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A N A L O G S  OF P U R I N E  N U C L E O S I D E S  

AND P U R I N E  MONO-  

AND P O L Y N U C  L E O T I D E S  

V.* PREPARATION OF 9-(1,5-DIHYDROXY-3-PENTYL)- 

PURINES 

S. A. G i l l e r , - ~  A. K h e t t s k h a i m ,  
T.  I .  K r u k l e ,  a n d  I.  A. D r i z i n a  

UDC 547.857.07 : 543.422 

A number of 6-substituted 9-(1,5-dihydroxy-3-pentyl)purines were obtained from 5-amino-4,6- 
dichloropyrimidine. 5-Amino-4~6-dichloropyrimidine reacts  with 2-hydroxymethylpyrrolidine to 
give 4-chloro-5-amino-6-  (2-hydroxymethylpyrrolidino)pyrimidine. 

As previously reported in [2], the synthesis Of analogs of oligonucleotides with a modified pentose residue 
seems of interest in order  to study the effect of such oligomers on biologically important systems, the function- 
ing of which is associated with nucleic acids. Replacement of the ribose or deoxyribose of natural polynucleo- 
tides by dihydroxyalkyl groups of corresponding length and conformation may lead to analogs of nucleotides 
that to a greater  or lesser  extent are capable of complexing with natural polynucleotide matrices.  

The synthesis and subsequent polycondensation of l'SV-diphosphates of 1T,5'-dihydroxypentylpurines also 
seems of definite interest,  since it is possible that synthetic polynucleotides containing a pentamethylene chain 
instead of a r ibose (deoxyribose) residue will prove to be conformationally closer to natural prototypes. 

9-(1,5-Dihydroxy-3-pentyl)purines, the synthesis of which is possible by two methods - b y  alkylation of 
purine derivatives (for example, see [3, 4]) or by adding an imidazole ring to the corresponding pyrimidine 
derivatives (for example, see [5]) - can be used as the starting materials for the preparation ofsuchcompounds. 

Our attempts to alkylate 6-fluoropurine with diethyl a -  or fl-bromoglutarates in the presence of sodium 
hydride or potassium carbonate [4, 6] in dimethylformamide (DMF) with subsequent reduction of the ester  

* See [1] for communication IV. 
t Deceased. 
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groupings proved to be unsuccessful .  Only the second method gave posit ive resu l t s .  The reac t ion  of 3-amino-  
1,5-pentanediol with 5-amino ,4 ,6-d ich loropyr imid ine  and subsequent cycl izat ion of 5 -amino-6- (1 ,5-d ihydroxy-  
3-penty l )amino-4-chloropyr imidine  (I) with ethyl o r thoformate  in the p resence  of acet ic  anhydride gives purine 
II. As shown in [7], it is not expedient to isolate the in termediate  6-ch loro-9-hydroxyethylpur ine  in the syn-  
thes is  of 6-amino-9-hydroxyethylpur ine .  In the synthesis  of 6-amino-9-(1 ,5-d ihydroxy-3-penty l )pur ine  the 
reac t ion  mixture  was t he re fo re  t r ea ted  with ethanol sa tura ted  with ammonia immediate ly  af ter  the cycl izat ion 
step. We were  thus able to obtain 6-amino-9-(1 ,5-dihydroxy-3-pentyl)purLae (IV) in 80% yield.  

It is n e c e s s a r y  to pro tec t  the amino group of the purine for the subsequent utilization of the resul t ing 
monomers  in polycondensation reac t ions .  For  this purpose base  IV was t r ea ted  with DMF dimethylacetal ,  and 
6-N-d[methylaminomethyleneamino-9-  (1,5-dihydroxy-3-pentyl)purine (VI) was obtained. Acylation wi thben-  
zoyl chloride gave te t rabenzoyl  der ivat ive  VII. 

In addition to the prepara t ion  of adenine der ivat ives  IV, VI, and VII, it seemed expedient also to synthe-  
s ize  6-oxo-  and 6-d imethylamino-9-(1 ,5-d ihydroxy-3-penty l )pur ines .  They do not need protect ion of their  
functional groupings,  and this considerably faci l i tates  the subsequent synthesis  of the analogs of oligonucleo- 
t ides.  In addition, a compara t ive  study of the capaci t ies  for associat ion and complexing of these  compounds 
with complementary  polynucleotides seems of definite in teres t .  6-Oxo-9-(1 ,5-dihydroxy-3-pentyl )pur ine  (V) 
was obtained af te r  elution with 1 N ammonium hydroxide of the cycl izat ion product  II adsorbed on Dowex. Di- 
r e c t  hydrolysis  of purine II with 2 N HCl leads to the same substance but in cons iderably  lower yield. 

