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YE ZHOU, ZENG PEI SUN, 
AND DA KUI LIN 

National Institute for the Control o f  
Pharmaceutical and Biological Products 

Bei jing 100050 
People’s Republic o f  China 

ABSTRACT 

A new chiral resolving reagent N-(p-toluenesulfo- 
ny1)prolyl isocyanate(TSP1) was prepared with a very 
practical method and evaluated for liquid chromato- 
graphic resolution o f  mine and alcohol enantiomers 
via diastereomerie derivatization. This procedure is 
rapid and convenient, with good separation, few t y -  

products. Expected structures o f  the derdvativcs were 
confirmed by mass spectra. Ordinary normal phase and 
the mobile phase of petroleum ether were used. 

INTIVJDUCTION 

Liquid chromatopraphy h a s  heen greatly employed 

in the separation of a variety of enantiomers. Although 
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816 ZHOU, SUN, AND LIN 

more s t u d i e s  on d i r e r t  r e s o l h t i o n  of enan t iomers  by 

H?LC have been r e p o r t e d  r e c e n t l y ,  usine, c h i r a l  sta- 

t i o n a r y  phase a n d  chi r ta l  mobi le  phase,  t h e  i n d i r e c t  

s e p a r a t i o n  wi th  ach i r a l  chromatography system v i a  d i a -  

s t e r e o m e r i c  d e r i v a t i z a t i o n  is s t i l l  wide ly  ilsed i n  

common l a b o r a t o r y .  

C h i r a l  i s o c y a n a t e  i s  u s u a l l y  cons ide red  t o  b e  a 

kind of  t h e  most u s e f u l  r e s o l v i n g  reagent. Only S ( - )  

or R ( + ) - n a p h t h a l y l e t h y l  isocyanate(NE1C) and S(-) 

R( +)-phenyle thyl  i s o c y a n a t e (  PEIC) have been r e p o r t e d  

so f a r (  1.2). Both o f  them were s y n t h e s i z e d  from t h e i r  

co r re spond ing  o p t i c a l  a c t i v e  amines by the a c t i o n  of 

phosgene on t h e  h y d r o c h l o r i d e  of m i n e  o r  by t r e a t m e n t  

of e t h y l  carbamate  o f  amine w i t h  t r i c h l o r o s i l a n e (  3 ) .  

However, t h e i r  s y n t h e t i c  material sources were expen- 

s ive  and n o t  e a s y  t o  cet ,  a d d i t i o n a l l y ,  phosgene was 

v e r y  t o x i c  and t h e  p rocedure  was n o t  p r a c t i c a l  i n  o r d i -  

n a r y  a n a l y s i s  l a b o r a t o r y .  

or 

On t h e  o t h e r  hand,  c h i r a l  r e a g e n t s  were o f t e n  prt- 

pared  from L-amino a c i d s  which were t h e  most common 

compounds o f  h i g h  o p t i c a l  p u r i t i e s .  O f  a l l  amino acids, 

L-pro l ine  i s  empioyed most f r e q u e n t l y  by v i r t u e  of  t h e  

p r i n c i p l r .  t h a t  o p t i c a l  r e s o l u t i o n  might  be g r e a t l y  i n -  

c r eased  a n d  t h e  c o n f i g i r a t i o n  of t h e  c h i r a l  ca rbon  a t o m  

might  be b e s t  k e p t  i f  t h e  asymmetr ic  c e n t e r  i s  part o f  

2 r i r ?  sys t em(4) .  IkJwevf?r, s o  far t h e  c h i r a l  r p q r e n t s  
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NEW CHIRAL DERIVATIZING REAGENT 877 

prepared  frorr! J , . - p r o l i n e  were usua: l y  - 3 f . t  i-Jatf?fi : . , : i d s  

such as a c i d  c h l o r i d e s  i n s t e a d  o f  i s o c y a p a t e s .  

The re fo re ,  w i t h  a p r a c t i c a l  s y n t h e t i c  r o u t e ,  from 

L-p ro l ine ,  we have  prepared  two c h i r a l  i s o c y a n a t e s  , i .e. 

N-( p- to luenesu l fony l  )prolyl i s o c y a n a t e (  ‘Kl’I) and N-! ( 2 -  

naphthalene)su3fonyl)prolyl i socyanate(NSP1) .  They nave 

similar a b i i i t y  o f  o p t i c a l  s e p a r a t i o n ,  and NSPI w i l l  

be  d e s c r i b e d  i n  my a n o t h e r  pape r  i n  p r e s s .  The work 

h e r e i n  r e p o r t e d  t h e  s y n t h e s i s  and l i o u i d  chromatographic  

e v a l u a t i o n  o f  TSPI f o r  i n d i r e c t  s e p a r a t i o n  o f  amine 

a n d  a l c o h  :1 enan t iomers .  

