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-continued 
HYDROXYMETHYL o 

(METHYLENECYCLOPENTYL) PURINES AND’ N " 
PYRIMIDINES 5 < I N“ R, 

N ’/‘\N—cH—N/ 
RELATED APPLICATION I N _ \ ’ 

R4 
This application is a continuation-in-part of Ser. No. 

599,568 ?led Oct. 18, 1990, now abandoned. 10 I‘) 

BRIEF DESCRIPTION OF THE INVENTION (‘1 I NH O 
Antiviral activity is exhibited by compounds having N N /J\N}£_RS 

the formula 15 I 

O 
H H 1 /R‘ ll 

N=CH—N\ NBC-R5 

R6OCH2 R1 20 <Nf N R4 <Nf\\ N / / H H 

___ H N N J ’ N N ’/l 
117-0~ H H I I 

25 
and its pharmaceutically acceptable salts. In formula I, I‘, C‘ 
and throughout the speci?cation, the symbols are as N NH N \ N 

de?ned below. < I J < I J 
N N I , N N I 

30 l I 
0 
II 

N NH N ‘ N wherein R2 is ?uoro, chloro, bromo, iodo, hydrogen, 
< I x </ I )\ methyl, tri?uoromethyl, ethyl, n-propyl, 2-?uoroethyl, 

rlq , N ’ NHL 1;: N ’ NHL 35 2-chloroethyl, ethynyl, or 

H R3 

0 NH; c=c 

N u H 

N// I NH {N I N 40 (was) 
\ A I) 

1|“ N NR2, 1? N ’ wherein R3 is chloro, bromo, iodo, hydrogen, methyl or 
tri?uoromethyl; R4 is alkyl; R5 is hydrogen, alkyl, sub 

45 stituted alkyl, or aryl; and R6 and R7 re independently 
NR2 N32 hydrogen, —PO3H2 or 

(“l/£16161 " —-C—R . 

III N / F’ If N I N32, 50 5 

Preferred compounds of formula 1 are when R1 is 

NH; O 0 

ll 55 II II 

N I R; “N I R2 (Hf NH HN I CH3 )\ ’ 
O T ,O)\ 1;] , I: N ANT-150* N , 

l 
60 

c1 0R4 I? II) 
\ I \ Br 

(“fl <N I l ZLNI ‘id/y I , 65 

If N NR2, I‘ N NH1, 0 If '0 Ilq , 
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. -continued 

ll 
rm 

0 O 

I \ClHN/"jA/l 
0a,, a, , 

NH; NH; 

Ni N \N I <1” 0a? 1, N.» 
Most preferred compounds of formula 1 are when R1 

is 

i’ “*2 

ffl’ If N ' “210* ll, , 

O 0 

II B II C] 

HN U/\/ r EN EN 
0* T , 0* If , or 

The term “alkyl” refers to both straight and branched 
chain groups. Those groups having 1 to 10 carbons are 
preferred. The term “substituted alkyl” refers to alkyl 
groups having one or more, preferably one, substitu 
ents. Preferred substituents are halogen, amino, azido, 
hydroxy, cyano, trialkylammonium (wherein each alkyl 
group has 1 to 6 carbons), alkoxy of l to 6 carbons, aryl 
and carboxy. The term “aryl” refers to phenyl and 
phenyl substituted with one, two or three substituents, 
preferably one. Preferred substitutents are alkyl of l to 
6 carbons, alkoxy of 1 to 6 carbons, halogen, tri?uoro 
methyl, amino, alkylamino of l to 6 carbons, nitro, 
cyano, alkanoyloxy of 2 to 11 carbons, carboxy, car 
bamoyl and hydroxy. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The compounds of formula 1, and the pharmaceuti 
cally acceptable salts thereof, are antiviral agents that 
can be used to treatlviral infection in mammalian species 
such as domesticated animals (e.g., dogs, cats, horses 
and the like) and humans, and avian species (e.g., chick 
ens and turkeys). The compounds of formula 1 wherein 
R1 is 

5 

15 

35 

45 

55 

65 

4 

f’ “2 

“f” N ‘" < I <1” 1? N’/l\NH21r|q N’), 
O 0 

ll \Br II I 

w” w CAN ,O)\N . 
I l 

0 NH 
II 

o 

l l 

ii) ii) 

, or 0 

are effective against one or more of the following vi 
ruses: herpes simplex virus 1 and 2, varicella-zoster 
virus, and cytomegalovirus. They are also believed to 
be active against a variety of other DNA and re 
troviruses. Exemplary DNA viruses in addition to those 
named above include other herpes viruses (e.g., Ep 
stein-Barr virus, pseudorabies virus, human herpes virus 
6, and the like), poxviruses (e.g. vaccinia virus, monkey 
pox, and myoma), papovaviruses (e.g., the papilloma 
viruses), hepatitis B virus, and adenoviruses. Exemplary 
retroviruses include those effecting man, such as human 
immunode?ciency virus (HIV), human T-cell lympho 
tropic viruses -I and -II and those effecting other ani 
mals, such as feline leukemia virus, murine leukemia 
virus and equine infectious anemia virus. All of the 
other compounds of formula 1 are believed to be active 
against one or more of the following viruses: herpes 
simplex virus 1 and 2, varicella-zoster virus, and cyto 
megalovirus. 
The compounds of this invention may be adminis 

tered parenterally (for example, by intravenous, intra 
peritoneal or intramuscular injection), orally or topi 
cally. 
The compounds may be administered orally or paren 

terally in an amount effective to treat the infection. The 
dosage will, of course, depend on the severity of the 
infection, but will likely be in the range of about 1.0 to 
50 mg/kg of body weight. The desired dose may be 
administered several times daily at appropriate inter 
vals. 
For infections of the eye, or other external tissues, 

(e.g. mouth and skin), the compositions may be applied 
to the infected part of the body of the patient topically 
as an ointment, cream, aerosol, gel, powder, lotion, 
suspension or solution (e.g. as in eye drops). The con 
centration of the compound in the vehicle will, of 

2 
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course, depend on the severity of the infection, but will 
likely be in the range of about 0.1 to 7% by weight. c1 5 
The compounds of this invention can be prepared \ ' 

from a compound of formula N N 

5 “9 i I A 
2 Brio-‘04" N I NHz. 

Bn—OAO : 1o P-O: 
P-o‘ 

Protection of the amino (—NH2) group in the com 
wherein “Bn” is pound of formula 5 affords a compound of formula 

c1 

CH2- N ‘ N 

" i 1/; 
and P is a protecting group such as a benzyl, trityl, 20 M0104!‘ N 
substituted trityl (e.g. 4-monomethoxytrityl or 4,4’ 

dimethoxytrityl), or silyl group. The term silyl refers to silyl protecting groups well known in the art [e.g. t- P_0 

butyldimethylsilyl, t-butyldiphenylsilyl, (triphenylme 
thyl)dimethylsilyl, methyldiisopropylsilyl, or triiso- 25 
propylsilyl]. Protection of the hydroxyl group in the 
known compound of formula 

NH-Pl 

wherein the protecting group P1 can be trityl or substi 
tuted trityl (e.g. 4-monomethoxytrityl or 4,4'-dimethox 
ytrityl). The protection can be accomplished by treat 
ment of the compound of formula 5 with trityl chloride 
or a substituted trityl chloride in dichloromethane in the 

0 3 30 presence of triethylamine (and, optionally, in the pres 

Bn—O/~O“‘ ence of 4-N,N-dimethylaminopyridine). Oxidation of 
_ the hydroxyl group in this compound of formula 6 

HO‘: yields a compound of formula 
using benzyl bromide and sodium hydride affords the 35 
known compound of formula 2 wherein P is a benzyl C] 
group [see K. Biggadike et.al, J. Chem. Soc. Perkin ' N \ 
Trans, 1 549 (1988)]. Protection with a trityl, substituted 0 < I N 
trityl or silyl group can be accomplished by methods II A 

40 BnO-VN N 
known in the art. NH“?! 
A compound of formula 1 wherein R1 is 

P-O 
Cl ' 

N \ N 45 The oxidation can be carried out by methods well 
< I know in the art (e.g. l,3-dicyclohexylcarbodiimide/ 
N /J\NH dimethyl sulfoxide/methylphosphonic acid in dichloro 
I N 2 methane or pyridinium dichromate/molecular sieves in 

50 dichloromethane). Treatment of a compound of for 
mula 7 with a methylenation reagent such as zinc 

‘”d R‘ and R7 m hydmg‘“ can be P‘q’md by rm‘ ltitanium tetrachloride/dibromomethane in di 
am of a compound of formula 2 Wm‘ a compound of chloromethane/tetrahydrofuran or methylenetri 
formula ’ phenylphosphorane yields a compound of formula 

C] 

(‘l/‘k N / 

T N a“: 
H 

55 
4 

in the presence of a base such as lithium hydride, so 

01 

H H (Nf N 60 - I , 
Bn N N *Nu-m. 

s-oz 
dium hydride, or potassium hydride in an aprotic polar 65 
solvent such as dimethylformamide, dimethyl sulfoxide, Removal of the protecting groups from a compound 
or sulfolane (tetramethylene sulfone). of formula 8 provides the compound of formula 1 

This yields the corresponding compound of formula wherein R1 is 
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Cl OBn 1o 
N \ 

N \ N 

< I N 5 if/k 
1;] N ANHZ lino-x041“ N NHz 

I 10 P"°5 
and R5 and R7 are hydrogen, - 

When the protecting groups P and P1 are trityl or 
substituted trityl, removal of the trityl groups P and P1 
can be accomplished by treatment with aqueous alco 
holic mineral acid (e.g. hydrochloric acid in aqueous 
methanol) or aqueous acetic acid. Subsequently, the 
benzyl group protecting the primary hydroxyl group 
can be removed by treatment with boron trichloride in 

dichloromethane. When the protecting group P is ben 
zyl and the P1 protecting group is trityl or substituted 
trityl, the P1 protecting group can be removed by treat 
ment with aqueous alcoholic mineral acid or aqueous 

acetic acid, and the benzyl protecting groups can be 
removed with boron trichloride, When the protecting 
group P is a silyl group and P1 is a trityl or substituted 

trityl group, the silyl group can be removed ?rst by 
treatment with ?uoride ion (e.g. tetrabutylammonium 
?uoride in tetrahydrofuran). Subsequently, the P1 pro 
tecting group can be removed by treatment with aque 
ous alcoholic mineral acid or aqueous acetic acid, and 

then the benzyl group protecting the primary alcohol 
group can be removed by treatment with boron trichlo 

ride. Alternatively, the P1 protecting group can be re 

moved ?rst, the silyl protecting group P second, and the 
benzyl group protecting the primary alcohol last. 
The compound of formula 1 wherein R1 is 

0 
ll 

<’“ | N“ / 

,l, N am 

and R6and R7 are hydrogen can be prepared as follows: 

Reaction of a compound of formula 2 with a com 

pound of formula 

OBn 9 

<" l \ " / 

,l, N am 
H 

according to procedures analogous to those used in 
preparation of the compound of formula 5 affords a 
compound of formula 

15 

25 

30 

35 

45 

55 

60 

65 

Protection of the amino group (—NH2) in the com 
pound of formula 10 according to the procedures analo 
gous to those used in the preparation of the compound 
of formula 6 yields a compound ‘of formula 

OBn 

H ff“ 
MiG-ON N A 

ll 

.....Q 
Nil-Pl. 

