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Polychlorinated biphenyls (PCBs) &, ¥ 7 x
ZIVERBIC I~ 10D ERNER S NI E DD
MThH, BEFERERREZOBEBRAMEOENDS
iy 12090 D BALANZET 207, DHET
W 1968FICFEA LT 71 % I MHEFF O IR AP E &
LTHATH %, —J)7, MRNZEREGRYE L
LTEX<HMBENTED, P Hh 52,24,
4',5,5'-hexachlorobiphenyl (hexaCB) (CB153),
2,2'3,4,4'5"-hexaCB (CB138) BXU 2,2'3,44'5,
5'-heptachlorobiphenyl (heptaCB) (CB180) 7% &
@ PCB 1Ak & & &1C, PCBX#¥) D 4-hydroxy

(OH)-2,2',3,4',5,5',6-heptaCB (CB187), 4-OH-
2,2.3,4'55-hexaCB (CB146) ¥ X U 4-OH-
2,3,3',4",5-pentachlorobiphenyl (pentaCB)
(CBI07) 7 &L Tl E T3,

20074, Linderholm 5 (& HHiE F8 24 M 5374 #%
it U 7eiE ok zdilz & 2 A, Fad & Fkk
75 PCB %A XU PCB (A Z#tis 5L & &
i, TNETEFATEME TN TR -0H-
2,3',4,5,5"pentaCB (CB120) 7 ¥r7z1C & ek
L7 b G LY o0& S aRe#AyZ i+ PCB 1R
AP S 2 — B, WHEREIC BV TR
4OEBLHE LTRSS N5 T kid, PCBEDEE
FEHIME 25 2 5 | Thh THIRGR,

4 kKN C4'-OH-CB120l&, Fig. 1Ic/"d &K 9 7&
2ODRBICKDERIND EEZAENS, 1
DO E, 2,3,4,4,5-pentaCB (CB118) 7 5
4' 5'-epoxide £ i 38 & U NIH #5472 f2 b U T A Bk
ENZREETH %, Haraguchi 5139 TIZ, CB118

857w s Ok H» 5 B D4-0H-CB107 &
LEic, T MED4-OHCBI20% LT3
D15 1 DOREKIE, CB12004' il kst
ENZBRETHD, LHMLEH5, CBI200D4H
WICE L CIEF < MEDNR <, TOREOBSIEAH
TH5,

Z T T, AT CB120 5 EH/KIBILIC K
D4-OH-CB120DERENBZ N E I D ZHEN D S
728, CB1203 & U7 O FAHMH & L T4'-OH-
CBI120D &z kP Tz, Fiz, 13507 CB120%
HELL, v MFIZ7avy—L (Ms) X3t

ATz,
ci I
cl ’ Cl
CB120 / CB1 1 8
9 [4',5"-epoxide] [3.4- ep0x1de]

e |

4'-OH-CB120 4-OH-CB107

Fig.1 Postulated pathways for the formation of 4'-OH-
CB120 in animals.
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1. B

B ERSE D3 5-dichloroaniline, 2,6-dichlorophenol
BRUOHMET bU Y LGOI NG Rz DL
M T ¥ (KB A 5, 1,24-trichlorobenzene
B X U 2,4,5-trichloroaniline (& ¥§ #% %= & 5 1k
T R0 O A LT, 7, HPLCH
acetonitrile (ZPId LY GRED MHMEA L, &
5 g, fR# % B © M\ %z phenobarbital (PB),
3-methylcholanthrene (MC) ¥ & U glucose-6-
phosphate (G-6-P) dehydrogenase (313" 1 & Ff
M2 FDEAIRE T3 (R » 5, NADP "B XU
G-6-P I LA ZA Y 2 Z)VEERE (0D D
A UTz, ZOMOMIEIITEZRO EMEDED
ZHWz,

2. CB120DERK

CB120i&, Hutzinger @ 75 ¥#¥ % # T & %
LTEHKL . 9% b B, 35-dichloroaniline
1.14 g (7.036 mmol) 7z i, =i TH
PUCTHERBIEE L, MEEBFT N v LEafkE
W2 N L7, CMIC acetonitrile TIA MR L 7=
1,2,4-trichlorobenzene 2.0 g Z il 2 C, 110°C T
2R S E /Ty ZF D1%, chloroform i T Hh
L, TNZEY A7 IL60 (65 g, Merck #) 7
Z L (N£E 26 mm, X\ ;& 200 mm) iIZh U7,
n-hexane TVAH L7z#%, HPLC I X 2 k58 %11 >
7zo CB120DM{E & TR M N 25 A X 7 1
<+ 457 4— (GC-ECD) BXUHEBENWEHTH
Aruax 7574 — (GC-MS) IZ X DA,

