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While the history of persistent radicals is long and impressive,
that of persistent triplet carbenes is short, and stable triplet
carbenes are not attainable yet.? Two basic strategies, i.e.,
thermodynamic and kinetic stabilization, are possible for the
stabilization of reactive species. However, each strategy
encounters serious problems when applied to triplet carbenes.
Thus, thermodynamic stabilization not only results in the
stabilization of the singlet state but also poses the issue of
electronic configuration as a pure carbene (one centered
diradical) as a result of possible conjugation.>®* While steric
protection (kinetic stabilization) is therefore a much better
method of stabilizing the triplet,*~% a voracious appetite of
carbenes for electrons makes it difficult to explore the usual
protecting groups for this extremely reactive center. Carbenes
react even with very poor sources of electrons, such as C—H
bonds. In this light, it is crucial to develop a protecting group
which is sterically much more congesting and unreactive toward
triplet carbenes. We report here that the triptycyl group is
exceptionally effective in protecting triplet carbenes, increasing
the lifetimes of some arylcarbenes by a factor of ca. 10°.

Irradiation® (A > 300 nm) of 9-triptycyl-a-naphthyldiaz-
omethane (1a)’ in a 2-methyltetrahydrofuran (MTHF) glass at
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Figure 1. (a) UV/vis spectrum of 1a in MTHF at 77 K. (b) Same
sample after 5 min irradiation (4 > 300 nm). (c) Same sample after
thawing the matrix. (d) Transient absorption formed during irradiation
of 1a in degassed benzene at room temperature, recorded after 50 us.

77 K resulted in the appearance of new absorption bands at
347 and 364 nm at the expense of the original absorption due
to 1a. The glassy solution did not exhibit any spectral change
for several hours if kept at 77 K. However, warming it up to
room temperature led to a disappearance of the characteristic
absorption band (Figure 1). The transient absorption was
assigned to triplet carbene 2a generated by the photodissociation
of 1a on the basis of the similarity of the spectrum with that of
other analogous triplet naphthylcarbenes.>!°
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Flash photolysis® of a degassed benzene solution of 1a at room
temperature with the output of a xenon lamp (pulse width of
10 us) produced a transient species also showing absorption at
363 nm, which appeared coincident with the pulse and disap-
peared within ca. 100 ms (Figure 1). We assigned the transient
absorption to triplet carbene 2a on the basis of the low-
temperature spectrum. The decay was found to be first order,
and the lifetime was determined to be ca. 20 ms.

Trapping experiments using oxygen lend support to this
assignment. When flash photolysis measurements were carried
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Table 1. Kinetic Data for Arylcarbenes

Communications to the Editor

carbenes lifetime (us)” kot Kkyy? Kkyeon® kams®
2a 20000 5 x 108 1.2 x 102 1.2 x 104 7.2 x 10
2b 1000 1.6 x 10° 6.0 x 10° 2.1 x10° 1.9 x 10°
2c 840 1.6 x 10° 1 x 10* 32 x10° 3.3 x 10°
o-naphthylcarbene¢ ~0.14 3.5 x 10° 1.6 x 107
B-naphthylcarbene® 0.06 7.3 x 107 4.3 x 107
di-a-naphthylcarbene# 70 1.7 x 10° 3.1 x 10
diphenylcarbene 2hi 5x 10°%/ 1.2 x 107% (1.4 x 100y#

%In degassed PhH. In M~! s7!, ¢ Reference 15. “In MeCN. ¢ Reference 10b.fReaction with styrene. ¢ Reference 16. " Reference 17. 'In

cyclohexane. / Reference 11b.

out using the 308 nm pulses from a XeCl laser (~80 mJ, 10 ns
puilse width) on a non-degassed benzene solution of 1a, the
lifetime of the absorption due to 2a decreased dramatically (~1/
10%), and a broad absorption band with a maximum at 410 nm
appeared as the band due to 2a decayed. The rate of increase
in the absorbance at 410 nm was practically the same as that of
the decay of the peak at 363 nm, thereby indicating that triplet
2a was quenched by dioxygen to form a new species. Subse-
quent analysis of the spent solution showed the presence of a
large amount of ketone 4a. It is well-documented'' that
arylcarbenes with triplet ground states are readily trapped by
oxygen to give the corresponding aryl ketone oxides, which
usually show a rather broad band centered around 390—450
nm. Thus, the observation can be interpreted as indicating that
the triplet 2a is trapped with oxygen to generate carbonyl oxide
3a,'? thus confirming that the transient absorption quenched by
oxygen is due to 2a. A plot of the observed pseudo-first-order
rate of carbonyl oxide formation versus oxygen concentration
yields the quenching rate constant ko, = 5.0 x 108 M~! s~!
which is somewhat smaller than those observed for ordinary
diarylcarbenes.''®

