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HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHY SEPARATIONS OF NITROSAMINES. 

II. ACYCLIC NITROSAMINES 

Haleem J. Issaq 1 *, Maureen Glennon 1 , 
Donna E. Weiss 1, Gwendolyn N. Chmurny 1, 

and Joseph E. Saavedra2 
IProgram Resources, Inc. 

2Litton Bionetics, Inc. 
NCIFrederick Cancer Research Facility 

P.O. Box B 
Frederick, Maryland 21 701 

ABSTH ACT -~ 
Thil s e p w a t i c n  of c l c y c ~ l i c  n i t r o s m i n e s  by HPLC u s i n g  a 3 - c y c l o d e x t r i n  

b o n d e d  s i l i c . 1  gt?l c o l u - n n  a n d  a C 1 8  r c v c r s e d  p h a s e  co lumn w:19 cvn1u:i trci .  

F o u r  g r o u p s  of  n i c r o s a o i n e s  werc u s e d  t o  e v a l u 3 t e  t h s  u t . i l i t y  of b o 5 h  

co lurnns :  ( 1  . ) m e t h y l r n e t , h y l - ,  m e t h y l e t , n y l - ,  m i t h y l p r o p y l  anc! a e t h y l b u t y l - ;  

( 2 . )  e t h y l m e t h y l - ,  e t h y l e t h y l - ,  a n d  e t h y l p r o p j l - ;  ( 3 . )  p r o p y l m e t h y l - ,  

p r o p y l p r o p y l - ,  a n d  p r o p y l b n t , y l - ;  a n d  ( 4 . )  b u t y l r n e t h y l - ,  b u t y l e t h y l - ,  

b u t y l p r o p y l - ,  2nd b u t y l b u t , y l  n i t r o s j m i n e s .  

‘ h e  r e s u l t s  s h o w  t h a t  b o t h  c o l u m n s  p e r f o r m e d  well i n  s e p a r a t i n g  t h e  

n i t r o s a m i n e s  i n  e a c h  g r o u p ,  w i t h  t h ?  C t 0  c o l u m n  r e q u i r i n g  il h i g h e r  

* A u t h o r  t o  whom c o r r e s p o n d c n c e  should b e  a d d r e s s e d .  

By . i c c s p t a n c e  o r  t h i s  a r t i c l e ,  t h e  p u b l i s h n r  oc r e c i p i e n t  a c k n o w l e d g e s  t h e  
r i g h t  of t h e  U.S. Government t o  r e t a i n  s n o n e x c l u s i v e ,  r o y a l t y - f r e e  l i c e n s e  
an<  t o  any c o p y r i g h t  c o v e r i n s  t h e  a r t i c l e .  
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2164 lSSAQ ET AL. 

?crcent : ige  o f  o r g a n i c  m o d i f  i c r  (meth: inol)  t h a n  t h e  8 - c y c l o d z x t r i n  col.urnn. 

The 6 - c y c l o d e x t r i n  column wds  s u p e r i o r  i n  s e p a r a t i n g  a i l  t h e  E t o  2 isomers 

of  s h o r t  c h a i n  a l k y l  n i t r o s a r n i n e s ,  w h i l e  t h c  C , B  column %as s u p e r i o r  i n  

s e p a r a t i n g  l o n g  a l k y l  c h a i n  n i t r o s a m i n e s  and  t h e i r  E and  Z isomers. 

It, was a l s o  f o u n d  t h i t ,  t h e  l o n g e r  t h e  a l k y l  c h a i n  t h e  l o n g e r  t h e  

rr : te : i t ion t i n e ,  w h i l e  n i t r o s a m i n c s  h a v i n g  t h e  same n u s b e r  of c a r b o n s ,  for 

e x a m ? l e  c t h y l b u t y l - a n d  p r o p y l p r o p y l -  e l u t e d  a t  v i r t u a l l y  t h e  same t i m e ,  

u s i n g  bo th  ?olumns.  

INTRODUCTION 

I n  a p r e v i o u s  s t u d y  ( 1 )  we s h o u s d  t h a t  t h e  s e p a r a t i o n  of c y c l i c  

n i t r o s m i i n e s  by HPLC u s i n g  a R - c y c l o d e x t r i n  bonded s i l i c a  gel column and  a 

m o b i l e  p h a s e  of methano l  wiil,er d;s p o s s i b l e .  In t h i s  s t u d y  t h e  s c p 3 r J t i o n  

of i c y c l i c  n i t r o s a r n i n c s  u s i n s  b a s i c a l l y  t h e  s a n e  column and m o b i l e  p h a s e  

m i x t u r e  wds u n d e r t a k e n .  I n  a d d i t i o n ,  t h e  r c s u l t s  o b t a i n e d  were compnrt.d t o  

t h o s , :  a c h i e v e c  by u s i n z  n r e v e r s e d  p h a s e  C , 8  colunin a n d  rnethanol/w.zter.  

