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Metabolic Fate of Fthalide (4, 5, 6, 7-tetrachlorophthalide)
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Fthalide, an effective fungicide for rice-blast, was easily degraded to water soluble compounds in
a laboratory prepared compost. The following eighteen transient metabolites were identified in
benzene extract and ethyl acetate extract of the compost treated with *C-labeled fthalide at the
lactone ring or the metabolites: 4, 5, 6-trichloro-, 4,6, 7-trichloro-, 4, 6-dichloro-, 4, 7-dichloro-,
4-chloro-, 4,5, 6-trichloro-7-methylthio- and 4, 6, 7-trichloro-5-methylthio-phthalide; tetra-
chloro-, 3, 4, 5-trichloro-, 3, 5, 6-trichloro-, 3, 5-dichloro-, 3, 6-dichloro-, 4, 5-dichloro-, 4-chloro-,
3, 5-dichloro-4-methylthio-, 4, 5-dichloro-3-methylthio- and 4-chloro-5-methylthio-phthalic acid;
3,4,5,6-tetrachloro-2-hydroxymethylbenzoate. Metabolic pathways of fthalide were proposed.
None of chlorinated benzoic acids were detected in the metabolites in spite of detailed investi-
gation. Acute oral toxicity of the main metabolites to mammals was very low and phytotoxicity
of them on vegitables in pre-emergence test was not so strong.
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Metabolic Fate of Fthalide in Ecosystem (Part 1)
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Fig. 1 Synthetlc route of 14C—labeled—fthahde.
* Radioactive carbon.

Perrini®iz 1 % 4,5,6,7-7 57/ ®m
772U OERE YC-HE LS
MOERTEHA L., T7abb, Al
FH-1C-fk 7 & LR (HEHUBAE 5
mCi/mmol) 153 mg % IS /K
7 Z VEE 200 mg THIRL, 10% %
fEpEEE 3ml AL, =vFE 20
mg Zhix, 100°C »5iEEF A%
U, ERIRE 2 B, 28FfT
210°C £ THEERIL L 2. 314,
50% BRERZMAMTHI S 58 db % I8
B, +4KEL, YC-5 rF 7 mR
MoK 7 2 VIR 658 mg Z457e, Rl
249°C, & 98%.

UC-F +Trmm K T & LEER
586 mg &K A F 4 10ml i
BRRL, KFEET A=Ay F7
& 70mg #hnz, 100°C hnghs
5 EHMULFERL, 10 45 TRIGIXT
f& L7z, IKEMZ5RE, BEE2E
L, 05N k(b b U w7 A% 15
ml Zhnx, WAL, HKCRERE
Einzie., T 5EHRE2EL,
KUk, A FHV v XD 2 EFEFRES
L, “C-7+4 5 1 F 303mg #1587
sl 205~206°C, IR 54%. fikt
MRS 98.0% (EE/7 =<t/ 7
T4 —FPF AR VB IVERE Y
R NG T 4~ FF— ST
7) MeHatfe 2.30 mCi/mmol. & ®
UC-7 Y% T 4 FO— & IEfsE 7
Y744 FPTHR (AFH v XD 3
BIFERE&EL) L, #REARE L
THWz, BUREME 99.9%. Hofk
5tAE 172.1 pCi/mmol.
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Table 1 Melting points, gaschromatography retention times and thin-
layer chromatography Rf values of authentic samples.

