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Substitution Effects on Regioselective Cyclizations of
1,5- and 2,4-Diphenyl-1,5-hexadiene Cation Radicals
Generated by the Electron-Transfer Photosensitizations
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Abstract: The 9,10-Dicyanoanthracene (DCA)-sensitized electron-transfer photoreactions of E- and

2-1,5-diphenyl-1,5-hexadienes (E-2 and Z-2) gave a mixture of endo- and exo-1,5-diphenylbicyclo
12.1.1 }Isexanes (endo-3 and exo-3) while 2,4-diphenyl-1,5-hexadiene (1) underwent the Cope
rearrangement to E-2, showing significant substitution effects on cyclization of 1,5-hexadiene cation

We previously reported that the photosensitized electron-transfer (PET) reactions of 2,5-diaryl-1,5-
hexadienes provided the unprecedented Cope rearrangement which was accompanied by the formation of the
bicyclo[2.2.0}hexane system in a photostationary mixture.! The important key step in those stereospecific PET
Cope rearrangements was the initial cyclization of 2,5-diaryl-1,5-hexadiene cation radicals to 1,4-diaryl-
cyclohexa-1,4-diyl cation radicals in which charge and spin are directly stabilized by two aryl groups. It was thus
assumed that a change of an aryl substitution in the 1,5-hexadiene skeleton may induce a different type of
reaction. In order to gain insight into substitution effects on cyclization of 1,5-hexadiene cation radicals, we
examined the PET reactions of 12, E-22 and Z-223 under the DCA-sensitized conditions. We found that similar
to the 2,5-diphenyl substitution the 2,4-diphenyl substitution involved the Cope rearrangement, while 1,5-
diphenylbicyclo[2.1.1]hexanes were formed by the 1,5-diphenyl substitution (Scheme 1).
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As shown in Table 1, oxidation potentials po1ue 1 Oxidation Potentials, Free E Changes, and
(E*12)* of 1, E-2 and Z-2 were low enough 1o Quenching Rate Constants for 'DCA” of 1, 2, and 3.
quench the excited singlet state of DCA Eazuzn) AG k,,b)llowM"s'l

ically. In i ted
oty Bttt " et S G G
) 1 +1.79 -39 0.74 0.050 0.008
was quenched by 1 and 2 cfficiently in CHICN ~ E2  +1.59 -85 1.5 083 0.3
and also i less polar CHyClp and CeHl, albeit  Z24 1140 32 5% 003 0004
less efficiently. Upon irradiation A>360 nm)®  ¢0-3 +176  -46 079 032  0.059
of a CD2Cl, solution of 1 and DCA at 20°C,a  a) vs. SCE in CHyCN. b) Calculated from the Stern-Volmer
mixture of endo-33 and exo-33 was formed ~ ousss ke
together with E-2 as shown in Table 2. Similar results were obtained in CD3CN, but in CgDg a trace amount of
Z-2 was formed together with E-2, endo-3 and exo-3. Time-dependent change of product ratios monitored by
IH-NMR in CD2Cl3 revealed that at the early stage the relative yicld of E-2 slowly increased up to 12 % in
maximum and then decreased along with the steady formation of endo-3 and exo-3. Those results suggest that 1
irreversibly rearranged to E-2 which, in turn, formed endo-3 and exo-3. In fact, similar PET reactions of E-2
gave rise to endo-3 and exo-3 and the isomerization to Z-2 was concurrent in C¢Dg. Similarly, a mixtre of
endo-3 and exo-3 was formed from Z-2 as shown in Table 2. It is of interest to note that the endo-3/exo-3 ratio
significantly increased upon prolonged irradiation and reached a photostationary state. The independent PET
reactions of endo-3 and exo-3 confirmed the endo-exo isomerization and a photostationary ratio changed from
§7:13 in CD4CN to 95:5 and >99:<1, respectively, in CD2Cl; and CgDg.
A plausible electron-transfer mechanism taking all those observations into account is shown in Scheme 2.
The initially formed 1+* preferentially cyclizes to eC-4* rather than to 4C-4** and 8*°, through which the Cope
rearrangement to E-2 occurs. Because d2-17 gave only dz-E-2 but not dz2-E-2' at all and any deuterium
scrambling was not observed in the recovered dz-1, an alternative stepwise pathway through 6** does not operate
in the PET Cope rearrangement of 1. The fact that the 1,3-diphenyl isomer 53 was affordedquanﬁuﬁvely by the
benzophenone (BP)-sensitized photoreaction of 1 but was not formed in the DCA-sensitized photoreaction also
climinates a possible operation of a triplet mechanism through 31°. The thermodynamic stability of eC-4+*
relative to aC-4* and 8+ is one of key factors for 1** to cyclize preferentiaily to eC-4+. '
In contrast, a major process involved by the 1,5-diphenyl substitution is cyclization of 2+ to 7+ stabilized
directly by two phenyl groups. The successive closure then forms a mixture of endo-3 and exo-3. Because the
endo-exo isomerization was scarcely observed in the BP-sensitized photoreactions of endo-3 and exo-3,