Four  g r o u p s  o f  n i t r o s n m i n e s  were u s e d  f o r  t h i s  s t u d y :  ( 1 )  m e t h y l m e t h y l - ,  

m e t h y l e t h y l - ,  m e t h y l p r o p y l -  and  m e t h y l b u t y l  n i t r o s a m i n c s ;  (2) Ethy lme thy l - ,  

e t h y l t t h y l - .  and  e t h y l b u t y l  n i t r o s a m i n e s ;  ( 3 )  propy l rne thy l - ,  p r o p y l p r o p y l - .  

arid p r o p y l b u t y l  n i t r o s a m i n e s ;  a n d  ( 4 )  b u t y l m e t h y l - ,  b u t y l e t h y l - ,  

b u t y l p r o p y l - ,  and b u t y l b u t y l  n i t r o s a r n i n c s .  I n  a d d i t i o n ,  l o n g e r  a l k y l  c h a i n  

l i t r o s a m i n e s  were s t u d i e d  t o  (!valuate  t h e  u t i l i t y  of t h e  3 - c y c l o d o x t r i n .  Y- 

c y e l o d e x t r i n  bonded s i l i c a  gel ant! a C , D  r e v e r s e d  p h a s e  Columns. 

E f f e c t  o f  v o l u m e  of o r g a n i c  m o d i f i e r  i n  t h e  m o b i l e  p h a s e  o n  t h c  

s e p a r a t i o n  of t n c  E and 2 isomcrs of n i t r o s a r n i n e s ,  w h e r e  a p p l i c a b l e ,  was 

eva lua  t c d  . 
EXPERINENTAL 

Mat e r  i a 1 s 

T h e  n i t r o s a m i n e s  used  i n  t h i s  s t u d y  were s y n t h e s i z e d  i n  house  and  t h i i r  

s t r u c t u r e s  w e r e  c o n f i r m e d  by mass  s p e c t r o m e t r y  a n d  n u c l c a r  m a g n e t i c  
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SEPARATION OF NITROSAMINES 2165 

resonance. Methanol w d s  g l a s s  d i s t i l l e d  uv g r a d e  ( B u r d i c k  a n d  J a o k s o n ,  

Muskegon,  #I). Water  was d e i o n i z e d  g l a s s  d i s t i l l e d .  The 9-cyc lodext r in  

(Cyclobond I )  and Y-cyclodext r in  (CycloSond 11) bonded s i l i c a  g e l  c o l u m n s  

w e r e  p d r c h n s c d  from Advanced S e p a r a t i o n s  Technologies .  Inc .  (Whippany, NJ). 

Tho r c v e r s c d  phnss  C . column P e r t i s i l  5 p  ODS-3 was purchllscd frOK idhatman. 

A l l  columns had  t h e  same dimensions,  25cm x 4.6mm. 

1% 

Apparatus 

A t l e w l e t t - P a c k a r d  Model 1093 L i q u i d  C n r o m a t o g r a p h  e q u i p p e d  u i t h  a 

photodiode a r r a y  d e t e c t o r .  an au tomat ic  i n j e c t o r ,  a s t r i p  c h a r t  r e c o r d e r .  Zi 

H e w l c t t - P a c k a r d  iYlod~l  3 3 9 Z A  i n t e g r a t o r  and  a l i t w l c t t - P a c k a r d  Model 85 

conputer /cont ro l lc : r  was used.  Cyolobond I ,  Cyclobond I1 a n d  C 1  r c v e r s e d  

p h a s e  c o l u m n s  wcrs u s e d .  F i v c  u 1  of s o l u t i o n  'dare  i n j e c t e d ,  u n l ? s s  

s p e c i f i e d ,  and t h e  a b s o r p t i o n  was monitorcd a t  25'1 nm. The mobile  phase was 

m e t h 2 n o l / w a t e r ,  w h i c h  was f i l t e r e d  and degassed b e f o r e  use  and maintaingd 

u n d e r  h e l i u m  t h r o u g h o u t  t h e  e x p e r i m e n t .  M o b i l e  p h a s e  f l o w  r a t e  W : ~ S  1 

n.l /min. 

' t i  a n d  13C.  N M R  s p e c t r a  w e r e  o b t a i n e d  a t  200MHz a n d  5 0 . 3 K t I 2 ,  

r o s p e c t i v c l y ,  on a V a r i a n  XL200 N M R  s p e c t r o m e t e r  equipped wi th  an A D V A N C E  

dati: s y s t t m .  The same s o l u t i o n s  ( c a .  0.C5 al of s o l u t e  i n  0 .5  ml o f  "100$"  

MSD C D C l  ) w e r e  u s e d  f o r  b o t h  '11 and 13C.  To ru l e  o u t  t h e  p o s s i b i l i t y  of 

s o l v c n t  c f f c c t s  on  t h e  ra t io  of isomers, q u a n t i t a t i v e  'H and I 3 C  s p e c t r a  o f  

m e t h y l e t h y l  n i t r o s a n i n e  and e t h y l b u t y l  n i t r o s a m i n e  were o b t a i n e d  u s i n g  t h e  

sane c o n c e n t r a t i o n s  i n  methanol-d,,/deuterium o x i d e  t h a t  were u s e d  f o r  HPLC 

3 

e v a l u a t i o n .  The f o l l o w i n g  i n t e r n a l  r e f e r e n c e s  were used:  'H: C D C 1 3  - TMS; 

MeOD-D20-TSP a n d  1 3 C :  C D C 1 3 ,  s o l v e n t  a s s i g n e d  6 = 7 7 . 0 0  a n d  MeOD-D20, 

m e t h a n o l  a s s i g n e d  6 - 4 9 . 0 0 .  A l l  s p e c t r a  w e r e  o b t a i n e d  a t  ambien'. 
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ISSAQ ET AL. 2766 

t c m p e r a t w e ,  c a .  19°C. Q u a d r , i t u r e  d e t e c t i o n  was u s c d  f o -  a l l  s p e c t r a .  

