
Polymer Bulletin 6, 595-601 (1982) Polymer BulieUn 
�9 Springer-Verlag 1982 

Soluble Polymers in Organic Synthesis 
3. Polyethylene Glycol as Acid Labile Solubilizing 
Protecting Group + 

H. Anzinger and M. Muter 

In~itut for Organische Chemie der Universi~t, D-6500 Mainz, 
Federal Republic ~ Germany 

SUMMARY 

The end func t ion  of po lye thy lene g lyco l  was t r ans fe r r ed  

to the t e r t i a r y  alcohol fo r  use as acid l a b i l e ,  so lu-  

b i l i z i n g  p r o t e c t i n g  group in pept ide syn thes is .  

INTRODUCTION 

Polyethy lene g l yco ls  (PEG) are widely  used fo r  b io -  

medical use as wel l  as in organic synthes is  due to 

t h e i r  unique physica l  and chemical p rope r t i es  ( P i l l a i  

and Mutter  1981). S p e c i f i c a l l y ,  when used as C- te rmi -  

nal p ro tec t i ng  group in l i q u i d - p h a s e - p e p t i d e  syn thes i s ,  

PEG f a c i l i t a t e s  the reac t ion  cycle in the step by step 

synthes is  of pept ides and exer ts  a s o l u b i l i z i n g  e f f e c t  

upon the pept ide chain (Mut ter  and Bayer 1979). To 

make use of these advantages of PEG in organic 

syn thes i s ,  a wide range of e a s i l y  s p l i t t a b l e  groups 

between PEG and subs t ra te  attached to i t s  chain ends 

must be ava i l ab l e  ( P i l l a i  et a l .  1980). As h igh ly  acid 

l a b i l e  p r o t e c t i n g  group, we recen t l y  in t roduced the 

t e r t . - b u t y l e s t e r  analogue of t r i e t h y l e n e  g lyco l  mono- 

methy le ther  (Anzinger et a l .  1979). For p r a c t i c a l  

reasons, the use of h igher molecular  weight PEG is in -  

d icated because of the high 
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s o l u b i l i z i n g  e f f e c t  and the tendency  to c r y s t a l l i z e  

f rom o r g a n i c  s o l v e n t s .  

Here we d e s c r i b e  the m o d i f i c a t i o n  o f  the cha in  ends 

o f  mono- or  b i f u n c t i o n a l  PEG w i t h  R n 2000 to the 

t e r t i a r y  a l c o h o l i c  group and i t s  p o t e n t i a l  a p p l i c a t i o n  

as s o l u b l e  c a r r i e r  in  o r g a n i c  s y n t h e s i s  as we l l  as 

s o l u b i l i z i n g  p r o t e c t i n g  group in  p e p t i d e  s y n t h e s i s .  

RESULTS AND DISCUSSIONS 

The p rocedure  f o r  t r a n s f o r m i n g  the p r i m a r y  OH of  PEG 

to the t e r t i a r y  OH group is  o u t l i n e d  in  Scheme 1. 

Scheme 1: 

CH3-O~CH2-CH2-O~nCH2-CH2-OH 

t i )  naph tha lene -Na  

0 
I 

2) ar-cH2- -o-c2, s 
0 
II 

CH3-O~CH2-CH2-O~nCH2-CH2-O-CH2-C-O~ 5 
J 

I I  MPEG 

I CH3MgI 

MPEG-CH2-~-OH 

CH 3 

I I I  

I w a s t i t r a t e d  to the sodium a l c o h o l a t e  w i t h  n a p h t h a l e n e -  

sodium (BUckmann e t  a l .  1980) and reac ted  w i t h  e t h y l -  

b romoace ta te  to the PEG-ester  I j .  By G r i gna rd  r e a c t i o n  

was c o n v e r t e d  to the t e r t i a r y  a l c o h o l  lll.~,v Both 

r e a c t i o n s  proceeded to q u a n t i t a t i v e  y i e l d ,  as proved 

by NMR, IR and t . l . c .  As shown in  F ig .  i ,  the e s t e r  

t r i p l e t  o f  ~II i s  r ep l aced  by a s i n g l e t  ( ~ I I  in  the 

NMR s p e c t r a .  
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E 
# V  

llJ 
N 

Y 
F i g . l .  90 MHz 1H-NMR-spectra of  I I  and I I I  in CDCI 

N H 2 - p r o t e c t i n g .  The i n t r o d u c t i o n  of  III~ i n t o  amines 

v ia  ure thanebond ing r e s u l t s  in an ac id l a b i l e ,  tem- 

porary  p r o t e c t i n g  group.This ~s r e a d i l y  achieved v ia  

the 

( i )  p - n i t r o p h e n y l c a r b o n a t e  

or ( i i )  f l u o r o f o r m i c e s t e r  

as o u t l i n e d  in Scheme 2 .  

