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SEPARATION OF THE ENANTIOMERS OF 
3,5-DINITROPHENY L CARBAMATES AND 

3,5-DIN ITROPHENY L UR EAS 

William H. Pirkle", George Mahler, and 
Myung Ho Hyun 

School of Chemical Sciences 
University of Illinois 

Urbana, Illinois 61 801 

ABSTRACT 

The p r e p a r a t i o n  of  3 , 5 - d i n i t r o p h e n y l  carbarnates a n d  
3 , 5 - d i n i t r o p h e n y l  ureas from c h i r a l  a l c o h o l s  and a m i n e s  and  
3 , 5 - d i n i t r o b e n z o y l  a z i d e  is descr ibed .  These ureas a n d  
carbamates have been o b s e r v e d  t o  r e s o l v e  o n  a - a r y l a l k y l a m i n e  
based chiral  s t a t i o n a r y  p h a s e s  1 a n d  2. A mechanism fo r  t h e  
r e s o l u t i o n  of t h e s e  c a r b a m a t e s  and u r e a s  is p r e s e n t e d  a n d  
compared t o  t h e  r e s o l u t i o n  and mechanism thereof for t h e  
a n a l o g o u s  series of 3 , 5 - d i n i t r o b e n z a r n i d e s  o n  these p h a s e s .  

INTRODUCTION 

Recent  work i n  t h i s  l a b o r a t o r y  h a s  c e n t e r e d  o n  t h e  

r a t i o n a l  d e s i g n  and s y n t h e s i s  of ch i r a l  s t a t i o n a r y  p h a s e s  

(CSP's) for  t h e  d i r e c t  l i q u i d  c h r o m a t o g r a p h i c  r e s o l u t i o n  of 

racemates. To t h i s  e n d ,  a series of f l u o r o a l c o h o l  ( l ) ,  amino 
acid (2), h y d a n t o i n  ( 3 ) ,  and a - a r y l a l k y l a m i n e  ( 4 )  d e r i v e d  

s t a t i o n a r y  p h a s e s  have  been p r e p a r e d  and e v a l u a t e d .  
of s t a t i o n a r y  p h a s e  e x h i b i t s  e n a n t i o s e l e c t i v i t y  toward a 
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444 PIRKLE, MAHLER, A N D  HYUN 

variety of analytes  which, i n  a mechanistic sense,  a r e  of 

s imilar  cons t i tu t ion  even though t h e y  may contain a wide range 

of func t iona l i ty .  
Ef for t s  t o  understand t h e  s e l e c t i v i t y  of these ch i r a l  

phases have led  t o  the postulat ion of ch i r a l  recogni t ion models 
(1-5). These models a re  intended t o  be used as a ids  t o  
understanding which enantiomers may b e  separated on a given CSP 
and i n  what order the enantiomers may e lu t e .  Moreover, these 

models may a l so  b e  used t o  a id  i n  the design of CSPs of 
improved scope and se l ec t iv i ty .  CSPs 1 and 2 were designed i n  

t h i s  manner (4 .5) .  These reciprocal  CSPs t yp ica l ly  separate  

the enantiomers of amines, amino ac ids ,  amino alcohols ,  

alcohols,  e t c .  a f t e r  acylat ion w i t h  ach i r a l  r -ac id ic  reagents.  
We commonly employ 3,5-dinitrobenzoyl chlor ide (DNBC) f o r  t h i s  

purpose; preparations of the enantiomers of a ndmber of its 

amide and e s t e r  der iva t ives  have been reported.  ( 1 ,  3, 4, 5 ) .  

I 
10 

)=O 

CSP 1 C S P  2 

As a der iva t iz ing  agent,  DNBC has severa l  des i rab le  
propert ies .  I t  is inexpensive, simple t o  use, a f fords  
der ivat ives  i n  nearly quant i ta t ive  y i e l d ,  produces few (and 
eas i ly  removed) s ide  prodocts and, being a c h i r a l ,  a f fords  no 
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SEPARATION OF CARBAMATES AND UREAS 445 

opt ica l  f rac t iona t ion .  Other acylat ing agents may be used a s  

der iva t iz ing  agents although most a r e  i n f e r i o r  t o  DNBC i n  terms 

of product separabi l i ty .  An in t e re s t ing  a l t e r n a t i v e  as an 

achi ra l  a-acidic  der iva t iz ing  agent is 3,5-dinitrophenyl 

isocyanate ( D N P I ) .  T h i s  reagent has been used by Oi and 

co-workers ( 6 )  t o  der iva t ize  several  enantiomeric a lcohols .  O i  

has found tha t  the enantiomers of the r e su l t an t  carbamates a r e  

readi ly  separable on CSPs developed i n  h i s  laboratory ( 7 ) .  