EXPSRII. ENTAL 

Chemicals  a i d  r e a g e n t s  

L-pro l ine  and sodium a z i d c  were o b t a i n e d  from 

Sigma a i d  A l d r i c h ,  r e s p e c t i v e l y .  E t h y l  ch lorofor rna te(CP) ,  

t r i e t h y l a m i n e ( A R ) ,  p - t o l u e n e s u l f o n y l  c h l o r i d e ( C P )  and 

o t h e r  so lvents (AR1 were purchased  from domes t i c  market .  

Racemic m e x i i e t i n e  h y d r o c h l o r i d e ,  amphetamine and 

ahrnylpropanol  are  311 u e r d  as drug  materials. T h p  f r e ~  

base  of m e x i l e t i n e  wa? obttt ined from i t s  s a ! t  b v  add inp  

ROUF’OUS ammonia a n d  t h e n  o x t r n c t i n p  wi th  ch loroform.  

Ch romatovaphy  

T h e  HPLC sys tem c o n s i s t i n g  of  ’1 Waters Model 6 W O A  

pump, a Rheodyne 7105 i n j e c t o r ,  a Snimadzu SPD-1 UV de- 
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818 ZHOU, SUN, AND LIN 

t e c t o r  coupled wi th  a H i t a c h i  056 r e c o r d e r  o r  a Shimadzu 

C-R3A Chromatopac was used.  

S e p a r a t i o n  was ca r r i ed  o u t  on a 50cm*4.0mm I . D .  

column(W8ters) packed w i t h  s i l i c a  g e l  o f  7-9pm p a r t i c l e  

s i z e (  tian j ing ,  China) .  The d e t e c t i o n  was morni t o red  a t  

254nm. The mobile phase was c o n s i s t e d  o f  pe t ro leum e t h e r  

and i sop ropano l  i n  a p p r o p r i a t e  p r o p o r t i o n s  a t  f low- ra t e  

of 1.5ml/min. 

S y n t h e s i a  o f  t h e  c h i r a l  reagent 

N-( p- t o l u e n e a u l f  ony1)p ro l  i n e (  TSP) was prepa red  from 

L-pro l ine  and P- to luenesu l fony l  c h l o r i d e ,  r e f e r r i n g  t o  

t h e  p r e v i o u s  pape r (5 )  . 
N-(p-toluenesulfony1)prolyl azide(TSP-Nj) was syn- 

t h e s i z e d  from TSP, e t h y l  ch lo ro fo rma te  a n d  sodium az ide ,  

w i t h  t h e  method similar t o  s y n t h e s i z a t i o n  o f  c is-2-phc-  

ny lcyc lop ropy l  a z i d e ( 6 ) .  I R  spec t rum( in  KBr): 71 60, 

1770-'cm p e a k s  denoted t h e  a z i d e  g r o u p .  

TSP-5, i:: s t a b l ~  t o  s t o r a g e  i n  r e f r i p e r a t o r ,  sur- 

v i v e s  me l t ing ,  h u t  7 oses  n i t r o p n  a t  approximate ly  100°C 

t o  y i e l d  W P I ,  r o n s u l  t i n g  t h e  P i r k l e '  s paper (7  ). Because 

: t o c y a n a t e  i s  s c m s i t i v e  t o  m o i s t u r e ,  i t  is impor tan t  t G  

conve r t  TSP-N i n t o  TSYI just b e f o r e  d e r i v a t i z a t i o n .  133 

spectrum( i n  K H r )  : 22804cm peak denoted  t h e  i s o c y a n a t e  

group. Mass spectrum(E1) w i t h  molecu la r  i n n  peak a t  m/z 

266 was observed.  

3 
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NEW CHIRAL DERIVATIZING REAGENT 879 

D e r i v a t i z a t i o n  

A 10% excess of TSP-Ng i n  t o l u e n e  was h e a t e d  under  

r e f l u x  for 10min. t h e  racemic amine was then  added t o  

t h i s  s o l u t i o n .  The r e a c t i o n  mix tu re  was k e p t  a t  room 

t empera tu re  for 1 Omin, t h e n  chromatographed w i t h o u t  any 

work up beyond c o o l i n g  and d i l u t i o n .  For racemic  mexi- 

l e t i n e ,  t h e  r e s u l t i n g  d e r i v a t i v e  cou ld  p r e c i p i t a t e  from 

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

mined by mass spec t romete r (E1) .  The molecu la r  i o n  peak 

a t  m/z 4 4 5  was a f f o r d e d .  