9 u . i n t i t a t i v e  'H s p e c t r a  werc  o b t a i n e d  w i t h  a f l i p  a n g l e  of  20° (PW90=?2.S 

p s c c . ) ,  i Sd = 3003 Hz, an a c q u i s i t i o n  t imc of 4.9 SRC., w i t h  z e r o  f i l l i n g  

of 3 ? X ,  a n d  a p r e p a r a t i o n  per iod  of  30 see.  Q u i n t i t a t i v e  13C s p e c t r a  were 

oSt ,a ined w i t h  9 f l i p  a n g l e  of  4 7 O  ( P W = Y . 6 u s e c ) ,  a SIZ = 1?500 ! i z ,  a n  

a c q u i s i t i o n  t i n e  of  1 s e c . ,  wi th  :: z e r o  f i l l i n g  of  64K, a p r e p a r a t i o n  per iod  

of  20 s e c .  an5 with hsrciuar? Waltz dccouplinp; of ca.  0.5 wat t  (YHZ = 2KHz).  

RESULTS AEID DISCUSSION 

The s e p s r z t i o n  of  a l l  t h e  n i t r o s a m i n e s  i n  t i le  four groups  u s i n g  t h e  R -  

c y c l o a o x t r i n  c:I,imn was a c h i e v r d  Sy e m p l o y i n s  a m o b i l e  p h a s e  o f  30% 

meth: inol /w.! t?r  ( ' I n b l c  1 ) .  The r c s u l t s  s h o w  t h a t  a l t h o u g h  a l l  t h e  

n i t r o s m i n . ; s  'within a group wcre s e p a r a t e d ,  some gavp two peaks whi le  o t h e r s  

gave h s h o u l d c r  and  tkx r e s t  g a v e  one peak .  Those  which  a p p e a r e d  a s  a 

s h 0 ill d e r a t 30 I met h A no 1 h:> t e r ( met h y 1 prop y 1 - and me t h y  1 but  y 1 n i t r osam i n  i s 

g i v e  2 peaks when 1C: methanoi /watcr  was u s c d .  i t  WAS s u s p e c t c d  t h d t  t h c  

two p e z k s  o b t a i n e d  f o r  some o f  t h e  n i t r o s a m i n e s  werc t h e  E and Z isomcrs .  

Nuclear  m g n c t i c  resonance  dclta ( f o r  example, F ig .  1 and 2 )  show t h a t  t h e  2 

p e a k s  o b t a i n e d  a r e  t h e  E a n d  Z i s o m e r s ,  t h e  r a t i o s  of  which w e  given  i n  

Table  2 .  ( T h i s  is d i s c u s s e d  i n  d e t a i l  l a t e r ) .  The r a t i o s  o b t a i n n d  a r e  

c o n s i s t c n t  w i t h  a te r ic  d f f c c t s ;  f o r  example, t h e  r a t i o  of  E t o  Z i somers  of  

m e t h y l e t h y l  n i t r o s a m i n c  is 3:l, while  t h a t  Of e t h y l b u t y l  n i t r o s z m i n e  is 1:l. 

Also, t h 9  NYR and chromatographic  q u a n i t i f i c a i t o n  d a t a  were comparable. 

Unl ike  some of t h e  E and 2 is0rner.s of  cycl ic  n i t r o s a m i n e s ,  which  'wcre 

n o t  r8:solved a t  room t e m p e r a t u r e  ( 2 1 ,  t h e  E and Z i somars  of t h e s e  alkyl 

n i t r o s a m i n e s  wcre found t o  be vc?y s t a b l e  not  on ly  a t  room t e m p e r a t u r e  b u t  

a t  h i g h e r  t e m p e r a t u r e s ,  r a n g i n g  up t o  7OoC. For e x a m p l e ,  t h c  E and  Z 

i s o m e r s  o f  e t h y l b u t y l  n i t r o s a m i n e  were  p a r t i a l l y  r e s o l v e d  a t  e l e v a t e d  

tempera tures ,  Table  3. 
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SEPARATION OF NITROSAMINES 2767 

Table 1 

S e p a r a t i o n  of n i t r o w m i n c s  on a 6 - c y c l o d e x t r i n  column 
using 30% m?thano l /wa te r  arid 10% methanol /w, i ter .  

