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NUCLEOSIDES & NUCLEOTIDES, 5 ( 3 ) ,  325-330 (1986) 

A SIMPLE AND STABLE SILICA GEL SUPPORT FOR THE OLIGODEOXYRIBONUCLEOTIDE 
SYNTHESIS 

Joseph Deutsch*, Sason Cohen, Moshe Weisz and Jehoshua Katzhend ler  

Department o f  Pharmaceut ical  Chemistry 
The Hebrew U n i v e r s i t y  of Jerusalem 

School o f  Pharmacy, Jerusalem, I s r a e l  

ABSTRACT 
A s imp lednd e f f i c i e n t  s y n t h e s i s  o f  a s o l i d  suppor t  w i t h  a l ong  cha in  
polyai i i iue spacer has been developed. The spacer was made by success ive  
d d d i t i o n  o f  e thy lene-d iamine and s u c c i n i c  anhydr ide .  The ob ta ined  s o l i d  
s u p p o r t , g i v e s  v e r y  homogeneous 20 mer oligodeoxyribonucleotides, de tec ted  
by HPLC and e l e c t r o p h o r e s i s .  

INTRODUCTION 

d l a r y e '  number o f  methods f o r  oligodeoxyribonucleotide syn thes i s '  ". 
A l t h o u g h w i t h  t h e  i n t r o d u c t i o n  o f  t h e  phosphorani id i tes t h e  t e d i o u s  

manual ope ra t i ons  c o u l d  be r e p l a c e d  by machines, these being r x p e n s i v c ,  
t h e r e  s t i l l  e x i s t s  a need f o r  r a p i d ,  s imp le  and inexpens ive  methods. 

Among t h e  l e s s  expensive methods i s  t h e  s y r i n g e  method which g i v e s  

q ; i i t e  good r e s u l t s  i n  t h e  s y n t h e s i s  of  s h o r t  oligodeoxyribonucleotides . 
f o r  l o n g  oligodeoxyribonucleotides some d i f f i c u l t i e s  were encountered 
due t o  t h e  f o r m a t i o n  o f  d e b r i s  from t h e  s u p p o r t i n g  m a t e r i a l 4 .  We d e s c r i b e  

h e r c i t i  t he  s y n t h e s i s  of  a spacer th rough wh ich  t h e  f i r s t  deoxyr ibo t luc lco-  

t i d e  can.be bound t o  t h e  s i l i c a  g e l .  I t s  a p p l i c a t i o n  f o r  s o l i d  phase 
o l i g o d e o x y r i  b o n u c l e o t i d e  s y n t h e s i s  u s i n g  t h e  s y r i n g e  imethod p rov ides  

e x c e l l e n t  r e s u l t s .  

I I I C  rrcoiiib i ndri t DNA techno I Ogy had 5 t iiiiu I il Led tlti: deve lopiiic>nt 0.1' 

3 

RESULTS AND D I S C U S S I O N  

S o l i d  suppor ts  c o n t a i n i n g  l o n g  a1 ky lamine cha ins  have been 

r e p o r t e d  p r e v i o u s l y  t o  possess s u p e r i o r  p h y s i c a l  and chemical  p r o p e r t i e s  

5 '6 '7 .  The e f f e c t i v e n e s s  of  suppor ts  c o n t a i n i n g  spacers may be a t t r i b u t e d  

t o  t h e  r e d u c t i o n  o f  non-bonded i n t e r a c t i o n s  between t h e  s o l i d  s u r f a c e  

and t h e  e n t e r i n g  deoxy r ibonuc leos ide  molecu le  the reby  i nc rebs ing  thP 

r a t e  and tlic y i e l d  of i n c o r p o r a t i o n  o f  each added monomer in t h e  e a r l y  

coup1 i ng steps. 

Copyright 0 1986 by Marcel Dekker, Inc. 
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326 DEUTSCH ET AL. 

