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The photooxygenation of diphenanthro[5,4,3-abcd:5,4’,3-jklm]perylene (DPP) is
investigated by using semi-empirical molecular orbital methods. It was shown
theoretically that molecular oxygen (O,) attaches to the central part of DPP, causing a
large bend of the molecular plane. The experimental observation was reasonably
explained on the basis of the calculated oscillator strengths of optically allowed
transitions in DPP and photooxygenated DPP,

Diphenanthro[5,4,3-abcd:5’,4°,3’-jklm]perylene(DPP) is an undecacyclic condensed aromatic hydro-
carbon which has an approximate two-fold symmetry axis along the direction perpendicular to the molecular
plane (Fig. 1). DPP is photobleached in a solution by visible light irradiation. In fact, the intensity of the
absorption transition to the first -n* state of DPP was strongly reduced on irradiation and a new absorption
band appeared in the region of about 320-380 nm (Fig. 2).1) This phenomenon can be interpreted as a
‘photooxygenation reaction;2) DPP reacts with singlet molecular oxygen O, (lAg) to form an O, adduct
(ODPP). ODPP releases the attached oxygen gradually at room temperature, reproducing DPP.

The molecular and crystal structures of DPP have been reported by Oonishi et al..3) whereas those of
ODPP have not been reported. In order to
investigate the molecular geometry of ODPP and
the spectral changes due to the photooxygenation,
we performed semi-empirical molecular orbital
calculations.

All geometrical parameters were optimized
without any symmetrical restrictions. The modified
neglect of diatomic overlap (MNDQ) method was
adopted for geometry optimization with PM3

parameters. The complete neglect of differential
overlap (CNDOQO/S) and configuration interaction
(CI) method was adopted to the calculation of the
oscillator strength. The MNDOQO-PM3 calculation

Fig.1. Molecular skeleton without hydrogen atoms
and numbering scheme of DPP.
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was performed with the MOPAC program.4) For
the CNDO/S-CI calculation, QCPE #1745) was
adopted; the electron repulsion part was modified
as suggested by Banno and Nishimoto0) i.e.,
(rrlss)=e%/(XR.g + C), where (irlss) is the two
electron—interaction integral over atomic orbitals
¢ r and ¢ 4 e is the electronic charge, Ry is the
distance between two atoms to which the atomic
orbitals belong, C is 2e/((rrlrr)+(sslss)), and X is
an adjustable parameter. In the case of DPP, X \
was 3.00; this value was taken so as to reproduce 300 400 560
the feature of the absorption spectrum. Wavelength/ nm

The geometrical parameters obtained theo-
retically are listed in Table 1. The parameters of
ODPP were almost the same as those of DPP,
except for some parameters leading to a bend of
the molecular plane. The most stable molecular
geometry of ODPP is shown in Figs. 3-5. An O,
molecule attaches to the pair carbon atoms which
have the largest © electron density of the highest
occupied molecular orbital (HOMO), and it
divides the large © systems of DPP into two
equivalent small ® systems. This is consistent
with the speculation of Izuoka et al.7) on the
geometry of photooxygenated tetrabenzo-
[de, hi,op,st]pentacene. It should be noticed that
the Oj-attached carbon atoms form the sp3
hybrid orbitals, causing a large bend of the
molecular plane. Fig.3. Molecular skeleton without hydrogen atoms
and numbering scheme of ODPP.

Absorbance

Fig.2. Change of absorption spectra
in o-dichlorobenzene by visible light irradiation.
: Before irradiation,