3. 4-OH-CB120D& R

4'-OH-CB120l&, Hutzinger 5 0 /1Y 7% 4 F ok
ZLTEHEKR LU, 7B, 245 trichloroaniline
0.61 g (3.105 mmoD) 7 i i M b, =it TH
HLUCHERBRIEE L, MREEB>T Y Y LEafkE
#i7% i F L7z, T MIC acetonitrile TVAfi# L 7=
2,6-dichlorophenol 3.0 g Z M A T, 110°CT 2
W S & B 7z, F D%, chloroform 1< C il H
L, RIZ2M NaOH Ttz 17\, e et
L U7=#%, U chloroform T L%, 2%
> A7 L60 (65 g, Merck #) 715 L (NTE26
mm, v FE200 mm) XA, n-hexane BX T
chloroform TYAH L7z#%, HPLC IcfitL7z. f#
DOffiEEIL GC-ECD B & U GC-MS I X 0 iiR7z,

HoA-E T Bl B OE %

4. BB/OF

HPLC (& Bt 88 (K> 7 LC-10AT, #Hi
#8: SPD-10A) 7 F\ 7z, HPLC &1 XD O T
H%, /17 L, ODS-A (250 X 20 mmid, 5 p
m K, YMCHY) ; BEIH, acetonitrile ; ¥, 4
ml/min ; HHHEE, 254 nm,

GC-ECD & Agilent 8> HP5890 Series 11 /J X 7
ax ~79 7% fViz, GC-ECD D&M RDIED
TH %, 517 L, DB-1 fused silicaF v+ ¥F 1 —
717 L (30 m X 0.25 mmid, 0.25 pm fi/E,
J&W Scientific 8) ; A —7 Vi, 230°C: EA
@, 250°C ; MHasEE, 250°C: Frv VU7 —
A A, N, (1 ml/min),

GC-MS 13 B B/ERr Y GCMS-QP2010% W T,
ElE— FCiTo7ee DMEMFIEIROMED TH %,
717 L\, DB-1 fused silica F+ Y51 —hF L (30
m X 0.25 mmid, 0.25 pm =, J&W Scientific
#) ; A—7 ViR, 70°C (1.5 min) - 20°C /min
-230°C (0.5 min) - 4°C /min - 280°C (5 min) ;
AL, 250°C ; MdsiE, 230°C; FvV
77— X, He (1 ml/min),

'H-NMR AX7 RV OHIER AATE 780 JEOL
GSX-500 (500 MHz) % W THio 720 2k,
chloroform-d IZ{&f# L, tetramethylsilane 7% P
FEAEEL & LT WV Tz,

5. CB120DZ v klcHlF B4

Wistar RBEEZ v  ((REN200 g) 2 1 BE4 Pt
EUT, RULHEE PB B XU MC RIULEEED 3
12533 Fzo PB-Na H132E B HT/KIC VAR L8O mg/
kg/day DR T, MC & a— Vil Af#E L20 mg/
kg/day D& T 3 HREEMENICIR G Uiz, Bk
SHOBACERLT, FEfML, HiE” itk
- Ms ZFA%i U7z,

S w MIFMsIC 3 1F % CB1200 X #f 13 BE 47
WCHEL TIiTo 7. 97D B, 40 pMCB120
(dimethylsulfoxide IC ¥ fi# ) 7%, NADPH % ¥ %
(0.33mM NADP, 5mM G-6-P, G-6-P
dehydrogenase 1.0 unit), 6 mM MgCLEXTZ v
MFMs (1 mg protein) & & 12100 mM HEPES
MR (pH 7.4) HC, &1 ml& LT, 37CT
60 min 7 >F 2 X—k L7z, ZD%%, chloroform
s methanol (2: 1, v/v) 1 ml 38X U n-hexane 3 ml
T CB120B X UZ D@7z 3 |l Uiz, il
13 diazomethane T X F /)L {k#%, GC-ECDICfitL
7o
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1. CB120 DEMES KU BHFER

CB120D &, 3,5-dichloroaniline 35 & U1,2,4-
trichlorobenzene Z ikl & L7z 7V hw TV >
HY ZAWTITo T, TOHETIE Fig 210R7 &
DI HIERAYIC I CB120LASYMC, 2,3,3',5,5-pentaCB