The r e a c t i o n  w i t h  p r imary  NH2-groups proceeds 

g e n e r a l l y  under very mi ld  c o n d i t i o n s .  

As a t y p i c a l  example when VI was reac ted w i th  a 

2 - f o l d  excess of  the t r i p e p t i d e - e s t e r  H-(L-AIa)3-OMe 

the polymer pep t ide  was ob ta ined  in p r a c t i c a l l y  

q u a n t i t a t i v e  y i e l d .  I t  proved to be r e a d i l y  s o l u b l e  

in o rgan ic  s o l v e n t s  as wel l  as in water .  

Besides i t s  use as s o l u b i l i z i n g  N- te rm ina l  (o r  s i d e -  

cha in )  p r o t e c t i n g  group in pep t ide  s y n t h e s i s ,  t h i s  
ac id  l a b i l e  macromolecu lar  p r o t e c t i n g  group may be 
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u s e f u l  in  the f i e l d  o f  c a r r i e r  suppo r t ed  pharmaco lo -  

g i c a l  a c t i v e  compounds as we l l  as in  the m o d i f i c a t i o n  

o f  enzymes and p r o t e i n s .  

Scheme 2: 

0 
II 

C1 -C-OONO 2 

I I I  - 

0 
fl 

CI.-C -F 

0 

DCC, DMAP 

~ H 3 0 

M P E G - C H 2 - C - O - C - O O N O  2 

CH 3 

3 0 v 

I! 
MPEG-CH2-C-O-C-F 

CH 3 
VI 

CH 3 0 
I I  

MPEG-CH2-C-O-C-R 

CH 3 

V I I  

Z-AIa ,C6H5-S02-CI  ~H 3 011 

MPEG_CH2_C_O_C_ CH_NH_ Z 
I 

P y r i d i n e  CH 3 CH 3 

COOH-p ro tec t i on .  When used as COOH'p ro tec t i ng  g roup,  

I~II is  e s t e r i f i e d  a c c o r d i n g  to method a or  b as o u t -  

l i n e d  in  Scheme 2. Method a is  a p p l i c a b l e  f o r  any 

COOH- c o n t a i n i n g  compound, most n o t a b l y  f o r  mo lecu les  

w i t h  s t e r i c  h i n d r a n c e .  

When used as a C - t e r m i n a l  p r o t e c t i n g  group in  p e p t i d e  

s y n t h e s i s ,  the danger o f  r a c e m i z a t i o n  d u r i n g  e s t e r i -  

f i c a t i o n  in  both methods migh t  be a prob lem in  some 

cases.  

For example,  o l i g o  ~ - T y r ( B z l )  was s y n t h e s i z e d  s t e p -  

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

the l i q u i d - p h a s e - m e t h o d  (LPM) w i t h  C - t e r m i n a l  g l y c i n e  

( i n t r o d u c e d  by e s t e r i f i c a t i o n  o f  I~II w i t h  p h t h a l o y l -  

g l y c i n e  and subsequen t  p h t h a l o y l  d e p r o t e c t i o n  by 
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h y d r a z i n o l y s i s )  as an i n te rna l  standard according to 
Scheme 3. 

Scheme 3: Cycle of the stepwise o l i g o - L - T y r ( B z l ) -  
synthesis  using a polymeric t e r t .  b u t y l -  

es ter  as C-terminal  p r o t e c t i o n .  

o c, 3 

NH2CH2COCCH2-PEGM ~ / -  / NPS-Tyr(Bzl) 
CH 3 ~ I. coupling 

~ c rys ta l l i za t i on  of the 
/ f  / ~ polymer-peptide 

NPS-Tyr(Bzl )" J } 
o x cou l n  \ L 

/ ~  ~ NPS- deprotecti on 
/ " ~  (mild acidic 

, \ conditions) 
o \ 

H-(Tyr)n_ 1 -NHCH2COCCH2-PEGM 
M neutral i zati on Bzl CH 3 

I HCl/CH3COOH 

H- (Tyr) n - I-NHCH2COOH 
Bzl 

P'relJmina~ results show, tha t  the acid s t a b i l i t y  of the 
bound subst ra tes  is s i g n i f i c a n t l y  h igher  compared to 
low molecular t e r t .  buty l  groups due to the s t a b i l i z -  
ing induc t i ve  e f f e c t  of a ne ighbor ing -O-CH2-grou p. 
For ob ta in ing  acid l a b i l i t i e s  s i m i l a r  to low molecular  
weight  t e r t . - bu ty l  groups, the i n s e r t i o n  of three 
CH2-groups between ether  oxygen and t e r t i a r y  C-atom 