C! el [" CI 

CH(CHoCH~OH) 2 l 

1 1 1 
CH (CH2CH~O~[ 12 CH(CH2CH2OH 12 CH (ClinCH:ON)2 " 

III  S IV ~ v 

N~CHN (CH~)2 N(COC~Hs) 2 

I I 
CH(CH~CH2OH) ~ CH (CH~CH~OCOC~HS)~ 

Vl vii 

An at tempt to use the method descr ibed  he re  for the prepara t ion  of 6-subst i tuted 9-(1 ,5-dihydroxy-2-  
pentyl)purine by condensation of 5-amtno-4 ,6-d ieh loropyr imidine  with 2-amino- l ,5 -pentanedio l  is complicated 
by the fact  that the la t ter  compound is ve ry  eas i ly  cycl ized to 2-hydroxymethylpyrro l id ine .  4 -Chloro-5-amino-  
6-(2-hydroxymethylpyrrol id ino)pyr imidine  (VIII), which can be se lect ively  benzoylated at the amino group to 
give N,N-dibenzoyl der ivat ive  IX or s imul taneous ly  benzoylated at the amino and hydroxy groups to give X, is 
obtained as a r e su l t  of the reac t ion  ca r r i ed  out in this way. The s t ruc tu re  of IX was confirmed by the IR spec-  
t rum,  in which the cha rac te r i s t i c  bands of monoacyiated amines a re  absent.  

E X P E R I M E N T A L  M E T H O D  

The UV spec t ra  of the compounds were  r eco rd ed  with a Specord spec t rophotometer .  The IR spec t ra  of 
KBr pel lets  of the compounds were  r eco rded  with a UR-20 spec t rome te r .  The melt ing points were  de termined 
with a Boetius apparatus.  

Paper chromatography was ca r r i ed  out with Fi l t rax  FN-3 paper [system A. isopropyl a l c o h o l - H 2 0 - c o n -  
centra ted NH4OH (7:2 �9 1)] and Whatman 3 - m m  paper [system B: 1 M CH3COONH4-ethanol (1 : 1); sys tem C: 
isobutyric  a c i d - 0 . 5  N NH4OH (10:6)]. Thin- layer  chromatography (TLC) was ca r r i ed  out on Silafol UV-254 
plates in a c h l o r o f o r m -  methanol sys tem (9 : 1). 

The cha rac t e r i s t i c s  of the purine der ivat ives  obtained in this r e s e a r c h  a re  presented  in Table 1. 
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TABLE 1. 9- (1 ,5-Dihydroxy-3-penty l )pur ine  Der iva t ives  

Corn  - 
pound mp, "C 

I 
11 I 175 a . 

1V I 124'5--125D V 2t4,5--215 c 
VI 138,5---139 

VII 154--155 

Empirical formula [ Found, % 

CI2HIgNsO2"HCI [ 
CzoHisNsO2 
C10Ht4N403 
CI3HmN~O~ 
C~oH3~NsO6 

C H 

48,2 6,8 
50,4 6,4 
50,0 6,1 
53,9 7,1 
70,1 4.3 

23,4 
29.2 
23,3 
28.5 
10,7 

Calculated % IYield , 
C H N "~/o'-~ 

| 

47,8 6,7 23,2 I 80 
50,6 6,4 29,5 I 78 50,4 5,9 23,5 45 
,53,4 6,9 28,8 62 
69,8 4,8 I0,7 80 

a 
With decomposi t ion .  This compound had Rf 0.88 (A), 0.91 (]3), 

and 0.85 (C). UV s p e c t r u m ,  Amax,  NM (e �9 10-3): 277 (17.7)in 0.1 
N HC1, 277 (44) in wa te r ,  280 (9.5) in 0.1 N NaOH. 

b 
This compound had Rf 0.73 (A), 0.78 03), and 0.80 (C). UV 

s p e c t r u m ,  )`max, NM ( e �9 10-4): 260 (2.5) in 0.1 NHC1, 262 (2.0) in 
wate r ,  265 (1.5) in 0.1 N NaOH. 

