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Abstract

The potent antibiotic ambruticin caused us to investigate two new aspects of cyclopropylboronic ester chemistry: we established
the analytical basics for all 1,2,3-trisubstituted diastereoisomers as well as the cross-metathesis as a tool to synthesise

vinylcyclopropylboronic esters.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cyclopropylboronic esters have been shown to be
versatile building blocks for cyclopropane chemistry by
utilising the broad synthetic potential of the boron
moiety [1-4]. Since the first successful reports about
diastereoselective, auxiliary directed cyclopropanations
of alkenylboronic esters by Imai et al. in 1990, [5] a
number of improvements of the original sequence as
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well as new transformations of the products were
reported [6—8]. The introduction of diol 1 [9] was a
step toward stable, enantiomerically pure boronic esters
2 in general and toward cyclopropane derivatives 3 in
particular (Fig. 1) [10—13]. The convenient handling of
the intermediates allowed not only the separation of
diastereoisomers, but also the straightforward manip-
ulation of the side-chain (R). Of particular interest was
the allyl derivative 4: by carefully choosing the reaction
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Fig. 1. Highly stable boronic esters of diol 1.
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conditions, either diastereoisomer 5a or 5b would be
obtained [13]. In this contribution we would like to
report an extension of the scope of such enantiomeri-
cally pure building blocks.
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Fig. 2. Restrosynthesis of the potent antibiotic ambruticin.

We were especially intrigued by the structural aspects
of the potent antibiotic ambruticin (Fig. 2) [14—17]: for
the 1,2-divinyl-substituted cyclopropane it would be
ideal to use suitable cyclopropylboronic esters as key
intermediates [18]. The well documented fact that
Suzuki-couplings can be employed to synthesise vinyl-
cyclopropanes [11,19] allows a convenient retrosynthetic
disconnection. The second E-double-bond was envi-
saged to stem from a cross-metathesis, a reaction that
was recently shown to be applicable to allylboronic
esters [20]. Initially, we would need to establish two
features: (a) cyclopropylboronic esters such as diaster-
eoisomer Sa can be converted to vinylcyclopropanes that

in turn would need to be suitable substrates for a cross-
metathesis; and (b) cyclopropanation of alkenylboronic
ester 4 should not only lead to 1,2-disubstituted
cyclopropanes, but also higher substituted derivatives.
Both questions are addressed in this communication.

2. Results and discussion

The oxidation of the primary alcohol 5a to aldehyde 6
was conveniently performed by using Ley’s conditions
[21], while the following Wittig-reaction [22] led to
vinylcyclopropane (7) in good overall yield (Scheme 1).
With this simple sequence, the starting material for our
first investigation can be obtained in multigram scale.
Although the cross-metathesis between 7 and styrene
was sluggish, the corresponding E-olefin 8a was ob-
tained in high yield[23]. With the standard Grubbs-
catalyst [24,25] no Z-product was detected. This holds
also true for electron-deficient olefins such as methyl
acrylate, but the reaction proved to be much slower and

HO Ph. Ph 0 Ph. Ph
1.1 eq. NMO, 0.05 eq. TPAP
k /O OMe CHuClp, 4 Am.s.,0°Ctort \ /O OMe
] B\ oM (92 %) H ) B\ oM
O I”””u, e O ///I””// e
Ph Ph Ph Ph

5a

6

1.1 eq. PhzP=CH,

THF,0°C, 3h
(80 %)
2eq. X
R Ph_ Ph RN Ph Ph
\ 0.15 eq. Grubbs-cat. \

""";\l\k B/O OMe CHyCly, reflux "":\;‘k B/O OMe
\O w,,KOMe \o //,,,KOMe

Ph Ph Ph Ph

8 7
Entry R Yield 0.15 eq. Grubbs-cat.
CHCly, reflux
a Ph 89 %
b COMe 52% (+14%9) 81%)
Ph  Ph
Ph Ph
ci Tcys MeO O
‘n, '""""L
Ru=— MeO
cl7| Ph O OMe
PCys PH Ph
Grubbs-cat. Ph Ph
9

Scheme 1.
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0.025 none 41 % 88:12
0.040 none 45 % 76:24
0.040 1 30 % 80:20
0.040 ent11 39 % 81:19
0.020 none 90 %2 69:31

2The addition of 4 eq. of the reagents was repeated three times.

