
HETEROCYCLES, Vol 24, No. 3, 1986 

6 SYNTHESIS OF N -(2-OXOPYRROLIDIN-5-YL)ADENOSINE DERIVATIVES 

* 
Yoshiyuki Kosugi , Tatsuo Nagasaka, Fumiko Hamaguchi, and Sadao 

Ohki 

Tokyo College of Pharmacy, Horlnouchi 1432-1, Hachioji, Tokyo 

192-03, Japan 

Abstract- A convenient method for introducing a pyrrolidinyl 

6 moiety into adenosine N -position by utilizing the acyliminium 

activity of w-alkoxylactams is described. Condensation of 5- 

alkoxy-2-pyrrolidinones (3a-£1 and adenosine triacetate followed 

6 by deacetylation gave N (2-oxopyrrolidin-5-y1)adenosines ( 6 a - f )  

in good yields. 

During our investigation for the pharmacological activities of 2-pyrrolidinones, 

6 it was observed that N -(2,5-dioxopyrrolidin-3-yl)adenos1ne ( 1 )  possessed anti- 

hypertensive activity against the circulating systems in rats and dogs, while nan- 

substituted adenosine was less active. In order to examine the bioactivity of 

6 its analogues, a series of N -substituted adenosine derivatives has been prepared 

from 6-chloropurine riboslde by nucleophilic substitution with the appropriate 

amines. However, our preliminary experiments suggested that this usual method 
1 

was troublesome when 5-amino-2-pyrrolidinone ( 2 )  was used as a nucleophile. 2 

This paper describes an alternative method for introducing a 2-pyrrolidinane 

6 moiety into adenosine N -position by utilizing the acyliminium activity of w -  

alkoxylactams. 



As we have previously reported that the reaction of 5-ethoxy- (3al or S-acetoxy-2- 

pyrrolidinone ( 4 )  with nucleophiles such as carbamates, amides and amines afforded 

5-amino-2-pyrrolidinones in moderate to high yields,' the amino group in nucleo- 

sides was expected to have a sufficient nucleophilicity toward the acyliminium 

ions derived from the alkoxylactams. Thus, the reaction of 5-alkoxy-2- 

pyrrolidinones (3a-f I, prepared by NaBH4 reduction of succinimide4 or by ring 

conversion of 2-fur an one^,^ with adenosine and its triacetate was studied. 

The mixture of adenosine triacetate ( 2 . 0  9, 5.1 mmoll and 3a (1.20 g, 9.3 mmol) 

dissolved in DMF was refluxed for 12 h and the solution was evaporated in vacuo, 

and then the residue was column chromatographed on silica gel (hexane-acetone) to 

6 give a new adenosine derivative, N -(2-oxopyrrolidin-5-yl)adenosine triacetate 

(Sa), as a syrupy oil in 91 % yield (2.20 g, 4.6 mmoll. Deprotection could be 

accomplished by uslng a standard pro~edure,~ namely by treatment with ammonia in 

methanol (O'C, overnight), followed by chromatographical purification (Si02, 

6 CHC13-MeOHl to afford the corresponding N substituted adenosine (6a) as a white 

powder in 68 % yield. Although the reaction of 3.3 with adenosine was tried to 

obtain the compound (6al directly, only poor yield (16%) of the desired compound 

was obtained by refluxing the mixture in DMF for 12 h followed by chromato- 

graphical separation. 

