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The recent synthesis of stable singlet carberiegems to upset

the long-standing view that carbenes are not stable enough to be z N
isolated on a macroscopic scale at room temperature. However, gfg'gfg;:l‘n,l
this view still holds true since those singlet carbenes are strongly E/D0.0693

stabilized by two heteroatom substituents most likely due to ylidic ) _J

contributions! In addition, more importantly, triplet counterparts [_/;\/\/-\f_ﬁ/‘
z

have not been isolated yet. To isolate a carbene with its electronic
integrity (one centered diradical) intact, steric protection is the

ideal method. This is especially true for triplet carbene since a

protecting group, when introduced near the carbene center, not
only blocks the carbene center from external reagents but also
results in thermodynamic stabilization by increasing the carbene
angle.

Attempts to isolate triplet diphenylcarbene by introducing
various substituents at the ortho positions have been made, wher
triplet carbenes with lifetimes over minutes under normal condi-
tions are realize@?® This is very long-lived for triplet carbenes
but would still be an ephemeral existence for “real” molecules.

The crucial point for realizing stable triplet carbenes is to
explore effective kinetic protectors which are bulky yet unreactive
toward carbenes, since carbenes have only two modifiable
substituents and are reactive enough to attack even very poo
sources of electrons such as-8 bonds.

In this respect, the trifluoromethyl (GF group has been
regarded as an ideal kinetic protector of carbenes since it is muc

bigger than methyl and bromine groups and, more importantly, . )
C—F bonds are known to be almost the only type of bond have often been observed in the EPR spectrum of sterically

unreactive toward carbenic centéidowever, since it is almost congested triplet_diarylcarbenes and are usually interpreted in
impossible to prepare the precursor diphenyldiazomethane (DDM) terms of geometrical changes$. ,
bearing four ortho Cggroups, we decided to use the sterically More |mpor_tan_tl_y, the trlp!et signals were found to bg persistent
less demanding protectors in combination with;QFoups. The =~ €ven at a significantly higher temperature. For instance, a
precursor which we were able to prepare is DDIlifaving two significant decay. of the tr|p|§t S|gnaI§ began only. at 210 K in
ortho bromine groups in addition to two €groups. The triplet MTHF. In more viscous media, triacetin, no appreciable changes
carbene 2) generated from this precursor was found to be Were observed even at 230 K. Measurable“d.ecay of t’r\e signals
extremely stable; it is the first carbene that can survive more than Was observed only at 273 K (), where the “first-order” half-

1 h in solution at room temperature and can also be stored in alifé (tv2) was approximately 10 min.
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Figure 1. (a) EPR spectra obtained by irradiationloin MTHF at 77
eK. (b) Same sample after annealing to 110 K.

Irradiation ¢ > 300 nm) ofl in a 2-methyltetrahydrofuran
(MTHF) glass at 77 K gave a fine-structured EPR line shape
(Figure 1). This shape is characteristic of randomly oriented triplet
molecules with a larg® value attributable to one-centet 8pin—
spin interaction at a divalent carbon of diarylcarberi®. (
fdnspection of the spectrum reveals that there are at least two sets
of triplet signals. When the matrix containing the carbene was
thawed gradually, another new set of triplet peaks appeared at
nthe expense of the original peaks. These changes were not
reversible. These changes®D values upon thawing matrices

bottle cooled at-40 °C. The dramatic stability o was also shown by monitoring the

: UV/vis spectra of2 at a low temperature as a function of
Sogl)lg%%u,l/ia gz%tgmggge;islg:; iﬁgg‘;d% AWEE&?"S@QQ&QSE“-A ~ temperature. Irradiation dfin a triacetin matrix at 110 K resulted
Dahan, F.; Bertrand, GAngew. Chem., Int. Ed. Engl995 34, 1246 and N the appearance of new ban.ds at the expense of the original
references therein. ' absorption due td. As shown in Figure 2, the new spectrum
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Figure 2. UV/vis spectra obtained by irradiation @fin triacetin: (a) " 300 400 500 600
spectrum ofl in triacetin at 110 K; (b) same sample after 15 min
irradiation ¢ > 350 nm); and (c) same sample after warming to 273 K.
The inset shows a plot of the absorbance at 345 nm as a function of _. . Wav.elength./ nm . .
time at 0°C. Figure 3. UV/vis spectrum obtained by irradiation dfin benzene at
) . . 20 °C. Inset shows a plot of the absorbance at 345 nm as a function of
interpreted in terms of the geometrical changes2ofipon time.

