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From Fischer’s original heteroatom carbene synthesis1 to use
as carbene transfer mediators2 and as ROMP3 and olefin
metathesis catalysts,4 metal carbenes have been important
exhibits in the organometallic showcase. Schrock’s early
methylene breakthrough riveted attention on the MdCH2 entity,5

and during the ensuing two decades both nucleophilic6,7 and
electrophilic8-10 MdCH2 moieties have been generated. Most

germane here are the unusually robust methylene carbene
complexes [Cp*(NO)(L)RedCH2)][PF6] (L ) PPh3 or P(OPh)3)
formed from a rhenium methyl precursor and triphenylcarbe-
nium (trityl) hexafluorophosphate.9c

We now report [Tp′(CO)(PhC2Me)WdCH2][PF6] (2) (Tp′ )
hydridotris(3,5-dimethylpyrazolylborate)), an electrophilic car-
bene complex that binds nucleophiles, transfers the methylene
fragment to olefins to form cyclopropanes, and serves as a
catalyst for aziridine formation from imines and EDA (ethyl
diazoacetate).
Trityl cation reacts with Tp′(CO)(PhC2Me)W-Me11 (1) in

CD2Cl2 at -78 °C to form methylene carbene complex2 (eq
1). The NMR signature for a methylene complex includes two

doublets (12.33, 12.04 ppm;2JHH ) 12 Hz) in the1H NMR
spectrum and a low-field triplet for the carbene carbon (308.2
ppm, 1JCH ) 140 Hz,1JWC ) 110 Hz, 14%183W, I ) 1/2) in
the13C NMR spectrum. The absence of methylene rotation on
the NMR time scale is compatible with optimal back-bonding
from the metal dπ orbitals to the carbene, alkyne, and carbonyl,
with the carbene orientation orthogonal to the W-CO axis. The
IR spectrum exhibits a CO stretch at 2073 cm-1 in CH2Cl2 (cf.
2073 cm-1 for [Tp′(CO)W(PhC2H)2][BF4]).12 The cationic
complex2 shows no signs of decomposition in solution at room
temperature over a period of several hours and persists for days
in the solid state.
Addition of a nucleophile is classic behavior for an electro-

philic Fischer carbene. Here addition of 1 equiv of PMe3 to a
CH2Cl2 solution of2 results in the formation of [Tp′(CO)(PhC2-
Me)W-CH2-PMe3][PF6] (3), characterized by a CO stretch
at 1888 cm-1 in CH2Cl2 (Scheme 1). In the1H NMR one of
the diastereotopic CH2 protons appears as a doublet of doublets
(1H, 0.79 ppm,2JHH ) 14 Hz, 2JPH ) 22 Hz). The second
methylene proton lies between 1.5 and 1.6 ppm and is obscured
by methyl peaks. A COSY was used to assign the resonances
of the second methylene proton. A definitive triplet of doublets
(20.1 ppm,1JCH ) 125 Hz;1JPC ) 33 Hz) is observed for the
methylene carbon in the13C NMR.
The carbene complex reacts with a variety of electron rich

olefins to form cyclopropanes (Scheme 1). For example,
addition of styrene, 4-methylstyrene, or cyclohexene results in
stoichiometric CH2 transfer to form cyclopropane products in
73%, 57%, and 51% yield, respectively.13

A new development in aziridine synthesis is metal-catalyzed
carbene transfer to imines. Addition of EDA to imines in the
presence of a catalytic amount of Cu(OTf)2 results in aziridine
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formation.14 Copper(I) catalysts with chiral bis(dihydrooxazole)
ligands15 and methylrhenium trioxide16 have also been used to
produce aziridines from imines and EDA. Mechanistic specula-
tion for the copper(I) system postulates the formation of a copper
carbene complex followed by nucleophilic attack of the imine
on the carbene fragment.
Is carbene transfer to an imine possible in this system?

Reaction of [Tp′(CO)(PhC2Me)WdCH2][PF6] (2) with N-
benzylidenemethylamine results in formation of the isolable
imine adduct [Tp′(CO)(PhC2Me)WsCH2N(Me)dC(H)(Ph)]-
[PF6] (4) (νCO ) 1886 cm-1). 1H NMR data include two
doublets (4.45, 2.00 ppm,2JHH ) 12 Hz) assigned to the
diastereotopic methylene protons. The iminic carbon resonates
as a doublet at 161.6 ppm (1JCH ) 170 Hz) while the methylene
carbon is observed as a triplet at 66.4 ppm (1JCH ) 135 Hz) in
the 13C NMR. A low-temperature (-120 °C) single-crystal
X-ray structure study provided metric details of4 as shown in
Figure 1.
The addition of benzylideneaniline to [Tp′(CO)(PhC2-

Me)WdCH2][PF6] (2) yields the imine adduct [Tp′(CO)(PhC2-
Me)WsCH2N(Ph)dC(H)(Ph)][PF6]. Reaction of additional
arylimines5-817 with the carbene complex2 yielded similar
results (Scheme 1). These arylimine adducts9-12 are not
stable enough to permit isolation. No aziridine products have
been detected in these reactions.
A recent report notes that EDA can attack imines which have

been activated by simple Lewis acids (BF3, TiCl4, or AlCl3).18

The two major products observed for these systems are
aziridines and enamines. In a similar fashion, we have found
that the methylene carbene complex2 catalyzes the production

of aziridines from imines and EDA (Scheme 1). Yields and
ratios forcis and transaziridines as well as for the formation
of enamine products are given in Table 1.
We believe that these catalytic reactions utilize a reactive,

electrophilic carbene complex simply as a Lewis acid to activate
imines toward nucleophilic attack by EDA. The discovery of
this catalytic sequence suggests another plausible mechanistic
pathway in other transition metal mediated carbene transfer
reactions.
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Scheme 1.Reactions of the Methylene Carbene2

Figure 1. ORTEP diagram for [Tp′(CO)(PhC2Me)WsCH2N(Me)dC-
(H)(Ph)][PF6] (4). Selected bond distances (Å) and angles (deg): W(1)-
C(1), 1.943(16); W(1)-C(3), 2.076(13); W(1)-C(4), 2.032(12); W(1)-
C(5), 2.237(13); C(5)-N(6), 1.468(17); C(1)-O(1), 1.183(19); W(1)-
C(1)-O(1), 178.3(11); W(1)-C(5)-N(6), 125.3(9); C(5)-N(6)-C(8),
112.9(11); C(5)-N(6)-C(7), 127.0(12).

Table 1. Yields and Product Ratios for Aziridine Catalysis

imine
total

yield,a%
%
cis

%
trans

%
enamine azir:enamine cis:trans

5 67.5 45.0 4.5 18.0 2.8:1 10:1
6 64.6 41.3 14.4 8.9 6.3:1 2.9:1
7 87.5 65.0 22.5 2.9:1
8 71.2b 27.7 30.1 13.4 4.3:1 1:1.1

a As determined by integration (versus an internal standard) of well-
resolved peaks in the1H NMR. b Isolated yield: reaction performed
in CH2Cl2 with products purified by chromatography on silica gel (10:1
hexanes/ethyl acetate).
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