fH3 
i . e .  of  type -O-(CH2)3-C-OH via the acetoacetate 

I 
CH 3 

method is under i n v e s t i g a t i o n .  
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EXPERIMENTAL 

A l l  s o l v e n t s  have been c a r e f u l l y  d r i e d .  React ion 

y i e l d s  were t es ted  by t . l . c .  ( s i l i c a g e l  p l a t e s ,  Woelm, 

F 2 5 4 / 3 6 6 ; s o l v e n t  system CH2C12: CH30H = 7 :1 ;  Dragen- 

d o r f f - B u r g e r  r e a g e n t ) .  

~ - E t h o x y c a r b o n y l m e t h y l - ~ - m e t h o x y p o l y ( o x y e t h y l e n e ) :  

MPEG,B n 1900 (30g=15.8 mmole) d r i e d  in vacuo over 

P4010 , was d i s s o l v e d  in 250 ml t e t r a h y d r o f u r a n  at  60 o . 

The polymer was reac ted to the sodium a l c o h o l a t e  under 

dry n i t r o g e n  atmosphere by adding a sodium naphtha lene 

s o l u t i o n  prepared from naphtha lene (20,2g=158 mmole) 

and sodium (3,63g=158 mmole) in t e t r a h y d r o f u r a n  (50ml) 

under n i t r o g e n  at  room tempera tu re  t i l l  the green 

c o l o r  was s t a b l e  f o r  more than 5 minutes .  Then 15,8g 

(95 mmole) e t h y l - b r o m o a c e t a t e ,  d i s s o l v e d  in i0 ml 

t e t r a h y d r o f u r a n ,  were added dropwise .  

A f t e r  2 hours s t i r r i n g  under dry n i t r o g e n  the r e a c t i o n  

m ix tu re  was f i l t e r e d  over diatomaceous ea r th  and con- 

cen t r a t ed  in vacuo to a volume of  ca. I00 ml. The 

polymer was p r e c i p i t a t e d  under s t i r r i n g  by adding 

s l o w l y  300 ml of  dry  e t h e r ,  f i l t e r e d  and d r i e d  in 

vacuo over P4010. 25g (80%) o f ~ - E t h o x y c a r b o n y l m e t h y l -  

- m e t h o x y p o l y ( o x y e t h y l e n e )  were ob ta ined .  

NMR: t r i p l e t  1,18 ppm -CO0-CH2-CH 3 
- I  

IR: ~0  1752 cm 

O ( - H y d r o x y - t e r t .  b u t y l - ~ - m e t h o x y p o l y ( o x y e t h y l e n e ) :  

I I (24g=12 mmole) in 250 ml t e t r a h y d r o f u r a n  was 

added dropwise to a f r e s h l y  prepared s o l u t i o n  of  120 

mmole methy lmagnes iumiod ide in 150 ml o f  a I : I  mix-  

t u re  o f  e the r  and t e t r a h y d r o f u r a n .  

The m ix tu re  was r e f l u x e d  f o r  2 hours and cooled to 

room tempera tu re .  The p r e c i p i t a t e d  product  was 

f i l t e r e d ,  washed w i th  e the r  and hyd ro l yzed  in an iced 

N H 4 C l - s o l u t i o n .  The aqueous phase was e x h a u s t i v e l y  

e x t r a c t e d  w i t h  d i ch lo rome thane ,  the c o l l e c t e d  o rgan ic  
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phases were washed wi th satura ted NaCl so lu t i on  and 

concentrated in vacuo to a volume of ca. 75 ml. The 

polymer was p r e c i p i t a t e d  under s t i r r i n g  and i c e - c o o l i n g  

by adding s lowly  300 ml of e ther ,  f i l t e r e d  and dr ied 

in vacuo over P4010 . 229 (92%) I I I  were obta ined.  

NMR: s i n g l e t  1,08 ppm CH 
h 3 

-C-OH 
I 
CH 3 
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