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Using the observation that the side effects of aristeromycin (carbocyclic adenosine) were reduced
by removing the methylene at the center in aristeromycin where phosphorylation occurs,
derivatives of carbocyclic oxetanocin A (4a), oxetanocin G (4b), and 2-aminooxetanocin A (16)
lacking the 3′-methylene have been prepared in racemic form. The only viruses for which an
appreciable inhibitory effect of the compounds (minimum inhibitory concentration ranging from
1 to 40 µg/mL) was noted were herpes simplex virus type 1 (HSV-1) and varicella-zoster virus
(VZV). However, when directly compared for their antiviral potency against HSV-1 with their
parents oxetanocin A and oxetanocin G, compounds 4a and 4b proved clearly less active.

Nucleosides possessing the oxetanosyl N-glycoside
feature are structurally an interesting class of com-
pounds. The parent compound of this series is the natu-
rally occurring adenine derivative oxetanocin A (1a,
Figure 1),1a which was isolated from a culture filtrate
of Bacillus megaterium.1b The ability of oxetanocin A
to display antiviral properties2 led to the synthesis of
the guanine (oxetanocin G, 1b), hypoxanthine, and xan-
thine analogs3 and to the carbocyclic adenine4 and gua-
nine4b-d derivatives (2a and 2b, respectively). Among
this latter group of compounds, 1b, 2a, and 2b have dis-
played meaningful antiviral properties.5 For example,
1b has shown activity toward HCMV,6a varicella-zoster
virus,6b and hepatitis B virus6c while 2a and 2b have
shown a broad range of activity toward the herpes vi-
ruses, hepatitis B virus, and HIV.4c,d,7 Evidence exists
that suggests that the mechanism by which 1b and 2b
exert their antiviral effects requires conversion to their
3′-triphosphate derivatives, which act at the level of
viral DNA synthesis.6,8 Even though it is less clear8e
whether the same transformation is necessary for the
antiviral properties of 2a, nucleotide formation often
leads to unacceptable side effects with nucleoside-
derived agents.9
We recently found10 that the mechanism of antiviral

action of carbocyclic nucleosides that depend on nucleo-
tide derivative formation can be altered toward a more
favorable selectivity index by removal of the methylene
unit at the center in the nucleoside analog where nucleo-
tide formation occurs (as illustrated by the structural
alteration of aristeromycin (3a) to 5′-noraristeromycin
(3b)).10 Extending this same strategy to 2a and 2b gives
rise to 4a and 4b, which are carbocyclic oxetanocins
lacking the C-3′ methylene moiety and are the focus of
this report.

Chemistry

The synthesis of 4a began with the Michael addition8d
of 6-chloropurine to methyl 4,4-diethoxycyclobut-1-ene-

1-carboxylate (5) (Scheme 1).11 This process gave almost
exclusively the trans N-9 adduct 6 with only a trace of
the cis isomer 7. Methanolysis of 6 to 8 was followed
by reduction with lithium aluminum hydride to provide
the corresponding alcohol 9. Hydrolysis of the ketal
function of 9 yielded a hydroxy ketone that was not fully
characterized but was reduced with sodium borohydride
in methanol to give diol 10 as the only product. It is
believed that the stereoselectivity of this latter reduction
resulted because sodium borohydride first removed the
proton from the methylene hydroxy group to form a
boron complex which then delivered the hydride to the
carbonyl carbon from the bottom face of the cyclobutyl
ring. Amination of the diol 10 was accomplished by
heating in methanol saturated with ammonia to yield
the target (()-9-[(1R,2â,3R)-3-hydroxy-2-(hydroxymeth-
yl)cyclobutyl]adenine (4a).
Applying a similar strategy, the Michael addition8d

of 2-amino-6-chloropurine to ethyl 4,4-diethoxycyclobut-
1-ene-1-carboxylate (11)12 gave the N-9 purine deriva-
tive 12 as the major product with trace amounts of the
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Figure 1.
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cis isomer 13. Reduction of the ester group of 12 to the
alcohol 14 was followed by hydrolysis of the ketal of 14
and then reduction with accompanying methanolysis to
result in 15. Acidic hydrolysis of 15 yielded the guanine
derivative 4b.
With 15 available, it was also converted into (()-9-

[(1R,2â,3R)-3-hydroxy-2-(hydroxymethyl)cyclobutyl]-2,6-
diaminopurine (16) (Scheme 2) by heating 15 with
ammonia-saturated methanol in a sealed tube.

