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SYNTHESIS O F  9-(C-5-HYDROXY-C-4-HYDROXY- 

RIETHYLCYCLOPENT-2-EN-R-1-YL)-9H-ADENINE 

[ ( d - E P I N O R - B C A ] ~  

Akerni Toyola.* Nobuya Kolaglri, and Chikara Kaneko 

Pharrnacculical Inslilutc. Tohoku Univcrs~ly. Aobayarna, Scndai 980. 

J a p a n  

AbslrncL--9-(c-5-Hydroxy-c-4-liydr~xy1~ic1IiyIcycIopc1~1-2-~1~-r-1-y1)-9H 

adcninc [(d-Epinor-BCA] has bccn synthcsizcd from ihc bicyclic hydroxy 

lactonc ( 2 )  in clcvcn slcps. 

( I n ,  4s .  5R)-9-14. 5-Bis(hydroxyrnctl1yl)cyclopcnl-2-c1~-I-ylJ-9H-adc~iinc [ ( - ) - ( B C A ) ] , ~  

previously synllicsizcd from (-)-Corcy lactonc in clcvcn ~ l c p s . ~  has shown signilicanl 

prolcction of MT-4 cells from lhc cytopsthic cIfccls oC HIV-I rvhrlc (+)-BCA has not. The 

biological evaluations of all of thc previously sy~~tlrcsizcd carbocyclic nuclcosidc analogucs 

havc bcen carried out with both cnanliomcrs and, so lar, only the cnantiomcrs that are 

analogous to P-D-ribonuclcasides hsvc becn found to cncn Ihc a c ~ i v i ~ ~ . ~  It is very inlcresling 

Ilia1 (-)-BCA. having non-natural stcrcochcmistry in thc cyclopcnlcnyl nioicty. lias cxhibitcd 

I t i - I  aclivily. In (-)-BCA, an clhylcnc "nil can be cons~dcrcd lo mimic thc oxygcn atom 

(-)-BCA (+)-BCA oxetanocin 
NHz NH, 

r h  
H O ~ ~  HowN N 

(+)-I (this formula corresponds 
epinor-oxetanocin to the enantiomer having 

non-natural sugar moiety) 
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of oxclanosc ring of oxclanocin, which has potcnl anti-H1V a ~ l i v i l y . ~  Rcccnlly cpinor- 

oxetanocin was reporlcd LO show strong antiviral activity against HIV. lhc LC50 value of which 

was 0.54 wglml, while that of oxctanocin was 4.3 ) ~ g / n i l . ~  This obscrvalion has lcd us to 

synthcsizc 9-(c-5-l1ydroxy-c-4-liydroxyn~cthylcyclopc1~t-2-~11-r-l-yl)-9H-adcni11c 11: (+J- 

cpinor-BCA]. It is bccausc , if the cthylcnc unit in the enantiomcr having non-natural sugar 

moiety of (d -1  could slill min~ic  [lie oxygcn alom in epinor-oxctanocin, onc might cxpccl the 

enhanccd biological activity. Wc report hcrc lhc synlhcsis of ( + I - 1 . 7  

Thc starting material in thc prcscnt synthesis was lhc bicyclic lactonc (2) (a : P = 5 : I), which 

was prepared in 65% yicld by reaction of glyoxylic acid wllh cyclopcntadicnc in ~ a t c r . ~  

Trcalnicnr of 2 wllh lilhium aluminum lhydridc followcd by oxidalivc clcavagc and subscqucnt 

rcduclion gavc thc d i d  (3). Sclcctivc prolcction o l  fhc primary lhydruxyl g ~ u u p  as its rcrt-  

bulyldiphcnylsilyl clhcr and subscqucnt p~otcction o f  thc sccondry lhydroxyl group as its 

mc~hoxymethyl crhcr providcd Ihc protcclcd cyclopcnlcne dcrivativc (4). Epoxidarion of 4 with 

rn-CPBA procccdod in a stcrcoselcclivc manncr lo glvc l l x  cpoxidc (5) ( ~ 4 % ) ~  along will, ils 

diaslcrcomcr (6) (6%).1° Ring opcning of thc cpoxldc ring in 5 by phcnylsclenium anion 