Oxidation of the alcohol group in the compound of 
formula 11 under conditions analogous to those used in 
the preparation of the compound of formula 7 provides 
a compound of formula 

Methylenation of the ketone group in the compound 
of formula 12 under conditions analogous to those used 
in the preparation of the compound of formula 8 yields 
a compound of formula 

» {fl 
“0' " 

Nil-P1. 

Finally, removal of the protecting groups from the 
compound of formula 13 provides the compound of 
formula 1 wherein R1 is 

and R6 and R7 are hydrogen. 
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When the protecting groups P and P1 are trityl or 

substituted trityl, removal of the trityl groups and the 
purine O-benzyl protecting group can be accomplished 
by treatment with aqueous alcoholic mineral acid (e.g. 
hydrochloric acid in aqueous methanol). Subsequently, 5 
the benzyl group protecting the primary hydroxyl, can 
be removed by treatment with boron trichloride in 
dichloromethane. When the protecting group P is ben 
zyl and the P1 protecting group is trityl or substituted 
trityl, the P1 protecting group and the purine O-benzyl 
protecting group can be removed ?rst by treatment 
with aqueous alcoholic mineral acid. Subsequently, the 
benzyl groups protecting the alcohol groups can be 
removed by treatment with boron trichloride, When the 
protecting group P is a silyl group and P1 is a trityl or 
substituted trityl group, the silyl group can be removed 
?rst by treatment with ?uoride ion (e.g. tetrabutylam 
monium ?uoride in tetrahydrofuran). Subsequently, the 
P1 protecting group and the purine O-benzyl protecting 
group can be removed by treatment with aqueous alco 
holic mineral acid. Finally, the benzyl group protecting 
the primary alcohol can be removed by treatment with 
boron trichloride. Alternatively, the P1 and purine O 
benzyl protecting groups can be removed ?rst, the silyl 
protecting group P second, and the benzyl group pro 
tecting the primary alcohol last. 

Alternatively, this compound can be prepared from a 
compound of formula 1 wherein R1 is 

Cl 

N 

A 
T N NR2 

and R6 and R7 are hydrogen, by hydrolysis of the chloro 
group using aqueous acid (e.g. aqueous hydrochloric 
acid). 
The compound of formula 1 wherein R1 is 

Cfi I N NH2 

15 

2; 

30 

35 

40 

and R6 and R7 are hydrogen can be prepared from the. 
compound of formula 5 wherein P is a silyl group (e.g. 
t-butyldiphenylsilyl). Hydrogenolysis of this compound 
(e.g. ammonium formate and palladium on carbon in 
methanol; palladium hydroxide on carbon and cyclo 
hexene in ethanol; or palladium on carbon, hydrogen, 
and ethanol) results in reduction of the chloro group 
and removal of the benzyl protecting group on the 
primary hydroxyl to afford the compound of formula 

55 

14 

"mo 

"in 
65 

Protection of the primary hydroxyl group and the 
amino (—NH1) group in the compound of formula 14 

10 
by reaction with trityl chloride or a substituted trityl 
chloride in dichloromethane in the presence of triethyl 
amine and 4-N,N-dimethylaminopyridine affords the. 
compound of formula 

(15) 

.....Q ,, H {fl 
10-04 N 

NH-Pl 

where the P1 groups are trityl or substituted trityl. Se 
quential oxidation and methylenation of the compound 
of formula 15 under conditions analogous to those used 
in the preparation of the compounds of formulas 7 and 
8,respectively, followed by removal of the protecting 
groups, affords the compound of formula 1 wherein R1 
is 

and R6 and R7 are hydrogen. 
The silyl protecting group P can be removed ?rst by 

treatment with fluoride ion (e.g. tetrabutylammonium 
?uoride in tetrahydrofuran), and then the trityl protect 
ing groups P1 can be removed by treatment with aque 
ous alcoholic mineral acid (e.g. hydrochloride acid in 
aqueous methanol) or aqueous acetic acid. Alterna 
tively, the trityl protecting groups P1 can be removed 
?rst followed by removal of the silyl protecting group 
P. 
-Alternatively, reaction of the compound of formula 

{fl 
I, N 

wherein P1 is a trityl or substituted trityl group, with a 
compound of formula 2 under conditions analogous to 
those used in the preparation of the compound of for 
mula 5 affords a compound of formula 

16 

Nil-P1, 

.....o 
BnO Nil-P1. 

Sequential oxidation and methylenation of the com 
pound of formula 17 under conditions analogous to 
those used in the preparation of the compounds 7 and 8, 
respectively, followed by removal of the protecting 
groups affords the compound of formula 1 wherein R1 
is 
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and R6 and R7 are hydrogen. 
Alternatively, reaction of a compound of formula 

(if N 
If N NH; 
H 

with a compound of formula 2 affords a compound of 20 | 
formula 

N \ N 

“9 4 | J. 
3110104»: N’ N112. 

Protection of the amino (-NHz) group with a trityl or 
substituted trityl group provides the compound of for 
mula 17, which can then be converted (as described 
above) to the compound of formula 1 wherein R1 is 

and R6 and R7 are hydrogen. 
The compound of formula 1 wherein R1 is 

and R6 and R7 are hydrogen can be prepared from a 
compound of formula 8 by methods known in the art. 
Thus, for example, when a compound of formula 8 
(wherein P is a protecting group such as benzyl, silyl, 
trityl or substituted trityl, and P1 is trityl or substituted 
trityl) is treated with hot methanolic ammonia, displace 
ment of the chloro group with an amino group will 
result. The protecting groups can then be removed 
according to procedures known in the art. 

Alternatively, this compound of formula 1 can be 
prepared from a compound of formula 1 wherein R1 is 

12 

C] 

N \ N 

5 / 

<N | ,lm 
10 and R6 and R7 are hydrogen by methods known in the 

art. (See, e.g., J.C. Martin, et al, J. Med. Chem 28, 358 
(1985)). 
A compound of formula 1 wherein R1 is 

CR4 

NA 
and R5 and R7 are hydrogen can be prepared by treat 
ment of a compound of formula 5 with sodium alkoxide, 
which provides the compound of formula 

22 

35 

Protection of the amino group, oxidation and me 
thylenation (according to procedures analogous to 
those used in the preparation of compounds 6, 7 and 8), 
followed by removal of protecting groups, provides the 
compound of formula 1 wherein‘R1 is 

0R4 

"f N t 
,l, N Am 

50 and R6 and R7 are hydrogen. 
Alternatively, this compound of formula 1 can be 

prepared from a compound of formula 1 wherein R1 is 

and R6 and R7 are hydrogen by methods known in the 
art. See, for example, J .F. Gerster, et al., J. Amer. Chem. 
Soc, 87, 3752 (1965); K.K. Ogilvie, et al., Can. J. Chem, 
62, 2702 (1984); MR. Harnden, et al., J. Med. Chem, 30, 
1636 (1987). 

Alternatively, this compound of formula 1 can 
prepared from a compound of formula - 

45 

55 

60 

65 



5,206,244 
13 

and a compound of formula 2 using procedures analo 
gous to those used in the preparation of compounds 5, 6, 
7 and 8, followed by removal of the protecting groups. 
A compound of formula 21 can be prepared from the 
compound of formula 4 by methods know in the art 
(See, e.g., W.A. Bowles, et al., J. Med. Chem, 6, 471 
(1963); M.MacCoss, et al., Tetrahedron Lett, 26, 1815 
(1985)). 
The compound of formula 1 wherein R1 is 

and R6 and R7 are hydrogen can be prepared from a 
compound of formula 2 and a compound of formula 

OBn 22 

N” | N 
\N N Am 
A 

according to procedures analogous to those used in 
preparation of compounds 10, ll, 12, and 13, followed 
by removal of the protecting groups. 
The compound of formula 1 wherein R1 is 

NH; 

(if N I) 
v N 

and R6 and R7 are hydrogen can be prepared as follows: 
Reaction of the compound of formula 

NH: 

5f N / 

I.“ ~ ’’ 
H 

with a compound of formula 2 according to procedures 
analogous to those used in preparation of the compound 
of formula 5, affords a compound of formulav 

23 

(II 

10 

20 

25 

30 

35 

45 

55 

65 

14 

N32 

N \ N 

HQ ( . 

P-Os 

Selective protection of the amino (—NH2) group in 
the compound of formula 24 with an acyl group P; (e. g., 
acetyl) gives the compound of formula 

NH-P; 25 

"mo 

See, for example, G. S. Ti et al., J. Amer. Chem Soc, 
104, 1316 (1982)). Oxidation of the compound of for 
mula 25 and subsequent treatment with zinc/titanium 
tetrachloride/dibromomethane according to proce 
dures analogous to those used in the preparation of 
compounds 7 and 8 provides a compound of formula 

NH; 

H I H (14f N 
BnO- N N ’) 

P—O: 

Removal of the protecting groups from this com 
pound yields the compound of formula 1 wherein R1 is 

26 

and R6 and R7 are hydrogen. 
Alternatively, oxidation of the compound of formula 

25 and subsequent treatment with methylenetriphenyl 
phosphorane according to procedures analogous to 
those usedfor the preparation of compounds 7 and 8 
gives the compound of formula 26 wherein the amino 
(-NHZ) group still possesses an acyl protecting group, 
P2. Removal of the protecting groups from this com 
pound provides the compound of 

formula 1 wherein R1 is 

24 



5,206,244 
15 

and R6 and R7 are hydrogen. (Removal of the acyl 
protecting group P; can be accomplished using sodium 
methoxide in methanol or methanolic ammonia). 

