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Chemoenzymatic synthesis of novel adenosine carbanucleoside
analogues containing a locked 30-methyl-20,30-b-oxirane-
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Abstract—Starting from a readily available enantiopure building block, a straightforward enantioselective approach to 30-methyl-20,30-b-oxi-
rane-fused carbanucleosides bearing adenosine analogues is detailed. The key steps in the syntheses involved a lipase-catalyzed regioselec-
tive monoacylation of a diol to obtain the key intermediate and direct coupling of this key intermediate with diversely substituted purine
nucleobases under Mitsunobu reaction conditions providing only the N9 target molecules.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Carbocyclic nucleosides (carbanucleosides) are nucleoside
analogues in which a methylene group has replaced the
oxygen atom of the furanose ring.1 These analogues display
similar biological activities to their parent nucleosides with
the advantage that they are unaffected by phosphorylases
or hydrolases that cleave the glycosidic bond of natural nu-
cleosides.2 Independently of the structure of the nucleobase,
and its possible further substitutions, the most relevant mod-
ifications that enhance biological properties of carbanucleo-
sides are related to the nature and number of substituents
on the carbapentofuranose glycon3 and oxirane-fused,4 or
cyclopropane-fused,3k,5 modifications of this glycon. Indeed,
the fused three-membered ring of these bicyclic nucleoside
analogues has a profound impact on fixing the conformation
and the puckering of the cyclopentane ring.6 In a first
approach in the racemic series, we recently reported on the
stereoselective synthesis of novel conformationally locked
carbanucleosides in view of their potential biological
relevance.7

Nevertheless, availability of both enantiomers of a carbo-
cyclic nucleoside is very important because different
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pharmacological as well as toxicological properties of the
opposite enantiomers have been observed8 and, remarkably,
it has been shown also that the two enantiomers of the same
chiral compound can display similar biological activity.9

This highlights the use of lipase-catalyzed kinetic resolution
of racemic compounds, each enantiomer having its own
potential utility.

As a logical continuation of our interest in the synthesis of
30-methyl-branched carbapentofuranose derivatives,10 and
bearing in mind the potential usefulness of carbocyclic nu-
cleosides built onto a rigid pseudosugar template, we wish
to report herein in full the chemoenzymatic synthesis of
novel 20,30-b-oxirane-fused carbanucleosides (Fig. 1). One
attractive improvement in this approach is that we can build
a rather complex molecular scaffold with controlled dia-
stereoselectivity using very simple reagents and without
the drudgery of protective/deprotective sequences.
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2. Results and discussion

We recently reported the straightforward synthesis of the
required enantiopure building block, ethyl (1S,4R)-4-
hydroxy-2-methylcyclopent-2-ene-1-carboxylate, (�)-2, and
its enantiomer through enzymatic kinetic resolution of the
corresponding racemic 2 (Scheme 1).11
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Scheme 1. Reagents and conditions: (a) m-CPBA, CH2Cl2; (b) Ph3P, DIAD,
AcOH, THF; (c) LiAlH4, ether; (d) RML (Rhysomucor meihei lipase), vinyl
acetate.

According to Hembest’s rule,12 this compound underwent
hydroxyl-directed epoxidation by treatment with m-chloro-
perbenzoic acid at 0 �C in CH2Cl2 to produce the expected
b-epoxide (�)-3 in 86% yield. The inversion of the alcohol
configuration of (�)-3 was efficiently accomplished using
a Mitsunobu reaction.13 Compound (�)-3 was treated with
acetic acid in the presence of diisopropyl azodicarboxylate
(DIAD) and triphenylphosphine to afford the corresponding
inverted acetate (�)-4 in 94% yield after purification in a sil-
ica gel column. This accomplished, carboethoxy acetate
(�)-4 was readily reduced to the corresponding diol (�)-5
in 84% yield by exposure to lithium aluminum hydride at
0 �C. At this stage, attempts to acylate unequivocally the pri-
mary hydroxyl group under common and convenient Ac2O/
Pyr or CH3COCl/CH2Cl2/collidine conditions14 failed, and
the concomitant formation of the secondary acetate com-
peted even at low temperature. This regioselective problem
was solved by lipase-catalyzed monoacylation. Exposure
of (�)-5 to Rhysomucor meihei lipase (RML, lipozyme
RMIM, Novo Nordisk A/S) and vinyl acetate at room tem-
perature for 1 h provided the expected primary acetate
(�)-6 as the sole product in 95% yield.

