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We report the first observation of isolable carbenes stabilized
by one dialkylamino group and an alkoxy, aryloxy, or thioaryloxy
group,1-5. Since the observation of an imidazol-2-ylidene by
the Arduengo group in1991,1 a widening range of diaminocar-
benes have been observed,2,3 including the first air stable carbene,
6.4 Previously reported imidazol-2-ylidenes are thermodynami-
cally stable to dimerization,5,6 but dihydroimidazol-2-ylidenes,7,8

and acyclic diaminocarbenes with appropriate steric hindrance,
like bis(diisopropylamino)carbene7,9 can also be isolated.
Unhindered examples such as bis(dimethylamino)carbene8,
generated by deprotonation of amidinium salts with lithium amide
bases, dimerize slowly at ambient temperatures,10 although the
effect of Li+ complexation on carbene stability is uncertain.
Stable carbenes with adjacent heteroatoms other than nitrogen
are restricted to a thiazol-2-ylidene,11 9, related to the thiamine
intermediate,12 and the unique phosphinocarbenes,13,14 e.g., 10.

Stabilization in most cases arises fromπ-electron donation
symbolized by contributions from ylidic resonance, as shown for

7. Oxygen is the next best candidate, after nitrogen, phosphorus,
and sulfur, to provide goodπ-electron stabilization, and extensive
studies15 demonstrated the nucleophilic character of dialkoxycar-
benes as reactive intermediates. Aminooxycarbenes have been
much less studied,16,17 although their role as intermediates in
exchange of the methine proton of HC(OMe)2NMe2 was recog-
nized many years ago.18 Warkentin developed a convenient route
to aminooxycarbenes through thermolysis of∆3-1,3,4-oxadiazo-
lines, and has examined their reactivity.16,17 We set out to see if
aminooxy- and aminothiocarbenes could be observed as stable
species. We sought examples where Ccarbene-N bond rotation
could be observed, since this should provide some evidence
concerning the degree ofπ-electron stabilization. In addition,
when the N-Ccarbene-O unit is not part of a ring, it may be
expected that the O (or S) substituent would adopt a conformation
in which it would provide some steric protection for the carbene
center.

Carbenes1-5 were generated by deprotonation of alkoxy-
iminium salts11-15 with lithium 2,2,6,6,-tetramethylpiperidide
or sodium or potassium salts of hexamethyldisilylazane. Alkoxy-
iminium salt15 was prepared by alkylation ofN-formyl-2,2,6,6-
tetramethylpiperidine with methyl triflate. The salts11-14were
prepared by reaction of the appropriate phenoxide or thiophe-
noxide ion with16a or 16b, which were themselves made by
reaction of N,N-diisopropylformamide or DMF with triflic
anhydride.19 Reaction of11-15with the amide bases was carried
out in THF, and1H and13C NMR spectra of1-5 were obtained
in benzene-d6 or tetrahydrofuran-d8. The two outstanding features
of the NMR spectra of1-5 are (a) the13C chemical shifts of the
carbene carbons and (b) the clear evidence for slow rotation about
the bond between nitrogen and the carbene carbon. The carbene
carbons of1-5 resonate at 267.3, 263.8, 262.8, 296.6, and 277.8
ppm, respectively.13C chemical shifts of imidazol-2-ylidenes
occur at around 200-220 ppm, while those for other diaminocar-
benes range from 230 to 260 ppm. In9, C-2 resonated at 254.3
ppm.

Crystals of1 suitable for X-ray structure determination were
obtained by slow cooling of a saturated toluene solution to-20
°C under N2, while crystals of11 were grown by slow diffusion
of ether into a chloroform solution at room temperature. The
structures20,21 are shown in Figure 1, and selected geometrical
data are given in Table 1. Carbene1 and cation11adopt similar
conformations, each minimizing nonbonding interactions among
the isopropyl andtert-butyl groups. In this geometry, there is
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were omitted from the least squares refinement.

