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New Polymer Syntheses 
5. Poly(L-ornithine), Poly(L-lysine) and Isopoly(I-lysine) 
with Pending 2-Thiothymine Groups 

Hans R. Kricheldorf and Martin Fehrle 

Institut for Makromolekulare Chemie der UniversitY.t, Stefan-Meier-Str. 31, 
D-7800 Freiburg, Federal Republic of Germany 

SUGARY 

1-(2-Carboxyethyl)-2-thiothymine was activated in the form 
os a N-hydroxysuccinimide ester. The free amino groups of poly 
(L-ornithine)s poly(L-lysine) and isopoly(L-lysine) were acyla- 
ted with this activated ester s and the resulting poly(nucleo- 
amino acids) were characterize~ by mea~ of elemental analyses s 
optical rotation s viscosities ~H- and -~C-NMR spectra. IR- 
spectra suggest that the poly(L-ornithine) and poly(L-lysine) 
derivatives adopt the ~-helix structure in the solid state. 

INTRODUCTION 

Since the discovery of Willardiine s a pyrimidine derivati- 

ve of L-alaninejin various plants ]) " the interest of polymer 

chemists and biochemists in nucleoamino acids and polypeptides 

with pending pyrimidine or purine bases has steadily increased. 

Various routes for the synthesis of polypeptides with pending 

nucleobases or nucleosides were explored in the course of the 

last two decades. One route starts with the preparation of sui- 

table monomers containing the nucleobase in the side chain s 

while the polymerization is the last step 2-~). Another stra- 

tegy starts with the preparation of the basic polypeptides 

followed by a conversion with activated electrophilic nucleo- 

base or nucleoside derivatives 8-10). The latter procedure 

seems to be more versatile and we have used this strategy in 

the present work to prepare a couple of polypeptides with pen- 

ding 2-thiothymine groups. 
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RESULTS and DISCUSSION 

I n  t h e  p r e c e d i n g  p a p e r  o f  t h i s  s e r i e s  10) we h a v e  d e s c r i b e d  

t h e  s y n t h e s i s  o f  1 - ( 2 - c a r b o x y e t h y l ) - 2 - t h i o t h y m i n e  ( I b )  f r o m  

5 - m e t h o x y  m e t h a c r y l o y l  i s o t h i o c y a n a t e  and  B - a l a n i n e .  The c o r -  

r e s p o n d i n g  g l y c i n e  d e r i v a t i v e  I a  was now p r e p a r e d  i n  t h e  same 

way and  b o t h  compounds  were  a c t i v a t e d  a t  t h e  c a r b o x y l  g r o u p .  

However~ r e g a r d l e s s  o f  t h e  a c t i v a t i n g  r e a g e n t  u s e d  e . g .  t h i o -  

n y l c h l o r i d e ~  i s o b u t y l c h l o r o f o r m a t e ~  c a r b o n y l d i i m i d a z o l e  and  

d i c y c l o h e x y l c a r b o d i i m i d e ~  a b l a c k  t a r  was t h e  o n l y  r e a c t i o n  

p r o d u c t ~  when I a  was u s e d  a s  s t a r t i n g  m a t e r i a l .  I n  c o n t r a s t  s 

I b  g a v e  a s a t i s f a c t o r y  y i e l d  o f  a c r y s t a l l i n e  N - h y d r o x y s u c c i n -  

i m i d e  e s t e r  ( I I )  when t r e a t e d  w i t h  d i c y c l o h e x y l  c a r b o d i i m i d e  

and N - h y d r o x y s u c c i n i m i d e .  Thus~ o n l y  t h e  a c t i v a t e d  e s t e r  I I  

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

p e p t i d e s .  