Characteristic nmr data (500 MHz/CDClj):

:: wNHTs
NHTs Compound 2-H [ppm] 3-Hyans 3-Meyans  3'-Megis

ent-11 5a 1.00 0.06
5b 0.64 0.41 -
Ts = 4-toluenesulfonic acid 10a 0.87 - 0.58 0.90
10b 0.58 - 0.87 0.92
Scheme 2.

as a side-product to 8b the dicyclopropylethylene (9) was
isolated in 14% yield. It is interesting to note that in the
absence of a second olefin this side-reaction led exclu-
sively to compound 9 (81% yield), a versatile intermedi-
ate.

Next we examined the possibility to synthesise higher
substituted cyclopropylboronic esters starting from allyl
alcohol 4. We thought to investigate Simmons-Smith-
type cyclopropanations with 2,2-diiodopropane [26] and
diethylzinc [27] and hoped to obtain the diastereoiso-
meric cyclopropanes 10a and 10b. While the zinc reagent
proved to be highly reactive and fast decomposition
could be observed, the sterically demanding auxiliary
hampered the successful transformation (Scheme 2): The
conversion was low regardless whether the concentra-
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tion was altered or an additive such as bissulfonamide
(11) or ent-11 [11,28,29] was present. Only a slight
impact on the diastereoisomeric ratio was observed,
however, a lower concentration of olefin 4 in dichlor-
omethane would seem to favour the selectivity. In order
to get an increased conversion a repeated addition of
reagents was essential. In view of the forthcoming
transformations to 1,2,3-trisubstituted cyclopropylboro-
nic esters it was imperative to assign the configuration of
10a and 10b via characteristic NMR data. We had
previously demonstrated that the 2-H and 3-H,,
protons are the most telling signals for 1,2-disubstituted
cyclopropylboronic esters such as 5a and S5b. The
corresponding 2’-H signals for 10a and 10b show similar
characteristic chemical shifts. In addition, the 3’-methyl
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signals follow the same trend as the 3’-H protons: While
the chemical shifts of the methyl-groups in cis-position
to the 1’-H protons are not expressive, the groups in
trans-position are significantly different for the two
diastereoisomers. The NMR assignment was further
supported by the fact that the preferred facial attack of
the double-bond by the zinc carbenoids was for both
types of cyclopropanations the same.

The reactivity of the zinc reagent obtained from 1,1-
diiodoethane [30] and diethylzinc [31,32] proved to be
high as well, and fortunately the conversion of alkenyl-
boronic ester 4 to cyclopropanes 12 was significantly
faster—especially in the presence of bissulfonamide 11;
cyclopropylboronic esters 12a—d were obtained in 89%
yield within 21 h (Scheme 3). The complex diastereoi-
someric mixture (12a—12b—12¢-12d in a 50:15:21:14
ratio) could not be fully separated, but the significant
NMR signals were conveniently assigned. Moreover, we
were pleased to find that the minor diastereoisomer 12d
could be separated by mplc, an essential preliminary
result for our envisaged ambruticin synthesis: Inter-
mediate 12d should be readily available via the palla-
dium catalysed decomposition of diazoethane [18]. The
following NMR assignment (configuration of 12a-d)
will be the key to further projects on 1,2,3-trisubstituted
cyclopropylboronic esters. The relative configuration
C1-C3 was unproblematic since the coupling constants
3J1_H,3_H show a trans- (5.8/5.9 Hz) and a cis-relation-
ship (9.4/9.2 Hz), respectively. The relative 'H-NMR
shifts of the 3’-methyl groups were also diagnostic,
because a direct comparison with compounds 10a and
10b already allowed the assignment of 12a (and with this
indirectly of 12d). The result was confirmed by the
characteristic down-field shift (12a relative to 12d) of the
2’-H protons. The same reasoning also led to the
assignment of boronic esters 12b and 12c¢ (relative
down-field shift of the 2’-H proton).

In summary, we have synthesised vinylcyclopropyl-
boronic esters via a cross-metathesis for the first time,
and could also demonstrate that a variation of the
Simmons—Smith reaction allowed the synthesis of tri- as
well as tetrasubstituted cyclopropylboronic esters. The
NMR assignment of the absolute configuration of all
new cyclopropanes were a crucial first step toward an
envisaged synthesis of the antibiotic ambruticin.
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