MOM0 MOM0 

HO 
2 

( a : P = 5 : 1 )  

CI 
MOMO 

7 . SePh 8 
, 9 

MOMO 
+ 

Scllcme 2. P = SiPh2-I-Bu. Reagcnls and condilions: a ,  i. LiAIH4, E120, i ~ ,  Na104, CH2C12-H20, iii, 
NaBH4. McOH, 54%; b. i, 1-BDPSCI. NEt3, DMAP. CHzC12, ii. MOMCI, i-PrzNEt3. CHZCIZ. 81%; c, rn- 
CPBA. CHZCIZ. 94%; d, PhScScPh. NaBH4, n-BuOH, rcnux, 2 11; c, 30% HzO2, THF, 70% from 5; f, 6- 
chloropurinc, Ph3P. DEAD, THF. -40 oC+roon~ tcmpcralu~c. 10%; g, i, BudNF, THF, ii. NH3, McOtl, 80 
OC (scaled tube), iii, conc. HCI, McOH, rcflux, I 11. 64%. 
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gcncratcd from diplicnyl disclcnidc and sodium b o r o l ~ ~ d r i d c l l  procccdcd in a rcgiosclcclivc 

m a n n e r 1 2  to givc the hydroxy sclcnidc (7). Trcalmcnl of 7 will1 cxccss lhydrogcn pcroxidc gavc 

llxc allylic alcol~ol @ ) . I 3  The Mitsunobu rcaclion of 8 wilh 6-chloropuriae gave lhc S N 2  product 

( y ) I 4  and S N ~ .  product (10)15 in 10% and and 33% yiclds. rcspcclivcly. Thc laltcr product (10) 

was apparenlly formcd due lo llhc slcric hindrance of sidc chains on thc cyclopcntcnol. Tlic c i s  

configuration bclwccn thc rnctlioxymcthyl group and lhc purinc basc was cvidcnt from thc 

upficld shift of mclhoxy (2.70 ppni) and mclhylcnc (4.26 ppni) groups of lhc mcllioxyn1ct1iyl 

group duc to shicldiog cffcct of llic purinc basc. Aflcr dcs~lylation o l  9 .  lhc rcsullanl alcol~ol 

was lrcatcd wilh ammonia in mchanol ,  lollawcd by dcpratcclion of thc mclhaxymcthyl group to 

givc llzc m g c l  compound ( (+)-I:  mp 226-229 "C ( d c ~ . ) I . ~ ~  Evalualion of lhc biological polcnllal 

of ( d - 1  is under investigation. 
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5: 300 MHz I ~ - t i n l r  (CDC13) 6 :  1.03 (911, s, r-Bu), 1.34 ( I l l ,  dd, J = 13.5 and 11 Hz, 5-H,), 1.97 

(IH, dd, J = 13.5 and 7.5 Hz, 5-Hb), 2.17 (IH, ni, 4-H), 3 36 (3H, s,  CH30). 3.52 and 3.53 (each IH, 

AB typc's d,  J = 2 HL, 1-11 and 2-M) ,  3.61 (IH, dd, J = IU and 6 H,., CH,OSi), 3.81 (IH, dd, J = 10 

and 10 Hz, CHbOSi), 4.24 (IH, d, J = 5 Hz, 3-H), 4.62 and 4.79 (cacli IH, d, J = 6.6 Hz, OCHzO), 7.39 

(6H, m. Ph-H x 6 ) .  7.64 (4H, m. Ph-H x 4). 

