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In a non-Kekulemolecule system, replacing a carbon atom with  Chart 1
an oxygen atom induces considerable changes in the geometry,
multiplicity, electronic structure, and chemical reactivity of mol- o < A
ecules, as exemplified by an oxyallybxa analogue of trimethyl- I ;\( Ar
enemethane. The oxatetramethyleneethane (3-methylenebutan-2- 0 0
one-1,4-diyl) radical cation (OTME) shown in Chart 1 is a radical
cation variant of an unprecedented oxa analogue of tetramethyl-
eneethane (TMBE)Expecting to generate OTMEintermediate3™, Scheme 1. CA-Sensitized PET Reactions of 1 and 2

in this work, we studied photoinduced electron-transfer (PET)
reactions of 2,2-bigtmethoxyphenyl)-3,3-dimethyl-4-methylenecy- a| 4 s 4
clobutanon@ (1, Scheme 1, Ar= 4-MeOGH,) and 2,2-bisg- zi fwiICA a2l L fviCA 0 ¢
AR
Cl Cl

R
Z e X

TME OTME™-A OTME™-B

methoxyphenyl)-4-isopropylidenecyclobutanoe WWe now report A O
a novel rearrangement df to 2 via 3*" together with ESR
observations o8"*.
On irradiating (2 kW Xe lampd > 440 nm)p-chloranil (CA,
d __ . . L i - iti i a
Ex’ = +0.12 V vs SCE in dichloromethane) for 10 min in Table CA-Sensitized PET Reactions of 1 and 2

-

2 4 Cl OH

degassed benzerte(Eg; = +1.61 V) produced a mixture &and yields®

an adduct of CA4) in 5 and 23% yields, respectively, at 39% substrates solvents timefmin 1 2 4
conversiqn, as shown ir_l Table 1. Prolo_nged irradiation fqr 30 min 1 benzene 10 61 5 23
resulted in the formation oR and 4 in 4 and 37% yields, 30 40 4 37
respectively, at 60% conversion. These findings suggesttisat dichloromethane 10 92 8 0
formed secondarily fron2 under the conditions used. Actually, o 30 56 7 7
similar photoreaction o (Egs = +1.40 V) with CA gave4 in acetonitrile 3100 6838 00 00
benzene in quantitative yield. Interestingly, the reactionlof 2 benzene 10 0 41 59
depended strongly on the solvent polarity. Similar PET reactions dichloromethane 10 0 74 24
of 1 to give 2 took place in less polar dichloromethane, albeit in acetonitrile 10 0 78 22

low yield, but not at all in polar acetonitrile, whereésvas formed a[1] = [ = [CA] = 0.01 M. A I ¢ of tetrachlorohve
. . . . = = = 0. . Small amount of tetrachloronyaro-
from 2 qugntltatlvel_y |ndependgnt of solvent pp_larlty. . quinone was also formed during the reactighghe yields were determined
A plausible reaction mechanism for CA-sensitized PET reactions py H NMR analysis and are given in %.
of 1 and2is shown in Scheme 2. THe"™ formed initially undergoes

C,—C; cleavage to give an OTME intermediate,3"+, which Scheme 2. A Plausible Reaction Mechanism

undergoes successive back electron transfer (BET) front @A CrCs C=C,

give a neutral OTME-type intermediat&? Sequential cyclization cleavage cyclization cleavage /
finally gives the rearranged produ$ An alternative pathway from 1 8 2" Arde #=0
3t to 2 involves the sequence of cyclization and BET 2ia. The ' 5
former is thought to be preferalSlever the latter foi3"* because hv /CA|| BET BET hv /CA|| BET CA-_l

the observed solvent effects imply that the reaction occurs via an cyclization

exciplex or a contact radical ion pair rather than via a solvent- 1 3 — > 2 4
separated radical ion pair or a free radical ion. Adduist formed

via CA"~ and the 1,4-radical catioB* with the 1,1-diarylethyl 1+ may be the relaxation of the steric hindrance between the two
radical and 3-methylcrotonoyl cation subunits, which is formed from aryl and methyl groups in the eclipsed conformationl ot

2" by CG,—C; cleavage after reoxidation & The difference in Two electronic structures are formally possible for OTME

the regioselectivity of the bond cleavage betwé&enand2'* is an derivatives (Chart 1). In the case of the parent OTMBne is
intriguing feature. The £-C, cleavage oR* can be compared to  type A with the formal ketomethyl radical and allyl cation subunits.

