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NUGLEOSIDES & NUGLEOTIDES, 9(8) ,  1099-1112 (1990) 

NOVEL ~ D ~ - D I S U B S T I N T E D  ADENOSINE ANALOGUES: F’OTENTl Al 
MONISTS FOR ADENOSINE RECEPTORS 

Vasu Nalr”  and A l  len J .  Fasbender 
Department o f  Chemlstryt The Un lve rs l t y  o f  Iowa 

Iowa Clty,  Iowa 52242 

Abstract. Synthes 1 s o f  nove I 2- lodo- and 2-0x0- N6-cyc I osubst i t u t e d  
adenoslne analogues w l t h  po ten t i a l  adenosine A t  o r  A2 agon ls t  a c t l v l t y  Is 
descrtbed. The procedure f o r  t h e  2-0x0 compounds represents a new and 
general syn the t l c  approach t o  lsoguanoslne analogues. 

I NlROWCT I ON 

Although the  cardlovascular e f f e c t s  o f  adenosine were f i r s t  

by Drury and Szent-Gyorgyl i n  1 9 2 9 ~ ~  It was no t  u n t l  I much 

p a r t l c u i a r l y  i n  the  l a s t  decade t h a t  t he  blochemlcal bas is  

descr I bed 

a te r  and 

f o r  t h e  

phys lo log lca l  e f f e c t s  o f  adenoslne began t o  be understood.2-6 Adenoslne 

exer ts  I t s  e f f e c t s  the  e x t r a c e l l u l a r  receptors, A t  and A2, d l s t r l b u t e d  

throughout a wlde v a r i e t y  o f  t l ssues  I n  t h e  mammalian body. The chemlstry 

and b lo logy  o f  t he  adenoslnerglc system and t h e  phys lo log lca l  e f f e c t s  

mediated by adenoslne have been r e ~ l e w e d . ~ ’ ~ ’ ~ ’ ’ ’ ~  Adenoslne appears t o  

a c t  as a local  hormone, produced on demand I n  response t o  a pa tho log ica l  

st imulus such as lschemla o r  I n  response t o  Increases I n  c e l l u l a r  

e l e c t r i c a l  ac t l v l t y . ’  f o r  

the  t reatment o f  acute supravent r l cu la r  tschycard la  and, wh i l e  effective, 

su f fe rs  from a h a l f - l i f e  I n  the  bloodstream o f  much less than  t e n  seconds.’ 

ne 

t h  

Adenoslne has recen t l y  been approved c l  i n i c a l  l y  

Thus, t he re  has been conslderable I n t e r e s t  I n  developtng adenos 

analogues t h a t  mimlc t h e  pharmacologlcal p roper t l es  o f  adenoslne b u t  w 
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1100 NAIR AND FASBENDER 

high A1 o r  A2 receptor s p e c i f i c i t y  and w i t h  res is tance t o  rap id  metabol ic 

d e g r a d a t i ~ n . ~  Several recent repo r t s  o f  h igh l y  s e l e c t i v e  and potent 

analogues f o r  both t h e  A 1  and A2 have focused a t t e n t i o n  on 

2- and/or N6-modif led adenosines. The na tura l  minor nucleoside, 

lsoguanosine (2-hydroxyadenoslne) has been reported t o  have vasodepressor 

a c t i v i t y  g rea t l y  exceeding t h a t  o f  However, very few 

examples o f  isoguanosine analogues o f  r e l a t e d  i n t e r e s t  are 

This paper repo r t s  on t h e  synthesis o f  novel 2-iodo- and 2-0x0-N6- 

cyc iosubs t i tu ted  adenosines w i t h  po ten t i a l  A1 o r  A2 agonist  a c t i v l t y  and 

c e l l u l a r  s t a b i l i t y .  

RESULTS AND DISCUSSION 

Synthesis o f  2-iodo-N6-cyclosubstituted adenosines were achieved by 

tak ing  advantage o f  t h e  known nuc leoph i l i c  l a b i l i t y  o f  t h e  6-chloro group 

I n  2-iodo-6-chloro pur ine  n u c l e o ~ i d e . ~ ~  Th is  precursor, i n  I t s  protected 

form (1.e. 2)r can be prepared by t h e  deamlnation-lodination o f  2-amino-6- 

chioropur ine r i bos ide  l.24 Treatment o f  2 wi th  t h e  primary amlne t o  be 

subs t i t u ted  a t  t he  6-pos i t ion  i n  chloroform a t  60 OC gave 3a-e i n  exce l l en t  

y ie lds.  Deprotections o f  compounds 3 were c a r r i e d  o u t  w i t h  sodium 

methoxlde I n  methanol o r  w i th  e thano l i c  ammonia t o  g i ve  t h e  t a r g e t  

compounds 4 - 8. Compound 8 was produced as a diastereoisomeric mixture. 

