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HPLC ANALYSIS CF OLIGOMERIC ETHYLERE GLYCCL MIXTURES 
V I A  BIS (2,4-DINITRCFHENYLATICN), 

Abraham Yarshawsky', Nuri t  Shoef and Arieh Tishbee 
Department of  Crganic Chemistry, 

k'eizmann I n s t i t u t e  o f  Sc ience ,  Rehovot, I s r a e l .  

ABSTRACT 

Bis(2,4-dinitrophenylation) of o l igomer ic  e t h y l e n e  g l y c o l s  o f  
t h e  formula HG-(CH CH20In-H (n=4-16)to t h e  corresponding CNP- 
C(CH CH -0) -DNP (&ere CNP s t a n d s  for 2 ,4-d in i t rophenyl )  provides  
chrogopEori8 d e r i v a t i v e s ,  which a r e  separa ted  chromatographica l ly  
on HF'LC column. 

The b i s ( 2 , 4 - d i n i t r o p h e n y l )  g l y c o l s  a r e  s t a b l e  i n  presence  o f  
t r i e t h y l a m i n e ,  bu t  undergo e t h a n o l y s i s  i n  presence of hydroxide 
ions .  The q u a n t i t a t i v e  removal o f  t h e  DNP groups a l lows  a n  
i n t e g r a t e d  scheme t o  pure g l y c o l s  from commercially a v e i l a b l e  
polye thylene  g l y c o l  m i x t u r e s ,  by b i s ( 2 , 4 - d i n i t r o ~ h e n y l ~ t i o n ) ,  
chromatographic s e p a r a t i o n ,  end-group removal, u s i n g  HPLC o f  t h e  
b is - (2 ,4-d in i t rophenyl )  g l y c o l s  for p u r i t y  monitor ing.  

INTRODUCTION 

Ethylene g l y c o l  o l igomers  a r e  impor tan t  s t a r t i n g  m a t e r i a l s  i n  

t h e  s y n t h e s i s  of macrocycl ic  e t h e r s  (1-5). Their  s p e c i a l  s o l u b i l -  

i t y  and c h a i n  f o l d i n g  p r o p e r t i e s  a r e  e x t e n s i v e l y  s t u d i e d  (6-8). 

Considerable  a t t e n t i o n  is a l s o  given t o  t h e  use o f  o l i g o g l y c o l s  as  

l i q u i d  polymeric suppor ts  i n  au tomat ic  l i q u i d  phase p e p t i d e  syn- 

t h e s i s  (9). 

2797 

Copyright 0 1983 by Marcel Dekker, Inc. 0148-39 19/83/06 14-2191$3 .50/0 

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



2798 WARSHAWSKY, SHOEF, AND TISHBEE 

Our i n t e r e s t  i n  f a c i l e  s y n t h e t i c  me thods  t o  pu re  g l y c o l s  h s s  

risen i n  t h e  course of s t u d i e s  on  t h e  s y n t h e s i s  of p o l y m e r i c  

crown (10) and pseudocrown e t h e r s  (11) .  T h i s  hss a l s o  l e d  us t o  

d e v e l o p  a h i g h l y  sensi t ive and  a c c u r a t e  a n a l y t i c 2 1  method b a s e d  on 

c o n v e r s i o n  of t h e  g l y c o l s  t o  b i s ( 2 , b - d i n i t r o p h e n y l  d e r i v a t i v e s )  

(12  1, c o u p l e d  w i t h  E igh  Performiince L i q u i d  Chrona tograFhy  A n a l y s i s  

(HPLC), which  is  r e p o r t e d  i n  t h i s  p a p e r .  

