| nt er nedi at es And Process For The Precaration O An Antivira
Agent This invention is directed to an inproved process for

converting the optically active conpound of the formula [err] to
the optically active cyclobutanone of the fornula (1v) -
H2 . | Rymyp

This invention is directed to an improved
process for converting the optically active compound

of the formula
CH2

/\

C,"'

N ‘ "CH,0-Ry

to the optically active cyclobutanone of the formula

(IV)

In the first step of the process_of this
invention, the'3—methylene_starting material of
formula I is oxidized to the diol of the formula



In the first step of the process of this invention, the

[erF]
3-nethylene starting material of fornmula | is oxidized to the diol
formul a -2- (rn) [err]

suitabl e oxidizing reagent for this reaction is osm umtetroxide.

the next step of the process of this invention, the diol of fornula Il

converted to the cyclic orthoester of the formula (1I1)

OR3

[err]

-2 -

(II)
HO, -
\\ /cnz OH

cé:-————‘c%
CH,0-R,

A suitable oxidizing reagent for this reaction is
osmium tetroxide.

In the next step of the probess of this
invention, the diol of formula II is converted to the
cyclic orthoester of the formula

(III)
OR3

Ry = C————0

C C,,','

JgrLs
R1—OH2C( ”'H Hl CH;0-R3

This conversion is performed by treating the diol of

formula II with a trimethyl or triethyl orthoester in

the presence of a weak acid catalyst.

The cyclic orthoester of formula III is then
converted to the optically active cyclobutanone of
formula IV by treating with a Lewis acid catalyst.

Rl in the above formulas is a hydroxy
protecting group. Suitable hydroxy protecting groups

~ include silyl groups such as t-butyldimethylsilyl,

t—butyldiphenylsilyl, (triphenylmethyl)dimethylsilyl,
methyldiisopropylsilyl, and triisopropylsilyl, benzyl

of the

A

In
is -



Thi.,s conversion is performed by treating the diol of formula Il with a
trinmethyl or triethyl orthoester in the presence of a weak acid catal yst.
The cyclic orthoester of formula Ill is then converted to the optically
active cyclobutanone of fornula 1V by treating with a Lewis acid catalyst.
Rlerr] in the above fornulas is a hydroxy protecting group. Suitable
hydroxy protecting groups include silyl groups such as

t-butyl dimethylsilyl, t-butyldiphenylsiByl, (triphenylnethyl)dinethylsilyl,
met hyl di i sopropyl silyl, and triisopropylsilyl, benzyl

- 3- and substitwuted benzyl grous such as p-nethoxybenzyl,

tri phenyl met hyl and substituted triphenyl nethyl groups such as 4-net hoxy
substituted traphesyreipitntedhmenzyld grepshgushbasi prretheoxypersyd net hyl |

and acyl groupgy hé hé¥ il @na su&%&&kuﬁ@&rEfﬂgg@nyﬁmé%ﬁfight or branched
chain alkyl of 1 carbons or ethyl.

Rerr] is straﬁﬁW@P%rs¥ﬁ feshékr AEQ%Q¥Y3§RPFt6FuEe@ot%1EEﬁ¥Xiéﬁ%mY bhenyl .
This inventionang &) $cdiheétdftlemhbstitheedoveliphahelneehyl csard d¢y1ul as ||
and 11l shown above. cording to the process of this invention a
sol ution of th%r?f?%?o‘?%c'iré%l%é?m d conpound of fornula | in an organic
solvent is treated with a oxidizing agent to give the diol of fornula II
The preferred oxidizing agent is osniun1fetroxide
| . Ry— C~——
wherein R2 is straight or branched chain alkyl of 1
to 6 carbons or phenyl.
R3 is methyl or ethyl.
R4 is straight or branched chain alkyl of 1 to
6 carbons or phenyl.
This invention is also directed to the novel
intermediates of formulas II and III shown above.
According to the process of this invention a
solution of the diprotected resolved compound of
formula I in an organic solvent is treated with a
oxidizing agent to give the diol of formula IX. The
preferred oxidizing agent is osmium tetroxide
employed in an aqueous solution. Suitable organic
solvents for the diprotected resolved compound of
formula I include acetone, which is preferred, ethyl
acetate, dichloromethane, etc.
In a preferred embodiment of this invention
the osmium tetroxide is employed in catalytic amounts
by including a cooxidant in the reaction mixture to
regenerate the spent osmium tetroxide. 4-Methyl-
morpholine N-oxide is the preferred cooxidant. When
the cooxidant is empldyed, the osmium tetroxide is
utilized in an agqueous solution containing from about
0.2 mole percent to about 0.8 mole percent,
 preferably about 0.5 mole percent.



enpl oyed. i n an aqueous sol ution. Suitable organic sol vents for the

di protected resol ved conpound of fornmula | include acetone, which is
preferred, ethyl acetate, dichloronethane, etc. In a preferred
enbodi nent of this invention the osmumtetroxide is enployed in catal ytic
ahounts by including a cooxidant in the reaction mxture to regenerate the-
spent osm umtetroxide. 4-Methyl- norpholine N-oxide'is the preferred

cooxi dant. When the cooxidant is enploydd- the osmumtetroxide is utilized
i n an aqueous sol ution containing fromabout 0.2 nole percent to about 0.8
nmol e percent, preferably about 0.5 nole percent.