C 
This compound had Rf 0.67 (A), 0.78 03), and 0.65 (C). UV 

spec t rum:  ) ,max,  NM ( ~ �9 10-3): 250 (6.0) in 0.1 N HC1,250 (6.4) 
in wate r ,  and 257 (6.4) in 0.1 N NaOH. 

4 -Ch lo ro -5 -amino-6 - (1 ,5 -d ihydroxy-3 -pen ty l ) aminopyr imid ine  (I). A solution of 4.7 g (28.6 mmole)  of 
5 -amino-4 ,6 -d ich to ropyr imid ine  and 7.0 g (58.5 mmote)  of 3 -amino- l , 5 -pen taned io l  in 80 ml of dioxane was 
ref luxed for 16 h, a f te r  which the resu l t ing  oily layer  was sepa ra ted  f r o m  the dioxane by decantation and ex-  
t r ac t ed  with boiling dioxane (three 40-ml  port ions).  Ether  was added, with cooling, to the combined dioxane 
ex t rac t s  and decanted solution. The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion,  and the f i l t ra te  was evap-  
ora ted  to half its or iginal  volume and t r ea t ed  again with e ther .  The overa l l  yield of co lo r less  c rys t a l s  with 
mp 140.5-141 ~ (from ethyl acetate)  and Rf 0.37 (TLC) was 4.12 g (59%). 

6 -Dimethy lamino-9- ( l~5-d ihydroxy-3-pen ty l )pur ine  HydrocMoride (Ill). A solution of 3.0 g (12.1 mmole)  
of I in 15 ml  of f r e sh ly  dis t i l led acet ic  anhydride and 15 ml of t r ie thyl  o r thoformate  was ref luxed for 3 h, a f te r  
which the solvent  was r e m o v e d  by vacuum dist i l lat ion,  and the res idue  was dissolved in 200 ml of ethanol sa tu-  
r a ted  with d imethylamine (at 0~ The resu l t ing  solution was heated at 100 ~ in an autoclave for 14 h, a f ter  which 
it was evapora ted  to dryness .  The res idue  was dissolved in the min imum amount of ethanol, and ethanol sa tu-  
r a t ed  with HC1 was added to obtain the hydrochlor ide .  The yield of co lo r less  p r i s m s  with mp 175 ~ (dec., f r o m  
ethanol) was 2.9 g (80%). 

6 -Amino-9- (1 ,5 -d ihydroxy-3-pen ty l )pur ine  (IV). The dihydrochloride of base  IV was obtained f r o m  5.4 g 
(21.8 mmole)  of I, 30 ml of ethyl o r tho fo rmate ,  30 ml of acet ic  anhydride,  and 200 ml of ethanol sa tu ra ted  with 
ammonia  by a method s i m i l a r  to that  in the synthes is  of hydrochlor ide  III. The yield of the dihydroehloride 
with mp 137 ~ (dec., f r o m  ethanol) was 4.6 g (77%). For  isolation of base  IV, 2.0 g of the dihydrochloride was 
dissolved in 20 ml  of wate r ,  and the solution was f i l te red  and passed  through a column filled with 90 ml  of 
Dowex-50 .8  r e s in .  The column was washed with water  to r e m o v e  the chlor ides ,  and the products  were  eluted 
with 1 N a m m o n i u m  hydroxide.  The f rac t ions  that  f luoresced  in UV light we re  evapora ted  to dryness .  The 
r e s idue  was dissolved in a sma l l  amount  of ethanol,  and e ther  was added. Workup gave 1.2 g (78%) of co lo r l e s s  
p r i s m s  with mp 124.5-125 ~ and pK a 3.84. 

6 -Oxo-9- (1 ,5 -d ihydroxy-3-pen ty l )pur ine  (V). The oily substance  (obtained as in the p repa ra t ion  of HI) 
p r e p a r e d  f r o m  3.0 g (12.1 mmole)  of I, 15 nil of ethyl o r thofo rmate ,  and 15 ml of acet ic  anhydride was dissolved 
in 10 ml of ethanol, and 2 ml of 2 N HC1 was added. The resu l t ing  solution was passed  through a column filled 
with 50 ml  of Dowex-50W. 8 r e s i n .  The column was washed out with 200 ml  of dist i l led wate r ,  a f te r  which the 
hydro lys i s  product  was eluted with 1 N a m m o n i u m  hydroxide.  The f rac t ions  that f luoresced  in UV light we re  
evapora ted  to d ryness ,  and the res idue  was c rys ta l l i zed  f r o m  ethanol to give 1.3 g (45%) of co lo r l e s s  p r i s m s  
with mp 214.5-215 ~ (from ethanol). IR spec t rum:  1690 cm -1 (C=O). 

