of Four Stereoisomers', Spectroscopy Letters,
20: 10, 805 — 819
To link to this Article: DOI: 10.1080/00387018708081589
URL: http://dx.doi.org/10.1080/00387018708081589

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018708081589
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 20(10 ) ,  805-819 (1987) 

'H NMR SPECTRAL SIMPLIFICATION WITH ACHIRAL 

AND CHIRAL LANTHANIDE SHIFT REAGENTS. 

FENIMIDE. DIRECT SIMULTANEOUS DETERMINATION OF FOUR 

STEREOISOMERS. 
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4-ethyl-3-methyl-3-phenyl-2r5-pyrrolidine- 
dione 
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ABSTRACT: 
The 60 MHZ 1, NMR spectra of racemic commercial 

fenimide, 4-ethyl-3-methyl-3-phenyl-2r5-pyrrolidine- 

dioner 1 1  have been studied in CDC13 solution at 28' 
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8 06 MYERS AND R O T H C H I L D  

with the achiral shift reagentr tris(6r6r7r7r8,8,8- 

heptafluoro-2~2-dimethyl-3r5-octanedionato~europium- 

(111) I 21 and the chiral reagentr trist3-(heptafluoro- 

propylhydroxymethy1ene)-a-camphoratol europium( 111) I 1. 

Use of 2 substantially increased the chemical shift 

differences between resonances of corresponding nuclei 

in the alDha and W diastereomersr simplifying 

mixture analyses. Use of the chiral 1 produced 

enantiomeric shift differencest A A b r  for several signals 

of 1. In particular, with a 0.309 molal solution of 1. 

and a 2:1, molar ratio near 0.41 four distinct singlets 

can be seen for the quaternary methyl signal. Direct 

simultaneous analysis for all four stereoisomers (two 

pairs of enantiomers) should be feasible. 

I": 
Fenimider 4-ethyl-3-methyl-3-phenyl-2r5-pyrroli- 

dinedioner l.t was first reported in 1963 (1). It has 

been used as an antipsychotic. Fenimide had shown 

sedative, anticonvulsant and anesthetic activity in the 

mouser with anticonvulsant activity comparable to that 

of phenobarbital or meprobamate: fenimide had also 

prevented formation of stress-induced gastric lesions 

in the rat (2 ) .  Later studies examined drug effects on 

electrically induced seizures (3). 

The compound has two chiral centers at C-3 and C-4 

of the pyrrolidinedione ring and can exist as two pairs 
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NMR SPECTRAL SIMPLIFICATION a0 7 

of e n a n t i o m e r s ?  known a s  t h e  alDha and W 

m o d i f i c a t i o n s .  A racemic sample of 1 cou ld  t h e r e f o r e  

c o n s i s t  o f  a m i x t u r e  of f o u r  s t e r e o i s o m e r s .  The 

precise s t e r e o c h e m i s t r y  o f  a drug  h a s  i n c r e a s i n g l y  been 

a matter of  conce rn  s i n c e  d i a s t e r e o m e r s t  and even 

e n a n t i o m e r s ?  may d i f f e r  s i g n i f i c a n t l y  i n  pha rmaco log ica l  

a c t i o n  and p h y s i o l o g i c a l  e f f e c t s .  Such s t e r e o i s o m e r s  

may d i f f e r  i n  po tency  o r  t o x i c  s i d e  e f f e c t s .  

S t u d i e s  i n  ou r  l a b o r a t o r i e s  have aimed a t  t h e  u s e  

of  a c h i r a l  and c h i r a l  l a n t h a n i d e  NMR s h i f t  r e a g e n t s  f o r  

s p e c t r a l  s i m p l i f i c a t i o n  and f o r  d i r e c t  o p t i c a l  p u r i t y  

d e t e r m i n a t i o n s .  Basic methods i n  u s e  of l a n t h a n i d e  

s h i f t  r e a g e n t s  (LSR) have been reviewed (4-10). I n  

p a r t i c u l a r ?  w e  have s t u d i e d  a number of  compounds 

s t r u c t u r a l l y  r e l a t e d  t o  11 i n c l u d i n g  g l u t e t h i m i d e  (11) I 