— ——— : after 2 minutes irradiation,
— - —-—: after 5 minutes irradiation,
~~~~~ : after 30 minutes irradiation.

Fig.4. Perspective drawing of ODPP

along the direction perpendicular to the plane
going through C(8)-0O(1)-0(2)-C(23).

The bonds around C(8) and C(23) have Fig.5. Perspective drawing of ODPP
the perfect sp3 character. approximately along the O-O bond.




Chemistry Letters, 1993

Table 1. Optimized Geometries of DPP and ODPP

Bond distances /A¥ Bond angles /° b)

DPP ODPP DPP ODPP DPP ODPP
C()—C(2) 136 136 CBO-C(1)—C(2) 1206 1204 C(22)-C(23)-C(35) 118.6 1137
C(1)—C(30) 143 143 C(O1)—C(2—C@3) 1209 121.1 C(4)-C(23)-C(35) 117.3 104.9
C2—C(3) 144 143 CQR—CB)—C@) 1207 1206 C(23)-C(24)-C(25) 1223 128.6
C3)—C@) 141 141 C@2)—CGE)—C(33) 119.6 1198 C(23)-C(24)-C(34) 119.6 114.0
C(3—C(33) 141 141  C@4)—CB)—CE3B3) 1197 1197 C@5-C(24)-C(34) 118.1 120.0
ggﬁ% iig }ﬂ CR)—C@)—C(5) 119.6 1202 C(R4)-C(25-C(26) 122.4 119.5
o—ctn 139 138 C(@)—C(5)—C(6) 120.6 120.5 C(25)-C(26)-C(27) 120.5 121.1
COh—C@® 146 151 CO—CEO—CO) 1216 1207 CQ6-CQT-C8) 1207 1225
O—C(33) 142 142 CO—CMN—CE® 1230 1200  C26)-C7-C31) 1190 1192
C(8—CO) 141 153 CE—CMN—CE3) 1177 1196 CE8-CET-CGD 1203 1183
C(8—C(34) 141 1.52 C(8—C(7»—C(33) 119.3 1204 C(7)»-C(28)-C(29) 120.6 120.7
C9—C(10) 144 140 CN—CE@®—CO) 1241 1158 C@28)-C(29-C(30) 120.3 121.3
C(9)—C(35) 142 139 C(N—C@B—C(34) 118.6 1137 C(29-C(E30)}-C(1) 1208 121.1
C(10)-C(11) 135 138 C9)—C(8)—C(34) 1173 1049 C(29)-C(30)-C(32) 119.7 119.6
C11)-C(12) 143 141  C(8)—C(9)—C(10) 1223 1286 C(1)—C(30)-C(32) 119.5 1193
C(12)-C(13) 142 143  C(8)—C(9)—C@35) 119.6 1114 C@27)-CGB1-C(32) 119.0 121.1
ggg)):ccggg };’2 }{;é C(10-C(9)—C(35) 118.1 1200 C(27-C(31)-C(34) 120.8 118.9

~ . C(9)—C(10)-C(11) 122.4 119.5 C(32)-C(31)-C(34) 120.2 120.0
ggg)):ccﬁgg i:g }:ﬁ CU0)-C(11)-C(12) 120.5 121.1 C(0)-C(32-C(31) 1202 119.1
CU3)-C3) 140 139 CUD-CU2-C(13) 1208 1225  C(30-C(32)-C(33) 1202 1211
CU6C(17) 136 136 CUD-CU2-C36) 1190 1192 CEI-C(3D-C(33) 1195 119.9
C(17)-C(18) 1.44 1.43 C(13)-C(12)-C(36) 120.3 1183 C@B)—C@B3)-C(7) 120.5 1194
C(18)-C(19) 1.41 1.41 C(12)-C(13)-C(14) 120.6 120.7 C(3)—C(33)-C(32) 119.0 1183
C(18)-C(38) 141 141  C(13)-C(14)-C(15) 1203 1213 C(7)—C(33)-C(32) 1205 122.3
C(19)-C(20) 138 137  C(14)-C(15-C(16) 120.8 121.1 C(8)—C(34)-C(24) 120.9 115.0
ggg%gg igg igé C(14)-C(15-C(37) 119.7 119.6 C@8)—C(34)-C(31) 120.0 1237

: : C(16)-C(15)-C(37) 119.5 1193 C(24)-C(34)-C(31) 119.1 121.3
C(22)-C(23) 146 151  ((15)-C(16)-C(17) 120.6 1204 C(9—C(35-C(23) 120.9 115.0
C(22)-C(38) 142 1.42
CHCR 1 1 chocmans sy o coyct e
ggiggg IH I3 can-c(18-ces) 1196 1198  C(12-C36-C(35) 1208 1189
Co4HC(34 142 130  CU9-CUB-CE8) 1197 1197 C12-C36)-C(37) 1190 1212
C(25)-C(26) 135 1.38 C(18)-C(19)-C(20) 119.6 1202 C(35)-C(36)-C(37) 120.2 120.0
C(26)-C(27) 143 1.41 C(19)-C(20)-C(21) 120.6 120.5 C(15)-C@7)»-C@36) 120.2 119.1
C7-C(28) 142 143  C(0)-C(21)-C(22) 121.6 120.7 C(5-C@37)-C(38) 120.2 121.1
C2N-C(31) 140 141  CQ1-C(22)-C(23) 123.0 1200 CB6)}-C(37)-C(38) 119.5 119.9
C(28)-C(29) 137 136  C21)-C(22)-C(38) 117.7 119.6 C(18)-C(38)-C(22) 120.5 119.4
C(29)-C(30) 142 143  ((23)-C(22)-C(38) 119.3 1204 C(18)-C(38)-C(37) 119.0 118.3
C(3‘13)-C(32) 140 139 ((22)-C(23)-C(24) 124.1 1158 C(22)-C(38)-C(37) 120.5 1223
gglggg %-ﬁ }jg 0(1)—C(8)—C(7) 1075  O(2)—C(23)-C(24) 107.5
COCH3) 143 148 OD—CE—CO) 107.5  O(2)—C(23)-C(35) 107.1
C(35)-C(36) 144 140 OM—CE@—CB4) 107.1  OQ)—O(1)—C(@®) 110.5
C(36)-C(37) 1.42 1.43 0(2)—C(23)-C(22) 107.5 O(1)»—0(2)—C(23) 110.5
C(37)-C(38) 143 144
0(1)—0(2) 1.58
O(1)—C(®) 1.44
0(2)—C(23) 1.44

a) All C-H bond distances are 1.1A . b) The bond angles related to hydrogen atoms are omitted.
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The energies and oscillator strengths calculated for Table 2. Excitation energies
excitation from the ground state of DPP and ODPP are listed in and oscillator strengths (f)
Table 2; the energies are expressed in wavelength (nm) of light DPP ODPP
absorbed in the excitation. The longest absorption-wavelength A /nm f AMm  f

of DPP is 516 nm and is much longer than that of ODPP, 389 5164 1.20 3889 0.07
. 4760  0.02 3842 0.00
nm. Both of DPP and ODPP absorb at the wavelength region 4190 000 367.8 004

i 3952  0.00 351.0 0.10
310-390 nm, though ODPP has much weaker absorption than 35 130 3364 053

DPP. Therefore, the followings are predicted theoretically: (1) 370.8  0.04 3266 0.00
the photooxygenation reaction reduces the absorption intensity gggg 83% g%‘:g 8%2
f DPP, and (2) as the photooxygenati action proceeds, the 3400 0.03 3152 0.00
° . and (2) PhOToOXyE onre proce 3344 0.03 3146 0.07
absorption of ODPP can be observed gradually at shorter 3332  0.02
absorption wavelengths of DPP. These predictions agree well gggg 822
with the experimental results shown in Fig. 2. 316.8 0.01
3135 0.65
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