Alternatively, this compound of formula 1 can be 
prepared by reaction of the compound of formula 

15 
Cl 27 

Nl \N < 
.I. N» .0 
H 

with a compound of formula 2 under conditions analo 
gous to those used for the preparation of the compound 
of formula 5. Subsequent oxidation and methylenation 
according to procedures analogous to those used in the 
preparation of compounds 7 and 8 provides the com 
pound of formula 

H HN 

O 

30 
Cl 28 

Treatment of a compound of formula 28 with hot 
ammonia in an alcohol (such as methanol or ethanol) 
followed by removal of protecting groups yields the 
compound of formula 1 wherein R1 is 

40 

NH; 45 

Nl \N <’ I.“ N’) 
50 

and R6 and R7 are hydrogen. 
In another alternative, this compound of formula 1 

can be prepared from a compound of formula 1 wherein 55 
R1 is 

and R6 and R7 are hydrogen by methods known in the 65 
art. (See e.g. J.C. Martin et al., J. Med. Chem, 28, 358 
(1985)). 
The compound of formula 1 wherein R1 is 

16 

Cl 

(NI ‘" / 

v N’) 

and R6 and R7 are hydrogen can be prepared by re 
moval of the protecting groups from the compound of 
formula 28. - 

The compound of formula 1 wherein R1 is 

and‘ R6 and R7 are hydrogen can be prepared from the 
compound of formula 1 wherein R1 is 

and R6 and R7 are hydrogen by following known proce 
dures. See, for example, J. A. Montgomery et al., “Syn 
thetic Procedures in Nucleic Acid Chemistry”, Vol. 1, 
W. W. Zorbach and R. S. Tipson, Eds, Interscience 
Publishers (John Wiley and Sons), N.Y. p. 205, 1968. 
The compound of formula 1 wherein R1 is 

and R5 and R7 are hydrogen can be prepared from this 
compound of formula 1 wherein R1 is 

Cf"; 
, . 

and R6and R7 are hydrogen by acid hydrolysis (e.g. hot 
aqueous hydrochloric acid) or basic hydrolysis (e.g., 
aqueous methanolic sodium hydroxide). 

Alternatively, this compound of formula 1 can be 
prepared by treatment of a compound of formula 1 
wherein R1 is 
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NH; W 32 

N \ N HN R]. 

<’ | J 5 
P,‘ N ’ n o’k N 

and R6 and R7 are hydrogen with adenosine deaminase 10 
or nitrous acid according to methods known in the art 
(e.g., M. I. Robins, et al., J. Med. Chem, 27, 1486 (1984); 
XX. Ogilvie et a1, Cart J. Chem, 62 241 (1984)); I. 
Iwai, et al., in “Synthetic Procedures in Nucleic Acid 
Chemistry”, Vol. 1, W. W. Zorbach and R. S. Tipson, 
Eds, Interscience Publishers (John Wiley and Sons), 
N.Y., p. 135, 1968; R. E. Holmes et al., J. Amer. Chem. 
Soc, 86, 1242 (1964)). 
The compound of formula 

0 29 

II R 

RN 7 2 H H | 
I on N 

H0 

H0: 

wherein R; is hydrogen, ?uoro, methyl, ethyl, n-propyl, 
2-chloroethyl, or 2-?uoroethyl can be prepared by reac 
tion of the corresponding compound of formula 

0 
ll 

ll/Njrkz 
0 

l 
n 

with a compound of formula 2 in the presence of a base 
such as lithium hydride, sodium hydride, or potassium 
hydride in an aprotic polar solvent such as dimethyl 
formamide, dimethyl sulfoxide or sulfolane to yield a 
compound of formula ' 

Oxidation of the hydroxyl group in a compound of 
formula 31 using methods known in the art (e.g. 1,3 
dicyclohexylcarbodiimde/dimethylsulfoxide/methyl 
phosphonic acid in dichloromethane or pyridinium 
dichromate/molecular sieves in dichloromethane) pro 
vides the compound of formula 
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Treatment of the compound of formula 32 with a 
methylenation reagent such as zinc/titanium tetra 
chloride/dibromomethane in dichloromethane/tetrahy 
drofuran or methylenetriphenylphosphorane yields the 
compound of formula 

BnO 

Removal of the protecting groups from the com 
pound of formula 33 provides the corresponding com 
pound of formula 29. For example, when the protecting 
group P is benzyl, both benzyl groups can be removed 
by treatment with boron trichloride in dichlorometh 
ane. When the protecting group P is trityl or substituted 
trityl, the trityl protecting group can be removed by 
treatment with aqueous acetic acid or aqueous alcoholic 
mineral acid, (e.g., hydrochloric acid in aqueous metha 
nol), and then the benzyl protecting group can be re 
moved by treatment with boron trichloride. When the 
protecting group P is a silyl group, removal of the silyl 
protecting group can be accomplished with ?uoride ion 
(e.g. tetrabutylammonium ?uoride in tetrahydrofuran) 
and then the benzyl group can be removed by treatment 
with boron trichloride. Alternatively, the benzyl group 
can be removed first, followed by removal of the silyl 
group. 
The compound of formula 30 wherein R2 is 2-chloro 

ethyl or 2-fluoroethyl can be prepared by methods 
known in the an (H. Griengl et. al., J. Med, 30 1199 
(1987); J. Med. Chem, 28 1679 (1985)). 
The compound of formula 31 wherein R2 is ?uoro 

can also be prepared from the corresponding compound 
31 wherein R2 is hydrogen and the protecting group P 
is benzyl, trityl or substituted trityl by fluorination using 
tri?uoromethyl hypofluorite following methodology 
known in the art. For example, see MJ. Robins, et al., J. 
Amer. Chem. Soc., 93 5277 (1971); Chem. Communs, 18 
(1972); T5. Lin et al., J. Med. Chem, 26, 1691 (1983). 
The compounds of formula 29 wherein R2 is 2 

chloroethyl and 2-?uoroethyl can also be prepared 
from a compound of formula 
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O 34 
ll 

0P3 

PIN /j/\/ H H | 
I on N _ 

BnO 

BnO: 

wherein P3 is trityl, substituted trityl, or a silyl protect 
ing group. Removal of the P3 protecting group yields a 
compound of formula 33 wherein P is benzyl and R2 is 
2-hydroxyethyl. Treatment of this compound with tri 
phenylphosphinecarbon tetrachloride, and subsequent 
removal of the benzyl protecting groups with boron 
trichloride, affords the compound of formula 29 
wherein R2 is 2-chloroethyl. Similar treatment using 
triphenylphosphine/N-bromosuccinimide or triphenyl 
phosphine/N-bromosuccinamide/tetrabutylammonium 
iodide in place of triphenylphosphine/carbon tetrachlo 
ride (e.g., see H. Griengl, et al., J. Med. Chem., 28, 1679 
(1985)) affords compounds of formula 33 wherein P is 

10 

15 

20 

25 
benzyl and R2 is Z-bromoethyl or 2-iodoethyl, respec- . 
tively. Subsequent treatment with ?uoride ion, fol 
lowed by removal of the benzyl protecting groups, 
provides the compound of formula 29 wherein R2 is 
2-?uoroethyl. Alternatively, treatment of a compound 
of formula 33 wherein P is benzyl and R2 is Z-hydrox 
yethyl with diethylaminosulfur tri?uoride provides, 
upon removal of the benzyl protecting groups, a com 
pound of formula 29 wherein R2 is 2-?uoroethyl. 
The compound of formula 34 can be prepared from a 

compound of formula 

0 35 
u 

HN CH; 01-"; 
| \ / 

a 0 N 
| 
H 

and a compound of formula 2 by methods analogous to 
those used in the preparation of compounds 31, 32 and 
33 wherein R2, for example, is hydrogen, methyl or 
ethyl, and P is benzyl. The compound of formula 35 can 
be prepared from the corresponding free alcohol by 
methods known in the art. 
The compound of formula 

NH; 

/ 

H HN I R; 
/ |O,k N 

H0 

wherein Rzis hydrogen, ?uoro, methyl, ethyl, n-propyl, 
2-chloroethyl or Z-?uoroethyl can be prepared from the 
corresponding compound of formula 33 wherein the 
protecting group P is a benzyl, trityl, substituted trityl 
or silyl group. Treatment of this compound with, for 
example, 4-chlorophenyl dichlorophosphate and 1,2,4 
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triazole in a solvent such as pyridine and reaction of the 
resulting intermediate with ammonium hydroxide in a 
solvent such as dioxane provides the corresponding, 
compound of formula 

NH; 

/ 

H H N I R]. 

|o¢k N 

P0 . 

BnO 

See, for example, T. S. Lin et al., J. Med. Chem., 26, 
1691 (1983); P. Herdewijn, et al., J. Med. Chem., 28, 550 
(1985). Removal of the protecting groups from the 
compound of formula 37 yields the corresponding com 
pound of formula 36. For example, if P is a benzyl 
group, both benzyl protecting groups can be removed 
by treatment with boron trichloride. If P is a trityl or 
substituted trityl protecting group, the P group can be 
removed with aqueous alcoholic mineral acid or aque 
ous acetic acid, and the benzyl group protecting the 
primary alcohol can be removed with boron trichloride. 
If P is a silyl protecting group, the P group can be 
removed with ?uoride ion followed by removal of the 
benzyl protecting group. Alternatively, the benzyl pro 
tecting group can be removed with boron trichloride 
followed by removal of the silyl protecting group with 
?uoride ion. 

Alternatively, the compound of formula 33 wherein 
R2 is hydrogen, ?uoro, methyl, ethyl, n-propyl, 2 
chloroethyl or 2-?uoroethyl and the protecting group P 
is a benzyl, trityl, substituted trityl or silyl group can be 
reacted with a sulfonyl chloride (e.g., p~toluenesulfonyl 
chloride) in an inert solvent (e.g., 1,2-dichloroethane or 
dioxane) in the presence of a base such as potassium 
carbonate. (For other sulfonyl chlorides and solvents, 
see, for example, European Patent Application EP 
204,264). This affords the corresponding compound of 
formula 

N 

38 

H H 

PO 

which can be treated with ammonia gas in an inert 
solvent (e.g., 1,2-dichloroethane or dioxane) to a?'ord 
the corresponding compound of formula 37 . Removal 
of the protecting groups from the compound of formula 
37 yields the corresponding compound of formula 36. 

Alternatively, the compound of formula 36 wherein 
R2 is ?uoro, hydrogen, methyl, ethyl, n-propyl, 2 
chloroethyl or 2-?uoroethyl can be prepared from the 
corresponding compound of formula 29 by methods 
known in the art. See, for example, T.S. Lin, et al., J. 
Med Chem, 26, 1691 (1983); P. Herdewijn, et al., J. 
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Med. Chem, 28, 550 (1985); European Patent Applica 
tion EP 360018. 