With the desired compound (�)-6 in hand, the synthesis of
the target carbanucleosides 1a–c is depicted in Scheme 2 us-
ing a Mitsunobu coupling as the key step. Thus, reaction of
(�)-6 chloropurine, adenine, and 2-amino-6-chloropurine,
gave the alkylated derivatives (+)-7 (78% yield), (+)-8
(63% yield), and 9 (contaminated with triphenylphosphine
oxide), respectively.

In each case, the desired N9-alkylated compound was the
only compound isolated with no traces of the alternative
N7-alkylated product observed (see infra). Cleavage of the
acetyl protecting group in (+)-8 with methanolic ammonia
afforded the target molecule (+)-1b in 91% yield. The target
molecules (+)-1a and (+)-1c were obtained using a two-step
procedure: (i) deacetylation of derivatives (+)-7 and 9 with
methanolic ammonia to give (+)-10 (87% yield) and (�)-
11 (51% yield, two steps from (�)-6) and (�)-11 conversion
of the 6-chloro group into 6-aminocyclopropyl group using
cyclopropylamine in THF to obtain (+)-1a (92% yield)
and (+)-1c (83% yield), respectively.

While the most direct way to accomplish structural elucida-
tion of 1a–c would be to obtain a crystal structure, unfortu-
nately these derivatives proved to be difficult to crystallize,
as they were fine powders. Typically, the structure of com-
pound (+)-1b was secured using 2D-NMR spectroscopy.
NOESY experiments were employed to determine the
stereochemical configuration, and HMBC sequences con-
firmed the N9-isomer (Fig. 2). Significant NOE effects
were found between H-10 (d 4.99) and CH3-30 (d 1.48), H-
8 (d 8.11) and Hb-60 (d 1.29), H-8 and H-50 (d 3.67). Long-
range proton–carbon correlations were found between H-10

(d 4.99) and C-4 (d 149.7), H-2 (d 8.15) and C-4 (d 149.7),
H-2 and C-6 (d 156.2). Likewise, the high optical purity of
(+)-1b was verified by chiral HPLC (Fig. 3).
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Scheme 2. Reagents and conditions: (a) Ph3P, DIAD, 6-chloropurine, THF; (b) Ph3P, DIAD, adenine, THF; (c) Ph3P, DIAD, 2-amino-6-chloropurine, THF;
(d) ammonia (7 N in methanol); (e) cyclopropylamine–THF (1:5), 12 h, 50 �C.
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3. Conclusion

In conclusion, we have developed an efficient route for
the synthesis of conformationally locked 30-methyl-20,30-b-
oxirane-fused carbocyclic nucleosides bearing diversely
substituted adenosine analogues in enantiomerically pure
form. Key reactions developed under this program include
lipase-promoted regioselective monoacylation of a diol
and direct Mitsunobu coupling of the suitable alcohol pre-
cursor bearing the desired 30-methyl-20,30-b-oxirane-fused
scaffold with purine nucleobases. Since both the starting
building blocks (�)-2 and (+)-2 are available through en-
zymatic kinetic resolution of the corresponding racemic 2,
either enantiomer of the target molecules is accessible.