S y n t h e s i s  of B& (2,4-D i n i  t r o p h e n y l )  G 1 yco l s :  Chromophoric L i g o n d s  

for  HPLC A n d y s i s .  -- 
The b i s  ( 2 , 4 - d i n i t r o p h e n y l t i t i o n  o f  g l y c o l s  c o n v e r t s  t h e  

w a t e r - s o l u b l e  g l y c o l s ,  t o  hydrophob ic  d e r i v a t i v e s  i n c o r p o r a t i n g  

h i g h - e x t i n c t i o n  c o e f f i c i e h t  ch romophores ,  which c a n  b e  r e a d i l y  

r e s o l v e d  by c h r o m a t o g r a p h i c  me thods  using s p e c t r o s c o p i c  moni- 

t o r i n g .  The s y n t h e s i s  o f  b i s ( 2 , 4 - d i n i t r o p h e n y l )  g l y c o l s  

( a b b r e v i a t e d  bis-DNP-glycolsIo t h e  p r o d u c t  c o m p o s i t i o n  are t o  be  

d e s c r i b e d  e l s e w h e r e  (13 1. The lower g l y c o l s  ( t r i - t o - p e n t a  g l y c o l )  

y i e l d  e x c l u s i v e l y  t h e  bis-DNP d e r i v a t i v e s  a f t e r  24 h o u r s  r e a c t i o n .  

The r e a c t i v i t y  o f  t h e  g l y c o l  d e c r e a s e s  a s  c h a i n  l e n g t h  i n c r e a s e s ,  

and  l o n g e r  r e a c t i o n  t imes are needed  to  c o n v e r t  t h e  h i g h e r  g l y c o l s  

t o  t h e  bis-DNP d e r i v a t i v e s .  

P e r f o r m a n c e  L i q u i d  Chromatography A n a l y s i s  f P o l y e t h y l e n e  

G l y c o l  O l igomer  R i x t u r e s .  

The r e s o l u t i o n  of a p r e p a r e d  m i x t u r e  of t e t r a ,  p e n t a ,  h e x a ,  

h e p t s  and o c t a  g l y c o l s  (8s t h e  b i s - 2 , 4 - d i n i t r o p h e n y l  d e r i v a t i v e s )  
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F I G U R E  1 
HPLC a n a l y s i s  of a prepared mixture  of pure b i ~ ( 2 ~ 4 - d i n i t r o p h e n y l )  
d e r i v a t i v e s  of t e t r a  t o  o c t e  g l y c o l .  

c 
L 

c v) 
0 

U 

F I G U R E  2 

HPLC a n a l y s i s  of a mixture  of bis(2,4-dinitrophenyl)golyethylene 
g l y c o l  600, s p i k e d  wi th :  ( a )  tds (2 ,4 -d in i t ropheny l )hepta  g l y c o l  
and (b) bis(2,4-dinitrophenyl)octe g l y c o l .  
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2800 WARSHAWSKY, SHOEF, AND T I S H B E E  

on a n u c l e o s i l  CtH5 (7 Next, t h e  

chromatogram of t h e  bis(2,4-dinitrophenylated) r r ix tu re  of p o l y -  

e t h y l e n e  g l y c o l  (PEG)-600 i s  shown i n  b i g .  2. B i s ( 2 , 4 - d i n i t r c -  

p h e n y l )  h e p t z e t h y l e n e  g l y c o l  and b i s  ( 2 , b - d i n i t r o p h e n y l )  dodeca- 

e t h y l e n e  g l y c o l  were added as  i n t e r n a l  m a r k e r s .  

m) column is shown i n  F ig .  1. r 

Under t h e  above  c o n d i t i o n s ,  r e s o l u t i o n  be tween t h e  b i s ( 2 . 4 -  

d i n i t r o p h e n y l )  d e r i v a t i v e s  o f  e t h y l e n e  g l y c o l s  from d i g l y c o l  t o  

p e n t s d e c a  g l y c o l  is p o s s i b l e .  The r e s o l u t i o n  of c r u d e  b is (2 , I r -d i -  

n i t r o p h e n y l a t e d )  s i x t u r e s  of p o l y e t h y l e n e  g l y c o l s  ( p r o d u c t  o f  

F l u k a ,  S w i t z e r l a n d )  are shown i n  F i g .  3. ( F i g .  3A - PEG-230; F i g .  

