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We seek a better understanding of the factors that influence

electronic delocalization in open-shell, conjugated =-electron
systems. Unsaturated organic carbenes serve as model systems
in which these factors can be probed in detail. Propynylidene
(1),'-8 the simplest acetylenic carbene, can be viewed as the
prototypical example of a conjugated polyyne chain containing
a “defect” in the form of the carbene center. We are interested
indetermining whether this defect remains localized in the chain,
propagates through the chain, or delocalizes over a substantial
portion of the chain. If the defect remains localized, bond-shift
isomerism is possible in both unsymmetrically-substituted
propynylidenes (e.g., phenylpropynylidenes 2 and 3)!#-10 and
symmetrically-substituted carbenes consisting of two or more
alkyne units (e.g., diphenylpentadiynylidenes 4 and §).1.1! The
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chemical rearrangements of acetylenic carbenes are fundamen-
tally interesting in their own right!-!! and have recently been
exploited in synthetic chemistry.!2 In addition, these carbenes
serve as simple models for (i) defects in other conjugated systems,
such as conducting polymers, and (ii) reactive intermediates
involved in formation of new allotropes of carbon. In this study,
we describe our preliminary findings concerning the structure
and rearrangements of 1,3-diphenylpropynylidene (7a,b). Our
experiments reveal a type of isomerism which, by virtue of the
symmetric disubstitution, cannot be attributed to bond-shift
isomerism. This observation raises questions concerning recent
reports of bond-shift isomerism in acetylenic carbenes.5:1!
Photolysis (A > 571 nm) of 1,3-diphenyldiazopropyne (6),!3
matrix-isolated in argon at 10 K, 4 gives rise to a ca. 4:1 mixture
of two species, as monitored by ESR, IR, and UV /vis spectros-
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copy.'$16 We assign these two species as conformational isomers
of triplet 1,3-diphenylpropynylidene (7a and 7b) (Scheme I) on
the basis of the following chemical and spectroscopicinformation.
The ESR spectrum yields zero-field splitting parameters!” (7a,
|D/hc| = 0.484, |E/hc| = 0.004 23 cm™!; Tb, |D/he| = 0.468, |E/hd|
< 0.0002 cm™!) that are in good accord with those expected for
triplet arylcarbenes.?!® The IR spectra of 7a and 7b show strong
absorptions characteristic of a monosubstituted phenyl ring (7a,
748, 680 cm-!; 7b, 745, 678 cm-!), and a weak absorption
characteristic of an acetylenic C=C stretch in conjugation with
the carbene center (7a, 1649 cm-!; 7b, 1645 cm-1).581516 The
UV /vis spectrum of 7a shows the long-wavelength w—=* tran-
sitions (456-541 nm) characteristic of triplet arylcarbenes.!?
Warming an argon matrix containing the 4:1 mixture of 7a and
7b to 39 K and recooling to 10 K results in a decrease of the IR,
UV /vis, and ESR signals of 7a, and an increase in those of 7b,
to give a ca. 2:1 mixture of 7a and 7b.

ESR spectra obtained in twoadditional matricesare very similar
tothose described for argon, enabling us to rule out matrix effects
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Figure 1. (a) ESR spectrum of 1,3-diphenylpropynylidene (7a) obtained
upon photolysis (A > 571 nm) of 1,3-diphenyldiazopropyne (6) matrix-
isolated in MTHF at 4 K. (b) ESR spectrum obtained after warming the
matrix inspectruma to 90K for 15 min and cooling back to 4 K. Spectrum
shows disappearance of 7a and appearance of 7b.

as the cause of the two observed ESR signals. Long-wavelength
irradiation (A > 534 nm, 1 h) of 1,3-diphenyldiazopropyne (6)
matrix-isolated in a 2-methyltetrahydrofuran glass (MTHF, 5.3
mM) at 4 K in the cavity of an ESR spectrometer produces the
triplet ESR signal of 7a (Figure 1a).!5!6 Warming the matrix
to 90 K causes the original triplet signal to disappear almost
completely, with concomitant growth of a new triplet ESR signal
of 7b (Figure 1b). Similar behavior is observed upon irradiation
of diazo compound 6 in a methylcyclohexane (MCH) glass.!5:16
In MCH, photolysis produces 7a and a small amount of 7b.
Warming the matrix to 65 K results in a large decrease of the
ESR signals of 7a and concomitant growth of the ESR signals
of 7b. Subsequent warming to 80 K followed by recooling to 4
K results in essentially complete conversion of 7a to 7b. These
results suggest that the barrier to rearrangement of 7a to 7b is
matrix-dependent.20 ‘