4. Experimental

4.1. General chemical procedures

All air and/or water sensitive reactions were carried out under
an argon atmosphere with dry, freshly distilled solvents using
standard syringe–cannula/septa techniques. All correspond-
ing glasswares were oven-dried (80 �C) and/or carefully
dried in line with a flameless heat gun. All solvents were dis-
tilled under an argon atmosphere: THF from a blue solution
of sodium-benzophenone ketyl radical prior to use and
CH2Cl2, benzene, toluene, and DMF from CaH2. Routine
monitoring of reactions was done using Merck Silica gel
60 F254, aluminum supported TLC plates; spots were visual-
ized using a UV light and ethanolic acidic p-anisaldehyde so-
lution or ethanolic phosphomolybdic solution, followed by
heating. Purification by means of column chromatography
was performed with Silica gel 60 (230–400 mesh) and gradi-
ents of Et2O/petroleum ether as eluent, unless otherwise
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Figure 2. Selected NOE and HMBC correlations for (+)-1b.

Figure 3. Chiral HPLC diagrams of (�)-1b and (+)-1b (conditions of anal-
yses in Section 4).
stated. 1H and 13C NMR spectra were recorded in CDCl3,
C6D6 or DMSO-d6 solutions on a Bruker AM-300 or Bruker
AM-200 spectrometers (Bruker AM-500 spectrophotometer
for NOESY and HMBC experiments). Chemical shifts (d) in
parts per million are reported using residual non-deuterated
solvents as internal reference. The analytical chiral HPLC
experiments were performed on a unit composed of a Merck
D-7000 system manager, Merck-Lachrom L-7100 pump,
Merck-Lachrom L-7360 oven, and on-line Jasco CD-1595
circular dichroism detector. The column used is Chiralcel
OD-H (250�4.6 mm; 5 mm) from Chiral Technologies
Europe (Illkirch, France) with hexane/i-PrOH (90/10) and
a flow rate of 1 mL/min. Optical rotations were measured
on a Perkin–Elmer 341 polarimeter. Microanalyses were per-
formed at our University. Melting points are uncorrected. In-
frared spectra were obtained as films or KBr pellets using
a Perkin–Elmer 1600 FTIR spectrophotometer.

4.1.1. (1S,2S,4S,5R)-4-Hydroxy-1-methyl-6-oxa-bi-
cyclo[3.1.0]hexane-2-carboxylic acid ethyl ester (L)-3.
To a stirred solution of (�)-2 (3.00 g, 17.6 mmol) in
CH2Cl2 (30 mL) was added m-CPBA (5.20 g, 22.9 mmol,
77 wt % in water) at 0 �C. The solution was allowed to warm
to rt. After stirring for 2 h, the mixture was poured into a
solution of Na2SO3 (5.80 g, 45.8 mmol) and was extracted
with CH2Cl2. The organic extracts were combined, washed
with a saturated solution of NaHCO3, dried, filtered, and con-
centrated to afford after purification by column chromato-
graphy 2.82 g (86%) of (�)-3. Mp 87 �C. [a]25

D �13.6 (c
1.0, CHCl3). IR (KBr): n 3451, 1735, 1247, 1127 cm�1. 1H
NMR (200 MHz, CDCl3): d 4.32–4.19 (m, 1H), 4.17 (q,
J¼7.2 Hz, 2H), 3.27 (d, J¼1.3 Hz, 1H), 2.70 (dd, J¼10.2,
8.2 Hz, 1H), 2.17 (dt, J¼13.2, 8.0 Hz, 1H), 1.65 (ddd,
J¼13.2, 10.2, 8.3 Hz, 1H), 1.52 (s, 3H), 1.26 (t, J¼7.2 Hz,
3H). 13C NMR (50 MHz, CDCl3): d 171.2 (C), 71.4 (CH),
64.8 (CH), 63.2 (C), 60.8 (CH2), 46.6 (CH), 32.0 (CH2),
16.9 (CH3), 14.2 (CH3). Anal. Calcd for C9H14O4: C,
58.05; H, 7.58. Found: C, 57.80; H, 7.68.

