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Abstract: The first synthesis of bisdifluorocyclopropane derivatives has been accomplished via a
chemo-enzymatic reaction strategy; (E)- or (Z)-3-tributylstannyl-2-propenols were prepared and their con-
version led to the (trans,trans)- and (cis, cis)-bisdifluorocyclopropanes. The subsequent lipase-catalyzed
reaction efficiently afforded optically active (trans,trans)-2,2,5,5-tetrafluoro-1,6-bis(hydroxymethyl)bi-
cyclopropane. © 1999 Published by Elsevier Science Ltd. All rights reserved.

The substitution of two fluorine atoms on the cyclopropane ring is expected to alter both its chemical
reactivity and biological activity due to the strong electron-withdrawing nature of the fluorine, and this makes it
possible to create new molecules that would exhibit a unique biological activity or functionality. ' We were at-
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tracted by the special properties of the difluorocyclopropanes, >’ and very recently accomplished the first

synthesis of optically pure 1,1-difluoro-2,3-(bishydroxymethyl)cyclopropane.**
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We postulated that the bisdifluorocyclopropanes (trans,trans)- and (cis,cis)-1 would become unique
sources of important organic compounds, such as a liquid crystal, monomer part for the synthesis of a unique
polymer, and building blocks for the synthesis of difluoromethylene compounds. However, neither report con-
cerning this idea or the synthesis of the bisdifluorocyclopropane derivatives have been reported so far, hence, we
decided to attempt the synthesis of several types of bisdifluorocyclopropanes. In this communication, we report
that the first synthesis of these bisdifluorocyclopropane derivatives, (trans,frans)-1 and (cis,cis)-1, and the opti-
cally active bisdifluorocyclopropanes (+)-(trans,trans)-1 and (-)-(trans,trans)-1 has been accomplished
through a enzymatic-chemical hybrid reaction methodology.
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Our target bisdifluorocyclopropane derivatives, (trans,trans)-1 and (cis,cis)-1, should be derived from
the (E)- or (Z)-3-tributylstannyl-2-propene-1-ol (2). The value of an enzymatic reaction in organic synthesis is
extensively increased by its environmentally friendly nature. ¢ The lipase-catalyzed reaction was used for iso-
lating the tributylstannyl alcohols, (E)-2 and (Z)-2, from a stereomixture (Scheme 1).” Several lipases stereose-
lectively hydrolyzed acetate 3, and Pseudomonas cepacia lipase (PCL) was found to be the best enzyme that
smoothly hydrolyzed the acetate 3 to provide the (E)-olefin 2 with perfect selectivity. * The pure (Z)-isomer 2 was
obtained as the unreacted acetate 3 by the PCL-catalyzed reaction when the reaction time was prolonged. This is a
very convenient method to obtain the pure isomers of (E)-2 and (Z)-2 in the laboratory, though there exists
several means to stetreoselectively prepare (E)-2 using transition-metal chemistry.’” The hydroxyl group of (E)-2
was protected as the benzyl ether and treated with copper (II) nitrate trihydrate in THF at room temperature to
produce the corresponding diene (E,E)-4 in 63% yield.'° Bisdifluorocyclopropanes (trans,trans)-1 was directly
synthesized in 66% yield from (E,E)-4 using 5 eq. of difluorocarbene which was produced by the thermolysis of
sodium chiorodifluoroacetate.? The benzyl protecting group was essential in achieving difluorocyclopropanation
with sufficient yield. A significant drop in the chemical yield of the desired bisdifluorocyclopropane was ob-
served when the reaction was carried out using the diacetate as a substrate. Bisdifluorocyclopropane (cis, cis)-1
was also synthesized from (Z)-2 using the same procedure (Scheme 1).

The diacetate of (trans,trans)-22.55-tetrafluoro- 1 ,6-bis(hydroxymethyl)bicyclopropane (§) is a 1:1:2
mixture of (1S,3R,4R,65)-5, (I1R,3S,45,6R)-5, and meso-(I1R,3S,4R,6S5)-5.'! Optical resolution of ()-
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(trans,trans)-5 was very successfully achieved by the lipase SL-catalyzed reaction (Scheme 2). The lipase SL-
catalyzed hydrolysis of the diacetate 5 gave the meso isomer as the monoacetate 6 in 50% yield, the diol (+)-
(trans,trans)-1 in 17% yield with 91.4% ee, and the unreacted diacetate (-)-(trans,trans)-S in 14% yield with
>99% ee. E value '? of the reaction was estimated to be >210. The first synthesis of the optically active bis-
difluorocyclopropane was accomplished very simply and efficiently.

The stereochemistry of (+)-(zrans,trans)-1 was assigned as (1S,3R,4R,6S), and (-)-(trans,trans)-5 was
(IR 35,45,6R), based on the CD exciton chirality method using the 9-anthracenecarboxylate derivative 7 (Fig.
1)."* The CD spectrum of the bis(9-anthracene)carbonyl ester 7, which was derived from (+)-(trans, trans)-1,
exhibited positive chirality on the Cotton effect [ 387.2 nm and 364.0 nm (Ae+1.20), CH,CN], while negative
chirality on the Cotton effect [ 387.4 nm and 366.6nm (Ae~3.05), CH,CN] was observed by the 9-anthracene
carboxylate derivative 7 derived from (-)-(trans,trans)-5. These observed Cotton effects were corresponded to
E, absorption of the anthracene group (E, A,,,,375 nm (g= 28756). X-ray crystallographic analysis of the
dibenzyl ether 8, which was derived from (trans, trans)-meso-6, was successful and the stereochemistry of the
lipase-catalyzed reaction was thus fully confirmed (Fig. 2).'*
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Fig. 1. CD spectrum of (-)-1,6-bis[(9-anthracene-
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In conclusion, we have demonstrated the first sy nthesis of bisdifluorocy clopropane derivatives via a
chemo-enzymatic reaction methodology. Results of the CD spectroscopic analysis showed that these bis-
difluorocyclopropanes, (trans,trans)-1, exist with a helical shape configuration; this seems to suggest that a
unique helical shape polymeric compound may be produced from (trans,trans)-1 as a monomer unit. Further
investigations into the preparation of the optically active (cis, cis)-biscyclopropanes and applications of these
bisdifluorocyclopropanes 1 are ongoing.
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