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In contrast to the extensively studied archetype, phenylchlo-
rocarbené, scant information is available on heteroaryl singlet

carbenes. Besides interesting electronic perturbations introduced
by hetereoaromatic substituents, novel rearrangements become

possible. Recently, we described characterization of 2-furylchlo-
rocarbenel), and its stereoselective photochemical ring-opening
to enynal2.2® Reasoning that benzannelation of this system might
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impede fragmentation and potentially open new reaction pathways, Figure 1. (a) Difference IR spectrum showing conversion of alléne
we have since probed the chemistry of 2-benzofurylchlorocarbene(“up bands”) to carbend (“down bands”) on 546 nm irradiation for 135

(3). We now report a strikingly rich cascade of reactive intermedi-
ates uncovered by this point of entry, including the first
observation of a 3,4-didehydropyran.
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Irradiation (436 nm~10 h) of 2-benzofurylchlorodiazirifé
(4) isolated in an N matrix (~1:800) at 10 K slowly produced
carbene3. DFT® calculated vibrational spectra (B3LYP/6-31G**)
of asyn/antimixture of3 gave an excellent fit to the experimental
IR. Furthermore, wheB8 was generated similarly in a 0.4% HCI-
doped N matrix, then warmed to 35 K, the carbene IR bands
disappeared and absorptions of dichlofdgrew. In parallel with
other arylchlorocarbenég,3 displayed a very strong 350 nm UV
band3

The 2-benzofurylcarben® was quite photolabile. Irradiation
of the matrix containin@ (or starting diazirine) for ol 5 m at

366 nm completely destroyed the carbene IR, and replaced it with

a new spectrum with strongest bands at 1089 and 801! cm

(Figure 1). At the same time, the carbene UV disappeared, and a
strong band at 305 nm together with a moderately strong, and

broad absorption centered at 545 nm grew in. Conversely,
irradiation of this new photoproduct at 546 nm fei2 h slowly
converted it back to carbergin the IR and UV (Figure 1).
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m. (b) B3LYP/6-31G** calculated IR for allené. (c) B3LYP/6-31G**
calculated IR forsyncarbene3a (solid) andanti-carbene3b (open).
Calculated frequencies are scaled by 0.96.

Calculational modeling and trapping indicate convincingly that
this photoproduct 08 is the novel didehydrobenzopyr&n The
B3LYP/6-31G** (Figure 1) or MP2/6-31G* calculated IR fér
nicely fits the experimental spectrum. Warming an HCI-doped
(0.4%) N, matrix of 6 to 32 K rapidly converted the allene to a
new product, with a strongest IR band at 1510 &nThe well-
known benzopyrylium cations characteristically exhibit strong IR
absorptions in this regiohlndeed, the experimental IR of the
trapping product matched B3LYP predictions for pyrylium salt
7.5 Calculated spectra of alternative potential products, such as
8, were completely unsatisfactory. Addition of DCI €oin the
same manner gave deuterated product with appropriately shifted
IR bands that matched DFT predictiochShese results are
summarized in Scheme 1.
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As we have shown with other furylcarberféssyn and anti
conformers of3 could be discerned. The IR spectrum &f
generated from irradiation of allerewas subtly different than
that produced on initial irradiation of diazirine. In particular, a
doublet of moderate intensity bands at 844 and 838'anas
observed from photolysis af, but only the 838 cm' peak was
produced from allené. The strong UV band d8 was also blue-
shifted to 345 nm when generated fr@nConversely, brief (5
m) irradiation of carben®& at 313 nm caused the disappearance
of the 838 cm?! band, concurrent growth of the 844 cth
absorption, and a shift of the carbene UV to 360 nm. B3LYP
calculations predict very similar IR spectra fyn3a andanti-
3b, but slightly lower frequency for the.840 cnt* band insyn
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Scheme 2 asymmetric &C=C stretch. Planar structurég, is calculated
313 nm AN 366 - 430 nm to lie only 2.5 kcal/mol higher in energy th&) one imaginary
@_.\. e Ny T s 00 frequency in the DFT calculations is consistent with its role as a
O C s546nm 0 546 - 620 nm transition state for enantiomerization®fCIS/6-3HG** calcula-
3a (10 9 (51) tions for6 predict a moderate absorption at 411 nm, corresponding
\ J primarily to excitation from the HOMO, which is dominated by
Lmhm Y an approximately in-plane “lone-pair” on the allenic C, to the
l 343nm LUMO which is mainlyz* in character. Although the calculated
o value is somewhat shorter in wavelength than the observed 545
@4“ nm Amax in 6, this transition is quite sensitive to the geometry of
o cl the didehydropyran. For example, CIS calculations for the
3 32 106133 o zwitterionic planar structuréa predict 528 nm for the analogous
(B3LYP/6-31G™ relative energies, kcalimol) transition. The CIS calculations also predict a stramg*
transition for the twisted allené at 278 nm, consistent with
experiment.

