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Anomalous Effects of Para Substituents on the diphenylcarbene2@), can survive no more than seconds under
Stability of Sterically Congested Triplet normal conditions, i.e., in a degassed benzene solution at room
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For a long time, carbenes were believed not to be stable
enough to be isolated in macroscopic amounts at room tem- B o B 0 Br
perature. However, the recent syntheses of stable singlet /‘/\‘
carbenes, i.e., phosphinocarbénaad imidazol-2-ylidenes, O O O O
have upset this extreme view. Naturally, however, interpretation R BEr TR OOR Brer ?
of these species as free carbene has been a topic of debate, ¢ }

especially concerning the possible _conFribLition of the ylidic temperaturé’ In this light it is crucial to develop a new strategy
character as a result ofrp-p delocalizatior?: . to stabilize this highly reactive center. During the course of
The stabilization of a triplet carbene emerges as a challenging gy study to examine the effect of substituents on the reactivity
target since triplet carbene is less susceptible to the conjugativeys 5 series of polybrominated diphenylcarber®s we found
stabilization causing the issue of electronic configuration as a 5t the lifetime of these carbenes was dramatically affected by

pure carbene rather than the singlet manifoldloreover, steric  the remote para substituents whereby triplet carbéne surviving
protection (kinetic stabilization) is an ideal method of stabilizing yer minutes was realized for the first time.

the triplet since a protecting group when introduced near carbene | gser flash photolysis (LFP)of (2,2,6,6-tetrabromo-4,4
center not only blocks the carbenic center from external reagemsdi-tert—butyldiphenyl)diazomethana((:) in a degassed benzene
but also results in thermodynamic stabilization by increasing go|ytion at room temperature with a 308 nm pulse from a XeCl
the centrallanglé.. Attempts have been made along ;hls line  axcimer laser (10 ns, 7090 mJ) produced a transient species
whereby triplet diphenylcarbenes (DPC) were stabilized by ghowing a strong absorption at 340 nm and a weak absorption
introducing a series of substituents at the ortho positiéns. extending from 380 to 400 nm, which appeared coincident with
However stable triplet carbene is not realized yet partly due to e pulse (Figure 1). On the basis of the low-temperature
a voracious appetite of carbene for electrons. Thus even thespectrum and ESR measurement (vide infra), we assigned the

most persistent triplet carbene, i.e.,'424,6,6-hexabromo-  (ransient absorption to triplet carberg), Support is lent to
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0.160 rate of3 as a function of [(]. Similarly LFP of2 on a degassed
340nm benzene solution in the presence of CHD generated a new signal
attributable to the diarylmethyl radicald)(as the signals o2
decayed, showing that tripléx abstracts H from the dierié.
The rate constantk¢np) of H abstraction of2 from CHD is
determined from a plot of the apparent build-up rate constant
of the radical vs [CHD]. Inspection of the data summarized in
Table 1 suggests that the reactivities2ofoward those triplet
guenchers are again not significantly affected by the para
substituents.
Thus, these observations clearly support a naive idea based
on intuition that the para substituents exert almost no steric
-0.040 effects around the remote carbenic cente? af least in terms
300.0 3412 3824 4236 4648 306.0 of the sterically congestedness. Electronic effects, on the other
Wavelength / nn hand, which usually affect the singlet state energy more
Figure 1. Absorption spectrum of the transient products formed during effectively than the triplet, seem also not so important as to
the irradiation of 1c in degassed benzene, recorded /& after change the reactivity .15 What is the origin of the marked
excitatic_)n. The inset shows oscillogram traces monitored of transient para effect on the stability & in benzene, then? Benzene is
absorption due to carbenéa (- - —), 2b (- - -) and2o(—). known to be one of the least reactive solvents toward triplet
Table 1. Kinetic and ESR Data for Carbenés carbe.nes.. Thus most persistent diphenylcarbenes undergo
" " . " o = d|mer|;at|o.n in benzene to form tetraarylethylenes as almost
carbenes Zélfll) t(l_éf) (le?zs*l) (Mkfg*féfl) (em?)  (cm exclusive isolable produc Carbene2a also underwent
dimerization as evidenced by the second-order decay kinetic in
2a 89 10 1Ix10 7.4x10* 0.3958 0.0295 benzene. However, product analysis of the spent solution
2b (477 022 23x<10° 3.7x10° 03957 0.0275  showed that carbenic dimers were formed in surprisingly small
2 035 16 21x 107 53x 1 03966 0.0311 amount. This suggests that simple dimerizatior2ofat the
2In degassed PhH at 2€. ° In PhH at 20°C. ¢In 2-MTHF at 77 carbene center must suffer from severe steric repulsion and
K. 9 Unimolecular decay. hence the carbene is forced to react at the other positions. The
most probable reactive sites are the aromatic rings, where spin
In marked contrast, the introduction of methyl groups at the can be delocalized. In this light it is important to note that
para positions caused a significant destabilization in triplet trityl radicals are known to undergo either methpara or
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carbene2. Thus, LFP of (2,26,6-tetrabromo-4,4dimethyl- para—para couplings depending on the substitution patt&ns.
diphenyl)diazomethanelb) in a degassed benzene also pro- Thus, it is likely that the brominated DPC8)(also undergo
duced a transient absorption due to triplet carbetm, (vhich similar coupling. The coupling reactions of trityl radicals are
decay rather rapidly within 1 s. The decay was found to be not suppressed by “reactive” substituents. The anomalous
best fit to a first-order decajk (= 4.7 s°') and the lifetime {) reactivity of halogen at the para position is noted, for instance,
is estimated to be 0.21 §6 = 0.22 s). In MTHF matrix, it (p-bromophenyl)diphenyl undergoes methplara coupling”
decayed very fast even below 100 K. On the other hand, tg-tolylmethyl undergoes rapid dispro-