4.1.2. (1S,2S,4S,5R)-4-Acetoxy-1-methyl-6-oxa-bicy-
clo[3.1.0]hexane-2-carboxylic acid ethyl ester (L)-4. A
stirred solution of (�)-3 (2.00 g, 10.7 mmol, 1 equiv), acetic
acid (0.80 mL, 14.0 mmol, 1.3 equiv), and PPh3 (3.70 g,
14.0 mmol, 1.3 equiv) in THF (20 mL) was immersed in an
ice bath and DIAD (2.80 mL, 14.0 mmol, 1.3 equiv) was
slowly added to maintain the temperature below 10 �C.
Upon completion of the addition, the mixture was allowed
to warm to rt and stirred for 1 h. The solvent was removed
in vacuo and the residue was directly chromatographed (gra-
dients of petroleum ether/diethyl ether as eluent) to afford
(�)-4 (2.30 g, 94%) as a colorless oil. [a]25

D �70.4 (c 1,
CHCl3). IR (neat): n 1763, 1751, 1241, 1131 cm�1. 1H
NMR (300 MHz, CDCl3): d 5.07 (d, J¼5.7 Hz, 1H), 4.07
(m, 2H), 3.16 (s, 1H), 2.87 (dd, J¼9.9, 8.4 Hz, 1H), 1.99
(ddd, J¼15.2, 10.3, 5.9 Hz, 1H), 1.93 (s, 3H), 1.80 (dd,
J¼14.7, 8.5 Hz, 1H), 1.47 (s, 3H), 1.16 (t, J¼7.2 Hz, 3H).
13C NMR (75 MHz, CDCl3): d 171.1 (C), 169.8 (C), 72.9
(CH), 64.0 (C), 61.8 (CH), 60.5 (CH2), 45.9 (CH), 31.5
(CH2), 20.7 (CH3), 16.0 (CH3), 13.9 (CH3). Anal. Calcd for
C11H16O5: C, 57.88; H, 7.07. Found: C, 57.71; H, 7.04.

4.1.3. (1R,2S,4R,5S)-4-(Hydroxymethyl)-5-methyl-6-oxa-
bicyclo[3.1.0]hexan-2-ol (L)-5. A solution of (�)-4



5053Y. Aubin et al. / Tetrahedron 63 (2007) 5050–5055
(2.00 g, 8.70 mmol, 1 equiv) in dry diethyl ether (30 mL)
was slowly added at 0 �C to a stirred slurry of LiAlH4

(660 mg, 17.4 mmol, 2 equiv) in dry diethyl ether (50 mL).
After 1 h at 0 �C, Celite (18 g) and Na2SO4$10H2O (18 g)
were added and the solution was allowed to warm to rt and
stirred for a further 1 h. The reaction mixture was filtered
through a pad of MgSO4 and concentrated. Purification of
the residue by column chromatography (gradients petroleum
ether/diethyl ether as eluent) afforded 1.06 g (84%) of pure
(�)-5 as a colorless oil. [a]25

D �38.8 (c 1, CHCl3). IR (neat):
n 3419, 1132, 1035 cm�1. 1H NMR (300 MHz, C6D6): d 4.25
(d, J¼5.5 Hz, 1H), 3.78 and 3.72 (ABX, J¼10.7, 5.8, 5.6 Hz,
2H), 3.20 (s, 1H), 2.32 (ddt, J¼9.8, 8.1, 5.7 Hz, 1H), 1.69
(dd, J¼14.1, 8.0 Hz, 1H), 1.55 (ddd, J¼14.1, 9.7, 5.4 Hz,
1H), 1.50 (s, 3H). 13C NMR (75 MHz, C6D6): d 70.9 (CH),
65.5 (C), 65.3 (CH), 62.3 (CH2), 42.2 (CH), 34.6 (CH2),
16.3 (CH3). Anal. Calcd for C7H12O3: C, 58.32; H, 8.39.
Found: C, 58.61; H, 8.41.