(CB111) # X 123,35 ,6-pentaCB (CB113) A
FRFICERKEND, £9, KIGEZT Y A17577)L60
715 LITHh I n-hexane TR L7z& T A, PCB #
PR 14X T100~500 ml O n-hexane & %) H11C
WHE NIz, R, TOMmD %ML 7%, 7
F HPLC IZff L7z Z DASE, Fig 3ITRT KD IC
PCB Bk & b % 3FHEOE—IBZENTN
{RH5HER35.2 min, 39.3 min X U43.2 min IZ#R
HENiz, 22T, RERBOREWIEZI D, Z
NFENS1, S2B8XUS3E Lz, X, ThbH
W7y D51 8% GC-MS TH#iR/z& T 5, S1, S-2
BRUSIEDICITZENZTN 1, 1 HEBKT
SO =7 Eh, cnsidvnineg sy

Hal
cl

cl
1,2,4-Trichlorobenzene 3,5-Dichloroaniline

( [¢] | | Cl Cl C cl Cl\
e b — 3)—2
~ ). O, O
’ 5 > 6
Cl Cl Cl Cl Cl Cl
CB120 CBI111 CB113

Fig.2 Synthetic procedure of CB120

T&3247 49 % pentaCB TH % T L H/RE Nz,
ZCT T, Sy EITSICHPLCICE D, 2 DO
DEEELz, ThbB, S3OE—JEH EETE
S-3aWisy, ©— 7 THLLIE%Z S-3b Hi%) & U THE
L (Fig. 3), GC-MS THE#HNz& T A, S-3ai
i 2 FifH, F7z S-3b Wioic 1 MEMMFEEL TV
7z (Table 1),

X 505, S1, S2 B K U S-3b ®'HNMR
AR MV ERELIZECT A, WTINL3,
5'-dichlorobenzene RIC & & N7z 3 M DK RIFH
T (2, 4 BXU6 i) I X U trichlorobenzene
RICEBENTZ 2 HOKERFICHKRTZ VT
TVt E N, £9, S-107.134 ppm (2H,
J=1.83Hz, d) DX 7L w b H2 XU H6'IT,
7.439 ppm (1H, J=2.01Hz, ) ® FU 7L v k&
H-4' 12, 7.359 ppm (2H, J=8.79Hz, d) # & U
7.455 ppm (2H, J=8.79Hz, d) DX T L v MIZh
ZTNHABXUHSIKRESI NI, T D ORERM.
5, S-UE CBLI3EHEEE NIz, KIT, S-2007.132

| S-3a | | S-3b |

30 40 50
Retention time (min)

Retention time (min)

Fig.3 HPLC chromatograms of synthetic CB120 and its by-products

Table 1 Mass spectral data and retention times of S-1, S-2, S-3a and S-3b
. Molecular Mass fragment ion (%) 2 Retention
Fraction . - - - . .
weight [M] [M™-35] [M™-70] time (min)
S-1 324 100 6 99 10.80
S-2 324 100 4 85 10.40
S-3a 324 100 4 72 10.36
324 100 2 80 11.23
S-3b 324 100 3 74 11.34

% Relative intensity is expressed as percentage of molecular ion.
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ppm (2H, J=1.83Hz, ) ®X 7L v MIH2' BX
U'H6 iz, 7.431 ppm (1H, J=2.01Hz, ) ® VU
FLw M HA'IC, 7.436 ppm (2H, 5) D5
Ly ME2DODOMRFGKRCRES N, LML
BB, TOXIC2DODAERKEEHTSE
DX Fig. 20 3D ENCHFEE Liah o7z, &b
<, S-21F A& JERID 1,2 4-trichlorobenzene 1 A
Y& UTEFEN TWiz1,2 3 trichlorobenzene 73,
3,5-dichloroaniline & KIG LT TEREEA BN
%, %5k, S-2133.4,53'5pentaCBTH 3 LEZD
N3, 51, S3blcDVTIX, 7.289 ppm (2H,
J=201Hz, d) X7 L v M3 H-2 B3XUH6'IC,
7.419 ppm (1H, J=201Hz, ) ® kU 7L v kit
H-4'1C, 7.412 ppm (1H,s) &7.604 ppm (1H,s)
DYV Ly MEH3BXUH6L LTRESN®
(Fig. 4)o LUIEOFERM S, S-3b WEHMD CB120
THAHZENHENER STz, T T, CB120D
Mg x GC TNz T A, 962% ThH o1 X
Te, W&, 4.57 mg T, [NFE02% THh-oTz &
15, S-3a 7 Ic DV Tld 2 FED pentaCB A RTE

Chloroform

H-2"and
H-6’
H-6 H-3
‘ H-4°
g E Ej L
L L |
7.6 7.4 7.2
3 (ppm)

Fig.4 'H-NMR spectrum of S-3b.