CO CO 
/ ~CO-CHol ~ DCC /'~-CH S HN \ C - C H  3 HON~ + HN 

I II CO-CH 2 i 
SC\N/CH > SC N/CH 

- DCHU 
i I 

(~H2) n (CH2)2 
I / CO-CH~ 

COOH CO0-N~ I 
\ C O - C H  2 

la n = 1 

Ib n = 2 II 

As r e a c t i o n  p a r t n e r s  o f  I I  p o l y ( L - o r n i t h i n e ) ~ p o l y ( L - l y s i n e )  

and i s o p o l y ( L - l y s i n e )  were  u s e d .  The s y n t h e s i s  o f  t h e  l a t t e r  

p o l y m e r  h a s  b e e n  d e s c r i b e d  by  us  i n  a p r e v i o u s  p a p e r  1 1 ) .  The 

p r i m a r y  amino  g r o u p s  o f  t h e s e  p o l y m e r s  were  s e t  f r e e  f r o m  t h e i r  

h y d r o b r o m i d e s  by  means  o f  t r i e t h y l a m i n e  and  r e a c t e d  w i t h  I I  i n  

a "one  p o t  p r o c e d u r e " .  A s l i g h t  e x c e s s  was u s e d  t o  e n s u r e  a 

c o m p l e t e  c o n v e r s i o n  Of t h e  b a s i c  p o l y p e p t i d e s .  The p r i m a r y  

s t r u c t u r e  o f  t h e  r e s u l t i n g  p o l y ( n u c l e o a m i n o  a c i d s )  I I I  a ,  b 

and  IV was c h e c k e d  by  means  o f  C - ,  H-~ N - e l e m e n t a l  a n a l y s e s  

( T a b .  1 ) ,  1H- ( T a b . 2 )  and  13C-NMR s p e c t r a  ( T a b .  3 ) .  A c o m p a r i -  

s o n  o f  t h e  IH NMR s i g n a l  i n t e n s i t i e s  o f  t h e  ~ - o r  ~ -CH 2 

p r o t o n s  and  o f  t h e  ~ t - C H 2  p r o t o n s  a l l o w s  one  t o  e s t i m a t e  
/ 
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whether the polymer analogous acylation was complete or not. 

CO /CO 
/ "~-CH 5 HN, \~-CH 5 

SC\N / CH SC\ N/CH 
[ 

9' ~H 2 B' CH21 

~'~H 2 ~'~H 2 

CO CO 
j 
NH NH 

! 

(CH2)I n ' ' - N H - ( C H 2 ) 4 - C H - - C O - ' "  

t 
. . - N H - C H - C 0 - . .  

IIIa: n = 3 
IIIb : n = 4 

IV 

The 1H-NMR r e s u l t s  i n d i c a t e  a 9 5 - 1 0 0  % c o n v e r s i o n  and  t h e  13C- 

NMR s p e c t r a  ( T a b .  3 and  F i g .  1) a g r e e  a l s o  w i t h  t h e  e x p e c t e d  

s t r u c t u r e .  IR  s p e c t r a  o f  t h e  s o l i d  p o l y ( L - o r n i t h i n e )  and  p o l y  

( L - l y s i n e )  d e r i v a t i v e s  I I I a  and  b s u g g e s t  a h e l i c a l  s e c o n d a r y  

s t r u c t u r e .  The Amide I band  a t  1665 cm - 1  i s  t h e  m o s t  i n t e n s i v e  

amide  b a n d .  H o w e v e r ,  b e c a u s e  t h e  amide  b a n d s  o f  t h e  s i d e  c h a i n  

c a r b o n y l  g r o u p s  o v e r l a p  w i t h  t h e  Amide I band  o f  t h e  m a i n  c h a i n ,  

t h e  IR  s p e c t r a  a r e  i n  t h i s  c a s e  n o t  r e l i a b l e  i n d i c a t o r s  o f  t h e  

s e c o n d a r y  s t r u c t u r e .  

