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SYNTHESES OF (+)-CYCLARADINE AND (+)-9-PSEUDO-B-L~-XYLOFURANOSYLADENINE, TWO OPTICALLY ACTIVE CYCLOPENTANE
ANALOGS OF NUCLEOSIDE
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Two optically active cyclopentane analogs of nucleoside, (+)-cyclaradine and (+)-9-pseudo-
B-L-xylofuranosyladenine, were synthesized from N6-benzoy1adenine and nitro-cyclopentenes de-

rived from pseudo-nitrofuranoses through a Michael-type addition reaction.
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(+)-Cyclaradine (l) has been known as a synthetic carbocyclic analog of a well known antiviral agent
9-B-D-arabinofuranosyladenine (Ara-A).l) Since (+)-cyclaradine (,ZI) ié resistant to adenosine deaminase, a
serum enzyme which limits the clinical utility of Ara-A, it shows more superior activity against Herpes
simplex virus than Ara-A. Furthermore, (+)-cyclaradine (’1) is active against trifluorothymidine- or
acycloguanosine (acyclovir)-resistant Herpes simplex virus mutants. 2) On the other hand, the carbocyclic
analogs of 9-f-D-xylofuranosyladenine have been synthesized in racemic forms and shown to exhibit significant
in vivo antitumor activity.3)

Recently, we developed a method for synthesizing optically active pseudo-glycosides in which a Michael-
type addition reaction to nitro-cyclohexenes, prepared from pseudo—nitrohexopyranoses,4) was utilized. By
this method, two optically active cyclohexane analogs of nucleoside, (-)-9-pseudo-B~D-glucopyranosyladenine
and (-~)-9-pseudo-Bf-L-idopyranosyladenine, have been synthesized from adenine and D—glucose.5)

As a continuing study of these synthesis approaches to pseudo-glycosides, we have syntheéized two opti-
cally active cyclopentane analogs of nucleoside, (+)-cyclaradine (’\7) and (+)~-9-pseudo-Bf-L-xylofuranosyl-
adenine {(+)-—9-t(1'S,2'R,3'R,4'S)-2',3'—d:l.hydroxy—4'-(hydroxymethyl)cyclopentyl] adenine, 'l\l,} , from pseudo-
nitropentofuranoses (;3, 13’ ,§,) which were common reaction intermediates in our previous pseudo-pento-
furanose synthesis.6’7)

Treatment of a pseudo-nitrofuranose, 56) or }37), with Ac20 in the presence of p-TsOH.H70 yielded a
nitro-olefin 2a (69%), colorless oil, [@]32 -17° (CHC13), Cp1HgNO7,8) IR (CHC13): 1719, 1558, 1343, 1518 cm,
EI-MS (m/z): 397 (M¥) or 2b (67 Z), unstable colorless oil, IR (CHCl3): 1722, 1540, 1352 cm~l, EI-MS (m/z): 335
(Mt),  Subsequent treatment of 123 with N6-benzoyladenine (3) in THF in the presence of KF and 18-crown-6
(2°C, 2h) provided 4a (80%), a white powder, [a]}? +36° (CHC13), C33HzgNgOg, IR (CHCL3): 1720, 1693, 1598,
1558, 1350 cm~l. Deformylation of 4a with 28 7 aq.NH40H in 95 % EtOH (23°C, 15min) gave 3 (quant.), a white
powder, [(1]12,0 +45° (CHCl3), C32HpgNgO7, UV xgggﬂ nm (€): 280 (24700), IR (CHCl3): 3388, 1720, 1703, 1593, 1557,
1338 cm~l.,  The detailed lH NMR decoupling experiments (500 MHz, CDCl3) of i.a and 5 resulted in the following
assignments: 4a, 63.38 (m, 4'-H), 4.16 (d, J=5Hz, 2'-H), 4.67 (dd, J=5, 11Hz), 4.75(dd, J=6, 11Hz)(6'-Hp),
5.35(d, J=3Hz, 3'-H), 5.73 (dd, J=8, 11 Hz, 5'-H), 5.87 (dd, J=5, 11 Hz, 1'-H), 8.15 (s, -OCHO), 8.29, 8.71
(both s, 2,8-H); 5 §3.08 (m, 4'-H), 4.21 (dd, J=3, 3Hz, 2'-H), 4.58 (dd, J=3, 6 Hz, 3'-H), 4.68 (dd, J=5,
12Hz), 4.75 (dd, J=7, 12 Hz) (6'-H), 5.75 (dd, J=9, 9Hz, 5'-H), 5.90 (dd, J=3, 9Hz, 1'-H), 8.12, 8.53 (both s,
2,8-H). The NOE's appeared between the following pairs of protons?): 3 lla-H&2'0-H (8%), 1'o-Hé&4'a-H
(3%), 2'a-H& 1'0~H (8%), 2'a-H&4'0-H (22), 3'B-H&5'B-H (57), 4'a-H&1'a-H (62%), 4'a-H& 2'0-H (3%). Based
on this spectral evidence, the stereostructures of 53 and ’2 were determined. Treatment of ’.:)/with ethyl

