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In order to determine if the potent antiviral properties of (±)-5'-noraristeromycin reside in one 
of its enantiomers, an analysis of each enantiomer has been carried out. A five-step route to the 
(+)-stereoisomer is described from (+)-(l.R,4S)-4-hydroxy-2-cyclopenten-l-yl acetate, whereas the 
synthesis of the (-)-enantiomer had been reported previously from the same starting material. 
The (-)-2 and (+)-2 enantiomers were evaluated for antiviral activity against a large number of 
viruses and found to display an antiviral activity spectrum characteristic of (S)-adenosyl-L-
homocysteine hydrolase inhibitors. The (-)-enantiomer retained the significant anticytomegalovirus 
properties previously reported for the racemic 2 and was, on the average, 10-fold more potent than 
(+)-2 in inhibiting virus replication* tumor cell growth, and (S)-adenosyl-L-homocysteine hydrolase 
activity. 

The antiviral potential of carbocyclic adenosine (aris-
teromycin, l)1 has been limited by the toxicity that arises 
from the biochemical consequence of its metabolic 5'-
triphosphate product.2 As part of an effort to modify the 
C-5' center of 1 with the intention to circumvent the 
undesirable nucleotide outcome, we recently reported 
racemic 5'-noraristeromycin ((±)-2) as a potent, nontoxic 
antiviral agent.3 In order to ascertain if this activity resided 
in one of the enantiomers of (±)-2, we undertook an 
antiviral analysis of each enantiomer. The preparation of 
the D-like enantiomer (-)-2 was reported previously,4 and 
the synthesis of the L-like enantiomer (+)-2 is reported 
here.5 It should be noted that, in addition to its relevance 
for the bioenantiomeric preference associated with (±)-2, 
compound (+)-2 also provides an entry into the L-car-
bocyclic nucleoside series, whose biological properties have 
not been studied6 to the same extent as the L-ribofuranosyl 
series.7 For this reason, the effect of (-)-2, (+)-2, and (±)-2 
on tumor cell proliferation is also reported. 

Chemistry 
Recent work with aristeromycin6b and carbocyclic 2,6-

diaminopurine ribofuranosides6b-d suggested that (±)-23 

could be resolved with the use of adenosine deaminase. 
Thus, treating (±)-23 with this enzyme led, after 4 days, 
to a mixture of the partially resolved (+)-2 and the jnosine 
analogue (-)-3. In view of the length of time this enzymatic 
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0 Reaction conditions: (a) (EtO)2P(=0)Cl and pyridine in CHgCta 

(b) NHss/MeOH; (c) N6-benzoyladenine and NaH in DMSO and then 
catalytic PdCPPhsh, PPh3, and 6 in THF; (d) OsO*, 60% aqueous 
JV-methylmorpholine JV-oxide in THF-H20; (e) NH4OH/MeOH. 

reaction was foreseen as requiring to provide enantio-
merically pure (+)-2, attention turned to a chemical means 
of preparing this enantiomer. Before describing that 
method, however, it is pertinent to note that adenosine 
deaminase acted on the enantiomer of 2 that has a 
configurational resemblance to the other carbocyclic 
nucleosides61"'"1 that are substrates for this enzyme. It is 
also noteworthy that the rate of deamination of (±)-2 
appears to be slower than for (±)-l.6b This suggests that 
an important aspect of the antiviral potency of 2 may be 
due to its relative stability toward adenosine deaminase. 

A more useful synthesis of <+)-2 (Scheme 1) began with 
the conversion of (+)-(l#,4S)-4-hydroxy-2-cyclopenten-
1-yl acetate (4)4 into its phosphate derivative 5 using 
diethyl chlorophosphate in the presence of pyridine. 
Selective ammonolysis of 5 to 6 was followed by a 
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Table 1. Activity of (-)-2 and (+)-2 against Different Viruses in 
Different Cell Systems 

MICso (Atg/mL)a 

virus cell6 (-)-2 (+)-2 neplanocin A 

0 Required to reduce virus-induced cytopathicity by 50%. b Min
imum cytotoxic concentration required to cauBe a microscopically 
detectable alteration of normal (EeSM, HeLa, Vero, or MDCK) cell 
morphology was >400 pg/mL for both (-)-2 and (+)-2. For neplanocin 
A, the MICM for (EeSM, HeLa, Vero, or MDCK) cell morphology 
was £200, £40,20,40, and 6 Kg/mL, respectively. Compounds (-)-2 
and (+)-2 inhibited HEL cell growth by 50% at a concentration 
(ICeo) of 50 Mg/mL. Their ICsos for CEM cell growth are indicated 
in Table 2.c MIC50 versus AD-169 for ganciclovir = 0.7-4 ng/mL and 
for (S)-HPMPC = 0.07-0.2 /ug/mL.22 <* MICso versus Davis for 
ganciclovir - 0.5-1 Mg/mL and for (S)-HPMPC = 0.1-0.4 ng/mL.22 

