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Direct observation ob-benzyne ¢-didehydrobenzene) has
extensively been studied by RUV—vis2 and NMR spec- 200 250 300 350 400
troscopies using a matrix isolation technique. On the other hand, Wavelength / nm
although the existence of benzdiyne (tetradehydrobenZgne, Figure 1. UV spectra obtained by the stepwise (Xe€IKrF — ArF)
has been suggested in theoretical stidies from final products  photolysis of3 (argon matrix, 12 K): (a) before irradiation; (b) after
in organic reaction8,the direct observation of has not yet irradiation with 15 000 pulses of XeCl laser (308 nm); (c) 15 000 pulses
been reported. Recently, we reported an attempt to obderve of KrF laser (248 nm); (d) 20 000 pulses of ArF laser (193 nm).
in the photolysis of 1,2,4,5-benzenetetracarboxylic dianhydride
(2) in an argon matri£. In that work,1 was observed neither ~ Scheme 1

in the IR nor UV—vis spectra. However, the stepwise photo- ¢ 0 ketene .
reaction of2 was revealed by selective irradiation using three l' = =
kinds of excimer lasers. In the initial stage, the photolysis of © O ——— l@' - _ m
2 produced a benzyne derivative through a benzocyclopropenone©® 0 1 - -

intermediate with stepwise elimination of G@nd CO. Sub-
sequent photolysis caused cleavage of the aromatic ring toScheme 2
produce the acetylenic compounds, 1,3,5-hexatriyne and 1,3- CFs o

. . . C CF:
butadiyne, as the main products and ketenes as minor product< s Q Fs 0 3
(Scheme 1%.7 o o hv(08mm) - . o FvGm) |

The fact thatl was not observed in the photolysisd€ould
0 0 0 ¢r O R,

be explained in terms of facile hydrogen migration in the CF3

electron-rich structure. In order to suppress the hydrogen 3 4 5

migration, 1 was substituted with bulky groups. Moreover an CFs

electron-withdrawing substituent would stabilize the electronic FsC—==—=—CF;

state ofl. Thus, we report the photolysis of 1,4-bis(trifluo- ~Ax@48nm,_ ™)) kv@8om) , hv(193 o) and

romethyl)-2,3,5,6-benzenetetracarboxylic dianhydrg)&i an -

argon matrix. CF3 FC—=—= = Cf
The photolysis of3 involving irradiation with three excimer 6 8

lasers of XeCl (308 nm), KrF (248 nm), and ArF (193 nm) in

an argon matrix at 12 K was followed by IR and BVis was tentatively assigned to benzocyclopropendhes(nce this

spectroscoples. peak is in good agreement with those of typical cycloprope-
From the IR SpeCtra it was found that the irradiatiorBait nonest? The assignment fod was further Supported by the

308 nm gave two carbonyl intermediates stepwise along with v —vis spectrum where the matrix containidghowed sharp
the elimination of C@ (2343 and 663 cmf) and CO (2143 peaks at 292 and 303 nm (Figure 1), which were quite similar
Cm_l). The fIrSt |ntermed|ate Wlth a Carbonyl peak at 1858_ém to those (287 and 296 nﬁ’]bf the benzocyclopropenone

T University of Tsukuba. derivative produced in the photolysis Bf The subsequently

* National Institute of Materials and Chemical Research. produced intermediate that had a strong absorption at 180% cm
Sogli E(;%)ZRlc'i&Zigéﬁvgiki(, bJ)- gﬁ;aﬁrerﬁasﬁ BOAE QR};aZttaef;raghiﬁ-cFli?]rg-sﬁhgmL ~was assigned to benzybéy a trapping experiment as follows.
Pacansky, J.: Calder, G. V.: Orr, G. Am. Chem. Sod$73 95, 6134~ Ater 5was generated by the photolysisdh an argor-furan
6135. (c) Chapman, O. L.; Chang, C.-C.; Kolc, J.; Rosenquist, N. R.; (ca. 1000:3) matrix at 12 K, the argon was removed by gentle
Tomioka, H.J. Am. Chem. Sod975 97, 6586-6588. (d) Dunkin, I. R.; warming to room temperature. The residue was examined by