Overal l  y i e l d s  from guanosine were of the  order  o f  40%. The s t ruc tu res  o f  

these compounds were conf lrmed by 'H NMR and UV data and elemental 

ana I yses. 

The s t ra tegy  f o r  t h e  synthesis of the  novel Isoguanosine analogues was 

more complicated. Although a number o f  approaches are a v a i l a b l e  f o r  t h e  

synthesis o f  isoguanosine, these methodologies were not e a s i l y  app l i cab le  

t o  the  synthes i s o f  t h e  2-oxo-N6-cyc loa  I ky I ated adenos i nes. These I nc I ude 

the  s e l e c t i v e  deaminatlon o f  2,6-dlaminopurine nucleoside w i t h  n i t r o u s  

acid,25026 cyc i  i z a t i o n  o f  a 4,5-dicyanolmidazole nucleoside precursor, 27 
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2,6-DISUBSTITUTED ADENOSINE ANALOGUES 1101 

9 ,., 

2-12 2a-e 

( i )  CHz12,  n-C5HI1ONO, CH3CN. A; ( 1 1 )  RNH2. TEA, CHC13.  A; ( i i f )  NaOCH3, MeOH; 
( i v )  NH3, E t O H ;  ( v )  CH3SSCH3. CH3CN, hv; ( v i )  CH3SSCH3. C5HIIONO, CH3CN, A; 

( v i i )  RNH2. TEA, DEIF, A ;  ( v i f i )  oxone. acetate buffer;  ( i x )  s o d i u m  benzyloxide, 
DHF, A ;  (x)  H2, 10% P d K ,  EtOH.  
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1102 NAIR AND FASBENDER 

photo lys ls  o f  adenoslne N1-oxldeD28 o r  synthesls from AICA-rfboslde. 29 I n  

1985, Nal r  and Young reported a photochemlcal synthesls o f  lsoguanoslne. 24 

However, t h l s  procedure, wh i l e  e a s l l y  app l l cab le  f o r  t he  photohydrat ion o f  

2-lodoadenoslne t o  na tura l  Isoguanoslne, was unsuccessful f o r  t h e  photo- 

hydrat lon reac t i on  o f  t he  2-lodo-N6-cyclosubstltuted compounds 4-8. 

We now repor t  a new approach t o  the  prepara t lon  o f  isoguanoslne and 

r e  I ated The precursor f o r  t h  I s 

synthesls was t h e  2-amlno-6-chloro compound 1 whlch was converted t o  9 

through a thermal rad l ca l  deamlnatlon-thloalkylatlon wl th  n-pentyl n l t r l t e  

and dlmethyl d i s u l f l d e  I n  a c e t o n l t r l  le,30D31 The t h l o a l k y l a t e d  compound 9 

was converted t o  compounds 10 by dlsplacement o f  t h e  6-chloro group w l t h  

the  c y c l l c  prlmary amlnes. These Intermediates (1.e. 1Oa-e) were a l s o  

prepared from Compounds 3 by photochemlcal t h i o a l k y l a t i ~ n . ~ ~  Formatlon o f  

the  thfomethyl group at t he  2-pos i t ion  was t o  convert  It eventua l l y  t o  a 

good leavlng group f o r  l n t roduc t l on  o f  t he  0x0 group. Thus, compounds 10 

were converted t o  t h e  sul fones 12 by depro tec t lon  fo l lowed by ox lda t l on  

w l th  oxone I n  acetate bu f fe r .  Treatment o f , t h e  sul fones 12 wi th  the  sodlum 

s a l t  of benzyl alcohol fo l lowed by hydrogenolysls o f  t h e  r e s u l t l n g  2- 

N6-subst I t u ted  analogues o f  I soguanos 1 ne. 

benzyloxy compounds 13 wl th  

compounds 14-18. Overal l  

photochemlcal t h l o a l k y l a t l o n  

y l e l d s  were s l l g h t l y  hlgher 

th loa l ky la t l on .  In  theory, 

0% ?d/C and 30 p.s.i. of H2# gave t h e  t a r g e t  

y l e l d s  s t a r t i n g  from guanoslne y& t h e  

pathway were o f  t he  order  o f  9% whereas t h e  

(-12 % I  for t h e  pathway lnvo tv lng  thermal 

compounds 14-18 cou ld  be prepared more 

d l r e c t l y  from 12 by treatment w l th  aqueous sodlum hydroxide. However, t h l s  

reac t l on  gave only low ylelds o f  product. The s t ruc tu res  of t h e  t a r g e t  

novel lsoguanoslne analogues were conf lrmed by 'H NMR, FTIR and UV data and 

by elemental analyses. 

