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Triplet Di(9-anthryl)carbene Undergoes
Trimerization**
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A large number of triplet carbenes have been characterized
by electron paramagnetic resonance (EPR) spectroscopy.?
The principal information extracted from EPR spectra of
triplet carbenes in randomly oriented matrices are the zero-
field splitting (ZFS) parameters D and E, where D is a
measure of the number of the unpaired electrons and thus
allows the amount of delocalization in a carbene with
conjugated m systems to be determined, while £ measures
the difference in the magnetic dipole interaction and, when
weighted by D, allows one to estimate the bond angle at the
carbene center.

Among the many triplet carbenes known, triplet di(9-
anthryl)carbene (1) is unique as it shows the smallest D
(0.113 cm™!) and E (0.0011 cm™!) values ever reported. This

é .

means that the carbene has almost linear and perpendicular
geometry with extensive delocalization of the unpaired
electrons into the anthryl portions of the molecule.?!

Although these spectroscopic results suggest that the
carbene should exhibit a reactivity that is substantially
different from that observed for other diarylcarbenes, its
chemistry has not been studied extensively. Herein we report
that the carbene undergoes an unusual trimerization reaction,
one that has never been observed before for any other
carbenes.™
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Irradiation (4 >300 nm) of di(9-anthryl)diazomethane (2,
5x1073M) in degassed benzene caused rapid fading of the
original orange diazo color with evolution of copious amounts
of nitrogen gas to give a pale yellow solution [Eq. (1)]. After
evaporation of the solvent, the resulting mixture was sub-
jected to repeated gel-permeation chromatography, which
eventually resulted in the isolation of white -crystals

2 3

(m.p. 332-333°C) in 50% yield. The mass spectrum (FAB-
MS) of the product showed a signal at 1099.1 (19.1 %), which
corresponds to the M + 1 ion calculated for three di(anthryl)-
carbene units. Additional peaks were observed at 732.1
(19.6 %) and 366 (100 % ), which correspond to the fragment
formed as a result of the successive loss of the carbene unit
from the trimer. Thus, the data clearly suggest that the main
product is the trimer of di(anthryl)carbene, rather than a
dimer as had been suspected earlier.!

The structure of the trimer which best explains the NMR
data is the one (3) formed as a result of a threefold coupling at
positions 10 of the di(anthryl)carbenes. Thus, the 'H NMR
spectrum (500 MHz) showed the presence of eight aromatic
proton signals ranging from 6 =7.79 to 5.91 plus one signal at
0 =4.82, which corresponds to a proton at a benzylic carbon
atom.P] The ®C NMR spectrum (126 MHz), on the other
hand, displayed a total of twelve aromatic sp? signals between
0=136.42 and 125.46. In addition, two signals were observed
at 0 =208.34 and 111.10, which can most probably be assigned
as the central and terminal carbon atoms of the allenic
subunit, respectively, and one sp® carbon atom at ¢ = 55.06.
The assignments are fully supported by two-dimensional
NMR measurements (see the Supporting Information).

The molecular structure of the trimer was unambigously
characterized by an X-ray crystallographic study. The analysis
of 3 revealed that the compound has a complicated structure
and contains a 27-membered ring with six fused benzo groups,
which are oriented equatorially, and six bridging benzene
subunits, three of which protrude axially on either side of the
basic ring (Figure 1).%71 The crystal lattice contains one
crystallographically independent molecule of 3 and a solvent
molecule (CH,Cl,) with 0.477 occupancy. No crystallographic
symmetry element lies on 3. The bond lengths in the allene
moieties are normal,’® but the allene moieties bend slightly
(177.2°).°) The 9-hydroanthracene moieties around the allene
bonds are almost perpendicular to each other. The average
value of the angles between the least-squares planes of the central
six-membered rings at both ends of the allene bonds is 87.3°.

In spite of its sterically highly congested structure, trimer 3
exhibited surprising stability. It remained unchanged either
upon heating in degassed benzene at 140°C for 2h or by
irradiating it in degassed benzene with light (4 >300 nm) for
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Figure 1. The X-ray crystallographic structure of the trimer 3. Top:
ORTEP drawing of 3 showing the labeling scheme; the solvent molecule
(CH,Cl,) and the hydrogen atoms are omitted for clarity. Selected bond
lengths [A] and angles []: C1-C2 1.320(12), C1-C81 1.322(12), C23-C30
1.331(12), C30-C31 1.307 12), C52-C59 1.320(10), C59-C60 1.322(11); C2-
C1-C81 175.9(10), C23-C30-C31 176.4(10), C52-C59-C60 179.4(9). Bot-
tom: Space-filling presentation of the structure.

2h. However, it decomposed in air both thermally and
photochemically to give anthraquinone as the main product.

