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Cyclopropyl boronates increasingly attract attention as enticing
building blocks for synthetic organic chemistrplthough a number
of approaches toward cyclopropylboronic derivatives have been
developed, only a few examples of the preparation of optically
active boron-containing cyclopropanes have been reported to date
In all methods, stoichiometric amounts of chiral auxiliaries at the

boronic ester were employed, and no examples using more attractive
catalytic strategies have been described. Furthermore, the above

methodologies are limited to the preparation of 1,2-disubstituted

cyclopropanes only. In such systems, high degrees of diastereose-2

lectivity were achieved wheltrans-alkenes were employéé?2ef
whereagis-analogues gave only moderate diastereomeric extess.
We have recently shown that hydro-, sila-, and distannanes could
be added to the double bond of cyclopropénas a highly
diastereoselective fashidniNaturally, we were intrigued by the
possibility of developing a catalytic protocol toward stereodefined
cyclopropyl boronates as an environmentally benign alternative to
the cyclopropylstannyl synthons. Moreover, the usefulness of this
approach would be significantly magnified if acceptable degrees
of enantioselectivity are achieved. Although catalytic asymmetric
hydroboration of olefins is well precedentedp examples of this
reaction performed on cyclopropenes have been repbittedein

we report the first rhodium-catalyzed asymmetric hydroboration
of cyclopropenes to produce cyclopropyl boronates with very high
degrees of diastereo- and enantioselectivity.

Our initial experiments on hydroboration of cyclopropéiaavith
catecholborane (CBH) in the presence of Wilkinson's catalyst
resulted in nonselective formation of two diastereomeric cyclopropyl
boronates along with a substantial amount of ring-opening products.
In contrast, the reaction with pinacolborane (PBptpceeded with
high degrees of steric control to produce a 10:1 mixturgafs
and cis-cyclopropyl boronates in 75% vyield (eq &)Significant
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Rh(PPh3)sCl (6 mol%) 1

[Rh(COD)CI]3 (3 mol%) / (R)-BINAP (6 mol%) 97 3 85% (58% ee)
improvement of facial selectivity (97:3) was achieved as we
attempted to perform an asymmetric hydroboratiohadising [Rh-
(COD)CIJ, complex in combination with chiraR)-BINAP ligand3?
However, this reaction proceeded sluggishly (6 $12/ h with
Wilkinson’s catalyst), and overall efficacy was disappointingly low
(65% yield, 58% ee). Next, we tested the hydroboration reaction
with cyclopropenelb possessing an ester functionality. To our
delight, the reaction with [Rh(COD)GIR)-BINAP system pro-
ceeded very rapidly, producing virtually a single diastereomer of
cyclopropyl boronateqfs-3b) in a nearly quantitative yield and,
most remarkably, with a high degree of enantioselectivity (eq 2,
Table 1, entry 1). The observed strong directing effect of the ester

group in the hydroboration dfb was rather surprising, since Pd-
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Table 1. Ligand Effect in the Asymmetric Hydroboration of 1b®
Me . sy [RN(COD)CI]2 (3 mol%) Me Ve O\EID<
Me000>7 G T Emow) . MeCO ‘?j.< * )V‘ 2)
THF, r.t. MeOOC
: 2 cis-3b trans-3b
cis-3b ee,
ligand? time,h  cisftrans  yield,%" % (config.)

1 (R)-BINAP 0.3 >09/1 96 94 1S,2R
(R-QUINAP 8 17/83 9 ~0
(R,R-Et-BPE 3 98/2 67 731R,29
(RS-JOSIPHOS 50/50 47 648%,2R

5 (S,9-BDPP 8 72128 43 661R,29

6 (S,3-CHIRAPHOS 3 98/2 47 881R,29

7 (S,S-Et-FerroTANE 8 95/5 76 891S,2R
(R,R-Me-DUPHOS 3 >99/1 82 67 LR,29
(R,R-Pr-DUPHOS 3 98/2 92 118,28

10 (S,9-NORPHOS 1 98/2 86 >99 (1R,29

11 (R)-PHANEPHOS 3 >09/1 89 97 1R,29

12 (S)-Tol-BINAP 0.3 >99/1 94 96 1R,29

aFor structures of the ligands, see Supporting Informatid@ombined
GC yield. ¢ Enantiomeric excess was determined by GC analysis using
CYCLODEX B chiral columnd For another facial isometrans-3b) ee
was found to be 72%.

catalyzed hydrostannation bb was shown to be entirely sterically
controlled, leading to the formation of the correspondirans
product? Screening a number of the commercially available chiral
phosphine ligands in the hydroborationldf revealed the superior-

ity of BINAP and Tol-BINAP ligands in terms of reaction rates,
chemical yields, diastereo- and enantioselectivity (entries 1, 12).
NORPHOS and PHANEPHOS exhibited comparable diastereose-
lectivities and very high enantioselectivities; however, yields were
somewhat lower (entries 10, 11). JOSIPHBRUINAP > and
BDPP?9 which were previously reported to provide high degrees
of enantioselectivity in the hydroboration of olefins, appeared not
to be competitive in this reaction (entries 2, 4, 5). Remarkably, a
strong directing effect was required (entries 1, 6, 7+-18), but

not sufficient (entry 9) to obtain high degrees of enantioselectivity.
On the other hand, modest enantioselectivities were observed for
another facial isomerans-3b (entry 10, note d) as well as fdia

with no directing group present (eq 1).