e

5 @c\o mpi® GLC (Re)* TLC (RY)
Y O (A) (B (©) (B
Fthalide 209-10 1.00 1.00 0.77 0.95
4, 5, 6-Trichloro 173- 4 0.49 0.41 0.76
4,5,7-Trichloro 138- 9 0.55 0.52
4,6, 7-Trichloro 129-30 0.55 0.56 0.73 0.89
5,6, 7-Trichloro 146- 7 0.90 1.16
4, 5-Dichloro 101- 2 0.30 0.18
4, 6-Dichloro 84- 6 0.33 0.20 0.77
4, 7-Dichloro 162- 3 0.36 0.33 0.64
5, 6-Dichloro 182- 3 0.42 0.41
5, 7-Dichloro 115- 7 0.44 0.52
6, 7-Dichloro 137- 8 0.60 0.70
4-Chloro 87 0.17 0.15 0.61
5-Chloro 154 0.21 0.45
6-Chloro 112 0.24 0.23 0.48
7-Chloro 149 0.33 0.33 0.41
4 é(coon mp GLC (Rt)* TLC (Rf)
5% cooH O (A)¥(By*  (C)™ (D) (E)
3,4,5,6-Tetrachloro 248- 9  1.00 0.48  0.63 0.72 0.43
3,4,5-Trichloro  193- 4! 0.72 0.33  0.51 0.68 0.38
3,4, 6-Trichloro 147- 8  0.57 0.30 0.59 0.70 0.38
3, 4-Dichloro 187- 9'3  0.46 0.68 0.33
3, 5-Dichloro 160- 1  0.37 0.20 0.46 0.68 0.37
3, 6-Dichloro 1601 0.36 0.24 0.51 0.62 0.35
4, 5-Dichloro 19913 0.42 0.21 0.43 0.65 0.39
3-Chloro 183- 4% 0.27 0.16 0.33 0.63 0.26
4-Chloro 149-50' 0.26 0.14 0.35 0.64 0.36
3,2 COOH mp GLC (Rey* TLC (Rf)
4 CO (= @m™ (0 (D) (E)
2,3,4,5-Tetrachloro  190-2! 0.46 0.18  0.99 0.84 0.63
2,3,5-Trichloro ~ 163-4' 0.22 0.11  0.81 0.83 0.63
2,4, 5-Trichloro 161-3'  0.22 0.11 0.90 0.83 0.63
3,4, 5-Trichloro 208-9'  0.21 0.10 0.90 0.8 0.57
* Gaschromatography retention times relative to fthalide: Retention

times of fthalide were 4-5 minutes in condition (A) and 13-15 minutes

in condition (B).

* Analyzed after methylation with diazomethane,
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TH T4 FERIET T A FGHEDORRFALZIE
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1) YC-7% 3 4 F{LAHEE

BB 2b b (BN H v £ —TREH S5mm i
YT L7 D) 100g, FKEEH 4g, 7k 300ml, “C-7
#3554 F 40mg (25.2uCi. 5ml 7 P ViEHKE LT
WAL, WinEXb STkt L 400 ppm, (i #E 100 ppm &
7t%5) & Fig. 2 0Xx 5% 21 2770757 A3CA
H, 40°C DIEIRZH THIMEL 72, & JOUKDH
By, 18T 1 EfTR - .

>
pump
| )|
7777
4= AN
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Fig. 2 Apparatus for compost experiment.

A: compost, B: vacant trap,
C: 10% NaOH trap, D: 109% NaOH trap,
E: water.

2) FEWHHE T T A PR RX e O E AR

BT A b S [1) 2[R 3.5kg, FHIKEEFR 150
g, 7k 106, 7454 FERixLofHED 14g (74
54 FOBPAEE 50% KFnfl, RESEDOSEE 20 ml
7 b VIEERE LTIRINL) #2350 k—r—5lx v
1w Ady, 30°C, IBHEE 90~100% DIRFEMN THEARLL
7. T OHERRVE, REED O REE R X O OHER
M TOZELEFHERT B oDV,

H
cl ~ H2N (JS)CI:HIZH SO Cl A
2N—C=NH-1/2H,504 ~—
Cl[::I:::b 2q-NaHCO; cl o
¢ 5
benzalkonium choride
SCH4
fthalide (XIV]

Fig. 3 Synthesis of 4,5, 6-trichloro-7-methylthiophthalide (XIV] and

4, 6, 7-trichloro-5-methylthiophthalide [XIII].

4. 4,56-bUHOAQ-T-AFLFFT751 F (XIV]
HEU 4,6,7-bY/OO-5-AFLFAETHVE
(XIII) D&/

MAEBICED= R 7 2=ATAENLALT 4+ FEOD
A RREICHE L TR L .

TJH54F 27.2g (0.1lmol) F/ 7 v XV ¥ V
200ml AR L, 7k 100ml, 2 F 4 v FFIREFNR
45 16.7 g (0.12mol), #E{EXv ¥ L2 =7 A 10% /KIF
#E 12ml Zinx, 1B 80~87°C THM LA »EE¥NR
235, 7K 200 ml IERE U RERZKE S P Y7 A 18.5g
BRATHT L, W FETHE, 2RHMFEIRE THE X
Wiz, BEH%, =/ rrevEvERSHEEL, KEE
WEFET 5 LaffMis 29g 2187k, Th2Efg=-7F
AEBIR n-7 87 — L THINEERZLSDEL, <&
227 b, NMR, IR, #2770 < /77 ¢ —TEFE
aifh?y (XIV) 1.9g (BN 148~9°C) R Xot (XIHO)
2.6g (i 143~5°C) Lt hfir.
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compost

made acidic with 2nN-HCI
B (pH 1~2)
|- extracted by acetone
with soxhlet extractor

sediment acetone

refluxed by
acetone

sediment acetone

I-evaporated acetone with
rotary evaporator

water

extracted by benzene

benzene extract water

-extracted by ethylacetate

r
ethylacetate extract

Fig. 4

water

Flow diagram for extraction.
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1) GLC