3 - f  

a :  X-H,  Y:H, R - E t  
b :  X=OMe, Y=H, R=Me 
c :  XrOMe. Y S I .  R=Me 

~2) QK> 
d :  X=S(CH2)2S.  Y:H. R-Me 
e :  X S ( C H 2 ) 3 S ,  Y=H. R=Me 
f :  X-SPh, Y-H, R = E t  AcOT? AcO OAc 7 2  HO OH 

50-1 60-t 

The other analogues (3b-f15" bearing substituents at the 3-position also under- 

6 went nucleophilic substitution to afford the expected N substituted adenosine 

derivatives (5b-f) in good yields by heating the reactant mixtures at 120-170 'C 

with or without solvent (Table I). In the absence of solvent, the reactions were 

accelerated and completed within 1-2 h. Subsequent deacetylation afforded the 

6 
N -substituted adenosine5 (6b-£1, respectively (Table 11). The structures of 

these compounds obtained here were confirmed by spectrometrical analyse~.~ 
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6 Table I. Svnthesis of N -/2-0xo~vrrolidin-5-vl~adeno~ine Triacetates 15a-f). 

2-Pyrrolidinones Products -1 1 
(Reaction Conditions) (Yields) Spectral Data [ir (KBr) cm ; H-nmr (CDC13) 6 I 

3a 5a ir 3370 and 3250(NH), 1750(C=0), 1700(C=0), 1620(purine); nmr 8.35 
X=H, Y=H, R=Et (91 %) and 7,95(2H,sxZ,purine), 7.8 and 7.3(2H,br dxZ,NH), 6.15-5.55 
(DMF, reflux, 12 h) (4H,m, OCHN, CMAc and NCHN), 4.40(3H,s,CfiCfi20Ac), 2.6-2.1(4H,m, 

CH7), 2.13, 2.10, and 2.09(9H,sx3,OAc). 

3c 5c ir 3350(NH), 175O(C=O), 1725(sh,C=O), 1615(purine); nmr 8.32 and 
X=OMe, Y=C1, R=Me (63 %) 7.93(2H,sx2,purine), 7.45 and 6.7(2H,br dXZ,NH), 6.2-5.55(4H,m, 
(neat, 170°C, 1 h) OCHN, CgAc and NCHN), 4.38(3H,s,ClCI&OAc), 4,28(1H,d,CHCl), 3.48 

and 3.45(6H,sXZ,OMe), 2.12, 2.09, and 2,07(9H,sx3,OAc). 

3d 5d ir 3300(NH), 175O(C=O), 1685(C=O), 1620(purine); n m r  8.33 and 
X=S(CH ) S, Y=H, R=Me (97 %) 7,95(2H,sX2,purine), 7.5 and 6,9(2H,brXZ,NH), 6.2-5.6(4H,m,OCHN, 2 2 
(neat, 150°C, 2 h) CNAc and NCHN), 4.42(3H,s,CHCH OAc), 3.8-3.3(4H,m.SCHZCHZS)I 3.1 

and 2.7(2H,AB of ABX,CH7), 2T1~? 2.10, and 2,08(9H,sx3,OAc). - 
3e 5e ir 3250(NH), 1750(C=O), 1675(C=0), 1630(purine); nmr 8.35 and 

3f 5f ir 3200(NH), 1750(C=0), 1720(C=0), 1620(purinr); nmr 8.41 and 
X=SPh, Y=H, R=Et (96 %) 7.99(2H,sx2,purine), 7.75 and 7,45(1OH,mx2,SPh), 6.75(1H,br s,NH), 
(Toluene, reflux, 28 h) 6.25-5.6(4H,m, OCHN, CNAc and NCHN), 4,43(3H,s,C&H OAc), 2.85 and 

2.35(2H,AB of ABX,CH-), 2.15, 2.12, and 2.07(9~.sx?0~c). 

