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Syntheses of Polymers and Oligorners 
Having Adenine Derivatives 

TORU SElTA and MASAYOSHI KINOSHITA 

Osaka Ctty University 
Faculty or' Engineeriag 
Sugiimoto-cho, Sumiyoshi-ku 
Osaka, Japan 

MINORU IMOTO 

Kansai Universitp 
F a c d t y  of Engineering 
Senriyama, S u t a  
0s- Japan 

A B S T R A C T  
9-( 2' ,3' -Dihpdroxpethyl)-8-bromoadenine was synthesized by 
the reaction of 9-( 2' ,3'-dihydroxyethyl)-adenine with bromine. 
The reaction of 4- ( 2' ,3' -dihydroxyethyl j -  &bromoadenine with 
phosphorus oxychloride in trimethyl phospkase produced 9- ( 2' ,3' - 
dihydroxypropyl P 8- bromoadenine- 3' -phosphate. The condensation 
polymerization of 9- { 2' ,3 ' -dihydroxyproppI P 8- bromoadenine- 3' - 
phosphate was conducted in refluxing dimethylformamide-water 
( 9 : l )  using dicyciohexylcarbodiimide as a dehydrating a.gent. The 
oligomer obtained is soluble in water and has  a molecular weight 
of more :ha 1000 according to gel-filtration measurement. This 
oligomer showed hypochr3micity of 34; with denatured yeast R X 4  
The condensation polymerization of 9( 2' ,3  -dihydroxypropyl)- 8- 
bromoadenine- 3' -phosphate was also carr ied out using imidazole 
o r  a triethylamine- hydrochloric acid system. 
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1298 SElTA, mOSHlTA, XND IMOTO 

The polymers having adenine derivatives were also spn- 
thesized by the polymer reaction of substituted 9-( 2' - 
dihydro~enphosphatoethyl)-adenines with polyvinyl alcohol. 

I N T R O D U C T I O N  

Polymers which contain nucleic acid bases  in their main chains 
or in side groups present many interestinq problems with respect 
to their physicochemical properties. Jones et al. have synthesized 
many vinyl monomers and polymers containing nucleosides [ 11. 
Also, Imoto, Takemoto, and co-workers reported on the syntheses 
of vinyl monomers, such as 1-vinyl and 1-(2-acryloyloxyethyl) 
derivatives of thymine, adenine, uracil, hypoxanthine, and 
theophyiline, and their polymers [ 21. Poly-9-vinyiadeniae showed 
t hypochromicity of 13% mixed with denatured RSA [3) .  Details 
of complex formation between poly-9-vinyladenine and polyuridylic 
acid ' (~a9 shown by Kaye [4 ] .  Ts'o et aL reported on the syntheses 
of S-vinyl compounds having pyrimidines or uracil [ 31. 

for the study of their physicochemical properties in aqueous media 
This problem was solved by the introduction of phosphoric ester 
into the main chain o r  inro the side group of the polymer. 

paying attention to the new st ructunl  a n a l o g  of nucleic acid. 

The water-insolubility of these polymers caused some difficulties 

We have also synthesized rater-soluble polymers, putic-ularly 

Our recent work in this field w a s  c u r l e d  out by two mutes. 

1. By condensation polymerization Condensation polymeriza- 
tion of the monomers of the type shown in Structure A  as c a r r i e d  
out using N,N-dicyclohesylcarbodiimide (DCC) as a dehydrating 
agent in refluxing dimethylformamide ( DMF) [ 61. 

2 By polymer reaction Condensation of compounds of Type B 
with polJnrinyi alcohol 
as mentioned above to give polymers containing nucleic acid 'cases 
as side groups. 

carried out under the same condition 

btr X * cB3,  H 
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POLYMERS HAVING ADE,XXT DERIVATIVES 1299 

Polymers  and oligomers obtained by the zbove two methods were 
very solubie in water. These polymers and oligomers a lso showed 
sipificant hppochromicities when mixed with yeast RNA o r  spe rm 
DNA in 0.1 g Ka,HPO, solution. 

In the present paper we descr ibe the syntheses of polymers con- 
taining adenine derivarives through the condensation polymerization 
o r  polymer reaction, and the phpsicochemical properties of the 
polymers obcained. 