Structure Assignments

The structural assignments of nucleosides 4a, 4b, and
16 were accomplished using 2D NMR techniques. The
analysis began with a DEPT 135 experiment to estab-
lish assignment of the carbon atoms of the cyclobutyl
moiety. Following this, a standard COSY 90 experiment
allowed assignments of the cyclobutyl protons, which,
together with subsequent HMQC experiments, permit-
ted assignment of all the protonated cyclobutyl carbons.
A 2D NOESY analysis was then performed to assign
the relative cyclobutyl stereochemistry of the com-

pounds. As a consequence, 4a showed strong NOEs
between H-1′ (δ 4.35) and H-3′ (δ 3.86), HR-4′ (δ 2.75),
and H-5′ (δ 3.59) (see Figure 2 for reference to cyclobutyl
position numbers). Strong NOEs were also observed
between H-3′ and H-5′, and HR-4′. These observations
indicate that H-1′, H-3′, HR-4′, and H-5′ must be related
in a syn manner on the R-face of the cyclobutyl moiety.
With this information for 4a, it was not surprising to
find that there was no significant NOE between H-1′
and H-2′ as a result of their anti relationship. NOEs
were also observed between 3′-OH (δ 5.32), H-2′ (δ 2.85),
and Hâ-4′ (δ 2.33). Thus, these hydrogens must be
related in a syn manner on the â-face of the cyclobutyl
unit. Furthermore, the heterocyclic H-8 (δ 8.25) dis-
played strong NOEs to H-2′ and to Hâ-4′. This data
proves conclusively that the H-1′ and H-3′ are located
on the R-face of the cyclobutane ring, while H-2′ is
located on the â-face. These results place the 3′-OH syn
to the heterocyclic base and 2′-CH2OH anti to the
heterocyclic base. Similar results were recorded for 4b
and 16.

Antiviral Results
Compounds 4a, 4b, and 16 were evaluated against a

wide variety of both DNA viruses and RNA viruses
(Table 1). Appreciable antiviral activity (within the
concentration range of 2-40 µg/mL) was noted with
compounds 4b and 16 against herpes simplex virus type
1 (HSV-1) and with compounds 4a and 4b against
varicella-zoster virus (VZV). The compounds were
clearly less active against the thymidine kinase-deficient
(TK-) HSV-1 and VZV strains. This indicates that for
their anti-HSV and anti-VZV activity, the compounds
must depend on phosphorylation by the virus-induced
thymidine kinase. This was confirmed in additional
experiments with clinical VZV isolates13 where com-
pound 4b proved inhibitory to a TK+ VZV isolate at 8
µg/mL, while being inactive at >50 µg/mL against a TK-

VZV isolate (data not shown).
Compounds 4a, 4b, and 16 were inactive against

vaccinia virus and cytomegalovirus (CMV). They were
also evaluated, but found ineffective, against a broad
range of RNA viruses, including vesicular stomatitis
virus (VSV), Coxsackie B4, polio-1, parainfluenza-3, reo-
1, Sindbis, Semliki forest, and human immunodeficiency
virus type 1 (HIV-1) and type 2 (HIV-2).
In additional experiments, in which compounds 4a,

4b, and 16 were directly compared with oxetanocin A
and G for their activity against clinical HSV-1 and
HSV-2 isolates, i.e. Hu-3, Hu-5, HS-4714 in HEL cells,
compounds 4a, 4b, and 16 did not prove inhibitory to
the different virus isolates at 50 µg/mL, while oxet-
anocins A and G inhibited the cytopathicity of these
viruses at concentrations as low as 1-3 and 0.002-
0.004 µg/mL, respectively (data not shown). This clearly
demonstrates that the derivatization of compounds 1a
(oxetanocin A) and 1b (oxetanocin G) to 4a and 4b,

Scheme 1a

a Reaction conditions: (a) DBU in DMF, 6-chloropurine, room
temperature; (b) NaOMe in MeOH, room temperature; (c) LiAlH4
in THF; (d) (i) 1 N HCl in acetone, room temperature; (ii) NaBH4
in MeOH, 0 °C; (e) NH3 in MeOH, 120 °C.