Alternatively, the compound of formula 36 wherein 
R2 is ?uoro, hydrogen, methyl, ethyl, n-propyl, 2 
chloroethyl or 2-?uoroethyl can be prepared by reac 
tion of the corresponding compound of formula 

NR2 

N )Tkg 
0* N 

l 
H 

with a compound of formula 2 in the presence of a 
lithium hydride, sodium hydride or potassium hydride 
in an aprotic polar solvent such as dimethylformamide, 
dimethyl sulfoxide or sulfolane to yield a compound of 
formula 

Selective protection of the amino group in the com 
pound of formula 40 with an acyl group P; (e. g. acetyl) 
yields a compound of formula 

NH-P; 41 

/ 

N ATM “9 4k 
2 O N 

BnO‘O 
(See, for example, 65. Ti et al., J. Amer. Chem Soc, 
104, 1316 (1982)). Oxidation of the compound of for 
mula 41,followed by methylenation with zinc/titanium 
tetrachloride/dibromomethane, with subsequent or 
simultaneous removal of the acyl protecting group P2, 
gives a compound of formula 37. Removal of the pro 
tecting groups from this compound provides a com 
pound of formula 36 wherein R2 is ?uoro, hydrogen, 
methyl, ethyl, n-propyl, Z-chloroethyl or Z-?uoroethyl. 
When the protecting group P is benzyl, both benzyl 
groups can be removed by treatment with boron tri 
chloride in dichloromethane. When the protecting 
group P is trityl or substituted trityl, the trityl protect 
ing group can be removed by treatment with aqueous 
acetic acid or aqueous alcoholic mineral acid (e.g., hy 
drochloric acid in aqueous methanol), and then the 
benzyl protecting group can be removed by treatment 
with boron trichloride. When the protecting group P is 
a silyl group, removal of the silyl protecting group can 
be accomplished with ?uoride ion (e.g., tetrabutylam 
monium ?uoride in tetrahydrofuran) and then the ben 
zyl group can be removed by treatment with boron 
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trichloride. Alternatively, the benzyl group can be re 
moved ?rst followed by removal of the silyl group. 

Alternatively, oxidation of the compound of formula. 
41 and subsequent treatment with methylenetriphenyl 
phosphorane gives a compound of formula 

I 

H HN ' R2. 
/ |o,k N 

BnO 

Removal of the protecting groups from this compound 
provides the compound of formula 36 wherein R2 is 
?uoro, hydrogen, methyl, ethyl, n-propyl, 2-chloro 
ethyl or 2-?uroethyl. Removal of the acyl protecting 
group P; can be accomplished using sodium methoxide 
in methanol or methanolic ammonia. 

Alternatively, the compound of formula 40 wherein 
R2 is hydrogen, ?uoro, methyl, ethyl, n-propyl, 2 
chloroethyl or 2-?uoroethyl and the protecting group P 
is a benzyl, trityl, or silyl group can be prepared from 
the corresponding compound of formula 31 using meth 
odology known in the art. See, for example, T.S. Lin et 
al., J. Med. Chem, 26, 1691 (1983); P. Herdewijn et al., 
J. Med. Chem, 28, 550 (1985); European Patent Appli 
cations EP 360018 and EP 204264. 

Alternatively, the compound of formula 40 or 41 
wherein R2 is fluoro can be prepared from the corre 
sponding compound of formula 40 or 41 wherein R2 is 
hydrogen and the protecting group P is benzyl, trityl or 
substituted trityl by ?uorination using tri?uoromethyl 
hypo?uorite following methodology known in the art. 
For example, see MJ. Robins, et al., J. Amer. Chem 
Soc, 93, 5277 (1971) and Chem Commune, 18 (1972); 
T.S. Lin et al., J. Med. Chem, 26, 1691 (1983). 
The compound of formula 29 wherein R2 is chloro, 

bromo or iodo can be prepared from the compound of 
formula 31 wherein R2 is hydrogen and the protecting 
group P is a benzyl group. Halogenation of this com 
pound of formula 31 by methods known in the art pro 
vides the corresponding compound of formula 

0 

B110 

43 

I” 

wherein R2 is chloro, bromo or iodo. (See, for example, 
P. Herdewijn et al., J. Med Chem, 28, 550 (1985); M. J. 
Robins et al., J. Org. Chem, 48, 1854 (1983); T.S. Lin et 
al., J. Med. Chem, 26, 598 (1983); T. Ueda eta1., Nucleo 
tides and Nucleosides, 4, 401 (1985); “Synthetic Proce 
dures in Nucleic Acid Chemistry”, Vol. 1, W.W. Zor 
back and RS. Tipson, Eds, John Wiley and Sons, NY, 
p. 491, 1968). Oxidation of the compound of formula 43 
and subsequent methylenation with zinc/titanium tetra 
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chloride/dibromomethane or methylenetriphenylphos 
phorane provides the compound of formula 

0 
ll 

BnO 

BnO 7 

wherein R2 is chloro, bromo or iodo. (See, for example, 
European Patent Application EP 360018). Removal of 
the benzyl protecting groups in the compound of for 
mula 44 by treatment with boron trichloride affords the 
compound of formula 29 wherein R2 is chloro, bromo, 
or iodo. 
The compound of formula 36 wherein R2 is chloro, 

bromo or iodo can be prepared from the corresponding 
compound of formula 44 using methods known in the 
art (and analogous to those used in the conversion of 
compound 33 to compound 37 wherein, for example, 
R2 is hydrogen, methyl or ethyl), followed by removal 
of the benzyl protecting groups with boron triehloride. 

Alternatively, the compound of formula 36 wherein 
R2 is chloro, bromo or iodo can be prepared from the 
corresponding compound of formula 29 by methods 
known in the art. See, for example, T.S. Lin, et al., J. 
Med. Chem, 26, 1691 (1983); P. Herdewijn, et al., J. 
Med. Chem, 28, 550 (1985); European Patent Applica 
tions RP 360018 and EP 204264). 
The compound of formula 29 wherein R2 is tri?uoro 

methyl can be prepared from the compound of formula 
44 wherein R1 is iodo by treatment with tri?uoromethyl 
iodide and copper followed by the removal of the ben 
zyl protecting groups using boron trichloride. See, for 
example, Y. Kobayashi et al., J. Chem. Soc. Perkin l, 
2755 (1980); S. Lin et al., J. Med. Chem, 26, 1691 (1983). 
The compound of formula 29 wherein R2 is tri?uoro 

methyl can be prepared from a compound of formula 43 
wherein R2 is iodo as follows: A compound of formula 
43 wherein R2 is iodo can be converted to a compound 
of formula 

0 45 
ll 

HN 

Pro 04k N 

BnO 

R2 

mu 

wherein R2 is iodo and the protecting group P4 is trityl, 
substituted trityl or acyl (e.g., acetyl). Treatment of this 
compound of formula 45 with tri?uoromethyl iodide 
and copper according to procedures known'in the art 
(see for example, Y. Kobayashi, et al., J. Chem. Soc. 
Perkin, 2755 (1980); 8. Lin, et.al.; J. Med. Chem. 26 
1691 (1983)) and subsequent removal of the P4 protect 
ing group provides the compound of formula 43 
wherein R2 is tri?uoromethyl. Oxidation of the com 
pound of formula 43 wherein R2 is tri?uoromethyl and 
subsequent treatment with zinc/titanium tetra 
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chloride/dibromomethane or methylenetriphenylphosf 
phorane provides the compound of formula 44 wherein 
R2 is tri?uoromethyl. Removal of the benzyl protecting ' 
groups from the compound of formula 44 by treatment 
with boron trichloride provides the compound of for 
mula 29 wherein R2 is tri?uoromethyl. 
The compound of formula 36 wherein R2 is tri?uoro 

methyl can be prepared from the corresponding com 
pound of formula 44 using methods known in the art 
(and analogous to those used in the conversion of com 
pound 33 to compound 37 wherein, for example, R; is 
hydrogen, methyl, or ethyl), followed by removal of the 
benzyl protecting groups with boron trichloride. 

Alternatively, the compound of formula 36 wherein 
R2 is tri?uoromethyl can be prepared from the corre 
sponding compound of formula 29 by methods known 
in the art. See for example, T.S. Lin et al., J. Med. 
Chem, 26, 1691 (1983); P. Herdewijn et al., J. Med. 
Chem, 28, 550; (1985); European Patent Applications 
EP 360018 and EP 204264. 
The compound of formula 29 wherein R2 is 

H R3 

and R3 is chloro, bromo, iodo, hydrogen, methyl or 
tri?uoromethyl can be prepared from the compound of 
formula 43 wherein R2 is iodo or —HgCl. Reaction of 
the compound of formula 43 wherein R2 is iodo or 
—HgCl via organopalladium intermediates affords the 
compound of formula 43 wherein R2 is 

H R3 
\ / , 
C=C 

/ \ 
H 

and R3 is chloro, bromo, iodo, hydrogen, methyl or 
tri?uoromethyl. The compound of formula 43 wherein 
R2 is HgCl can be prepared from the compound of 
formula 31 wherein R2 is hydrogen and P is a benzyl 
protecting group. See, for example, references in E. 
DeClercq et al., Pharmac. Then, 26, l (1984); ME. 
Perlman et al., J. Med Chem. 28, 741 (1985); P. Her 
dewijn et al., J. Med. Chem, 28, 550 (1985); D. E. Berg 
strom et al., J. Med. Chem, 27, 279 (1984). 

Oxidation of a compound of formula 43 wherein R2 is 

Rs 

c=c 

H 

and R3 is chloro, bromo, iodo, hydrogen, methyl, or 
tri?uoromethyl, and subsequent treatment with zinc 
/ titanium tetrachloride/dibromomethane or methylene 
triphenylphosphorane provides the corresponding com 
pound of formula 44. Removal of the benzyl protecting 
groups from this compound using boron trichloride 
affords the compound of formula 29 wherein R2 is 
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and R3 is chloro, bromo, iodo, hydrogen, methyl or 
trifluoromethyl. 
The compound of formula 36 wherein R2 is 

H R3 

and R3 is chloro, bromo, iodo, hydrogen, methyl or 
tri?uromethyl can be prepared from the corresponding 
compound of formula 29 by methods known in the art. 
See for example, T.S. Lin, et al., J. Med. Chem, 26, 1691 
(1983); P. Herdewijn, et al., J. Med. Chem, 28, 550 
(1985); European Patent Applications EP 360018 and 
EP 204264. 