palladium-catalyzed coupling4-9 of N6-benzoyladenine with 
6 to give 7. Standard glycolization of 7 to 8 was followed 
by debenzoylation of 8 using ammonium hydroxide to 
provide the desired (li?,2S,3/?,4S)-4-(6-amino-9H-purin-
9-yl)cyclopentane-l,2,3-triol ((+)-2). With this means to 
(+)-2, it is now possible to prepare both the (-)-24 and 
(+)-2 enantiomers from the common precursor 4. 

Antiviral Results 

Compounds (-)-2 and (+)-2 were evaluated against a 
wide variety of both DN A viruses and RNA viruses (Table 
1). The compounds showed a marked activity against 
vaccinia virus (VV), vesicular stomatitis virus (VSV), 
parainfluenza-3 virus, and reovirus-1 (MIC50 values ranging 
from 0.07 to 7 Mg/mL). 

Of particular interest was the observation that the 
previously noted significant activity of (±)-2 toward 
cytomegalovirus (CMV)3 was found to be due to the (-)-2 
enantiomer. Current interest in the development of new 
anti-CMV agents is due to several reasons. First, CMV 
has been increasingly recognized as an important and often 
life-threatening pathogen in immunocompromised pa
tients, leading to various organ infections such as pneu
monitis, retinitis, colitis, encephalitis, and hepatitis. Also, 
the two compounds which are licensed and currently used 
in the treatment of CMV infections [that is, 9-[(l,3-
dihydroxy-2-propoxy)methyl]guanine (ganciclovir) and 
trisodium phosphonoformate (foscarnet)]10 exhibit a 
number of undesirable properties: (i) toxicity (that is, 
neutropenia and nephrotoxicity, respectively), (ii) disease 
relapses after cessation of therapy, and (iii) emergence of 
drug-resistant virus strains upon prolonged treatment. 
Thus, to evaluate the potential of (-)-2 as a new anti-CMV 

Notes 

Table 2. Activity of (-)-2, (+)-2, and (±)-2 against Proliferation 
of Different Tumor Cells 

cell B-2 

murine leukemia 
L1210/0 0.50 ± 0.15 

human T-lymphocyte 
Molt 4 (clone 8) 0.39 ± 0.23 
CEM/0 0.42 ± 0.21 

ICeo (Mg/mL)« 

(+)-2 (±)-2 

5.70 ± 0.18 0.63 ± 0.09 

4.65 ± 0.96 0.58 ± 0.21 
3.99 ± 0.86 0.68 ± 0.45 

" Concentration required to inhibit tumor cell proliferation by 
50%. 

Table 3. Inhibitory Effects of (-)-2, (+)-2, (±)-2, and 
Neplanocin A on L929 Cell AdoHcy Hydrolase Activity 

compound 

H-2 
(+)-2 
(±)-2 
neplanocin A 

Ki 0>M) 

0.0111 ± 0.0048 
0.003 ± 0.001 

IC50 bM) 

0.032 ± 0.0048 
0.59 ± 0.25 

0.0052 ± 0.0018 

agent, its MICso values were compared to those of 
ganciclovir, which is particularly useful in treating CMV 
retinitis,11 and (S)-l-[3-hydroxy-2-(phosphonylmethoxy)-
propyl]cytosine (HPMPC), for which clinical trials have 
been started in HIV-positive patients.12,13 Compound (-)-2 
was more potent (see footnotes c and d of Table 1) than 
either of these compounds. 

Toward the other viruses, the (-)-2 enantiomer was 
invariably (5-20)-fold more potent as an antiviral com
pound than the (+)-2 enantiomer. Also, the (-)-enantiomer 
was about 10-fold more cytostatic to the proliferation of 
murine leukemia L1210 and human T lymphocyte (Molt-4 
and CEM) cells than the (+)-enantiomer (Table 2). When 
evaluated for their inhibitory effect on (S)-adenosyl-L-
homocysteine (AdoHcy) hydrolase activity, (-)-2 again 
proved almost 20-fold more potent than (+)-2 (Table 3). 
Thus, the AdoHcy hydrolase inhibiting effect previously 
noted for (±)-23 could be attributed primarily to the (-)-
enantiomer. 