I n summaryI N6-cyc I oa I ky I ated ana I ogues of 2- lodo and 2-0x0 adenos 1 nes 

have been syntheslzed by h lgh ly  e f f l c l e n t  methods. The procedure for the  
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2,6-DISUBSTITUTED ADENOSINE ANALOGUES 1103 

2-0x0 compounds represents a new and general approach t o  isoguanosine 

analogues. The t a r g e t  compounds described are o f  p o t e n t i a l  i n t e r e s t  as A, 

o r  A2 agonlsts w i th  respect t o  these adenosine receptors. They are n o t  

substrates f o r  mammal Ian adenosine deaminase. 

EXPER I MENTAL 

spectrophotometer. I n f ra red  spec t ra  were 

Four ie r  t ransform instrument. Elementa 

Ga lbra l th  Laborator ies 1nc.t Knoxvl 

The reported me l t i ng  po in ts  a re  uncorrected and were determined on a 

Thomas-Hoover me l t ing  p o i n t  apparatus f i t t e d  w i t h  a mfcroscope. Nuclear 

magnetlc resonance spectra were recorded on JEOL Model FX90Q and Bruker MSL 

300 pulse Four ie r  t ransform spectrometers. U l t r a v i o l e t  spec t ra  were 

recorded on a Varian Cary Model 219 o r  a G i l f o r d  Response 

25 

analyses were c a r r i e d  o u t  by 

ler TN. Prepara t ive  layer  

ates w i t h  

o f  water. 

a c t  I vated 

f o r  3 h a t  150 OC. Flash chromatography was c a r r i e d  o u t  I n  g lass  columns 

packed w i th  230-400 mesh s i l i c a  gel .  

recorded on a Mattson Cygnus 

chromatography 

a s l u r r y  made 

The s i l i c a  ge 

p la tes  were prepared by coa t ing  s i x  20cm x 20cm p 

from 1509 o f  E. Merck PF254 s i l i c a  gel i n  400 mL 

p la tes  were al lowed t o  dry s lowly  and were then 

General Synthe t ic  Procedures (A - F). Procedure A: Prepara t lon  of 

Nd-subst 1 tuted-2- lodo-9-(2 3 g S 5  *-tr 1 -0-acety I - B -D-r I bof  uranosy I 1 pur  I nes. 

A s o l u t i o n  Containing 6-chloro-2-lodo-9-(2”.5’-trl-O-acetyl- 6 -D- 

r ibofuranosy1)pur ine (6.6 mmoi) Zr32 t r f e thy lam lne  (7.9 m m o l ) r  and t h e  

amine t o  be subs t i t u ted  i n  the  6-pos l t ion  (7.9 m m o l )  was s t i r r e d  i n  

chloroform (30 m L )  and heated a t  60 OC f o r  2 h, The so lvent  was evaporated 

and the  residue was p u r i f i e d  by f l a s h  chromatography e l u t i n g  w i t h  1% 

methanol/ ch loroform. A l t e r n a t i v e l y r  t h e  N6-substi tuted-2-iodo compound 

cou ld  be prepared by doubl ing t h e  equ iva len ts  o f  t h e  amine t o  be 

subs t i t u ted  and o m i t t i n g  the  t r ie thy lamine.  
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1104 NAIR AND FASBENDER 

Procedures 5 1  and 5 2 :  Deprotect ion of t r i a c e t y l a t e d  pu r ine  r ibo-  

furanosides. Procedure 5 1 :  To a s o l u t i o n  o f  t r i a c e t y l a t e d  nucleoside (7.4 

mmol) i n  methanol (50 mL) was added sodium methoxide (25.7 mmol). The 

s o l u t i o n  was 

added. S t i r r i n g  was continued f o r  1 h. The so lvent  was removed and t h e  

residue t r i t u r a t e d  w i t h  9:l chloroform/methanol and f i l t e r e d .  The f i l t r a t e  

was concentrated and the  residue was p u r i f i e d  on s i l i c a  gel p la tes  w i t h  10% 

methanol/chloroform i n  t h e  case o f  t h e  2-iodo analogues o r  by f l a s h  

chromatography e l u t i n g  w i t h  2% methanol/chloroform i n  t h e  case o f  t h e  2- 

methy l th io  analogues. 

was s t i r r e d  f o r  1 h a t  25 OC a t  which t ime  NH4CI (31.7 mmol) 

Deprotect ion of t r i a c e t y l a t e d  pu r ine  r ibofuranosides. Procedure 52: 

Al te rna t i ve l y ,  the  t r l a c e t y l a t e d  nucleoside was dissolved I n  absolute 

ethanol (200 mL) and the  s o l u t i o n  was saturated w l t h  anhydrous ammonia a t  0 

OC. The 

so lvent  was then removed and the  residue t r i t u r a t e d  w i t h  o-xylene and t h e  

acetamide/o-xylene azeotrope and excess o-xylene were d i s t i l l e d  o f f  and t h e  

residue was p u r i f i e d  as descrlbed i n  6-1. 

The s o l u t i o n  was al lowed t o  stand a t  r c o m  temperature f o r  24 h. 

