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bicyclo[3.1.0]hexane-carboxylate from L-ribose: A versatile chiral synthon for preparation of

adenosine and P2 receptor ligands. Nucleos. Nucleot. Nucleic Acids 2008, 27, 279-291.
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Ethyl-(1S,2R, 3S,48,5S5)-2,3-0-(isopropylidene)-4-
hydroxybicyclo[3.1.0]hexanecarboxylate (15).

Alcohol 14 (1.2 g, 4.95 mmol) was dissolved in anhydrous CH,Cl, (13 mL). Trifluoromethane
sulfonic acid (0.1 mL, 1.09 mmol) was added, and the reaction mixture was allowed stir at
room temperature for 5 h. This reaction was monited by NMR, indicating that after 5 h there
was no improvement in the ratio of isomerized to non-isomerized product. The reaction
mixture was neutralized with Et;N and diluted with CH,Cl, (50 mL), and the organic layer
was washed with H,O (1 x 25 mL). The aqueous phase was back-extracted with CH,Cl, (3 x
35 ml.). The combined organic phase was evaporated to dryness, and the resulting crude
residue was filtered using a short silica pad (50-80% EtOAc in petroleum ether, v/v) to afford
a mixture of isomerized and non-isomerized alcohols (1.1 g) as a colorless oil. The mixture
of isomers was further purified by crystallization using cyclohexane (~12 mL) using mild
warming for dissolution, in which the majority of non-isomerized alcohol 14 separated out as
crystals and was collected at 2 h, along with minor amount of isomerized alcohol 15. Ratio
of isomerized to non-isomerized alcohols varied but was most frequently ~ 3:2, respectively.
The mother liquor was concentrated and crystallization in cyclohexane was repeated twice
(sometimes up to four successive crystallizations were required) to get isomerized alcohol
15 (650 mg, 55%) as white long needles with purity >97%. The waiting period for the
crystallization of 15 was the same 2 h. Most of the remaining 45% was non-isomerized
alcohol 14, which could be resubjected to the isomerization. Isomerization on a large scale
(5 to 10 g) gave considerably lower yields (~25- 30 %). The ideal batch size was <3 g.
Ethyt-(1’S,2’R,3’S,4’R,5’S)-4’-(2,6-dichloropurin-9-yl]-2’, 3’-O-(isopropylidene)-

bicyclo[3.1.0]hexanecarboxylate (16).
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The alcohol 15 (350 mg, 1.44 mmol) was coevaporated with anhydrous toluene (3 x 156 mL}
and dried under high vacuum. Triphenyl phosphine (757 mg, 2.88 mmol) and 2,6-
dichloropurine (545 mg, 2.88 mmol) were dried under high vacuum. To a mixture of triphenyl
phosphine and 2,6-dichloropurine in anhydrous THF (5 mL, <5 ppm H,0) was added freshly
opened diisopropy! azodicarboxylate (97 uL, 0.49 mmol) at rt. After stirring for 45 min, a
solution of compound 15 in THF (5§ mL) was added. After stirring for 18 h, the reaction
mixiure was evaporated to dryness. The resulting residue was purified by silica gel column
chromatography (0-50% EtOAc in n-hexane in increments of 5%, v/v) to afford nucleoside
16 (405 mg, 68%) as a white solid material. The chromatography gave DIAD impurities
during the elution with 0-40% EtOAc, and at 45-50% EtOAc the desired compound could be
collected.
(1'S,2°R,3’S,4’R,5’S)-4-(2,6-Dichloro-purin-9-yl)-1-[hydroxymethyi]bicyclo-
[3.1.0]-hexane-2,3-(0-isopropylidine) (18).

Nucleoside 16 (200 mg, 0.48 mmol) was coevaporated with anhydrous toluene (3 x 10 mL),
dissolved in anhydrous THF (10 mL) and cooled to -70 °C. 1.5 M Diisobutylaluminium
hydride in toluene (3.2 mL, 4.8 mmol) was added dropwise for 15 min and the temperature
allowed to warm to -40 °C. After stirring for 6 h at -40 °C, the reaction mixture was cooled to
-70 °C again and quenched very slowly with MeOH until the cessation of air bubbles was
observed. The reaction mixture was allowed to warm to ri, freated with EtOAc (25 mL) and a
saturated aqueous solution of potassium sodium tartrate (20 mL), and allowed to stir at rt.
After stirring for 1 h, the phases were separated; the agueous phase was back-extracted
with EtOAc (2 x 10 mL) and CH.Cl; (2 x 10 mL). The combined organic phase was
évaporated to dryness, and the resuliing residue was purified by silica gell column

chromatography (0-80% EtOAc in n-hexane in increments of 10%, v/v) to afford nucleoside
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18 (100 mg, 87%) as a white solid material. The compound was colleéted at 70-80%
EtOAc. This reaction works best on a scale of <800 mg.

(1°'S,2'R,3’S,4’R, 5’S )-4-(6-Amino-2-chloro-purin-9-yl)-1-[hydroxymethyl]bicyclo-
[3.1.0]hexane-2,3-{O-isopropylidine) (19).

Nuclecside 18 {216 mg, 0.58 mmol) was treated with 2 M NH; in ~PrOH (5 ml.) and heated
to 70 °C. After stirring the reaction for 16 h, reaction mixture evaporated to dryness. The
resulting residue purified by silica gel column chromatography (0-8% MeOH in CH.Cl,, v/iv)
to afford nucleoside 19 (165 mg, 80%) as a white solid material.

(1'S,2'R,3’'S,4'R, 5’S}-4-(6-Amino-2-chloro-9H-purin-9-yi)-1-{(di-tert-
butyiphosphate)methyl]bicyclof3.1.0]Jhexane-2,3-(0O-isopropylidene) (20).

Nucleoside 16 (125 mg, 0.36 mmol) was coevaporated with anhydrous toluene (3 x 10 mL),
dissolved in anhydrous CH3CN (10 mL). Di-t-butyiN, N-diethylphosphoramidite (0.3 mL, 1.07
mmol) and tetrazole (220 mg, 3.2 mmol) were added. Afier stirring at rt for 4h, the reaction
mixture was cooled to -70 °C followed by the addition of m-chloroperbenzoic acid (50 mg,
77%). The reaction mixture was warmed to 0 °C and allowed to stir for 15 min followed by
the addition of triethylamine (0.5 mL.). The reacticn mixture was evaporated to dryness, and
the resulting crude residue was purified by silica gel column chromatography {0-100%
EtOAc in CH,CI; in increments of ~15%, v/v) to afford nucleoside 20 (120 mg, 62%) as a
white solid material. The product eluted at 100% EtOAc. if residual m-CPBA was present,

the product was rechromatographed until 298% purity.

(1'S,2'R,3’S,4'R,5S)-4-(6-Amino-2-chloro-91-purin-9-yl)-1-[phosphoryloxymethyl]
bicyclof3.1.0]hexane-2,3-diol (2, MRS82339).
To a solution containing highly purified nucleoside 20 (97 g, 0.18 mmol) in MeCH (8 mL)

and water (8 mL) was added Dowex-50 resin (50 mg). The mixture was stirred for 3 h at 70
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°C and the resin removed by filtration. The filtration was then treated with 1 M
triethylammonium bicarbonate buffer (1 mL) and evaporated to dryness. The resulied
mixture was dissolved in H,O (50 mL} and lyophilized. Lyophilization was repeated 7 times
to give pure 2 (57 mg, 80%) as a white solid. The product was 98 to 99% pure, as

determined by HPLC using two different eluent systems.
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