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Synthesis of six types of novel bis- and oligo-gem-difluorocyclopropanes has been accomplished through the olefin metathesis reaction
protocol. Two types of ruthenium-based olefin metathesis catalysts were tested: the ruthenium catalyst coordinated with 1,3-dimesityl-4,5-
dihydroimidazol-2-ylidene and tricyclohexylphosphine ligands gave better results than the ruthenium catalyst that coordinated with two
tricyclohexylphosphine ligands.

Substitution of two fluorine atoms on the cyclopropane ring bicyclopropane 1,6-bis(hydroxymethyl)-2,2,5,5-tetrafluoro-
is expected to alter both chemical reactivity and biological bicyclopropane (1) was slightly different from the simple
activity as a result of the strong electron-withdrawing nature bicyclopropane. Figure 1 shows the results of the optimized
of fluorine? We were attracted by the special property of structure of agem-fluorinated bicyclopropane by MO (PM3)
gem-difluorocyclopropanes and accomplished the first syn- calculation> Calculation suggested a kinked form of two
thesis of several types of negem-difluorocyclopropanes difluorocyclopropane groups for compouhgdwhile no such
in optically pure form?# As anticipated by the nature of the twisted form was suggested for bicyclopropanhé his was
fluorine atom, the shape of the difluorinated analogue of confirmed by results of the CD spectroscopic analysis of
T ; optically activel in that a large CD spectral change on the
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Figure 1. Result of MO (PM3) calculation of oligo-gem-difluo-
rocyclopropanes.

a model compound using the Grubbs catalyst, @LY,-
Ru=CHPh gaf (Scheme 1). We hoped that the desired

Scheme 1. Synthesis of Bis-gem-difluorocyclopropanes
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coupling product6a would be obtained without difficulty

because wide ranging functional group tolerance has been

reported for the reactioh.However, compoundsa was
obtained in only poor yield (6%) in the presence of 5 mol

% of the catalyst, though the stereochemistry of the newly

formed olefinic part exhibited perfecE)-selectivity. We
tested four solvent systems: dichloromethane {Clh),

toluene, benzene, and tetrahydrofuran (THF), and the desired
product6awas obtained only when the reaction was carried

out in CH,Cl, at room temperature; significant decomposition

of both substrate and catalyst was observed under elevated

(7) Recent examples: (a) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R.
H. Org. Lett.1999,1, 953. (b) Ulman, M Grubbs R. H. Org Chem
1999,64, 7207.
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temperature conditions. Increasing the amount of the catalyst
caused no enhancement of the chemical yield, which
remained from 5~7% even in the presence of 1.0 equiv of
the catalyst, and a significant amount of unidentified purple
solid was produced. We therefore used a total of 1.0 equiv
of the catalyst, adding 20 mol % as a dichloromethane
solution (0.01 M) dropwise five times at 12 h interv&lEhis
increased the chemical yield, and the desired coupling
product6a was obtained in 35% yield. Recently, synthesis
of a new ruthenium-based olefin metathesis catalpghat
coordinated with 1,3-dimethyl-4,5-dihydroimidazol-2-ylidene
ligand has been reportédJse of the catalystb gave better
results thara, and the metathesis prodéet was obtained

in 31% vyield even when just 15 mol % of the catalyst was
used, as shown in Table 1 (method A, entry 1). The most
drastic increase in chemical yield was recorded whewas
subjected to the metathesis reaction; tetrakisdifluorocylo-
propane derivativesc was obtained in 28% vyield using
catalyst4b, while chemical yield of the metathesis product
6¢cwas only 9% when a total of 1.0 equiv of the catalat
was used (five additions of the catalyist (20 mol %) were
made at 12 h intervals).

Fortunately, the olefin metathesis reaction of allylic ether
7a proceeded successfully to give the coupling prodact
in efficient yield of 80% using 15 mol % of the commercial
catalyst4a (method B, entry 4). Three types of metathesis
products 8a—cwere obtained in satisfactory yields (entries
4—6). Six types of bis- and oliggem-difluorinated cyclo-
propane derivatives were thus synthesized for the first time
(Table 1). Substratéa gave the coupling produ8ain better
yield than that of the reaction of substrda.