Procedure C: Photochemical p repara t ion  of 2-methyIthio-N6- 

substituted-9-~2~~3~~5~-tri-O-acetyI~-l)-ribofuranosyI~purines. A ni t rogen- 

purged s o l u t i o n  o f  3b o r  3c (1.8 mmol) conta ln lng  dimethyl d i s u l f i d e  (25 

m m o l )  I n  a c e t o n i t r i l e  (100 mL) was I r r a d i a t e d  under N2 f o r  40 h w i t h  

u l t r a v i o l e t  l i g h t  o f  p r i n c i p l e  wavelength 254 nm using a Rayonet 

Photochemical Reactor.30 The so lvent  was then removed and t h e  residue was 

incorporated i n t o  a s i l i c a  gel p lug  and p u r i f i e d  by f l a s h  chromatography 

e l u t i n g  w i th  e thy l  acetate/hexanes. 

Procedure D: Preparat  I on  of Z-methy I su I fony I -@-subst 1 t u ted -94  B -0- 

r1bofuranosyI)purlnes (12a-120). Compounds 11a-l le (6.4 mmol) were 

dissolved i n  each case I n  methanol (20 mL) and cooled t o  0 OC i n  an i ce  
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2,6-DISUBSTITUTED ADENOSINE ANALOGUES 1105 

bath. Oxone (10.2 mmol )  was d isso lved I n  acetate b u f f e r  a t  pH 4.2 and 

added slowly t o  the  nucleoside. The reac t i on  mix tu re  was al lowed t o  a t t a i n  

room temperature and was s t i r r e d  f o r  4 h and then neu t ra l i zed  w i th  NaOH. 

The so lvent  was removed and t h e  residue was t r i t u r a t e d  w i th  9:l 

chloroform/methanol and f i l t e r e d .  The f i l t r a t e  was fncorporated i n t o  a 

s i l i c a  gel p lug and p u r i f i e d  by f l a s h  chromatography e l u t i n g  w l t h  2% 

methanol/chloroform. 

Procedure E: Preparat lon of Z-benzyIoxy-N6-substltuted-9-( 8-D-r Ibo- 

furanosy1)purlnes (13a-13~3). To a s o l u t i o n  o f  t he  2-methylsulfonyl-N6- 

subs t i t u ted  r ibonucleoside (2.9 rnrnol) I n  DMF (30 mL)  was added sodium 

benzyloxide (0.389 g Na i n  excess benzyl alcohol, 5 mL). The s o l u t i o n  was 

heated t o  60 OC f o r  2 h w i th  s t i r r i n g  a t  which t ime the  reac t i on  mix tu re  

was cooled t o  room temp and NH&I (19.2 m m o l )  was added. S t i r r i n g  was 

continued f o r  an add i t i ona l  1 h. The DMF was removed under reduced 

pressure (50 OC) and t h e  r e s u l t i n g  syrup incorporated i n t o  a s i  I i ca  gel  

p lug  and p u r i f i e d  by f l a s h  chromatography e l u t i n g  i n i t i a l l y  w i t h  chloroform 

t o  remove benzyl alcohol and then w i t h  6% methanol/chloroform t o  e l u t e  t h e  

product. 

Procedure F: C a t a l y t i c  reduc t ion  of Z-benzy Ioxy-N6-substltuted-9- 

(8-0-ribofuranosy1)purInes. A s o l u t i o n  of each of t h e  compounds 13-136 

(0.4 rnmol) I n  absolute ethanol (150 mL) was purged w i th  N2 and t o  It was 

added one f o u r t h  the  mass o f  10% Pd/C. The suspension was then hydrogenated 

a t  30 p.s.1. o f  H2 for 18 h on a Parr Hydrogenation Apparatus. The 

suspension was then suc t i on  f i l t e r e d  through a f r l t t e d  glass f i l t e r  and t h e  

so lvent  was removed. The residue was p u r i f i e d  on s i l i c a  gel p la tes  w i th  10% 

methanol/chloroform. The product was subsequently c r y s t a l l i z e d  from 

isopropanoi /d iethyl  ether.  

N6-CycIobutyI-Z-lod~9-(B-D-rIbofuranosyI I p u r l n e  (4). Compound 3a was 

using Procedure A (88% y i e l d )  and deprotected t o  g i ve  4 prepared from Z32 
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1106 NAIR AND FASBENDER 

using Procedure E-1 (92% y i e l d ) .  The product obtained by prepara t ive  layer 

chromatography was c r y s t a l l l z e d  from ethano l /d ie thy l  ether/hexanes t o  g i ve  

4 as white c rys ta l s :  m.p. 109-112 oc dec.; 1~ NMR ( ~ e ~ ~ 0 - d ~ )  6 1.65-2.20 

( m ,  7H), 3.61 ( m ,  2H), 3.96 ( m ,  l H ) ,  4.09 ( m ,  l H ) ,  4.52 ( m t  1 H ) t  5.00 ( t t  

IH), 5.17 ( m ,  lH) ,  5.44 ( d ,  l H ) ,  5.83 ( d r  1H)r 8.33 (s, IH), 8.47 (d, I H ) ;  

UV (EthanolIX max 274 nm ( E 15,080). 