-- 
301 Methanol /Water  10% Mettianol/Water 

( R t  /n i  n . ) a Compound Rt(min.)  a 

3.57 

4.2, 4.4 

* 
5.1 (Sh ) 

* 
6.0 (sh ) 

4 . 2 ,  4.4 

5.6 

7 .8 ,  9.0 

* 
5.0 (sh) 

7.3 

9 . 2 ,  9.9 

* 
6.0 (ski) 

7.6, 6.9 

9.8. 10.6 

13.5 

- 

1 .05 

1 .o 

1 . 3  

1 .05  

1.15 

1 .0 

- 

1 .oa  

1 .o 

1.17 

1 .oa 

Me -N-Me 
NO 

Ye-N-Et 
no 

Me-N-Pr 
NO 

Me-N-Bu 
NO 

Et-N-Ye 
NO 

E t - H - E t  
NO 

Et -N-Bu  
NO 

?r -N-Me 
NO 

?r-N-Pr 
NO 

Pr-N-Eu 
NO 

Bu-N-Ne 
NO 

Bu-N-Et 
NO 

Bu-#-Pr 
NO 

4.3 

G.6, 7 . 3  

9.9,  11.2 

16 .5 ,  18.2 

6 . 6 ,  7 . 3  

- 

- 

9.9, 11.2  

1 6 . 5 ,  18.2 

- 

1.11 

1.13 

1.1c 

1 . 1  1 

1 . 1 3  

1.10 

- Bu-N-Bu 

sh = s h o u l d i r  
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2168 ISSAQ ET AL 

1%' 0. R 7 
CHJ-N-CH, CH, CH, (E) Isomer 

bN 

/- 6- 
a'/ I 

, Typical 'H NWR spzctrum of a mixture o f  E and 2 isomers of 
mcthylpropyl nitrosanine in CDC13 ( s e e  Experimental section for 
dzt:+ils). 

Table  1 also shows, L h e t  within R group, methyl-, ethyl-, propyl-, 

bntyl-, the l o n g e r  tho a l k y l  chain. the longer the retention time. 

Nitrosaminea hzving the same number of carbons. for example. propylpropyl- 

and ethylbutyl; and methylprogyl- and ethylethyl-, eluted at almost the same 

ret,ent.ion times (Table 4 ) .  

Tab le  5 shows the separation o f  the four groups of nitrossmines using a 

reversed phase C,8 column and a mobile phase of methanol/water. The results 

obtained for the separation of the nitrosamines in the four groups are 

COClp.Jrdblt to those obtained with the 8-cyclodextrin column except for L r W  E 
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SEPARATION OF NITROSAMINES 2169 

0 '  " R Y  
CH,-N-CH, CH, CH, ( E )  isomer 

o2 

TMS 

80  6 0  50 40 3 0  2 0  1 '0 0 PPM 

F i g u r ?  2 .  Typic;: l  13C NMP, s p e c t r u m  of a m i x t u r c  of  E a r . l  Z isomers of 
m c t h y l p r o p y l  n i t r o s a n i n c  i n  C D C l ?  (see  E x p c r i m c n t a l  s e c t i o n  f o r  

a n d  Z isomrrs.  Wtren t h e  6 - c y c l o d e x t r i n  c o l u n n  was used n o t  d-11 t h e  E a d  Z 

isoners i n  t h e  t e s t e d  m i x t u r e s  w;:ro r e s o l v e d  i n  30% m e t h a n o l / w a t e r ,  b u t  a l l  

were s e p J r a t e d  i n  10% m e t h n n o l / w a l e r  ( T a b l e  1 ) .  GJith t h e  r e v e r s e d  p h a s e  

Column thc: E a n d  Z i s o m e r s  were r e s o l v e d  i n  3 0 %  m e t h a n o l / w s t o r  e x c e p t  f o r  

th.: p r o p y l b u t y l  n i t r o s a m i n e  wiiich e l u t e d  afLer  9 9 . 5  m i n u t e s  a s  one p e z k  

( T a b l e  5 ) .  

A n o t h e r  i n t e r e s t i n g  o b s e r v a t i o n  of c o m p a r i n g  t h e  s e p a r a t i o n  using b o t h  

c o l u m n s  ( T a b l e s  1 a n d  5 )  is t h e  d i f f e r e n t  mechanism of s e p a r a t i o n .  This is 

~ ~ g i ~ . ! r e n t  w h e n  t h e  r e t e n t i o n  t i n e s  a r e  c o m p a r e d .  Note t h a t  a i l  t h e  
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TABLE 2 

Q u m t i t 3 t i v s  d s t a  of 5 and 2 i s o a e r s  of n i t ross rn inx ,  shparn ted  on 
R-cycloduxtr in  colunn and R mobilc phase of 105 methanoi/wo:cr. 

Compound % E  l Z  
- 

Me -:I- E x  
N 
3 

Me-N-Pr 
N 
0 

71 .9 28.1 

72.8  27.2 

FI? -N- i3U 7 1 . 5  28.5 
N 
0 

Et-N-Bu 
N 
C 

P r  - N - Bu 
N 
0 

55.4 44.6 

Table 3 

E f f e c t  of temywaturc  on t h ?  separ:it.ion of E and Z isomers  of 
e t h y l b u t y l  n i t rossmine  on 8-cyc lodext r in  column and 

3 mobile phas- of 30% netIi.?.nol/wster (in t e x t )  

* 
Temperiture RtE, H t Z  B 

** 
u 

;30 7.55, 8 . 6 0  1.05 

40° 5.75.  6.46 0.61 

50' 4.98, 5.43 0.4: 