e t h o t o i n  (12) I mephenytoin (13) I e thosux imide  and 

a n a l o g s  (14) I v i n c l o z o l i n  (15r16) I metaxalone  (17) and 

aminog lu te th imide  (18 ) r  which i n v o l v e  f i v e -  o r  s i x -  

membered r i n g  compounds p o s s e s s i n g  amide? i m i d e  o r  

related f u n c t i o n a l i t y .  S i n c e  t h e  LSR has  proven u s e f u l  

i n  t h i s  series,  w i t h i n  c e r t a i n  l i m i t a t i o n s  (14)? we 

were most i n t e r e s t e d  i n  ex tend ing  t h e  t e c h n i q u e  t o  1. 

The LSR methods have a l s o  been a p p l i e d  t o  r e l a t e d  

h e t e r o c y c l e s ?  i n c l u d i n g  hydan to ins?  b a r b i t u r a t e s  and 

o x a z o l i d i n e d i o n e s .  I n  t h e  r e l a t e d  c a s e  of  7-chloro-  

3~3a-dihydro-2-methyl-2H~9H-~soxazolo[312-b1 t l r 3 l b e n z -  
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a08 MYERS AND ROTHCHILD 

oxazin-9-one, an a c h i r a l  LSR had allowed d i s t i n g u i s h -  

ing two d i a s t e r e o m e r i c  racemic p a i r s  of enantiomers 

(19) and a c h i r a l  LSR had d i s t i n g u i s h e d  t h e  enantiomers 

( 2 0 ) .  

EXPERIMENTAL: 

A sample of racemic fenimide, 1 IPD/(CI) No. 

24,9251 l o t  TI was k indly  provided by Warner Lambert 

Co., Pharmaceutical  Research Div., Ann Arbor M I  48105, 

U.S.A., and was used a s  received. The manufacturer 

s t a t e d  t h e  c o m p o s i t i o n  o f t h i s b a t c h  t o b e  39% aJ.gh.a 
and 61% k k a  isomers. Chloroform-& (99.8 atom 8 D ) ,  

obtained from Aldrich Chemical C0rp.r Milwaukee W I  

53201, U.S.A# o r  from Norel l ,  1nc.r L a n d i s v i l l e  N J  

08326, U.S.A., was d r i e d  over 3A molecular s ieves .  

S h i f t  reagents  were obtained from Aldrich and were 

s t o r e d  i n  a d e s i c c a t o r  over P2O5. 

a s  suppl ied  except  a s  noted. 

M a t e r i a l s  were used 

I n  g e n e r a l ,  an a c c u r a t e l y  weighed p o r t i o n  of drug 

( a b o u t  35 mg) was added t o  a b o u t  5 0 0  mg o f  CDC13 
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NMR SPECTRAL SIMPLIFICATION 809 

[conta in ing  about 0.4% t e t r a m e t h y l s i l a n e  (TMS) a s  

i n t e r n a l  s tandard]  i n  an NMR sample tube  and d isso lved  

by shaking; increments  of s h i f t  reagent  were addedl 

d i sso lved  by shaking1 and t h e  s p e c t r a  immediately run. 

A l l  s p e c t r a  were run  on a V a r i a n  EM360A 6 0  MHz 'H 

NMR spec t rometer  a t  a probe temperature  of 28'. 

Chemical s h i f t s  a r e  reported i n  p a r t s  per m i l l i o n  ( 6 )  

r e l a t i v e  t o  TMS a s  i n t e r n a l  s tandard  and a r e  be l ieved  

a c c u r a t e  t o  2 0.05 ppm. I n  s p e c t r a  where TMS was 

obscured by s h i f t  reagent  peaks? CRC13 (present  a s  an 

impur i ty  i n  t h e  so lvent )  was used as i n t e r n a l  standard.  

I n  c a s e s  wi th  c h i r a l  1 when enant iomeric  s h i f t  

differencestAA61 were observed1 reported chemical 

s h i f t s  r e f e r  t o t h e  a v e r a g e v a l u e s  f o r t h e  two 

enantiomers. 