RE: BHEEER GC-3AE (#iiss ECD (CH)), %
= (A); + ) 2~ DC-11.5%, Chromosorb GAW 60
~80 mesh, Smmx1m (¥ Z A4 F 4), 200°C, &4
(B); Neopentylglycol succinate 3%, Chromosorb WAW
60~80 mesh, 4mmx2m (#5A#H F4), 200°C.

2) TLC

T —1t: U #H5 L HFes, 20cmx20cm, [EX
0.25 mm 130°C T 1 msfliE (b, Mtk UV BRS OR
ZRIARELT FI-8SA), A —V+ 594757 4 —. BB
W, (C) “vEy, D)n-Fevlr7ra—1L:kK:
Aifg=51 (7:2:1), (E) =F 1742 — L T
VE=THK K (80:13: 7).,

L FAREEVVE O IR R IR 35 X U8 RS i %
Table 1 iRl 7=,

3. A ® &

1) HHhEoRE

Ny PR, BT ARSEFD 1.0ml F 4k
0.5ml %, AKX4x 0.5m! %721k 0.25ml %, JA4 %
YVvFRIVFLV—%— (7 %2 Y v 100g, DOP 8g,
POPOP 0.25g, =5 v v/ Y a—s 20ml &80
FYVIEE 1D 15mlER Lk v F v — v e v
# v v Z —~ (Packard TRI-CARB model 3320 3 X ¥
Beckmann LS-150) GlE U, BiEIXSEE, ko
ELERL, £Oo—ERZRRCEEY v FLr—v v
v g —THlELR. TLC-5 JF4 2 F 5 + —i% Aloka
il JTC-203 #IA{FHL 7=,

2) GC-MASS, NMR, IR ¥ XUV X gl
GC-MASS 3 B 4<% 7% JEOL-06H, NMR (% Varian
% 60 MHz, IR i BAZOLE DS-301 #, 4 X #ix
MAEERE KG-3 #icrhZThilllE L 7.

4. RMRBEOFUSIUHEINOXZTORTE
AR OEMEE, ICR-JCL < Al (IRE 20~25
g) BXU Wistar 587 » MHE (fKk&E 120~150g) % H
WTHB L2, BERA VY (A4 -E~2R) BX
CxFv Y (&EDH) #HVT, HEEMTXSHED T
HER L7z, 3abb, RELE OKEHBEL) 2RV,
PRAL AT RILTMERECR S X 5 Ky — TR
L7icdb, HiEL, 25°C OIETEML 2. 30 &K
TERPEFEERTRIRC LY, 104KD0HFHEETHEL 7=,

£ B B R

1. HRERICETZ 7954 FORELT(E
UC-7 %5 4 FHIAHERE S Fig. 4 o X5 iiEL,

<100
S sediment
5 80 water layer
E
= 60 ethyl acetate
B layer
2 40
2 benzene layer
g 20
s
[+ O "
3 4 6 8 10 1213 20

Incubation period (month)
Fig. 5 Distribution of radioactivity of extraction
layers in compost containing 4C-labeled

fthalide.

HH X 5B RES R BT L. £ofER % Fig. 5ic
WU, KBRS OMIMPEECH L. ik,
TBIREMH L 72KB X7 A5 Y+ Z v Fhiciy, it
AEVEIZ & A E S e - e,

2. REEMOBERTE

FEEH R - THB LM% 30°C, {BE 90~
100% DIRMHETHML L 72, 1~2 7 AFE L HEE 2 <
vV THHL, GLC 453 5s, WAbED7Yv 74
N8 D DHTH DA, I 2 N-EHE % Nz CHE
(pH 1~2) iz, <vZvill, GLC s+ 5L, 4
EDOHHMEML LDTRRHO 7714 F BB I h
fo. ThUE, 7T A FABBERUREE (XVIID) THE
EHRCHFELTVEIDEHFEZ LS,

