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STEROID AND N - ( 2 - HY DROXY ETHY L)PH E N A Z IN I UM 
OLIGODEOXYNUCLEOTIDES 

Zarytova V.F., Ivanova E.M., Levina A.S. 

In s t i t u t e  of Bioorganic Chemistry, Siberian Division of USSR 
Academy of Sciences, 630090 Novosibirsk, USSR 

Abstract.Oligonucleotide derivat ives  carrying s t e ro id  and 
N -( 2 -hydroxy e thy1)phenazinium ( Phn) re  s idue s w e r e  s ynthe - 
sized, and t e s t e d  for t he  abil i ty t o  form complexes. 

I t  w a s  shown elsewhere that an N-(2-hydroxyethyl)phena- 

zinium residue (Phn) stabilizes the  corresponding complemen- 
t a r y  duplexes , while a s t e ro id  residue enhances permeabil- 
i t y  into cells - These groups w e r e  a t tached t o  the  
terminal I’ or internucleotide phosphates3 ; s t e ro ids  w e r e  
introduced only in blocked oligonucleotides. 

1 
2 

Here we  describe a method f o r  t he  synthesis  of oligonu- 

cleotide der ivat ives  carrying a Phn residue a t  C-5-modified 

thymine and a method for the  coupling of a s te ro id  residue 
t o  the  5’-phosphate of deblocked oligonucleotides; t he  abi- 

l i t y  of t he  synthesized der ivat ives  t o  form complementary 
complexes w a s  assayed. 

To couple the  modified thymidine residue t o  the  oligo- 
nucleotide, w e  synthesized the  corresponding H-phosphonate 

CF CONH syn ton  accord ing  t o  t h e  SCHEME: 

(Ac)T(Ac) - Br2 (AcfdU 
CH2Br NH3 C H ~ N H ~  ~ H ~ C H ~ C O O H  

f A c ) -  dU 

( 1 )  (11 )  DCC, HOSu 

(30CF3 
‘OCF3 1. DMTCl CH2NHCOCH2CH2NH - (f)MT)dU 0-p-H CH2NHCOCH2CH2NH 2 - SalPCl 

-dU 
d’ ‘0- 3 - H20 

(111) ( I V I  
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Copyright 0 1991 by Marcel Dekker, Inc. 

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



296 ZARYTOVA, IVANOVA, AND LEVINA 

DMTC1,dimethoxytritylchloride; DCC,dicyclohexylcarbodiimide; 
HOSu,N-hydroxysuccynimide; SalPC1,salicylchlorophoaphite 

Compound I w a s  prepared by bromination of t h e  blocked 
thymidine - PMR-spectra of compound 111 revealed CH2-group 

protons (6=4.3 and 2.5 ppm) in addition t o  deoxyuridine pro- 

tons. H-phosphonate of t h e  modified deoxyuridine (IV) w a s  
obtained according t o  t h e  rout ine method . Using s tandard 

6 H-phosphonate monomers and IV and Victoria-6M synthesizer  

the  following hexadeoxynucleotides w e r e  obtained: 

4 

5 

TTCCCA 0 

C f N  

It 

HNA\- CH2NHCOCH2CH2NH2 0 NH2 - NH - dU 2TCCCA (V)  dU 

TdU 2CCCA (VI) dRib 
N H  i 

Complete phosphod ies t e ra se  d iges t ion  gave dUNHZ,T ,C ,A 
NH2 for V and TdU ,C,A f o r  V I  i n  c o r r e l a t i o n  w i t h  t h e  e x p e c t e d  

ones. Phn residue w a s  coupled t o  t h e  amino groups of the 

modified d-uridine of t h e  deblocked and i so la ted  oligonucle- 

ot ides  under the  condition descr ibed .  For example, 1 

NH NHPhn 
TdlJ 'CCCA -TdU CCCA Phn= 

Quant i ta t ive yield of Phn der ivat ives  w a s  achieved in 10 

min. The absorbance peaks (237, 268, 290 (shoulder), 400 and 
530 nm) w e r e  observed in e lec t ron  spectra of t h e  RPC-puri- 

f ied compounds in agreement with t h e  available d a t a  .The 
abil i ty of the  obtained hexanucleotides t o  form complexes 
w a s  t e s t ed .  Table 1 shows t h a t  if Phn is in heterocyclic 
base,  Tm of the  duplex rises bu t  not  as dras t ica l ly  as in 

the  case of Phn introduced t o  t h e  5'-phosphate. 

1 

Recently t h e  choles te ro l  esters of oligonucleotides 
2 (ChS-pNn) have been synthesized by phosphotr ies ter  method . 

Here w e  e laborated a method f o r  introduction of choles te ro l  
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TABLE 1 
TmoC of t he  complexes TGAATGGGAAGA - X 

X Tm X Tm 

TTCCCA 16 dUNHphnTCCCA 25 

TABLE 2 
T; c of x Y c o m p l e x e s  

X Tm X *m 

32 PTGACCCTCTTCCCA Y2 50 

29 TTCCCA Y3 16 

PT - ES 30 Ch S - PTTCCCA Y3 23 

Phn -vNH-pTIOp-ChS Y1 39 

ES, ergosterol;  TS. t es tos te rone ;  ChS, cholestero1;Phn NH-, 

PTIO 
ChS-pT10 y1 
PT o~ - TS y1 

pT y1 

35 Ch S - PTGACCCTCTTCCCA Y2 54 

29 ChSNH - PTTCCCA Y3 20 - ChS 

-__-_--------_----_ 

Phn-NH( CH2)3NH-; Y1n PA 6; Ya,  TTGAATGGGAAGAGGGTCAGGTT; 
Y,TGAATGGGAAGA; melting condition as indicated in TABLE 1. 

residue (ChS) t o  deblocked oligonucleotides. Ghole sterol 
ester of P-alanine, ChS-OCOCH2CH2NH2 (ChS - NH2), w a s  synthes- 

ized and coupled t o  the  ac t iva ted  oligonucleotide: 

1.Ph3P,Py2S2,MeIm 
ChS-NHIpN 

2.ChS” NH2 d n  

A number of oligonucleotides up to 16 uni t s  w e r e  synth- 
esized w i t h  a 70-80% yield. RPC-purification revealed high 
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hydrophobicity of the products (elution in 80% CH3CN), which 
is in agreement with the data on cholesterol esters of olig- 

2 onucleotides described earlier . 
TABLE 2 presents the data on the effect of steroid on 

the oligonucleotide ability to form complexes. It follows 
that this ability does not, in fact, depend on the nature of 
steroid. 

Introduction of a steroid residue to the 3'-phosphate 
of oligonucleotide slightly decreases stability of the com- 
plexes: in the case of the 5'-cholesterol oligonucleotide 
derivatives, even some stabilization of the duplex is obser- 
ved irrespective of the mode of attechment of the ChS- 
residue (P-0 or P-N bond). Phn attached to the 5'-phosphate 
of the 3'-cholesterol ester of decathymidylate caused a con- 
siderable increase in T of the corresponding duplex. m 
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