MacDonald, J. GJ. Chem. Soc., Chem. Commu79 772-773. (e) _ ; ; —
Brown, R. F. C.; Browne, N. R.; Coulston, K. J.; Danen, L. B.; Eastwood, GC-MS, which revealed the adduct®fvith furan (M+ 350)'

F. W.; Ivine, M. J.; Pullin, A. D. ETetrahedron Lett1986 27, 1075- As shown in Scheme 2, these results suggested that the
1078. (f) Nam, H.-H.; Lerol, G. EJ. Mol. Struct.1987, 157, 301—-304. (g) photolysis of3 proceeded stepwise in the initial stage similarly
Wentrup, C.; Blanch, R.; Briehl, H.; Gross, G. Am. Chem. Sod988 to that of 2 as reported previousﬁ/
110, 1874-1880. i . S
(2) (a) Minzel, N.; Schweig AChem. Phys. Letll988 147, 192-194. After most of3 was converted t&, continued irradiation of
(1%)78%0;, J. G. G.; Mnzel, N.; Schweig, AChem. Phys. Let199Q 170, the matrix sample at 248 nm resulted in a further increase in
(3) Orendt, A. M.; Facelli, J. C.; Radziszewski, J. G.; Horton, W, J; Intensity of the IR peaks of C£and CO along with the decrease
Grant, D. M.; Michl, J.J. Am. Chem. Sod.996 118 846-852. of peaks due t&. Simultaneously, new bands which were not
(4) (a) Radom, L.; Nobes, R. H.; Underwood, D. J.; Li, W.Rure Appl. assigned to a carbonyl or ketene group appeared (Figure 2).

Chem.1986 58, 75—88. (b) Zahradnik, R.; Hobza, P.; Burcl, R.; Hess, B. ; i ;
A. Jr. Radziszewski. J. G. Mol. Struct. (THEOCHEM] 994 313 335 Although these peaks did not appear discretely in the spectrum

349 as the number of laser pulse increased, we could classify them
(5) Fields, E. K.; Meyerson, Sl. Org. Chem1966 31, 3307-3309.
(6) Moriyama, M.; Ohana, T.; Yabe, AChem. Lett1995 557—-558. (9) (a) Breslow, R.; Ryan, GJ. Am. Chem. Sod.967, 89, 3073. (b)
(7) Moriyama, M.; Ohana, T.; Yabe, A. Manuscript in preparation. Chapman, O. L.; Gano, J.; West, P. R.; Regitz, M.; Maas].@m. Chem.
(8) Matsuura, T.; Ishizawa, M.; Hasuda, Y.; Nishi,dacromolecules Soc.1981 103, 7033-7036. (c) Simon, J. G. G.; Schweig, A.; Xie, Y.;
1992 25, 3540-3545. Schaefer, H. F., llIChem. Phys. Lettl992 200, 631-634.
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1000 2 observed. On the other hand, the photolysis in the final stage
was studied by UV+vis spectroscopy under the same conditions
as those carried out in the above-mentioned IR study (Figure
1). Irradiation of5 at 248 nm resulted in the appearance of a
new broad band at 24280 nm. These bands were assigned
to 6 or 7 by comparison with results from the IR study.
Subsequent irradiation of the matrix at 193 nm, which was
responsible for the formation & in the IR study, caused the
appearance of new maxima at 226, 235, 252, 264, and 281 nm.
The peaks al < 250 nm were in good agreement with those
of 1,1,1,6,6,6-hexafluoro-2,4-hexadiybleand the peaks at
> 250 nm suggested the formation of 1,1,1,8,8,8-hexafluoro-
2,4,6-octatriyne, which is a longer conjugated compotfriche
assignment to these acetylenic compounds was further supported
by the observation of the=C stretching band at 2212 crth
in the IR spectrd! With regard to7, although we could not
. . | 1 | | definitely identify it in this work, it should be a ring-opened
1600 1400 1200 1000 800 600 compound, because it was produced by the pyrolysis at such a
Wavenumber / cm™ high temperature (100€C). Additionally, we could confirm