CH2-C0, 
I 0 

-Si-O-CH2-CH2-CH2-NH2 I 

H ~ N - ( c H ~ ) ~ - N H ~  I 

p -:i -0-CH2-CH2-CH2-NHCO-CH2-CH2-C0NH- ( CH2 ) ,,-NH2 

t i 0 -C6H4-N02  , DCC 

UMT-o uj: 
-<i -0-CH -CH -CH2-NHCO-CH2-CH2-CONH- ( CH2),I-NHCO-CH2-CH -CO-.o' 

I 2 2  2 
n = 2  , (kt) N u  

ri=6 , (b) UMT-0 

I I 
- S i  -0-CH, -CH. -CI1 -NI-ICII-CH - C H 2 - C l I - 0  2 2 2  2 I 

(5c) 
N u =  P ro tec ted  nucleobase 

U C C =  N ,N' -D i cyc lohexy l  ca rbod i  i in ide  

UMT- 4 , 4 '  -D in ie t l i oxy t r i  t y l  

The spacer desc r ibed  i n  t h i s  communication was syn thes i zed  by succes ive  

a d d i t i o n  o f  s u c c i n i c  anhydr ide ,  e t h y l  enedi ami ne arid hexamethyl enediairiirie 

t o  t h e  alkyamine suppor t  acco rd ing  t o  SCHEME 1. F o r  comparison t h e  sur:port  

(k) was a l s o  syn thes i zed  . 

n i n h y d r j n e  p rov ides  an easy way t o  m o n i t o r  t h e  degree o f  co i i ip le t ion  o f  

:he r e a c t i o n  i n  each s t e p  by appearance o r  disappearance o f  t h e  b l u e  

c o l o r .  Another advantage i s  t h e  e x c e p t i o n a l  h i g h  y i e l d  i n  each c y c l e  

o f  a d d i t i o n  (98%) a f t e r  o n l y  10 minu tes  o f  r e a c t i o n ,  r e s u l t i n g  i n  p roduc ts  

o f  very  h i g h  p u r i t y  o b v i a t i n g  t h e  necesnty  o f  capp ing  unreac ted  hyd roxy l  

groups and work ing  i n  a rgon atmosphere i n  t h e  cou rse  o f  the syn t l i es ib .  

f o r  use as h y b r i d i z a t i o n  probes. T h e  t o t a l  y i e l d s  were 40-50% a3 c i t l c u l a t e d  

fwrii t h e  HPLC p a t t e r n  (F IGURE 1 )  and t h e  t i m e  needed f o r  each c y c l e  was 

1 

Orre of  t h e  advantages i n  t h e  use o f  t h i s  t y p e  o f  spacer i s  t h a t  

By t h i s  p rocedure  seve ra l  15, 18 and 20- o l i gomers  wcre  syn thes i zed  
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SILICA GEL SUPPORT FOR OLIGODEOXYRIBONUCLEOTIDE SYNTHESIS 32 7 

A 2  

.~~~- f . i  FICUI<I  - . 1 :  ~. 

w i t h  a f l o w  o f  Z m l / m i n .  and a g rad ie r i t  o,f 0-15% a c e t o n i t r i l e  i n  0.IV 
t r ie thy laminon ium b i ca rbona te ,  pH 7.0, ove r  4 5  minu tes .  

HPLC chromatogram o f  t h e  f u l l y  depro tec ted  20-o l iqo i i i c r  
, \GrCCTTTGGGGATCTG) on an IBM Octyl-Endcapped column ( 4.5x?'JOiiii:!! 

15 minu tes .  The p roduc ts  were p u r i f i e d  by HPLC and t h e i r  p u r i t y  was checked 

bv (lr- 
01 i godeoxy r ibonuc leo t i des  syn thes i zed  on t h e  suppor t  (2) prepared a s  desc r ibed  

i n  SCHEME 1 and oligodeoxyribonucleotides syn thes i zed  on two commercial 

suppor ts  (see EXPERI'IEN'rAL) has been done. FlGUKE 2 shows t h a t  t h e  c rude 

I;; igodeoxy r ibonuc leo t i des  prepared on suppor t  (2) ( l i n e s  5 and k ) ,  a r e  I t : \>  

Contaminated by smal l  f ragments than  those prepared on t h e  conimercial suppor ts  

( l i n e s  c and 4). 
Ln o rde r  t o  e s t i m a t e  t h e  e f f e c t  o f  t h e  spacer lengt,l i  on t h e  syn thes i s  o f  

oligodcoxyribonucleotides we took  t h e  same t y p e  o f  s i l i c a  (see E X P E R I M E N T A L )  
and extended t h e  spacer t o  d i f f e r e n t  l e n g t s  and then  made t h e  scliile o l i q o -  

deoxy r ibo r iuc leo t i de  (d (  TTGAGTCCTTTCGGGATCTG). f Itiui(r . j  shows t h a t  t h e  crude 