6- {N,N-Dimethylaminoniethyleneamino)-  9- ( l~5-dihydroxy-3-pentT1)purine (VI). Dimethyl formamide  di- 
methylace ta l  (1 ml) was added to a solution of 0.68 g (2.87 mmole)  of base  IV in 5 ml of DMF, and the solution 
was allowed to stand at r o o m  t e m p e r a t u r e  for 2 days.  The excess  DMF was then r emoved  in vacuo at 40-50~ 
and the res idue  was dissolved in ch loroform.  Ether  was added to the ch lo ro fo rm solution to give 0.53 g (62%) 
of co lo r less  c ry s t a l s  with nap 138.5-139 ~ (from ch lo ro fo rm and ether) .  

6 -Dibenzamido-9- (1 ,5 -d ibenzoxy-3-pen ty l )pur ine  (VII). A 0.5-g (2.1 mmole)  sample  of base  IV was d is -  
solved by gentle heat ing in 8 nil of pyr id ine ,  and 1.25 ml  of benzoyl  chlor ide  was added dropwise.  The mix tu re  
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was ref luxed f o r 5  min,  a f te r  which i t w a s  vacuum evapora ted  to d ryness .  Excess  water  was added to the r e s i -  
due~ and the mix ture  was allowed to stand for  a few hours .  The prec ip i ta ted  c ry s t a l s  were  r emoved  by f i l t r a -  
t ion to give 1.1 g (80%) of co lo r l e s s  p r i s m s  with mp 154-155 ~ (from ethanol}. 

4 -Ch lo ro -5 -6 - (2 -hydroxymethy lpyr ro l id ino )pyr imid ine  (VIII}. A mix ture  of 4.8 g {30 mmole)  of 5 -amino-  
4 ,6-d ich loropyr imid ine  and 7.0 g (69 mmole)  of 2 -hydroxymethy lpyr ro l id ine  in 40 ml  of dioxane was ref luxed 
for 16 h, a f te r  which the solution was vacuum evapora ted ,  and the r e s idue  was c rys ta l l i zed  f r o m  water  to give 

5.1 g (44%} of co lo r l e s s  needles  with mp 138 ~ (from water)  and Rf 0.45 (TLC). Found: C 47.2; H 5.4; N 24.4%. 
CsH13C1N40. Calculated~ C 47.3; H 5.7; N 24.5%. 

4 -F luo ro -5 -d ibenzamido-6 - (2 -hydroxymethy lpy r ro l idono)pyr imid ine  (IX}. A 0 .4-ml  (3.4 m m o l e ) s a m p l e  
of  benzoyl chloride was added to  a solution of 0.23 g (1 mmole)  of VIII in 2 ml  of pyr idine,  and the mix ture  was 
ref luxed for 5 min. It was then evapora ted ,  and the excess  benzoyl  chloride was hydrolyzed with water .  The 
resu l t ing  oil solidified on t r i tu ra t ion  to give 0.4 g (92%) of a product  with mp 190 ~ (from ethanol}. IR spect rum" 
1720 c m  -1 (C =O). Found~ C 62.9~ H 4.8~ N 12.8%. C23H21C1N403. Calculated~ C 63.2; H 4,8; N 12.8%. 

4 -Chlo ro -5 -d ibenzamido-6- (2 -benzoxymethy lpyr ro l id ino)pyr imid ine  (X). A 3 - m l  sample  of benzoy lch lo -  
r ide  was added with shaking to a solution of 0.5 g (2.2 mmole)  of VIII in 2 ml  of pyr idine,  and the mixture  was 
ref luxed for 15 min. It was then cooled and evapora ted ,  and the res idue  was t r ea t ed  with water .  The product  
was r emoved  by f i l t ra t ion and washed with boiling water  to give 0.5 g (43%) of a product  with mp 172 ~ (from 
ethanol}. IR spectrum~ 1130 (ester  C - O - C }  and 1725 cm -1 (C=O). Foand~ C 66.2; H 4.5; N 10.2%. 
C30H25C1N404. Calculated:  C 66.6; H 4.7; N 10.4%. 
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