[ O

ERNS & %
LTWkz®, 4E'HNMR A7 LVOlE %
LZa-7eh, & L CBLLIAELE T NLUZ'H-NMR
ARYZ FIUCBWT, HA4B KU H-6D 70 kA
metafiTH3T &b, =2HZz TX 7 Lw Mk
D, CBI20LRZRICKATEEEZ NS,

2. 4-OH-CB120DERE K U Eirgsy

4'"OH-CB120D&RIE L LT, 24,5-trichloroaniline
$ X U2,6-dichlorophenol Z [ ¥l & L7z ¥ 7V
Hy TV YT 2RV, BT I33-0H-
2,2',4,4' 5-pentaCB (CB99) I X U4-0OH-CB120
MWERENS, Fiz, 7z /—=)VIZEIF S ortho-
para fi [ PE IS & D, 4-0OH-CB1200D 75 H3'-0OH-
CBO9& W Z I ERENB EEZ LN, MIGTHIZ
F9, YUATIVH T LITHT, nhexane BX T
chloroform TAH L7z & T %, PCB ® OH {4 & &
b N2t EYE n-hexane : chloroform (1 : 1) [
MCTEHENTe, T HIC, TOED %L1,
S EUH HPLC Wiy U7z 4658, ARFFRFRE18.4 min,
25.1 min X U28.4 min IZ 3 DD E— 7 X
Nizo ZTT, BERBORWZS NG, ThTh
P-1, P2B KU P-3L L (F—ZKIEH),

9, GC-MS ZHWT, E5NP-1, P28 &
U P37 Dy 1Bz, ZTOFEE, P-2& P-3
W5, VWINE 1 ADOE—I7 MmN, i
#HE ) F@354 2169 % mono-methoxy (MeO)
-pentaCB TH % T L WL 7z (Table 2), & C
AT, MeO-PCB DX A AT kU Tl #ERH]N
Ho, TSTRAV A4 M-15] BEVWIEE,
MeO EWE T = Z)VEIED para i, 375H5 45
BWVEA NS, —J, 757XV ALY [M-43]
ML WGEE, MeO E D meta i, 37%HH3 (5)
M 3W0E3 (5) MCEBENTVS T NS
nTwa'?, 22T, P2BXUP-3 (XF )Lk
A DYRATITAVTF—vavkitiilizec

Table 2 Mass spectra of the methylated P-2 and P-3

Mass fragment ion (%)

Molecular
Compound oh n N N N n
weight v [M'-15] [M'43] [M'-50] [M'-115]
P-2 354 100 21 42 13 31
(3-McO-CB99)
P-3 354 100 78 39 — 33

(4-MeO-CB120)

% Relative intensity is expressed as percentage of molecular ion.
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A, PFTITTAY M AA Y M-15] WIEHICE
WZ &h5, P304-0HCB120CTH B £ EZ 5N
7o
KIZ, P-3D'HNMR A7 )L EJIE L Tz
5.986 ppm (1H,s) ® > % L v ki OH Ho/k
%, 7.331 ppm (2H,s) DY > 7 L MEGFRY
GEICH S H2 BEXRTH6 & LT, 7.399 ppm
(1H,s) B8XU7.586 ppm (1H,s) DT L
MEBHE para (ICNIES 5 2 DDIKE, §74b
B H3BIUHG6E LTRESI N (F— %A=
#)o, & L3-OH-CBO9THNIE, H-5 & H-6' 1B
H ortho Ml i %7-6% 7 L v b (J=8Hz)
LB D, TRAhRSN TV ENDE, P3M
4 OH-CB120CTH 3 T L EXFH LT3, &1,
4'-OH-CB120D#ifE1386.4 %, UViE1Z65.14 mg C
HO, ICRIZ59% TH -7z,