Racemic a l c o h o l  d r u g  w a s  d e r i v a t l e e d  w i t h  above 

me thod ,bu t the  r e a c t i o n  mixture was h e a t e d  a t  1OO'C f o r  

l h ,  i n s t e a d  o f  keeping  a t  room t empera tu re .  To affirm 

t h e  s t r u c t u r e  of t h e  derivative, t h e  r e a c t i o n  s o l u t i o n  

was washed  w i t h  0.1% N a O l l ,  0.1% H21 a n d  water respcc-  

t i v e l y ,  then  d r i e d  ove r  anhydrous sodium s u l f a t e  and 

t h e  o r g a n i c  l a y e r  was evapora t ed  t o  dryness  unde r  n i -  

t r o p e n  s t ream.  Mass spec t rum of r c s u l t i n p  r e s i d u e  showed 

a molecular  ion  p rak  a t  m/z 4 0 7 ,  which suppes ted  t h e  ex- 

pected carbamate. 

RESULTS AND DISCUSSION 

I t  i s  v e r y  impor t an t  f o r  i n d i r e c t  r e s o l u t i o n  o f  

enant iomers  by W 1 , C  t h a t  t h e  c h i r a l  r e s o l v i n g  a p e n t  h a s  

h igh  o p t i c a l  p u r i t y  a n d  no  r a c e m i z a t i o n  occur red  i n  the 

p r o c e s s  o f  d e r i v a t i z a t i o n  as well as chromatography.  
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880 ZHOU, SUN, AND LIN 

TASItE 1 
Chroratomaphic Iiesul t s  f o r  the Diastereomers Derived 
From t h P  Arinci  and Alcohol  Ehantiorners with ‘J’SPI Reagent 

I i-prOH$,: i n  

Rs mnhile ph;inr! 
d Cornpour>d and 

s t, ruc t hre k l  

Kexil c t i n e  
8.52 13.2 1 .54  4.35 3 

Amphetamine 

Ph en y l  propan o 1 

t l  * k, , k2: the capacity f a c t o r s  o f  the  f i r s t - e l u t e d  and 
the second-eluted enantiomera, r e s p e c t i v e l y .  

TSP I 
N=c* 

** Chemical structures o f  the c h i r a l  reagents 
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NEW CHIRAL DERIVATIZING REAGENT 881 

1,-proline i s  t h e  o n l y  L-amino a c i d  t h a t  i t s  c h i r a l  

c e n t e r  i s  on a r i n g  sys tem o f  h i g h  c o n f i g u r a t i o n  irrmo- 

b i l i t y ,  e x c e p t  L-hydoxyproline. On t h e  o t h e r  hand ,  i t  

h a s  been concluded t h a t  t h e  fo rma t ion  o f  oxazolone  in-  

t e r m e d i a t e  i s  t h e  major  c a u s e  o f  r a c e m i z a t i o n  o f  ac-  

t i v a t e d  N-acetyl  amino a c i d ( 8 ) .  Owing t o  hav ing  no  pro- 

t o n s  on t h e  n i t r o g e n  atom t o  form oxazolone  i n t e r -  

mediate,  N-protected p r o l i n e  is t h e  moat s u i t a b l e  E 

amino a c i d  f o r  s y n t h e s i z i n g  a c h i r a l  r e s o l v i n g  r eagen t .  

In  a d d i t i o n ,  i n  TSP-N3 molecule ,  t h e  a t t r a c t i o n  between 

t h e  n e g a t i v e  cha rge  developing:  on t h e  amide oxygen and 

t h e  p o s i t i v e  charge  on t h e  c e n t r a l  n i t r o g e n  atom o f  i t s  

a z i d e  Froup i n h i b i t s  t h e  bond movements which neces-  

s a r y  t o  a t t a i n  t h e  conforma i , ion needed f o r  oxazol  one 

fo rma t ion (9 ) .  The re fo re ,  we :itoraged TSP-N3 r e a g e n t  i n  

r e f r i g e r a t o r  t i l l  d e r i v a t i z a t i o r  , which could b e s t  keep 

t h e  e p t i c a l  p u r i t y  o f  t h e  c h i r a l  r eaEen t  and avo id  t h e  

i s o l a t i o n  of  TSPI r eapen t .  

nesir les  , L ( - ) l  -phcnylethylamine(optical p u r i t y  of 

9996, Merck-Schuchardt) was a p p l i e d  t o  react w i t h  TSPI i n  

t h e  same way, No obvious chromatographic  peak of t h e  

enan t iomer i c  impur i ty  of  TSPI was obse rved  i n  F i g u r e  3 ,  

which f u r t h e r  demonstrated t h a t  no r a c e m i z a t i o n  occur red  

i n  whole p r o c e s s  o f  t he  s e p a r a t i o n  o f  amine i somers .  Ad- 

d i t i o n a l l y ,  t he  cond i t ion  used f o r  d e r i v a t i z i n g  t h e  a3.- 

coho1 was more v igo rous  than  t h a t  f o r  amine. Ln f o r t u -  
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FIGURE 7.  