Alternatively, the compound of formula 36 wherein 
R2 is 

Rs 

C=C 

H 

and R3 is chloro, bromo, iodo, hydrogen, methyl or 
tri?uoromethyl can be prepared from the correspond 
ing compound of formula 44 using methods known in 
the art (and analogous to those used in the conversion of 
compound 33 to compound 37 wherein, for example, 
R2 is hydrogen; methyl or ethyl), followed by removal 
of the benzyl protecting groups with boron trichloride. 
The compound of formula 29 wherein R1 is ethynyl 

can be prepared from a compound of formula 45 
wherein R1 is iodo and the protecting P4 is acyl (e.g. 
acetyl), trityl, or substituted trityl as follows: Treatment 
of the compound of formula 45 wherein R2 is iodo and 
P4 is acyl with trimethylsilylacetylene/bis (triphenyl 
phosphine) palladium (II) chloride/copper (I) iodide in 
triethylamine and, subsequently, with sodium methox 
ide in methanol according to procedures known in the 
art (see, for example, E. DeClercq et al., J. Med. Chem, 
26, 661 (1983)) provides the compound of formula 43 
wherein R2 is ethynyl. Alternatively, analogous treat 
ment of the compound of formula 45 wherein R2 is iodo 
and P4 is trityl or substituted trityl, followed by removal 
of the trityl or substituted trityl protecting group P4, 
using, for example, aqueous acetic acid or aqueous alco 
holic mineral acid, provides the compound of formula 
43 wherein Rzis ethynyl. Oxidation of the compound of 
formula 43 followed by methylenation with zinc 
/ titanium tetrachloride/dibromomethane or methylene 
triphenylphosphorane yields the compound of formula 
44 wherein Rzis ethynyl, and subsequent removal of the 
benzyl protecting groups with boron trichloride pro 
vides the compound of formula 29 wherein R2 is ethy 
nyl. 
The compound of formula 36 wherein R2 is ethynyl 

can be prepared from the corresponding compound of 
formula 44 using methods known in the art (and analo 
gous to those used in the conversion of compound 33 to 
compound 37 wherein, for example, R2 is hydrogen, 
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methyl, or ethyl), followed by removal of the benzyl 
protecting groups with boron trichloride. 

Alternatively, the compound of formula 36 wherein 
R2 is ethynyl can be prepared from the corresponding ' 
compound of formula 29 by methods known in the art. 
See, for example, T.S. Lin, et al., J. Med. Chem, 26, 
1691 (1983); P. Herdewijn et al., J. Med. Chem, 28, 550 
(1985); European Patent Applications EP 360018 and 
EP 204264. 
Compounds of formula 1 wherein R1 is 

can be prepared from the corresponding compounds of 
formula 1 wherein R‘ is 

NH; 

(NIL/‘k N I) 
if N 

by methods known in the art. 
Compounds of formula 1 wherein one or both R6 and 

R7 are 

can be prepared by methods known in the art from the 
corresponding compounds of formula 1 wherein R6 and 
R7 are hydrogen. 
For examples of acylation procedures see: “Synthetic 

Procedures in Nucleic Acid Chemistry", Vol. 1, W. W. 
Zorbach and R. S. Tipson, Eds., John Wiley and Sons, 
1968; “Nucleic Acid Chemistry,” Part 1, LB. Town 
send and R. S. Tipson, Eds., John Wiley and Sons, 1978; 
Y. Ishido, et al., Nucleosides and Nucleotides, 5, 159 
(1986); LC. Martin, et al., J. Pharm Sci, 76, 180 (1987); 
A. Matsuda, et al., Synthesis, 385 (1986). 
Compounds of formula 1 wherein R1 is 
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0 
II 

N NH 

1 l R4 
*I“ N ’)\N=CH—N or 

R4 

to 

N=CH—N 

m 1f; 
‘ N 

can be prepared from the corresponding compound of 
formula 1 wherein R1 is 

by procedures known in the art. See, for example, A 
Holy and J. Zemlicka, Collect. Czech. Chem Commurt, 
32, 3159 (1967); K.K. Ogilvie, et al., Nucleosides and 
Nucletia'es, 4, 507 (1985); M.H. Caruthers, et al., J. 
Amer. Chem Soc., 108, 2040 (1986). 
Compounds of the formula 1 wherein R6 and/or R7 

are —PO3H2 can be prepared from the corresponding 
compounds of formula 1 wherein R6 and R7 are hydro 
gen by procedures known in the art. See, for example, 
H. Schaller, et al., J. Amer. Chem Soc, 85, 3821 (1963); 
J. Beres, et al., J. Med. Chem, 29, 494 (1986); R. Noyori, 
et al., Tet. Lent, 28, 2259 (1987); W. Pfeiderer, et al., 
Helv. Chim Acta., 70, 1286 (1987); “Nucleic Acid 
Chemistry”. Part 2, LB. Townsend and RS. Tipson, 
Eds., John Wiley and Sons, 1978. 

Unless otherwise stated, the stereochemistry shown 
for the compounds of this invention and intermediates 
leading to compounds of this invention is absolute. It is 
drawn to show that in the compounds of this invention, 
the base represented by R1 is cis to the -—-CH2OR6 sub 
stituent and trans to the —OR7 substituent attached 
directly to the cyclopentyl ring. It is also drawn to 
show that the absolute stereochemistry of the cyclopen 
tyl carbon attached to the base (R1) is “S”. 
For example, the lS-enantiomer of the compound of 

formula 1 wherein R1 is 

2 

and R5 and R7 are hydrogen, [lS-(la,3a,4B)]-2-amino 
l,9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)-2 
methylenecyclopentyl]-6H-purin-6-one, can be pre 
pared from the lS-enantiomer of the compound of for 
mula 2. The lS-enantiomer of the compound of formula 
2 can be prepared from the lS-enantiomer of the com 
pound of formula 3. By following the procedure de 
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scribed by K. Biggadike et al., J. Chem Soc. Perkin 
Trans 1, 549 (1988), the lS-enantiomer of the compound 
of formula 3 can be prepared from the lS-enantiomer of ' 
the compound of formula 

HO 

and the lS-enantiomer of the compound of formula 46 
can be prepared by reaction of the compound of for 
mula 

with the chiral hydroborating agent, (—)-diisopinocam 
pheylborane i.e. (—)-diisopinan-3-ylborane]. 
The compounds of formula 1 wherein R1 is 

47 
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—continued 
R4 

NH2 

All“? ‘“ / 

0*»: N’) 
I 

i 

(f; -tff 
l N N NBC-R5 

' u 

can form acid addition salts with inorganic or organic 
acids, Illustrative are the halide (e.g., chloride and bro 
mide), alkylsulfonate, sulfate, phosphate and carboxyl 
ate salts. 
The compounds of formula I wherein R1 is 

o 0 

II R ll 

rm I 2 {N I NH 

0 0 

II N H 
// NH NH 

~ ' <f \ N *NHZ, N N J , 

0 
ll 

<N I NH 
/ 

If N *NH?-RL and 
o 

0 
ll 

(N l NH R4 
I Y.‘ N * =CH-N 

R4 

can form basic salts with inorganic and organic bases. 
Illustrative are alkali metal salts (e.g., sodium and potas 
sium), alkaline earth metal salts (e.g. calcium and mag 
nesium), ammonium and substituted ammonium salts. 
The compounds of formula 1 wherein R6 and/or R7 

are —PO3H2 can form basic salts with inorganic and 
organic bases. Illustrative are the alkali metal salts (e. g., 
sodium and potassium), alkaline earth metal salts (e.g., 
calcium and magnesium), ammonium and substituted 
ammonium salts. 
The following examples are speci?c embodiments of 

this invention. All temperatures are given in degrees 
Centigrade. 
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Example 1 

[1 S-(la,3a,4B)]-2-Amino- 1,9-dihydro-9-[4-hydroxy-3- . 
(hydroxymethyl)-2—methylenecyclopentyl]-6H-purin 

6-one 

A (— )-Diisopinoca.mpheylborane 
(—)-Diisopinocampheylborane was prepared accord 

ing to the procedure of HC. Brown et al., J. Org. 
Chem, 49, 945 (1984) starting with (lR)—(+)-a-pinene 
having [ot]D23 +48‘ (neat). (1R)'(+)-a-pinene (158.8 
ml, 1 mol) was added to a stirred solution of 10M borane 
- methyl sul?de complex in methyl sul?de and 1000 ml 
of dry tetrahydrofuran at 0’ under argon. After the 
addition, the ?ask was stoppered and left to stand at 5°. 
After 16 hours, additional (lR)~(+)-a-pinene (15.8 ml, 1 
mol) was added, and the suspension was stirred for 8 
hours at 5'. The solvents were removed by cannulation, 
and the residual solids were then washed with three 130 
ml portions of dry ether (via cannulation) and dried in 
vacuo to give 205 g of (-)-diisopinocampheylborane. 

B. 
(lS-trans)-2-(Phenylmethoxy)methyl]—3-cyclopenten-1 

01 

The known title compound and the title compounds 
in sections C and D were prepared by modi?cation of 
the method of K. Biggadike et al., J. Chem. Soc. Perkin 
Trans. 1, 549 (1988). Cyclopentadiene (28.68 g, 0.434 
mol), maintained at —30“, was added over 1 hour to a 
stirred mixture of 22.5 g of 40% sodium sand in mineral 
oil (0.391 ( 5 g am) in dry tetrahydrofuran (156 ml) at 
—l0° under nitrogen. After the addition, the mixture 
was cannulated to an addition funnel at 0' C. and added 
over 1.3 hours to a stirred solution of benzyl chloro 
methyl ether (65.2 ml, 0.469 mol) in tetrahydrofuran 
(130 ml) at —50' under nitrogen. After the addition, the 
reaction was stirred at —45' for 1.3 hours and then 
cooled to —60° . Tetrahydrofuran (390 ml) was added 
followed by the above preparation of (--) 
diisopinocampheylborane (136 g, 0.477 mol). The reac 
tion was stirred for 1 hour at —60' C., warmed to — 10' 
C. over 1.5 hours and then stirred for 16 hours at +5‘. 
After concentrating the reaction mixture in vacuo to 
one half of its original volume, ether (390 ml) was 
added. The stirred mixture was cooled to 0' and then 
3N sodium hydroxide (156 ml, 0.469 mol) was added 
over 45 minutes keeping the temperature at 0'. ‘Then, 
30% hydrogen peroxide (156 ml) was added over 1 
hour while maintaining the temperature below 12‘. 
After the addition, the reaction was stirred for 1 hour at 
10', and then the layers were separated. The aqueous 
layer was washed with ether (300 ml) and all ether 
layers were combined, washed with aqueous sodium 
chloride, dried (sodium sulfate), and concentrated in 
vacuo to a residue. Chromatography of the residue on a 
column of Merck silica gel (5000 ml) using petroleum 
ether-ether (2:1) gave a 10 g fraction of impure desired 
product, a 15.72 g fraction of pure desired product, and 
a 2.7 g fraction of impure desired product. The 10.0 g 
and 2.7 g fractions were combined with 4.7 g of impure 
desired product from several other similar reactions, 
and the mixture was chromatographed over 1500 ml of 
Merck silica gel, using petroleum ether-ether (2:1 and 

- then 1:1), to give an additional 8.00 g of pure desired 
product. 
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C. 