Anal. Calcd. f o r  C14H181N504: C, 37.60; H, 4.06; NI 15.66. 

Found: C, 36.91; HI 4.53; N, 14.75 

#-CycIopentyI-2-Iodo-9-( B 4 - r  Ibof uranosy I 1pur Ine (51 was 

prepared from 2 using i n  sequence Procedure A (93% y i e l d )  and Procedure E-2 

(88%) t o  g l ve  5 which c r y s t a l l i z e d  from e thano l /d ie thy l  ether/hexanes as 

whi te c rys ta l s :  m.p. 173-175 OC; 'H NMR (Me2SO-d6) 6 1.61 ( m ,  9H)r 3.63 ( m ,  

2H), 3.93 ( m r  l H ) ,  4.13 ( m r  l H ) ,  4.52 ( m ,  l H ) ,  5.01 ( m ,  l H ) ,  5.21 ( m ,  l H ) ,  

5.43 max 

274.5 nm ( E  14,980). 

( m ,  l H ) ,  5.79 (d, l H ) ,  8.15 (d, l H ) ,  8.28 (s ,  1H); UV (Ethanol) X 

Anal. Calcd. for C15H201N504: C, 39.06; Hr 4.37; NI 15.18. 

Found: C, 39.12; HI 4.42; N, 14.60 

#-Cyc I ohexy I -2- I odo-9- ( B-D-r I bof ur anosy I 1 pur 1 ne ( 6 1 was prepared 

from 2 by using Procedure A (80% y i e l d )  fo l lowed by Procedure B-2 (73% 

y l e l d ) .  Compound 6 c r y s t a l l i z e d  from e thano l /d ie thy l  ether/hexanes t o  

provide white c rys ta l s :  m.p. 110-115 OC dec.; 'H NMR (Me2SO-d6) 6 1.23- 

1.75 ( m ,  11H)r  3.64 ( m ,  2H), 3.95 ( m ,  1H)r  4.13 ( m ,  lH) ,  4.50 ( m ,  lH) ,  5.02 

( m ,  l H ) ,  5.19 (m, 1H)r 5.46 (m, 1H)r  5.80 (d, lH), 8.03 (dr lH), 8.28 (s ,  

1H); UV (Ethanol) Amax 273.5 nm ( E  14,480). 

Anal. Calcd. f o r  C16H221N504: C, 40.43; HI 4.66; NI 14.73. 

Found: C, 40.69; HI 4.87; NI 14.64. 

N6-Cyclohepty1-2-lodo-9-( B -D-rlbofuranosyI Ipurlne ( 7 )  was 

prepared from 2 using I n  sequence Procedure A (90% y i e l d )  and Procedure 8-1 
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2,6-DISUBSTITUTED ADENOSINE ANALOGUES 1107 

(91% y i e l d ) .  Compound 7 c r y s t a l l l z e d  from ethanol /  d i e t h y l  ether/hexanes 

as whi te c rys ta l s :  m.p. 115-118 OC; 1~ NMR ( ~ e ~ ~ 0 - d ~ )  6 1.55 ( m t  13H), 3.61 

(m, 2H), 3.95 (m, l H ) ,  4.15 (m, lH) ,  4.53 (m, l H ) ,  5.00 (m, 1H)r 5.17 (m, 

l H ) ,  5.41 (m, l H ) ,  5.83 (d, 1 H ) t  8.07 (d, 1 H ) r  8.32 (5, 1H); UV (Ethanol)  

hmax 273.5 nm (E 16,070). 

Anal. Calcd. f o r  C17H241N504: C, 41.73; HI 4.94; N t  14.31. 

Found: C t  42.32; HI 5.21; NI 13.90. 

N6-(2-Decahydronaph t h y  I 1-2- 140-94 8 4-r I bof uranosy I 1 pur  I ne ( 8 )  was 

prepared from 2 by  Procedure A (60% y i e l d )  using DMF as t h e  so l ven t  a t  90 

OC f o r  5 h t o  g i ve  36 which was deprotected uslng Procedure B-1 (90% y i e l d )  

t o  g i ve  8. Compound 8 c r y s t a l l i z e d  from ethanol /  d i e t h y l  e ther /  hexanes 

as whi te c rys ta l s :  m.p. 132-134 OC; 'H NMR (Me2SO-d6) 6 1.56 (m, 17H), 

3.60 (m, 2H), 3.95 (m, l H ) ,  4.09 (m, lH) ,  4.52 (m, lH) ,  5.02 (m, l H ) ,  5.21 

(m, 1H)r 5.44 (m, l H ) ,  5.83 (d, l H ) ,  8.04 (m, l H ) ,  8.32 (s, 1H); UV 

(Ethanol) Amax 273.5 nm ( E 17,600). 