Since no comprehensive s t u d y  of t h i s  der iva t iz ing  agent has  

appeared, we are  moved to  report  the r e s u l t s  of a systematic  

invest igat ion of the sepa rab i l i t y  on CSPs 1 and 2 of a s e r i e s  

of enantiomeric dinitrophenyl carbamates ( D N P C )  and 

dinitrophenyl dreas ( D N P U )  derived from DNPI.  Of s p e c i f i c  

i n t e r e s t  is a comparison of the  ch i r a l  recogni t ion mechanisms 

involved i n  the separat ion of the various enantiomeric 

der ivat ives .  

MATERIALS 

The 3,5-dinitrophenyl carbamates and ureas used i n  t h i s  

s t d d y  a re  readi ly  prepared from alcohols and amines,by the 

ac t ion  of DNPI.  T h i s  reagent is conveniently generated i n  s i t u  
from the thermal decomposition of 3,5-dinitrobenzoyl azide (8 )  

(Scheme l ) ,  prepared by portionwise addi t ion of one equivalent  

of s o d i m  azide t o  DNBC dissolved i n  a minimum amount of 

g l ac i a l  a c e t i c  acid.  Dilut ion of the reac t ion  mixture w i t h  

water a f t e r  30 minutes cadses 3,5-dinitrobenzoyl azide t o  

c r y s t a l l i z e  i n  high yield and p u r i t y .  The azide is s t a b l e  t o  

s torage ,  survives melting, b u t  loses  nitrogen a t  approxisately 

1 2 O o C  t o  y ie ld  DNPI. 

The carbamates and ureas used i n  t h i s  s t u d y  were prepared 

by heating a 10% excess of the  azide i n  toluene under re f ldx  

fo r  6-10 minutes. The alcohol or amine was then added t o  t h i s  
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NO2 

0 

NO2 110- 

r 1 

solut ion.  These reac t ions  were typ ica l ly  car r ied  out on a 

small sca le  and t h e  react ion mixture was analyzed without any 

work up beyond cooling and d i lu t ion .  T h i s  procedure is qu i t e  

convenient, affords  der iva t ives  w i t h  few impuri t ies  and avoids 

i so la t ion  of the isocyanate. Residual DNPI or  azide e lu t e s  

before the carbamates or ureas and does not i n t e r f e r e  w i t h  t h e  

analysis .  A l l  of the coldmns employed i n  t h i s  s t u d y  have been 

described (4. 5 ,  9 ) .  

RESULTS 

Chiral s ta t ionary  phases 1 and 2 were se lec ted  fo r  t h i s  

s t u d y  because of the  ins ight  they were expected t o  provide in to  
the mechanism of separat ion of the enantiomers of the 

carbamates and ureas. Table T contains data re levant  t o  the 

chromatographic behaviour of homologous s e r i e s  of carbarnate and 

urea analytes on CSPs 1 and 2. Plots  of a, t h e  separabi l i ty  
f ac to r ,  versus the number of carbons i n  the  l i nea r  a lkyl  
portion of the analytes a re  shown i n  Figures 1 - 4 .  Essent ia l ly  
a l l  of the analyte enantiomers a r e  separable  on CSPs 1 and 2. 
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DNPC 

N 

1 
2 
3 
4 
5 
7 
8 
9 
11 
13 

DNPU 

TABLE 1 

Resolution of 3.5-Dlnitrophenyl Carbamates* 

CSP l H  

k i '  a 

1.5 1.53 
1.4 1.47 
1.2 1.41 
1.1 1.40 
1.0 1.33 
1.1 1.27 
1.2 1.30 
1.2 1.26 
1.1 1.22 
1.1 1.17 

CSP 1, CSP 1L 

k i '  a k i t  a 

1.5 1.42 1.6 1.23 
1.5 1.48 1.6 1.17 
1 . 4  1.41 1.5 1.14 
1.3 1.40 1.4 1.14 
1.3 1.38 1.3 1.15 
1.2 1.31 1.6 1.15 
1.1 1.30 1.8 1.16 
1.1 1.30 1.6 1.19 
1.0 1.28 1.5 1.11 
1.0 1.20 1.5 1.11 

