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Catalytic amounts of a protic reagent such as tert-butyl alcohol promote the isomerization of a
stable amino-aryl-carbene into a transient azomethine ylide. Deprotonation of an alkyl-aldiminium
salt also leads to a transient azomethine ylide, but labeling experiments rule out the transient
formation of the corresponding amino-alkyl-carbene. The potential hypersurface between model
amino-carbene, aziridine, and azomethine ylide is investigated.

Introduction

Carbenes are typical representatives of neutral reactive
intermediates.1 Their six-valence-electron shell, which
defies the octet rule, is responsible for their fugacity as
well as for their significant synthetic potential. In the
last fifteen years, the isolation of a broad range of singlet
carbenes2,3 and the preparation of persistent triplet
carbenes4 have dramatically advanced this field of chem-
istry. Carbenes are not unique in this respect: 1,3-dipoles
such as nitrilimines5 or azomethine ylides6 are routinely
used transient species that have found numerous ap-
plications in organic synthesis.7

Herein we report the acid-promoted isomerization of
a stable amino-aryl-carbene8 into a transient azomethine
ylide. In addition, it is shown that the site of deprotona-
tion of N-methyl-aldiminium salts is dependent on the
nature of the substituents. The results are corroborated
by a theoretical study on the interconversion between a
model amino-carbene, aziridine, and azomethine ylide.

Results and Discussion

The amino-aryl-carbene 2a, obtained by deprotonation
of the corresponding iminium salt 1a,8 is stable for
months in the solid state but isomerizes within several
days in tetrahydrofuran solution to afford a novel bicyclic
compound 3a in 35% yield. The structure of 3a, unam-
biguously determined by multinuclear NMR spectroscopy
and by a single-crystal X-ray diffraction study, is some-
what surprising since the aromaticity of the aryl group
is lost. The formation of 3a most likely results from the
electrocyclization of the related azomethine ylide 4a.9
Indeed, 1,3-dipole 4a can be trapped with carbon dioxide,
affording adduct 5a (Scheme 1).

Although several methods are known for the prepara-
tion of azomethine ylides,6 the generation of such a 1,3-
dipole from an amino-carbene, even as a transient
species, has never been reported.10 Therefore, we decided
to investigate the mechanism of the isomerization of 2a
into 4a.

It is conceivable that azomethine ylide 4a might result
from an intramolecular 1,3-migration of a hydrogen atom.
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This isomerization could be either concerted or stepwise
(C-H insertion/ring-opening sequence) with the transient
formation of the corresponding aziridine 6a (Scheme 2).
However, we observed that protic reagents such as
t-BuOH accelerated the rearrangement of 2a into 3a,
which suggests an alternative mechanism involving a
protonation/deprotonation sequence, the driving force
being the final electrocyclization of 4a into 3a. This
hypothesis was validated by performing the isomerization
of 2a with 1 equiv of t-BuOD (Scheme 3). Indeed, ca. 50%
of deuterium was incorporated at the carbene carbon
position,11 as expected for a statistic exchange via a
protonation/deprotonation equilibrium. Obviously, tert-
butyl alcohol is not essential and traces of water can play
the same role.

These observations suggest that competitive deproto-
nation reactions of N-methyl aldiminium salts can occur
either at the CH-iminium or at the CH3-N site of the
molecule. Notably, aziridines can be obtained by depro-
tonation of N-methyl ketiminium salts but cannot be
detected from aldiminium salts.12 To favor the deproto-
nation at the CH3-N site, the aldiminium salt 1b,
bearing a σ-electron donating group at the iminium
carbon, was selected as a starting point. In marked

contrast to that observed for aryl aldiminium salt 1a, the
amino-alkyl-carbene 2b could not be detected when 1b
was deprotonated with the lithium salt of hexamethyl-
disilazane.13 Instead, the corresponding aziridine 6b14

was obtained in 65% yield and subsequently fully char-
acterized (Scheme 4). The deprotonation of the related
N-CD3 precursor 1c (readily prepared by alkylation of
the imine with deuterated methyl trifluoromethane sul-
fonate) and the C-D iminium salt 1d (obtained in good
yield by successive treatment of tert-butylisocyanide with
tert-butyllithium, deuterated water, and methyl trifluo-
romethane sulfonate) was then studied (Scheme 4).
Aziridines 6c and 6d, featuring two and one deuterium
atom, respectively, were selectively obtained, which rules
out the transient formation of the carbene 2b and
confirms deprotonation at the CX3-N site.

