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The first cyclopropanation reaction of olefins with Fischer dialkylaminocarbene complexes is presented. The reaction yields 1-aminocyclo-
propanecarboxylic acid derivatives in a single step, usually with high diastereoselectivity. An approach to the asymmetric version of this
reaction is also presented. The synthetic utility of the procedure is exemplified by the synthesis of both cycles of metanoproline in a single
step. In addition, the synthesis of the first Fischer carbene containing a halocarbonyl group is reported.

Fischer carbene complexes have become valuable tools fomore recently, the cyclopropanation of nonconjugated ole-
stoichiometric carboncarbon bond formation over the last  fins.®> Nevertheless, a long-standing limitation has been the
three decade’sOne of the earliest synthetically significant cyclopropanation reaction of aminocarbene complexes, which
reactions developed for this class of complexes was theare rather less reactive than their alkoxy counterparts. Apart
thermal cyclopropanation of olefiidviany of the traditional from the inertness of aminocarbene complexes, the main
limitations of this reaction have recently been overcome: the reason for the failure of the reaction with electron-poor

lack of diastereoselectivitythe somewhat harsh reaction olefins is the low stability of the product, a cyclopropane

conditions; the cyclopropanation of nonactivated diehesd, that bears an amine and an electron acceptor group in
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adjacent carbons. At the reaction temperature this kind of Aminocarbene complexeswere treated with an excess
compound evolves toward the cyclopropane opening productsof monosubstituted olefin® in refluxing toluene until
(Scheme 15.We know of only one case where a cyclopro- complete disappearance of the starting complexes was
observed. The only product isolated from the reaction was
the corresponding cyclopropan® usually as a single

Scheme 1 diastereomer (Table 1§.1t was found that the reaction
CO,M
NR, O A 2He
(CO)scr:< ) + rU\OMe—> 7> OMe |—=, Table 1. Cyclopropanation Reactions of Carbene Complekes
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pane has been isolated from the reaction of an aminocarbene 1 2 (£)-3
complex with an alkenéln this elegant approach, Hegedus comp. NR, R’ R’ t(h) de. yield
et al. reduced the electron-donor ability of the nitrogen atom (%) (%)
by its inclusion in an aromatic pyrrol ring (Scheme 2), thus l
making the complex more similar to an alkoxycarbene. 3@ NMe, Bu Ph 24 >95 47
3b NMe, 'Bu  Hx 50 >95 70
Scheme 2 3c  NMe, Bu CHOTBS 30 0 45
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M = Mo, W 60-65%
Z=CN, CO,Me d.e.2:1-3:1 3e NBn, Me Ph 24 >95 35
3f Morf. Me Ph 30 >95 70
The instability of the resulting aminocyclopropanes can
be avoided by reacting the carbene complexes with non-
conjugated olefins. We have recently developed a method 3g Morf. Me @\ 20 >95 69
for the cyclopropanation of this type of olefin, its success

being based on the stabilization of reaction intermediate by
intramolecular coordination with a suitably placed donor . ) ]
recalled the recent publication of two syntheses of (alkoxy- (€ntriesa, b, andd). The diastereoselectivity of the process
carbonyl)dialkylaminocarbene complexas,which the ester 1S i I|n.e with that. desc;nbed for the cyclopropanation of
oxygen may serve for this kind of coordination. Furthermore, nonconjugated olefins with alkoxycarbene complexes. In both
the cyclopropanes so formed would be 1-aminocyclopro- Cases the substituent of the olefin and the chelating substitu-
panecarboxylic acid (ACC) derivatives, which are interesting €Nt of the carbene carbon (here the alkoxycarbonyl group)
compounds since they are present in a number of natural€nd prefere_ntl_ally in the same side of the cyclopropane. Itis
and biologically active compounds, and can be used asworth_ mentioning th_at the molybdenum analogue of cc_)mplex
conformationally restricted analogues of proteinogenic amino 1P failed in producing these cyclopropanes in a variety of
acids? We report herein our results in the cyclopropanation conditions tested. The synthetic potential of this methodology
of nonconjugated olefins with (alkoxycarbonyl)dialkylami- 1S €nhanced by the possibility of forming ACC derivatives
nocarbene complexes, which turns out to be the first suitably substituted for the deprotection of both the amino
successful cyclopropanation reaction of a dialkylaminocar- @nd the acid functions (Table 1, entey.

bene.
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(b) Burgess, K.; Ho, K. K.; Moye-Sherman, Bynlett1994 575-583. found 261.1743.