[1 S-( l11,211,313,5(1)]-2-[(Phenylmethoxy)-methyl]-6 
oxabicyclo[3. 1.0]hexan-3-ol 

A solution of 3M t-butyl hydroperoxide in 2,2,4 
trimethylpentane (87 ml, 0.261 mol) was added to a 
solution of (lS-trans)-2-[(phenyl-methoxy)methyl-3 
cyclopenten-l-ol (29.63 g, 0.145 mol) and vanadyl ace 
tylacetonate (400 mg) in dry dichloromethane (60 ml) 

~ under nitrogen over 75 minutes keeping the tempera 
ture at 25°. The mixture was stirred at room tempera 
ture for 16 hours and then cooled to 0'. Saturated aque 
ous sodium sul?te (150 ml) was added over 1 hour keep 
ing the temperature below 20', and the reaction was 
stirred at room temperature for 1.5 hours. The layers 
were separated, and the aqueous layer was extracted 
with dichloromethane (50 ml). The organic layers were 
combined, washed with water (50 ml), dried (sodium 
sulfate) and concentrated in vacuo to a residue. Chro 
matography of this residue on a column of Merck silica 
gel (2000 ml), eluting with a gradient of 33-50% ether 
in petroleum ether, afforded 24.19 g of pure desired 
product. Similar chromatography of impure fractions 
on Merck silica gel (400 ml) using petroleum ether-ether 
(1:1) gave an additional 2.71 g of desired product for a 

5 

15 

20 

25 
total yield of 26.90 g. The desired product had‘ 
[a]D22+44.6° (c, 1.0, CHC13) and optical purity of ca. 
87%. (See K. Biggadike et al., J. Chem. Soc. Perkin 
Trans, 1, 549 (1988). 

D. 
[1S-(la,2a,3B,5a)]-3-(Phenylmethoxy)-2-[(phenylme 

thoxy)methyl]-6-oxabicyclo-[3. 1.0]hexane 
To a mixture of 60% sodium hydride in mineral oil 

(5.11 g, 0.128 mmol) in dry tetrahydrofuran (247 ml) at 
room temperature under nitrogen was added, dropwise 
over twenty minutes, a solution of [lS-(1a,2a,3B,5a)] 
2-[(phenylmethoxy)-rnethyl-6-oxabicyclo[3. 1 .0]hexan 
3-0] (25.58 g, 0.116 mol) in tetrahydrofuran (123 ml). 
The mixture was stirred at room temperature for 2 
hours and at 40° for 1 hour and then cooled to room 
temperature. Benzyl bromide (15.2 ml, 0.128 mol) and 
tetrabutylammonium iodide (412 mg) were added, and 
the reaction was stirred for 3 hours at room tempera 
ture. Ethanol (20 ml) was added, and after 10 minutes, 
the solvents were removed in vacuo. The residue was 
taken up in water (200 ml) and ether (200 ml) and the 
layers were separated. The aqueous layer was extracted 
with ether (200 ml) and the organic layers were com 
bined, dried (sodium sulfate), and concentrated in vacuo 
to a residue. Chromatography of this residue on a col 
umn of Merck silica gel (2000 ml) using a gradient of 
33-50% ether in petroleum ether afforded 27.21 g of 
desired product. 

E. 
[lS-(la,2B,3a,5B)-5-[2-Amino-6-(phenyl-methoxy)-9H 
purin-9-yl]-3-(phenylmethoxy)-2-[(phenylmethoxy)me 

thyl]cyclopentanol 
Lithium hydride (80 mg, 10 mmol) was added to a 

stirred solution of [lS-(1a,2a,3B,5a)]-3-(phenylmethox 
y)-2- [(phenylmethoxy)methyl]-6-oxabicyclo[3. 1 .0]hex 
ane (6.2 g, 20 mmol) and 2-amino-6-(phenylmethoxy) 
9H-purine (9.64 g, 40 mmol) in dry dimethylformamide 
(80 ml) at 60° under nitrogen. The temperature was 
increased to 125", and the reaction was stirred at this 
temperature for 10 hours and then at room temperature 
for 6 hours. Acetic acid (572 pl, 10 mmol) was added, 
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and after 10 minutes, the reaction mixture was concen 
trated in vacuo to a residue. Chromatography of this 
residue on a column of Merck silica gel (2000 ml) using ' 
a gradient of dichloromethane to 5% methanol in di 
chloromethane gave 9.03 g of partially puri?ed desired 
product. Chromatography of this material on a column 
of SilicAR C07 (1000 m1) using a gradient of chloro 
form to 12% ethanol in chloroform afforded 6.63 g of 
pure desired product. 

F. 
[lS-(la,2B,3a,5B)]-5-[2-[[(4-Methoxyphenyl)-diphenyl 

methyl]amino]-6-(phenylmethoxy)-9H 
purin-9-yl]-3-(phenylmethoxy)-2-[(phenyl-methoxy)me 

thyl] cyclopentanol 
p-Anisylchlorodiphenylmethane (3.37 g, 10.9 mmol), 

triethylamine 2.35 ml, 16.8 mmol) and 4-dime 
thylaminopyridine (40 mg) were added to a solution of 
[lS-(l0.,2B,3a,5B)-5-[2-amino-6-(phenyl-methoxy)-9H 
purin-9-yl]-3-phenylmethoxy)2-[(phenyl-methoxy)me 
thyl]cyclopentanol (5.45 g, 9.89 mmol) in dry dichloro 
methane (75 ml) under nitrogen, and the mixture was 
stirred at room temperature for 3 hours. The reaction 
was washed with 5% aqueous sodium bicarbonate (30 
ml) and then water (10 ml), dried (sodium sulfate), and 
concentrated in vacuo to a residue. Chromatography of 
this residue on a column of SilicAR CC-7 (600 ml) 
packed in chloroform and eluting with chloroform 
ethanol (99:1) gave 1.5 g of pure desired product. Chro 
matography of impure fractions on a column of SilicAR 
CC-7 (700 ml) packed in chloroform and eluting with 
chloroformethanol (99.5 : 0.5) afforded an additional 
4.54 g of pure desired product. 

G. 
[2R~(2a,3B,5a)]-5-[2-[[(4-Methoxyphenyl)-diphenylme 

thyl]amino]-6-(phenylmethoxy)-9-purin-9-yl]-3 
(phenylmethoxy)-2-[(phenylmethoxy)methyl]-1 

cyclopentanone 
To a solution of [lS-(la,2B,3a,5B)]-5-[2- [[(4-methox 

yphenyl)diphenylmethyl]amino]-6-(phenylmethoxy) 
9H-purin-9-yl]-3-(phenylmethoxy)~2-[(phenylmethox 
y)methyl]cyclopentanol (4.10 g, 4.88 mmol, dried by 
concentration in vacuo from dry toluene) in dry di 
methyl sulfoxide (12 ml) at room temperature under 
nitrogen was added 1,3-dicyclohexylcarbodiimide (3.08 
g, 14.9 mmol) and methylphosphonic acid (0.239 g, 2.49 
mmol). The reaction was stirred at room temperature 
for 4 hours, and then stored at —20' for 16 hours. After 
warming to room temperature, oxalic acid dihydrate 
(60 mg) in methanol (8 ml) was added, and the mixture 
was stirred for 2.5 hours. The reaction was ?ltered, and 
the ?ltrate was diluted with dichloromethane and wa 
ter. The organic layer was washed with water (3X70 
ml), dried (sodium sulfate), and concentrated in vacuo 
to a residue. The residue was taken up in dichlorometh 
ane (10 ml), ?ltered and concentrated in vacuo to a 
residue. (An 1HNMR spectrum indicated the presence 
of unreacted 1,3-dicyclohexylcarbodiimide). The resi 
due was dissolved in dimethyl sulfoxide (9 ml) and then 
treated with methylphosphonic acid (150 mg) in metha 
nol (6 ml) and oxalic acid dihydrate (60 mg). The mix 
ture was stirred at room temperature for 4 hours and 
worked up as previously described to give crude de 
sired product as a residue (3.73 g). 
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H. Zinc - Titanium Tetrachloride - Dibromomethane 
Complex (Preparation 1) . 

This complex was prepared according to the proce 
dure of L. Lombardo, Tetr. Let, 23, 4293 (1982). Tita 
nium tetrachloride (11.5 ml, 0.105 mol) was slowly 
added dropwise to a stirred mixture of zinc dust (28.76 
g, 0.44 mol) and dibromomethane (10.1 ml, 0.143 mol) in 
dry tetrahydrofuran (300 ml) at —40' under nitrogen. 
The mixture was warmed to 5' over 30 minutes, and 
then stirred at 5' for 4 days under argon. The slurry was 
stored at —20' under nitrogen and warmed to room 
temperature prior to use. 

I. 
[lS-(la,3a,4B)]-N-[(4-MethoxyphenyDdiphenyl 

methyl]~&(phenylmethoxy)—9-[2-methylene-4-(phenyl 
methoxy)-3-[(phenylmethoxy)methyl]-cyc1opentyl] 

9H-purin-2-amine 
To a solution of [2R-(2a,3l3,5a)]-5-[2-[[(4-methoxy 

phenyl)diphenylmethylamino]-6-(phenylmethoxy)-9H 
purin-9-yl]-3—(phenyl-methoxy)‘2-[(phenylmethoxy)me 
thyl]-l-cyclopentanone (1.80 g, 2.19 mmol) in dry di 
chloromethane (40 ml) under nitrogen was added a 
slurry of zinc - titanium tetrachloride - dibromomethane 
complex in tetrahydrofuran (Preparation 1, Example 
11-!) (40 ml, ca. 12.3 mmol). The mixture was stirred at 
room temperature for 3 hours, and slowly poured into a 
mixture of saturated aqueous sodium bicarbonate (200 
ml) and dichloromethane (200 ml). After stirring for 20 
minutes, the mixture was ?ltered through Celite. The 
Celite was washed with dichloromethane, and the lay 
ers in the ?ltrate were separated. The aqueous layer was 
extracted with dichloromethane, and the combined 
organic layers were dried (magnesium sulfate) and 
evaporated to a residue. The residue was taken up in 
dichloromethane and ?ltered through Celite. Concen 
tration of the ?ltrate gave crude desired product as a 
residue (1.43 g). 