E X P E R I M E N T A L  

9 - ( 2 '  - H p a r o x y e t h y l ) - a - b r o m o a d e n i n e  ( 8 - B r - g - X ; c I ) (  I )  

To a solution of 9- ( 2' -hydroxyethpl)-adenine ( 4 g, 2 2  3 mrnole) in 
10% aqueous disodium hydrogen phosphate (320 mi),  p-dioxane (320 ml)  
and bromine ( 8  ml)  were added. The solution was s t i r r e d  for 12 hr  at 
mom temperature  and kept overnight. The reaction mixture was 
filtered and filtrate wnas evaporated. Decolorizing carbon was added in  
a filtnte and the solution was boiled fo r  20 m i n  The  charcoal was 
filtered and evaporated. The zesidue was recrystall ized from ethanol 
to give I ( 2 3 2  g, 40%) as light-yellow prism crlstal. ma 216-218'C. 

.4nalysis: Calculated for  C,H,XsOBr: C, 32.57; H, 3.17: N, 27.13. 
'2' 258 n u  (c = ij,aoo). w: xnzx 

Found: C, 32.24; H, 3.54: K, 26.82 

9- ( 2' - D i h y d r o p e i l p h o s p h a t o e t h v l ) -  8 - b r o r n o a d e n i n e -  
( t i - B r - 9 - A P '  ) ( i I i  

Compound T ( 2  g. 7.4 mmoles) was suspended in tr imethyl phos- 
phate (20 m l )  and cooled at O'C. T o  this suspension phosphorus 
oxychlorrde ( L2 8, 7.8 mmoles) was added and stirred for  7 h r  at O'C. 
At the end of the reaction :he suspension became clear. W a t e r  was 
then added, and the mixture was s t i r r e d  for 1 hr. After the evapora- 
tion of water ,  a mixture of 5 ml  ethanol and 30 ml  ether  was added. 
The white precipitate was recrystall ized from ethanol to give an 
analytical pure product. The yield  as 0.8 g (35Tj, mp 232'C 
(decomp), UV;  Am=  Hzo 268 mu ( E  = 15,000). 

20.72. Found: C, 25.31; H, 269:  N, 21.18 
h a l y s i s :  Calculated fo r  C,H,S,O,PBr: C, 24.86; H, 2.68: N, 
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1300 SElTA, KETOSHITX, .LXD IMOTO 

9-( 2 '  - H p d r o x y e t : 7 y t ) - 6 - m e t h y l m e r u c a p t s p u r i n e  ( 5 -  
S C H j - A M )  ( 111) 

Dimethylformamide solution ( 270 ml) containing 6-?cetny1- 
merucaptopurine (6.8 3, 41.2 =moles), ethylene cubonate  (4.7 g, 
42 mmoles), and a trace of sodium hydroxide wag recluxed for 6 hr. 
The reaction mixture was cooled at room temperatiare, filtered. and 
evaporated to dryness. TSe residue recrystaliized €rom ethanol 
to give III (2.8 3, 32.4q) u colorless prism crystals, mp 186-137" C, 

w: Amax Hzo 287 mu (E = 16,200), 292 nyr ( E  = 16,200). 

Analysis: Calclllated for C, H , ,  N, 0s: C, 45-70; H, 4.79: ?i, 26.63. 
Found: C, 45.61; ii, 4.62: Y, 26.30 

9-( 2 '  - D i h y d r o g e n p h o s p h a t o e t h y l ) - 6 - m e t h y l -  
m e r u c a p  t o pur i ne  - I 6-3 C H, - A ? ' )  ( T V )  

Compound III (2.8 g, 13.3 mmoles) vas treated vith phosphorus 
oxpchloride ( 2.0 3, 13.3 mmoles) in trimethyl phosphate ( 30 ml )  as in 
the cMe of IL, Water was then added to the reaction mixture, and the 
mixture s t i r red for an ddit ional  hour. After the evaporation of water. 
a mixture of ethanol-ether ( 2:3) vas added The *.v.ohite suspension ras 
kepc overnight. This -white precipitate wag recrystallized from ettauoi- 
ether to give TV (1.16 p, 3 F c j  LS colorless pr ism crystals. mg 217- 

219"C, UV: Xmav H20 287 n q ~  (E = 17,300), 292 (E = 17,5001. 
A.iaalpsis: Calculated for Ca HL l-vI 0 4  PS: C, 33.1; H, 3.83; N, 19.70. 

