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Fig. 1. Structures of the polychlorinated
dibenzo-p-dioxins (PCDDs).

b1 *=
1) st B &

AFuFEFDseT 4 — 2 —L+ LTI, Streitwieser D
BHULMED 2V, 72—y i (o), EEHES (8
DL, FhFh a=—-706eV, 3=-249e¢V %H
Wioe BED #5% 12 L T, Nes-H Al BASIC (86)
(MS-DOSFR) »w—vavblEHLT as 731y
I Fote. 707 5 aOEREECBND TOHEIL,
BEREE D 7 o+ v &S L B AES PC-9801 ES
Tfr»o1ce
2) RibHEH

BRI FOFFEHEPHET L L T, HERRLD
BT riest 33 RnEEHE LT Rz 2 vE — Ly,
BIERENES, 7oy 74 TETEE 1D LEET
ZOWTCEHEL,

EL T 2o ¥ —1%, WHEHERKCAEOM TR G
BER Lic & Eiekbhb n B x v F—wREL
HRIGHEECH B, Lickis TRELT A v F¥—D/)
IWVIBEREREEZTIHV D LT h. BRETI
BIRHRC L ARERSEL A, BERELEL 7.
v 54 TEFEER, TORECEHET D FUSERR
THhdo Lichio THIERTEEL 7 vy 74 TEFE
EORXWBREBERVBRTHD Z LK D, ¥
7o, ChH ORIGHIEEEEIG T AT RETFREL
RiGAFED 7 Y N VRETH BN L > TRIHDT,
FhERCRTHHEEFE LI
3) kWEHOER

EMEN AT AEE LT, 7y MITHifeoMla
HAh v+ 7 ¥ 253 % % PCDD O pECso {9 % {3
B L7- (Table 1), pECso 1% 50% Bz (ECso i) D
AT D FEA VX E72 LD TH D, pECs filiniBE

@ . PCDDs and related halogenated aromatics
@ + Ah receptor
@B : activated complex

Fig. 2. Model for the mechanism of action of
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Table 1. Receptor binding avidities of the
PCDDs for the at hepatic cytosol
Ah receptor

Congeners ECso/M pECso
1-MonoCDD 1.0x10-4# 4.00
2,8-DiCDD 3.2x10-6 5.49
2,3, 7-I'riCDD 7.1x10-8 7.15
2,3,6-TriCDD 2.2x10-7 6.66
1,2,4-TriCDD 1.3x10-5 4.89
2,3,7,8-TetraCDD 1.0x10-8 8.00
1,2,7,8-TetraCDD 1.6 x10-7 6.80
1,3,7,8-TetraCDD 7.9%10-7 6.10
1,2,3,4-TetraCDD 1.3%x10-¢ 5.89
1,2,3,7,8-PentaCDD 7.9%x10-8 7.10
1,2,4,7,8-PentaCDD 1.1x10-6 5.96
1,2, 3,4, 7-PentaCDD 6.4x10-% 5.19
1,2,3,4,7,8-HexaCDD 2.8X10-7 6.55
OctaCDD 1.0x10-5% 5.00

% More than this value.
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Fig. 3. Plots of the pECs values vs. orbital energies of HOMOs for
(a) TriCDDs, (b) TetraCDDs and (c) PentaCDDs.
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Fig. 4. Plots of the pECs values vs. the averaged localization energies among 1, 2, 3,
4, 6,7, 8 and 9 positions for (a) TriCDDs, (b) TetraCDDs and (c) PentaCDDs.
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Fig. 5. Plots of the pECy values vs. the averaged superdelocalizabilities among 1, 2, 3,

4, 6,7, 8 and 9 positions for (a) TriCDDs, (b) TetraCDDs and (c) PentaCDDs.
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Fig. 6.

Plots of the pECsy values vs. the sum of the frontier electron densities

over 1, 2, 3, 4, 6, 7, 8 and 9 positions for (a) TriCDDs, (b) TetraCDDs

and (c) PentaCDDs.
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Fig. 7. A plot of the pECss values vs. orbital
energies of HOMOs. Three classes of
the congeners are plotted on the same
plane.

TriCDDs: [-]. TetraCDDs: 4. PentaCDDs: B
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Fig. 8. A plot of the pECs values vs. the
averaged localization energies. Three
classes of the congeners are plotted
on the same plane.