J. 
[lS-(la,3a,4B)]-2-Amino-1,9-dihydro-9-[2-methylene 
d-(phenylmethoxyy3-[(phenyl-methoxy)methyl]cy 

clopentyl]-6H-purin-6-one 
A mixture of crude [lS-(la,3a,4B)]-N-[(4-methoxy 

phenyDdiphenylmethyl]-6-(phenylmethoxy)-9-[2 
methylene-4-(phenylmethoxy)-3-[(phenylmethoxy) 
methyl]cyclopentyl]-9H-purin-2-amine (2.5 g), tctrahy 
drofuran (25 ml), methanol (25 ml) and 3N hydrochlo 
ric acid (12.5 ml) was heated at 50' for 2.5 hours and 
cooled to room temperature. The pH was adjusted to 
7.3 with 1N potassium hydroxide, and the mixture was 
extracted with ethyl acetate (3x120 ml). The ethyl 
acetate extract was dried (sodium sulfate) and concen 
trated in vacuo to a residue, which was applied to a 
column of Merck silica gel (340 ml) packed in 3% etha 
nol in chloroform. Elution with a gradient of 3—20% 
ethanol in chloroform gave 316 mg of desired product 
as a residue. 

K. [1S~(1a,3a.,4B)]-2-Amino-1,9-dihydro-9 
[4-hydroxy-3-(hydroxymethyl)—2-methylene—cyclopen 

tyl]-6H-purin-6-one 
To a stirred solution of [lS-(1a,3a,4B)]-2-amino-1,9 

dihydro-9-2-methylene-4-(phenyl-methoxy)-3-[(phenyl 
methoxy)methyl]cyclopentyl]-6H-purin-6-one (304 mg, 
0.673 mmol) in dry dichloromethane (12 ml) at —78’ 
under nitrogen was added 1M boron trichloride in di 
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chloromethane (6.7 ml, 6.7 mmol). The reaction was 
stirred at —78° for 2 hours and then at —40' for 30 
minutes. After cooling the reaction to —78° , methanol 
(60 ml) was added slowly over 10 minutes. Upon warm 
ing to room temperature, the mixture was concentrated 
in vacuo, and then concentrated four times from 40 ml 
portions of methanol. The residue was dissolved in 
methanol (5 ml) and water (5 ml), and the pH was ad 
justed to 6.8 using 1N potassium hydroxide. After con 
centration in vacuo, the resulting slurry was applied as 
a suspension to a column of 16 ml of CHP-ZOP resin 
(Mitsubishi Chemical Industries Ltd., 75-150 micron) 
packed in water. Elution with a gradient of water to 3% 
acetonitrile in water and concentration of fractions in 
vacuo afforded the desired product as a solid (115 mg) 
having m.p.>220' and [a]pz2+34' (c, 0.3, water). 

Anal. calc’d. for C12H15N5O3.O.9 H1O C, 49.12; H, 
5.77; N, 23.87 
Found C, 49.17; H, 5.87; N, 23.81. 

EXAMPLE 2 

[1 S-( 1a,3a,4B)]-1—[4-Hydroxy-3-(hydroxymethyl)-2 
methylenecyclopentyl]-5-methyl-2,4(lH,3H)-pyrimi 

dinedione 

A. 
[1S-(la,2/3,3a,4B)]-l—[2-Hydroxy-4—(phenyl-methoxy) 
3-[(phenylmethoxy)methyl]cyclo-pentyl]-5-methyl 

2,4(1H,3H)-pyrimidinedione 
A mixture of 3.10 g (10 mmol) of [lS-(la,2a,3B,5a)] 

3-(phenylmethoxy)-2-[(phenyl-methoxy)methyl]-6 
oxabicyclo[3.1.0]hexane (dried by concentration in 
vacuo from three 10 ml portions of dry toluene) and 
thymine (2.52 g, 20 mmol) in 40 ml of dry dimethyl 
formamide under argon was placed in an oil bath at 55' 
and stirred for 5 minutes. Sodium hydride (240 mg of 
60% sodium hydride in mineral oil, 6 mmol) was added, 
and the temperature was increased to 140‘. After 62 
hours, the reaction was cooled to room temperature and 
quenched by addition of 0.45 ml of glacial acetic acid. 
The solvent was removed in vacuo (55°/1mm), and the 
residue was triturated with dichloromethane and ?l 
tered. Evaporation of the ?ltrate gave a residue (4.93 g), 
which was applied to a column of Merck silica gel (140 
g) packed in dichloromethane. Elution with dichloro 
methane and then 3% methanol in dichloromethane 
gave 1.89 g of pure desired product and 2.03 g of impure 
product. Chromatography of the 2.03 g fraction on 120 
g of Merck silica gel using dichloromethane and then 
3% methanol in dichloromethane provided 0.90 g of 
additional pure desired product for a total of 2.79 g. 

B. 
1S-(la,3a,4B)]-5-Methy1-l-[2-oxo-4-(phenyl-methoxy) 
3—(phenylmethoxy)methyl]cyclo-pentyl]-2,4(1H,3H) 

pyrimidinedione 
To a solution of 2.74 g (6.28 mmol) of [ls-(111,23, 

3a,4B)]-1-[Z-hydroxy-4-(phenylmethoxy)-3-[(phenyl~ 
methoxy)methy1]cyclopentyl]-5-methyl-2,4-(1H,3H) 
pyrimidinedione (dried by concentration in vacuo from 
two 25 ml portions of dry toluene) in 12.5 ml of dry 
dimethyl sulfoxide at room temperature under argon 
was added 3.88 g (18.8 mmol) of 1,3-dicyclohexylcar 
bodiimide and 0.301 g (3.14 mmol) of methylphos 
phonic acid. The reaction was stirred at room tempera 
ture for 3 hours, stored at —20' overnight, and stirred at 
room temperature for 2 hours. Methanol (2.5 ml) and 
oxalic acid dihydrate (25 mg) were added, and the reac 
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tion was stirred for 4 hours. The reaction mixture was 
?ltered, and the solids were washed with dichlorometh 
ane. The ?ltrate was diluted to 250 ml with dichloro 
methane, washed with water (3 X 100 ml), dried (sodium 
sulfate) and evaporated to a residue (3.64 g). (IHNMR 
analysis indicated some undecomposed 1,3-dicyclohex 
ylcarbodiimide). The residue was dried by concentra 
tion in vacuo from 25 ml of dry toluene. To the dried 
residue was added 12 ml of dry dimethyl sulfoxide, 83 
mg (0.86 mmol) of methylphosphonic acid, 6 ml of dry 
methanol, and 25 mg of oxalic acid dihydrate. The mix 
ture was stirred at room temperature under argon for 4 
hours, ?ltered and washed with dichloromethane. The 
?ltrate was diluted with dichloromethane to 250 ml, 
washed with water (5X100ml), dried (sodium sulfate), 
and evaporated to give 2.83 g of crude desired product 
as a residue. 

C. 
[1S-(1a,3a,4B)]-5-Methy1-1-[2-methy1ene-4-(phenylme 

thoxy)-3-(phenylmethoxy)methyl]-cyclopentyl] 
2,4(1H,3H)-pyrimidinedione 

To crude [lS-(la,3a,4B)-5-Methy1-1-[2-oxo-4 
(phenylmethoxy)-3-[(pheny1methoxy)methyl] 
cyc1opentyl]-2,4(1H,3H)-pyrimidinedione above (2.81 
g) (dried by concentration in vacuo from three 25 ml 
portions of dry toluene) in 100 ml of dry dichlorometh 
me under argon was added 41 ml of a slurry of zinc - 
titanium tetrachloride dibromomethane complex in 
tetrahydrofuran (Preparation 1, Example 1H) (12.6 
mmol). The reaction was stirred at room temperature 
for 4 hours, and then a 0.7 ml aliquot was removed. 
Saturated aqueous sodium bicarbonate solution (1 ml) 
was added to the aliquot, and the mixture was stirred at 
room temperature for 5 minutes. The mixture was ex 
tracted with dichloromethane (3x), and the dichloro 
methane extract was dried (magnesium sulfate) and 
evaporated to a residue. The residue was taken up in 
dichloromethane, ?ltered through Celite and evapo 
rated to a residue, whoseLR. spectrum (dichlorometh 
ane) indicated a weak band at 1755-1745 cm-1 indica 
tive of starting ketone. Additional zinc - titanium tetra 
chloride - dibromomethane complex (10 ml, 3 mmol) 
was added to the reaction, and stirring was continued 
for 1.5 hours. Examination of the reaction by I.R. analy 
sis indicated a very weak band at 1755-1745 cm-l. The 
reaction was poured into 250 ml of saturated aqueous 
sodium bicarbonate solution and dichloromethane (250 
ml), stirred vigorously for 15 minutes, and ?ltered 
through Celite. The layers in the ?ltrate were separated, 
and the aqueous layer was extracted with dichloro 
methane. The combined dichloromethane extracts were 
dried (magnesium sulfate) and evaporated to a residue, 
which was taken up in dichloromethane. After ?ltra 
tion, the dichloromethane was concentrated to a residue 
(2.44 g), which was applied to a column of Merck silica 
gel (200 g) packed in chloroform. Elution of the column 
with chloroform (1000 ml) and then ethyl acetate 
chloroform (15:85) gave 690 mg of desired product as a 
residue. 

D. 
[1S-(la,3a,4B)]-1-[4-Hydroxy-3-(hydroxy-methyl)—2 
methylenecyclopentyl]-5-methyl-2,4(1H,3H)-pyrimi 

dinedione 

To a stirred solution of [lS-(la,3a,4l3)]-5-methyl-l 
[2-methy1ene-4-(phenylmethoxy)-3-[(phenylmethoxy) 
methyl]cyclopentyl]-2,4(ll-l,3H)-primidinedione (463 
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mg, 1.07 mmol) in 19 ml of dry dichloromethane at 
—70° under argon was added, over 5 minutes, 10.7 ml of 
1M boron trichloride in dichloromethane. The reaction‘ 
was warmed to —40‘ over 2.5 hours and then cooled to 
—70°. Dry methanol (20 ml) was added dropwise over 
5 minutes, and then the cooling bath was removed. 
After stirring for 30 minutes, the reaction was concen 
trated in vacuo to a residue. The residue was concen 
trated four times from 20 ml portions of dry methanol 
and then dissolved in methanol (10 ml) and water (6 ml). 
The pH was adjusted to 7.0 using 0.5 N potassium hy 
droxide, and the methanol was removed in vacuo. The 
aqueous suspension was applied to a column (32 ml) of 
CHP 20P resin packed in water. Elution with water, 
and then 5% and 10% methanol in water gave 194 mg 
of desired product as an amorphous residue. This resi 
due was combined with an additional 70 mg of desired 
product from another run and lyophilized from water to 
give 215 mg of desired product having m.p. 52-60° and 
[111022 +59‘ (c, 0.3, water). 