4- The reactlon of diprotected resolved conpound of formula | to
the diol of fornula IThe sreagtigmes &apreeﬁcteﬂpeee@lneﬁ compoundl n the
next step of t&te RIS Ofed fth% a&&@n&fOEoera diP' dP{Heﬁn

converted to t |ro conpound of formula I11. utlon e d|oI of
formula I |n£% éggaﬁgﬁﬁ'such t ol uene, mhlch Is preferred, benzene,

etc. , is treat ed W tIn atHe imeithytedr ofr thehytocssdhaestgiispf the fornula

-G h t th oacet at e, ich i preferred,
ﬂﬂn@% hyl ort RO %érflztg'é{d %t'ﬁ% gg‘?&ypf ﬁ%‘bﬁ?y*gt’eg VEHAE St I"'r cet at e,
triethyl ort hgmiarsi cﬂmtp@undr ofettbyudat Doval eta?.cﬂ,utetcm ofr eher abl y, the
reaction is peffgr ’H#jffdhﬁ:.l]% &&eiﬁngﬁh‘%? th‘s%t | yst such as

su

pyridi um p-tol uene onat on o iol of formula I
to the spiro dopenat shich: is| nreferredpdmerczm &ta.oomisenper at ur e

preferably undgrestied RAkh 8l ERSABERG] or triefl MechBEsenlepeof the

process of th| vention, the spiro conpoun formula i's converted
to the opticalY adlprotected
R4-C-(OR3)3

such as trimethyl orthoacetate, which is preferred,
trimethyl orthobenzoate, trimethyl orthobutyrate,
triethyl orthoacetate, triethyl orthopropionate,
trimethyl orthovalerate, etc. Preferably, the
reaction is performed in the presence of a weak acid
catalyst such as pyridium p-toluenesulfonate.

The reaction of the diol of formula II to the
spiro compound of formula III is performed at room
temperature preferably under an inert atmosphere.

In the next step of the process of this
invention, the spiro compound of formula III is
converted to the optically active diprotected
cyclobutanone of formula IV. A solution of the spiro
compound of formula III in an organic solvent such as
toluene, ethylacetate, or dichloromethane, which is

- preferred, is treated with a Lewis acid catalyst.

Suitable Lewis acid catalysts for this .
reaction include boron trifluoride etherate, which is
preferred, trimethylsilyl trifluoromethanesulfonate,
boron trichloride, boron tribromide, diethylaluminum
chloride, ethylaluminum dichloride, aluminum

" trichloride, titanium tetrachoride, tin
tetrachloride, tin trichloride, etc.



cycl obut anone of formula IV. A solution of the spiro conpound of fornula
1l tn an organic solvent such as tol uene, ethylacetate, or

di chl oronet hane, which is preferred, is treated with a Lewis acid catal yst.
Suitable Lewis acid catalysts for this reaction include boron trifluoride
etherate, which is preferred, trinmethylsilyl trifluoronethanesul fonate,
boron trichloride, boron tribrom de, diethylalum numchloride,

et hyl al umi num di chl oride, alum numtricih® oride, titaniumtetrachoride, tin
tetrachloride, tin trichloride, etc. _

- 5- The reaction of the spiro conpound of fornula Il and the

Lewis acid catalyst is perforned at_| ow tenperatures, preferably at about
O[err]C. The spiro coRpeuReReHiIn fIthe sPicencaEPaRRd 9fdEemtaide form

ITCe_ resul _t} ngdﬂ:’lc)pr&h&cwfl_m%sszaidﬂﬁ ;%ﬁtth‘l?sﬁ?lﬂbobéﬁ‘_ ﬁcﬁlﬁﬁl@dl FﬁttQOltﬁﬁ f oI hf ormul a
is purifie conventional techniques fol]o et.ion o e
reaction. te%ﬁ??éagi‘f)‘?%‘t é?:’f%é?r(ﬂbﬂ'i‘!? nBLoﬁgné\%ﬂgd%g’r@p1sm al is

pr teﬁa;edr t(;%/ t{_@@mﬂmmdél&tfdﬁmih ]:a3-JJH|t egnebe- it 21ized| nplrcxpanedi met hanol

Wi protecting ag such 3s..a Qri . A

Rlerr]-Clerr] #\ﬁ%ﬁ R[Q@??]r?%u]gté%ﬁipfﬁﬁgﬁgét éﬁgb%%{%l,%é* p?'nenyl - et hyl,
substituted tréphboiyitandnye prodictdefedosmila, T¥rispuacified dup of the
formula (M) ﬁ%m{enti?réa]( \}'Te[cshniques folldwify B¥mbi&EidA b ke an

anhydride of t or mu
reaction.

The diprotected dimethanol compound of formula
Iis prgpared by treating (1R-trans)-3-methylene-1,2-
cyclopropanedimethanol with a protecting agent such
as a chloride of the formula
(V) R1-Cl
when R] is benzyl, substituted benzyl, triphenyl-
methyl, substituted triphenylmethyl, a hindered
silyl, or an acyl group of the formula
(vI)
(s B
Rg""L

r

or by treating with an anhydride of the formula

(VII)
(R2 —~—C4+—0
2 .

The preferred R} protecting group in the
compound of formula I is benzoyl which is prepared by
reacting (1R-trans)-3-methylene-1,2-cyclopropane-
dimethanol with benzoic anhydride as described in

Example 1l(c) of U.S. Patent 5,185,463.

The optically active cyclobutanone of formula
IV can be converted to the antiviral agent.

[1R- (1la, 2B, 3¢) 1-2-amino-9- (2, 3-bis (hydroxymethyl) -
" cyclobutyl]-1,9-dihydro-6H-purin-6-one by known
methods.



The,preferred R err] protecting group in the conmpound of formula | is
benzeyl which is prepared by reacting

(I R-trans)-3-nmethyl ene-1, 2-cycl opropane- di nethanol with benzoic anhydride
as described in Exanple I (c) of U S Patent 5,185, 463. The optically
active cycl obutanone of fornula IV can be converted to the antiviral agent:
[IR-¢l[err],2[err],3[err])]-2-am no-9-[2, 3-bi s(hydroxynet hyl ) -

cycl obutyl]-1, 9-di hydro- 6H puri n- 6-one By-known mnet hods.