EXPERIMENTAL 

1 - ( 2 - C a r b o x y e t h y l ) - 2 - t h i o t h y m i n e  N - h y d r o x y s u c c i n i m i d e  e s t e r  ( I I ) ~  

1 - ( 2 - C a r b o x y e t h y l ) - 2 - t h i o t h y m i n e  ( 2 1 . 4  g = 0 . 1 M o l )  and  N- 

h y d r o x y s u c c i n i m i d e  ( 1 2 . 6  g = 0 . 1 1  mo l )  we re  d i s s o l v e d  i n  a m i x -  

t u r e  o f  150 ml d r y  THF and  150 ml d r y  DMF and mixed  a t  - l O ~  

w i t h  a s o l u t i o n  o f  N , N ' - d i c y c l o h e x y l c a r b o d i i m i d e  ( 2 2 . 6  g = 0 . 1 1  

mo l )  i n  50 ml d r y  THF. The r e a c t i o n  m i x t u r e  was s t o r e d  a t  0~ 

f o r  c a .  i 0  h ,  t h e  p r e c i p i t a t e d  N , N ' - d i c y c l o h e x y l u r e a  r e m o v e d  

by  f i l t r a t i o n  and  t h e  f i l t r a t e  t r e a t e d  w i t h  c h a r  c o a l .  A f t e r  

f i l t r a t i o n  t h e  THF s o l u t i o n  was c o n c e n t r a t e d  i n  v a c u o  and  t h e  

p r o d u c t  c r y s t a l l i z e d  by  p o r t i o n w i s e  a d d i t i o n  o f  e t h y l a c e t a t e  
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u n d e r  c o o l i n g  w i t h  i c e .  Y i e l d :  22 g (71%);  m. p .  159-142~  

ANAL: C a l c d .  f o r  C12H15Ns05S: C, 4 6 . 5 0 ;  H~ 4 . 2 1 ;  N, 1 3 . 5 0 ;  

Found  C, 4 5 . 8 6 ;  H, 4 . 5 8 ;  N, 1 5 . 2 0  

A c y l a t i o n  o f  b a s i c  p o l y p e p t i d e s  ( g e n .  p r o c e d u r e ) ~  

h p o l y p e p t i d e  h y d r o b r o m i d e  (10  mmoi) was d i s s o l v e d  i n  50 ml 

d r y  DHS0 and  t r i e t h y i a m i n e  ( 2 . 2  g = 20 mmol) and  1 - ( 2 - c a r b o x y -  

e t h y l ) - 2 - t h i o t h y m i n e  N - h y d r o x y s u c c i n e i m i d e  e s t e r  ( 4 . 7  g = 15 

mmol) w e r e  a d d e d .  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room t e m -  

p e r a t u r e  f o r  4 d and  t h e  p o l y m e r  p r e c i p i t a t e d  f r o m  1 1 e t h a n o l .  

The p r o d u c t  i s o l a t e d  by  f i l t r a t i o n ,  r e p r e c i p i t a t e d  f r o m  DHSO/ 

e t h a n o l ~  w a s h e d  w i t h  m e t h a n o l  and  d r i e d  a t  8 0 ~  - 2  m b a r .  

s~ 
L' a' b' #.~- N,, g 

,NH-CO-C H2-CH2-N\ C/h C=O 
, C H .  ; C= 

I L I 

d C,H 2 H CH 3 

c CH 2 k 

I l 
-~NH-CH-CO~ x 

a L 

~CLL ~ g 

.~ L , I j i I ' * * I i / 

180 160 450 120  ~,0 2O 
b (ppm) 

TMS 

0 

Fig. 1 22.63 MHz 13C NMR spectrum of poly(nucleoamino 

acid) III b in trifluoroacetic acid solution. 