F O U ~ :  c ,  33.42; H, 3.91: x, 18.96. 

9 - (  2 '  . 3 '  - D i h y d r o x y y r o o y l ) - 8 - b r o m o a d e n i n e  ( 8 - B r -  
3 - X D )  t V ,  

V yms prepared ;n the same m m e r  as described for  I. 9-( 2',3' - 
Dihydroxpproppl )-adenine ( 2 g, 9.62 mmoles) was treated with bromine 
(4 ml) i,a 10% aqueous disodium hydrogen phosphate and p-dioxane. 
V ( 1.25 g, 45%) *#as r ec rysd l i zed  from echanol to give coiorless prism 
crystals, mu 218-21f'C. UV: AaaxHzo 361 mu ( E =  15,800). 

Found: C, 32.35: H, 3.29: Y, 23.90 
.Lnalysis: Calculated for  CsHL.,XgOtBr: C, 33.33: H, 3.90: N, 24.31. 

9 - (  2 '  , 3 '  - D i h ~ d ~ o ~ p p r o p p l ) - ~ - b r o m o a d e n i n e - 3 '  - 
p h o s p h a t e  ( d - a r - S - X P j  ( V l j  

VI w a s  prepared in the same m a e r  1s described for TI. V ( 1.2 g, 
4.17 rnmoles) 'a35 treated vith 9riosphorus owchloride ( 0.68 y, 4-42 
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POLYMERS HAVWG A3EATNE DERIVATTVES 1301 

mmoles) in trimethyl phosphae (15 ml). The white prscipitate was 
recrystall ized from ethanol to g v e  Vf (0.6 g, 41%) as colorless 
needle crystals,  rnp 219-221°C, W Amax Eizo 264 mc1 (E = 15,200). 

Analysis: Calculated for Ce HL 1 x 5  05 PBr: C, 26.83: H, 2.81; N, 
19.56. Found: C, 26.21: H, 269: N, 19.21. 

C o n d e n s a t i o n  P o l y m e r i z a t i o n  of VI i n  t h e  P r e s e n c e  
of D C C  

After dissolving IV ( 0 . 5  g)  in boiling DMF ( 8  ml) ,  DCC ( 5.2 g) was 
added and refluxed for 10 hr. The reaction mlxture was cooled and 
poured into a larp amount of Tater  and the solution was allowed to 
stand at room temperature overnighr. after the dicycfohexylurea was 
completely removed, the filtrate woas concentrated under reduced 
pressure.  The residue thus obtained was dissolved in a small  
a m o m  of water and the solution was poured into a 7:3 mixture (50 
ml) of ether and ethanol. The precipitated oligomer was purified 
by reprecipitation from water/ether-ethanol (7:3)  and through a 
Sephadex G-25 column using water as a solvent (Oligomer 1). 

C o n d e n s a t i o n  P o l y m e r i z a t i o n  of V I  i n  t h e  P r e s e n c e  
of I m i d a z o l e  

VI ( 2  mmoles) was added to a DMF ( 10 ml) solution of imidazole 
(1 mmole). The mixture was re f lwed for 30 m i n  The reaction 
mixture was poured into a water-pyridine mixture. The solution 
woas evaporated under reduced pressure. The residue was fraction- 
ated by a column packed with Sephadex G-25 using water as solvent 
( Oligomer 2). 

C o n d e n s a t i o n  P o l v m e r i z a t i o n  of VI i n  t h e  P r e s e n c e  
of T r i e r h y l a m i n e - H y d r o g e n  C h i o r i d e  

The precedure was the same as that described in a previous 
paper [ 71. 

G e l  F i l t r a t i o n  o f  t h e  O l i s o m e - s  

The procedure was described in a previous paper [ 71. L .  spectra  
of each fraction were measured at 264 m ; ~ .  With Sephadex G-25 ( 5 7  X 
2.0 cm, 3.8 m1/45 min), 40-459 of Oligomer 1 was found in Tubes 13 
to  35 and Trypan Red (molecular weight 1000) in Tubes 32 to 30. The 
gel-filtration pattern of Oligomer 2 is shown ic Fig. 1. 
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1302 

FIG. 1. Gel filtration pattern of oligo-( 8-Br-9-AP) (Oligomer 2). 
Column: Sephadex G-25. Solvent: 'arater. Sample volume: 0.4 ml. 
Elute rate: 4 m1/47 m i a  Column Iengch: 57 x 2.2 cm. 