Scheme 2a

a Reaction conditions: (a) DBU in DMF, 2-amino-6-chloropurine,
room temperature; (b) LiAlH4 in THF, 0 °C; (c) (i) 1 N HCl in
acetone, room temperature; (ii) NaBH4 in MeOH, 0 °C; (d) 1 N
HCl, reflux; (e) NH3 in MeOH, 120 °C.

Figure 2.
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respectively, resulted in a considerable decrease of anti-
HSV activity.

Experimental Section

Materials and Methods. The glassware used in the
reactions was dried overnight in an oven at 100 °C. The
reactions were carried out using freshly distilled solvents
under anhydrous conditions in an argon or nitrogen atmo-
sphere. Diethyl ether (Et2O) was dried from sodium ben-
zophenone; dimethylformamide (DMF) was treated with po-
tassium hydroxide and distilled over MgSO4; methanol (MeOH)
was distilled from and stored over molecular sieves (4 Å);
tetrahydrofuran (THF) was freshly distilled over lithium
aluminum hydride.
Unless otherwise noted, reagents were used as received from

the supplier. All reactions were monitored by thin-layer
chromatography (TLC) using 0.25-mm E. Merck silica gel 60-
F254 precoated silica gel glass plates with visualization by
irradiation with a Mineralight UVGL-25 lamp or exposure to
iodine vapor. The column chromatography purifications were
performed on Aldrich flash chromatography silica gel 60
(particle size 0.035-0.07 mm; 220-440 mesh ASTM) by
eluting with the indicated solvent system. Yields refer to
chromatographically and spectroscopically (1H and 13C) homo-
geneous materials.
The 1H and 13C NMR spectra and the other 1D and 2D

spectra were recorded on either a JEOL FX90Q or Bruker
AMX-360 spectrometer in CDCl3 or DMSO-d6 referenced to
internal tetramethylsilane (TMS) at 0.0 ppm. The spin
multiplicities are indicated by the symbols s (singlet), d
(doublet), t (triplet), m (multiplet), and br (broad). Pulse
programs that were used in the 2D NMR experiments are as
follows: COSY 90 2D homonuclear shift correlation;15,16
INVBDGTP 2D, H-/X correlation via heteronuclear zero
and double quantum coherence using BIRD sequence, phase
selective using TPPI, decoupling during acquisition using

GARP1;17 NOESYTP 2D, homonuclear correlation via dipolar
coupling may be due to NOE or chemical exchange, phase
sensitive using TPPI.
Melting point data was obtained using a Mel-Temp capillary

melting point apparatus and is uncorrected. The microanaly-
ses were performed by M-H-W Laboratories, Phoenix, AZ, on
samples that were homogeneous by TLC analysis.
(()-9-[(1r,2â)-3,3-Diethoxy-2-(methoxycarbonyl)cyclobu-

tyl]-6-chloropurine (6). A cold (0 °C) solution of methyl 4,4-
diethoxycyclobut-1-ene-1-carboxylate (5)11 (1.37 g, 6.4 mmol)
and 6-chloropurine (660 mg, 4.27 mmol) in anhydrous DMF
(30 mL) was treated with DBU (1 equiv). The resulting
solution was stirred overnight at room temperature; this was
followed by removal of the solvent under vacuum. The residue
was dissolved in CH2Cl2 (100 mL) and this solution washed
with aqueous NaHCO3 solution and dried (Na2SO4). The CH2-
Cl2 was removed under reduced pressure to give a new residue,
which was purified by flash chromatography (hexane:EtOAc,
3:2) to give 6 (1.29 g, 81.8%) as a white solid that was purified
by recrystallization from Et2O: mp 132-133 °C; Rf ) 0.4
(hexane:EtOAc, 1:1); 1H NMR (360 MHz, CDCl3) δ 1.22 (t, J
) 7.0 Hz, 3 H), 1.29 (t, J ) 7.0 Hz, 3 H), 2.99 (d, J ) 8.5 Hz,
2 H), 3.53 (m, 2 H), 3.67 (m, 1 H), 3.76 (s, 3 H), 3.80 (m, 1 H),
4.13 (d, J ) 8.5 Hz, 1 H), 5.27 (dt, J ) 8.5 Hz, 1 H), 8.76 (s, 1
H), 8.24 (s, 1 H); 13C NMR (90 MHz, CDCl3) δ 15.0, 15.1, 37.3,
45.0, 52.2, 56.3, 57.6, 58.1, 98.3, 132.1, 146.5, 151.8, 151.9,
168.3. Anal. (C15H19ClN4O4) C, H, N.
(()-9-[(1r,2â)-3,3-Diethoxy-2-(methoxycarbonyl)cyclobu-