M e a s u r e m e n t s :  

The 2 2 . 6 3  MHz 15C NMR s p e c t r a  and  t h e  90 ~ t z  1H NMR s p e c t r a  

we re  o b t a i n e d  on a B r u k e r  ~ t - 9 0  F T - s p e c t r o m e t e r .  The 15C N ~  

s p e c t r a  w e r e  m e a s u r e d  w i t h  s o l u t i o n s  o f  400 mg p o l y p e p t i d e  i n  

2 ml t r i f l u o r o a c e t i c  a c i d  u s i n g  10 mm od .  s a m p l e  t u b e s  w i t h  a 

c o a x i a l  4 mm od .  s a m p l e  t u b e  c o n t a i n i n g  d i o x a n e - d  8 and  TMS. 



I F
o

rm
u

la
 

N
o

. 

Ta
b.

 
1 

Y
i
e
l
d
s
 
a
n
d
 
p
r
o
p
e
r
t
i
e
s
 
of

 
th

e 
p
o
l
y
(
n
u
c
l
e
o
a
m
i
n
o
 
ac

id
s)

 
II

Ia
, 

b 
an

d 
IV

 

Y
i
e
l
d
 

[
~
3
 2

0 
a)

 
a)

 
(%

) 
D 

~ 
sp

 
E
l
e
m
e
n
t
a
l
 
F
o
r
m
u
l
a
 

C
cm

S
g

_
l 

(m
ol

e 
w
e
i
g
h
t
)
 

97
 

+ 
4

2
.0

 
1

8
.1

 

9
2

 
- 

5
.8

 
9

.2
 

81
 

- 
2

5
.0

 
6

.5
 

E
le

m
en

ta
l 

A
n

al
y

se
s 

C
 

H
 

N
 

C
1

8
H

1
8

N
4

0
3

S
 

(3
1

0
.4

) 
C

al
cd

. 
5

0
.5

1
 

5
.8

5
 

1
8

.0
5

 
F

o
u

n
d

 
4

8
.7

9
 

6
.3

3
 

1
6

.8
7

 

C
14

H
20

N
40

3S
 

(3
24

.4
) 

C
al

cd
. 

5
1

.8
3

 
6

.2
1

 
1

7
.2

7
 

F
o

u
n

d
 

5
0

.4
0

 
6

.0
0

 
1

6
.1

2
 

C
1

4
H

2
0

N
4

0
3

S
 

(5
2

4
.4

) 
C

al
cd

. 
5

1
.8

3
 

6
.2

1
 

1
7

.2
7

 
F

o
u

n
d

 
5

0
.6

8
 

6
.0

4
 

1
5

.2
0

 

a)
 

c 
= 

lO
g

/1
 

in
 

d
im

et
h

y
lf

o
rm

am
id

e 

O
1 



T
ab

. 
2 

90
 

M
H

z 
1H

 N
M

R 
d

a
ta

 
o

f 
th

e
 

p
o

ly
(n

u
c

le
o

a
m

in
o

 
a

c
id

s)
 

F
o

rm
u

la
 

~ 
o

f 
h

m
in

o
a

c
y

l 
U

n
it

 
~ 

o
f 

N
u

c
le

o
b

a
se

 
R

e
si

d
u

e
 

N
o
. 

H
-~

 
H

-B
 

H
-~

 
H

-~
 

H
- 
~

 
H

-~
' 

H
-~

' 
H

-6
 

C
H

 3
 

II
Ia

 

II
I 

b 

IV
 

4
.6

5
 

1
.9

 
1

.9
 

3
.4

2
 

(1
 
H)

 
(2

 
H

) 
(2

 
H

) 
(2

 
H

) 

4
.6

5
 

1
.8

 
1

.8
 

1
.8

 
3

.4
2

 
(1

 
H

) 
(2

 
H

) 
(2

 
H

) 
(2

 
H

) 
(2

 
H

) 

4
.5

9
 

1
.8

 
1

.8
 

1
.8

 
3

.3
6

 
(1

 
H

) 
(2

 
H)
 

(2
 

H
) 

(2
 

H
) 

(2
 

H
) 

4
.6

5
 

3
.1

0
 

7
.6

9
 

2
.0

9
 

(2
 

H
) 

(2
 

H
) 

(1
 

H
) 

(3
 

H
) 

4
.6

5
 

3
.1

5
 

7
.6

7
 

2
.0

9
 

(2
 

H
) 

(2
 

H
) 

(1
 

H
) 

(3
 

H
) 

4
.5

9
 

3
.1

1
 

7
.6

9
 

2
.0

7
 

(2
 

H
) 

(2
 

H
) 

(1
 

H
) 

(3
 

H
) 

O
) 

T
ab

. 
3 

2
2

.6
3

 
M

II
z 

F
o

rm
u

la
 

N
o.