- 6- As taught by Bisacchi et al. in US. Patent 5,064,961 and
Singh et al. in European Patent Application 572,209, the optically active
cycl obut anone of fornula IV can be treated with a reduci ng agent to give
the optically active Asydasightabyl Bisachbifetnala 1vITJ§. Patent [err]

Sui tabl e redug r e [ dgg hyglri ﬁ?ﬂaﬁ s lithium
tri-sec-butylg%ro%i rudg%g F?&Fﬁn??r?gra%§| or o yéﬁi e, diisobutylal unmi num
hydri de and t #pRlicatipnn§dred0Bor ERe PRELCAMY RFI%E such as

di cycl ohexyl behanehutafiond bEoFapfulandvt &en | b&k esretitiddk Wighugi num chl ori des
such as d||sobu2¥lalun1nun1ch|orLde, ﬁIkXIaJLwauwn i.chl ori des such as
the optically actaive

i sobutyl - reducing agent to give
cyvclobutanol of the formula
(VIII)
Hp
) o

Suitable reducing reagents include hydride reagents
such as lithium tri-sec-butylborohydride, lithium
- trisiamylborohydride, diisobutylaluminum hydride and
the like, hindered borane reducing agents such as
dicyclohexylborane, disiamylborane, and the like,
dialkylaluminum chlorides such as diiscbutylaluminum
chloride, alkylaluminum dichlorides such as isobutyl-
aluminum dichloride, trialkylaluminum compounds such
as triisolbutylaluminum and iridium tetrachloride in
the presence of phosphorous acid.

The optically active cyclobutanol of formula
VIII is then converted to the optically active
compound of the formula

(IX)
_ Hy
C
R,-OH,C / \
\‘c CmuX
i \ / %{



al um num di chl oride, trialkylal um num conpounds such as
triisolbutylalumnumand iridiumtetrachloride in the presence of

phosphorous aci d. The optically active cyclobutanol of formula VIII
is then converted to the optically active conpound of the formula (IX)
H2 [err] -7- wherein X is a

| eaving group such as chloro, brono, 'iodo, an aryl sulfonyloxy group such
as p-toluene- sul fonyloxy, an al kyl sual #onyl oxy group such as

met hanesul f onyl oxy, a substituted al kyl sul fonyl oxy group, preferably a
per f | uor oal kanesul f onyl oxy group such as trifluoromethanesul fonyl oxy, a
nitro substituted aryl sulfonyl oxy group such as p-nitrobenzenesul fonyl oxy,
or fluorosul f ofhenedn 3% isa@gRearing greenisethas ¢hplqyos hxgmoyt 5, 064, 961

and European PRI&Nt HPRIhAAEoRydodd lorbap SUHTEE pWHluehds a
per fl uor oal kane sul f onyl oxy grogg the cC cLobutanoI of formula VI1I is
treated with t$RLERIFIGH0AK RAkEH FBﬁFQ‘X% PR rTRMR U a8

L ri L : uor oret h%@%&&ﬁ%ﬂl@o@ﬂﬂw.da bObspitueed sikykrdulfodylasy
i o subst 1 ¢ etk Ry apegeonnr st FEne R BN, ARER oxy. % ne
cycl obut anol ofudiwrasll trifilloriomethanesdl fibhynlaxyi ta ot i t ut ed aryl
sul fonat i ng re§§§§§1€ﬂ{%ﬁ*§}yl sulfonyioxy group such as
p-nitrobenzenesulfonyloxy, or fluofosﬁlfonyloxy as
taught by Bisacchi et al. in U.S. Patent 5,064,961
and European Patent Application 579,421. For
example, when X is a perfluoroalkane sulfonyloxy
group, the cyclobutanol of formula VIII is treated
with the perfluoroalkanesulfonic anhydride such as
trifluoromethanesulfonic anhydride in an inert
solvent such as dichloromethane in the presence of a
base such as pyridine. Wwhen X is a nitro-substituted
aryl sulfonyloxy group as p-nitrobenzenesulfonyloxy,
the cyclobutanol of formula VIII is reacted with a
nitro-substituted aryl sulfonating reagent such as
p—nitfobenzenesulfonyl chloride in pyridine or in an
inert solvent such as dichloromethane or chloroform
containing a base such as pyridine or triethylamine.
when X is fluorosulfonyloxy, the cyclobutanol of
formula VIII is reacted with fluorosulfonic anhydride
in pyridine or in an inert solvent such as
dichloromethané or chloroform containing a base such
as pyridine or triethylamine.
The optically active compound of formula IX
can then be treated with a protected guanine such as
2-amino-6-benzyloxypurine, 2-amino-6-methoxyethoxy-
purine, 2-amino-6-chloropurine as taught by Bisacchi
et al. in U.S. Patent 5,064,961 to give the optically
" active compound of the formula



p- nk trobenzenesul fonyl chloride in pyridine or in an inert solvent such as
di chl'or onet hane or chl orof orm contai ni ng a base such as pyridi ne or
triethylam ne. Wien X is fluorosul fonyl oxy, the cycl obutanol of fornula

Vill.is reacted with fluorosul fonic anhydride in pyridine or in an inert
sol vent such as dichl oronet hane or chl orof orm contai ning a base such as
pyridine or triethylam ne. The optically active conpound of fornul a

| X can then be treated with a protected &uani ne such as

2- am no- 6- benzyl oxypurine, 2-am no-6-nethoxyethoxy- purine,

2-anmi no- 6-chl oropurine as taught by Bi sacchi et al. in U S Patent
5,064,961 to glv% the optically active conpound of the fornul a : - 8
- (x) [err] wherein R err] is a group which can be

Renoval of the R[err] protecting groups and cpnver
gives the desired antiviral agent H \\
[1IR-(1[err],2[err],3[err])]-2- an1no 9: {2 3- {;fs hydr okynet hyl ) cycl obut yl ]