The antiviral activity spectrum shown by the (-)- and 
(+) -enantiomers of 5'-noraristeromycin is compatible with 
their action targeted at AdoHcy hydrolase. Also, their 
cytostatic activity can be attributed to AdoHcy hydrolase 
inhibition. Their relative (about 10-fold difference) po
tencies in inhibiting AdoHcy hydrolase activity, virus 
replication, and tumor cell proliferation also point to a 
possible relationship between the antiviral and cytostatic 
effects of the (-)- and (+)-5'-noraristeromycins and their 
inhibitory effects on AdoHcy hydrolase. 

Experimental Section 
Materials and Methods. Melting points were recorded on 

a Mel-Temp capillary melting point apparatus and are uncor
rected. The microanalyses were performed by M-H-W Labo
ratories, Phoenix, AZ. *H NMR and 13C NMR spectra were 
recorded on a JEOL FX90Q spectrometer (operated at 90 MHz 
and 22.5 MHz, respectively) in CDCI3 or DMSO-de referenced 
to internal tetramethylsilane (TMS) at 0.0 ppm. The spin 
multiplicities are indicated by the symbols d (doublet), t (triplet), 
and m (multiplet). Optical rotations were measured on a Perkin-
Elmer 241MC polarimeter. Reactions were monitored by thin-
layer chromatography (TLC) using 0.25-mm E. Merck Silica gel 
60-F2S* precoated silica gel plates (Aldrich) with visualization by 
irradiation with a Mineralight UVGL-25 lamp, exposure to iodine 
vapor, or spraying with 3% phenol in 5% ethanolic H2SO4 and 
subsequent heating at 200 °C. The column chromatographic 
purifications were performed using Davidson Chemical silica gel 
(60-200 mesh) or Aldrich silica gel (230-400 mesh, 60 A), eluting 
with the indicated solvent system. Yields refer to chromato-

HSV-1 (KOS) 
HSV-2 (G) 
W 
VSV 
VSV 
coxsackie B4 
polio-1 
RSV (strain Long) 
parainfluenza-3 
reovirus-1 
sindbis 
semliki forest 
junin 
tacaribe 
HIV-1 
HIV-2 
influenza A 
influenza B 
CMV (AD-169) 
CMV (Davis) 
VZV (OKA) 
VZV (YS) 

EeSM 
EeSM 
E6SM 
EeSM 
HeLa 
HeLa 
HeLa 
HeLa 
HeLa 
Vero 
Vero 
Vero 
Vero 
Vero 
CEM 
CEM 
MDCK 
MDCK 
HEL 
HEL 
HEL 
HEL 

>400 
>400 
0.04 
0.1 
0.2 
>400 
>400 
>200 
0.07 
0.7 
>400 
>400 
6 
8 
>0.16 
>0.16 
>100 
>100 
0.01-0.05" 
0.03-0.07d 

>50 
>50 

>400 
>400 
0.7 
2.0 
2 
>400 
>400 
>200 
0.2 
7 
>400 
>400 
30 
50 
>4 
>4 
>200 
>200 
5-20 
3-20 
>50 
>50 

70 
MOO 
0.2 
2 
2 
>10 
>10 
>1.2 
0.2 
0.7 
>10 
>10 
0.4 
0.4 

1.2 
>2.8 
0.2-0.5 
0.2-0.3 
6 
3.5 
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graphically and spectroscopically ('H and 13C NMR) homoge
neous materials. The reactions were generally carried out in a 
Ar atmosphere under anhydrous conditions. The data reported 
in Tables 1, 2, and 3 were determined from two to four 
independent assays. 

Reaction of (±)-5'-Noraristeromycin with Adenosine 
Deaminase. (±)-5'-Noraristeromycin ((±)-2)3 (350 mg, 1.39 
mmol) was suspended in 0.2 M phosphate buffer (60 mL), and 
this mixture was refluxed until complete dissolution occurred. 
After the mixture was cooled to room temperature, adenosine 
deaminase (1000 units, Sigma Type VIII) was added and the 
resulting mixture was stirred at room temperature for 4 days. 
After refluxing for 30 min, the clear solution was filtered while 
hot through a pad of Celite and the celite pad washed with hot 
H20 ( 2 X 5 mL). The combined filtrates were evaporated to 
dryness, and the residue was subjected to flash column chro
matography (MeOH-CH2Cl2, 1:4) to give 203 mg (58%) of 
partially resolved 5'-noraristeromycin: mp 227 °C dec; [a]2SD 
+18.6° (c 1, DMF). The JH and 13C NMR spectral data for this 
product were identical to those for (±)-23 and (-)-2.4 