3B - PEG-330; F i g .  3C - PEG-433; F i g .  9 - PEG-600). Each 

chromatogram c o n t a i n s  2 , 4 - d i n i t r o p h e n o l ,  2,4-dinitrofluoroCenzene 

(2.4 DNFE, Rt=b.Orcin), t h e n  a band of c l o s e l y  packed  mono (2.4- 

d i n i t r o p h e n y l )  g l y c o l  homologes ( a b b r e v i a t e d  kCB, fo r  mono-DNP- 

BANE). ' h e n  a band of t h e  b i s ( 2 . 4 - d i n i t r o p h e n y l )  g l y c o l s ,  a s s i g n -  

e d  b y  n u m e r a l s  i d e n t i c a l  w i t h  t h e  i n t e g e r  n i n  HO(CH2CH20-),-H. 

The i d e n t i f i c a t i o n  of t h e  components  i n  F ig .  3 was t h r o u g h  

compar ison  w i t h  p r e p a r e d  m i x t u r e s  of t h e  p u r e  g l y c o l s ,  s u c h  as a 

m i x t u r e  of t e t r a  t o  octa  g l y c o l s  shown i n  F i g .  1. A l t e r n a t i v e l y ,  

s a m p l e s  were s p i k e d  w i t h  a known component,  as shown i n  F ig .  2. 

- HPLC P u r i t y  k o n i t o r i n e  Chromatograph ic  S e p a r a t i o n  f 

- B i s ( Z . b D i n i t r o p h e n y 1 )  O l i g o e t h y l e n e  G l y c o l  Mix tu res .  

B i s ( 2 , 4 - d i n i t r o p h e n y l )  g l y c o l s  are v e r y  s e n s i t i v c  t o  n u c l e o -  

p h i l i c  s u b s t i t u t i o n  b y  e t h o x i d e  i n  t h e  sys t em NaOH/EtCH/CHCl [ t h e  

r e a c t i o n  b e i n g  comple t ed  w i t h i n  5 m i n u t e s  a t  8OoC (13)], a n d  pro- 

d u c e  a m i x t u r e  of l i b e r a t e d  g l y c o l s  and 2 . 4 - d i n i t r o p h e n o l .  T h i s  
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OLIGOMERIC ETHYLENE GLYCOL MIXTURES 2801 
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min 36 32 28 24 20 16 12 8 4 0 
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FIGURE 3 

HPLC a n a l y s i s  of b i s ( 2 , 4 - d i n i t r o p h e n y l )  d e r i v a t i v e s  of polye thy l -  
ene  g l y c o l  mixtures:  ( a )  P E G - 2 0 0 ;  (b) P E G - 3 3 0 ;  ( c )  P E G - 4 3 0 ;  
( d )  P E G - 6 0 0 .  h m b e r s  i d e n t i f y  with n i n  HO-(CH2CH20),-H. 
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2802 WARSHAWSKY, SHOEF, AND TISHBEE 

I I I I I I I I I I I I I I  

rnin28 24 20 16 12 8 4 0 

FIGURE 4 

HPLC a n a l y s i s  o f  nonaglycol  wi th  octa  g l y c o l  and d e c a g l y c o l s  a s  
i m p u r i t i e s :  RG-330, s t a r t i n g  m a t e r i a l .  

p r o p e r t y  a l lows  t h e  d e s i g n  of a n  i n t e g r a t e d  scheme l e a d i n g  from 

mixtures o f  po lye thylene  g l y c o l s ,  v i a  bis-(2,4-dinitrophenylation) 

chrometographic  s e p a r a t i o n  and removal o f  t h e  2,4-dini t rophenyl  

p r o t e c t i n g  group t o  pure g l y c o l s  (see scheme 1).  The HPLC method 

descr ibed  i n  t h i s  work a l lows  t h i s  scheme by e n s u r i n g  p u r i t y  moni- 

t o r i n g  and c o n t r o l  o f  t h e  chromatographic  s e p a r a t i o n  procedure. 