11526 J. Am. Chem. Soc.1998,120,11526-11527

10.1021/ja9819312 CCC: $15.00 © 1998 American Chemical Society
Published on Web 10/27/1998



no overlap between the aromatic ringπ-orbitals and the oxygen
p-type lone pair, and this is reflected in the lengths of the O-Caryl

bonds in1 and11. The Ccarbene-O bond lengthens much more
than the Ccarbene-N bond on going from cation11 to carbene1,
and it probably has very littleπ-character in1. The length of
the Ccarbene-N bond is typical of iminium ions in11, and while
it does lengthen in1, it is still short enough to suggest strong
π-bonding and ylidic character; note that the nitrogen atom is
flat (∑(C-N-C) 360.000). The structural data for1 plainly
indicate that electron donation from the nitrogen lone pair is more
important than from that on oxygen.

Carbenes1-5 all show separate, sharp1H and13C absorptions
for the two different alkyl substituents on the nitrogen atoms at
ambient temperatures, indicating slow rotation about the Ccar-

bene-N bond; this is also observed for the precursor iminium ions.
Inspection of models of1 (and11) shows that serious nonbonded
interactions between the isopropyl andtert-butyl groups are likely
in the transition state for rotation about the Ccarbene-N bond, but
these interactions appear to be absent for the other cases such as
2. At 105 °C in toluene-d8, the line widths for the1H NMR
signals of the methyl groups in2 are not detectably dynamically
broadened, leading to a rate constant of<5 s-1, and a lower limit
of 88 kJ mol-1 for the barrier to rotation about the Ccarbene-N
bond. Thus, the barrier is much higher than the 53 kJ mol-1

barrier observed for7. While steric effects, including destabiliza-
tion of the ground state in7, will complicate any detailed
comparison, the extra demand forπ-electron donation being made
on the single nitrogen in2 probably contributes to this increased
barrier.

Carbenes1-5 do not dimerize at ambient temperatures.
Carbenes1-3 are also stable in toluene-d8 at 100°C, showing
no sign of dimerization or of 1,2-aryl shift to give amides. The
unexpectedly long life of simple diaminocarbenes such as8 in
solution suggests that less sterically hindered examples of
alkoxydialkylaminocarbenes should be observable, and this is
currently under study.
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(21) Crystal data for11: C22H36F3NO4S, M ) 467.58, orthorhombic,a )
9.717(3) Å,b ) 15.133(5) Å,c ) 17.025(6) Å,V ) 2503.6(14) Å3 (by least
squares refinement of 57 reflections),λ ) 0.71073 Å,T ) 173 K, space group
P212121, Z ) 4, Dx ) 1.240 g cm-3, colorless rectangular block 0.70× 0.41
× 0.39 mm,µ(Mo KR) ) 0.178 mm-1. R1 (obs)) 0.0701,S ) 0.905.

Table 1. Selected Geometrical Data for1 and11

1 11 1 11

bond lengths
C(1)-N(2) 1.319(5) 1.283(5) N(2)-C(3) 1.503(5) 1.501(5)
C(1)-O(1) 1.379(5) 1.321(4) O(1)-C(4) 1.415(5) 1.427(4)
N(2)-C(2) 1.488(6) 1.493(5)

bond angles
N(2)-C(1)-O(1) 109.3(3) 118.8(3) C(1)-N(2)-C(3) 126.8(4) 121.5(3)
C(1)-N(2)-C(2) 116.1(3) 119.0(3) C(1)-O(1)-C(4) 112.6(3) 118.5(3)

torsion angles
C(2)-N(2)-C(1)-O(1) -179.8(4) -179.3(3) C(1)-O(1)-C(4)-C(5) -84.8(5) -95.5(4)
C(3)-N(2)-C(1)-O(1) 0.6(7) -0.5(5) C(1)-O(1)-C(4)-C(9) 97.8(4) 91.9(4)

Figure 1. Structure of (a, top) carbene1 and (b, bottom) alkoxyiminium
salt 11. The H(1)-O(3) distance is 2.19 Å.
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