tyl]-6-methoxypurine (8). To a solution of 6 (850 mg, 2.3
mmol) in anhydrous MeOH (20 mL) was added, dropwise, a
solution of NaOMe in MeOH (17 mL, 25% wt NaOMe). The
resulting mixture was then stirred at room temperature for 1
h. Diethyl ether was added to this mixture and the precipi-
tated NaOMe removed by filtration. The filtrate was concen-
trated under reduced pressure to a residue that was dissolved
in H2O (5 mL). This solution was neutralized with concen-
trated HCl and then extracted with CH2Cl2 (3 × 20 mL). The

Table 1. Antiviral Activity of Compounds 4a, 4b, and 16

minimum inhibitory concentrationa (µg/mL)

virus cell 4a 4b 16
acyclovir (ganciclovir)

((ribavirin))
brivudin (cidofovir)

((C-c3 Ado))

HSV-1 (KOS) E6SM >200 8 7 0.04 0.004
HSV-1 (F) E6SM >200 7 7 0.01
HSV-1 (McIntyre) E6SM >200 40 2 0.007
HSV-2 (G) E6SM 300 300 175 0.07 >200
HSV-2 (196) E6SM >200 >200 400 >200
HSV-2 (Lyons) E6SM 200 200 40 100
vaccinia E6SM 150 125 100 >200 0.07
vesicular stomatitis E6SM >200 >400 100 >200 >200
TK HSV-1 (B2006) E6SM 40 55 >400 70 7
morphology E6SM 400 >400 >400 400 g400

VZV (OKA) HEL 9 0.9 35 0.1 0.0008
VZV (YS) HEL 30 4 35 0.1 0.002
TK- (VZV (07/1) HEL 20 20 28 5 5
TK- VZV (YS/R) HEL 35 >50 >50 5 >50
CMV (AD-169) HEL >50 >50 >50 (1.5) (0.06)
CMV (Davis) HEL >50 35 >50 (0.13) (0.07)
growth HEL 120 170 100 >200 150

vesicular stomatitis HeLa >400 >200 300 ((4)) ((0.1))
coxsackie B4 HeLa >400 >200 >200 ((70)) ((>400))
Polio-1 HeLa >400 >200 150 ((70)) ((>400))
morphology HeLa >400 >400 >400 ((>200)) ((>400))

Parainfluenza-3 Vero >200 >200 >200 ((70)) ((7))
Reo-1 Vero >200 >200 >200 ((70)) ((2))
Sindbis Vero >200 >200 >200 ((150)) ((>400))
Semliki forest Vero >200 >200 >200 ((300)) ((>400))
morphology Vero >400 >400 >400 ((>400)) ((>400))

HIV-1(IIIB) CEM >100 >100 g100
HIV-1(ROD) CEM >100 >100 g100
viability CEM >100 >100 g100
a Required to inhibit by 50%: virus-induced cytopathicity in E6SM, HeLa, Vero cells; virus plaque formation in HEL cells, virus-

induced syncytium formation in CEM cells; HEL cell growth; CEM cell viability; or to cause a microscopic alteration of cell morphology
(E6SM, HeLa, Vero cells).
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combined CH2Cl2 extracts were washed with saturated NaH-
CO3 solution and brine and then dried (Na2SO4). Following
removal of the CH2Cl2, the residue was purified by flash
chromatography (hexane:EtOAc, 4:5) to give 8 (750 mg, 92.9%)
as a syrup: Rf ) 0.33 (hexane:EtOAc, 1:1); 1H NMR (360 MHz,
CDCl3) δ 1.21 (t, J ) 7.1 Hz, 3 H), 1.29 (t, J ) 7.1 Hz, 3 H),
2.95 (d, J ) 8.9 Hz, 2 H), 3.55-3.49 (m, 2 H), 3.62-3.71 m, 1
H), 3.75 (s, 3 H), 3.78-3.85 (m, 1 H), 4.12 (d, J ) 8.2 Hz, 1 H),
4.18 (s, 3 H), 5.22 (m, 1 H), 8.02 (s, 1 H), 8.54 (s, 1 H); 13C
NMR (90 MHz, CDCl3) δ 15.0, 15.1, 37.4, 44.4, 52.1, 56.3, 57.5,
58.0, 98.3, 122.0, 141.3, 152.0, 152.1, 161.0, 168.5. Anal.
(C16H22N4O5) C, H, N.
(()-9-[(1r,2â)-3,3-Diethoxy-2-(hydroxymethyl)cyclobu-