Further information was obtained from theoretical
investigations on the interconversion between amino-
carbene, aziridine, and azomethine ylide. Ab initio cal-
culations were performed at the B3LYP level with the
6-31g(d) basis set on model compounds 2*, 6*, and 3*
(Figure 1, Table 1). Despite the ring strain, aziridine 6*,
the global minimum on the hypersurface, is 20.8 kcal/
mol lower in energy than azomethine ylide 3*. In
contrast, the amino-carbene 2* is only 3.0 kcal/mol above
3*, thanks to the donation of the nitrogen lone pair to
the carbene center. The transition state TS1 between
carbene 2* and aziridine 6* (intramolecular C-H inser-
tion) features a pyramidalized nitrogen atom (ΣN )
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Cattoën et al.

912 J. Org. Chem., Vol. 68, No. 3, 2003



304.2°) and a three-center interaction between the C-H
bond and the carbene center, while the transition state
TS2 between 2* and azomethine ylide 3* (1,3-H migra-
tion) retains a planar nitrogen atom and two unsym-
metrically elongated C-H bonds (1.322 and 1.596 Å). The
large barriers (47.4 and 45.7 kcal/mol, respectively)
predicted for these intramolecular rearrangements
certainly explain why carbene 2a rearranges through
an intermolecular pathway, as determined experimen-

tally. Not surprisingly, starting from azomethine ylide
3*, the activation barrier for ring closure to afford 6(23.0
kcal/mol) is much smaller than that of the 1,3-H migra-
tion (48.7 kcal/mol) leading to the carbene 2*. This is also
in perfect agreement with the intramolecular rearrange-
ment observed for 3b.

Conclusion
Isomerization of a stable amino-aryl-carbene to a

transient azomethine ylide was observed. An intermo-
lecular mechanism involving a protic reagent as a
catalyst is proposed on the basis of labeling experiments
and ab initio calculations. The availability of stable
carbenes allows for the observation of such unusual
rearrangements between highly reactive species. More-
over, suitably substituted aldiminium salts appear to be
convenient precursors for aziridines, which might open
the way for new synthetic developments.

Experimental Section
General Methods. All manipulations were performed

under an inert atmosphere of argon using standard Schlenk
techniques. Dry, oxygen-free solvents were employed.

FIGURE 1. Interconversion of amino-carbene 2*, aziridine 6*, and azomethine ylide 3*. Energies (in brackets) are expressed in
kcal/mol relative to the global minimum aziridine 6*. Bond lengths are given in angströms (Å) and bond angles in degrees (°).

TABLE 1. Bond Lengths in Angstro1ms (Å) and Bond
Angles in Degrees (°) for the Different Minima and
Transition States

2* 6* 3* TS1 TS2 TS3

C1N 1.314 1.460 1.338 1.437 1.358 1.296
C2N 1.470 1.460 1.338 1.463 1.366 1.497
C3N 1.477 1.457 1.479 1.472 1.448 1.461
C1C2 2.404 1.491 2.415 1.838 2.045 2.237
C1NC3 127.70 116.19 115.57 112.81 130.98 128.36
C1NC2 119.34 61.42 128.88 78.65 97.30 106.23
C2NC3 112.96 116.11 115.49 112.77 130.27 125.39
NC1C2 32.20 59.28 25.56 51.32 41.50 39.98
C1C2N 28.46 59.29 25.56 50.03 41.20 33.79

Transient Azomethine-ylides
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3a: A tetrahydrofuran solution of carbene 2a was stirred
for a week at room temperature. After evaporation of the
solvent, bicyclic compound 3a was isolated as yellow crystals
in 35% yield by slow evaporation of a saturated diethyl ether
solution. Mp: 104 °C. 19F{1H} NMR (CDCl3): δ -7.3, 11.5. 1H
NMR (CDCl3): δ 1.76 (br, 6H), 1.90 (br, 6H), 2.18 (br, 3H),
3.36 (d, 2JHH ) 11.6 Hz, 1H), 3.92 (d, 2JHH ) 11.6 Hz, 1H),
5.67 (d, 3JHH ) 9.3 Hz, 1H), 6.12 (d, 3JHH ) 5.7 Hz, 1H), 6.40
(dd, 3JHH ) 9.3 Hz, 3JHH ) 5.7 Hz, 1H), 7.07 (s, 1H). 13C{1H}
NMR (CDCl3): δ 29.3, 36.1, 41.3, 50.6 (q, 2JCF ) 27 Hz), 54.6,
54.8, 96.0, 114.3, 117.2, 123.8 (q, 1JCF ) 272 Hz), 125.0 (q, 2JCF

) 32 Hz), 126.9 (q, 1JCF ) 289 Hz), 127.2, 140.6. MS (DCI,
NH3): 389, 320. Anal. Calcd for C20H21F6N: C, 61.69; H, 5.44;
N, 3.60. Found: C, 61.87; H, 5.67; N, 3.48.