32 P)-ATP k i n a t i o n  f o l  lowed by e l e c t r o p h o r e s i s .  A comparison between 
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328 DEUTSCH ET A L .  

a' b' a b C d 

F I G U R E  2: E lec t rophores i s  of crude 01 i godeoxy r ibonuc leo t i des  ob ta ined  w i Lh 
fi-e-&Ke descr ibed suppor t  (3) arid w i t h  two commercial suppor ts  on 20% 
poly5cry lamide ge l  c o n t a i n i n g  7M urea; phosphory la t i on  c a r r i e d  o u t  w ;?.ti (r- P)-ATP and T4 p o l y n b c l e o t i d e  k inase.  L ines a,a' and b,b' a re  d(TTGAGT- 
CCTTTGGGGATCTG) and d( TTPGAGTCTTTGGGCATCTG) r e s p e c t i v e l y  syn thes i r cd  ; ;n 
support  (%), 1 i nes  c a r e  pentadecdiiier dnd octadecaiiier d(l-TGA!CClTT!I&GA) 
and d(GATGATACC1AGTGGTCT) r e s p e c t v e l y  synthes ized on conimercial suppor ts .  
L ines d' and b' are  p u r i f i e d  twenty-mers 

01 i godeoxy r ibonuc leo t i de  synthes ized on t h e  suppor ts  w i t h  t h e  extended 
spacers (& and 5b) a r e  l e s s  contaminated by a s h o r t e r  f ragment.  

ma te r i  31. 

t ype  o f  approach holds f u r t h e r  promises f o r  modern o l i godecxy r ibonuc  e o t i d e  

synthes is .  We b e l i e v e  t h a t  many o t h e r  "spacers" can be designed ( by va ry ing  
l e n g t h  and s t r u c t u r e )  t o  serve as suppor ts  f o r  t h e  e f f i c i e n t  synthe; s o f  

h igh  mo lecu la r  weight  oligodeoxyribonucleotides. 

For purposes as h y b r i d i z a t i o n ,  t h e r e  was no need t o  p u r f y  t h e  crude 

On t h e  b a s i s  o f  o u r  s tud ies  and  other^^'^. i t  seems t o  us t h i t  t h i s  

EXPERIMENTAL 

The 5 I - p r o t e c t e d  3 ' -phosphorarnidi tes were synthes ized acco rd ing  t o  

repor ted,  . The s i l i c a  gel suppor t  was prepared u s i n g  
P o r a s i l ,  t y p e  C ,  80-100 mesh ( Waters Associates,  I nc .  MILFORD MASS.01757) 

accord ing t o  a m o d i f i c a t i o n  o f  Caruthers methodlS2 (see SCHEME 1). 
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SILICA GEL SUPPORT FOR OLIGODEOXYRIBONUCLEOTIDE SYNTHESIS 329 

FIGURE 3: E lect rophores is  o f  crude d(TTGACTCCTITCCCCATC7G) w i t h  the, above 
described supports (x). (%) and (E), ( l i n e s  1, 2 and 3 r e s p e c t i v e l y ) ,  
on ZO%poJiacrylamide gel  con ta in ing  7M urea; phosphorylat ion c a r r i e d  o u t  
w i t h  (r- P)-ATP and T4 polynucleot ide kinase. L ine 2 corresponds t o  a 
p u r i f i e d  nonadecarner. 

1 Amino s i l i c a  (1) 
water (31111) f o r  24 h r .  The s o l i d  product (2) obtained was washed' t t i rec tiriles 

w i t h  methylene c h l o r i d e  (10ml) and f i l t e r e d  through s in te red  g lass.  The d ry  

product was al lowed t o  stand f o r  2 h r .  w i t h  p-n i t rophenol  (~OI I I~ ) ,  DCC ( I lOi i ig) ,  

p y r i d i n e  (0 . l n i l )  i n  d r y  dioxane (2 .51nl) ,  then ethylenediamine (0.21111) or 

hexamethylenediamine (0.2gr) was added and t h e  m ix tu re  was a g i t a t e d  overn ight  
The product (&) o r  (&) was f i t e r e d ,  washed f i v e  times w i t h  methanol (lOiii1) 