tyl]-6-methoxypurine (9). To a solution of 8 (700 mg, 2.0
mmol) in anhydrous THF (30 mL) at 0 °C was added slowly
LiAlH4 (120 mg, 3.16 mmol). The resultant mixture was
stirred for 3 h. After adding H2O (0.3 mL), 6 N NaOH solution
(0.3 mL), and H2O (1 mL) to this mixture, it was stirred
vigorously at room temperature for 20 min. After filtration
to remove insoluble material, the filtrate was evaporated with
the aid of a rotary evaporator to give a residue that was
dissolved in H2O (5 mL) and this solution then extracted with
CH2Cl2 (3 × 25 mL). The combined extracts were dried (Na2-
SO4) and concentrated under reduced pressure, and the
residue purified by flash column chromatography (5% MeOH
in CH2Cl2) to give 9 (620 mg, 96.3%) as a syrup: Rf ) 0.58
(MeOH:CH2Cl2, 5:95); 1H NMR (360 MHz, CDCl3) δ 1.24 (dt,
J ) 7.2 Hz, 6 H), 2.67-2.72 (m, 1 H), 3.02-3.11 (m, 2 H), 3.5-
3.6 (m 4 H), 3.93 (m, 1 H), 4.04 (m, 1 H), 4.19 (s, 3 H), 4.77
(dt, J ) 8.2 Hz, 1 H), 8.07 (s, 1 H), 8.52 (s, 1 H); 13C NMR (90
MHz, CDCl3) δ 15.0, 15.1, 37.0, 44.9, 50.7, 54.2, 55.1, 57.8,
60.6, 99.0, 121.9, 140.6, 151.7, 151.8, 161.1. Anal. (C15H22N4O4)
C, H, N.
(()-9-[(1r,2â,3r)-3-Hydroxy-2-(hydroxymethyl)cyclobu-

tyl]-6-methoxypurine (10). To a solution of 9 (360 mg, 1.12
mmol) in acetone (38 mL) was added slowly 1 N HCl (6 mL).
The resulting solution was stirred at room temperature for 2
days. The solvent was then removed under reduced pressure
and the residue treated with 6 N NaOH. This new mixture
was extracted with EtOAc (3 × 25 mL). The EtOAc extracts
were combined, dried (Na2SO4), and concentrated under
reduced pressure to give a foam, which was used in the next
reaction without further purification.
The crude material obtained in the previous step was

dissolved in dry MeOH (35 mL). The resulting solution was
cooled to 0 °C and treated with NaBH4 (100 mg) in three
portions. This new solution was stirred for 1 h and quenched
with acetone (1 mL), and this new mixture was stirred for
another 20 min. The solvent was removed under reduced
pressure by using a rotary evaporator and the residue purified
by flash column chromatography (CH2Cl2:MeOH, 9:1) to give
10 (170 mg, 61% from 9) as a white foam: Rf ) 0.79 (MeOH:
CH2Cl2, 1:6); 1H NMR (360 MHz, DMSO-d6) δ 2.37 (m, 1 H),
2.79 (m, 1 H), 2.92 (m, 1 H), 3.59 (br s, 2 H), 3.89 (m, 1 H),
4.10 (s, 3 H), 4.45 (dt, J ) 8.0 Hz, 1 H), 4.74 (br s, 1 H), 5.37
(br s, 1 H), 8.23 (s, 1 H), 8.53 (s, 1 H); 13C NMR (90 MHz,
DMSO-d6) δ 37.4, 43.1, 53.8, 55.0, 59.4, 60.8, 124.5, 142.7,
145.4, 151.3, 156.7; low-resolution mass spectrum (FAB),m/e
369 (MH+); high-resolution mass spectrum (FAB),m/e 369.1341
(MH+), C16H21ClN4O4 requires 369.1330.
(()-9-[(1r,2â,3r)-3-Hydroxy-2-(hydroxymethyl)cyclobu-

