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Figure 1. Proposed transition structure for samarium-promoted
cyclopropanations.

more importantly, higher exo/endo diastereoselectivity was
achieved with samarium (5:1, eq 4) than with corre-
sponding Simmons-Smith conditions (1.7:1).8
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Sm(Hg)/ CHiCHI, _
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Acyclic allylic alcohols were also investigated (Table I).
The reaction has proven to be stereospecific with respect
to olefin geometry (entries 1 and 2) and highly chemose-
lective. Whereas Simmons—-Smith technology provides up
to 5% of byproducts resulting from cyclopropanation of
the isolated olefin in geraniol,®® no such byproducts have
been detected by capillary GC analysis in crude reaction
mixtures utilizing the samarium-promoted cyclo-
propanation strategy. In fact, isolated olefins appear to
be inert to Sm/CH,l,. Thus, a-pinene, the homoallylic
alcohol nopol, and monocyclopropanated nerol (eq 5) all
fail to provide cyclopropanes upon treatment with excess
Sm/CH,l,, with starting material recovered in each case.

4 \}
\(\/%\\“ “oH 2 Sm212 no reaction (5
H . CH

Diastereoselectivity observed in the single (Z)-allylic
alcohol tested to date (entry 9) is comparable to that found
in the corresponding Zn(Cu)-promoted reaction. With
regard to studies of (E)-allylic alcohols (entries 4-8), we
have found that the steric requirements of R” (eq 2) have
a dramatic effect on diastereoselectivity of the process. No
previous studies of which we are aware have examined the
role of R” on diastereoselectivity in hydroxyl-directed
cyclopropanation reactions. As a consequence, previously
suggested models for cyclopropanation based on eclipsed
(ground state or Chautemps—Pierre!*) conformations of
allylic alcohols do not appear to account for observed
diastereoselectivities in the present reactions.5#7

We believe that a staggered (Houk) model!® (Figure 1)
for electrophilic addition to the olefin is perhaps better

(14) (a) Chautemps, P.; Pierre, J. L. C. R. Seances Acad. Sci., Ser. C
1976, 270, 349. (b) Chautemps, P.; Pierre, J. L. Tetrahedron 1976, 32,
549,

(15) (a) Paddon-Row, M. N.; Rondan, N. G.; Houk, K. N. J. Am.
Chem. Soc. 1982, 104, 7162. (b) Houk, K. N.; Rondan, N. G.; Wu, Y.-D.;
Metz, J. T.; Paddon-Row, M. N. Tetrahedron 1984, 40, 2257.
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able to rationalize the observed experimental results.
Utilizing this model, it is clear that diastereoselectivity
should increase as the size of R” increases, as this group
will increasingly prefer the position antiperiplanar to the
incoming carbenoid. Association of the carbenoid with the
hydroxyl group will deliver the electrophile in over the
hydrogen, providing the observed major diastereomer 2.
Other aspects of the Houk transition structure for reaction
of a carbenoid with olefins!® have been incorporated into
this empirical model.

Studies designed to elucidate other stereochemical as-
pects of the reaction, as well as to delineate the scope of
the reaction and its complementarity to Simmons-Smith
processes are currently in progess. However, it is clear at
this point that samarium-promoted reactions provide a
highly selective route to stereocontrolled cyclopropanes
from allylic alcohol precursors. In this preliminary work,
some distinct advantages over Simmons—Smith procedures
have been outlined, and a new appreciation of allylic al-
cohol substituent effects in cyclopropanation reactions has
been gained.
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Benzaldehyde Oxime as a 1,3-Dipole Chameleon

Summary: Reaction of the iminium salt derived from
benzaldehyde oxime and (trimethylsilyl)methyl triflate
with cesium fluoride in the presence of electron-dificient
alkenes gives rise to azomethine ylide cycloadducts. In
sharp contrast, reaction of the salt with alkynes produces
dipolar cycloadducts derived from nitrones.

