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React ions  of 6 -ch loropur ine  and adenine with ~ - b r o m o - T - b u t y r o l a c t o n e  gave ~ - (9 -pu r iny l ) -T -  
bu tyro lac tones  subst i tuted in the 6 posi t ion of the pur ine  r ing,  the reduct ion of which with 
sodium borohydr ide  gave the cor responding  6-subs t i tu ted  9- (1 ,4 -d ihydroxy-2-bu ty l )pur ines .  
Aminat ion of c~- (6 -ch lo ro-9-pur iny l ) -T-bu tyro lac tone  p roceeds  p r i m a r i l y  witti c leavage of the 
lactone r ing.  

The synthes is  of 6 -hyd roxy -  (i) and 6 -amino -9 - (1 ,4 -d ihyd roxy-2 -bu ty l )pu r ines  (I1), which a r e  mono-  
m c r i c  s t r u c t u r a l  units for  the p r epa ra t i on  of analogs  of ol igo- and polynucleot ides [1], f r o m  the appropr ia te  
5 ,6 -d iaminopyr imid ines  [2] is a labor ious  and t ime -consuming  p r o c e s s  of little convenience.  In the p r e s e n t  
r e s e a r c h  we t h e r e f o r e  under took an a t t empt  to develop a new method for  the p r e p a r a t i o n  of pur ines  I and II 
by d i rec t  a lkylat ion of 6 -ch loropur ine  (III} and adenine (IV) with ~-bromo-3~-butyro lac tone  (V) and subse -  
quent reduct ion of the a lkylat ion p r o d u c t s -  ce - (6 -ch lo ro-9-pur iny l ) -  (VI) and ce - (6 -amino-9-pur iny l ) -T-  
butyrolactone (VII) to the cor responding  6-subs t i tu ted  9 - (1 ,4 -d ihydroxy-2-bu ty l )pur ines .  Substituted c~- 
(1 -pyr imid iny l ) -T-bu ty ro lac tones  were  p rev ious ly  obtained by a s i m i l a r  method [3]. 

Accord ing  to the r e su l t s  of pape r  ch roma tog raphy  and e l emen ta ry  ana lys i s ,  a mix tu re  of two i s o m e r s  
is obtained in the a lkylat ion of 6 -ch loropur ine  in the p r e s e n c e  of sodium hydride.  One i s o m e r  is (6 -ch loro-  
9 -pur iny l ) -~ ' -bu tyro lae tone  (VI), the 9-subs t i tu ted  s t r u c t u r e  of which was proved  by synthes is  f r o m  it of p u r -  
ine H, which is ident ical  to the compound obtaIned f r o m  5 ,6 -d iaminopyr imid ine  by closing of the pur ine  r ing;  
we did not make a spec ia l  identif icat ion of the second i s o m e r ,  but, in analogy with known alkylat ion r e a c -  
t ions of pur ines ,  i t  can be a s sumed  that  it is the product  of substi tut ion at  the ni t rogen a tom in the 7 or 3 
posi t ion [4, 5]. 

Only one i s o m e r  (VD was obtained in the alkylat ion of 6-chloropur ine  in d imethyl  sulfoxide (DMSO) 
in the p r e s e n c e  of po t a s s ium carbonate  in yields  up to 50%. Alkylat ion of adenine under  s i m i l a r  conditions 
r e q u i r e s  a longer reac t ion  t ime,  and the yield of c~- (6-amino-9-pur iny l ) - ' / -bu tyro lac tone  (VII) is only 15- 
18%. 

Sodium borohydride was selected as the reducing agent, inasmuch as exchange of a halogen atom for  
hydrogen usually does not oecur during reduction with this reagent, and this is essential in the reduction 
of VI, which eontains a chlorine atom in the 6 position. Compound 11 is obtained in 20% yield in the reduc- 
tion of amino  de r iva t ive  VII with sodium borohydr ide  in aqueous media.  

