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ABSTRACT

Cycloaddition of difluorocarbene to alkenyl boronates 3 gave boron-substituted
treatment with lithium carbenoids, cyclopropyl boronates 2 underwent one-carbon homologation to afford a variety of

in good yields.

gem-difluorocyclopropanes 2 in stereospecific fashion. Upon
gem-difluorocyclopropanes

Organofluorine compounds are widely used in the medicinal,

agricultural, and material sciencksn particular, fluorine-

trihnydrochloride (LY335978BHCI) possessing aem-di-
fluorocyclopropane framework has been studied for its ability

containing cyclopropanes have received a great deal ofto reverse resistance to chemotherg@ertaingem-difluo-

attention due to their biological activities. For instance,
sitafloxacin (DU-6859a) which has a fluorocyclopropyl
moiety is a quinolone antimicrobial agenZosuquidar

rocyclopropane derivatives show potentially unique biologi-
cal activities such as degradation of oncogenic proteins,
DNA alkylation>® and insecticidal properti€sin recent
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years, introducing difluorocyclopropyl moieties into biomol-
ecules such as nucleosi@&sind amino acid$ has been a
topic of considerable interest. Furthermore, transformations
involving regioselective ring-opening gem-difluorocyclo-

we present a stereospecific preparation and synthetic ap-
plications of boryl-substituted difluorocycloproparizsiew
gem-difluorocyclopropane building blocks (Scheme 2).

propanes provides a varity of useful floroorgaric com- |

poundstt~4 Therefore, the development of general building
blocks forgem-difluorocyclopropanes is of significant im-
portance.

One of the useful difluorocyclopropane building blocks
is a difluorocyclopropyl anion equivalent, which can react
with various electrophiles. It is known that deprotonation of

Scheme 2

gem-difluorocyclopropanes upon exposure to organolithium

reagents procceeds even at low temperature. However, the _ _ o
resultant anions possessing lithium as a counterion are too When 1-phenylvinylboronic acid pinacol ester (3a) was

unstable to suppress facffefluoride eliminationt® To avoid
defluorination from difluorocyclopropyl moieties, Taguchi
developed the reactions of silyl-substituted difluorocyclo-

treated with sodium chlorodifluoroacet&t¢8 equiv to3a)
in diglyme at 18C°C for 15 min (Method A), cycloaddition
of difluorocarbene t®atook place to afford (2,2-difluoro-

propanes with aldehydes in the presence of a catalytic amountl-phenylicyclopropyl)borateain 61% yield (entry 1 in Table

of fluoride anion to give the corresponding cyclopropyl-
carbinols successfully (Schemet)Besides silyl substitu-

Scheme 1

ents, stannyl and vinyl groups are useful functionalities for
transition-metal-catalyzed transformations such as alkene
metathesid® Taking advantage of broad synthetic utility of
organoboron compoundgporyl-substituted difluorocyclo-
propanes are considered to be versatile building blocks which
provide a variety ofjemdifluorocyclopropane’ 22 Herein,
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1). As a source of difluorocarbetfan this case, the use of
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Table 1. Synthesis of Boron-Substituted Difluorocyclopropanes

apin = —OCMeCMe0O—. P The reaction was carried out using
CICF,CO;:Na (8 equiv) for 15 min (Method A) or using CIGEO;Na (3—4
equiv) for 5-8 h (Method B).¢ Isolated yield ¢ Determined by'H NMR
analysis.® CICRCO;Na (8 equiv) was used.

synthetically useful application of boryl difluorocyclopro-
panes2 has been made for one-carbon homologation using
lithium carbenoid$?~32 Treatment of2a with chlorometh-
yllithium (1.3 equiv) in THF at-78°C followed by warming

to room-temperature gave homologated boronic e&ien
95% vyield (Table 2, entry 1). Under similar reaction con-