5a: Carbon dioxide was bubbled through a tetrahydrofuran
solution of carbene 2a at -78 °C. After 1 week at this tem-
perature, compound 5a was obtained in 44% yield according
to 19F fluorine spectroscopy and characterized without further
purification. 19F{1H} NMR (C4D8O, 193 K): δ 19.4, 20.5. 1H
NMR (C4D8O, 193 K): δ 1.70 (br, 6H), 1.76 (br, 6H), 1.98 (br,
3H), 3.57 (d, 2JHH ) 15.6 Hz, 1H), 3.92 (d, 2JHH ) 15.6 Hz,
1H), 6.52 (s, 1H), 7.96 (t, 3JHH ) 8.0 Hz, 1H), 8.22 (d, 3JHH )
8.0 Hz, 1H), 8.32 (d, 3JHH ) 8.0 Hz, 1H). 13C{1H} NMR (C4D8O,
193 K): δ 30.3, 36.9, 40.0, 55.1, 85.7, 124.6 (q, 1JCF ) 275 Hz),
130.0, 133.1, 134.1, 139.4, 172.2.

General Procedure for 6b-d: A tetrahydrofuran solution
(3 mL) of the iminium salt 1b-d (0.3 mmol) was added
dropwise at -78 °C to a tetrahydrofuran solution (2 mL) of
the lithium salt of hexamethyldisilazane (0.4 mmol). After 30
min, the reaction mixture was allowed to warm to room
temperature. The solvent was evaporated under vacuum and
the crude residue purified chromatographically on neutral
alumina (pentane and diethyl ether) to afford 6b-d as pale
yellow oils in 65% yield.

6b. 1H NMR (C6D6): δ 0.85 (s, 9H), 0.94 (s, 9H), 1.24 (dd,
1H, JHH ) 6.1 and 0.6 Hz), 1.25 (dd, 1H, JHH ) 3.3 and 0.6
Hz), 1.41 (dd, 1H, JHH ) 6.1 and 3.3 Hz). 13C{1H} NMR
(C6D6): δ 22.0, 26.5, 26.9, 30.0, 41.6, 52.0. MS (EI): 155, 140,
98. Anal. Calcd for C10H22N: C, 76.85; H, 14.19; N, 8.96.
Found: C, 77.12; H, 14.48; N, 8.65.

6c. MS (EI), calcd relative abundances for the [(M - CH3)+]
signal of C10H20D2N: 141, 4.0; 142, 100; 143, 10.7. Found: 141,
0.3; 142, 100; 143, 12.

6d. 13C{1H} NMR (C6D6): δ 42.0 (t, 1JCD ) 24 Hz). MS (EI):
calcd relative abundances for the [(M - CH3)+] signal for
C10H21DN: 140, 4; 141, 100; 142, 12. Found: 140, 22; 141, 100;
142, 10.

Computational Details. All calculations were carried out
with the Gaussian 98 set of programs.15 The different struc-
tures were optimized at the B3LYP level with the 6-31g(d)
basis set augmented with polarization functions on the heavy
atoms. This functional is built with Becke’s three-parameter
exchange functional16 and the Lee-Yang-Parr correlation
functional.17 All energies were zero-point energies (ZPEs), and
the temperature was corrected using unscaled density func-

tional frequencies. All the investigated structures were char-
acterized by corresponding vibrational analysis to identify
these as energy minima or transition states (one negative
eigenvalue) on the potential energy surface. The connection
between each optimized transition state and the two corre-
sponding minima was confirmed by IRC calculations.

X-ray Crystallographic Study. Crystal data for 3a:
C20H21F6N, M ) 389.38, monoclinic, space group P21/n, a )
10.6221(5), b ) 13.3744(6), c ) 12.7429(6) Å, â ) 97.9980(10)°,
V ) 1792.70(14) Å3, Z ) 4, T ) 193(2) K, crystal size 0.3 × 0.4
× 0.6 mm, 2.22° e θ e 26.37°, 3659 reflections (3659
independent, Rint ) 0.0000), 354 parameters, R1 [I > 2σ(I)] )
0.0433, wR2 [all data] ) 0.1033, largest electron density
residue ) 0.267 e/Å3. Data were collected using an oil-coated,
shock-cooled crystal on a Bruker-AXS CCD 1000 diffractometer
with Mo KR (λ ) 0.71073 Å). Semiempirical absorption
coefficients were employed.18 The structure was solved by
direct methods (SHELXS-97)19 and refined using the least-
squares method on F2.20 Crystallographic data have been
deposited with the Cambridge Crystallographic Data Centre
as supplementary publication no. CCDC-196175 (3a). Copies
of the data can be obtained free of charge upon application to
CCDC, 12 Union Road, Cambridge CB2 1 EZ, UK (fax, (+44)
1223-336-033; email, deposit@ccdc.cam.ac.uk).
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