4.1.4. Acetic acid (1S,2R,4S,5R)-4-hydroxy-1-methyl-6-
oxa-bicyclo[3.1.0]hex-2-ylmethyl ester (L)-6. A mixture
of (�)-5 (1.00 g, 6.90 mmol) and RML (100 mg) in 40 mL
of vinyl acetate was magnetically stirred at rt for 1 h while
monitoring the progress of the reaction by TLC. After com-
pletion of the reaction, the mixture was filtered, the solvent
was removed in vacuo, and the residue was directly chro-
matographed (gradients petroleum ether/diethyl ether as
eluent) to give 1.22 g (95%) of pure (�)-6 as a colorless
oil. [a]25

D �49.6 (c 1, CHCl3). IR (neat): n 3329, 1756,
1142 cm�1. 1H NMR (300 MHz, CDCl3): d 4.28 (d,
J¼5.3 Hz, 1H), 4.14 and 4.11 (ABX, J¼11.1, 7.6, 6.4 Hz,
2H), 3.20 (s, 1H), 2.41 (dq, J¼9.4, 7.3 Hz, 1H), 2.08 (br s,
OH), 2.04 (s, 3H), 1.70 (dd, J¼14.0, 7.9 Hz, 1H), 1.49 (s,
3H), 1.41 (ddd, J¼14.0, 9.9, 5.4 Hz, 1H). 13C NMR
(75 MHz, CDCl3): d 171.1 (C), 70.9 (CH), 65.6 (CH), 64.6
(C), 64.3 (CH2), 39.6 (CH), 35.1 (CH2), 20.9 (CH3), 16.5
(CH3). Anal. Calcd for C9H14O4: C, 58.05; H, 7.58. Found:
C, 58.21; H, 7.62.

4.1.5. Acetic acid (1S,2R,4R,5R)-4-(6-chloro-9H-purin-9-
yl)-1-methyl-6-oxa-bicyclo[3.1.0]hex-2-ylmethyl ester
(D)-7. Diisopropyl azodicarboxylate (0.72 mL, 3.6 mmol,
1.5 equiv) was added dropwise to a solution of PPh3

(950 mg, 3.6 mmol, 1.5 equiv) in freshly distilled THF
(50 mL) kept under an argon atmosphere at 0 �C. The mix-
ture was stirred for 30 min and then 6-chloropurine was
added (556 mg, 3.6 mmol, 1.5 equiv). The mixture was
stirred for an additional 30 min and then a solution of epoxide
(�)-6 (450 mg, 2.4 mmol, 1 equiv) in dry THF (5 mL) was
added slowly. The cooling bath was removed and the mixture
was stirred at rt for 12 h. The volatiles were evaporated
in vacuo and the resulting residue was purified by column
chromatography using a gradient of petroleum ether/ethyl
acetate as the eluent to give the protected 6-chloropurine
carbanucleoside (+)-7 (252 mg, 78%) as a white solid. Mp
103 �C. [a]25

D +6.8 (c 1, CHCl3). IR (KBr): n 1742, 1238,
1136 cm�1. 1H NMR (75 MHz, CDCl3): d 8.72 (s, 1H),
8.42 (s, 1H), 5.19 (dd, J¼9.2, 8.1 Hz, 1H), 4.30 and 4.23
(ABX, J¼11.1, 6.5, 6.4 Hz, 2H), 3.61 (d, J¼0.7 Hz, 1H),
2.56–2.48 (m, 1H), 2.44 (dt, J¼12.2, 7.7 Hz, 1H), 2.06 (s,
3H), 1.58 (s, 3H), 1.45 (dt, J¼12.5, 9.6 Hz, 1H). 13C NMR
(75 MHz, CDCl3): d 170.71 (C), 151.9 (CH), 151.7 (C),
151.1 (C), 143.5 (CH), 131.4 (C), 64.2 (C), 63.6 (CH), 63.1
(CH2), 54.0 (CH), 41.1 (CH), 31.3 (CH2), 20.8 (CH3), 16.3
(CH3). Anal. Calcd for C14H15ClN4O3: C, 52.10; H, 4.68;
N, 17.36. Found: C, 49.87; H, 4.71; N, 17.02.