tyl]adenine (4a). A solution of 10 (100 mg, 0.4 mmol) in dry
MeOH (20 mL) was saturated with NH3 at 0 °C. The resulting
mixture was heated to 120 °C in a sealed tube for 2 days. The
reaction mixture was then cooled to room temperature and
the solvent removed with the aid of a rotary evaporator. The
residue was purified by flash column chromatography (CH2-
Cl2:MeOH, 5:1) to give 4a (85 mg, 91%) that was recrystallized
from EtOAc:MeOH as a white solid: mp 199-201 °C; Rf )
0.35 (CH2Cl2:MeOH, 5:1); 1H NMR (360 MHz, DMSO-d6) δ 2.33
(m, 1 H, Hâ-4′), 2.75 (m, 1 H, HR-4′), 2.85 (m, 1 H, H-2′), 3.59
(m, 2 H, H-5′), 3.86 (m, 1 H, H-3′), 4.35 (m, 1 H, H-1′), 4.86 (t,
J ) 4.8 Hz, 1 H, 5′-OH), 5.32 (d, J ) 6.5 Hz, 1 H, 3′-OH), 7.21
(br s, 2 H, NH2), 8.13 (s, 1 H, H-2), 8.25 (s, 1 H, H-8); 13C NMR
(90 MHz, DMSO-d6) δ 37.4, 42.9, 55.7, 59.7, 61.0, 119.2, 139.7,
149.6, 152.2, 156.0. Anal. (C10H12N5O2‚0.5H2O) C, H, N.

(()-9-[(1r,2â)-3,3-Diethoxy-2-(ethoxycarbonyl)cyclobu-
tyl]-2-amino-6-chloropurine (12). Applying the same pro-
cedure used in the preparation of compound 6, a cold (0 °C)
solution of 1112 (950 mg, 4.44 mmol) and 2-amino-6-chloropu-
rine (500 mg, 2.95 mmol) in anhydrous DMF (15 mL) was
treated with DBU (0.015 mL). The resulting solution was
stirred for 20 min at room temperature and the solvent
removed with the aid of a rotary evaporator. The residue was
dissolved in CH2Cl2 (60 mL), washed with NaHCO3, and dried
(Na2SO4). The CH2Cl2 was removed under reduced pressure
and the residue purified by flash column chromatography
(hexane:EtOAc, 1:1) to give 12 (0.97 g, 86%), which was
recrystallized from Et2O as a white solid: mp 177-178 °C; Rf

) 0.59 (hexane:EtOAc, 1:2); 1H NMR (360 MHz, CDCl3) δ 1.20
(t, J ) 7.1 Hz, 3 H), 1.28 (t, J ) 7.0 Hz, 3 H), 1.29 (t, J ) 7.0
Hz, 3 H), 2.91 (m, 2 H), 3.50 (m, 2 H), 3.67 (m, 1 H), 3.81 (m,
1 H), 3.99 (d, J ) 7.9 Hz, 1 H), 4.19 (m, 1 H), 4.26 (m, 1 H),
5.10 (dt, J ) 8.2 Hz, 1 H), 5.57 (br s, 2 H), 7.89 (s, 1 H); 13C
NMR (90 MHz, CDCl3) δ 14.1, 14.9, 15.0, 37.1, 43.9, 56.4, 57.4,
58.0, 61.0, 98.2, 125.6, 141.4, 151.3, 153.9, 168.9, 167.9. Anal.
(C16H12ClN5O4) C, H, N.
(()-9-[(1r,2â)-3,3-Diethoxy-2-(hydroxymethyl)cyclobu-

