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Synthesis of Enantiomerically Pure Bicyclo[3.1.0]hexanes from D-Ribose by

Intramolecular Cyclopropanation

John K. Gallos,” Theocharis V. Koftis and Alexandros E. Koumbis
Department of Chemistry, Aristotelian University of Thessaloniki, Thessaloniki 540 06, Greece

Highly functionalized optically pure bicyclo[3.1.0]hexan-2-ones 6a and 6b are easily_obtained_ by
the intramolecular cyclopropanation of a b-ribose derivative using the iodonium ylide or diazo
compound methods, which afford the final products with opposite diastereoselectivities.

Bicyclo[3.1.0Jhexane derivatives of the general structure A are
of considerable importance in organic synthesis due to the
versatility of the cyclopropane ring! and the ubiquitous
occurrence of the cyclopentane ring in natural products and
synthetic materials.? These and related systems have been
extensively used as intermediates in the synthesis of steroids,?
prostanoids,* vitamin D analogues,® terpenoids® and amino
acids.” Furthermore, the bicyclo[3.1.0Jhexane ring system,
properly substituted, has been used as the carbocyclic moiety
for the synthesis of modified nucleosides structurally related
to neplanocin C.®

»
@

The most general method used for the construction of the ring
system A is the intramolecular cyclopropanation of unsaturated
diazocarbonyl compounds, which act as carbenoid precursors.®
However, the use of iodonium ylides®?!° instead of the
hazardous diazo compounds has also been proposed. Several
methods have been utilized for the preparation of optically
active bicyclo[3.1.0]hexanes. They include the resolution of
racemates,>*? the enantioselective intramolecular carbene—
olefin cyclopropanation using diazocarbonyl compounds in
the presence of chiral catalysts,’®!! the diastereoselective
Simmons-Smith reaction !? and the intramolecular cyclopro-
panation vig iodonium ylides using chiral auxiliary alcohols.>?

We now report a different approach to enantiomerically pure
bicyclo[3.1.0Jhexane derivatives by the intramolecular cyclo-
propanation of sugar templates using the diazocarbonyl and
iodonium ylide methods.

The unsaturated aldehyde 2 was easily prepared by refluxing
an ethanolic solution of the iodoribose derivative 1 with
activated zinc,'? removal of the solids by filtration and careful
evaporation of the solvent at temperatures '* not exceeding
35 °C. Treating a methylene dichloride solution of compound 2
with ethyl diazoacetate in the presence of tin chloride !® at room
temp. for 2 h gave the keto ester 3 in 46% yield from compound
1. Any remaining alcohol from the former step degrades the
yield of compound 3, since it reacts preferentially with ethyl
diazoacetate to form the O-ethyl glycolic acid ethyl ester. The
unsaturated keto ester 3 was then converted by standard
procedures either to the diazo compound 4 in quantitative
yield®¢ or to the iodonium ylide 5,'%* which was not charac-
terized because of its instability, but was used immediately
in the next reaction.t

The diazo compound 4 underwent intramolecular cyclo-
propanation by refluxing in toluene for 6 h in the presence
of a catalytic amount of Cul (5 mol%) to give the desired
bicyclo[3.1.0Jhexan-2-one derivatives 6a and 6b in 66%, total
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Scheme 1 Reagents and conditions: i, Zn, EtOH (95%), reflux, 1 h; ii,
N,CHCO,Et, SnCl,, CH,Cl,, room temp., 2 h, 46% from 1; iii, TsN,
Et;N, room temp., 6 h, 97% to 4; iv, PhI(OAc),, KOH (4 quiv.), EtOH,
—5°C (to 5); v, Cul, toluene, reflux, 6 h (for 4); vi, Cul, CH,Cl,, N,,
room temp., | h (for 5)

yield and with a diastereoisomeric ratio of 4.5:1. On the other
hand, the iodonium ylide 5 was cyclized by stirring in methylene
dichloride at room temp. for 1 h in the presence of a catalytic
amount of Cul (5 mol%,), to give compounds 6a and 6b in 45,
total yield (from compound 3) and with a diastereoisomeric
ratio of 1:1.5. Diastereoisomers 6a and 6b were easily separated
by column chromatography on silica gel (ethyl acetate—hexane
1:2, AR; = 0.1).1 The structural assignment of the diastereo-
isomers was based on their 'H NMR spectra, where the proton
coupling constant J, s was zero for compound 6b and 5.5 Hz
for compound 6a. In related systems, the J, s is zero when the
two protons are in anti positions.5