4274 Org. Lett., Vol. 4, No. 24, 2002



The reaction is quite sensitive to the steric size of the ||| EGTGTGTGTNGNGEEE

olefin, and trisubstituted substituents are not cyclopropanated
in these conditions. The cyclopropanation of disubstituted
olefins could not be carried out with carbene complex

but the reaction of complegb with cycloheptene affords
bicyclic cyclopropané, although in low yield (Scheme 3).

cn

o3

Ve

Scheme 3
(0]

» &

N
(CO)sCr + —>30 h N
OMe Tol111°C OMe 04
o)

Yield: 15% ©
1b 4 d.e.:2.5:1 5 )
Figure 1. X-ray structure of halocarbonyl carbene complex

The extension of this reaction to the preparation of corresponding cyclopropanésas a mixture of both cis
enantiomerically enriched cyclopropanes required the prepa-yiasterecisomers (Table 2).
ration qf carbene complexes bearing chiral auxiliaries. The 14 the extent of our knowledge, complé&xis the first
synthetic methods developed by Beck etaind Dvorak et gxample of a carbene complex bearing an acy! halide moiety
al.* proved not to be adequate for the preparation of thesejy, jis structure. To ascertain its structure we carried out an
complexes. We envisioned a convergent entry to thesey_ray diffraction experiment (Figure 1, Table 3). The most

compounds by activation and derivatization of the ester

moiety in carbene compleka (Table 2). We performed the
Table 3. Bond Lengths and Angles of the X-ray Structure

Table 2. Synthesis and Cyclopropanation Reactions of Carbene

bond lengths (A) bond and dihedral angles (deg)

Complexes3 Cr1—C9 1.896(4) C9-Cr1-C7 93.64(13)
\N_ o \N_ Cri—C1 1.903(4) C1-Cri-C7 90.99(10)
(CONsCr= (COCh, (CONsor=( NuH Cri—-C6  1.904(4)  C6-Crl—C7 94.84(13)
COLH cocl Cr1—C3 1.915(4) C3-Cr1-C7 88.58(10)
Cr1—C7 2.098(3) C7-N1-C4 122.6(2)
6 7 cl1-c2 1.804(3) C7-N1-C5 125.0(3)
\ R \ \ 01-C2 1.176(4) C4—N1-C5 112.4(2)
N— ﬂ N— N— N1-C7 1.295(4) C9-Cr1—-C7-N1 34.4(3)
— (CO)sCr=( - M/Nu * D’ Nu N1-C4 1.471(4) C5—-N1-C7-Cr1 —-175.7(2)
CONu R 4 R éf N1-C5 1.474(4) 01-C2-C7-N1 —92.9(4)
8 9 c2-c7 1.494(4) 01-C2-C7-Crl 82.9(3)
entry  NuH yield8 R t(h) vyield9 dr.
notable feature is the lack of conjugation between the
OH halocarbonyl and the carbene functions. On the contrary, the
a ) 33 % Ph 24 45% 2:1 latter is fully conjugated with the dialkylamino moiety.
|
Scheme 4
b Ph/LNHZ 60 % Hx 28 35 % 1.5:1 M M
— NBn OMe Tol — NBn
+Coper= —s (CO)scrzgz —_—
0 Ph 111°C 0
first step (deprotection of the ester) according to a previously EO EtO
reported procedur®,and next carried out the activation by 10 " 12
reacting carboxylic acié with oxalyl chloride in CHCI, at
room temperature. Acyl chloridé was obtained in nearly NBn NH-HCI
quantitative yield as a pale yellow solid. Then, the reaction — 0 _ o
with an appropriate nucleophile afforded chiral carbene EtO HO
complexes8. Treatment of these complexes with terminal 13 14

olefins in the conditions described above provided the
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A further step to increase the synthetic utility of the tives. Furthermore, we have prepared and characterized by
cyclopropanation reaction would be to carry it out in an means of an X-ray diffraction experiment the first example
intramolecular manner. When we tried to synthesize the of a Fischer carbene complex bearing an acyl chloride group.
homoallylaminocarben&2 by metathesis reaction of dehy-
droamino acidlO and carbene complekd the only isolable Acknowledgment. This research was supported by the
product was ethyN-benzylhomoprolinate3 (Scheme 4),  Comisia Ministerial de Ciencia y Tecnolog(CICYT) and
which probably arises from the intramolecular cyclopropa- European Commission (Fondos FEDER) 1FD97-0632.
nation of aminocarbend? in the reaction conditions.
Homoprolinatel 3was easily deprotected following standard

methodology to afford homoproling4 as chlorhydrate cedures and characterization data for all new products
In conclusion, we have reported the first cyclopropanation described and an X-ray CIF file for compl@xThis material

reaction of Fischer dialkylaminocarbene complexes, which is available free of charge via the Internet at http://pubs.acs.org.
represents a novel approach to the skeleton of ACC deriva-0OL026896P
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