Table 2. The DCA-Sensitized Photoreactions of 1, 2, and 3 in CD3CN, CD,Cl,, and CgDg.
CD,CN CD,Cl, CeDs
Time Yields™/ % Time Yields"/ % Time Yields*) %
h 1 E22Z2endo-3exo-3 h 1 E-22-2endo-3exo-3 h 1 E-2 Z-2 endo-3 exo-3

1 5 421 0 10 7 2 8 2 0 63 2 5 5 4 1 14 1
E2 2 08 O 5 3 106 0 71 3 1 05 71 37 1
Z2 2 0 O 88 8 4 050 0 2 94 4 1 0 368 29 «i
endo-3 2 0 0 0 § 13 1 0 0 0 92 4 2 0 0 0 >9 <1
exo-310 0 0 0 76 12 1 0 0 0 85 4 2 ¢ 0 0 >9 <1

a)Yieldsw«edewmimdby‘HNMRmﬂysesmgm internal standard.
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the solvent-dependent change of a photostationary ratio can be mainly ascribed to significant differences in the rate
constants (kg) for DCA-fluorescence quenching between endo-3 and exo-3 as shown in Table 1. In the PET
reactions, a triplet mechanism through 32°* might operate in nonpolar C¢Dg because the E-Z isomerization
between E-2 and Z-2 was concurrent. In fact, the BP (E7=69 keal/mol)-sensitized photoreactions of E-2 and 2-
2 in CgDg gave a mixture of endo-3 and exo-3 (83:17) accompanying the E-Z isomerization. Under the PET
conditions, 32* might be efficiently generated by the back electron transfer from DCA" to 2** because the triplet
energies8 of E-2 (ca. 60 keal/mol) and Z-2 (ca. 62 kcal/mol) are comparable with the ion pair energics of [E-
2+/DCA*] (59 kcal/mol) and [Z-2+*/DCA-] (61 kcal/mol), respectively. However, the triplet mechanism does
not operate in the more polar CD3CN and CD2Cl; because the E-Z isomerization was not concurrent. This was
confirmed by the fact that E-2 efficiently afforded endo-3 and exo-3 without the E-Z isomerization in the
2,6,9,10-tetracyanoanthracene (TECA)-sensitized photoreactions which can not produce 3E-2* energetically.?
The cation radical cyclizations of 1+* and 2+ can be initiated by an intramolecular charge-transfer
interaction between a neutral olefin unit as an electron donor and an olefin cation radical unit as an electron
acceptor. Therefore, observed regioselective cyclizations can be reasonably accounted for by differences in the
orbital coefficients of the HOMO for two olefin units in 1 and 2 which also correlate with those of the SOMO for
an olefin cation radical unit.10 Similar to 2,5-diphenyl-1,5-hexadiene, 1 has the larger orbital coefficients of the
HOMO at C-1 and C-6 than at C-2 and C-5, respectively. However, the orbital coefficients of the HOMO of 2 at
C-2 and C-6 are larger than those at C-1 and C-5. Consequently, cyclization of 1+* occurs at C-1 and C-6,
whereas 2* at C-2 and C-6 no matter which olefin unit is oxidized to a cation radical. The results shown here
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thus revealed the importance of phenyl substitution effects for regioselective intramolecular cyclizations of 1,5-
hexadiene cation radicals.

This paper was dedicated to professor H. Hart on the occasion of his 70th birthday (TM). We thank
financial supports from thé Ministry of Education, Science and Culture (Grant-in-Aid for Scientific Research
Nos., 03303001, 03403005, and 04740284).
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