-1, 9- dlhydro 6H—pur|n- 6- one. re qggtpnt of U S. Patent
Ry -onzc\ \ N~ NH,

n of Rlerr] to a 6-o0xo0

wherein R5 is a group which can be converted into a
6-oxo-substituent such as a protected hydroxy or a
chloro. Removal of the R] protecting groups and
conversion of R5 to a 6-oxo gives the desired
antiviral agent [1R-(1la,2B,30)]-2-amino-9-[2,3-

bis (hydroxymethyl)cyclobutyl]-1,9-dihydro-6H-purin-
6-one. In the preferred embodiment of U.S. Patent
5,064,961, Example 1, the R groups are benzoyl and
R3 is benzyloxy and the intermediate of formula X is
treated with a solution of sodium methoxide in
methanol to remove the Rl benzoyl groups and then
treated with hydrochloric acid in aqueous methanol to
-remove the 6-benzyl protecting group and give the
desired product.

An alternate procedure for converting the
optically active intermediate of formula IX to the
desired antiviral agent is taught by Bisacchi et al.
in European Patent Application 579,421. 1In this
procedure, the intermediate of formula IX is treated
with a purine salt of the formula
(X1)



5,064,961, Exanple 1, the Rerr] groups are benzoyl and R3 is benzyl oxy and
the intermediate of formula X is treated with a solution of sodium

nmet hoxi de in nethanol to renove the R err] benzoyl groups and then treated
wi th hydrochloric acid in aqueous methanol to renove the 6-benzyl

protecting group and give the desired product. An alternate procedure
for -converting the optically active internediate of formula | X to the
desired antiviral agent is taught by Bifatchi et al. in European Patent

Application 579,421. In this procedure, the internediate of formula I X is
treated with a purine salt of the formula (XI) _

-9- [err] rein Y[err] is yodo, bronb or chloro and ‘R6, R7, R8
and Rlerr],are independently styﬁight o\ branghed chaiy ajkyl of 1 to 10
carbons or substituted al kyl of to 10 tarbghs wvilgerei \ said substituent is

sel ected from al koxy ¢f 1N bons and afyl, ko givek the optically
active conpound of th Q{?nu a (Xiy) Rg"?—-Rq
Z R '
N N NH, 6

wherein Y1 is iodo, bromo or chloro and Rg, R7, RS
and R9 are independently straight or branched chain
alkyl of 1 to 10 .carbons or substituted alkyl of 1 to
10 carbons wherein said substituent is selected from
alkoxy of 1 to 6 carbons and aryl, -to give the
optically active compound of the formula

(XII)

Removal of the R1 protecting groups and conversion of
Y1 to a 6-oxo yields the desired antiviral agent
[1R-(1a, 2B,3a) ] -2-amino-9-[2, 3~bis (hydroxymethyl) -
cyclobutyl]-1,9-dihydro-6H-purin-6-one. 1In the
preferred embodiment of European Patent Application
579,421, the purine salt of formula XI is
6-iodo-9H-purin-2-amine, ion (1-), triethyl (phenyl-
methyl)ammonium (1:1) salt or 6-iodo-9H-
purin-2-amine, ion (1-), tetrabutylammonium (1:1)
salt, R]1 is benzoyl, and the intermediate of formula
' XITI is treated with a solution of sodium methoxide in
methanol to remove the R} protecting groups and



[err] Renoval of the R err] protecting groups and conversion of Y[err] to
a 6-oxo yields the desired antiviral agent [IR (l[err], 2[err],3[err])

] - 2-am no-9-[ 2, 3- bi s( hydr oxynet hyl ) -

cycl obutyl]-1, 9-di hydro-6H purin-6-one. In the preferred enbodi nent of
Eur opean Patent Application 579,421, the purine salt of fornmula Xl is

6-1 0do-9H purin-2-amne, ion (1-), triethyl (phenyl- neth4)amonium (1:1)
salt or 6-io0do-9H purin-2-amne, ion (¥0)- tetrabutylamonium (1:1) salt,
Rlerr] is benzoyl, and the intermediate of formula XII is treated with a
solution of sodi um nethoxide in nethanol to reane the Rl err] protecting
groups and convert the 6-iodo

to a 6-net hoxForyerswEhep-ipdat kend ﬁr@ﬁth9¥wcﬁ9ﬂlﬂweﬁzhﬁclto convert the

6-methoxy to a&r@a@ient with hyAeoERLbPYENGc £ NP Corverd il ative of the

i nvention.
6-methoxy to a 6-oxo.

The following example is illustative of the
invention.



Exampl e 1 (2S-trans)-2. 3-Bi s[ (benzoyl oxy) net hyl | cycl obut anone a)
(1S-trans) - 3-Hydroxy-1. 2. 3-cycl opropanetri - nmet hanol [err]

di benzoat e Water (9.6 m) was added to a solution of

(1 R-trans) - 3-net hyl ene- 1, 2- cycl opr opanedi net hanol , di benzoate in acetone
(80 m) at roomtenperature under an argon atnosphere. To the resulting

sol ution was added a 60 wei ght percent aqueous sol uti.on4of

4- et hyl nor pholine N-oxide (8.1 m, abddt-9.15 g. of solution containing
about 5.49 g of 4-nethyl- norpholine Noxide, 46.87 nmole) followed by a 4%
aqueous solution osmumtetroxide (0.98 m, about 0.154 mmole, 0.005 eq.,
0.5 nmole%. The resulting m xture was stirred at room tenperature under
argon in the dark. The reaction wasEX@Ri&ded by TLC anal ysis. After
stirring at roomtenperature for 22 hours, water (15 nl) was added,

foll onwed by sodi Ieg ﬁter stirring for
about 10 m nut é&=—traffrEs s e-Hrte ST AR S—rere ring for
about 15 m nutes, the resultlng n1xture was flltered t hrough a bed of