6 :  300 MHz l ~ - n n ~ r  (CDC13) 6: 1.04 (9H, s,  I-Bu), 1.81 (IH, ddd, J = 15, 9, and 1.5 Hz, 5-Ha), 2.34 

(IH, d,  J = 15 Hz, 5-Hb). 2.34 (IH, m, 4-H), 3.28 (3H, s, CH30). 3.43 (IH, br s, I-H or 2-H), 3.51 

(1H dd. J = 2.5 aod 1.5 Hz. I-H or 2-H). 3.68 (113, dd, J = 10 and 10 Hz. CH,OSi). 3.86 (IH, dd, J = 

10 and 5 Hz, C H p i ) ,  4.25 (IH. dd, J = 8 5 and 1.5 Hz, 3-H), 4 5 2  and 4.57 (cach IH, AB lype's d, 

J = 7 Hz. 0CH20) .  7.38 (611, m. I'll-H x 6). 7.65 (4H, 111. PI,-H x 4). 

K. B. Sliilrplcss and R. F. L;wcr. J A 1 S O L .  1973. 95 ,  2697. 

H. Baumgarmcr, C. Marschncr, R. Puchcr, and H Grlcngl, Terrohcdron Leri., 1991, 32 ,  611. 

8: 300 MHz l ~ - n m r  (CDC13) 6 :  1.02 (YH, s ,  I-Bu), 2 99 (IH, m, 4-13), 3 41 (3H, s, CH30). 3.73 (IH, 

dd, J = 10 and 4 Hz. CHnOSi), 3.79 (IH, dd. J = 10 iind 6 1 1 ~ .  CHbOSi). 3.00 (11-1. dd, J = 8 and 6 Hz, 

5-H), 4.73 (2H, AB lypc's dd, J = 8 and 7 Hz, OC1120), 4.83 ( IH,  ~ni, 1-13), 5.87 (IX, br d,  J = 8 

Hz, 3-HI, 5.90 ( IH,  br d,  J = 8 Hz, 2-14). 7.40 (6H, m, Pb-H x 6), 7.69 (4H, m, PI]-H x 4). 

9: Il i-nmr (CDC13) 6 :  1.10 (9H, s ,  I-Bu), 2.70 OH, s,  CH3O). 3.20 (IH, m, 4'-H), 3.77 ( IH,  dd, J = 

and 2 Hz, 5'-Ha). 3.97 (IH, dd. J = 10 and 3.5 Hz, 5'-1-Ib), 4.07 and 4.26 (cacli IH, d. J = 6.5 Hz, 

4.67 (IH, dd, J = 6 and 6 Hz, 6'-H), 5 87 (IH, 111, 1'-tl), 5.88 and 6.23 (cach IH, ni, 2'-H and 3'-H), 

7.53 (IOH, m. Ph2Si). 8.04 and 8.74 (cad] IH, s. puntic-H x 2) 

10: I ~ - n r n r  (CDC13) 6 :  0.91 (9H, s. I-Bu), 2.65 ( IH,  dd. .I = 14 ;and 6 5 I I L .  5'-H), 3.33 (311, s. 

CH3O), 3.90 (2H, 111. CHzOSi), 4.72 (2H, s. OCI-120). 4.98 (IH, 111. 4'-1-1). 5.67 (IH, m. 1'-H), 6.03 

(IH, m, 3'-HI, 6.37 (IH, m, 2'-H), 7.37 (IOH, nl, PIqSi), 8.02 and 8.63 (cach IH, s, purinc-H x 

2) .  

1: 300 MHz l ~ - n n l r  (CD3OD) 6 :  3.03 (IH. ol. C-H). 3.82 ( IH,  dd. J = 9 and 6 Hz. 5'-Ha). 3.88 (IH. 

dd, J = 9 and 6.6 Hz, 5'-Hb). 4.68 (IH, dd, J = 5.5 and 5.5 HA. 6'-HI. 5 67 (11-1, in, 1'-H). 5.95 (IH, 

rn, 3'.H), 6.21 ( IH ,  ill, 2 '-H),  8.01 and 8.23 (cach IH, s,  puriac-H x 2). Hlgll-rcsolulion rns m / z  

Calcd for C I I H I J  N205 (M+): 247.1069. Fuund: 247.1055 
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