60° 4.40, 4.68 0.78 

.14 

. 1 1  

.08  

.06 

70' 4.03, 4.19 0.16 1.04 

* 
A = FitZ - H t E  

* x  
E (1 = R t Z / R t  
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SEPARATION OF NITROSAMINES 2771 

T a b l e  4 

S c p a r a t i o n  o f  n i t , r o s J m i n - s  h v i n g  Lhe same number of c t r b o n  ;itoms on 
E - c y - l o d e x t r i n  and C13 columns.  

c1 8 S-cyclodc,x t r  i n  

- 
Compound/ 302 MoOH 205 KeOH-- 3 3  MeOH 50% McOti 

I4oiiilc p f l~s t :  ( m i n . )  (min . )  (min.  ) ( m i n . )  --- -_ 

Pie-N-Pr 5.1 6.7, 7.3 lo.!+, 11.G 5.7, 5.3 
N 
0 

Et-W-Et 5.5 7.4 
P! 
0 

10.5 5.6 

E!. -N- 3u 7.7 ,  0.9 9.11, 10.8 45.1, 47.4 12.2, 12.6 
l$ 
0 

Pr. - K -  P r  7.3 9.1 li 1 . 0 11.8 
Ei 
0 

e x p e r i m P n t a 1  c o n d i t i o n s  s u c h  a s  f l o w  r a t ( ! ,  m o b i l e  p h s e  c o m p o s i t i o n ,  

i n j e c t i o n  v o l u m e ,  t e m p e r a t u r e  of m o b i l e  p h a s e  a n d  c o l u a n ,  a n d  c o l u m n  

d i m e n s i o n s  a r e  t h e  same e x c e p t  f o r  t h e  column p a c k i n g s .  For example,  a t  301 

rns th lno l /w:3 te r  t h e  e t h y l e t h y l -  e l u t e d  i n  5.6 min. ( B - c y c l o d e x t r i n )  and i n  

13.5 a i n .  (C ) ;  p r o p y l p r o p y l -  e l u t e d  i n  7 . 3  m i n .  ( 6 - c y c l o d e x t r i n )  a n d  i n  

4 1  . O  m i n .  ( C 1 8 ) ;  a n d  b u t y l b u t y l -  e l u t e d  i n  13.5 min. ( 6 - c y c l o d e x t r i n )  b u t  

d i d  n o t  e l u t e  after 100 min. from t h e  C,8 column. T h i s  may b e  a t t r i b u t e d  t o  

t h e  f a c t  t h a t  t h s  s e p a r a t i o n  mechanism u s i n g  a a - c y c l o d e x t r i n  bonded s i l i c a  

ge l  column is a n  i n c l u s i o n  mechanism where t h e  l a r g e r  m o l e c u l e  t a k e s  l o n g e r  

t o  elute. T h i s  h a s  b?cn found t o  be c o n s i s t e n t  w i t h  t h c  e x p e r i w n t a l  d a t i ,  

18 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ISSAQ ET AL. 

Table 5 

Separation OP nitrosamiaes on reversed phase C18 i n  
30% P;ethanol/water and 50% rnethanol/watcr 

30% Methanol a 502 Methanol a 

Me-N-Me 
NO 

He-l-Et 
NO 

Ma-N-R 
NO 

Yc-N-Du 
NO 

St-N-Me 
NO 

Z t  -N-Et 
NO 

Et-N-Bu 
NO 

Pr-h'-W 
NO 

Pr-N-Pr 
NO 

Pr-N-Bu 
NO 

Bu-N-Me 
NO 

Bu-N-Et 
NO 

Bu-N-Pr 
NO 

Bu-N-BU 
NO 

4.6 

6.4. 6.7 

10.0, 1l.G 

21.6. 24.6 

6.4, 6.7 

10.5 

u ~ i ,  47.4 

10.4. 11.6 

41 .o 

99.5 

21.6, 24.6 

45.1, 47.4 

99.5 

- 

- 

1.05 

1.12 

1.14 

1.05 

- 

1.05 

1.12 

- 

1 .OQ 

1.14 

1.05 

1 .oo 

- 

3.9 

4.5 

5.7. 5.9 

8.2, 8.8 

4.5 

5.6 

12.2, 12.6 

5 .7 ,  5.9 

11.8 

20.2 

8.2, 8.8 

12.2, 12.6 

20.2 

37.1 

- 

1 .G 

1.04 

1 .07 

1 .oo 

- 

1 .C3 

1 .G4 

- 

1 .oo 

1.07 

1.03 

1 .oo 

- 
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SEPARATION OF NITROSAMINES 2773 

which a l s o  s u g g e s t s  t h . i t  t h e  l e n g t h  - L o - b r e a d t h  r a t i o  o f  e a c h  n i t r a s a a i n e  

may b e  i m p o r t a n t .  T h e  l a r g c r  t h ?  r d t i o  t h c  l o n g e r  t h e  e l u t i o n  time. K i t h  

t h e  C 1 8  co lumn t h t  r e t e n t i o n  o f  t h e  m o l e c u l e s  i n  t h e  e o l u n n s  i s  much  

s t r o r i g e r  t h a n  w i t h  t h e  6 - c y c l o d ~ x t r i n  c o l u m n .  S i n c e  t h e  n i t , r o s : i m i n -  

mixt ,ures  a r c  a l i p h a t i c  and t h e  C , 3  is a l i p h ? t i c  i n  n a t u r e ,  t h e  o l d  t h - o r y  of 

l i k e s  d i s s o l v e s  l i k e s  i s  e s p e c i a l l y  t r u e .  The i n t e r s c t i o n  o f  t h ?  s o l u t e  