In o rde r  to find a be t t e r  method for  the p r e p a r a t i o n  of aminopur ine  II s t a r t ing  f r o m  the app rop r i a t e  
butyrolactone de r iva t ives  (VI or  VII), we studied two pathways:  r e p l a c e m e n t  of the chlorine a tom by an 

* See [1] for  communica t ion  I. 
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TABLE 1. Charac te r i s t i cs  of the Compounds Obtained 

i 

:om-I *C i ound mp, ~ Ry 

1 , VI 161--162 I 0,79 
V l l [  142--143 [ 0,69- 

VIII 1223--524 [ 0,93 
IX 1149--150 [ 0,31 
x i 83-, 41 0,98 

Empirical 
formula 

CoHrCIN402 
CgHgNsO2 
C16HlsNsO2 
CgHx2N602 
C23H~4N~O2 

i Found, % 
C H N 

45,31 5,619.3,1 49,71 5,0 31,6 
69.,21 5,] 9.2.a 
45,2] 5,4 34,6 

6,0 66,t [ 19,9 

Calculated, % 

C H 

45.4 t 3,0 
49,3] 4.1 
62,1 ] 4,9 
458[ 5,1 
66:3 5,8 

23,51 265] 47 
31,9 ] 262 18 
22,6] 269 16 
35,6 [ 26t 86 
20,2 [ 269 25 

amino group with subsequent reduction of the butyrolactone ring, and reduction of the butyrolactone r ing 
in VI with subsequent rep lacement  of the chlorine atom by an a m i n o  group. 

In the f i r s t  case, in the react ion of ammonia  and benzylamine with 6-chloropurine  VI, in addition to 
the formation of VII and VIII we observed opening of the butyrolactone ring to give amides of hydroxy acids - 
6 -amino-9- (1 -ca rbamoyl -3 -hydroxypropy l )pur ine  (IX) and 6 -benzy lamino-9- (1 -benzy lc~rbamoyl -3 -hydroxy-  
propyl)purine (X). Similar  r ing opening in butyrolactone derivetives under the influence of ammonia and 
amines was descr ibed in [6, 7]. 

CI 
CI [ OH 

HOCH2CH2CHCH2OH 

Ill V1 I 

N.R  
NH 2 

IV VII,VIII 

I 

NHR 

t 
RNHCOCHCH2CH2OH 

IX, X 

CI 

l 
HOCH~CH2CHClt2OH 

Xl 

1 
NH 2 

�9 N - - N  

I 
HOCH2CH2CHCH2OH 

VII,IX R = H ;  VIII, X R=CH2C6H 5 

The absorption maximum at 262-265 nm that is charac te r i s t i c  for 9-substi tuted purines is present  
in the UV spect ra  of VI-X, and the NH 2 absorption band at 3325 cm -1, the charac te r i s t i c  absorption band 
of a C = O group of the butyrolactone r ing at 1780 cm -t ,  and absorption bands of the purine ring at 1610, 
1595, and 1570 cm -1 a re  observed in the LR spect ra  of VI-VIII. The corresponding bands that a re  cha rac -  
te r i s t ic  for the NH2 group and the purine ring a re  present  in the IR spectra  of IX and X, but the absorption 
band at 1780 cm -1 corresponding to the carbonyl  group of the butyrolactone r ing is absent. 

In the course  of the investigation of the second pathway for convers ion of VI to purine II, we studied 
the reduction of VI with sodium borohydride in aqueous media at var ious  pH values and in anhydrous meth- 
anol. Regardless  of the pH of the medium, the reduction in aqueous media is complete in 3 h, and the r e -  
duction p r o d u c t -  6-chloro-9- (1 ,4-d ihydroxy-2-buty l )pur ine  (XI) - is obtained in 30-35% yield. Under these 
conditions, 6-hydroxy-9-(1 ,4-d ihydroxy-2-buty l )pur ine  (I), which may be of in teres t  as an analog of inosine, 
is formed along with XI. Separation of Xt and I proved to be difficult, and the mixture was aminated with- 
out pr ior  separation,  and the resul t ing mixture of purines II and I was separated by ion-exchange column 
chromatography [1]. 

Reduction of VI in anhydrous methanol proved to be more promising.  The reduction is complete in 
1.5 h, and the yield of chloropurine XI is up to 50-55%. Amination of 6-chloro  derivative XI in the usual 
way [1] gives racemate  II, in cont ras t  to the optically active L-6-amino-9-(1 ,4-d ihydroxy-2-buty l )pur ine  
obtained by the method in [1, 2]. 
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EXPERIMENTAL 

The IR spectra of mineral-oil pastes and KBr pellets of the crystalline compounds were recorded with 
a UR-20 spectrometer. The UV spectra of solutions in acidic, neutral, and alkaline mediawereobtained with 

a UV-2 speetrophotometer. Isopropyl alcohol-NH4OH-H20 (7 : 1 : 2) was used for the paper chromatog- 

raphy. 