The chemical reactivity of 7a and 7b is consistent with the
proposed structure. Photolysis (A > 261 nm) of 1,3-diphenyl-
propynylidene (7a and 7b) in argon at 10 K results in the
disappearance of the IR, UV /vis, and ESR signals of 7a and 7b,
and inthe appearance of diphenylcyclopropenylidene (8) (Scheme
I).2! The structural assignment of 8 is based on the observation
of the strong symmetric C-C stretch of the cyclopropenylidene
moiety at 1332 cm~1.5822 Asin the parent system, 8 this process
is photochemically reversible. Photolysis (A = 232 & 7 nm) of
cyclopropenylidene 8 results in the disappearance of its IR and
UV /vis signals with the concomitant appearance of the IR, UV/
vis, and ESR signals of both 7a and 7b.23 Interestingly, 1,3-
migration of a pheny! group to form diphenylvinylidenecarbene
(9) does not occur under any photolysis conditions, as demon-
strated by the absence of a strong infrared absorption in the

(18) The observation of the triplet ESR signal at 10 K implies that the
triplet state either is the ground state or lies within several calories/mole of
the ground state: Platz, M. S. In Diradicals; Borden, W.T., Ed.; Wiley: New
York, 1982; p 208.

(19) The absence of the corresponding absorptions for 7b could signal a
significant structural difference between 7a and 7b, or it could simply reflect
our inability to generate a sufficiently high concentration of 7b.

(20) Dougherty has investigated matrix site effects and the matrix
dependence of unimolecular rearrangements: Sponsler, M. B.; Jain,R.; Coms,
F. D.; Dougherty, D. A. J. Am. Chem. Soc. 1989, 111, 2240-2252.

(21) Diphenylcyclopropenylidene (8): IR (Ar, 10K) 13325,1051 m, 762
s, 690 s, 583 m, 518 m cm~}; UV /vis (Ar, 10 K) Amss 220.0, 225.2, 244.8,
255.2, 266.8, 272.8, 280.0, 286.4, 295.6 nm. Carbene 8 possesses a singlet
electronic ground state.’
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vicinity of 1950 cm-!. Photolysis (A > 571 nm, 15 h) of 1,3-
diphenyldiazopropyne (6) in an argon matrix doped with 5.0%
O; results in chemical trapping of 7a and 7b to yield 1,3-
diphenylpropynone as the major product, a reaction characteristic
of triplet carbenes (Scheme I).24

Isomerism in triplet 1,3-diphenylpropynylidenes could, in
principle, arise due to the existence of two conformations that
differ in the relative orientations of the two phenyl substituents. 2526
In 7a, the aryl rings are coplanar, which permits delocalization
of one unpaired electron at the carbene center. In 7h, the aryl
rings are perpendicular, which permits delocalization of both
unpaired electrons at the carbene center. As long as the bond
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angle at the carbene carbon in 7a is comparable to or smaller
than the angle in 7b,?” the structure of 7a deviates more strongly
from axial symmetry than the structure of 7b. Assuming the
point dipole approximation,? this results in a larger value of
|E/hc| for Ta. The perpendicular arrangement of the pheny! rings
in 7Tbis alsoconsistent with the observation that 7b exhibits shorter-
wavelength electronic absorptions than 7a. Our explanation of
isomerism in terms of the relative orientation of the two phenyl
substituents is independent of the precise geometry of the
propynylidene moiety; -8 further experimental and computational
studies will be required to fully elucidate the detailed structure
of triplet 1,3-diphenylpropynylidene.

Our results concerning 1,3-diphenylpropynylidene bring into
question recent conclusions drawn by Iwamura and co-workers
in their study of phenylpropynylidenes 2 and 3% and diphenyl-
pentadiynylidenes 4 and 5.!! We find that conformational
isomerism, in a system that cannot exhibit bond-shift isomerism,
produces ESR spectra that are virtually identical to spectra
reported by Iwamura and interpreted in terms of bond-shift
isomerism.%!! Inlight of these results, we believe that additional
experimental evidence is required to substantiate the existence
of bond-shift isomerism in acetylenic carbenes.
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