4.1.6. Acetic acid (1S,2R,4R,5R)-4-(6-amino-9H-purin-9-
yl)-1-methyl-6-oxa-bicyclo[3.1.0]hex-2-ylmethyl ester
(D)-8. Epoxide (�)-6 (450 mg, 2.4 mmol) was converted
to the protected adenosine carbanucleoside (+)-8 (462 mg,
63%) as a white solid, according to the same procedure
used in the preparation of (+)-7 except stirring 12 h at rt
then 4 h at 40 �C. Mp 137 �C (dec). [a]25

D +16.2 (c 1,
CHCl3). IR (KBr): n 3276, 3089, 1741, 1249 cm�1. 1H
NMR (300 MHz, CDCl3): d 8.30 (s, 1H), 8.09 (s, 1H),
6.30 (br s, 2H), 5.09 (t, J¼8.6 Hz, 1H), 4.27 and 4.19
(ABX, J¼11.1, 6.5, 6.2 Hz, 2H), 3.56 (s, 1H), 2.49–2.32
(m, 2H), 2.03 (s, 3H), 1.53 (s, 3H), 1.47–1.35 (m, 1H). 13C
NMR (75 MHz, CDCl3): d 170.7 (C), 155.7 (C), 152.9
(CH), 149.9 (C), 138.6 (CH), 119.2 (C), 63.9 (C), 63.8
(CH), 63.3 (CH2), 53.3 (CH), 41.0 (CH), 31.2 (CH2), 20.8
(CH3), 16.3 (CH3). Anal. Calcd for C14H17N5O23: C,
55.44; H, 5.65; N, 23.09. Found: C, 55.72; H, 5.61; N, 23.05.

4.1.7. ((1S,2R,4R,5R)-4-(6-chloro-9H-purin-9-yl)-1-
methyl-6-oxa-bicyclo[3.1.0]hex-2-yl)methanol (D)-10. A
solution of (+)-7 (200 mg, 0.62 mmol) and saturated metha-
nolic ammonia (10 mL) was stirred in a flask fitted with a rub-
ber stopper at rt for 10 h. After evaporation of the solvent in
vacuo, the residue was purified by column chromatography
using a gradient of petroleum ether/ethyl acetate as the eluent
to give the 6-chloropurine carbanucleoside (+)-10 (151 mg,
87%) as a white solid. Mp 65 �C. [a]25

D +16.4 (c 1, CHCl3).
IR (KBr): n 3321, 3271, 1237 cm�1. 1H NMR (300 MHz,
CDCl3): d 8.69 (s, 1H), 8.44 (s, 1H), 5.19 (ddd, J¼9.1, 8.0,
1.0 Hz, 1H), 3.91 and 3.85 (ABX, J¼10.9, 5.5, 5.3 Hz,
2H), 3.58 (d, J¼0.8 Hz, 1H), 2.46–2.32 (m, 1H), 1.58 (s,
3H), 1.58–1.53 (m, 1H). 13C NMR (75 MHz, CDCl3):
d 151.8 (CH), 151.7 (C), 150.9 (C), 143.7 (CH), 131.3 (C),
64.9 (C), 63.4 (CH), 61.5 (CH2), 54.3 (CH), 43.7 (CH),
30.7 (CH2), 16.3 (CH3). Anal. Calcd for C12H13ClN4O2: C,
51.34; H, 4.67; N, 19.96. Found: C, 51.65; H, 4.63; N, 20.01.