C o n d e n s a t i o n  of I1 oE I V  w i t h  P V X  

The procedure 'aras described in a previous pape r  [ a]. 

O l i g o m e r - P o l y m e r  I n t e r a c t i o n  

X hywchromicity wvas calculated according to a previous 
paper [ 61. 

S y n t h e s i s  of 9 -  ( 2 '  - X y d r o x y e t h : r l ) - a d e n i n e - N - o . u i d e  

9-( 1'-Hyd=oxyethy!)-adenine ( 2  3 )  was dissolved in acetic acid 
13 m i )  and 30% hydrogen geroxide ( 3 ml)  :pas added to the soiction 

Tke mixture w's ailowed to stand at room :ernperatwe for 4 d ~ s .  
The reaction inivrure wv3s stirred with 10% 2alladiurn-charcoal ( 2 3) 
to decompose excess  hydroqeen peroxide. The solution fi l tered 
md the soivents xere  evaporated to d r m e s s .  The residue 'vas re- 
crystdlked from ;Pater to gi7e colorless needle c:;rstal. Yield 7S%, 
mp 142- 143' C (decomp). 

35.88. Found: C, 43.12: H, 4.62: X, 36.01. 
.Wysis: Calculated for C-Hgl \ ,02  (L95.13); C, 43.08: 8, 4.65: N, 
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213 230 250 270 290 
Wa-lanqtia Imp1 

FIG. 2 W absorption spectra of 9-( 2' -hydroxyethyl)-adenine- 
N-oxide ( - )  and PVA-adenine-N-oxide (- . ). 
0 xi d a  t i o n o f P V A - A d e n i n e t o P V A - A d e n i n e - 3 - o Y i d e 

PVA-adenine (0.5 g) was dissolved in hot acetic acid ( 4  ml). After 
the solution was cooled, 3076 hydrogen peroxide ( 3  ml)  wa5 added and 
the solution was allowed to stand at room temperature for 5 days. 
Excess hydrogen peroxide was decomposed by s t i r r ing with 10% 
palladium-charcoal ( 0.8 g), the solution was filtered, and the 
filtrate was evaporated to drpess. The residual polymer (PVA- 
adenine-N-oxide) was purified by reprecipitation from water- 
methanol. Comparing the optical density of the polymer with that of 
9- ( 2' -hpdroxyethyl)-adenine-I\-oxide ( Fig. Z), the content of 
N-oxide was determined to be about 20% based on the  amount of 
adenine residue used ( PVA-adenine 1. 

N-oxide was determined to be about 2OCe based on the amount of 
adenine in PVA-adenine. 

- 

Figure 2 shows the oxidation of PVA-adenine. The content of 

R E S U L T S  A N D  DISCUSSION 

The reaction paths are summarized in Schemes 1-6. Compound I 
was synthesized by the reaction of 9- ( 2' - hydroxyethyl )-adenine 
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Scheme 2 

with bromine in a mixture oi disodium hydrogen phosphate and 
p-dioxane. The position of substitution of the bromine atom mu con- 
firmed by the absence of the ckaraceriistic snu?, N?/IR absoration peak 
at 8.36 opm due to a-H ade?line. Comuound VI x i s  &a sjnthesized 
and r e c o g u e d  in a similar muner. EI 'a?= synthesized by the system 
DMF/ethylene cxbonate. The pnosphorylatiorr of 1 and EI was carried 
out using phosphorus oxycnloride in trimethyl pnosphate as previously 
described. 

at position 5' using phosphor*xi oxychloride in criaLkyt phosphare [ 3 J . 
Yoshikawa et aL reported the selective phosphorylatton of nucleoside 

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



1305 

I '  \ f \ 

I PV?,-B-Sr-Aamina) 