3~4 # AR LoD 2 L, S v E v iK%
GLC s x®»® TLC ZG#id 5L, 7% 74 FoEbics
dirvkk Iz Fig. 6 0X5hrse< b7 a5850
h, fetEmEExs>hs A, B, C, C, D, EDE —~
JEARy VD, FREB=FARGE T VA
2V TCAFLEL7DL, GLC kX TLC 45474 %
LRk X% Fig. 6 0X5%7rn<t /7 a3556h0,
ReEmLEZ2ohs F, G H, Ior—27:AF s b
BRRDI. THDDERS DA IIHER D IERL &M
ARV 7Y A4 FINEHFC X ) —E TR
Wik, 7T A FREMLURVHERS S X i,
(LA LB 2 DN DA OBEE L EETRERZ LTI
1T - 7=,

1) Ci gl D BigE L STz

3 H AL ZHEEYY Ske % Fig. 4 o X5t
BL, “vEvRFIOWT C Gy 3 585 %
TLC THEL, AFLT7Aa—~AYX0EELLED
LHis 126~7°C OfEf Smg 2B, IR v em™
=1,775, 1,430, 1,200, 1,075. NMR (CDCls) z: 2.27
(s, 1H), 4.82 (s, 2H). GC-MASS m/e: 236 (M+, 238,
240, 242 QE—~Z X VBERIMEFLTD), 207,

T
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1
C: G
A E H
B C: D
0 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5
Minutes Minutes
(A) G L C (condition A) (B) GL C (condition A)

| 101D B 1010

! D 1 1 ]
OR B A E CiFth FR OR I H GF FR

TLC (solvent C) TL C (solvent C)

Fig. 6 Chromatograms of benzene extr. and ethylacetate extracts from 3-4 months incubated

compost.
(A): Benzene extract.
(B) Ethyl acetate extract (methylated with diazomethane).
GLC (condition A): Shimadzu GC-3AE, Silicon DC-11 5%, chromosorb GAW, 60-80 mesh,
3mmx 1 m (glass column), 200°C.
TLC (solvent C) : Silica gel HF354, 20 cmx 20 cm, thickness 0.25 mm, solvent benzene.

TORBRLNY  er T2 ) FTHLH I EAYIEAL, B ~9°C DDk 4mg &l 140~2°C D E By 10 mg
WmE LD IR Oz kv, Coplisik 4,6,7-+ V7w P57, RS OREEE, TioikhThs,

r7ZYF [1) THBZ Pl Ejk4y; GC-MASS mje: 282 (M+, 3Cl), 253. IR
2) Dis XOE RS DR i VKU em1=1,777, 1,185, 1,065. NMR (CDCL) 7: 7.40

3 o AMFUK U -HENRRS 20kg R E R v, (s, 3H), 4.86 (s, 2H). & tXiit (target Cr crystal
RV VEFZDOWTDE IRE RS i T 2552 EDDT, detector PC): K, 59.85°, K; 64.82° Cl. K,
TLC T B U7, K2 7 4 i (Mallinckrodt %!, 100  69.55°, Kj 75.05° S.
mesh) &+ F 4 FOEREY (2:1) &, n-~F % vEdM D4 GC-MASS mfe: 282 (M*, 3Cl), 249. IR
= b AZYEREEXY, ThEERMET 5500 7 yKBr cm—1=1,755, 1,264, 1,082, 1,028. NMR (CDCls)
Arm<t 57— (BEGBE: = tr 2 x vEin 1 7.48 (s, 3H), 4.82 (s, 2H).
n-~F%4v) kb D, E Mo esEL, <Svyv- ZOFR, 7S AFOERIER A F L F 44
n-~FY LV OIRGEIR X DRSS L& T 5, @k 148 (-SCHs) TEMRINZHDOTH Y, WHITE WITIIER

metabolite D
Cl Cl
cly o Raney-Ni (of @CO + cl ©:>o
H.CS Et OH Ccl —
3 '0' room.temp. 'OI o
(69%) (31%)
metabolite E
ct (o]
ClBA Raney-Ni + ©\/>O + ©:\/O
H,CS Et OH Ct T D ct It
3 d room.temp. ct 3 cL 9 Ct b
(48%) (24%) (28%)

Fig. 7 Desulfurization of metabolite D and E by Raney-Nickel.
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Hlk H45 WHMLIEL1LA