annealing (vide supra). A significant decay of the absorption was o _
not observed until the matrix temperature was raised to 273 K (0 Table 1. Kinetics and ESR Data for Triplet Carbene
°C), where the half-lifet(;;) was estimated to be 10 min. These Klela R ko Keno? D Ec

observations are in excellent agreement with the EPR studies (videcarbenes  (s™%) () (MTsY (M‘ng‘l) (cm™  (cm™

supra). 32 1.7x10°3 940 8.6x 10° 1.0x10 0.383  0.0247
To estimate the lifetime of triplet carbe@ainder our standard 5 35x10' 16 21x100 53x10P 0442 ~0

conditions, i.e., in degassed benzene at °ZY) laser flash

photolysis (LFP) ofl was carried out. However, the lifetime of CF3 N, Br CF4 Br

32 was too long to be monitored by the LFP system, and a hy 2

conventional UV-vis spectroscopic method was more conve- O O N O O

niently employed in this case. As shown in Figure 3, the-UV CF3Br CF3Br

vis spectrum obtained just after photolysislofh benzene at 20
°C exhibits characteristic features¥ i.e., an intense absorption 1 2

in the UV region along with weak, broad bands in visible regions, @ o | «
which decay very slowly. The transient signals did not disappear ACHD 2] 7
completely even aftel h under these conditions. The decay was

found to be second order K2l = 1.7 x 1072 s%). The

approximate half-life tg,;) of 32 is estimated to be 16 min. CFs  Br CF; 07" Br
The reactivities of®2 toward typical triplet quenchers, i.e.,

oxygen and 1,4-cyclohexadiene (CHD), were then investigated O O O O

using LFP. Thus, LFP of in a nondegassed benzene solution CF3Br CF4Br

resulted in a dramatic decrease in the lifetime %@fand a

concurrent appearance of a new absorption band at 410 nm. The 4 3

rate of increase in the band at 410 nm is p_ractically the same as

that of the peak due 182, showing that®2 is quenched with (2 4-dibromo-6tert-butylphenyl)carbene’) (Table 1). It is
oxygen to form carbonyl oxide].*’ The rate constank@ f‘f[ clear that reactivities decrease by approximately 2 orders of
the quenching of2 by O, is determined to be 8.6 10° M~ s magnitude as two-bromine groups ird5 are replaced with two

from a plot of the observed pseudo-first-order growth rat8 of  cp groups. CEis thus shown to be an excellent kinetic protector
as a function of [@]. Similarly, LFP of2in degassed benzene in triplet carbene.

the presence of CHD generated a new signal attributable to the

diarylmethyl radical 4) as the signals of2 decayed, showing Acknowledgment. This work was supported by a Grant-in-Aid for
that 2 abstracts H from the (_:iler?é.The_ rate constankgp) of Scientific Research from the Ministry of Education, Science and Culture,
H abstraction of2 from CHD is determined to be 1.0 10 M? Japan and Nagase Science and Technology Foundation.
1 from a plot of th rent build-up r nstant of the radical
s 1from a plot of the apparent build-up rate constant of the radical JAG91387C
vs [CHD.
The kinetic and ESR data fé2 are to be compared with those (11) It is also well-documented that triplet diarylcarbenes generated in the

observed for the longest-lived triplet carbene thus far known, i.e., presence of good hydrogen donor undergo H abstraction leading to the

corresponding radical showing transient absorption at longer wavelength than
(20) It is well-documented that diarylcarbenes with triplet ground states the corresponding carbene. For reviews see: Platz, M. SKigétics and

are readily trapped by oxygen to generate the corresponding diaryl ketone Spectroscopy of Carbenes and Biradi¢&enum: New York, 1990. Jackson,

oxides. For a review, see: Sander Whgew. Chem., Int. Ed. Endl99Q 20, J. E.; Platz, M. S. IPAdvances in Carbene Chemistrigrinker, U., Ed.; JAI

344, Press: Greenwich, CT, 1994; Vol. 1, pp-8¥60.