tyl]-2-amino-6-chloropurine (14). A procedure similar to
that used for preparing 9 was employed. To a solution of 12
(450 mg, 1.17 mmol) in anhydrous THF (20 mL) at 0 °C was
added slowly LiAlH4 (70 mg, 1.84 mmol). The resultant
reaction mixture was stirred for 1.5 h. After the sequential
addition of H2O (0.2 mL), 6 N NaOH solution (0.2 mL), and
H2O (0.5 mL), the mixture was stirred vigorously at room
temperature for 2 min. Filtration and evaporation of the
filtrate with the aid of a rotary evaporator yielded a residue,
which was dissolved in H2O (0.5 mL), and this new solution
was extracted with CH2Cl2 (3 × 25 mL). The combined
extracts were dried (Na2SO4) and concentrated under reduced
pressure, and the residue was purified by flash column
chromatography (MeOH:CH2Cl2, 5:95) to give analytically pure
14 (380 mg, 94.5%) as a white solid: mp 185.5-186.5 °C; Rf )
0.21 (hexane:EtOAc, 1:2); 1H NMR (360 MHz, CDCl3) δ 1.16
(m, 6 H), 2.49 (m, 1 H), 2.77 (m, 1 H), 3.10 (m, 1 H), 3.40 (m,
1 H), 3.45 (m, 2 H), 3.53 (m, 2 H), 3.71 (m, 1 H), 4.34 (dt, J )
8.5 Hz, 1 H), 4.52 (br s, 1 H), 6.91 (br s, 2 H), 8.32 (s, 1 H); 13C
NMR (90 MHz, CDCl3) δ 15.0, 15.2, 36.9, 44.9, 56.6, 57.2, 58.3,
98.2, 123.6, 141.8, 149.3, 154.1, 159.5. Anal. (C14H12ClN5O3)
C, H, N.
(()-9-[(1r,2â,3r)-(3-Hydroxy-2-(hydroxymethyl)cyclobu-

tyl]-2-amino-6-methoxypurine (15). To a solution of 14
(800 mg, 2.34 mmol) in acetone (80 mL) was added slowly 1 N
HCl (15 mL). The resultant solution was stirred at room
temperature for 2 days. The solvent was then removed with
the aid of a rotary evaporator and the residue neutralized with
6 N NaOH solution, and this mixture was extracted with
EtOAc. The EtOAc extracts were combined, dried (Na2SO4),
and concentrated under reduced pressure to give, after puri-
fication using flash column chromatography (CH2Cl2:MeOH,
12:1), (()-9-[(1R,2â)-2-(hydroxymethyl)-3-oxocyclobutyl]-2-
amino-6-chloropurine as a white solid: mp 174 °C; Rf ) 0.64
(CH2Cl2:MeOH, 8:1); 1H NMR (360 MHz, DMSO-d6) δ 3.43 (m,
2 H), 3.69 (m, 1 H), 3.76 (m, 2 H), 4.25 (br s, 1 H), 5.18 (m, 1
H), 6.93 (br s, 2 H), 8.40 (s, 1 H); 13C NMR (90 MHz, DMSO-
d6) δ 42.4, 51.6, 56.9, 68.2, 123.7, 142.2, 149.4, 154.2, 159.5,
205.3.
A solution of the compound described above (350 mg, 1.31

mmol) in dry MeOH (40 mL) at 0 °C was treated with NaBH4

(90 mg) in three portions. The solution was stirred for 1 h,
quenched with acetone (1 mL), and stirred vigorously for
another 20 min. The solvent was removed with the aid of a
rotary evaporator and the residue purified by flash column
chromatography (CH2Cl2:MeOH, 9:1) to give 15 (290 mg, 83%),
which was recrystallized from MeOH as a white solid: mp
200-202 °C; Rf ) 0.36 (CH2Cl2:MeOH, 8:1); 1H NMR (360
MHz, DMSO-d6) δ 2.15 (m, 1 H), 2.69 (m, 1 H), 2.78 (m, 1 H),
3.54 (d, J ) 4.4 Hz, 2 H), 3.80 (m, 1 H), 3.95 (s, 3 H), 4.20 (dt,
J ) 8.2 Hz, 1 H), 4.71 (br s, 1 H), 5.25 (br s, 1 H), 6.37 (br s,
2 H), 8.00 (s, 1 H); 13C NMR (90 MHz, DMSO-d6) δ 37.9, 42.0,
53.1, 55.4, 59.4, 60.9, 85.7, 138.2, 154.1, 159.6, 160.9; low-
resolution mass spectrum (FAB), m/e 266 (MH+); high-
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resolution mass spectrum (FAB), m/e 266.1253 (MH+),
C11H15N5O3 requires 266.1253.
(()-9-[(1r,2â,3r)-3-Hydroxy-2-(hydroxymethyl)cyclobu-

