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Most diarylcarbenes have triplet ground states that are easily
characterized by product analysis or spectroscopy.1 In marked
contrast, most dialkylcarbene have singlet ground states,2 and there
appear to be very limited data concerning the interception and
detection of dialkylcarbenes. This is due to their ability to undergo
rapid intramolecular rearrangements.1-3 As a result, dialkylcarbenes
can be intercepted or detected or both by slowing down the
rearrangement rate. Thus, dialkylcarbenes that lead to highly
strained products as a result of rearrangement can be intercepted
and detected.4,5 Among dialkylcarbenes, diadamantylcarbene (AdCAd)
is very interesting because it shows persistent triplet ESR signals
in matrixes as well as substantial intermolecular triplet reactivity,
even in solution at 25°C.4 This reactivity contrasts sharply with
di(tert)butylcarbene(tBuCtBu), which also shows triplet ESR signals
in matrixes but produces intramolecular products almost exclusively
under identical conditions.5a This is obviously because the 1-ada-
mantyl group is not as prone to rearrangement and the elimination
process as is thetert-butyl (tBu) group. The triptycyl (Trp) group
is very interesting in this respect because it is not prone to
rearrangement and also contains a repulsive nonbonded interaction
when two Trps are attached on one carbon.6,7

We generated di(triptycyl)carbene for the first time and fully
characterized this exotic dialkylcarbene by product analysis and
spectroscopical study along with theoretical calculations.

Di(triptycyl)diazomethane (2), a desired precursor for di(tripty-
cyl)carbene (3), can be prepared by adding 2 equiv of benzyne to
di(9-anthryl)diazomethane (1).8 The reaction was realized only by
using (phenyl)[o-(trimethylsilyl)phenyl]iodonium triflate,9 which
can generate benzyne under very mild and neutral conditions.
Diazomethane (2) was obtained as a rather stable yellow solid.10

Irradiation of 2 in an degassed 2-methyltetrahydrofuran (2-
MTHF) glass at 77 K revealed the characteristic ESR spectrum of
a triplet along with a strong signal (333.6 mT) ascribable to a
fortuitous double species (Figure 1). The signals at 439, 543, and

659 mT are assigned to a set of the high fieldX, Y, andZ transitions
from which the zero-field splitting parameters were obtained asD
) 0.720 andE ) 0.0263 cm-1. The parameters fully support the
assignment of the triplet spectrum as di(triptycyl)carbene (33). A
comparison of the values with those reported for other sterically
congested hydrocarbon dialkylcarbenes suggests that33 has the
largestD and the smallestE values.11

Generally speaking, theD value decreases with increasing
delocalization of the unpaired electrons, while theE value when
weighted byD decreases upon increasing the bond angle.12 Thus,
theD andE values observed for33 can be interpreted as indicating
that 33 has a divalent carbon with a large bond angle where the
unpaired electrons are tightly held. The nonzeroE value, however,
indicates that this carbene is not completely linear.

The 2-MTHF glass containing33 was warmed gradually in 10-K
increments from 113 K to the desired temperature, allowed to stand
for 5 min, and recooled to 113 K to measure the signals due to33.
The signals due to33 did not disappear at around 90 K, where the
signals of most triplet diarylcarbenes disappeared irreversibly, and
they were also observable at around 130 K, where the sample is
completely fluid (Figure S1). The thermal stability of33 is
remarkable.

When the irradiation of2 was monitored by UV/vis spectroscopy,
a weak absorption band appeared around 426 nm as the original
band due to2 disappeared (Figure S2). This band disappeared
irreversibly when the matrix was warmed to room temperature and
recooled to 77 K. Since ESR signals ascribable to a triplet carbene
are observed under identical conditions, the band can be assigned
to the triplet carbene33. When the matrix containing33 was
gradually warmed, the band due to33 did not disappear appreciably
until 120 K, and it then disappeared completely at around 150 K.
A remarkable thermal stability was noted again.