The 60 M H Z  1, N M R  s p e c t r u m  of r a c e m i c  1 a s  a 0.310 

molal s o l u t i o n  i n  CDC13 a t  28' showed resonances 

c o n s i s t e n t  w i t h  t h e  sample being a m i x t u r e  of two 

d i a s t e r e o m e r i c  p a i r s  of enantiomers.  For exampler two 

d i s t i n c t  t r i p l e t s  were observed f o r  t h e  methine proton1 

a t  2.67 ppm (minor isomer) and 2.97 ppm (major isomer) 

and two s i n g l e t s  were seen f o r  t h e  quaternary methyl? 

a t  1.80 ppm (minor) and 1.63 ppm (major).  Overlap of 

t h e  t r i p l e t  s i g n a l s  expected for t h e  CH3 of t h e  e t h y l  

groups led  t o  an approximate u p f i e l d  q u a r t e t  cen tered  
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810 MYERS A m  ROTHCHILD 

near 0.98 ppm. A broad multiplet for the methylene 

proton signals was seen from 1.5-2.3 ppm. The aryl 

protons appeared roughly as two closely-spaced peaks at 

7.4 ppmr and the broad imide signal appeared at 9.2 

ppm. Incremental additions of the achiral LSR, 

tris~6~6~7~718~8~8-heptafluoro-2~2-dimethyl-3~5-octane- 

dionatol europium(II1) I 2 . r  known as Eu(FOD)3r led to 

spectral simplification, with separation of the 

triplets of the =CH2 protons using a 21. molar ratio 

near 0.5, the signal of the major diastereomers being 

downfield. The lanthanide-induced shiftst AS, were 

greater for the major isomers based on the methine and 

methyl tripletst and for the minor isomers based on the 

quaternary CH3 singlet. (TheA6 value for a particular 

nucleus is the change in chemical shiffobserved in the 

presence of LSR relative tothe chemical shift in the 

absence of LSR.) Facile analysis for the and 

beta isomers would best be based on the CH3 triplets, 

free from overlaps# with 2:1 ratios from about 0.5-0.8. 

Such molar ratios also caused the aryl ortho hydrogen 

signals to move well downfield of the remaining aryl 

signals. Results with 2 are summarized in Figure 1. 
Using the chiral LSR, trist3-(heptafluoropropyl- 

hydroxymethylenel-d-camphoratol europium(II1) I 31 known 

as Eu(HFCI3 or Eu(HFBCI3, enantiomeric shift differ- 

ences, A A 6 r  w,ere clearly seen for the quaternary methyl 
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NMR SPECTRAL SIMPLIFICATION 811 

1 6 T  

1 2  l4I 

- I  

0 0  0 2  0 4  0 6  08 1 0  1 2  1 4  1.6 

Molar Ratio. [2]/[1] 

FIG.  1. V a r i a t i o n  of  chemica l  s h i f t  w i t h  molar  r a t i o  
of t 2 I / t L l .  Note 1: Data  f o r  t h e  major  and minor 
i s o m e r s  a r e  i n d i c a t e d  by M and m t  r e s p e c t i v e l y .  Note 
2: Data  f o r  t h e  a r o m a t i c  Gr thQ hydrogens and f o r  t h e  
n& and para  h y d r o g e n s  o f  t h e  p h e n y l  g r o u p  a r e  
i n d i c a t e d  by Ho and Hm,pr r e s p e c t i v e l y .  

s i g n a l s  w i t h  a 3:1 molar  r a t i o  of 0.179 us ing  a 0.309 

mola l  s o l u t i o n  of 1. (The e n a n t i o m e r i c  s h i f t  d i f f e r -  

e n c e i s t h e d i f f e r e n c e  i n c h e m i c a l  s h i f t  f o r  a g i v e n  

nuc leus  i n  two enan t iomers  produced by t h e  c h i r a l  

reagent.) S m a l l e r  A A 6  is a l s o  seen  f o r  t h e  major  

i somer ' s  (downf ie ld)  meth ine  s i g n a l  a t  t h i s  same low 

3:L r a t i o .  For  t h i s  racemic  sample  of 1 t  A A 6  v a l u e s  

f o r  t h e  q u a t e r n a r y  methyl  s i g n a l s  appear  t o  reach  a 
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a12 MYERS AND ROTHCHILD 

maximum (1:l - r a t i o  near 0.4) I t o  decrease  with f u r t h e r  

1 (1:l r a t i o  near  0.8) and t o  i n c r e a s e  again (3:l r a t i o  

near 1 . 4 r  t h e  h ighes t  l e v e l  s tud ied . )  This behavior 

sugges ts  t h e  p o s s i b i l i t y  of a change i n  t h e  sense of 

magnetic nonequivalence f o r  t h i s  methyl# wi th  t h e  

s i g n a l  of one enantiomer being a t  higher  f i e l d  f o r  low 

l e v e l s  of 1 and a t  lower f i e l d  f o r  high l e v e l s  of 1. 

