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1,3-Bis(diazo) ketones have been of interest as useful precursors
of various attractive molecules, such as cyclopropenones, strained

alkynes, and new carbon oxides,(@,).> In the course of our
studies of the photochemistry of bis(diazo) ketoheg have

raised the question of whether one diazo group can be selectively

cleaved when the diazo functions of a bis(diazo) ketone are
inequivalent. To our knowledge, only two bis(diazo) ketones with
two inequivalent diazo groups have been reported so far, 2,4-
bis(diazo)androstan-B7ol-3-oné and 1,3-bis(diazo)decahy-
dronaphthalen-2-onte. Though the photochemistry of these
bis(diazo) ketones was of special interest, the authors preliminarily
reported that the photolysis of these compounds in solutions
afforded a complex mixture from which nothing could be iden-
tified. In this paper, we report the photochemistry of a new bis-
(diazo) ketone with two inequivalent diazo groups, 2,4-bis(diazo)-
1,2,3,4-tetrahydronaphthalene-1,3-diodg (vhere the first ex-
ample of selective photodecomposition of one of the two in-
equivalent diazo groups could be demonstrated.
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The direct diazo transfer to readily available 1,3-naphthalene-
diol with p-tosyl azide (2.5 equiv) using KFAI,O4® in acetonitrile
gave the bis(diazo) ketor# in moderate yield. Irradiation df
in benzene containing 1% (v/v) methanol with a high-pressure
mercury lamp £ 300 nm) gave a mixture of the spironorcaradiene
27 (21%) and methyl 3-oxo-2-diazoindan-1-carboxyl&e9%)
as primary isolable photoproduésThe wavelength dependence
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of the distributions of the primary photoproducts was examined.
The ratio of the products obtained in the photolysis with the light
through the filter cutting wavelengths shorter than 350 or 390
nm was similar to that obtained in the photolysis with the Pyrex-
filtered light (=300 nm). However, the product distribution was
dramatically changed in the irradiation with light of wavelength
longer than 420 nm, where the yield of the diazo ket@he
increased and that of the spironorcaradieheconsiderably
decreased 2:[3] = 0.06).

Both of the photoproduct and3 have an indanone skeleton,
which could be formed through a Wolff-type ring contraction of
the ketocarbenes photolytically generated frbmWe propose
that2 is derived from the diazo ketede which is formed by the
initial decomposition of the diazo group at the 2-positiorLdf
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On the other hand, the mechanism for the formatio o&n be
readily explained in terms of the capture of the diazo ketene
generated by the extrusion of, from the 4-position ofl with
methanol. Thus, the wavelength effect observed in the photolysis
of 1 in benzene containing methanol strongly suggests that the
photolysis with the long-wavelength light 420 nm) can initiate

the decomposition of the diazo group at the 4-position but fails
to cause the extrusion of,Nrom the 2-position of the bis(diazo)
ketonel.

To gain further evidence for the selective decomposition, we
examined the photochemistry df in an Ar matrix at 12 K.
Irradiation (>350 nm) of 1 matrix-isolated in Ar resulted in a
simultaneous decrease in the intensities of the two diazo stretching
bands (2150 and 2094 ci), as well as those of the two carbonyl
stretching bands (1654 and 1636 ¢in New peaks appeared at
2142, 2088, 1690, and 1381 ctwhich indicated the formation
of products with a cumulenic double bond and a carbonyl group
(designated a&).** Analogously, irradiation of in an Ar matrix
with light of wavelength longer than 420 nm caused a simulta-
neous decrease in the intensities of the two diazo stretching bands.
However, peaks of the photoproducts (designatedl pappeared
at 2136, 2070, 1695, and 1468 chmwhich were slightly but
significantly different from the positions of the peaks observed
in the irradiation with light of>350 nm.

(7) The spironorcaradierfawas characterized by the three sets of multiplets
centered ab 3.61/3.24, 6.13, and 6.51 assigned to the norcaradiene protons
and the methoxy signal ai 3.97/3.77. The protons attached to a three-
membered ring, as well as the methoxy protons, were observed as two sets of
signals in a 1.5:1 ratio, which was tentatively explained in terms of a keto-
enol isomerism oR.

(8) Yellow oil: *H NMR (CDCl) 0 3.84 (3H, s), 5.10 (1H, s), 7.52 (1H,

m), 7.64 (1H, m), 7.73 (1H, dJ = 7.9 Hz), 7.81 (1H, dJ = 7.6 Hz); IR
(KBr) 2180, 1735, 1670, 1345 crh

(9) Prolonged irradiation converted the primary produtend3 into the
5-methoxycarbonyl-1H-cycloheptafjnaphthalen-6-ol and dimethyl benzo-
cyclobutene-1,2-dicarboxylate, respectively.

(10) If the diazo ketend is a precursor o2, methyl 2-oxo-3-diazoindan-
1-carboxylate §) should be a primary photoproduct. We assume thi
produced but decomposed quickly to aff@dbecause it is reasonable to
think that6 largely exists in the enol form, reducing its thermal stability owing
to loss of the resonance between the carbonyl and diazo groups.