( n i t , r o s a m i n ? )  w i t h  t h e  s t a t i o n a r y  phase  ( C , 8 )  is rruch s t r o n g e r  tti;lr! w i t h  t h e  

e l u e n t  ( m e t h a n o l / w c : t e r )  which is 1c.ss hydrocs rbon  i n  n : i t u re .  A s  mcntionnd 

, we c:3n riot t a l k  o f  s o l u t f !  s o l u b i l i t y  e f f e c t s  because  i n  b o t h  c;iscs, 

C 1 8  3213 3 - c y c l o d c x t r i n  columns,  t h -  somc mob i l e  ph?se  ( 3 0 %  m e t h a n o l / r i a t e r )  

w 3 s  U S O G .  T h i s  i s  a c a s e  WhLrc t h e  l o n g - r  thr .  i l k y l  c h a i n ,  t h e  m o r e  

1 8  h y d r o e . i r b o n  i n  n;itu.?e t h e  molecu le  a n d  th!. mars 'I s o l u b l e "  i t  i s  i n  t h c  C 

group of t h e  s t a : . i o n a r y  phasc.  

F i g u r r  3 shows t h e  s e p a - n t i o n  of ano th i ' r  g roup  of' r i i t rosanir i tss  u s in t :  a 

B - c y c l o d e x t r i n  c o l u m n ,  2 n d  a m o b i l e  p h a s e  o f  30% m e t h a n o l / w j t , ? r .  Th;' 

e l u t i o n  o r d e r  is c o n s i s t c n t  w i t h  t h e  i n c l u s i o n  me 

t h e  m o l e c u l e  p romotes  s o l u t ?  s t , - t i o n ? r y  p h a s e  i r i t .er : ic t ion a n d  ciiuses i t ,  t o  

e l u t r :  a t  a l a t e r  t i m e  t h a n  B s t r a i g h t  a k y l  c h a i n  m o l e c u l e .  T h i s  i s  t r u :  i f  

WP examine p e a k s  4 and 5 i n  F i g u r e  3 which b e l o n g  t o  b ranched  m o l e c u l e s .  

F i g u r o  4 compares t h e  s e p a r a t i o n  of l o n g  c h a i n  a l k y l  n i t r o s , ? m i n ~ s ,  

C t i  ( C l i , ) 7 - / O - C H 3 ,  C H  ( C H , ) 8 - j o - C H  a n d  C H  ( C I I  1 -1 - C H  by  t h e  8 -  

c y c l o d e x t r i n  column ('15% m e t h a n o l / w a t e r )  and r e v e r s e d  phase  C,8  column ( 7 5 %  

m c t h a n o l / w a t e r ) .  The r e s u l t s  show t h a t  t h c  C 1 8  c o l u m n  g i v e s  b e t t e r  

r c s o l u t i o n  o f  t h e  E and Z i s o m e r s  o f  t h e s e  n i t r o s a m i n e s .  The r e s u l t s  a l s o  

show t h e  poor  i n t e r a c t i o n  ( s o l u b i l i t y )  of t h e s e  l o n g  a l k y l  c h a i n  m o l e c u l e s  

w i t h  t h e  m o b i l e  p h a s e  (45% m e t h a n o l / w a t e r ) .  

3 3 3 3 2 9 IUO 3 '  

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

r e s o l u t i o n  of t h e  E a n 3  Z i s o m e r s  u s i n g  t h e  U-cyc lodex t r in  column. Acottier 
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2774 ISSAQ ET AL. 

Time (rnin) 

Figure 3.  Scpara t ion  of s h o r t  a l k y l  chain n i t rosamines  using a 6 -  
c y c l o d c x t r i n  column and a mobile phase of jO$ methanol wJter .  

expin innt ion  f o r  tho  b r o a d n e s s  o f  t h e  p e a k s  is t h ; i t  t h e s c  m o l e c u l e s  a r c  

l a r g e r  t h z n  t h e  5 - c y c l o d e x t r i n  c a v i t y  (7.5 A'), which r e s u l t s  i n  n s t r o n &  

inc l i i s ion  complex. This  was found t o  be t r u e  using t h c  . f -cyc lodext r in  which 

b .  R l a r g e r  c a v i t y  (9 no) bonded s i l i c a  ge l  Colurnri, F igure  5 ,  which shows 

t h a t  a t  455 methnnol/watcr t h e  peaks e l u t e d  i n  muzh f a s t e r  t i m e s  t h a n  w i t h  

t h e  8-cyc lodext r in  column, co!nparc' Figuros 4(b) and 5 ( a ) .  Figure  S ( b )  shows 

thc i t  decreas ing  t h e  volume of t h e  organic  modif ier  from 45% t o  40: increased  

t h c  r e t e n t i o n  t i m e  f rom 7 . 5  min. t o  12 .5  min. f o r  t h e  l a s t  e l u t i n g  peak. 