It is postulated that decomposition of a metallacyclobutane
intermediate likelO produces ethylene gas and regenerates
the ruthenium-earbene complek1to complete the catalytic
cycle (Figure 2f Because the coupling produéa was
indeed obtained, though the yield was insufficient, the step
to form the key metallacyclobutan&2 and subsequent
decomposition might occur smoothly, and it would release

HZC_[RU] 5a
HQC He
) [Ru]=CH2 Bn
H F
OBn H OBn
W~ H
¢ BrnO— X “H 6a
decomposition FF

Figure 2. Plausible mechanism of the low chemical yield of the
coupling product.
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Table 1. Synthesis of Variougem-Difluorocyclopropanes by an Olefin Metathesis Protocol

Conditions # Product e
Entry  Substrate (Method) (Stereachemistry )° Yield (%)
R F
1 B“ONA{L RT, 36 h 31%
H = (A) (15%)°
o/ 1d
5a (35%)
R_F
2 BnO—\AF RT,36h 29%
Nt A
H H &)
5b
3 RT, 36 h 28%
(A) 0%
F_F
Bnoﬁﬂ
4 A RT, 24 h 80%
H o \=

oo Lo
H OBn
s
5 BnO—\A/—O\/= RT, 24 h

63%
H (46%)°

a) Method A: Three additions of 5 mol% of the catalyst 4b solution in CH,Cl, (0.01 M) were made at 12 h intervals.
Method B: The reaction was carried out in the presence of the whole amount of the catalyst 4a (15 mol%). b) The ratio of
the stereochemistry of the olefinic part was determined by TH NMR analysis. c) Three additions of 5 mol% of the catalyst
4a solution in CHoCl, (0.01 M) were made at 12 h intervals. d) Five additions of 20 mol% of the catalyst 4a solution in
CHoCl5 (0.01 M) were made at 12 h intervals.

the6a—carbene compleq. In the present reaction, however, chlorodifluoroacetate (0.8 mol/L in a diglyme solution)
the retro decomposition of metallacyclobutakt®to vinyl- (Scheme 2).
cyclopropaneba seemed to occur as a result of the strong

electron-withdrawing nature of the difluoromethylene moiety, _

and thls. stopped the catalytic cycle. Of coursg, anqther Scheme 2. Synthesis of a Trigem-difluorocyclopropane
explanation of the poor results may be possible; since

. . . . R F
compoundsa is more sterically bulky at the reaction point Bnow
than7a, this may make it difficult to produce the intermediate H O~ oH
10. However, this factor seems not as important, because ga H 0OBn

(EZ=4:1) FF

sterically more bulky catalygtb gave better results than did
\ CICF,COsNa

almost all reactions of catalydi.
All of the products obtainedéa—c and 8a—c, possess
olefinic parts between difluorocyclopropane moieties, so that B”OTFAZH F_F
. H WH
we are able to add one more difluorocyclopropane group. H OQA{'\O?Y\OB,]
Trisdifluorocyclopropane (trans,trans,trans)-12eas syn- 12a FF

thesized in 54% vyield fron8a using 50 equiv of difluoro-
carbene, which was produced by the thermolysis of sodium

diglyme, 180°C
Y=54%

. : . In conclusion, we demonstrated the first synthesis of bis-
(8) It was essential to use the catalyst as @Clksolution. No increase

of the chemical yield was observed when the catalyst powder was added toand ollgogemd|f|gorocyclopropane de_rlvatlve§ VI‘T" an 0|?fln
the reaction mixture in a 5-fold portion. metathesis reaction methodology. This reaction is applicable

Org. Lett., Vol. 2, No. 10, 2000 1433



for the synthesis of an optically active derivative of which tion, Science, Sports and Culture of Japan. The authors are
optically active starting materials have already been synthe-grateful to the SC-NMR Laboratory of Okayama University
sized?® Further investigations to improve the reaction ef- for the NMR measurements.

ficiency by changing the catalyst and synthesizing hybrid

X . Supporting Information Available: Experimental details
types of poly-gem-difluorcyclopropanes are ongoing.

on the synthesis dda and8a, as well as spectroscopic data
for selected compounds. This information is available free
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