(Polymer : 1 

Scheme 4 

The authors reported :he selective phosphorylation a~ priniary hydro- 
group of nucleoside ar,alogs, sucn as ?-( 2' ,3' -dihydroxypropyl)-adenine 
and 7 -  ( 2' ,3'  -dihydroxypropglj theophglline, using phosphorus 
oxrchloride in trimethyl phosphate [ 61. All  the compounds were 
identified by elementary aralysis together with IR, SMR, and W 
spectra 

PVX xith adenine derivatives as pendant s o u p s  was synthesized 
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Scheme 5 

( PVA-Aaenine -N-xiam) 

Scheme 6 

through condensation usin3 DCC h% a dehydrating went  in refluxing 
DXF. The polymers obtained were a white hygroscopic powder and 
very soluble in water, but insoluble in the usuat organic solvents such 
as knzeze, ether, and Ilcohols. The contents of nucleic acid bases 
incorporated into PVA were calculated from nitrogen Content 
elementary analysis, and the optical dens i e  of the CV absorption 
corresponding to the bases. 
IR spectra of polymers showed strong absorption at 1300- 1000 

cm" which depend on phosphoric ester bond. On the other hand, the 
IrT spectra sf polymers T e e d  with those of II and bv used as starting 
materials, respectively. The hizher incorporation rate of II into PVX 
than expected depended on the good solubility of II in the solvent m i w e .  
The condensation oi Polymer 1 with 1- ( 2' -dihydrogenphospharo)-ethyl 
uracil and 1- ( 2' -dihydrOgeZphOSphatO )-ethyl thymine was also carried 
out using DCC as a &hydrating agent in a refluxing rnixnue of DMF- 
water i 9.1). The polymers o b t a e d  were also hygoscopic white powder. 
T%e results of incorporation of pyrimidine derivatives into Pobjmer 1 
are summarized in Table 2 

The condensation polymerfiation of VT was carried out using DCC, 
tmidazole, o r  triethylamine-hydrochloric acid in refluxing DivfF. 

The oligomers obtained were separated and purtfied by reprecipita- 
tlon d t h  water/( ethanol-ether) [ 2/( 2:a) ] and by elution through a 
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FIG. 3. Relationship between temperature and the opticll 
density of PVA-8-Br-adenine-thymine and PVX- 8-Br-adenine- 
uracil in 0.1 hl Nap HPO, solutioe A: PVA-8-Br-adenine-thymine. 
B: PVX- 8-BFadenine-uraciL 

Volume Fraction of RNA 

FIG. 4. Comparison of observed (full line) and Beerss  law 
absorptions (dashed line) for the mixture of PVA-8-Br-adenine 
and RNA in 0.1 g Na,HPO, solution 
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0.55 1' 

r) a 
3 
* 

0.5 
0 0.2 0,4 0.6 0.8 1.0 

Volumm ?raceion of a"A 

FIG 5. Comparison of obsemed (full Line) and Beer ' s  law 
absorptiocs (dashed line) for the mixture of olip-a-Br-9-.AP and 
RNA in 0.1 - !if No,HPO, solution 

Sephadex G 2 5  coiumn. Compound V was also separated from the re- 
action mixture, thus showing the dephosphorylation of VL On the other 
hand, Then DCC waa used as a dehydrating agent, dephosphoryiation was 
not observed. The results are shown in Table 3. 

The molecular weight of oligomers obtained was determined using 
the Seph3dex (3-25 column. About 40-60% of the oligorners obeained *??ere 
found to have a molecular weight of more than 1000. Figure 1 show the 
gel-ffltration pattern of oligomer obtained in the presence of imidazole 
as a catalyst. 

Figure 3 shows the relationship between temperature and opticll 
density of polymer 3 ( PVA-a-Br-adenine-uaci l )  and 4 ( PVX-8-Br- 
adenine-thymine) in 0.1 3 N q H P O ,  s o h t i o n  This illustrates the 
increase of optical density and thus the decrease of hypochromicity 
with temperature. This result suggesrs the complex formation 
bemeen a-bromoademe and thymine or uracil as side groups. The 
hypocfvomicity of the m L m e  of Polpmer 1 o r  Oligomer 1 and :;east 
RNA in 0.1 M N q H P O ,  solution -as about 4 aad 3 3  measured at O'C, 
r e spec t ive l r  Figures 4 and 3 show the comparison of observed and 
Beer's law absovt ion of the mixed system. 
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