(11) The first-formed products were photolytically converted to the
alternative products having IR bands at 2152, 2116, and 1780, emhich
are reasonably identified as the diketene and the propadienone with a
benzocyclobutene skeleton formed through a Wolff-type ring contraction of
the first-formed diazo ketones having an indanone skeleton.
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Table 1. IR Spectroscopic Data for the Intermediateand A’
Generated in Ar at 12 K and fet and5 Calculated with the PM3
Method
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The remarkable wavelength effect observed in the photochem-
istry of 1 suggests the participation of higher excited states in
the photoreaction. To have a clue to understanding the

observed wavelength effect, we carried out molecular orbital (MO)
calculations with the PM3 method dn The MO diagram oflL

experimentay (cm™?) calculatedv (cm™)

A A 4 > assignment shows that both HOMO and LUMO are mainly composed of the
2142s 2136s 2145 (67) 2133 (100) =@=N str 7r-orbitals of the diazo group at the 4-position, while therbitals
2088s 2070s 2061 (100) 2056 (63) =C=Ostr of the diazo group at the 2-position contribute predominantly to
1690m 1695m 128222(18) 1;8337(27) :CD.SU_ NHOMO and NLUMO, indicating that the interaction between
1478w 1468m 1472(()7) 1466( (2-)) ,grr';% 'i% the two diazo moieties is unexpectedly small and, hence, that a

1421 (10) 1416 (2) Ar,5-ring ip selective cleavage of one of the two diazo groups is not
1381m 1382 (12) 1392 (5) Ar,5-ring ip impossible. This prediction is supported by the 4-electron/4-
1300w 1337 (9) Ar,5-ring ip orbital configuration interaction (Cl) calculations using the PM3

MOs. The lowest excited singlet statg & 1 can be roughly
described as the state where the HOMO electron is promoted into
the LUMO, which leads to a local excitation of the diazo group
at the 4-position. On the other hand, thestate is designated

as an intramolecular charge-transfer state from the diazo group

It is reasonable to think that the first-formed intermediates &t the 4-position to the 2-position diazo moiety. A configuration

andA' are the diazo ketenes with an indanone skeleton, for which WhiCh. .indi.cates a local excitgtion of the dia}zo group at the
two possible structures and5 are feasiblé? To identify the 2-position is found to be a dominant configuration of thestte,

structure of the first-formed intermediates, PM3 calculations were 12Ving an energy close to that of. SThus, on the basis of the
carried out for these compounds. The calculated vibrational PM3 C calculqtlons, we can expect th@‘ selective excitation into
frequencies are given in Table 1, together with the frequencies the § state using a long-wavelength light causes the selective
observed for the intermediatésandA’. We should point out clea\(age of the 4-position @azp group and that batlarsi §

the following four features of the vibrational frequencies calcu- c_:ontrlbute to the photqreactlon initiated W't.h a short-wavelength
lated for4, compared with those fd: (1) the higher wavenumber light, where the selective cleavage of the diazo groups cannot be
of the diazo stretching band at 2132150 cnt?, (2) the higher expected, though the diazo group at the 2-position is rather pref-
wavenumber of the ketene stretching band at 24880 cn, erentially excited. It shoulq be noted that th_e experl_mentally ob-
(3) the lower wavenumber of the carbonyl stretching band se_rved wavelength ej'fects in the photochem|str§( afe in accqrd
predicted to appear at 1720740 cm, and (4) the higher with these expectations ba_sed on the theoretical calculations.
wavenumber of the in-plane deformation of the five-membered In conclusion, the bis(diazo) ketore has been shown to
ring at 1466-1480 cnt®. As shown in Table 1, all these features undergo a remarkable wavelength-dependent photochemical reac-
are completely consistent with the features of the vibrational tions not only in §<_)Iut|ons but also in matrices, where t_he selective
frequencies observed far, compared with those foh’. Thus,  Photodecomposition of one of the two inequivalent diazo groups
on the basis of the PM3 calculations, we can identify the is practically achieved. C_)n_ the basis of the PM3 ClI calculations,
predominant component of the first-formed intermediaeand we propose that the origin of the wavelength effect can be
A’ as4 and5, respectively. Taking into account théands are as&gned to the selective excitation into the lowest excited .smglet
formed by the initial decomposition of the diazo group at the 2- state in the long-wavelength irradiation, as well as the contribution

and 4-position, respectively, these wavelength effects observedOf the higher excited state in the photoreactions initiated with

in matrices at 12 K are completely consistent with those observed ';hetshort-wlavefltar:gth “g?t: " To Olt” Irn?wledlgea.tms provides trée
in solutions at room temperature. Consequently, we can conclude!''St €xample of the reactivity control ot a po y(diazo) compoun
by the excitation wavelength.
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lent diazo groups, i.e., the diazo group at the 4-position, of the  Acknowledgment. This work was supported in part by grants from
bis(diazo) ketond is practically achieved by the irradiation with  the Ministry of Education, Science, Sports and Culture of Japan (No.
the light of >420 nm and that the use of the short-wavelength 09440214) and from the Core Research for Evolutional Science and
light (>350 nm) causes a preferential cleavage of the diazo group Technology (CREST).

at the 2-position. Supporting Information Available: Experimental procedures for the
(12 There - N Pp——— PTT——— pT— synthesis ofl, spectral data fol—3, and theoretical calculation results

ere is another possible structure of the diazo ketene with an indanone i i
skeleton, which could be formed by the initial decomposition of the diazo ir?foF:;gaﬁ)‘npeilnnéls\lljei).acgt—?ses ?r?s?f[rggtri:)?]nst masthead page for ordering
group at the 2-position of, followed by the migration of the C(3)C(4) :
bond to the carbenic center. However, we ruled out this structure as a candidateJA981343o
for the intermediateA and A’, because it is reasonable to think that the
migration of the bond linking C(1) with the aromatic ring takes place to give
4 in preference to the C(3)C(4) bond migration owing to a large partial
double-bonding character of the C{3}(4) bond.

aMeasured in Ar at 12 K; s= strong; m= medium; w= weak.
b Calculated frequencies are multiplied by 0.88. Relative intensities are
designated in parentheses. Frequencies in the range above 1300 cm
with relative intensities greater than 2% are given.

(13) For a review of wavelength effect on photoreactions in solutions,
see: Turro, N. J.; Ramamurthy, V.; Cherry, W.; FarnethGhem. Re. 1978
78, 125.