L 
S e p a r a t i o n  o f  t h e  TSYI  
d e r i v a t i v e s  o f  r acemic  
pheny lp ropano l ,  3,.  

FIGURE 3 .  Chromatogram r e p r e s e n t i n g  t h e  
TSPI d e r i v a t i v e  o f  I,(-)1-phe- 
n y l e t h y l a m i n c ,  4. Mobile p h a s e ,  
pe t ro leum e t h e r  : i sop ropano l  
(100:2); f l o w - r a t e ,  1 .Gml/min. 
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884 ZHOU. SUN, AND LIN 

n a t e l y ,  we have no alcohol  compound of high o p t i c a l  ?u- 

r i t y  so t h a t  we have n o t  known i f  t h e  r acemiza t ion  might 

occur  durinp t h e  d e r i v a t i z a t i o n  o f  a l c o h o l .  Extensive 

work will be in progress .  

The results i n d i c a t e d  t h a t  as a chiral  r e s o l v i n g  

r eagen t ,  TSPI h a s  s e v e r a l  d e s i r a b l e  p r o p e r t i e s .  It wad 

inexpensive and p r a c t i c a l  t o  s y n t h e s i z e  TSPI of h i g h  op- 

t i c a l  pu r i ty .  The d e r i v a t i z a t i o n  was convenient  t o  ope- 

rate and produced few by-products. Good s e p a r a t i o n s  were 

afforded for c h i r a l  amine and a l c o h o l  drugs. E s p e c i a l l y  

f o r  r e so lv inp  a l coho l  enantiomers,  TSPI had g r e a t l y  shor-  

tened the d e r i v a t i e a t i o n  time, wh i l e  NFIC had been re- 

ported t o  r e so lve  racemic 3-0-hexadecylglycfrol a f t e r  de- 

r i v a t i z i n p  a t  8 O o C  f o r  36hrC2). I t  may be one of t he  rea- 

sons t h a t  t h P  c e n t r a l  carbon atom i n  i socyana te  group o f  

TSPI is more p o s i t i v e  a n d  r e s u l t s  i n  vore r e a c t i v e  than 

t h e  one of NEIC because the  n i t r o g e n  atom i n  p r o l i n e  of 

TSPI can a t t r a c t  e l e c t r o n s  wh i l e  t h e  naphthalene group of  

NEIC can renel  e l e c t r o n s .  On t h e  o t h e r  hand, t h e  l a r g e r  

grnups connectanE w i t h  t h e  c h i r a l  carbon atom of 3-0-he- 

xadecylglycerol  may reduce t h e  r e a c t i v i t y  of i ts  hydroxy 

group with isocyanate  o f  NEIC. Mass s p e c t r a  d a t a  o f  t h e  

d e r i v a t i v e s  confirmed t h e i r  expected s t r u c t u r e s  t h a t  t h e  

i s ccyana te  formed urea with amine and carbamate with a l -  

cohol. I n  conclusion,  TSPI may become a v e r s a t i l e  and 

p o t e n t i a l  c h i r a l  d e r i v a t i e i n p  r eagen t .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CHIRAL DERIVATIZING REAGENT .7-.., 
I Y E W  

1. 

2 .  

3. 

4 .  

5 .  

6 .  

7.  

0 .  

9. 

RE FEW; N CES 

885 

Pflugma.nn, G . ,  Snahn , H .  and 
matogr . ,  421, 162(1987). 

Michelsen,  P., Arnnsson,  R . ,  

Mut sch le r ,  E. ,  J .  Chro-  

Odham, C .  and  Akesson, 

B. ,  J .  Chromatogr., - 350, 41?(1985). 

P i r k l e ,  W .  H .  a n d  l i enks t r a ,  X .  S . ,  J .  Org. Chem., - 39, 
3904( 1974 1. 
Karper, H. L . ,  S t e r n ,  H. L . ,  Keane, k . ,  t ia lpern,  B. 
and West ley,  J .  W .  , ’  Anal .  Chem., 39,  228( 1967). 

Clark, C. F.  a n d  Ba rksda le ,  J .  N., Anal .  Chem., 56,  
958(1984) .  

Weinstock,  J., J. Orp, Chem., - 26,  3511, 1961. 

P i r k l e ,  W .  H . ,  Mahler ,  G .  a n d  Hyun, M. H., J. Lio. 
Chromatogr., - 9 ,  443(1986) ,  

Kovacs, J., Kisca ludg ,  L . ,  C e p r i n i ,  M. Q. and Jonnson, 
R. H . ,  Te t rahedron ,  25 ,  2555(19C9). 

McCahren, W. J .  and Goodman, M., Tet rahedron ,  3,  
2017( 1967) .  

- 
- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