magnesi um si l _cate ( i ughl y_washed with
?ﬁ et par T Tar ggﬁséﬁ%rated and

acetone and e acetr : at e
addi ti onal ethyl acelgts iﬂmbenzeanmm about 400 m). The

resul ting solution s‘ d id (5:2, 70
m), 1N hydrochlor|SQQC| ?g GVQQJn#%Q(aﬁg %%gggéé agg (50 mM) and
brine. After dmrhgausérBmagtiaslemdulzrm,lophrepsnedemethmolermved at
reduced pressyiBenzoate in acetone (80 ml) at room témpérature

under an argon atmosphere. To the resulting solution

was added a 60 weight percent agueous solution of
4-methylmorpholine N-oxide (8.1 ml, about 9.15 g. Qf
solution containing about 5.49 g of 4-methyl-
morpholine N-oxide, 46.87 mmole) followed by a 4%
aqueous solution osmium tetroxide (0.98 ml, about
0.154 mmole, 0.005 eq., 0.5 mole%). The resulting
mixture was stirred at room temperature under argon
in the dark. The reaction was monitored by TLC
analysis. After stirring at room temperature for 22
hours, water (15 ml) was added, followed by sodium
metabisulfite (8.0 g, 42.08 mmole). After stirring
for about 10 minutes, magnesium silicate (6 g) was
added. After stirring for about 15 minutes, the
resulting mixture was filtered through a bed of
magnesium silicate (18 g) and the filter bed was
thoroughly washed with acetone and ethyl acetate.

" The filtrate was partially concentrated and
additional ethyl acetate was added (final volume
about 400 ml). The resulting solution was washed
with water: 1N hydrochloric acid (5:2, 70 ml), 1IN
hydrochloric acid (3 x 50 ml), 1IN sodium bicarbonate
(50 ml) and brine. After drying over magnesium

"sulfate, the solvent ﬁas removed at reduced pressure



to give the desired product as a pale yellow solid which was drled under
vacuum (11.05 g). b) (1S ,2S) -5-Methoxy-5-nethyl-4. 6-di oxaspiro-
[ 2.4l hept ane-1. 2-di net hanol . di benzoat e To a suspension of the
product frompart (a) (1.07 g, 3.0 mmol e) in anhydrous toluene (10 m) at
room tenperature under argon was added trinethyl orthoacetate (0.57 m, 4.5
mmole, 1.5 eq.) and pyridinium p-tol uenesul fonate (11.5 ng, 0.046 nnnle
1.52 mole % . The resulting suspension as stirred at roomtenperature for
70 minutes, a clear solution was, obtained after about 30 minutes. The
resul ting nixture was concentrated at reduced pressure to give crude
(1S, 2S) - 5- net hoxy- 5- et hyl - 4, 6- di oxaspiro- [ 2.4]heptane-1, 2-di nmethanol,
di benzoate as %Prﬁ%ﬂ#;Fhﬁﬂdﬁﬂl€§§ preduct (3s a pale yellow solid
(2S-trans)-2. 3B &l e zapiled hdetrhyhtuum (11.03 %l .obut anone The
crude product frompart (b) was dissolved in anhydrous dichl oronethane (10
m). After cooling to about O[err]C (|ce bath) boron trifluoride etherate
(40 [err]l, 0.BR5 5 -Me X5 , 4 Ser,
Oferr]C for one hour chAg ' Al Qud
The resulting solutldﬁiﬁguﬁfts g W TN ' ( 5r|%'50|d 1IN sodi um
bi car bonate, and bri rio afstap@s}pngosvahem:gmmmm‘mm tele sol vent
was renoved at d t f u as a

(1 FHE PP RRNL) gn%fé@% udtel'4q P L6k

colorless soli I's crud | ssol ve w th heating in

2- propanol (5 ¥R9m temperatyae H§des ?§%§1t"@ﬁ>é‘5ﬁ% &rime&hyilit ure was
placed in a refrékiEttte (0.57 ml, 4.5 mmole, 1.5 eq.) and - 13

pyridinium p-toluenesulfonate (11.5 mg, 0.046 mmole,
1.52 mole %). The resulting suspension was stirred

et hyl acetate.

at room temperature for 70 minutes, a clear solution
was obtained after about 30 minutes. The resulting
mixture was concentrated at reduced pressure to give
crude (1S,2S)-5-methoxy-5-methyl-4,6-dioxaspiro-
[2.4]heptane-1,2-dimethanol, dibenzoate as a nearly
colorless oil. '

c) = -2.3-Big =

cvclobutanone

The crude product from part (b) was dissolved
in anhydrous dichloromethane (10 ml). After cooling
to about 0°C (ice bath), boron trifluoride etherate
(40 pl, 0.325 mmol, 0.108 eq.) was added. After
stirring at about 0°C for one hour, the reaction
mixture was diluted with ethyl acetate. The
resulting solution was washed with 1IN hydrochloric
acid, 1N sodium bicarbonate, and brine. After drying
over magnesium sulfate, the solvent was removed at
reduced pressure to give 960 mg of crude product as a
colorless solid.