WETHD LB bhol, COBBRMBERZIET SR
W, FEx—=u ¥ (W-2) ITX5BERICE2TE - T,
HRRTH7rr 72 Y V%R GLC THREMHAE 5bY
52LiTEY, TOWMERRELL, £OEREY Fig. 7
WWRL7Z., Zhbua#EL, D RS 4,5,6-FY 7w
r-7-2AFLFF7x ) F (XIV), E K%iX 4,6,7- b
yrmru-5-A2FLFF7 &Y F (XU} THbTERD
"oz,

3) AR OEEELEEIE

6 » BB LM 3kg 2HEERS VKL, v
YR gieonwt, TLC THEL, AF1r7rz—L
THEGT 5 Lils 160~1°C o dh 3.5mg 2157,
IR vEBr em—1=1,775, 1,362, 1,157, 1,050. MASS m/e:
202 (M*, 2Cl), 173. NMR (CDCls) z: 4.83 (s, 2H),
2.43 (d, 1H; J 8.4Hz), 2.60 (d, 1H; J 8.4Hz). =
MRV m e 72 YFTHEZ ENbRD, EEDY
O IR QI » S A JKSE 4,7-Y7erw 729 F (1)
ThH5HT Lbhol.

4) Bk BB L HEER

6 » AR L 72HENE 3kg 2 HEE R HHIL,
vEVRGIEowWT, TLC THERL, KEEEFEE 1
mg 237, TD B pisik GC-MASS mfe: 168 (M¥,
1Ch), 139, 78. 3 XU GLC CHESD 4-r v 7 2 Y
F IV @B LAk b oS aEd L7,
5) Fiky DHEEE L HEERE

2 A AL 72HENE 2kg Z2HEERDIBL, B
fg=F VRGBT TV ARV TRF b, GLC TFk
YT 5% TLC T4 L, ILEEfFS 6mg
Gl S oncEao IR MERSOT 52
RRI7ZABIAFLE—F LA LT, FRSX
TrZmm 7 2LEE (VI) THDHI &b -,

6) G DB HEYE

3 7 BEPRLUHIE 2ke 2#HERES DI L, B
B F VK& A F k%, TLC THIL, Ekip 1
mg %572, GC-MASS [m/e: 296 (M+, 3Cl), 269, 267,
265] 3 X0 GLC DORFFRHIPERERD 3,4,6-+ Y 7
PR ANVEEYAFLE—F L, LT, GG
WX 3,4,6-F U sewTanfg (VII) ThH &b
piLNo% fol

7) HEG R X G 0Bk & s RE

6 » AMAKLHEN 3keg 2HESRS VML, ®
B F VR 5%w AF{bi%, TLC T4HE L, H Bre L
THREEEEER 1mg & 1Tk & LCILBEEERK 7mg
37, Hi41E GC-MASS [m/e: 262 (M*, 2Cl), 233,
231] B X* GLC {4Frf2MZHe o 3,6-2 7 v w 7
Z AT A F LI, FTkIksix GC-MASS
[mfe: 262 (M*, 2Cl), 233, 231], IR I X0t GLC {51
RS ERESLD 4,5-V 7 ew 7 2 AN A F LiT—%L
el dickb, Thfh 3,6-Y7wn7 a2l (X)E
FU4,5-V /7 rre 7 2 (K] THD T LNbd o7,

8) T ofhofHEENICOWT

4 H ABPIRL-HERE 1.5kg HESRIBILL,
NV VYRGB IO F ARG EEDbEY TV AL
VTCRAF AL, Ta—FL Q-2320g wHEL, <
vEV-n-~% v (1:1) EETEHL, 10ml Fo
BOD7Z 7Y aviipEiLic, %777 aviikGLC
(FF ARSIV B) CTHRERLEBRILLE S, 1
AR ED O 4,5,6- bV s rr T2 Y | (G 11,
4,6-Y7mrr 72 Y F [(IV), 3,4,5-tUsmrmrT 4L
g (VI), 3,5-UV/7wvr7x i (XI) XU 42 Rr
720 XIDk—HT5308BHONE. DX
R EEEROFERLZ M > TR L i v
N —HT 2 dD07% <, ZEFEHE~ORBITIbh
Vb0 EEZ LR,

Table 2 Fate of tetrachlorophthalic acid in compost.