Resolution of 3.5-Din1 trophenyl UreaB 

CSP 2 

k i '  o 

14.2 1.31 
12.5 1.35 
11.4 1.35 

8.2 1 .46  
8.2 1.43 
8.2 1.50 
8.5 1.49 
7.0 1.61 
6.1 1.71 
7.0 1.64 

CSP l H  CSP 1, CSP 1L CSP 2 

N k i '  a k i '  a k i '  a k i t  a 

1 1.7 1.79 
2 1.8 1.66 
3 1.7 1.58 
4 1.7 1.36 
5 1.6 1.29 
6 1 .9  1.21 
7 1.8 1.16 
8 1.9 1.12 
9 1.5 1.10 
1 1  1.3 1.01 
1 3  1.2 1.01 

1.4 1.42 1.9 1.47 
1 . 4  1.36 2.0 1.55 
1 .3  1.38 1.8 1.55 
1.3 1.36 1 .9  1.42 
1.3 1.35 1.8 1.44 
1.2 1.35 1.7 1.41 
1.1 1.36 1.7 1.41 
1.1 1.27 1.7 1.35 
1.1 1.27 1.4 1.42 
1.0 1.20 1.3 1.35 
1.0 1.10 1.4 1.35 

3.4 1.36 
4.3 1.38 
3.2 1.45 
3.0 1 .46  
2.8 1.46 
2.6 1.51 
2.5 1.53 
2.6 1.62 
2.6 1.67 
2.0 1.70 
1.8 1.75 

A .  Analytes were i soc ra t i ca l ly  e luted w i t h  10% isopropyl 
alcohol i n  hexane a t  2 rnllrnin. 

B. Analytes were i soc ra t i ca l ly  e ldted w i t h  20% isopropyl 
a l coho l  in hexane a t  2 rnl/min. 
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F i g u r e  1 :  S e p a r a t i o n  of e n a n t i o r n e r i c  3 , 5 - d i n i t r o p h e n y l  carbarnates and  

u r e a s  on CSP 1,. 

10 and 2019 i s o p r o p y l  a l c o h o l  i n  hexane ,  r e s p e c t i v e l y .  

The carbamates and u r e a s  were e l u t e d  a t  2 rnl/rnin u s i n g  

DISCUSSION 

We p r e v i o u s l y  r e p o r t e d  for  the  c o r r e s p o n d i n g  
3 , 5 - d i n i t r o b e n z a m i d e s  t h a t  there is a c o m p e t i t i o n  between two 

c h i r a l  r e c o g n i t i o n  p r o c e s s e s  of o p p o s i t e  e n a n t i o s e l e c t i v i t y  
( 5 ) .  The dominant  d i p o l e  s t a c k i n g  p r o c e s s  i n t e r c a l a t e s  t h e  

a n a l y t e s '  l i n e a r  a l k y l  s u b s t i t u e n t  be tween a d j a c e n t  s t r a n d s  of 

bonded phase 1. As t h e  l e n g t h  of t h e  a l k y l  s u b s t i t u e n t  is 
i n c r e a s e d ,  t h e  c o n t r i b u t i o n  from t h i s  i n t e r c a l a t i v e  p r o c e s s  
l e s s e n s  and, by d e f a u l t ,  t h e  c o n t r i b u t i o n  from t h e  
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2'o* I .9 

1 . 1  ls2I , , I , , , I , I, ~N~~~~~ 

1.0 + b 2 3 N - H  

I 2  3 4 5 6 7 8 9 1011 1 2 1 3  
N 

Figure 2 :  Separation of enantiomeric 3,5-dinitrophenyl carbamates a n d  

ureas on CSP 2. The carbamates and ureas were eluted a t  2 m l / m i n  using 

10 and 20% isopropyl alcohol i n  hexane, respect ively.  

nonintercalat ive hydrogen bonding process increases .  Because 

the two processes d i f f e r  i n  sense of enant iose lec t iv i ty ,  the 

overa l l  degree of ch i r a l  recognition is  reduced. Shortening 

the length of the connecting arm of the CSP or reducing the 

spacing between adjacent strands of bonded phase has much the 

same e f f e c t ,  which, a t  i ts  extreme, can inver t  the  e lu t ion  

order of the enantiomers (5, 9 ) .  Because the ch i r a l  amide 

port ion of CSP 2 is  or iented d i f f e ren t ly  ( w i t h  respect  t o  the 

s i l i c a  support)  than tha t  of CSP 1, i ts  dipole  s tacking process 

is nonintercalat ive while the competing hydrogen-bonding 

process is in t e rca l a t ive .  Hence, lengthening the analytes  a lkyl  
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tl 

1.2 

-. t 
N 

F i g u r e  3: 

CSP 1~ (X) a n d  CSP 1~ (I 1. 

u s i n g  10% i s o p r o p y l  a l c o h o l  i n  hexane.  