An interesting feature of the reactions reported here is the
reverse diastereoselectivity obtained by the diazo compound
and the iodonium ylide. This finding supports Moriarty’s
suggestion>'1® that these two reactions follow different
mechanisms: the metal—catalysed decomposition of the diazo
compounds probably proceeds via a carbenoid, while the
iodonium ylide cyclopropanation is a stepwise electrophilic

1 All new compounds isolated 3, 4, 6a and 6b gave satisfactory elemental
analyses or exact molecular weight measurements. [a], Values are
given in uhits of 107! deg cm? g-!. Compound 3: oil, [a]p +37 (¢ 1 in
CHCl;); compound 4: oil, [a], —72 (¢ 1 in CHCIl,;); compound 6a: oil,
[«]p —44.2 (¢ 0.67 in CHC],); compound 6b: oil, [«], —36.6 (c 0.64
in CHCl;). 'H NMR data (J/Hz): compound 6a: 6,(CDCl;) 1.25
(3H,t,J7),1.3(3H,s), 1.5(3H,s), 1.8(1 H,t,J5.5,6-H),2.05(1 H,dd, J
8.5and5.5,6-H),2.75(1 H,dt, /8.5and 5.5,5-H), 42 (2H,q,J 7),4.35
(1 H,d, /8, 3-H) and 5.05 (1 H, dd, J 8 and 5.5, 4-H); compound 6b:
oy(CDCl3) 1.25(3H,t,J7),1.35(3H,s), 1.4(3H,s), 1.55(1 H,t,J 5.5,
6-H),2.1 (1 H,dd, /8.5and 5.5, 6-H), 2.85(1 H, dd, /8.5 and 5.5, 5-H),
42(2H,q,/7),43(1H,d,J5,3-H)and 4.7 (1 H, d, J 5, 4-H).



612

addition of the iodonium centre to the double bond. This then
affords the cyclopropane ring by reductive elimination of
iodobenzene through an intermediate analogous to inter-
mediates I-1 and I-2. In the present case, the favoured transition
state TS-1 from the carbenoid and the unfavoured intermediate
I-1 from the iodonium ylide give the product 6a, while the
unfavoured TS-2 and the favoured intermediate I-2 give the
product 6b.

This synthetic route could also be used to prepare the
enantiomers of 6a and 6b, since the enantiomer of aldehyde 2
is also known.!4:1¢

Experimental

Synthesis of the Keto Ester 3 from the lodoribose 1.—To a
well stirred solution of compound 1 (1.256 g, 4 mmol) in EtOH
(95%; 20 cm®) was added activated zinc *3 (2.6 g, 40 mmol). The
mixture was refluxed for 1 h whilst the reaction progress was
monitored by TLC. The solids were then filtered off and the
solvent was carefully evaporated under reduced pressure with
the bath temperature not exceeding 35 °C. The product was
dissolved in CH,Cl, (10 cm?®), SnCl, (760 mg) and ethyl
diazoacetate (570 mg, 5 mmol) were added and the mixture
stirred at room temp. for 2 h. The desired keto ester 3 (445 mg,
46%) was obtained by chromatography on silica gel (ethyl
acetate-hexane, 1:4).

Bicyclo[3.1.0}hexan-2-ones 6a and 6b.—(i) From the diazo
compound 4. To a well stirred solution of the diazo compound 4
(268 mg, 1 mmol) in toluene (5 cm?), prepared according to the
literature procedure % from compound 3, was added Cul (10
mg) and the resultant mixture was refluxed for 6 h. Column
chromatography of the reaction mixture on silica gel (ethyl
acetate-hexane 1:2) gave compound 6a (130 mg, 54%) followed
by compound 6b (29 mg, 12%).

(it) From the iodonium ylide 5. To a cold stirred solution of
the keto ester 3 (242 mg, 1 mmol) in EtOH (5 cm?®) was added at
—35°C a solution of KOH (224 mg, 4 mmol) in EtOH (5 cm?®)
followed by the addition at the same temp. of a solution of
PhI(OAc), (322 mg, 1 mmol) in EtOH (10 cm?®). The mixture
was kept at — 5 °C for 30 min, then poured into H,O (20 cm?),
extracted with CH,Cl, (2 x 50 cm®) and the organic layer was
dried over MgSO,. The solution was concentrated to 10 cm?
and then Cul (10 mg) was added and the mixture was stirred at
room temp. for 1 h, under a nitrogen atmosphere. Compounds
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6a and 6b formed, and were isolated as above in yields of 18%,
(43 mg) and 27%; (65 mg), respectively.
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