Table 2. One-Carbon Homologation of Borat@s

apin = —OCMeCMe,O—. P Isolated yield

ditions, boronic esterdb and2f also gave the corresponding
cyclopropylmethyl borated in good yields (entries 2 and 3

in Table 2). In each case, the one-carbon homologation
proceeded smoothly in a highly controlled manner. Note-
worthily, neither cleavage of the difluorocyclopropane rings

corresponding adducts in 80% and 59% yields, respectively nor dehydrofluorination was observed upon exposure to
(entries 2, 3). In general, cycloaddition reactions of difluo- 5rpanionic reagents (lithium carbenoids).

rocarbene to alkenes proceed in a stereospecific manner. The one-carbon homologation of boryl difluorocyclopropanes

use of €)- and g)-alkenyl borates such a&d—f?>"28 is
anticipated to delivecis- andtrans-substituted boryl cyclo-
propanefd—f. However, the reactivities of alkenyl borates
3d—f were too low to obtain the desired addu@d—f
(<15% yields, 18C°C, 15 min) due to the electronic effect
of boryl groups. According to Barnett’'s modificatiéha
slow addition technique worked well for difluorocyclopro-
panation of vicinal disubstituted alkengd—f; the yields of
2d—f were improved to 50%, 71%, and 46%, respectively,
when the reactions were carried out at I8 along with
adding diglyme solution of sodium chlorodifluoroacetate over
the course b8 h by the use okyringe pump (Method B,
entries 4—6). Cyclic (trisubstituted) boronaBtf® also
underwent difluorocyclopropanation to form the fused ring
system2g in 74% vyield. Combined with well-established

protocols for regio- and stereoselective synthesis of alkenyl

borates 3,228 difluorocyclopropanation of3 gave new

borylated building blockg in high stereochemical fidelity.
Next, we explored selective transformations of boryl

functionalities in difluorocyclopropanés In particular, the

2 was combined with FD,/NaOH oxidation (Scheme 3§.

Scheme 3

Without isolation of the intermediatéa, cyclopropy! bor-

onate 2a was converted cleanly to (difluorocyclopropyl)-
methanob in 90% overall yield. Furthermore, cyclopropyl-
methyl borateda reacted with chloromethyllithium (1.3
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equiv) in THF to afford cyclopropylethyl borat in 61%
yield. Thereby, stepwise two-carbon homologattai boryl
difluorocyclopropan®awas achieved with these operations
proceeding without incident.

Various lithium carbenoids are applicable for homologa-
tion of (difluorocyclopropyl)borate (Scheme 4). An allylic

Scheme 4
Li F
F Z P Pn
F\l><Ph /\C/I B(pin)
B(pin) THF ™
2a -78°Ctort 7 (60%)
dr=28.3/1
F
F F
F\t Ph CloCHL ws(pin)
B(pin) THF &
2a -78°Ctot 8
F
H20, F Ph e F
NaOH oH H,0 \t Ph
CHO
Cl 10 (70% from 2a)

9

borate functionalit§ was constructed by the use @fchlo-
roallyllithium.3¢ Addition of a-chloroallyllithium to a THF
solution of2a at —78 °C gave the homologated-vinylbo-
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ronate7 as a mixture of diastereomers (8.3/1). On the other
hand, the use of dichloromethyllithium allowed the insertion
of a chloromethyl group into the €B bond in2ato form
borate8. a-Chloroboronic esteB was oxidized by HO,/
NaOH to provide chloroacetal intermedi&@g’ which was
readily converted to aldehyde in 70% overall yield from
2a. Formally, the transformation of the boronate moiety in
2ato a formyl group was successfully accomplished via the
reaction sequence.

In conclusion, we have disclosed the first synthesis of
boron-substitutegiem-difluorocyclopropanezin a stereo-
specific fashion. To demonstrate the synthetic utility of boryl
functionalities in2, homologation with lithium carbenoids
and the subsequent oxidation afforded a varietygei-
difluorocyclopropanes. Further studies such as asymmetric
synthesis of boryl difluorocyclopropan@sare underway to
explore the useful applications.
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