S e p a r a t i o n  of e n a n t i o m e r i c  3 , 5 - d i n i t r o p h e n y l  carbamates on 

The carbamates were e l u t e d  a t  2 ml/min 

s u b s t i t u e n t  i n c r e a s e s  t h e  m a g n i t u d e  of a r a t h e r  t h a n  

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

p r o c e s s  ( 5 ) .  

F i g u r e s  1 a n d  2 show t h e  effect  t h e  l e n g t h  of t h e  

a n a l y t e s '  a l k y l  s u b s t i t u e n t  has o n  t h e  s e p a r a b i l i t y  of 

e n a n t i o m e r i c  D N P C s  a n d  D N P U s  when these a n a l y t e s  are  

ch romatographed  on CSPs 1 a n d  2 r e s p e c t i v e l y .  T h e s e  c u r v e  
s h a p e s  are  r e m i n i s c e n t  of those n o t e d  for  t h e  DNBC d e r i v e d  

a n a l y t e s  where t h e  (R) a n a l y t e  e n a n t i o m e r s  a re  a l so  most 
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280 1 I I I I 1 I I 1 I I I I 

1.9- 

1.3 

1.2 

I,I 

la0 

- 
- 
- 
- 

I I I I I I I I I I I 1 I 
I 2 3 4 5 6 7 8 9 10 I I  12 13 
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Figure 4 :  

( m )  and CSP l L  (XI.  

isopropyl alcohol i n  hexane. 

Separation of enantiomeric 3,5-dinitrophenyl ureas on CSP l H  

The ureas were eluted a t  2 ml /min  using 20% 

st rongly retained ( 5 ) .  T h i s  suggests a s imi l a r i t y  i n  the  

mechanisms of ch i r a l  recognition f o r  t h e  DNBC and the  DNPI 
derived analytes .  We concldde tha t  the dominant c h i r a l  

recognition process fo r  both the carbamate and urea analytes  is 

a var ia t ion  of the previously encountered dipole  s tacking 

process. T h i s  view is fu r the r  supported by Figures 3 ti 4 which 

shows tha t  c loser  spacing of the s t rands  of CSP 1 ,  by 

disfavoring the  in t e rca l a t ion  of long a lkyl  subs t i t uen t s ,  

reduces the contr ibut ion of t h e  dominant dipole  s tacking 
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45 2 PIRKLE, MAHLER, AND HYUN 

process. The columns used t o  generate t h e  data  i n  Figures 3 
and 4 a r e  ident ica l  except f o r  the amount of ch i r a l  s i l a n e  
bonded t o  the s i l i c a .  

loaded wi th  bonded phase than is column l L  ( 9 ) .  The column 
designated 1" is loaded t o  an intermediate degree and was used 

t o  generate the curves shown i n  F i g .  1 .  

The column designated l H  is more heavily 

Overall ,  the  magnitude of the sepa rab i l i t y  f ac to r s  f o r  the 
DNPI derived analytes  is typ ica l ly  smaller than those noted on 
these columns fo r  t h e  corresponding DNBC derived analytes.  

Although t h i s  might be of some concern were one performing 
preparative sca le  reso ld t ions ,  i t  is of reduced concern f o r  

ana ly t ica l  separations.  Hence, O i ' s  in t roduct ion of DNPI as an 
achi ra l  der iva t iz ing  agent is s ign i f i can t  f o r  i t  o f f e r s  an 

a l t e rna t ive  t o  DNBC and might, i n  sane cases,  o f fe r  some 
advantage. For example, we note f o r  some enantiomeric 

a l ipha t i c  alcohols tha t  DNPI confers grea te r  separabi l i ty  than 
does DNBC. T h i s  aspect of our work w i l l  be described elsewhere. 
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