6 Table 11. N -/2-Oxopyrrolidin-5-yl)adenosines (6a-f). 

Compounds 
(Yields) Melting Poinrs ('C) and Spectral Data [ ~ r  ( K B r )  c C 1 ;  h r n r  (DMSO-d6)6 ; u v  (EtOH) nm] 

mp 164-166; ir 3420(OH), 3240(NH). 1680(C=O), 1670 and 1615(purine); nmr 8.45 and 8.13 
(2H,br sxZ,NH), 8.42 and 8,25(ZH,sxZ,purine), 5,95(lH,br,NCHN), 5,90(1H,d,OCHN), 5.5- 
5.2(3H,m,OH), 4.59 and 4.14(2H,qxZ,CYH), 3.96(1H,q,40CKCH2), 3.66 and 3.56(2H,m, 
CHC&OH), 2.42 and 2.10(4H,mx2,CHq); u v  266(~=1.70~10 ). 

rnv 176-178: ir 3500(OH). 3250(NH), 1700(C=O). 1615(ourine): nmr 8.6(1H.br s.NH). 8.48 . . .  
and 8,32(2H,sx2,purine), B.li(lH,br d,NH), ~.o(IH;~~,NcHN), s.~s(~H,~;ocHN), 5.5-5.1 
(3H,m,OH), 4.62 and 4.18(2H,qx2,CeH), 3.98(1H,q,OC&H ) 3.65(2H,m,CHCfi20H), 3.33 
and 3.31(6H,sx2,014e), 2.7-2.2(2H,m,CH7); uv 265(~=1.35216~). 

. 
mp 110-120(dec.); ir 3500-3200(OH and NH), 1720(C=O), 1605(purine); nmr 9.0 and 8.3(2H, 
br sx2,NH). 8.50 and 8.33(2H,sx2,purine), 5,95(1H,d,OCHN), 5.5-5,2(3H,rn,OH), 4.73(1H,d, 
NCHN), 4.60 and 4.15(3H,mx2,CmH and CHCl),43.97(1H,q,0C~), 3,62(2H,m,CHC30H). 3.44 
and 3.40(6H,sxZ,OMe); uv 265(E=1.94~10 ). 

mp 215-216: ir 3500(OH), 3300 and 3250(NH), 1695(C=0), 1615(purine); nrnr 8.47 and 8.30 
(ZH,sxZ,purine), 8.45 and 8.25(2H,br sxZ,NH), 6,15(1H,m,NCHN), 5,95(1H,d,OCHN), 5.5-5.1 
(3H,m,OH), 4.63 and 4,17(2H,tx2,CEOH), 4.00(1H,q,0C&H2), 3.60(2H,m,CHCfi20H), 3.33 
(4H,br m,SCH2CH2S), 2.87(2H,m,CH2). 

mp 140-147; ir 3500-3100(0H and NH), 1680(C=O), lb3O(purine); nmr 8.38 and 8,30(2H,sx2, 
purine), 8.33(1H,br s,NH), 8.15(1H,br d,NH), 6.2(1H,m,NCHN), 5.95(1H,d,OCHN), 5.6-5.25 
(3H,m,OH), 4.66(1H,q.CLlOH), 4.25(1H,m,CHOH), 4.1(1H,m,0C~H2), 3.7(2H,m,CHCfi20H), 3.0- 
1.7(8H,m,CH7). 

. 
mp 131-133; ir 3500-3100(OH and NH), 1705(C=O), 1615(purine); nmr 8.7(1H,br s,NH), 8.48 
and 8.30(ZH,sxZ,purine), 8.2(1H,br d,NH), 7.7 and 7,5(1OH,mx2,SPh), 5,95(2H,m,OCHN and 
NCHN), 5.6-5.1(3H,m,OH), 4.60(1H,q,CmH), 4,20(1H,rn,C~H), 3.97(1H,q,0C3H2), 3.65(2H, 
m,CHC&,OH), 2.9-2.25(2H,m,CH,). 



These results described here demonstrate a convenient method for the synthesis of 

~~-(2-oxo~~rrolidin-5-yl)adenosines and suggest that this procedure may be appli- 

cable to the other nucleosides having nucleophilicity on purine or pyrimidine 

base. The compound (6a) was tested for its antihypertensive activity and was 

found to be about 10 % of the activity of 1. The further studies with biological 

activities of the compounds described here are in progress. 
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