9

8 - ®

7-

6 b 4 a

5+ o] s
I T 1 ¥

4
2.42 243 244 245 246 247
Averaged Superdelocalizability

Fig. 9. A plot of the pECsy values vs. the
averaged superdelocalizabilities. Three
classes of the congeners are plotted on
the same plane.
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Fig. 10. A plot of the pECs values vs. the sum
of the frontier electron densities. Three
classes of the congeners are plotted on
the same plane.
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Table 2. A relationship between the numbers of two kinds of chlorine
substitution and the orbital energy of HOMO expressed by 2

c Number of substitution Orbital energy of HOMO (1)
ongeners
!2)’033,“:7{08115 ;’045,it6i’09ns ACtual EStimated#

1-MonoCDD 0 1 0.5179 0.5184

2, 8-DiCDD 2 0 0.5048 0.5047
2,3, 7-TriCDD 2 1 0.5022 0.5034
2,3,6-TriCDD 3 0 0.4972 0.4972

1, 2,4-TriCDD 1 2 0.5092 0.5096
2,3,7,8-TetraCDD 4 0 0.4898 0.4897
1,2,7,8-TetraCDD 3 1 0.4960 0.4959
1,3,7,8-TetraCDD 3 1 0.4953 0.4959
1,2,3,4-TetraCDD 2 2 0.5015 0.5021
1,2,3,7,8-PentaCDD 4 1 0.4885 0.4884
1,2,4,7,8-PentaCDD 3 2 0.4943 0.4946
1,2,3,4, 7-PentaCDD 3 2 0.4947 0.4946
1,2, 3,4,7,8-HexaCDD 4 2 0.4874 0.4871
OctaCDD 4 4 0.4849 0.4845

% Based on the following assumption: decreasing by 0.0075 per substitution on 2, 3, 7,
8 positions and by 0.0013 per substitution on 1, 4, 6, 9 positions from 0.5197 (the value
of DBPD).

Table 3. A relationship between the numbers of two kinds of chlorine
substitution and the sum of the frontier electron densities over
1,2 8, 4, 6,7 8,9 positions

Number of substitution Sum of the frontier electron densities

e s povivons Actal  Dstimated:
1-MonoCDD 0 1 0.6551 0.6564
2,8-DiCDD 2 0 0.6682 0.6678
2,3, 7-TriCDD 2 1 0.6592 0.6598
2,3/6-TriCDD 3 0 0.6691 0.6695
1,2,4-TriCDD 1 2 0.6497 0.6501
2,3,7,8-TetraCDD 4 0 0.6696 0.6712
1,2,7,8-TetraCDD 3 1 0.6611 0.6615
1,3,7,8-TetraCDD 3 1 0.6603 0.6615
1,2,3,4-TetraCDD 2 2 0.6522 0.6518
1,2,3,7,8-PentaCDD 4 1 0.6616 0.6632
1,2,4,7,8-PentaCDD 3 2 0.6533 0.6535
1,2,3,4,7-PentaCDD 3 2 0.6537 0.6535
1,2,3,4,7, 8-HexaCDD 4 0.6544 0.6552
OctaCDD 4 4 0.6396 0.6392

% Based on the following assumption: increasing by 0.0017 per substitution on-2, 3, 7,
8 positions and decreasing by 0.0080 per substitution on 1, 4, 6, 9 positions from 0.6644
(the value of DBPD).
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Fig. 11. A plot of the pECs values vs. the av-
eraged frontier superdelocalizabilities
among 1, 2, 3, 4, 6, 7, 8 and 9 positions.
14 congeners or isomers are plotted on
the same plane.
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The highest-occupied molecular orbital

of dibenzo-p-dioxin. Each circle repre-
sents the pr orbitals of each atom. The
size of circles corresponds to the contri-
bution of each px orbital to HOMO.
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EC;, values for the rat Ah receptor thave been known.

It was found that the frontier

superdelocalizability for the electrophile, averaged among the 1, 2, 3, 4, 6, 7, 8 and 9
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positions, could be the reaction index which was related to the receptor-binding avidity
for all of the PCDDs. From this result, it became clear that highest-occupied molecular
orbital (HOMO) of each PCDD played an important role in the binding between the Ah
receptor and the PCDD. It was also revealed that chlorine substitution at the 2, 3, 7
and 8 positions heightened HOMO more efficiently than substitution at the 1, 4, 6 and 9
positions did, and also resulted in an increase in the sum of the frontier-electron densities
over the aromatic ring. Furthermore, an equation that connects directly numbers of two
kinds of chlorine substitutions with pECs values could be derived.
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