S ince  no column is s u i t a b l e  f o r  t h e  s e p a r a t i o n  of  all t y p e s  of molecules, i t  

is c l e a r  that. t h e  c y c l o d s x t r i n  columns f a l l  i n t o  t h a t  ca tegory .  
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SEPARATION OF NITROSAMINES 

b) Attenuation 13.1 mAu 
Sample Volume = 20 pl 
P-Cyclodextrin 
45% MeOH/H,O 

I 

277s 

I 

0 
I I" I 
YO 
5 2  

r" I 
0, 0, 2 I 

40 
9.0 - 'b' 
DD - 2 

(a) Attenuation 18.4 mAu 
Sample Volume = 10 pl 
C Reversed Phase 
74% MeOH/H,O 

F i g u r e  4 .  S e p a r a t i o n  of l o n g  a l k y l  c h d i n  n l t r o s d m i n c s  by ( a )  6 - c y c l o d f ~ x t r l n  
column and  ( b )  C,8 rev<.r.sed p h a s e  column. 

NMR s p e c t r o s c o p y  a s s ign r???sL  

N M H  s p e c t r o s c o p y  w i r s  u s p d  t o  i d e n t i f y  t h c  Z (cis, s y n )  a n d  E ( t r a n s .  

a n t i )  i s o m e r s  and t o  c o n f i r m  q u a n t i t a t i v e l y  t h e  r a t i o s  of t h e s e  isomers.  

T h e  f o l l o w i n g  r e s o n a n c e  s t r u c t u r e s  of t h c  N-n i t rosamino  g roup  and a - c a r b o n s  

p r o d u c e  a p l a n a r  s t r u c t u r e  w i t h  d o u b l e  b o n e  c h a r a c t e r  b e t w e e n  t h e  t w o  

n i t r o g e n  atoms r e s u l t i n g  i n  h i n d e r e d  r o t a t i o n  a b o u t  t h e  N-!d bond. 

Cca, 0 
N-fl 
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2776 ISSAQ ET AL 

3 

d 

C 

8 

Attenuation 47.9 mAu 
Sample Volume = 10 pi 
7-Cyclodext ri n 
45% MeOH/H,O 

Attenuation 25.5 mAu 
Sample Volume = 10 pl 9 

9 0  7-Cyclodextrin T Z  
2 I" 40% MeOH/H,O 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I I I I l  
10 20 

l ime (min) 

Figure 5. Separation of long chain nitrosdmines using a Y-cyclodextrin 
column a n d  a mobile phase of ( a )  45% methanol/wdler and (b) 402 
methanol/wAter. 
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SEPARATION OF NITROSAMINES 2777 

T h i s  f a c t  is  d i s c u s s e d  in d e t a i l  by C o o n e y ,  e t  a l .  ( 3 ) .  The p r o t o n  NVR 

s h i e l d i n g  e f f e c t s  c:in b e  s e e n  i f  t h e  s h i e l d i n g  c o n e s  arr? d e s c r i b e d  3s a 

s e m i c i r c u l a r  s h i e l d i n g  z o n e  b c n t  t o w a r d s  t h e  Z s i d e  (4). T h a t  is, tht!  

me thy l  (methylenci.)  g r o u p  i n  a Z c o n f i g u r a t i o n  w i l l  b e  i n  thi: s h i e l d i n g  c o n e  

arid a p p e s r  u p f i c l d  t.0 thi i t  of a g roup  i n  an  E c o n f i g u r a t i o n .  I n  F i g u r e  1 ,  

t h e  p r o t o n  NMR s p e c t r u m  of m e t h y l p r o p y l  n i t r o s a m i n e  i n  COC13 is shown .  Tho 

ci C t i 2 ( t )  c t ? n t e r e d  a t  6=3.56 is t h e r e f o r e  a s s i g n e d  t,o t h e  u CH c i s  t o  t h e  NO 

g r o u p  b e c a u s e  i t  is s h i e l d e d  w i t h  r e s p e c t  t o  t h e  u CH ( t )  c e n t e r e d  3t 6=4 .12  

f o r  t h e  a - C H  t r a n s  t o  t h e  NO g r o u p .  Tho  CH (s)'s ari t h e n  a s s i g n e d  as 

f o l l o w s :  6-3.76 t r a n s  t o  t h e  NO g r o u p  and  6=3.05 c i s  t o  t h e  143 group .  Using 

t h r s c  a s s i g n i n o n t s ,  t h e  ma jo r  component is t h o  E i somer ,  i .e .  a CH2 t r j n s  t o  

NO g r o u p ,  a CH3 c i s  t o  t h e  NO g r o u p .  The p r o t o n  s p e c t r a  f o r  t h e  o t h e r  

compounds wore a s s i g n e d  i n  a s i r n i l a r  m.?nnor. 