Observed A A 6  would be zero  a t  t h e  "crossover point;" 

conf i rmat ion  could be obtained by LSR s t u d i e s  using 

non-racemic mixtures  of t h e  enant iomers  of 1. Such 

behavior can suggest  changes i n  geometry o r  s t o i -  

chiometry of t h e  LSR:substrate complex a s  t h e  molar 

r a t i o  of t h e  two components is changed. Some 

u n c e r t a i n t y  e x i s t s  i n  t h e s e  A A 6  va lues  f o r  t h e  

qua ternary  CH3 s i g n a l s  because of t h e  a l t e r n a t i v e  

p o s s i b i l i t y  (which we could not  r u l e  out)  t h a t  

a d v e n t i t i o u s  over laps  of t h e  two peaks from t h e  major 

and minor enant iomeric  p a i r s  might a l s o  account for t h e  

observed r e s u l t s .  D i r e c t  assignment of t h e s e  peaks t o  

"major" o r  "minor" isomers s imply based on peak h e i g h t s  

o r  a r e a s  was not  p o s s i b l e  because of over lap  with t h e  

exceedingly complex m u l t i p l e t s  corresponding t o  t h e  CH2 

s i g n a l s ;  t h e s e  l a t t e r  s i g n a l s  formed an envelope 

s e v e r a l  ppm i n  width a t  1:l r a t i o s  t h a t  achieved 

s u b s t a n t i a l  A66 values .  

DistinctAA6 for t h e  t r i p l e t  a3CH7, could a l s o  be 

observed. For example, 0.244 molal  1 with  a 0.949 1:1 
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NMR SPECTRAL SIMPLIFICATION 813 

ratio resulted in the major isomers' signal being 

downfield, with AA6 about 13 Azr and the minor isomer 

(upfield) with A A 6  about 3.5 RZ. Under these same 

conditions, the methine signal of the major isomer 

(downfield) shows Ah6 of 21.5 Hz. The height of the 

valley separating each enantiomer's triplet signal is 

only 27.5% of the average height of each triplet's 

center branch; good analytical utility is thus 

available for optical purity determinations of the 

major isomer. The minor isomers result in a methine 

resonance at higher field, appearing as a quartet 

because of AA6X 3J=6 Hz. 

Importantly, high 3:l levels result in distinct 

separation of NH signals for a13 f o u  stereoisomers, 

free from any interfering overlaps. This contrasts 

with the observation for 2 that no separate NA signals 

are seen for the diastereomers. Using 3, the minor 

pair of enantiomers produces NA signals downfield from 

those of the major isomers. For NH of the minor 

isomers, A A ~  is about 1 6  Hzt and for the major, about 

35Hzt with a I r l .  ratio of 1.12. With these conditions, 

the valley height between the signals of the major 

isomer's enantiomers is only 21.4% of the enantiomer 

peak heights. Although separation between the minor 

isomer's enantiomer's peaks is not as good (about 58.6% 

by the valley height criterion), A A 6  values were seen to 
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814 M Y E R S  AND R O T H C H I L D  

increase at higher 3,:l ratios, to 22 and 37 Hz for 

the minor and major isomers' NH signals, respectively, 

with a f:l ratio of 1.42. These conditions would allow 

satisfactory simultaneous determination of all four 

stereoisomers of JL without overlap on other signals as 

would be the case using the quaternary methyl signals. 

(Presumablyr a substantial contribution to the 

broadness of the NH resonances results from the nuclear 

quadrupole of nitrogen-14. Heteronuclear double 

resonance techniques employing broadband irradiation 

and decoupling of the imide nitrogens should be 

expected to result in sharpened imide signals in the 'H 

NMR spectrumr which could improve resolution of each 

enantiomer's peaks and increase analytical utility.) A 

high f:l ratio also results in good separation of the 

aryl ortho protons, with the minor diastereomers 

downfield; no Ah6 was seen for the signals of these 

protons. 