Further elution of the silica gel column (MeOH-Cr^Ck, 1:4) 
gave (-)-3 (105 mg, 30%) as a white solid: mp 233-235 °C (lit.3 

mp 230-232 °C for (±)-3); [ Q F D -39.4 (c 1, DMF). The XH and 
13C NMR spectral data were identical with those for (±)-3.3 

(lS,4ii)-JV-[9-(4-Hydroxy-2-cyclopenten-l-yl)-9.ff-purin-
6-yl]benzamide ((-)-7). Diethyl chlorophosphate (9.25 g, 53.6 
mmol) was added to a 0 °C solution of (+)-(l/?,4S)-4-hydroxy-
2-cyclopenten-l-yl acetate4 (5.68 g, 40.0 mmol) in CH2C12 (40 
mL) and pyridine (6 mL). After being stirred for 30 min at 0 °C, 
the resulting white slurry was stirred for 4 h at room temperature. 
The reaction mixture was then diluted with CH2C12 (50 mL) and 
washed with ice-cold 5% aqueous HC1 solution (3 X 30 mL), 
saturated aqueous NaHC03 solution (3 X 30 mL), and brine (3 
X 30 mL). The organic phase was dried (MgSQj) and evaporated 
to dryness with the aid of a rotary evaporator to give crude (1S,4R) -
4-acetoxy-2-cyclopenten-l-yl diethyl phosphate (5) (11.5 g, 100%) 
as a yellow oil. This substance was used in the next step without 
purification and characterization. 

A solution of crude 5 (11.5 g, 41.37 mmol) in NH3-saturated 
MeOH (150 mL) was placed in a sealed tube. This mixture was 
stirred at 40 °C for 4 h and the solvent removed by rotary 
evaporation. The residue was purified by silica gel chromatog
raphy (MeOH-CH2Cl2, 0.5:9.5) to give (lS,4B)-4-hydroxy-2-
cyclopenten-1-yl diethyl phosphate (6) (9.36 g, 99 %) as a colorless 
oil: !H NMR (CDC13) 81.32 (t, 6 H, J = 7,Hz, 2 X CH3), 1.83 (dt, 
1 H, J1 = 15.5 Hz, J» = 4.5 Hz, H-5), 2.67 (dt, 1 H, Jj = 15.5 Hz, 
J2 = 4.5 Hz, H-5), 4.25 (m, 5 H, 2 X CH2 and OH), 4.68 (m, 1 H, 
H-4), 5.26 (m, 1 H, H-l), 6.05 (m, 2 H, H-2 a nd H-3). This 
material was used in the next step without further character
ization. 

To a solution of JV'-benzoyladenine (6.08 g, 25.42 mmol) in dry 
DMSO (40 mL) was added sodium hydride (60% suspension in 
mineral oil, 1.02 g, 25.42 mmol). The reaction mixture was then 
stirred at room temperature for 30 min followed by the addition 
of tetrakis(triphenylphosphine)palladium (2,9 g, 2.54 mmol), 
triphenylphosphine (1 g, 3.81 mmol), and a solution of 6 (5.16 g, 
36.34 mmol) in dry THF (150 mL). This mixture was stirred at 
50 ° C for 20 h. The volatiles were removed by rotary evaporation 
in vacuo at 18 mmHg and 50 °C. The residue was slurried in 
CH2C12 (250 mL) and filtered to remove the insoluble solids. The 
filtrate that resulted was washed with brine (3 X 200 mL), dried 
(MgS04), and evaporated to dryness. The residual oil was purified 
by flash chromatography on silica gel by eluting first with AcOEt 
to remove the nonpolar impurities and then with AcOEt-MeOH 
(9:1). The product-containing fractions were evaporated to 
dryness with the aid of a rotary evaporator, and the residue was 
recrystallized from AcOEt to give (-)-7 as an off-white solid (4.2 
g, 51.5%): mp 160-162 °C (lit.4 mp for (+)-7,159-161 °C); [a]26

D 
-70.8° (c 0.555, MeOH) [lit.4 [ a ] 2 ^ for (+)-7, +70.27° (c 0.555, 
MeOH)]. The : H and 13C NMR spectral data were identical 
with those for (+)-7.4 Anal. (Ci7H16N602) C, H, N. 