2 

2 

2 3 

Carbon-13 N M R  s p e c t r d  ( F i g u r e  2 )  show s i m i l a r  r e s u l t s ,  i . e .  t h e  m a j o r  

i soaer  h a s  CH, a t  l o v e r  f i e l d  a n d  C H 3  a t  h i g h e r  f i t l d  t h a n  t h o s e  for t h e  

minor  i somer .  However, t h e  magn i tudes  o f  t h e  chemica l  s h i f t  d i f f e r e n c e s  c a n  

n o t  b e  e x p l s i n z d  on t h e  b a s i s  o f  s h i e l d i n g  cones  alonr:, a l t h o u g h  t h e  e f f e c t  

is c e r t a i n l y  p r e s e n t .  (Ass ignmen t s  o f  t h e  CH2 v s .  CH c a r b o n s  were made o n  

t h e  b a s i s  o f  APT ( 5 )  s p e c t r a  a n d  t h e  l a r g s  c h c m i c a l  s h i f t  d i f f e r s n c f s  

between c a r b o n  a t t a c h e d  t o  n i t r o g e n  a n d  c a r b o n  a t t a c h e d  t o  c a r b o n .  The  

n s s i g n a e n t  o f  t h e  m a j o r  componen t  t o  t h e  E i somer  c o u l d  a lso b e  made from 

t h e  p r o t o n  NMR r e s u l t s  on t h e  same s a m p l e . )  The E - 2 a - c a r b o n  d i f f e r c n c e  

i n  c h e m i c a l  s h i f t  h a s  b e e n  a t t r i b u t e d  t o  e l e c t r i c  f i e l d  e f f e c t s  ( 6 )  or 

s t e r i c  compress ion  e f f e c L s  a t  t h e  2 a c a r b o n  ( 7 ) .  F r a s e r  a n d  G r i n d l e y  ( 7 )  

m a k e  a c o m p a r i s o n  t o  t h e  s t e r i c  compress ion  a rgumen t s  a c c e p t e d  f o r  an. idas  

and  oximes and s u p p o r t  t h e  f a c t  t h a t  i t  s h o u l d  be t r u e  f o r  n i t r o s a a i n c s  83 

f o l l o w s .  F o r  a c a r b o n s ,  A6 v a l u e s  are a b o u t  1 1  ppm f o r  e a c h  r i g i d  

n i t r o s a m i n e  i n  t h e i r  s t u d y  w h i l e  t h e  magn i tude  is r e d u z e d  i n  m ~ r ~  f l e x i b l e  

3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2118 ISSAQ ET AL. 

d i a l k y l  n i t r o s a m i n e s  s t u d i e d  by P r c g o s i n  and  R a n d a l l  ( 8 ) .  ( H a w k e s  et  a l .  ( 9 )  

s u p p o r t  t h e  s t e r i c  c o m p r e s s i o n  a r g u n e n t  f o r  k e t o x i m e s  i n  t h e  c a s e  o f  

c y c l o b u t a n o n e  o x i m e  w 3 i c h  e x h i b i t s  a v e r y  small d i f f e r e n c e  i n  chemical 

s h i f t s  f o r  th r :  E and Z a c a r b o n s .  T h e s e  c a r b o n s  a r e  i n  a less  h i n d e r e d  

env i ronmen t  b e c a u s e  of t h e  c y c l o b u t y l  r i n g  c o n s t r a i n t s ) .  U n t i l  c a l c u l a t i o n s  

show o t h e r w i s c  ( G ) ,  we t e n d  t o  f a v o r  t h e  s t e r i c  c o m p r e s s i o n  a r g u m e n t s  of 

F r a s e r  e t  a l .  ( 7 )  t o  e x p l a i n  t h e  m a g n i t u d e  of t h e  I 3 C  s h i f t  d i f f e r e n c e s  

o b s e r v e d .  

To i n s u r e  t h a t  s o l v e n t  e f f e c t s  were u n i m p o r t a n t  t o  t h e  E a n d  2 

a s s i g n m e n t s  and s u b s e q u e n t l y  t h o i r  q u e n t i t a t i v e  r a t i o s ,  s e v e r n l  s amples  w i t h  

c o n c e n t r a t i o n s  a n d  s o l v e n t  m i x t u r e s  i d e n t i c a l  t o  t h o s e  i n  t h e  HPLC s t u d i e s  

wcre i n v e s t i g a t e d  by b o t h  'H amd l3C. NMR. N o  s i g n i f i c a n t  d i f f e r e n c e s  were 

found .  

CDNC LU S I ON 

The  r e s u l t s  show t h a t  t h e  s e p a r a t i o n  of a l i p h a t i c  n i t r o s a m i n s s  by HPLC 

I t  u s i n g  r e v e r s e d  phase  C l a  or c y c l o d e x t r . i n  bonded  c o l u m n s  i s  p o s s i b l e .  

a l s o  a p p e s r s  t h a t  b o t h  r e v e r s e d  p h a s e  a n d  a - c y c l o d e x t r i n  columns complement 

e a c h  o t h e r ,  i n  t h e  s e p a r a t i o n  o f  t h e  E a n d  2 isomers, wit .h t h a  C,8 b e i n g  

more e f f i c i e n t  when t h e  a l k y l  g r o u p s  on b o t h  s i d e s  of t h e  n i t r o s o  g r o u p  are 

w i d e l y  d i f f e r e n t ,  w h i l e  6 - c y c l o d s x t r i n  is m o r e  e f f i c i e n t  when t h e  S i z e  O f  

t h e  a l i p h a t i c  g r o u p s  d i f f e r  by a me thy l -  or e t h y l -  g r o u p .  
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