From t h e  composition o f  t h e  commercial PEG-mixtures (see Fig. 3) 

it follows t h a t  PEG-230 is a source  of t r i ,  t e t r a  and penta  g ly-  

c o l s ,  PEG-330 and PEG400 a r e  a source f o r  pente  t o  deca g l y c o l s  

and PEG-600 a source  f o r  o c t a  t o  hexadeca g l y c o l s .  Fig.  4 shows 

enr iched  nonaglycol  o b t a i n e d  *om PEG-330, and Fig. 5 shows 

enr iched  f r a c t i o n s  of t h e  Eis-(2,4-dini t rophenyl)  d e r i v a t i v e s  o f  

t h e  h i g h e r  g l y c o l s  ob ta ined  from PEG-600 u s i n g  scheme 1. F u r t h e r  

chromatographic  s e p a r a t i o n  y i e l d s  pure  g l y c o l s .  

In conclus ion ,  i n  t h e  p r e s e n t  paper  we have presented  a high- 

l y  s e n s i t i v e  HPLC method for t h e  r e s o l u t i o n  and i d e n t i f i c a t i o n  of 
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OLIGOMERIC ETHYLENE GLYCOL MIXTURES 2803 

DNP - 0 (C HzCH21n-7 0-  DNP DNP-0-CH 2 C H 2; 0- DNP 

Scheme no. 1 : pure glycol via bis4dinitrophenilation)of glycol mixtures, 

chromatographic separation and deblocking 

DN P- O f  CH2CH2 )n+ i0-  DN P 

NaOH / EtOH I 
HO(CH2CH2),-, OH HO (CH 2CH2 ),-OH HO(CH2CH2)n;,0H 

D N P = 2,4 - dinit rop heny t 

o l i g o e t h y l e n e  g l y c o l s  i n  s y n t h e t i c  s amples  o r  i n  t h e i r  commerc.ia1 

a d m i x t u r e s ,  r e s u l t i n g  from a n i o n i c  p o l y m e r i z a t i o n  of e t h y l e n e  

o x i d e .  I n  a d d i t i o n ,  we have  e l a b o r a t e d  a method t o  pu re  o l i g o -  

e t h y l e n e g l y c o l s  (n=4-16) from commerc ia l ly  a v a i l a b l e  p o l y e t h y l e n e  

g l y c o l  m i x t u r e s  by  bis(2,4-dinitrophenylation) chromatograph ic  

s e p a r a t i o n  and end-group removal .  The HPLC a n a l y s i s  o f  t h e  b i s -  

DNP g l y c o l s  e n a b l e s  p u r i t y  m o n i t o r i n g  o f  t h e  g l y c o l s  o b t a i n e d  b y  

e i t h e r  r o u t e .  

Making a v e i l a b l e  h i g h  p u r i t y  g l y c o l s  w i l l  c o n t r i b u t e  t o  t h e  

s y n t h e s i s  o f  u l t r a  pu re  c r o w n e t h e r s ,  and w i l l  make e v a l u a t i o n  of 

thermodynamic and b i o l o g i c a l  measurements  o f  v a r i o u s  p h y s i c a l  

p r o p e r t i e s  of c r o w n e t h e r s  more s i g n i f i c a n t .  