3ab CIS/6-31G** calculation% predict weako—s* transitions i o ] ) )

at 485 and 520 nm, and intense* absorptions at 261 and 271 AIthoggh we believe that this is the flrgt direct observation of

nm, for thesyn3a andanti-3b carbenes, respectively. We could ~an allenic-didehydropyran, the parent didehydrobenzopyran has

not distinguish the very weak visible carbene absorptions from recently been generated and trapped in solution by Christl and

the background of the other intermediates. Nevertheless, the IRDrinkuth:* Their product analyses indicated significant zwitte-

and UV spectra together suggest tegtr3a is generated from rionic reactivity consistent with our observation of protonation

rearrangement of aller and 313 nm irradiation convergato of 6 at cryogenic temperatures. Shevlin and co-worKenave

3b. suggested, based on calculational results, that the related nitrogen
Short exposure of carbedo 313 nm light generated another ~ @nalogues t6, generated from carbon atom addition to pyrroles,

species in the IR, offering a key to the mechanism interconverting ave planar dehydropyridinium ylid structurés?

carbene and allene. Bands appearing at 2190 and 1656 cm  In summary, benzofurylcarbergprovides entry to a readily

signaled formation of quinone methi®e Again, B3LYP calcu- interconverting system of reactive intermediates, where product

lated IR spectra fo® matched experimefitThis mixture of3 selection is highly sensitive to irradiation wavelength. Thus,

and9 was rapidly (15 m) converted to alle@eon irradiation at photolysis of3 at its strong UV maximum at 366 nm induces

404 nm. Alternatively, when matrices containgvere irradiated ring opening to quinone methid® The key intermediat®, in

for short periods (5 m) at 620, 578, or 546 nm, the resulting turn, photochemically cyclizes to allegwhich absorbs weakly

IR spectrum of carbengwas accompanied by small amounts of if at all at this wavelength. Conversely, excitation of didehydro-

9, which eventually disappeared on further irradiation as allene pyran6 in the visible drives the system, via ring-opening followed

was depleted. These observations are most consistent withby alternate cyclization, to carbeBeSimilar photochemical ring

intermediacy of quinone methid® providing a pathway for closures of enynones to give trappable furylcarbenes have been

carbene/allene isomerization. We were not able to assign specificreported'® Finally, we speculate that a 1,3-aryl shift from allene

electronic absorptions t8. But, its photochemical reactivity 6 to the photostable benzocyclobutadieh® completes the

suggests absorptions covering much of the UV and visible regions, process?®

extending beyond 600 nm, in line with other conjugatively

substituted quinone methid@s. Acknowledgment. We thank the National Science Foundation and
Prolonged irradiation (20 h) at 313 nm ultimately converted the donors of the Petroleum Research Fund, administered by the American

matrices containing carber®e quinone methid®, and/or allene Chemical Society, for financial support.

6 to yet another photoproduct, characterized by a strong 1746
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