Anal. Calcd. for C&81N504: Ct 45.38; HI 5.33; N, 13.23. 

Found: C, 45.15; H t  6.00; N, 12.94. 

6-Chlorcr -2- rnethyI th I0-~(2 '~3~~5 ' - t r l~acety l -B 4- r Ibo fu ranosy I )  

pur lne  (9).30'31 To a s o l u t i o n  o f  1 (14.7 m m o l )  i n  a c e t o n i t r i l e  (60 mL) a t  

0 OC was added dlmethyl d i s u l f i d e  (147.0 mmol), and n-pentyl n i t r i t e  (88.0 

mmol ) .  The s o l u t l o n  was purged w i th  N2 f o r  30 mln, and was heated a t  60 OC 

under N2 f o r  16 h. t h e  

residue Incorporated i n t o  a s i I I c a  gel p lug  and p u r i f i e d  by f l a s h  

The so lvent  was removed under reduced pressure and 

chromatography e l u t i n g  w i th  19% methanol/ chloroform. The product was 

Iso la ted  as a yel low o i l  i n  85% y ie ld .  'H NMR (Me2SO-d6) 6 1.97 ( s r  3H). 

2.08 (s, 3H)s 2.12 (s ,  3H)r 2.64 ( s t  3H)s 4.40 (m, 3H), 5.71 (m, lH), 6.06 

(m, lH) ,  6.32 (d, 1H)r 8.71 (s, 1H); UV (Ethanol) max 264, 304.5 nm. 

N6-CycIobutyI-2-om-9-(B-D-rIbofuranosyI )pu r ine  (14). 

prepared from 9 by Procedure A except i n  DMF a t  90 OC f o r  5 h (80% 

Compound 10a was 

y i e l d ) .  
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1108 NAIR AND FASBENDER 

It was then converted t o  l l a  using Procedure 8-1 (81% yield). l l a :  m.p. 

96-100 OC dec.; 'H NMR (M132SO-d6) 6 1.77-2.24 (m, 7H), 2.59 (s,  3H), 3.67 

(m, 2H), 4.01 (m, lH), 4.24 (mr l H ) ,  4.62 (m, lH) ,  5.08-5.38 (m, 3H), 5.89 

(d, l H l ,  7.90 (d, lH), 8.17 (s ,  1H); UV (Ethanol) X max 244, 283 nm. 

Compound l l a  was then converted t o  12a by procedure D (75% y l e l d ) .  The 

su l fone methyl s i n g l e t  appears a t  3.34 ppm and t h e  UVma, s h i f t s  t o  269 nm. 

The I R  shows absorbance due t o  t h e  su l fone group a t  1306 and 1130 cm". The 

sul fone 12a was converted t o  13a by Procedure E (60% y l e l d )  t o  p rov ide  13a: 

m.p. 94-98 OC dec.; 'H NMR (MepS0-d~) 6 1.65-2.2 (m, 7H), 3.61 (m, 2H)r 

3.93 (m, l H ) ,  4.17(mr l H ) ,  4.55 (m, 1H)r 4.85-5.45 (m, 3H), 5.35 (5, 2H)r 

5.83 (d, l H ) ,  7.44 (m, 5H), 8.02 (d t  1H) r  8.19 (5, 1H); UV (Ethanol) max 

274 nm. The 2-0x0 compound 14 was prepared from 13a by Procedure F (58% 

y l e l d )  and was c r y s t a l l i z e d  from lsopropanol /d lethyl  e ther  t o  provlde white 

c rys ta l s :  (m, 

2H), 3.93 (mI l H ) ,  4.08 (m, 1 H ) t  4.48 (m, 1H)r  4.74 ( m r  lH) ,  5.08 (m, lH) ,  

5.32 (m, lH) ,  5.70 (d, l H ) ,  7.98 (sI l H ) ,  8.15 (m, 1H); UV (Ethanol) max 

249 (E9,110), 284.5 (8,2601, 302.5 nm (6,890); I R  (carbonyl)  1652 cm". 

m.p. 167-170 OC; 'H NMR (Me2SO-d6) 6 1.72-2.17 (mr 7H)r 3.59 

Anal. Calcd. f o r  Cl4HlgN5O5: CI 49.85; HI 5.68; N, 20.76. 

Found: C, 49.22; H, 5.70; N, 20.06. 

N6-Cyc lopenty I-2-0~0-94 8 4 - r  1 bof uranosy I )pur 1 ne ( 15). Compound 1 Ob 

was prepared from 3b using procedure C (62% y i e l d )  and was deprotected 

using procedure B-1 (82% y i e l d )  t o  provide l l b :  m.p. 108-110 OC; 'H NMR 

(Me2SO-d6) 6 4.11 

(mI lH), 4.56 (m, 1H)r 5.00-5.41 ( m t  3H)r 5.83 (d, IH), 7.77 (dr 1H)r 8.20 

(s ,  1H); UV (Ethanol)h max 244, 280 nm. Compound l l b  was converted t o  13b 

using I n  sequence Procedure D (70% y l e l d )  and Procedure E (50% y i e l d ) .  