~-(6-Chloro-9-pur iny i ) -~-bu tyro lac tone  (VI, Table 1). A mixture of 3.1 g (0.02 mole) of chloropurine 
III and 3 g (0.021 mole) of K2CO 3 in 50 ml of DMSO was s t i r red  for 1 h, af ter  which 3.64 g (0.022 mole) of 
bromolactone V was added, and the mixture was s t i r red  for 6 h and allowed to stand overnight. The DMSO 
was removed by vacuum distil lation, 50 ml of water  was added to the semicrys ta l l ine  residue,  and the r e -  
suiting precipi ta te  was removed by fil tration. Lactone VI was additionally extracted f rom the f i l t rate  with 
chloroform,  the ch loroform extrac t  was evaporated to dryness ,  and the res idue  was treated with a smal l  
amount of absolute ethanol. The precipi ta tes  were  combined and crysta l l ized f rom absolute ethanol to give 
2.34 g (47%) of product.  UV spec t rum:  Zma x 265 nm, e8800 (H20). IR spec t rum:  ~ 1770 (C = O), 1595, 
1570, and 1470 cm -I (ring). 

~ - (6-Amino-9-pur iny l ) -T-butyro lac tone  (VII, Table 1). A suspension of 2.7 g (0.02 mole) of adenine 
(IV) and 2.76 g (0.02 mole) of K2CO 3 in 75 ml of DMFA was s t i r red  for 20 min, af ter  which 6.6 g (0.04 mole) 
of bromolactone V ~as  added. The mixture was held at room tempera tu re  for 80 h (with monitoring by pa-  
per  chromatography) ,  and the resul t ing precipi ta te  was removed by filtration. The f i l t ra te  was evaporated; 
and the oily res idue was dissolved in c h l o r o f o r m - w a t e r  (1 : 1). The chloroform layer  was separated,  dried 
with Na2SOr and vacuum evaporated. The oily res idue  was dissolved in alcohol, and the product  was p re -  
cipitated by the addition of ether  to give 0.8 g (18%) of product .  UV spec t rum:  k m a x  265 nm, e 12,300. IR 
spec t rum:  ~ 3325 (NH2), 1780 (C=O), 1525, 1570, and 1470 cm -I (ring). 

6 -Amino-9- (1 -ca rbamoyl -3 -hydroxypropy l )pur ine  (IX, Table 1). Methanol (120 ml) saturated with 
ammonia  was added to 2.6 g (0.11 mole) of VI, and the mixture was heated at 100 ~ in an autoclave for 5 h. 
The methanol was evaporated,  and the crys ta l l ine  r e s iduewas  dissolved in 100 ml of H20. The solution was 
passed through a column containing Dowex (H + form).  The column was washed out with water  until the wash- 
ings gave a negative react ion for  C1-. The mixture of products VII and IX was eluted with 1 N NH4OH. The 
eluate was evaporated,  and the res idue  was t reated with hot DMFA. The mixture was cooled, and the r e -  
sulting aminopurine IX was removed by f i l t rat ion to give 1.9 g (86%) of product.  

~ - (6 -Benzylamino-9-pur iny l ) -~-bu tyro lac tone  (VIII) and 6 -Benzy lamino-9 - (1 -benzy lca rbamoyl -3 -hy-  
droxypropyl)purine (X, Table 1). A 0.85-g (0.008 mole) sample  of t r ie thylamine and 0.45 g (0.004 mole) of 
benzylamine were added to 0.5 g (0.002 mole) of VI in 20 mI of DMFA, and the react ion mixture was s t i r red  
at 100 ~ for 5 h. The resul t ing soltion was fil tered and vacuum evaporated. Methanol (50 ml) was added to 
the residue,  and the solution was refluxed for 30 rain. The hot methanol solution was fil tered, and the p r e -  
cipitated lactone VIII was separated.  The product  was crys ta l l ized  to give 0.1 g (16%) of a compound with 
mp 223-224 ~ (from acetone). Aminopurine X was precipi ta ted f rom the methanol f i l t rate  by cooling to give 
0.37 g (25%) of a product  with mp 183-184 ~ 

Reduction of a - (6 -Ch lo ro -9 -pur iny l ) -T-bu ty ro lac tone  (VD with Sodium Borohydride in Aqueous Solu- 
tions. A) A solution of 0.6 g (0.016 mole) of NaBH 4 in 10 ml of water was added slowly with s t i r r ing  to a 
suspension of 3.9 g (0.016 mole) of lactone VI in 50 ml of water.  After  a few minutes, the solid mater ia l  
dissolved. The solution (pH 8) was s t i r red  for  3 h, af ter  which dilute acetic acid was added dropwise to 
pH 3.5. The solution was passed through a column containing Dowex-50 res in  (H + form), and the reduction 
products  were  eluted in i t i a l lywi thwate rand then  with 1 N NH4OH. Starting VI was eIuted initially, a f ter  
which a mixture of XI and I was eluted. The fract ions containing XI and I were  evaporated, and the res idues  
were passed through a column containing Dowex-3. The yield of dihydroxybutylpurines XI and I was 1.2 g. 