Although observation of A A 6  for the NH signal of 

amides when using chiral LSR is not commonplace, it is 

not unprecedented (12). That the &&a and 

isomers of 1 have different chemical shifts for the NH 
signal on treatment with f versus 2 could be consistent 

with different geometries in the complex of 1 with 

shift reagent. In particular, the fact that not all 

resonances for the protons in either the (or 
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L" 1 8  I 
815 

NH-m /: 

!&dGo-Q-o-y- I 

\ 
M, m 

- .  7 
~ 

0 0  0 2  0 4  0 6  08 1 0  1 2  1 4  1 6  

Molar Ratio, [3]/(1] 

FIG.  2. V a r i a t i o n  of c h e m i c a l  s h i f t  w i t h  molar  r a t i o  
o f  131/[11. Where A A 6  was observed  f o r  a g i v e n  
resonance8 a v e r a g e  c h e m i c a l  s h i f t s  for  t h e  two 
e n a n t i o m e r s  a re  p resen ted .  Some chemica l  s h i f t  v a l u e s  
a t  h i g h e r  l e v e l s  of s h i f t  r e a g e n t  may r e f l e c t  a s s ign -  
ment u n c e r t a i n t i e s .  See  Notes 1 and 2 f o r  F i g u r e  1. 
Note 3: P r e s e n t e d  d a t a  i n c l u d e  r e s u l t s  f o r  s o l u t i o n s  of 
1 e i t h e r  0.244 molal or 0.319 mola l .  

isomers a r e  c o n s i s t e n t l y  u p f i e l d  ( o r  downf i e l d )  

of t h e  s i g n a l s  f o r  co r re spond ing  n u c l e i  i n  t h e  

diastereomer a r g u e s  s t r o n g l y  f o r  t h e s e  chemica l  s h i f t  

d i f f e r e n c e s  b e i n g  d e r i v e d  from changes  i n  geometry  i n  

t h e  LSR-substrate  complex. I f  t h e  r e l a t i v e  A6 v a l u e s  

s i m p l y  r e f l e c t e d  d i f f e r e n t  b ind ing  c o n s t a n t s  between 

LSR and t h e  o r  W i somers t  t h e  r e sonances  of  a 
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816 MYERS AND ROTHCHILD 

4 0  T 

30 

0 

X 
NH-M i-" 

XMX 

X 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

Molar Ratio, [LSR]/[substrate] 

FIG.. 
Variation of enantiomeric shift differences (in Hz) 
with molar ratio of [31/ [Ll .  See Note 1 for Figure 1 
and Note 3 for Figure 2 .  

given diastereomer would be expected to be uniformly 

upfield (or downfield) of the other diastereomer. 

Results with 3 are summarized in Figures 2 and 3 .  

In summary# the lanthanide shift reagents 2 and 1 

have been shown to be quite useful for 'H NMR spectral 

simplification of fenimide and for direct observation 

of all four stereoisomers. Observation of substantial 

LA6 for selected resonances of 1 is consistent with 

general principles established for related compounds 

(14). In particular1 1 is a relatively rigidr cyclic 
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sys tem,  w i t h  c h i r a l  c e n t e r s  c l o s e  t o  t h e  LSR's expec ted  

ca rbony l  b i n d i n g  sites. Absence o f  a l k y l  s u b s t i t u t i o n  

on n i t r o g e n  l e a v e s  t h e  oxygens r e l a t i v e l y  unhindered a s  

L e w i s  base si tes f o r  t h e  europium. The major  i somer  i n  

ou r  sample  of 1 d i s p l a y e d  l a r g e r  ~ h 6  magnitudes € o r  a l l  

resonances  w i t h  observed A h 6  va lues .  The major i somers '  

s i g n a l s  were downf ie ld  o f  t h o s e  of  t h e  minor f o r  t h e  

CH3CH2 and CH meth ine  p r o t o n s ,  and u p f i e l d  f o r  t h e  a r y l  

o r t h o ,  NH and q u a t e r n a r y  CH3 p r o t o n s .  
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