Laser flash photolysis (LFP) of2 in a degassed benzene at room
temperature with a 10 ns, 70-90 mJ, 308 nm pulse from a XeCl
laser13 produced a transient species showing an apparent maximum
at 430 nm, which coincides with that observed during the photolysis
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Figure 1. ESR spectra obtained by photolysis of bis(triptycyl)diazomethane
(2) in 2-MTHF at 77 K.

Published on Web 11/07/2002

14308 9 J. AM. CHEM. SOC. 2002 , 124, 14308-14309 10.1021/ja027794x CCC: $22.00 © 2002 American Chemical Society



of 2 in 2-MTHF at 77 K and is hence assignable to33 (Figure 2).
The transient band decayed in a second-order kinetics (2k/εl ) 5.8
× 105 s-1), and the rough first half-life of33 is estimated in the
form of the half-life, t1/2, to be 40µs.

Support is lent to this assignment by trapping experiments using
oxygen. When LFP experiments were performed on a nondegassed
benzene solution, the half-life of33 decreased dramatically (Figure
S3). The spent solution was found to contain di(triptycyl)ketone
as the main product. It is well-documented that the carbenes with
triplet states are readily trapped by oxygen to generate the
corresponding ketone oxides, which eventually lead to ketones.14

Thus, the observations can be interpreted as indicating that33 is
trapped by oxygen to form the ketone, which confirms that the
transient absorption quenched by oxygen is due to33. A quenching
rate constant (kO2) of 33 by oxygen was determined by monitoring
the decay rate of33 as a function of oxygen concentration. From
the slope of the plot (Figure S4),kO2 was estimated to be 1.6×
109 M-1 s-1.

Theoretical studies are expected to give a more quantitative
insight into the stability of this unique carbene. The geometries
for the lowest singlet and triplet states of3 were optimized at the
B3LYP/6-31G* level of theories, which indicates that both states
have a bevel gear shape, as found in Trp-X-Trp systems.6 There is
a significant difference, however, in the CCC bond angles (θ),
which are 129.3 and 153.3° for 13 and33, respectively (Figure S5).
As somewhat expected from this difference, the triplet state was
found to be a ground state, and the energy gap (∆GST) between
the two states was estimated to be as high as 14.0 kcal/mol. It is to
be noted that not only the bond angle difference (θST) but also
∆GST is significantly larger than those estimated fortBuCtBu and
AdCAd.15

Methylene is known to have a triplet ground state with a singlet
lying higher in energy by 10 kcal/mol. Compared to methylene,
both the singlet and the triplet are stabilized by the alkyl substituent-
(s) mainly due to hyperconjugation effect, but the magnitude of
the effect for the singlets is about twice as large as that for the
triplets.5b Thus, the S-T gap usually decreases as the alkyl groups
are introduced on methylene. However, when bulky groups are
introduced, the steric repulsion between the substituents widens the
CCC bond angle and influences the S-T splitting, increasing the
π character of the doubly occupied sp2 orbital and destabilizing
the singlet. In the case of the triptycyl group, a hyperconjugative
effect is considered to be less important as all the C-C bonds are
tightly tied back to phenyl rings. Moreover, a repulsive nonbonding

interaction between the Trp groups in3 must result in a significant
widening of the central C-C-C bond angle. This resulted in a
larger gap inθST and GST than tBuCtBu and AdCAd.

Triplet bis(triptycyl)carbene was thus demonstrated to be the most
stable among the triplet dialkylcarbenes thus far generated. This is
obviously due to the unique role of the Trp group in the carbene
chemistry.
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Figure 2. Transient absorption spectra of the product obtained upon
photoexcitation of2 in a degassed benzene solution recorded after 1 (a),
10 (b) and 100µs (c). Inset shows oscillogram trace monitored at 430 nm.

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 124, NO. 48, 2002 14309