This crude product was dissolved with heating

" in 2-propanol (5 ml). After cooling to rocom

temperature, the mixture was placed in a refrigerator



(about 4[err]C). After standing in the cold for 4 hours, ice cold
2-propanol (5 m) was added so as to obtain a pourable m xture. The product
was collected by filtration, washed with ice cold 2-propanol, and dried
uhder vacuumto give 890 ng of pure

(2S-trans) -2, 3-bi s[ (benzoyl oxy) net hyl ] cycl obut anone as a col orless, fluffly
solid. TLC (silica gel, ethyl ether: hexane (6:4) Rf '= 0.32; (silica gel

tol uene: ethyl ether, 84:16) Rf = 0.41.13 - - 14 -
What we claimis: 1. A process for preparing the optically active
cycl obut anone of the fornula : [err] wherein

H2
CLRTE 15 e st ) o B S W ror ¢ Blul) 0 7170 11
ice cold 2-propanol (5 ml) was added so as to obtain
a pourable mixture. The product was collected by
filtration, washed with ice cold 2-propanol, and
dried under vacuum to give 890 mg of pure
(28~-trans) -2, 3-bis|[ (benzoyloxy)methyl]cyclobutanone
as a colorless, fluffly solid. TLC (silica gel,
ethyl ether: hexane (6:4) Rf = 0.32; (silica gel,
toluene: ethyl ether, 84:16) Rf = 0.41.



wWith osmumtetroxide to give the optically active diol of thiéiprﬁﬁ
[err] - 15 - b) con rti t he
di ol product fromstep (a) to the cyclic orthoester of t he-fc §§§

e \\\\\\\\\\\\‘\\

what we claim is:

1. A process for preparing the optically
active cyclobutanone of the formula

wherein R1 is a hydroxy protecting group which

comprises:
a) oxidizing the optically active 3-methylene

compound of the formula

CH,

(R)

/ c"l, ‘ I
R;-OH,C H “CH20-R;

with osmium tetroxide to give the optically active
diol of the formula

HO caz -OH

R1—OH20 H H CHzO-R1

~e



[err] by treating the product fromstep (a) with a trinethyl or triethyl
oftheester of the fornula R4-C- (O-Rerr]) [err] in the presence of
a weak acid catalyst wherein R3 is nmethyl or ethyl and‘RI‘rs~sLLaL ht or
branched chain alkyl of 1 to 6 carbons or phenyl; and treatlng
the cyclic orthoester product from step (b) mnth a Le @#ﬂﬂy to
give-the desired optically active cycl obutanone.

Claim 1 wherein the osm umtetroxide +%tep (a) is enployed in cat%lytlc
amounts by includi ng 4-net hyl norpholine, N oxide as a cooxidant; the
trimethyl or triethyl orthoester in step(b) is trinethyl orthoacetate; t he
weak acid catalyst is step (b) is pyridium p-toluenesul fonate; and the
Lewis acid catal yst i sthm:(er)ti’m bbeodioli producticfram@Etan:, (2)
trlnethyIS|IyI tr|fI t a " Bt hl ori de, boron

tribrom de, dléih al nﬁggh?%ﬁ ggg B?ht glun1ﬁ§%?d|chlor|de al um num
trichloride, tltanlunltetra- chlorlde tin tetrachloride, or tin

trichloride. ORs  _16. 3. The process of
Claim2 wherein the Lewis acid catal st i n §§ep (c) is boron trifluoride
et herate. Rq I

o} CH;

\\\c//'
C#
%,
Ry —OHzc( H l CH20 -Ri

by treating the product from step (a) with a
trimethyl or triethyl orthoester of the formula
_ R4~C-(0-R3)3

in the presence of a weak acid catalyst wherein R3 is
methyl or ethyl and R4 is straight or branched chain
alkyl of 1 to 6 carbons or phenyl; and

c) treating the cyclic orthoester product from.
step (b) with a Lewis acid catalyst to give the
desired optically active cyclobutanone.

2. The process of Claim 1 wherein the osmium
tetroxide in step (a) is employed in catalytic
amounts by including 4-methylmorpholine, N-oxide as a
cooxidant; the trimethyl or triethyl orthoester in
step(b) is trimethyl orthoacetate; the weak acid
catalyst is step (b) is pyridium p-toluenesulfonate;
and the Lewis acid catalyst in step (c) is boron
trifluoride etherate, trimethylsilyl
trifluoromethanesulfonate, boron trichloride, boron
tribromide, diethylaluminum chloride, ethylaluminum

" dichloride, aluminum trichloride, titanium tetra-
chloride, tin tetrachloride, or tin trichloride.



4, A process for preparing the optically active cycl obutanone of the
H2 [err] which conprises: a)
oxidi.zing the optically active 3-methyl ene conpound of the fornula

formil a

[err]

tetroxi de and 4-net hyl nor phol i ne N-oxi de as cooxidant t
active diol of the formula

with an aqueous solution containing a catalytic ano

- 16 -

of osm um
the eptically

7
i ///3;/////////////,////,/

3. The process of Claim 2 wherein the Lewis

-acid catalyst in step (c¢) is boron trifluoride
etherate.

4. A process for preparing the optically
active cyclobutanone of the formula

@—Lonsg / \
“‘ N /
et (5)

which comprises:

a) oxidizing the optically active 3-methylene.

compound of the formula

CH;

" with an aqueous solution containing a catalytic
amount of osmium tetroxide and 4-methylmorpholine
N-oxide as cooxidant to give the optically active
diol of the formula



[ err] . b) converting the diol product fromstep (a) to the cyclic
orthoester of the fornula [err] by treating the product
fromstep (a) with trinmethyl orthoacetate in the presence of pyridium

p:tol uene- sul fonate; and c) treating the cycli uct
fromstep (b) with boron trifluoride etherate to give t%ﬂ““ﬂﬂﬁmﬂuur"ﬂnl |y
active cycl obut anone. 5. A process for preparjng*hé ahtiWVirsal *
agent [1R- (l[err], 2[err], 3[err]) ]--2yam no-9- [2, 3-bis (hydroxy-

met hyl ) cycl obutyl ] -1, 9-di hydr o- 6H puri ne- 6-one whi ch conpri ses:

H -
0\ CH-OH
c
0 / \ 0
Ca, ]
* Hl "'cnzo—c—@ )

b) converting the diol product from step (a)
to the cyclic orthoester of the formula

I S
c—onzc/ H

OCH;3;

HyC—C———0

by treating the product from step (a) with trimethyl
orthoacetate in the presence of pyridium p-toluene-
sulfonate; and

c) treating the cyclic orthoester product
from step (b) with boron trifluoride etherate to give
the desired optically active cyclobutanone.