13b: m.p. 96-100 OC; 'H NMR (Me2SO-d6) 6 1.60 (m, 9H)r 3.62 (m, 2H), 3.91 

(m, l H ) ,  4.12 (m, l H ) ,  4.62 (m, 1 H ) t  5.13 (m, 3H), 5.33 (sY2H), 5.80 (d, 

l H ) ,  7.38 (m, 5H), 7.67 (d, l H ) ,  8.14 (sI 1H); UV (Ethanol) 1 max 274.5 nm. 

1.61 (m, 9H), 2.56 (s ,  3H11 3.58 (m, lH) ,  3.92 (mr  1H)r 
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2,6-DISUBSTITUTED ADENOSINE ANALOGUES 1109 

Compound 13b was then hydrogenated using Procedure F (76% y i e l d )  t o  obtaTn 

the  2-0x0 compound 15, which was c r y s t a l l i z e d  from isopropano l /d le thy l  

e ther  t o  g i ve  whi te c rys ta l s :  m.p. 186-188 

(m, 9H), 3.58 (m, 2H)r 3.94 (m, 1 H l r  4.09 

(m, 3H), 5.67 (d, l H ) ,  7.71 (m, 1 H ) r  7.97 

( E  9,410), 284 (8,210)~ 302.5 nm (7,860); 

OC; 'H NMR ( M e ~ S 0 - d ~ )  6 1.59-1.81 

m t  l H ) ,  4.49 (m, l H ) ,  5.09-5.53 

s, 1H); UV (Ethanol)X max 248.5 

R (carbony I ) 1639 cm-'. 

Anal. Calcd. fo r  Cl5HZ1N5O5.H20: C, 48.78; H, 5.73; N, 18.96. 

Found: C, 48.44; H, 6.17; NI 18.56. 

N6-Cyc I ohexy I -2-0~0-94B-D-r I bof uranosy I 1 pur 1 ne ( 1 6). Compoun d 1 1 c was 

prepared from 3c by using i n  sequence Procedure C (70% y i e l d )  and 

Procedure B-1 (76% y 

1.74 (m, 1 1 H ) r  2.52 

(m, l H ) ,  5.07-5.37 

(Ethanol)  max 244, 

e ld ) .  Ilc: m.p. 107-109 OC; 'H NMR (bk2SO-dg) 6 1.32- 

s, 3H), 3.59 (m, 2H)r 3.94 (m, l H ) ,  4.21 (m, 1 H ) t  4.29 

m t  3H), 5.86 (d, 1H) r  7.60 (d, lH) ,  8.20 (5, 1H); UV 

280 nm. Cornpound llc was then converted t o  13c using 

i n  sequence Procedure D (65% y i e l d )  and Procedure E (62% y i e l d ) :  m.p. 98- 

102 OC dec.; 'H NMR (Me2SO-ds) 6 1.23-1.76 (m, 9H)s 3.60 (m, 2H)r 3.97 (m, 

l H ) ,  4.18 (m, l H ) ,  4.62 (m, l H ) ,  4.70-5.60 (m, 3H)r 5.34 (s ,  2H)r 5.82 (d, 

l H ) ,  7.41 (mr 5H), 7.72 (d, l H ) ,  8.17 (s, 1H); UV (EthanolIX max 275 nm. 

Compound 13c was then hydrogenated t o  provide t h e  2-0x0 compound 16, using 

Procedure F (70% y i e l d ) .  C r y s t a l l i z a t i o n  from Isopropanol /d iethyl  e the r  

gave 1.32-1.88 

(m, 11H), 3.60 (m, 2H), 3.95 (m, 1 H ) t  4.10 (m, lH), 4.49 (mr  l H ) ,  5.12-5.38 

(m, 3H), 5.69 (d, l H ) ,  7.64 (mr l H ) ,  7.97 (m, 1H); UV (Ethanol)X max 248.5 

( E  9,290), 284.5 (7,77019 302.5 nm (7,990); I R  (carbonyl)  1643 cm". 

16 as wh i te  c rys ta l s :  m.p. 170-172 OC; 'H NMR (Me2SO-d6) 6 

Anal. Calcd. for C16H23N505.Hz0: CI 50.12; HI 6.05; N, 18.27. 

Found: C, 49.72; HI 6.89; N t  17.37. 