vinyl ether in CH2Cl; in the presence of d-camphorsulfonic acid (CSA) (23°C, 0.5h) followed by reductive
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elimination of the nitro group (denitrohydrogenation) with n-Bu3SnH in toluene in the presence of a,a'-~
azobis-iso-butyronitrile (AIBN) (110°C, 2h), yielded 6 (43%), a white powder, [al30+13° (CHC13), C3gH37N506,
IR (CHC13): 1718, 1704, 1607, 1584 em~l, After removal of the ethoxyethyl group in iwith 10 %Z aq.AcOH (23°C,
12 h), the product was subjected to debenzoylation with 17 NaOMe-MeOH (23°C, 8h) and subsequent debenzyla-
tion with Na-1iq.NH3 in THF (-78°C, 45min) to provide (+)-cyclaradine (l, 912),10) a white powder, [(x]%2
+18° (MeOH), CjjiHs5N503, UV )\ggg nm (¢): 261 (11200), IR (KBr): 3330, 1640, 1595 cm™l. On the other hand,
treatment of ’2\13 with N6-benzoyladenine (’1) as described above for ge followed by deformylation (28 7 aq.NH40H~
95 Z EtOH, 23°C, 15min) and acetylation(Acp0, p-TsOH.H0, 23°C, 2h), provided 4b (72 2),11) colorless oil,
[@130 +57° (CHC13), CpgHpgNgOg, IR (CHCl3): 1740, 1709, 1611, 1588, 1559, 1366 cm™l.  Denitrohydrogenation of
4b with n-BujSnH followed by deacylation (1 7 NaOMe-MeOH, 23°C, 8 h) and debenzylation (Na-1iq.NHj3, THF,
-78°C, 40min) finally furnished 7 (407%). (+)-Cyclaradine (l) synthesized via both procedures was identi-
fied by direct comparison and the structure was corroborated by its spectral data.10)

Next, a pseudo-nitrosugar ’§’7) was treated with Ac90 in the presence of p-TsOH.H20 to provide a nitro-
olefin 9 (67 7), unstable colorless oil, IR (CHCl3): 1735, 1523, 1363 em~l, EI-MS (m/z): 335 (+). Treatment
of zwithz as described above for the treatment of 2a or ’2\13 and subsequent deformylation (28 Z aq.NH,OH-
95 % EtOH, 23°C, 15min) and acetylation (Ac20, p-TsOH.H0, 23°C, 2h), furnished Lq (73 %), colorless oil,
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[a]30 +42° (CHC13), CpgHpgNeOg, IR (CHC13): 3402, 1740, 1708, 1610, 1586, 1557, 1366 cu™l.  The lH MMR de-
coupling experiments (500 MHz, CDCl3) of }3 resulted in the following assignments: 6 3,38 (m, 4'-H), 4.37 (dd,
J=6, 12Hz), 4.40 (dd, J=6, 12 Hz) (6'-Hp), 4.72 (dd, J=5, 8 Hz, 2'-H), 5.16 (dd, J=8, 9Hz, 1'-H), 5.37 (dd, J=5, 8
Hz, 3'-H), 5.81 (dd, J=9, 9Hz, 5'-H), 8.34, 8.73 (both s, 2,8-H). The detailed comparisons of the 1y NMR
and 13c NMR12) data for ,13 with those for i&B and ,5\, led us to assign the structure }\9, the stereostructure of
which was corroborated by examination of the NOE's.12) Elimination of the nitro group of 10 followed by
removal of the protecting groups, as mentioned above for the treatment of 4b, yielded (+)- 9—pseudo—B—L-—xylo-
furanosyladenine (11, 41 %), a white powder, [a]DO +5° (MeOH), C11H15N503, KHZO nm (€): 260 (12000), IR
(KBr): 3332, 1643, 1598 cm™!, 1H NMR (500 MHz, dg-DMSO): § 1.68 (ddd, J=6, 6, 15Hz), 2.15 (ddd, J=6, 10, 15 Hz)
(5'-Hp), 2.43 (m, 4'-H), 3.71 (dd, J=6, 11 Hz), 3.78 (dd, J=5, 11 Hz)(6'-Hp), 4.07 (dd, J=2, 3Hz, 2'-H), 4.18
(dd, J=3, 6 Hz, 3'-H), 5.11 (ddd, J=2, 6, 10Hz, 1'-H), 8.19, 8.27 (both s, 2,8-H), 13C. NMR (125MHz, D20): &
32.6 (5'-C), 46.4 (4'-C), 53.9 (1'-C), 59.5(6'-C), 65.8 (3'-C), 74.8 (2'-C), 118.8 (5-C), 142.0 (8-C), 152.7
(4-C), 153.1 (2-C), 159.0 (6-C).

We are currently working on the further application of this method to the synthesis of other types of
pseudo-glycosides.
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32.4 (5'-C), 47.3 (4'=C), 57.6 (1'=C), 65.5 (6'-C), 79.4 (3'-C), 81.3 (2'-C), 121.1 (5- -C), 144.5 (8-C), 152 1
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122.7 (5-C), 141.9 (8-C), 150.0 (4-C), 152.4 (2-C), 152.6 (6~-C), 165.1 (-NHCO-¢).
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