Triplet carbenes, like radicals, can dimerize in a very fast
and exothermic reaction. The efficiency of this process clearly
depends on the concentration of the carbene. However,
carbene dimers are usually not produced as major products in
the reactions where “normal” carbenes are generated at room
temperature by the steady-state photolysis of diazo precursors
in solution. The probable reason for this is that nacsent and
hence singlet carbenes react very efficiently with external
reagents before they undergo intersystem crossing to form the
triplet. Dimers may be formed instead by the attack of the
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singlet carbene on the precursor, whose concentration is much
higher, and usually occurs in concomitance with the formation
of a large amount of azine.” The formation of dimers as main
products is observed only in the reaction of relatively stable
triplet carbenes.'] For example, di(2,4,6-trimethylphenyl)car-
bene (dimesitylcarbene) and hexachlorodiphenylcarbene pro-
duce the corresponding tetraarylethenes in high yield without
any sign of the formation of azine even in a steady-state
photolysis in solution at room temperature.['’- 12!

The trimerization of a carbene is completely unprecedent-
ed. The structure of trimer 3 clearly indicates that simple
coupling at the carbenic carbon atom is not favored, as can be
easily expected from the steric hindrance around the carbene
center of 1. Thus, *1 is forced to undergo self-reaction at
positions 10 where some spin density is localized.

A similar coupling reaction at an aromatic carbon atom is
also suggested as a decaying pathway for sterically congested
diarylcarbenes, as deduced from the rather dramatic effects of
para substituents on the lifetime of the triplet carbenes."¥ For
example, the lifetime of triplet diphenylcarbenes protected by
four ortho-bromine groups is shown to increase by some two
orders of magnitude when para-methyl substituents are
replaced by fert-butyl groups. However, no products resulting
from such a coupling have been isolated in this case.

The unusual formation of the product as a trimer in a
significant amount as a result of such coupling at the aromatic
moiety is rather unusual and clearly ascribable to its unique
electronic and steric features. First, extensive delocalization of
the unpaired electrons into the anthryl rings in 1 is more
prominent than that into phenyl rings in diphenylcarbenes.
Second, 10,10’-diradical forms are clearly stabilized by the
conjugation of each electron with the two fused aromatic rings
and therefore have a sufficiently long lifetime to encounter
each other in solution, even at room temperature. Inspection
of the molecular structure of the trimer 3 suggests that the
trimerization may take place in a way so as to avoid the
congestion as much as possible. Thus, two “anthryl” groups in
a diradical unit are connected by the allenic bond and hence
situated perpendicular each other. Each coupling of the
diradical unit at the 10 and 10" positions takes place in a
staggered fashion. In this way, three diradical units are
suitably folded to eventually form the intricate cyclic com-
pound. Intramolecular coupling of both ends at the dimer
stage is clearly not favored, most probably because of a rather
high activation barrier to ring closure that results from the
very large distance between the radical centers. In a tetramer,
on the other hand, steric repulsion arises between the
“blades” as a consequence of a pertubation of the delicate
balance between the linkers and blades.

These considerations explain, at least in part, the reason for
this unusual trimerization process of 1. It is clear that further
research, including the kinetics of the process, is neccessary.
For this reason, studies are now in progress in our laboratory
to fully understand this interesting behavior of *1.

Experimental Section

Crystal data for 3: Trimer 3 was dissolved in CH,Cl, and the solvent was
evaporated slowly at ambient temperature for 5 d to give a single crystal of
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3 that was suitable for X-ray crystallographic analysis. Crystal data for
Cg;Hs4(CH,CL,) 477 colorless plate, crystal dimensions 0.40 x 0.10 x
0.05 mm?, triclinic, space group P1, a=12.378(1), b=13.271(2), c=
19.308(1) A, a=90.20(1), B=104.73(1), y =100.30(1)°, V =3014.0(6) A3,
Z=2, Peaca=1.305 Mgm~3, Cuy, radiation (1=1.54178 A), 20, = 148°.
The data were collected on an Enraf-Nonius CAD4 diffractometer at
296 K. An absorption correction and a decay correction were not applied.
The structure was solved by direct methods with SHELXS-86/°! and refined
by full-matrix least-squares analysis on F2? with SHELXL-93."! A total of
8513 reflections were collected, 8220 independent reflections were included
in the refinement, 812 parameters, R, =0.0726 and wR,=0.1695 for data
with 1> 20(I), GOF =0.967, max. residual electron density 0.55 eA-3. All
non-hydrogen atoms were refined anisotropically. Hydrogen atoms were
placed geometrically and refined by using a riding model. Crystallographic
data (excluding structure factors) for the structure reported in this paper
have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-124125. Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB21EZ, UK (fax: (+444)1223-336-033; e-mail: deposit@
ccde.cam.ac.uk).
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