The best conditions were applied to the asymmetric hydrobora-
tion of differently substituted cyclopropenes (eq 3, Table 2). It was
found that all 3,3-disubstituted cyclopropenes possessing an ester
group reacted very efficiently, producing corresponding cyclopropyl
boronates in virtually quantitative yields with very high degrees of
diastereo- and enantioselectivity (entries4). Cyclopropenélf,
containing a methoxymethyl group, provided poor enantioselectivity
when subjected to the hydroboration reaction in the presence of
BINAP or Tol-BINAP ligands (ca. 1620%). However, it was
found that Et-BPE provided high enantiomeric induction in the
hydroboration oflf (87%). Similar to the ester functionality, the
methoxymethyl substituent served as a very good directing group
providing virtually a single facial isometis-3f (entry 5). Under
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Table 2. Asymmetric Hydroboration of 3,3-Disubstituted Cyclopropenes

R’ ﬁjx
R?
; . O\B_H [Rh(COD)Cl]> (3 mol%) RZV\ N R 0\3_0 @)
R o - (6 mol%) B~
R THF (1 M), r.t, 20 min R2
1 2 cis-3 trans-3
substrate
R! R? R? ligand cis/trans yield, %* ee, %° abs.config. [odo
1 Me COOMe H 1b (R)-BINAP >99:1 94 94 1S,2R —32.9
2 TMS COOEt H 1c (R)-BINAP >99:1 99 97 1R,2R —31.9
3 Ph COOMe H 1d (R)-BINAP >99:1 99 92 1S,2R —57.5
4 COOMe COOMe H le (9-Tol-BINAP® - 99 >9gd 2S +65.2
5 Me CHOMe H 1f (R,R-Et-BPEX >99:1 98 87 1R,2S +38.8
6 COOMe COOMe n-Bu 19 (R)-BINAP - [0 - - -

alsolated yield P Enantiomeric excess was determined by GC analysis using CYCLODEX B or CYCLOSIL B chiral coluReaction was performed
in DCM (1 M). 4 Determined by NMR with Eu(hfg) € Cyclopropenelg rearranged into a corresponding furanli h atroom temperature.

Table 3. Suzuki Cross-Coupling Reaction of cis-4b and cis-4f
with Aryl and Vinyl lodides!®

Me\l R-1 1.5-2 equiv. Me, @
R2 B(OH), [Pd] RO R
4b f 5-10
R? R time, h yield,%

1 COOMebp) Ph(lS,2S5) 1 76
2  COOMep)  p-MeOGH(1S,2S6) 1 77
3 COOMeb)  p-MeO,CCeHas(1S,257) 1 64
4 COOMep)  1-Nphth(@S,2S8) 1 85
5 COOMep)  CH=C(Me)Ph (S,2S9) 0.5 65
6 CHOMe() Ph(@R,2R-10) 7 85

the reaction conditions tested, trisubstituted cyclopropkmdid
not undergo hydroboration at all due to very facile rearrangement
into a corresponding furan derivative (entryl8).

To demonstrate the synthetic utility of the obtained cyclopropyl
boronates, compoundss-3b andcis-3f were tested in the Suzuki
cross-coupling reaction with aryl and vinyl iodides. Employment
of sterically encumbere8in this process poses a certain challenge
since no examples of Suzuki-coupling witfs-substituted cyclo-
propylboronic derivatives were reported to date. Although the
boronic esters failed to undergo cross-coupling, the corresponding
boronic acids4b,f11 provided good yields of desired products in
the presence of Fu’s catalyst systérfeq 4, Table 3).

In summary, we have demonstrated that enantiopure 2,2-
disubstituted cyclopropyl boronates could be easily synthesized via
the catalytic asymmetric hydroboration of 3,3-disubstituted cyclo-
propenes. It was shown that ester and alkoxymethyl substituents
serve as effective directing groups in the hydroboration reaction.
A directing effect was found to be necessary for achieving high
degrees of enantioselectivity. The synthetic usefulness of this
methodology was demonstrated in the effective synthesis of
optically active trisubstituted aryl- and vinylcyclopropanes.
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