3. v I/ OV—LIck 3 CB12001H

B L7z CB120Z HWT T v MAF Ms i & %1%
O TFAHIMET 21T o 7zo Fig. 51ciE, Z DG
DRAFIVIHEBEROH A7 8T 5 LERT, &
W TRARHS LEE—r e i E ik
Mol ULAL, PBEXUMCHIMHE DY ST
DH, R@meEbns 2EHEHOE—T M-1F5
KU M-2) A, ZNZFNARFRE13.05 min 6 X
U'13.49 min ICHE T Nz, & N D4'-MeO-
CB120& LR L7245, M-20E— 7 & GC {RF5HF
B —EH Uiz TORERNS, CBLISH ST T
137 < CB120h 5 £4'-OH-CB120/ & % il
REMEAVRB E NIz, S, EMOERICIEESX
o fehy, REMOERRIZIEFICDRNT &
5, CBl20idf@EEnic i wa L &R E Nz,

| CBI20

M-2
M-1 /
T T T
10 15 20

Retention time (min)

_

Fig.5 Gas chromatogram of the methylated derivatives
of CB120 metabolites formed by liver microsomes of
PB-treated rats.

19774F, HALBA S IZHELRFZ OIfd PCB /3
Z—VORME LT, MHd23,3'4,4' 5-hexaCB
(CB105) & CB118MMEFHICHEANE L KW T
ERBELTWVSY, —7, =k 5 I i
M PCB &HEZHN, ZDfE5%, CB118134: PCB
FMAADS BREELT7.1~88% % HDTWBEH,
CB120i &< Ml E N oz L E L TWV3 'Y,
INHOERMNS, 4-0H-CB120D4: %1% CB118
DHFLEMCBI20E Hh KEWT EWHEE I NB D,
S, b MFZHOEREDRETH S 9,

[
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1. 2,3,4,5,5-PentaCB (CB120) DO&EMKZITH 7,
3,5-dichloroaniline ¥ & 1,2 4-trichlorobenzene
EFERIE LY TV Iy TV IREE, YU ATV
715 Ik HPLC IC X 2 0BRSS 2170, S
f£96.2% 0 CB12074.6 mg 137z,

2. CB1200D 7 AP & L T4'-OH-CB120D &
KA Tz, A JEEL & U T 2.4,5-trichloroaniline
¥ X U'2,6-dichlorophenol Z T 7V A 7'
VA RIGEIT- AR, FEhE D 2510 PCB kg
{bf& (3-OH-CB99, 4'-OH-CB120) Mk Eniz,
Mi# D X F)VFEERD GC-MS 35 & U'H-NMR D#f
BRIy, #TnFNLERMEEEETH S T EHPES
N7z, 155N 724" -0OH-CB12013 #ifEE86.4 % T, LY
®65.1 mg TH -7z,

3. v MAFMsIC &% CB120D X #t &Rz &
T4, PBBEXUMCHLEZ v FOF Msic kb2
FEOMREY) M-15X 0 M-2) DEREN, M-2
D GC RFFHF[EI A4 -OH-CB120D X F )L Bk D Z
nN&—HLk, TOFENS, Tv FFICBNT
CB120M 5, 4-OH-CBI120W 4k E N5 T & hHR
BNz,

PN R ey S Re 2 A = il Sl G R - v oy
7)) LA EDTH S, TR LTHEEE
LET, iz, AWIREFMT ZICHZ0 e
T EE LlI-BMEEAIREDEK CHIEE,
HE &, AE 8 &N LEDS,

Abstract

Recently, 4-OH-2,3'4,5,5'-pentaCB (CB120) have been
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detected newly in the blood of Yosho patients 37 years
after exposure of Kanechlor 400. In this study, to elucidate
the metabolic pathways for the formation of 4'-OH-
CB120, we tried to synthesize CB120 and 4'-OH-CB120.
Both 3,5-dichloroaniline and 1,2,4-trichlorobenzene were
used as starting materials for the synthesis of CB120.
The diazo-coupling reaction products were purified by
Silica gel 60 column chromatography and the preparative
HPLC. CB120 was obtained with 96.2% in purity and
0.2% (4.57 mg) in yield. On the other hand, 4'-OH-
CB120 was synthesized in a similar manner as CB120
except using 2,4,5-trichloroaniline and 2,6-dichlorophenol
as starting materials. The resultant 4'-OH-CB120 was
86.4% in purity and 5.9% (65.1 mg) in yield. The
metabolism of CB120 was examined using rat liver
microsomes. Liver microsomes of phenobarbital- and
3-methylcholanthrene-pretreated rats metabolized CB120
to a metabolite having the same retention time as 4'-OH-
CB120, suggesting that 4'-OH-CB120 can be formed from
CB120 as well as from CB118 in animals.
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