tyl]guanine (4b). A solution of 15 (200 mg, 0.74 mmol) in 1
N HCl was heated under reflux for 6 h. The H2O was then
removed under reduced pressure and the residue azeotroped
with absolute EtOH. The new residue was dissolved in a small
amount of H2O and this solution neutralized with 6 N NaOH
solution. A white precipitate formed immediately. This
mixture was refrigerated overnight and the solid material
collected by filtration, washed with cold H2O, and purified by
flash column chromatography (CH2Cl2:MeOH, 4:1) to provide
4b (170 mg, 91%) as a white solid: mp 299-301 °C; Rf ) 0.36
(CH2Cl2:MeOH, 3:1); 1H NMR (360 MHz, DMSO-d6) δ 2.15 (m,
1 H, Hâ-4′), 2.69 (m, 1 H, HR-4′), 2.78 (m, 1 H, H-2′), 3.54 (m,
2 H, H-5′), 3.79 (m, 1 H, H-3′), 4.12 (m, 1 H, H-1′), 4.72 (t, J )
4.7 Hz, 2 H, 5′-OH), 5.25 (d, J ) 6.8 Hz, 1 H, 3′-OH), 6.71 (s,
2 H, NH2), 7.86 (s, 1 H, H-8), 10.85 (s, 1 H, NH); 13C NMR (90
MHz, DMSO-d6) δ 38.0, 41.8, 55.6, 59.4, 60.9, 116.7, 135.7,
151.0, 153.6, 156.7. Anal. (C10H13N5O3) C, H, N.
(()-9-[(1r,2â,3r)-3-Hydroxy-2-hydroxymethyl)cyclobu-

tyl]-2,6-diaminopurine (16). Using the same procedure that
led to 4a, amination of 15 (150 mg, 0.56 mmol) in MeOH (20
mL) in a sealed tube at 120 °C for 2 days gave 16 (100 mg,
71%) as a while solid following recrystallization from MeOH:
mp 247-249 °C; Rf ) 0.20 (CH2Cl2:MeOH, 5:1); 1H NMR (360
MHz, DMSO-d6) δ 2.18 (m, 1 H, Hâ-4′), 2.71 (m, 1 H, HR-4′),
3.55 (d, J ) 4.5 Hz, 2 H, H-5′), 3.79 (m, 1 H, H-3′), 4.11 (dt, J
) 8.4 Hz, 1 H, H-1′), 4.88 (br s, 1 H, 3′-OH), 5.25 (br s, 2 H,
5′-OH), 5.77 (br s, 2 H, NH2), 6.70 (br s, 2 H, NH2), 7.85 (s, 1
H, H-8); 13C NMR (90 MHz, DMSO-d6) δ 37.6, 42.1, 55.7, 59.8,
61.0, 113.5, 135.9, 151.6, 156.0, 159.9. Anal. (C10H14N6O2) C,
H, N.
Antiviral Activity Assays. The antiviral assays, other

than the anti-HIV-1 assays, were based on an inhibition of
virus-induced cytopathicity in either E6SM, HeLa, Vero, or
HEL cell cultures, following previously established proce-
dures.18-20 Briefly, confluent cell cultures in microtiter trays
were inoculated with 100 CCID50 of virus, 1 CCID50 being the
virus dose required to infect 50% of the cell cultures. After a
1 h virus adsorption period, residual virus was removed and
the cell cultures were incubated in the presence of varying
concentrations (400, 200,100, ... µg/mL) of the test compounds.
Viral cytopathicity was recorded as soon as it reached comple-
tion in the control virus-infected cell cultures.
Cytotoxicity Assays. The cytotoxicity measurements were

based on microscopically visible alteration of normal cell
morphology (E6SM, HeLa, Vero) or inhibition of normal cell
growth (HEL), as previously described21 or inhibition of cell
viability (CEM). For all cell viability determinations, 100-µL
aliquots of the cell suspension (7.5 × 105 CEM cell/mL) were
added to the wells of a microtiter plate containing 100 µL of
varying concentrations of the test compounds. After a 3-day
incubation period at 37 °C in a humidified CO2-controlled
incubator, the number of viable cells was determined with a
Coulter Counter.
Inhibition of HIV-Induced Giant Cell Formation.

CEM cell cultures were suspended at 250000-300000 cells/
mL of culture medium and infected with HIV-1 (IIIB) or HIV-2
(ROD) at 100 CCID50/mL. Then, 100 µL of the infected cell
suspension were transferred to 200 µL microtiter plate wells
containing 100 µL of serial dilutions of the test compound
solutions. After 4 days of incubation at 37 °C, cell cultures
were examined for syncytium formation as previously de-
scribed.22
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