N(hycIohepiy  I-2-0xo-9-( 8 -5-r lbof uranosy I )pur 1 ne ( 17). 

prepared from 9 uslng i n  sequence Procedure A, except i n  DMF a t  90 

Compound 1 Id 

was OC 

f o r  2 h (71% y i e l d )  and Procedure B-1 (64% y i e l d ) :  m.p. 95-98 OC; 'H NMR 
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1110 NAIR AND FASBENDER 

(MezSO-ds) 6 1.57-1.80 (m, 13H)r 2.54 ( s t  3H), 3.62 (m, 2H), 3.89 (int l H ) ,  

4.16 (m, 1H)r 4.60 (m, 1H)r 5.05-5.38 (m, 3H), 5.85 (d, IH), 7.6 (d, lH), 

8.23 (s ,  1H); UV (EthanolIX max 244, 283 nm. Compound l l d  was then 

converted t o  12d by Procedure D (75% y i e l d )  and subsequently the  

methylsul f8nyl  group was displaced by the  benzyloxy anion uslng Procedure E 

(68% y l e l d )  t o  provide 13d: 'H NMR (MepSO-ds) 6 1.55-1.76 (m, 13H)t 3.62 

(m, 2H)r 3.94 (m, l H ) ,  4.21 (mt l H ) ,  4.55 (m, l H ) ,  5.01-5.49 (m, 3H), 5.35 

(s f  ZH), 5.82 (m, l H ) ,  7.41 (m, 5H)1 7.67 (d, 1 H ) t  8.17 (5, 1H); UV 

(Ethanol) A max 274 nm. Compound 13d was then hydrogenated t o  the  2-0x0 

compound 17 using Procedure F (72% y i e l d ) .  The product c r y s t a l l l z e d  from 

isopropanol /d lethyl  ether as l i g h t  t an  c rys ta l s :  m.p. 155-157 O C j  'H NMR 

(Me2SO-d6) 6 1.56 (m, 13H), 3.61 (m, ZH), 3.96 (m, 1 H ) t  4.11 (m, l H ) ,  4.49 

(m, lH), 5.05-5.39 (m, 3H)t 5.70 (d, 1H)r 7.71 (m, 1H), 7.99 (s, 1H); UV 

(Ethanol) x max 248.5 ( E 10,000), 284 (8,830)s 302 nm (8,170); I R  

(carbony I )  1636 cm" . 
Anal. Calcd. for C17H25N505.H20: C t  51.38; H, 6.34; NI 17.62. 

Found: C, 51.60; HI 6.92; N, 17.34. 

N6-(2-DecahydronaphthyI )-2-ox0-9-( B 4- r l bo fu ranosy l  )pur ine  (18). 

Compound l l e  was prepared from 9 using i n  sequence Procedure A, except I n  

DMF a t  90 OC f o r  18 h (58% y i e l d )  and Procedure 8-2 (60% y ie ld ) :  m.p. 110- 

114 OC dec.; 'H NMR (Me2SO-dg) 6 1.56-1.76 (m, 17H), 2.53 (s ,  3H), 3.64 

(mt 2H)r 3.95 (m, lH), 4.15 (m, lH), 4.60 (m, 1 H ) t  5.04 (m, lH) ,  5.19 (m, 

l H ) ,  5.44 (m, lH) ,  5.85 (d, 1 H ) t  7.64 (d, 1 H ) r  8.24 ( s t  1H); UV (Ethanol) 

xmaX 244, 283 nm. Compound l l e  was converted t o  136 using i n  sequence 

Procedure D (64% y i e l d )  and Procedure E (48% y le ld ) :  'H 

NMR (Me2SO-d6) 6 1.54 (m, 17H), 3.61 (m, 2H)r 3.93 (m, l H ) ,  4.18 (m, lH) ,  

4.58 (m, lH) ,  5.34 ( s ,  2H), 4.90-5.58 (m, 3H)r 5.83 (d, l H ) ,  7.42 (m,  5H)r 

7.61 (m, l H ) ,  8.17 (s ,  1H); UV (Ethanol) x~~~ 274.5 nm. Compound 138 was 

then converted t o  t h e  2-0x0 compound 18 using Procedure F (71% y i e l d ) .  The 

m.p. 111-114 OC; 
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2,6-DISUBSTITUTED ADENOSINE ANALOGUES 1111 

product c r y s t a l l i z e d  from isopropanoi /d lethyl  e the r  as wh i te  c rys ta l s :  

m.p. 175-180 OC dec.; ‘H NMR (Me2SO-d6) 6 1.54 (m, 17H), 3.59 (m, 2H), 3.96 

(m, l H ) ,  4.11 (m, l H ) ,  4.50 (m, l H ) ,  5.07-5.35 (rn, 3H), 5.69 ( d t  1 H ) t  7.64 

(m, l H ) ,  7.97 (s ,  1H); UV (Ethanol)  amax 249 ( E  9,4901, 283.5 (8,9201, 302 

nm (7,250); I R  (carbonyl)  1636 crn” 

Anal. Calcd. f o r  C20H29N505: C, 57.27; HI 6.97; NI 16.69. 

Found: C, 57.79; HI 7.12; N, 16.39. 
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