5. A process for preparing the antiviral
agent [1R-(la,2B,3a)]-2-amino-9-[2,3-bis (hydroxy-
. methyl)cyclobutyl]-1,9-dihydro-6H-purine-6-one which

comprises:



-.18 - a) oxidizing the optically active 3-nethyl ene coﬁpound of

the formul a [err] wherein Rerr] is a—hydrex¥4munixii_g_group
with osmumtetroxide to give the optically acti of the fornul a
[err} b) converting the diol product froﬁlﬁ ) ycllc
orthoester of the fornula IH“"IHm”H'

- 18 -

a) oxidizing the optically active 3-methy1ené
compound of the formula

i
G
/ \ (R)
% %,
R1-OH2C( H 4 CH;0-R;

wherein R] is a hydroxy protecting group with osmium

tetroxide to give the optically active diol of the
formula

\ /CHz -OH

/\

"'0

Ry —OHzc H H CH20-R;

b) converting the diol product from step (a)
to the cyclic orthoester of the formula

7
AR
(o) CH.
‘\\c//’ 2
C————C
% %,
ry-omc? *n H‘ “CH,0-R,

by treating the product from step (a) with a
trimethyl or triethyl orthoester of the formula



by treating the product frbn1step (a) wwth a trinethyl or trlethyl
orthoester of the fornula -
R4-C, (O-Rerr])3 in the presence of a weak acid 6arafy§%ﬂM%¥£ﬂiL£B S

met hyl or ethyl and R4 is straight or branched ch 1 to 6
carbons or phenyl; c) treating the cycli c t,ﬂm ﬂ(ﬂ#t from.
step’(b) with a LGMAS acid catalyst to give the optﬂcal -

cycl obut anone of the fornmula - 1%®r+] d) treating-the

optically active cycl obutanone product fromstep (c) with a reduci ng agent
to give the optically active cycl obutanol of the fornula

H2
R4-C-(0O-R3)3

in the presence of a weak acid catalyst wherein R3 is
methyl or ethyl and R4 is straight or branched chain
alkyl or 1 to 6 carbons or phenyl;

Cc) treating the cyclic orthoester product from

step (b) with a Lewis acid catalyst to give the
opticailly active cyclobutanone of the formula

e /N,
N

2
H ) CHgO R]_ :

d) treating the optically active cyclobutanone
product from step (c) with a reducing agent to give
the optically active cyclobutanol of the formula

Rl-OHzc\ / Cumn OH
AN e

ol cnzo R,

e) converting the optically active
cyclobutanol product from step (d) to the optically
active cyclobutane compound of the formula



L

[err] - e) converting the optically active cycl obutano

product from
step:(d) to the optically active cycl obutane conpound of the formula

reacting the

- 20- [err] wherein X is a |leaving group; f)
product fromstep (e) mnth the purine of the fornutra
Rierr]

formula [err]

N to give the opt.cauy”m“”mmmwmlof t he

o /
\ /S

cazo -r?

-y

wherein X is a leaving group;

£) reacting the product from step (e) with

the purine of the formula
Rg

N "N
a8
N~ /L

to give the optically active compound of the formula

wherein R5 is a group which can be converted into a
6-ox0 substituent; and

g) treating the product step (f) to remove the
R1 hydroxy protecting groups and to convert the Rs

group to a 6-oxo.

6. A process for preparing the antiviral
agent [1R-(1la,2B,3a)]-2-amino-9-[2,3-bis (hydroxy-



wherein R err] is a group which can be converted into a 6-o0xo substituent;

and - g) treating the product step (f) to renpbve the R err] hydroxy
protecting groups and to convert the Rerr] group to a 6-

process for preparing the antiviral agent [IR(1[err 2[err
-2-anmino-9-[2, 3-bis (hydroxy- \m\w \M!h““m ‘m
met hyl ) cycl obutyl ] -1, 9-di hydr o- 6H puri n- 6- one whi ch

oxidizing the optically active 3 met hyt ede conpound OT tthe fornula

methyl)cyclobutyl] -1, 9-dihydro-6H~purin-6-one Which
comprises:

a) oxidizing the optically active 3-methylene
compound of the formula

CH;

(R)

]
&

u,
moomc? m A omo-w,

wherein R3] is a hydroxy protecting group with osmium

tetroxide to give the optically active diol of the
formula

HO, -

b) converting the diol product from step (a)
to the cyclic orthoester of the formula



[err] wherein Rlerr]

gi ve t-he optically active diol of the formula [err]

converting the diol

fornmul a

treating the product fromstep (a) with a trinethyl or triethyl

. _ ethyl ortheeste :
U i

of the fornul a

P
) T (l)
o] ,CH,
\ c/
. Com——
% %,
% )
 Ry-OH,C H H‘ "CH20-R;

by treating the product from step (a) with a

trimethyl or triethyl orthoester of the formula
R4-C-(0-R3)3

in the presence of a weak acid catalyst wherein R3 is

methyl or ethyl and R4 is straight or branched chain

alkyl of 1 to 6 carbons or phenyl;

c) treating the cyclic orthoester product from
step (b) with a Lewis acid catalyst to give the
optically actiwve cyclobutanone of the formula

womeg / \
\ e

H CH20-R1 ;

d) treating the optically active cyclobutanone
product from step (c) with a reducing agent to give
the optically active cyclobutanol of the formula

b)

I's a hydroxy protecting group with osmi um tetroxide to

product fromstep (a) to the cyclic orthoester of the
- 22 - [err] by

rer



in the presence of a weak acid catalyst wherein R3 is nethyl or ethyl and
R4-is:straight or branched chain alkyl of 1 to 6 carbons or phenyl:

c) treating the cyclic orthoester product fromstep (b) with a Lewi s acid
catalyst to give the optically active cycl obutanone of the formutra—