Anal. calc’d. for C12H16H2O4.0.4 H2O 
C, 55.53; H, 6.53; N, 10.80. 
Found: C, 55.49; H, 6.29; N, 10.84. 

EXAMPLE 3 

[1S-(la,3a.,4B)]-4-Amino-1-[4-hydroxy-3-hydroxyme 
thyl)-2-methylenecyclopentyl]-2(1H)-pyrimidinone 

A. 
[1S-(1a,2B,3o.,4B)]-1-[2-Hydroxy-4-(phenyl-methoxy) 
3-[(phenylmethoxy)methyl]cyclopentyl]-2,4(1H,3H) 

pyriml' 'dinedione 
To a solution of [1S-(la,2a,3B,5a)]-3-(phenylme 

thoxy)-2-[(phenylmethoxy)methyl]-6-oxabicyclo [3 . 1.0 
]hexane (3.28 g, 10.6 mmol) in dry dimethylformamide 
(40 ml) was added uracil (2.37 g, 21.2 mmol) and 60% 
sodium hydride in mineral oil (254 mg, 6.34 mmol). The 
suspension was heated at 140' for 5 days under nitrogen, 
and then cooled to room temperature. Acetic acid (1.2 
ml) was added, and the solvents were removed in 
vacuo. Chromatography of the residue on a column of 
Merck silica gel (400 m1, packed in dichloromethane, 
eluting with a gradient of dichloromethane to 5% meth 
anol in dichloromethane) afforded 2.68 g of desired 
product as a residue. 

B. 
1S-(1a,3a,4B)]-l-[2-Oxo-4-(phenylmethoxyy3 

[(phenylmethoxy)methyl]cyc1opentyl]-2,4(1H,3H) 
pyrimidinedione 

A solution of [1S-(1a,2B,3a,4B)]-1-[2-hydroxy-4~ 
(phenylmethoxy)3-[(phenylmethoxy)methyl]cyclo 
pentyl]-2,4(1H,3I-I)-pyrimidinedione (2.58 g, 6.11 mmol, 
dried by concentration in vacuo from dry toluene), 
1,3-dicyclohexylcarbodiimide (3.77 g, 18.3 mmol) and 
methylphosphonic acid (293 mg, 3.05 mmol) in dry 
dimethyl sulfoxide (15 ml) was stirred at room tempera 
ture under nitrogen for 5 hours. Oxalic acid dihydrate 
(75 mg) in methanol (10 ml) was added, and the reaction 
was stirred for 4 hours and ?ltered. The precipitate was 
washed with dichloromethane (80 ml) and the ?ltrate 
and washes were combined, extracted with water 
(3 X50 ml), dried (sodium sulfate), and concentrated in 
vacuo to a residue. The residue was dissolved in 20 ml 
of chloroform, filtered through Celite, and concen 
trated in vacuo to give 2.61 g of crude desired product. 
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C. 

[1S-(1a,3a.,4B)]-1-[2-Methylene-4~(pheny1-methoxy)-3 
[(pheny1methoxy)methyl]cyclo-pentyl]-2,4(1H,3H)- 1 

pyrimidinedione 
A slurry of zinc - titanium tetrachloride - dibrorno 

methane complex in tetrahydrofuran (Preparation 1, 
Example 1H) (45 ml, 13.5 mmol) was added to a solu 
tion of crude [1 S-(1a,3a.,4B)]-1-[2-oxo-4-(phenylme 
thoxy)-3-[(phenylmethoxy)methyl-cyclopenty1] 
2,4(lH,3H)-pyrimidinedione (2.61 g, dried by concen 
tration in vacuo from dry toluene) in dry dichlorometh 
ane (40 ml), and the mixture was stirred for 3 hours 
under nitrogen at room tempera-ture. Additional 0.3 M 
zinc - titanium tetrachloride - dibromomethane complex 
(10 ml) was added, and the reaction was stirred for 3 
hours at room temperature and then stored at —80° for 
16 hours. The reaction was warmed to room tempera 
ture and poured into saturated aqueous sodium bicar 
bonate (250 ml) and dichloromethane (250 ml). The 
mixture was stirred for 1 hour and then ?ltered through 
Celite. The layers in the ?ltrate were separated, and the 
organic layer was extracted with water (2X 100 ml). All 
organic layers were combined, dried (sodium sulfate) 
and concentrated in vacuo to a residue (2.5 g). Chroma 
tography of this residue on Merck silica gel (400 ml, 
packed in chloroform) by elution with a gradient of 
chloroform to 30% ethyl acetate in chloroform gave 
700 mg of desired product as a residue. 

D. 
[lS-(la,3a,4B)]-1-[2-Methylene-4-(phenyl-methoxy)-3 
[(phenylmethoxy)methyl]cyclo-pentyl]-4-(lH-1,2,4 

triazo1-1-y1)-2(1H)-pyrimidinone 
To a stirred solution of [1S-(la,3a,4B)]-1-[2-methy 

1ene-4-(phenylmethoxy)-3-[(phenylmethoxy)-methyl] 
cyclopentyl]-2,4(1H,3H)-pyrimidinedione (494 mg, 1.18 
mmol) in dry pyridine (4 ml) at room temperature under 
nitrogen was added 4-ch1orophenyl dichlorophosphate 
(518 pl, 3.19 mmol). After 5 minutes, 1,2,4-triazo1e (448 
mg, 6.49 mmol) was added and the reaction was stirred 
for 5 days. The solvents were removed in vacuo, and 
the residue was dissolved in dichloromethane (100 m1) 
and extracted with water (2X20 ml) and 5% sodium 
bicarbonate (2X20 ml). The organic layer was dried 
(sodium sulfate) and concentrated in vacuo to give 586 
mg of crude desired product. 

E. 
[IS-(la,3a,4B)]-4-Amino-l~2-methylene-4-(phenylme 
thoxy)-3-[(phenylmethoxy)methyl]-cyclopentyl]-2(1H) 

pyrimidinone 
Concentrated ammonium hydroxide (12 ml) was 

added to a solution of crude [1S‘(1a,3a,4B)]-l-[2 
methy1ene-4-(phenylmethoxy)-3-(phenylmethoxy) 
methyl]cyclopentyl]-4~(1H-1,2,4-triazol- l-yl)-2(1H) 
pyrimidinone (586 mg) in dioxane (12 ml, puri?ed by 
passage through basic alumina). The reaction was 
stirred at room temperature under nitrogen for 16 
hours. Additional ammonium hydroxide (1 ml) was 
added, and reaction was stirred for 3 hours longer. 
After removal of solvents in vacuo, the residue was 
dissolved in dichloromethane (75 ml). The dichloro 
methane solution was extracted with 5% sodium hy 
droxide (2X20 ml), dried (sodium sulfate), and concen 
trated in vacuo to a residue. Chromatography of this 
residue on a column of Merck silica gel ( 100 ml, packed 
in chloroform) by elution with a gradient of 2% to 8% 
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38 
methanol in chloroform gave 177 mg of desired product 
as a residue. 

thy1)—2-methylenecyclopentyl]-2(1H)-pyrimidinone 
To a solution of [1S—(1a,3a,4B)]-4-amino-1-[2-methy 

lene-4-(phenylmethoxy)-3-[(phenylmethoxy)-methyl] 
cyclopenty1]~2(1H)-pyrimidinone (164 mg, 0.393 mmol) 
in dry dichloromethane (8 ml) at —78' under nitrogen 
was added, over 3 minutes, 1M boron trichloride in 
dichloromethane (3.93 ml, 3.93 mmol). The reaction 
was stirred for 1.5 hours at —78', and then methanol (9 
ml) was added over 5 minutes. After warming the reac 
tion to room temperature over 20 minutes, the solvents 
were removed in vacuo, and the residue was concen 
trated from methanol (3X15 ml). The residue was dis 
solved in water and methanol, and the pH was adjusted 
to 7 using 1N potassium hydroxide. The methanol was 
removed in vacuo, and the aqueous slurry was applied 
to a column of CHP 20P resin (70 ml) packed in water. 
Elution of the column with a gradient of water to 20% 
methanol in water gave 48 mg of desired product as a 
solid having m.p. 75°-78' and [a]1;22 +51’ (c, 0.29, 
water). 

Anal. calc’d. for C11H15N3O3.l.34 H2O: 
C, 50.56; H, 6.82; N, 16.08. 
Found: C, 50.58; H, 6.31; N, 16.06. 

EXAMPLE 4 

[1S-(la,3a,4[3)]-1-4-Hydroxy-3-(hydroxymethyl)~2 
methylenecyclopentyl]-5-iodo-2,4(1H,3H)-pyrimi 

dinedione 

A. 
[lS-(1a,2B,3a,4B)]-1-[2-Hydroxy-4-(pheny1-methoxy) 

3-[(phenylmethoxy)methyl]cyclopentyl]-5-iodo 
2,4(1H,3H)-pyrimidinedione 

To a solution of [lS-(1a,2B,3a.,4B)]-l-[2hydroxy-4 
(phenylmethoxy)3-[(phenylmethoxy)-methyl]cy 
c1opentyl]-2,4(1H,3H)-pyrimidinedione (1.32 g, 3.12 
mmol) in dry dioxane (50 ml) was added iodine 1.59 gm 
6.25 mmol) and 0.8 N nitric acid (4.1 ml, 3.34 mmol). 
The reaction was heated at 90' for 3 hours, and after 
cooling the reaction to room temperature, a saturated 
solution of sodium thiosulfate was added until a light 
orange color persisted. Water (50 ml) was added, and 
the mixture was extracted with dichloromethane (3 X 70 
ml). The organic extract was dried (sodium sulfate) and 
concentrated in vacuo to a residue. Chromatography of 
this residue on a column of Merck silica gel (1(1) ml, 
packed in dichloromethane) using a gradient of dichlo 
romethane to 3% ethanol in dichloromethane gave 895 
mg of desired product as a residue. 

B. 
[lS-(la,3a.,4B)]-5-Iodo-l-[2-oxo-4-(phenyl-methoxy)-3 
[(phenylmethoxy)methyl]cyclo-pentyl]-2,4(lH,3H) 

pyrimidinedione 
A solution of [lS-(la,2B,3a,4B)]-l-[2-hydroxy-4 

(phenylmethoxy)3-[(phenylmethoxy)-methyl]cy 
clopentyl]-5-iodo-2,4(lH,3H)-pyrirnidinedione (687 mg, 
1.25 mmol, dried by concentration in vacuo from dry 
toluene) in dry dichloromethane (4 ml) was added to a 
suspension of pyridinium dichromate (801 mg, 2.13 
mmol, dried in vacuo over phosphorus pentoxide) and 
crushed 3A molecular sieves (801 mg, dried at 325'). 
The reaction was stirred at room temperature under 




