 
C

O
 

C
O

' 

1
7

4
.2

2
 

II
Ia

 
1

7
4

.2
2

 

II
I 

b 
1

7
4

.7
0

 
1

7
4

.7
0

 

1
7

4
.4

3
 

IV
 

1
7

4
.4

3
 

13
C

 
N
M
R
 

d
a

ta
 

o
f 

th
e

 
p
o
l
y
(
n
u
c
l
e
o
a
m
i
n
o
 
a
c
i
d
s
)
 

o
f 

A
m

in
o

ac
y

l 
U

n
it

 
c-

o~
 

c-
~

 
c

-~
 

c
-~

 
c

-r
 

C
-~

' 
C-

B"
 

5
3

.8
5

 
2

9
.4

7
 

2
5

.0
5

 
4

0
.5

9
 

5
5

.8
9

 
5

1
.7

5
 

5
5

.0
3

 
2

8
.0

7
 

3
1

.9
1

 
3

3
.7

4
 

5
1

.6
4

 
2

2
.9

5
 

4
1

.5
5

 

2
5

.0
3

 
4

0
.8

8
 

5
5

.2
5

 
2

8
.1

8
 

3
1

.6
7

 
5

3
.9

2
 

5
1

.8
6

 

o
f 

N
u

c
le

o
b

a
se

 

C
-2

 
C

-4
 

C
-5

 
C

-6
 

C
H

 3 

1
7

4
.2

2
 

1
6

5
.0

1
 

1
1

7
.6

4
 

1
4

4
.7

5
 

1
0

.9
4

 

1
7

4
.6

0
 

1
6

5
.1

5
 

1
1

7
.8

5
 

1
4

5
.1

5
 

1
1

.0
1

 

1
7

4
.4

3
 

1
6

5
.3

2
 

1
1

8
.0

4
 

1
4

5
.5

6
 

1
1

.1
7

 



27 

The f o l l o w i n g  a c q u i s i t i o n  p a r a m e t e r s  wre u s e d :  p u l s e  w i d t h  6 ]gs 

( 4 0 o ) ;  8 K d a t a  p o i n t s /  5000 Hz s p e c t r a l  w i d t h ;  e x p .  l i n e - b r o a -  

d e n i n g  1 . 0  Hz; c a .  4000 t r a n s i e n t s .  The 1H NMT s p e c t r a  were  mea-  

w i t h  50 mg p o l y p e p t i d e  i n  0 . 5  ml t r i f l u o r o a c e t i c  a c i d  c o n t a i n i n g  

TMS i n  5 od .  s ample  t u b e s .  A p u l s e  w i d t h  os 1 . 5 ~ s  (50  ~  and 8 K 

d a t a  p o i n t s  on  a s p e c t r a l  w i d t h  o f  1500 Hz were  u s e d .  

The v i s c o s i t i e s  were  m e a s u r e d  i n  an  O s t w a l d t  v i s c o s i m e t e r  

t h e r m o s t a t e d  a t  20~ The o p t i c a l  r o t a t i o n s  were  m e a s u r e d  on a 

Z e i s s  "LEP Nr .  570 7 5 0 " .  F o r  b o t h  s e r i e s  o f  m e a s u r e m e n t s  s o l u -  

t i o n s  o f  100 mg p o l y p e p t i d e  i n  10 ml d r y  d i m e t h y l f o r m a m i d e  were  

u s e d .  
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