Sir: The 1,3-dipolar cycloaddition reaction! has attracted
considerable attention as a convenient tool for the rapid
construction of a wide assortment of natural products.>®
Nitrones® and azomethine ylides!® represent two common
and frequently used classes of 1,3-dipoles in total synthesis.
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Condensation of carbonyl compounds with N-substituted
hydroxylamines and oxidation of N,N-disubstituted hy-
droxylamines are the most common methods for the syn-
thesis of nitrones.! More recently, LeBel and co-workers
have developed a new procedure for the preparation of
nitrones which involves the N-alkylation of O-trimethylsilyl
oximes.!'? There are now several approaches to the gen-
eration of nonstabilized azomethine ylides by desilylation
of a-trimethylsilyl iminium salts or equivalent species.!*17
It occurred to us that the reaction of (trimethylsilyl)methyl
triflate with oximes should give rise to an iminium salt (1)
which could serve as a common precursor for both classes
of dipoles. In this paper we report the results of these
studies.
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Iminium salt 1 was conveniently prepared by treating
benzaldehyde oxime with (trimethylsilyl)methyl triflate.
The resulting solid was suspended in dimethoxyethane and
treated with cesium fluoride in the presence of fumaro-
nitrile or dimethyl fumarate. The major compound iso-
lated (85%) corresponded to the dipolar cycloadduct de-
rived from azomethine ylide 3.181° The structure of 4 was
supported by mercuric oxide oxidation to nitrone 5, which
undergoes ready reaction with dimethyl acetylenedi-
carboxylate to give the expected isoxazolidine derived from
the double cycloaddition sequence.
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stereochemistry of the phenyl group in structures 4, 6, and 7 is not yet
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(19) Structure 4a: mp 96-97 °C; NMR (CDCl,, 360 MHz) § 3.27 (dd,
1H,J =106 and 9.0 Hz), 3.54 (dd, 1 H, J = 9.0 and 8.1 Hz), 3.71 (d, 1
H,J=80Hz)392(dd, 1 H,J = 10.6 and 8.1 Hz),4.33 (d,1 H, J = 8.0
Hz), 5.20 (br s, 1 H), and 7.45 (sd, 5 H). 6a: mp 55-56 °C; NMR 6 3.53
(d, 1 H, J = 9.4 Hz), 3.56 (s, 3 H), 3.76 (m, 1 H), 3.78 (s, 3 H), 4.03 (m,
1 H), 420 (dd, 1 H, J = 10.6 and 7.4 Hz), and 7.4 (m, 5 H). 4b: mp
102-103 °C; NMR 6 3.09 (dd, 1 H, J = 10.1 and 8.8 Hz), 3.13 (s, 3 H),
3.6~3.82 (m, 3 H), 3.75 (s, 3 H), 4.25 (d, 1 H, J = 9.7 Hz), 5.15 (s, 1 H),
and 7.35 (m, 5 H). 6b: mp 104-105 °C; NMR 4 3.24 (s, 3 H), 3.57 (ddd,
1H,J = 86, 6.9, and 6.8 Hz), 3.68 (dd, 1 H, J = 11.0 and 8.6 Hz), 3.73
(s, 3 H), 3.86 (s, 3 H), 3.88 (s, 3 H), 4.14 (dd, 1 H, J = 11.0 and 6.9 Hz),
4.56 (d,1 H, J = 6.8 Hz), and 7.4 (m, 5 H).

J. Org. Chem., Vol. 52, No. 17, 1987 3945

OH
CH,SI(CH)g CsF N ph
Ph N ot :
7~ “OH R 4
H 1 e R R
- 4a; R=CN
4b; R=CO,CH;,
ngO
CO,CH, o
I\ NE
CO,CH, CH,CO,C=CCO,CH, Ny
Ph -
R ‘.H R R
5
6a; R=CN -

6b; R=CO,CH,

In order to ascertain the stereospecificity of the reaction,
we studied the cycloaddition of 1 with dimethyl maleate
and found that the reaction afforded cis cycloadduct 7 as
the exclusive product.® This result provides good support
for the intermediacy of an azomethine ylide dipole. Cy-
cloadduct 7 was readily isomerized to the thermodynam-
ically more stable fumarate adduct on treatment with
sodium methoxide in methanol.
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We have also examined the cycloaddition behavior of
1 using benzaldehyde as the trapping dipolarophile and
find that nitrone 9 is produced as the major product (72%).
The structure of this material was supported by its spectral
properties® and by its cycloaddition with DMAD to give
isoxazolidine 10. The formation of 9 can be rationalized
by assuming that the initially formed dipolar cycloadduct
8 undergoes ring opening followed by a subsequent proton
transfer.