Although a n a l y s i s  of h i g h e r  t h a n  hexadeca g l y c o l  was n o t  

a t t e m p t e d ,  t h e  method s h o u l d  b e  a p p l i c a b l e  t o  h i g h e r  g l y c o l s .  
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n=l I 

FIGURE 5 

HPLC a n a l y s i s  of chromatographical ly  separated  b i s ( 2 , 4 - d i n i t r o -  
phenyl d e r i v a t i v e s  of: ( a )  hepta ,  o c t a ;  (b) ncna, deca ,  undeca; 
( c )  deca ,  undeca,  dodeca; ( d )  dodeca, t r i d e c a  and (e l  t r i d e c a ,  
t e t r a d e c a  and pentadeca g l y c o l s .  PEG-600, a s  s t e r t i n g  s a t e r i a l .  
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OLIGOMERIC ETHYLENE GLYCOL MIXTURES 2805 

EXPERl NENTAL 

P r e p a r a t i o n  of B i s (2 .4 -Din i t ropheny l )  D e r i v a t i v e s .  

The g l y c o l  (13.0 mole) is d i s s o l v e d  i n  3 0  m l  d i s t i l l e d  

a c e t o n e ,  and 4.7 r r l  (66 moles) of t r i e t h y l a m i n e  added ,  f o l l o w e d  

by  5.0 g (26.4 moles) of 2 , 4 - d i n i t r o f l u r o b e n z e n e  (A.R) .  The 

s o l u t i o n  is a l lowed  t o  s t a n d  a t  room t e m p e r a t u r e  for 2 4 - 4 8  h o u r s  

i n  t h e  c a s e  of t h e  lower g l y c o l s  ( u p  t o  d e c a g l y c o l ) ,  and up to  7 

d a y s  wi th  t h e  h i g t e r  g l y c o l s .  

After e v a p o r a t i n g  t h e  a c e t o n e ,  t h e  p r o d u c t  is t e k e n  i n  100 a1 

CHC13, washed w i t h  2x50 n.1 i n  HC1, and t h e n  wi th  water t o  n e u t r a l  

The s o l u t i o n  is d r i e d  on kgS04, and t h e  C H C l  removed b y  

d i s t i l l a t i o n .  Chromatographic  s e p a r a t i o n  allows i s o l a t i o n  of t h e  

b i s ( 2 , 4 - d i n i t r o p b e n y l )  d e r i v a t i v e s  i n  45-762 y i e l d s  (13 ). 

3 PH. 

9 Per fo rmance  L i q u i d  Chromztography A n a l y s i s .  

The HPLC a n a l y s i s  was pe r fo rmed  on a Waters Associates Fode l  

244 HPLC u s i n g  a se l f -packed  N u c l e o s i l  (-7 a) CaH5 column of 250 

b y  4.6 m, a t  room t e m p e r a t u r e .  S e v e r a l  s o l v e n t  e l u t i o n  s y s t e m s  

were t r i e d :  (a )  23% d i o x a n e  i n  CHC13; (b) 20% d i o x a n e  + 1 %  iso- 

p r o p a n o l  i n  CHC13;  The l a s t  s y s t e m  was 

found to  be  s u p e r i o r  and a l l  t h e  r e s u l t s  r e p o r t e d  h e r e  r e f e r  t o  

t h e  l a s t  sys t em.  Flow ra te  of '1 ml/min and  c h e r t  s p e e d  3.5 cmllrin. 

Sample c o n c e n t r a t i o n  i n  CH2C12: Sample s i z e :  5-29? 1, UV 

d e t e c t o r  - 2 5 4  nm. A l l  t h e  HPLC chromatograms of t h e  c r u d e  

b i s  ( 2 , 4 - d i n i t r o ~ h e n y l )  g l y c o l s  c o n t a i n  2,4-dinitrofluorotenzene 

(2,4-DNFB) and 2 , 4 - d i n i t r o p h e n o l  (2.4-DNPOH). I n  t h e  c a s e  of t h e  

2 , 4 - d i n i t r o p h e n y l a t e d  p o l y e t h y l e n e  g l y c o l  m i x t u r e s  a band corres- 

P 

(c) 33% H20 i n  CM30H. 

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



2806 WARSHAWSKY, SHOEF, AND TISHBEE 

ponding t o  t h e  monc-2,4-dinitrophenyl de r iva t ives  is presented and 

is designated a s  #DE. 
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