B) A mixture of 0.71 g (0.003 mole) of lactone VI, 30 ml of 0.05 M boric acid, and 6 ml of Dowex-50 
res in  (H + fo rm)  was s t i r red  and cooled to 0 ~ af ter  which 15 ml of a f reshly  prepared  0.3 M solution of 
NaBH 4 in water was added [8]. The mixture was s t i r red  at 4-5 ~ for  30 rain (solution pH 5). Another 15 ml 
of a 0.3 M solution of NaBH 4 was then added, and the mixture was s t i r red  for  another 30 min and allowed 
to stand for 2 h. The solution was passed through a column containing Dowex-50 res in  (H + form).  T h e f r a c -  
tions containing reduction products  XI and I were evaporated.  The res idue was dissolved in methanol in 
o rder  to obtain the methylborate ,  and the solution was evaporated.  The operation was repeated severa l  
t imes until the boric  acid had been completely  removed.  The res idue  was dissolved in water,  and the solu- 
tion was passed through a column containing Dowex-3 anion-exchange res in .  The etuate was evaporated to 
give 0.2 g of dihydroxybutylpurines XI and I. 
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C) A to ta l  of 15 ml  of 0.3 M NaBH 4 was added s lowly to a mix tu re  of 0.35 g (0.0015 mole) of lactone 
VI and 10 ml  of 0.4 M bor i c  acid at  a solut ion pH of 4-5.  The mix ture  was s t i r r e d  for  3 h and worked up 
as in method B to give 0.1 g of a mix ture  of XI and I. 

The r a t i o s  of the r educ t ion  produc ts  in the mix tu re s  (de termined by chromatography)  were  as  follows: 
(a) 80% XI and 20% I; (b) 70% XI and 30% I; (c) 65% XI and 35% I. 

6 - A m i n o - 9 - ( 1 , 4 - d i h y d r o x y - 2 - b u t y l ) p u r i n e  (II) and 6 - H y d r o x y - 9 - ( 1 , 4 - d i h y d r o x y - 2 - b u t y l ) p u r i n e  (I). A 
to ta l  of 100 ml  of methanol  s a tu ra t ed  with ammonia  was added to 1.2 g of a mix tu re  of XI and I, and the mix -  
t a r e  was heated at  100 ~ in an autoc lave  for  5 h. The me thano lwas  evapora ted ,  and the c r y s t a l l i n e  r e s idue  
was d i s so lved  in 100 ml  of water .  The aqueous solut ion was appl ied to a column containing Dowex-50 ca -  
t ion-exchange  r e s i n  (H + form) that  had been p r e v i ous l y  equi l ib ra ted  with 0.001 N HC~I. Hydroxypur ine  I was 
eluted with a buffer  with pH 3 (3 N NHtC1 and 0.001 N HC1). Aminopur ine  II was then eluted with ammonium 
hydroxide with pH 9. Solutions of II and I were  passed  through a column containing Dowex-50 in o r d e r  to 
f r ee  them of NH4C1. The y ie lds  of II and I were  0.45 g and 0.24 g, r e s p e c t i v e l y .  

Reduct ion of a - ( 6 - C h l o r o - 9 - p u r i n y l ) - T - b u t y r o l a c t o n e  (VI) in Absolu te  Methanol. A 0.38-g (0.01 mole) 
s a m p l e  of NaBH 4 and 0.5 mole  of CH3ONa in 50 ml  of methanol  were  added to 1.2 g (0,005 mole) of lactone 
VI in 30 ml of methanol ,  and the mix tu re  was s t i r r e d  for  1.5 h, a f t e r  which the methanol  was vacuum evap-  
ora ted .  The r e s i d u e  was t r e a t e d  with methanol  sa tu ra t ed  with ammonia ,  and the mix ture  was heated in an 
autoc lave  at  100 ~ for  5 h. The methanol  was evapora ted ,  the r e s i due  was d i s so lved  in water ,  and the so lu-  
t ion was passed  through Dowex-50 r e s i n  (H + form).  The eluate  was evapora ted  to give 0.45 g (50%) of II. 
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