The results clearly suggest that the lifetime of polybrominated portionation to yield trip-tolylmethane and a quinoid structure
DPC @) was dramatically affected by the remote para substit- which rapidly polymerize$® However, the coupling at the para
uents which are not expected to exert significant effect on the position is retarded byert-butyl group at the para positioA$.
steric congestion around the carbenic center. In order to know Thus, rather large stabilizing effects tit-butyl groups at the
the origin of these puzzling effects, the following studies were para positions on the lifetime & compared to that of bromo
carried out. EPR spectra of carben@} (ere obtained in  and methyl groups are compatible with effect of substituents

MTHF glasses at 77 K by subjecting frozen solutionlofo observed in the coupling reaction of trityl radicals. The
short periods of photolysis. The spectra were persistent at  complexity of the products observed in the reactior2 ofiust
this temperature and were analyzed in termB andE values, be partly due to the complexity associated with the coupling

which are reported in Table 1. SinBemeasures the difference  reactions. Thet-para coupling of triplet carbenes, for instance,
of the magnetic dipole interaction along theandy axes, it unlike that of trityls, does not lead to a final stable product and
allows one to estimate the bond angle at the carbene Centergives rise to an intermediate open-she" molecule whose
especially when weighted Y. Inspection of the data in Table  subsequent reactions will be complicated by possible ambient
1 clearly indicates that there are no significant changdS[n reactivity.
values as one changes the para substitiénihese observa-
tions indicate that the para substituents exhibit little effects on
the geometries of triplet carben2sis expected. PM3 calcula-
tions also indicate that both the central angi¢ énd dihedral
angle @) of the two aryl rings are essentially the same between JA9616488
the three carbenegg—c). (13) See for review: (a) Sander, W. Wngew. Chem., Int. Ed. Engl.
The reactivities of2 toward typical triplet quenchers, i.e., 1990 29, 344. (b) Scaiano, J. C.; McGimpsey, W. G.; Casal, H).LOrg.
oxygen and 1,4-cyclohexadiene (CHD) were then investigated Charg)lss)gea f%: rle?/}g\}v: Platz, M. S., EKinetics and Spectroscopy of
by using LFP. Thus, LFP of on a non-degassed benzene carbenes and Biradicaj®lenum: New York, 1990. Jackson, J. E.; Platz,
solution resulted in a dramatic decrease in the lifetime of triplet M. S. In Advances in Carbene Chemistrgrinker, U., Ed.; JAI Press:
2 and a concurrent appearance of a new absorption band at 41¢Freenwich, CT, 1994; Vol. 1, pp 87160.

. - . . 15) Hadel, L. M.; Maloney, V. M.; Platz, M. S.; McGimpsey, W. G;
nm. The rate of increase in the band at 410 nm is practically chiar)]o' J. CJ. Phys. Chemfgga 90, 2488. psey
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