2nd three times w i t h  methylene c h l o r i d e  ( l on i l ) ,  f i l t e r e d  again and d r i e d  

i n  d i r .  The inco rpo ra t i on  o f  t he  diiiino groups was i i ionitored by a 5% w l u t i o r l  

O f  n inhydr ine.  The f i r s t  deoxyribonucleoside, t o  be bound t o  the supbort,  

was a c t i v a t e d  i n  the f o l l o w i n g  way: 5'-0-DMT-3'-succinyl nucleoside (4) 
(100mg) and p-n i t rophenol  (25mg) i n  dry  dioxane ( l m l ) ,  was added t o  a s o l u t i o n  

of DCC (20mg) i n  d ry  dioxane (lml) and al lowed t o  stand a t  room temperature 

fov2 h rs  t i l l  c r y s t a l s  o f  DCU were formed. L ink ing  o f  the deoxyribonucleoside 

(5 )  t o  the support (a) o r  (&) was c a r r i e d  o u t  i n  a t e s t  tube sealed w i t h  

a rubber septum, con ta in ing  a m ix tu re  of t h e  s i l i c a g e l  support (3) o r  (&) 
(3001ng), dioxane ( l m l )  and t r i e t h y l a m i n e  (0.11111). The p-n i t rophenol  e s t e r  

o f  the DMT-nucleoside succ inate (4) was added through a sy r inge  needle 

provided w i t h  a f i l t e r .  The m ix tu re  was a g i t a t e d  f o r  24 hrs .  The product 

(g) o r  (E) was washed f i v e  t imes w i t h  methanol (1Oi i i1)  and iiiethylerie 

(300mg) was a g i t a t e d  w i t h  succ in i c  anhydride ( 4 0 i h y )  i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



DEUTSCH ET AL. 330 

c h l o r i d e  (101111) and f i l t e r e d .  The unreac ted  hyd roxy l  and aiiiino groups o f  

t he  s o l i d  suppor t  were capped by d l l o w i n g  Lhe d r y  p roduc t  (,d) o r  (g)  t u  
s tand f o r  2 h r s .  i n  a m i x t u r e  o f  a c e t i c  anhydr ide  (0.61111) and t r i e t h y l d i i i i n e  

( 1 m 1 ) .  The capped p roduc t  was washed severa l  t in ies success i ve l y  w l t h  i i iett idliol 

dnd methylene c h l o r i d e ,  f i l t e r e d  and d r i e d  i n  a i r .  300 mg produc t  W ~ S  obtained. 
The suppor t  (,C) was prepared acco rd ing  t o  t h e  r e p o r t e d  inethod . 

The c o u p l i n g  c y c l e s  were c a r r i e d  o u t  on 3Ohg suppor t  ba tches .  DM1V 

d e b l o i k i r i g  w i t h  2% s o l u t i o n  o f  C12CHCOZH i n  niethylene c h l o r i d e  gavl? 1111 

dbsorbance o f  2.0 0D/251111 f o r  t h e  tri t y l  c a t i o n  =500nis) cor respor id ing  

t o  a l o a d i n g  o f  30umol/g. F o r  each c o u p l i n g  c y c l e  an a c e t o n i t r i l e 3 o l u t i o n  

(0.5iri l) o f  phosphoramidi  t e  ( 501119) and an ace ton i  t r i  l e  s o l  u t  i on (0.51111 ) o f  

t e t r a r o l e  (20mg) were a g i t a t e d  f o r  10 minutes  i n  a s y r i n g e  p r o v i d c d  w i t h  a 
f i l t e r ,  t o g e t h e r  w i t h  t h e  DMT-deprotected suppor t .  Each c y c l e  ydve 55-Y8Y2 

y i e l d  measured by t h e  OD500 o f  t h e  t r i t y l  c a t i o n  re leased.  (OD500 i s  t h e  

O p t i c a l  D e n s i t y  a t  500 nm). 

prov ided  w i t h  a home made porous p o l y e t h y l e n e  f i l t e r  ( Prover ,  England).  

The coillinercia1 suppor ts  were f rom BioLabs, New England. 

1 

The s y r i n g e  ( ONCE made by A - S I K  Denmark ) was o f  2.01111 voluiiie 
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