4.1.8. ((1S,2R,4R,5R)-4-(2-Amino-6-chloro-9H-purin-9-
yl)-1-methyl-6-oxa-bicyclo[3.1.0]hex-2-yl)methanol
(L)-11. Epoxide (�)-6 (450 mg, 2.42 mmol) was converted
to the protected 2-amino-6-chloropurine carbanucleoside 9,
according to the same procedure used in the preparation of
(+)-8. Derivative 9 was contaminated with triphenyl-
phosphine oxide, which will be eliminated during the next
ammonia deprotective step. Derivative 9 was converted to
2-amino-6-chloropurine carbanucleoside (�)-11, according
to the same procedure used in the preparation of (+)-10. At
this stage, triphenylphosphine oxide present with 9 was con-
veniently eliminated by column chromatography to give pure
(�)-11 as a white foam (51% yield, two steps from (�)-6).
[a]25

D �2.5 (c 1, MeOH). IR (neat): n 3305, 3172, 1676,
1615 cm�1. 1H NMR (300 MHz, DMSO-d6): d 8.05 (s,
1H), 6.87 (br s, 2H), 4.82 (t, J¼8.4 Hz, 1H), 4.63 (t,
J¼5.0 Hz, 1H), 3.67 (s, 1H), 3.65 (partially overlapped
ddd, J¼11.5, 5.7, 5.0 Hz, 1H), 3.43 (ddd, J¼10.5, 5.1,
5.0 Hz, 1H), 2.30–2.14 (m, 2H), 1.45 (s, 3H), 1.29–1.17
(m, 1H). 13C NMR (75 MHz, DMSO-d6): d 159.9 (C),
154.2 (C), 149.7 (C), 140.8 (CH), 123.4 (C), 64.5 (C), 63.5
(CH), 61.0 (CH2), 53.8 (CH), 43.7 (CH), 30.4 (CH2), 16.7
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(CH3). Anal. Calcd for C12H14ClN5O2: C, 48.74; H, 4.77; N,
23.68. Found: C, 49.03; H, 4.73; N, 23.71.

4.1.9. ((1S,2R,4R,5R)-4-(6-(Cyclopropylamino)-9H-
purin-9-yl)-1-methyl-6-oxa-bicyclo[3.1.0]hex-2-yl)me-
thanol (D)-1a. A mixture of (+)-10 (200 mg, 0.712 mmol)
and cyclopropylamine (1 mL) in dry THF (10 mL) was
stirred at rt for 3 h, and the reaction mixture was evaporated
in vacuo. The resulting residue was purified by column chro-
matography using gradients methylene chloride/methanol as
the eluent to give the corresponding 6-cyclopropylamino
carbanucleoside (+)-1a (198 mg, 92%) as a white foam.
[a]25

D +24.7 (c 1, CHCl3). IR (neat): n 3298, 3121,
1662 cm�1. 1H NMR (300 MHz, CDCl3): d 8.43 (s, 1H),
8.05 (s, 1H), 6.35 (br s, 1H), 5.09 (t, J¼8.2 Hz, 1H), 3.86
(m, 2H), 3.54 (s, 1H), 3.01 (br s, 1H), 2.33 (m, 2H), 1.56
(s, 3H), 1.55–1.42 (m, 1H), 0.90 (m, 2H), 0.62 (m, 1H).
13C NMR (75 MHz, CDCl3): d 155.8 (C), 153.2 (CH),
149.0 (C), 138.1 (CH), 119.4 (C), 64.5 (C), 63.7 (CH),
61.5 (CH2), 53.5 (CH), 43.8 (CH), 30.7 (CH2), 23.7 (CH),
16.3 (CH3), 7.3 (2�CH2). Anal. Calcd for C15H19N5O2: C,
59.79; H, 6.36; N, 23.24. Found: C, 60.02; H, 6.39; N, 23.02.