(li?,2S,3i?,4Sr)-^V-[9-(2,3,4-Trihydroxy-2-cyclopenten-l-
yl)-9H-purin-6-yl]benzamide ((+)-8). To a solution of (-)-7 
(4.0 g, 12.46 mmol) in THF-H20 (10:1, 50 mL) was added 60% 
aqueous N-methylmorpholine iV-oxide (3.65 g, 18.69 mmol) 
followed by osmium tetroxide (100 mg). The reaction mixture 

was then stirred at room temperature for 24 h. The solvent was 
removed by rotary evaporation and the residue treated with 
saturated aqueous NaHS03 solution (10 mL). This new mixture 
was evaporated to dryness and the residue coevaporated with 
EtOH (3 X 50 mL) to give a gummy material, which was purified 
by flash column chromatography on silica gel (MeOH-CH2Cl2, 
1:9) to give (+)-8 (3.8 g, 86%) as a white solid: mp 150 °C dec, 
(lit.4 mp for (-)-8, 150 °C); [a]26

D +31.4° (c 0.5, MeOH) [lit.4 

[a]26
D for (-)-8, -31.7° (c 0.5, MeOH)]. The W and 13C NMR 

spectral data were identical with those for (-)-8.4 Anal. 
(C17H17N604) C, H, N. 

(lA,2rS,3i2,45)-4-(6-Amino-9£r-purin-9-yI)cycIopentane-
1,2,3-triol ((+)-2). A solution of (+)-8 (3.6 g, 10.14 mmol) in 
MeOH-NH4OH (1:1, 100 mL) was heated, in a sealed tube, at 
100 °C for 20 h. After cooling to room temperature, the reaction 
mixture was evaporated to dryness. The residue was triturated 
with a small amount of MeOH to give a white solid, which was 
filtered and purified by flash column chromatography on silica 
gel (MeOH-CH2Cl2,4:6). The product-containing fractions were 
evaporated to dryness with the aid of a rotary evaporator, and 
the residue was recrystallized from ethanol to give (+)-2 (2.1 g, 
83%) as an off-white solid: mp 227 °C dec (lit.4 mp for (-)-2,227 
°C dec); [ a ] 2 ^ +44.2° (c 1.0, DMF) [lit.4 [ a ] 2 ^ for (-)-2, -45.3° 
(c 1.0, DMF) ]. The JH and 13C NMR spectral data were identical 
with those for (±)-23 and (-)-2.4 Anal. (CioH^NsOs-HjO) 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 EsSM, HeLa, Vero, MDCK, or 
HEL cell cultures, following previously established procedures.14-16 

Briefly, confluent cell cultures in microtiter trays were inoculated 
with 100 CCIDKI17 of virus, 1CCID5017 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,... Mg/mL) of the test compounds. Viral cytopathicity was 
recorded as soon as it reached completion in the control virus-
infected cell cultures. 

Cytostatic Activity Assays. The cytostatic assays were 
performed as previously described.18 Briefly, lOO-^L aliquots of 
the cell suspensions (5 X 106 murine leukemia L1210 or 7.5 X 106 

human T-lymphocyte Molt-4 or CEM cells/mL) were added to 
the wells of a microtiter plate containing 100 iih of varying 
concentrations of the test compounds. After a 2-day (L1210) or 
3-day (Molt-4 and CEM) incubation period at 37 °C in a 
humidified C02-controlled incubator, the number of viable cells 
was determined using a Coulter Counter. Cytostatic activity is 
expressed as the compound concentration that reduced the 
number of viable cells by 50% (CC50). The cytotoxicity mea
surements were based on microscopically visible alteration of 
normal cell morphology (EeSM, HeLa, Vero, and MDCK) or 
inhibition of normal cell growth (HEL), as previously described.18 

Inhibition of HI V- 1-Induced Cytopathicity in MT-4 Cells. 
Human 5 X 106 MT-4 cells were infected with 100 CCIDM1 7 of 
HIV-l/mL (strain HTLV-IIIB) and seeded in 200-jiL microtiter 
plate wells, containing appropriate dilutions of the test com
pounds.19 After 5 days of incubation at 37 °C, the number of 
viable cells was determined in a blood-cell counting chamber by 
trypan blue exclusion. 

Inhibition of AdoHcy Hydrolase Activity. Measurements 
of L929 cell AdoHcy hydrolase activity inhibition were carried 
out as described by us.20'21 The AdoHcy hydrolase activity was 
measured in the direction of AdoHcy synthesis, using as substrates 
[8-14C] Ado at various concentrations and D,L-homocysteine at a 
concentration of 2 mM. The Km of the purified L929 cell AdoHcy 
hydrolase for [8-14C]Ado was 0.51 ^M. 
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