7
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(20) Structure 7: mp 120-121 °C; NMR 4 3.42 (t, 1 H, J = 9.8 Hz2),
3.51 (m, 1 H), 3.6-3.8 (m, 2 H), 3.63 (s, 3 H), 3.71 (s, 3 H), 4.31 (d, 1 H,
J = 9.8 Hz), 4.78 (br 8, 1 H), and 7.4 (m, 5 H).

(21) Structure 9: mp 160-161 °C; NMR 5 4.08 (dd, 1 H, J = 12.6 and
8.4 Hz), 4.17 (dd, 1 H, J = 12.6 and 2.6 Hz), 5.26 (d, 1 H, J = 3.0 Hz),
5.36 (ddd, 1 H J = 8.4, 3.0, and 2.6 Hz), 7.4 (m, 11 H). 10: mp 78-79 °C;
NMR 6 2.97 (dd,1 H, J = 12.6 and 8.4 Hz), 3.25 (dd, 1 H, J = 12.6 and
2.5 Hz), 3.73 (s, 3 H), 3.83 (s, 3 H), 4.30 (s, 1 H), 5.09 (dd, 1 H, J = 8.4
and 2.5 Hz), and 7.3 (m, 10 H).
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Since we were interested in the synthetic utility of these
iminium salts, we undertook a systematic study of the
cycloaddition with a number of related dipolarophiles.
Most surprisingly, the reaction of 1 with DMAD under the
standard conditions afforded only the dipolar cycloadduct
11 formally derived from N-methyl-C-phenylnitrone. This
structure was verified by comparison with an authentic
sample.? Similarly, treatment of 1 with methyl propiolate
produced a 1:2 mixture of the known isoxazolidines 12 and
13.22 We also studied the cycloaddition reaction of the
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triflate salt derived from O-(allyloxy)salicylaldehyde oxime
(i.e., 14) with cesium fluoride. The intramolecular cyclo-
adduct (85%) isolated from the reaction (15) also corre-
sponds to a product which is formally derived from a
N-methyl-C-arylnitrone.?

At first glance it would appear that these reactions
proceed via an initial desilylation to give azomethine ylide
3. This species could either cycloadd to the available
dipolarophile or undergo proton transfer from carbon to
oxygen to give the N-methylnitrone 16. This mechanism
(path A) would require that dipolarophiles such as di-
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cyanoethylene or dimethyl fumarate cycloadd to the azo-
methine ylide at a much faster rate than dimethyl acety-
lenedicarboxylate. Since azomethine ylide cycloadditions
are HOMO-controlled processes,? this suggestion seems
unreasonable. In fact, reaction of 1 with a 1:1 mixture of

(22) Huisgen, R.; Seidl, H.; Bruning, I. Chem. Ber. 1969, 102, 1102.
(23) Oppolzer, W.; Keller, K. Tetrahedron Lett. 1970, 1117.
(24) Padwa, A.; Dent, W. J. Org. Chem. 1987, 52, 235.
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DMAD and dimethyl fumarate in the presence of CsF only
afforded the nitrone cycloadduct thereby eliminating the
above path.

We propose that the different products result from the
operation of an alternate mechanism which involves the
initial removal of the OH proton by cesium fluoride.? The
rate of nitrone cycloaddition to electron-deficient alkynes
is known to be much greater than to their alkenyl coun-
terparts.’ In the presence of the slower reaction alkene,
a 1,3-silicon shift to the oxygen atom occurs, giving rise
to azomethine ylide 18, which undergoes subsequent cy-
cloaddition (path B). The initially formed cycloadduct
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19 is readily converted to the N-methylnitrone adduct
under the reaction conditions. The formation of intra-
molecular cycloadduct 15 is also consistent with this
mechanism since azomethine ylides generally do not react
with unactivated alkenes.?

Further studies on the scope and reactivity of tri-
methylsilyl iminium salts derived from oximes and their
ability to act as dipole chameleons will be reported in due
course.
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