Figure 2. (@) Theoretical (RHF/6-31G*) IR spectrum & The tha\l/v yv?s a p{fﬁu;sor d?['. & in the followi Inth
frequencies were scaled by an arbitrary factor of 0.89. (b) IR spectra emn ?rpreh el or.mahlon I In the 10 ?W'g?dwgé'f nthe
obtained by the photolysis & with 2500 pulses of laser at 248 nm conse_cutlve photolysis, t e e imination of & roms
(argon matrix, 12 K); the peaks marked witha, O, and® are due to prevailed over the formation of carbonyl and ketene products.
photoproductst, 5, 6, and7, respectively. Unmarked weak peaks are Therefore, the intermedia formed from5 should have the
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due to an impurity and starting materil molecular formula @CFs),. Next, the peak 1466 cm due to
6 may be ascribed to aromatic ring stretching, since the
Table 1. IR Frequencies (cni) of 6-8 Observed by the corresponding peak appears at 1451 tfor benzyne2 This
Photolysis and Pyrolysis & assighment was supported by ab initio calculations at the RHF/
6 7 8 6-31G* level (RHF= restricted HartreeFock), which predicted

that aromatic ring stretching @& should lie at 1616 and 1431
cm~1 (Figure 2)'¥ From these results, it should be noted that
the intermediateés has a benzdiyne structure with two triple

freq int  assigrit fre@  int  freqp int  assignt
1466 m ring str 1377 (1379) m 2212 (2211) w =C str

ﬂg? ; {%:(F:étrstr ﬁ’?é ((if?g ;n i%; 8%2;}2 { Cfété str bonds. Foo-benzynéit has been established that a very weak
798 w  C-CFsdef 1169 s peak at 1846 cmt observed by Radziszewskishould be
1139 (1137) s ascribed to the &C stretching, after many aggressive discus-

sions over two decades since the first suggestion by Chajman.
For benzdiyne, however, we have not observed the correspond-
ing peak. This result should not be a negative proof for

into three species6(-8) by careful analysis of the peak assignment of benzdiyne, since the calculations predicted no
intensities (Table 1). Irradiation of the matrix sample containing definite peak for the &C stretching. Direct observation of
6—8 at 193 nm gave a further increase of the peaks dug to the CG=C peaks will be a further challenging subject. In this
while the peaks due t6 and7 decreased. On the other hand, work we could trap the benzdiyne derivative, 1,4-bis(trifluoro-
when the starting materi&lwas irradiated with 248 or 193 nm  methyl)benzdiyne, and directly observe its IR spectrum by
laser from the start, it was confirmed th8 were produced ~ Substitution of trifluoromethyl groups on benzdiyne.
via 5, similar to the case of stepwise laser irradiation. These
results showed that the irradiation wavelength controlled the
product distribution without change in the reaction path fidm
to 8. Therefore, our selective irradiation with three kinds of
excimer lasers proved to be useful in the investigation of each JA971936J
|ntermed|e}te pro_d_uced in the consecut|ve_photoly3|§. of _ (11) (a) Norris, W. P.. Finnegan, W. G. Org. Chem1966 31, 3202
To obtain additional support for the assignment of the final 3295, (b) Lemmon, D. HJ. Mol. Struct.1978 49, 71-82.

photoproducts 08, we carried out the flash vacuum pyrolysis (12) Kloster-Jensen, EAngew. Chem., Int. Ed. Engl972 11, 438~
of 3 at 1000°C, since McNaughton and co-workers reported : - : i )

S o . - (13) The ab initio calculations were carried out with the program package
that pyrolysis of2 at 1020°C yielded ring opened products of  Gaussian 94Gaussian 94Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.;
1, 1,3,5-hexatriyne, 1,3-butadiyne, and acetylene as final Gill, P. M. W.; Johnson, B. G.; Robb, M. A,; Cheeseman, J. R.; Keith, T.;

10 i Petersson, G. A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A;;
products o2 The products o8 deposited on a Csl plate at Zakrzewski, V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov,

12 K were analyzed by IR spectroscopy. The peaks du t0 B B Nanayakkara, A.; Challacombe, M.: Peng. C. Y. Ayala, P. Y.: Chen,
and 8 were observed, whereas the peaks du® twere not W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin,
R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P;

(10) McNaughton, D.; Bruget, D. NI. Mol. Spectrosc1991, 150, 620~ Head-Gordon, M.; Gonzalez, C.; Pople, J. A. Gaussian, Inc.: Pittsburgh,
634. PA, 1995.

aThe values in parentheses are the pyrolysis resultentative
assignment. St= stretch. Def= deformation.
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