H2 - [err] d) treating the optically active . cy '
product fromstep (c) with a reducing agent to give the opﬂmm Wrmﬁlm'e”l",
cycl obut anol "of the fornula - 23

H2 e) converting the optlcally active cyclobutanol product
fromstep (d) to the optically

Hy
c
Ry -OH;Cy / \
X Cum OH
<>

H %CHzo-Rl

e) converting the optically active
cyclobutanol product from step (d) to the optically
active cyclobutane compound of the.formula

w%KJ/\\

me

\\//

cnzo -R!

wherein X is a leaving group;

f) reacting the product from step (e) with the
purine salt of the formula

Y, -
?8
N =
g8 BT
4¢J\ R
N N NH, s
wherein Y] is iodo, bromo or chloro and Rg, R7, Rg
and R9 are independently selected from the group
consisting of straight or branched chain alkyl of 1
- to 10 carbons or substituted alkyl of 1 to 10 carbons
wherein said substituent is alkoxy of 1 to 6 carbons



active cycl obutane conmpound of the fornmula [err] wherein Xis a

| eaving group; f) reacting the product fromstep (e) with the purine
salt of the formula [err] wherein Y[err] is— br omo or chloro
and R6, R7, R8 and Rlerr] are independently selecte wromt

consi sting of straight or branched chain al kyl of 1 ‘hy ns or :
substituted alkyl of 1 to 10 carbons wherein said su ilﬁ%’i””oxy of
1 to 6 carbons - 24 - - 24 - . gi ve
the optically active conpound of the formula

or aryl, to give the optically active compound of thé
formula

CH,0-R; ; and

g) treating the product step (f) to remove the
R1 hydroxy protecting groups and to convert the Y3
~group to a 6-oxo.

7. A compound of the formula

\ /CHz-OH

/\

%-

l 0
R1—0H2C H ‘CH,0-R;

wherein Rj} is t-butyldimethylsilyl, t-butyl-
diphenylsilyl,  (triphenylmethyl)dimethylsilyl,
methyldiisopropylsilyl, triisopropylsilyl, benzyl,
p-methoxybenzyl, triphenylmethyl, 4-methoxy
substituted triphenylmethyl, 4,4-dimethoxy
substétuted triphenylmethyl, or
Rf——g——- ; and

R2 is straight or branched chain alkyl of 1 to
6 carbons or phenyl.



[err] - and g) treating the product step (f) to
renmove the R err] hydroxy protecting groups and to convert the Y[err] group

to a 6-oxo. 7. A conpound of the formula _
CH2- OH [err] wherein Rerr] is t- butyldlnethyIS| t butyl

. di phenyl silyl, (triphenylnethyl) dinethylsilyl, nethyld ﬁ""mu
triisopropylsilyl, benzyl, p-nmethoxybenzyl, trlphenylne '"

substituted triphenyl nethyl, 4,4- dlnethdxy-substltuted trlphenylﬁetﬁyl* or
[err] R2 is straight or branched chain alkyl of 1 to 6 carbons or

phenyl .

8. The compound of Claim 7, (1S-trans)-3-
hydroxy-1, 2, 3-cyclopropanetrimethanol, ol,
a2, -dibenzoate.

9. A compound of the formula

10
|

. R4 T 0
0

G ”

r-oc? w4 emo-w,
wherein R} is t-butyldimethylsilyl, t-butyl-
diphenylsilyl, (triphenylmethyl)dimethylsilyl,
methyldiisopropylsilyl, triisopropylsilyl, benzyl,
p-methoxybenzyl, triphenylmethyl, 4-methoxy
substituted triphenylmethyl, 4,4-dimethoxy subsituted
trlphenylmethyl or

Rp—C—

R2 is straight or branched chain alkyl of 1 to

6 carbons or phenyl;
R3 is methyl or ethyl; and
R4 is straight or branched chain alkyl of 1 to

6 carbons or phenyl.

10. The compound of Claim 9, (1S,2S)-5-
methoxy-5-methyl-4, 6-dioxaspiro[2.4]heptane-1, 2-
_dimethanol, dibenzoate.



- -
. 8.®"The conpound df Claim7, (1S-trans)-3- :
hydr exy- 1, 2, 3- cycl opropanetri nmet hanol, [err], a2,-di benzoate. 9. A
conmpound of the formula OR3 wher ei n
Rlerr] is t-butyldimethylsilyl, t-butyl- diphenylsilyl,
(triphenyl met hyl )di met hyl silyl, nethyldiisopropylsilyl, triisopropylsilyl, -
benzyl, p-nethoxybenzyl, triphenyl nethyl, 4-nmethoxy substituted
tri phenyl methyl, 4, 4-di net hoxy subsituted triphenyl methyl, or [err]
R2 is straight or branched chain alkyl of 1 to 6 carbons or phenyl;
R3 is nmethyl or ethyl; and R4 is straight or branched chain al kyl of
1 to 6 carbons or phenyl. 10. The conpound of Cdaim9, (IS, 2S)-5-
met hoxy- 5- met hyl - 4, 6- di oxaspi ro[ 2. 4] hept ane- 1, 2- di net hanol, di benzoate.

(1R, trans) Diprotected 3-methylene-1,2-cyclo~
propanedimethanol is oxidized to an optically active
diol intermediate which is then cyclized to an
orthoester intermediate, and then converted to the
(2S-trans)diprotected 2, 3-bis(hydroxymethyl)cyclo-
butanone. This cyclobutanone is useful as an

- intermediate in the preparation of the antiviral
agent [1R-(1lc,2B,3a))-2-amino-9-[2,3-bis(hydroxy-
methyl)cyclobutyl]-1,9-dihydro-6H-purin-6-one.