On the other hand, laser flash photolysis® of 1a in the presence
of pyridine produced a transient absorption band peaking around
380 nm that was not observed in the absence of pyridine and
was attributable to the pyridine ylide (5a) since it is also well-
documented'® that carbenes are readily trapped by pyridine (py)
to form ylides which usually show rather intense absorption in
the visible region. The apparent buildup rate constant, kqps, of
the ylide is essentially identical with that of the decay of the
carbene and is given in eq 1,

kobs = kT + kpyK[PY] (1)

where kr is the total of all first-order and pseudo-first-order
processes which consume the singlet and triplet carbene in the
absence of pyridine, ky is the absolute rate constant of reaction
with pyridine, and K is the singlet—triplet equilibrium constant.'4
A plot of the observed pseudo-first-order rate constants for the
growth of the absorption due to 4a against [py] in the range
0.4—2.7 M is linear. The slope of this plot yields kpyK = 1.2
x 102 M~} 57!, and the intercept yields kr = 4.7 x 10 s7I.
Thus, the lifetime (1/kr = 21ms) of 2a determined by the
pyridine method is in excellent agreement with that determined
by the direct method (LFP).
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Irradiation of 1a in degassed methanol gave methyl naphthyl-
(triptycyDmethyl ether (6a) in 90% yield. LFP of 1a (1 x 1074
M) in degassed benzene containing methanol (0—1.2 M) formed
the same transient species we detected in the absence of alcohol.
The lifetime of this species decreased as the concentration of
alcohol in the solution was increased. The transient decayed
following a first-order rate law with a rate constant (kops) that
depends linearly on the alcohol concentration. A plot of kqps
against the concentration of methanol is linear, and the slope
gives a bimolecular rate constant of 1.2 x 10* M~} s~ for the
reaction of the carbene (2a) with the alcohol (Kkmeon).

Photolysis of 1a in ai-methylstyrene, on the other hand, gave
the appropriate cyclopropanes (7a) as a mixture of regioisomers
as the main products along with 2-phenyl-4-naphthyl-4-(trip-
tycyl)-but-1-ene (8a) in ca. 60% yield. When (E)-3-deuterio-
a-methylstyrene was used, the NMR spectrum of the isolated
cyclopropanes showed that the stereochemistry of the starting
olefin was not retained. Laser spectroscopy showed that the
transient product absorbing at 363 nm reacted with the styrene
with a bimolecular rate constant (kams) of 7.2 x 10 M~} s~H,

Essentially similar measurements were made for the other
less congested triptycyl diazo compounds (1b,c),” and the data
are summarized in Table 1, which also includes the data for
the related carbenes. Inspection of the data clearly reveals that
the triptycyl group exhibits a large kinetic effect on protecting
the carbenic center. Thus, the lifetime of triplet 2a, for instance,
is some 103 times longer than that of triplet a-naphthylcarbene
(t ~0.1 us),’® and is 3 x 107 times longer even than di-o-
naphthylcarbene (7 70 us).' Reactions with typical trapping
reagents for triplet carbene are also highly retarded. Thus, ko,
for triplet 2a is approximately 1 order of magnitude smaller
than that for most other triplet diarylcarbenes,''® including di-
o-naphthylcarbene,!%11%15 which are usually trapped with a
nearly diffusion-controlled rate constant. Similar effects, though
less dramatic, are also noted for 2b and 2¢. The remarkable
longevity of these monoarylcarbenes is obviously ascribable not
only to the steric bulkiness of the triptycyl group but also to its
reluctance toward intramolecular reaction with the carbene
center. For example, reactions in less reactive solvents such
as benzene afforded complex product mixtures, but possible
products arising from tribenzobicyclo[3.2.2]nonatetraene or
-trienylidene as a result of rearrangement of 2 were detected.
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