4.1.10. ((1S,2R,4R,5R)-4-(6-Amino-9H-purin-9-yl)-1-
methyl-6-oxa-bicyclo[3.1.0]hex-2-yl)methanol (D)-1b. A
solution of (+)-8 (200 mg, 0.66 mmol) and saturated metha-
nolic ammonia (10 mL) was stirred in a flask fitted with a rub-
ber stopper at rt for 10 h. After evaporation of the solvent in
vacuo, the residue was purified by column chromatography
using gradients petroleum ether/ethyl acetate as the eluent
to give adenosine carbanucleoside (+)-1b (157 mg, 91%) as
a white solid. Mp 162 �C. ee¼99%, determined by chiral
HPLC (Chiralcel OD-H, hexane/2-PrOH 9:1, 1 mL/min,
UV and CD detection at 254 nm, 25 �C, Rt(+)¼21.37,
Rt(�)¼25.09, k(+)¼6.01, k(�)¼7.23, alpha¼1.20 and
Rs¼1.36). [a]25

D +26.9 (c 1, MeOH/CHCl3 1:1). IR (KBr):
n 3273, 3109, 1671 cm�1. 1H NMR (500 MHz, DMSO-d6):
d 8.15 (s, 1H), 8.11 (s, 1H), 7.26 (br s, 2H), 4.99 (t,
J¼8.2 Hz, 1H), 4.67 (t, J¼4.9 Hz, 1H), 3.70 (s, 1H), 3.67
(td, J¼10.2, 5.8 Hz, 1H), 3.47 (td, J¼10.2, 5.8 Hz, 1H),
2.34–2.22 (m, 2H), 1.48 (s, 3H), 1.29 (dt, J¼11.8, 8.9 Hz,
1H). 13C NMR (75 MHz, DMSO-d6): d 156.2 (C), 152.7
(CH), 149.7 (C), 138.5 (CH), 118.8 (C), 64.5 (C), 63.8
(CH), 61.0 (CH2), 53.7 (CH), 43.8 (CH), 30.7 (CH2), 16.8
(CH3). Anal. Calcd for C12H15N5O2: C, 55.16; H, 5.79; N,
26.80. Found: C, 55.32; H, 5.83; N, 26.99.

4.1.11. ((1S,2R,4R,5R)-4-(2-Amino-6-(cyclopropyl-
amino)-9H-purin-9-yl)-1-methyl-6-oxa-bicyclo[3.1.0]-
hexan-2-yl)methanol (D)-1c. Derivative (�)-11 was
converted to the 2-amino-6-cyclopropylamino carbanucleo-
side (155 mg, 83%) as a white foam (+)-1c, according to
the same procedure used in the preparation of (+)-1a except
stirring at 50 �C for 2 h. [a]25

D +12.7 (c 1, MeOH/CHCl3 1:1).
IR (neat): n 3299, 3185, 1668 cm�1. 1H NMR (300 MHz,
DMSO-d6): d 7.66 (s, 1H), 7.30 (br d, J¼4.82 Hz, 1H),
5.82 (br s, 2H), 4.75 (ddd, 9.3, 8.3, 1.0 Hz, 1H), 4.63 (t,
J¼5.1 Hz, 1H), 3.64 (ddd, J¼11.9, 6.2, 5.8 Hz, 1H), 3.61
(d, J¼0.8 Hz, 1H), 3.44 (ddd, J¼10.7, 6.0, 5.1 Hz, 1H),
3.03 (br s, 1H), 2.29–2.06 (m, 2H), 1.45 (s, 3H), 1.18 (dt,
J¼12.0, 9.3 Hz, 1H), 0.68–0.61 (m, 2H), 0.59–0.53 (m,
2H). 13C NMR (75 MHz, DMSO-d6): d 160.4 (C), 156.1
(C), 151.5 (C), 134.7 (CH), 113.4 (C), 64.2 (C), 63.8 (CH),
61.0 (CH2), 52.9 (CH), 43.7 (CH), 30.7 (CH2), 24.0 (CH),
16.8 (CH3), 6.6 (2�CH2). Anal. Calcd for C15H20N6O2: C,
56.95; H, 6.37; N, 26.56. Found: C, 57.29; H, 6.41; N, 26.67.
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