a radical-cation Norrish type | cleavage, as Akaba et al. reported Type B, the counterpart of type A, is the other and possesses the
for aralkyl ketones. The driving force of the €-Cs cleavage of  ketomethyl cation and allyl radical subunits. According to B3LYP/
Aug-cc-pVTZ and MP2/cc-pVTZ calculatiodthe parent OTME

T Department of Chemistry, Tohoku University. ; ; ; f
*Institute of Multidisciplinary Research for Advanced Materials, Tohoku prefers a slightly twisted struc_ture for type A with dihedral angles
University. of = ~27° andw = ~—2° (Figure 1a, Table 2). The sum of the
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Table 2. Calculated Dihedral Angles (6 and w), the Sum of the Partial Spin and Charge Densities (Zp and Xg), and Types of Electronic

Structures?
=p 2q
radical cation methods 6ldeg wldeg allyl carbonyl methyl allyl carbonyl methyl types
OTME"" B3LYP/Aug-cc-pVTZ +27.2 -1.0 —0.02 +0.32 +0.71 +0.89 +0.21 -0.11 A
MP2/cc-pVTZ +27.0 —-3.3 0.00 +0.11 +0.89 +0.84 +0.05 +0.11 A
3" AM1/UHF +25.4 +90.6 +0.01 —0.06 +1.05 +0.85 +0.08 +0.07 A
B3LYP/cc-pVDZ +9.2 +90.1 +1.03 —0.03 0.00 +0.22 —-0.12 +0.90 B
B3LYP/6-31G(d,p) +10.9 +88.4 +1.03 —0.03 0.00 +0.23 -0.12 +0.89 B

a All calculations were carried out using unrestricted open-shell wave functions.
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Figure 1. (a) Definition of the dihedral angle® @ndw) and three subunits
in the OTME framework. (b) The optimized geometry of the parent OTME
and 3" (hydrogen atoms are omitted for clarity) using B3LYP/Aug-cc-
pVTZ and AM1/UHF, respectively.
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Figure 2. (a) ESR spectrum observed afferay irradiation ofl in n-BuCl
glassy matrix at 77 K. (b) Simulation spectrum @r.

calculated partial spin densitgg) of the methyl subunit of the
parent OTME" is markedly higher than those of the allyl and
carbonyl parts. Accordingly, the sum of the calculated partial charge
density £q) of the allyl part is higher than the values for the
carbonyl and methyl parts. Interestingly, however, the electronic
structure of3* changes depending on the calculation method.
Unlike the B3LYP calculation for the parent OTME the B3LYP
calculations fo3" suggest that it is type B with = ~10°, whereas

the AM1/UHF calculation still holds tha@'t is type A with =
25.%.

The appropriate electronic structure ®f is given by the CW
ESR spectrum observed afteray irradiation ofl in n-BuCl glassy
matrix at 77 K (Figure 2a).A simple spectrum witlg = 2.0027
is tentatively assigned t8" in comparison with the simulated
spectrum with a hyperfine coupling constamg, = 3.5 (4 H,) and
1.5 G (4 Hy) for 3 (Figure 2b). The spectrum is obviously different
from the observed and simulated spettnaith ay reported for
the 1,1-dimethylallyl radicall a subunit of 3** in type B.
Consequently, these findings indicate thaif is really generated
under the conditions used, the appropriate electronic structure of
3t is type A, contrary to the result of the B3LYP calculations.
This may be due to overestimation for the contribution of
delocalization of an unpaired electron. Tpandoy values of3*
are comparable to thosg f 2.0026,04 = 3.18 (4 H) and 1.26
G (4 Hy)] of the structurally related 1,1-diphenylpropan-1-yl
radicall? while theg value of3'* is smaller than thaty(= 2.0040)
of the 3-methylbutan-2-on-3-yl radici which can take a planar
structure. These findings suggest that the diarylmethyl subunit in
3t is so twisted that it does not interact electronically with the
carbonyl subunit. This is not inconsistent with the AM1/UHF
calculation for3'*, in which theZp value of the diarylmethyl
subunit is almost unity and the diarylmethyl radical and the carbonyl
subunits are both twisted with respect to each other, as shown in
Figure 1b. The large deviation from the planar structure is probably

due to the radical stabilizing effects of the two aryl groups and
steric hindrance between the aryl and allyl groupsih with a
hypothetical planar structure.

In conclusion, we found a novel rearrangementlofia an
unprecedented OTME derivative, 3*", which was successfully
detected by ESR in a low-temperature glassy matrix. This work
produced a new substance in the field of non-Kékehemistry,
which will affect related fields of reactive intermediate, electron-
transfer chemistry, and organic photochemistry. Further studies of
the mechanism are now in progress and will be published elsewhere.
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