Incubation period (month)

1 2 4 5 6 8 12
o A COOH
C‘E:]: 00H 75.3%  71.1 44.0  33.6 1.3
Ci ¢
Cl
cl COOH
8.2
c COOH
cl COOH
18.6 825  66.1 49.1 15.1
¢l COOH

* Metabolites were analyzed by GLC and expressed as molar percent of recovery.
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3. REEDOMERICHSTIEE

TH 54 F ORI IS B RGEEMIIR 4 RS
Fois, TS OHGEY OHERE T oA KRR I X ONE
MEALPITT B0, B RAHEDOELEIRA
L7-HER 2 ER L, T ORRREZEL2MET Ui, (RGHED
OfES LR R GLC Tfifv, #FrflsEmicown
TIRHEBL, ToMERIeEl .,

1) Fr57eveevznfig (VI) OfRFRFEAL

Table 2 R L 72 X 5 WHUKBETIZ U7edd o TR

AR LT, Fie, 7 X AEED 346 X6 R EHEDS
TREEL VW T & 23dbd o,

2) 4,6,7-rVrwre7x Y (1] OREAEIL
Table 3 WL X5 3,4,6-F V7 rrwT7 X LR
(VI) ~DfE{EsBBd 7k (R THh 7. 7741
DO 5 & AR ORI IR LIRIE T D, BRILAIR
IMEBLBNHENTHII T LILXS DL Ebhi.
3) 4,56-rYrmu-7T-AFLFA+7xY¥F D

XIV] oRERsZELL

Table 3 Fate of 4,6, 7-trichlorophthalide in compost.

Incubation period (month)

1 2 3 4 5 6 8 12
Cl
Q> 1004 19.5 2.8 1.0 0.8 0.5
cl (1]
0
Cl
> 0.5 0.3
cl Y
a
COOH
QCI 78.4  81.5 8.0
COOH
Ci
cl COOH
[:]: 1.2 12.4  15.6  10.1 5.6 6.3 3.1
COOH
cl
COOH
OCI 4.8 11.7 8.8 5.0
COOH

* Metabolites were analyzed by GLC and expressed as molar percent of recovery.

Table 4 Fate of metabolite D and E in compost.

Incubation period (month)

3 4 5 6 8 12

1 2
al
ci 5
AN (D) 92.4% 453 9.8 5.0 4.2 5.6 3.8 1.0
o}
SCH3
Da 3.0 147  44.0  76.2  26.7
) Ct
HyCS
2> ® 97.1  32.1 9.0 3.3 26 2.8 1.5 1.4
a by
E. 1.3 2.0 12.4 104
Exze 5.2 12.9 5.8

* Metabolites were analyzed by GLC and expressed as molar percent of recovery.
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Table 5 Fate of 4-chlorophthalic acid and 4, 5-dichlorophthalic acid in compost.

Incubation period (month)

3 4 5 6

32.0* 7.5

cl@COOH
COOH

3.3 2.0

ct COOH
X 88.5 83.8
ct COOH

77.0 77.6

* Expressed as molar percent of recovery.

Table 4 /R L 722X 537 ATH 90% »BHEL,
R RA S EYT GLC chahidr o7, L
L4 HAEPLEE=F VX G L WY — 7 23
S, ZHEREERE—FT5008%<, GLC off
R SRR ED EE L DN Tihg D 2 L
2. ZOEREEX 7Y T4 Feikidtc Lok, E0iE
WDV TIZEIL 6) 3 5.

4) 4,6,7-r V7 we-5-2FLFF 7 &Y | [E

XII) D#ErZE{ b

Tabe 4 /R L2X 51, #igd (XIV) & [EIBZZ58)
ZRLE. LELZOBRNEIRSBENEZZOND L —
7 2ARRRD BN, T Ea 3X0 Exe & L7k,

5) 47srr7 2 XII) KXW 4,5-Y/7mrr 7

z o (IX) ofRrZEl

Table 5 WRL 72X 5T, (XIH) EABKHET 558
RENEBbhsd ¥ — 7 REBDLNE» -7, Ei
UXJ X6 v AEThEVELET, RBMEDIEDS
Nz - 7z,

6) D iy oBisk & EETE

Dsraiimt 6 » AREZAK U HEIE 1ke %, HiEs
FRMTEEER =7 L CHItR L, ¥ 7V 2 2 v T2 5 {4,
BREARHEL, ~VvEVTHHH L, v 2l
ZiENEt:, GLC (MR ERISFREHE 1.18 AZMF) T Do Bk

RS L, WA ER 4.6 mg 2157, IR viiz em™?
=2,925, 1,740, 1,268, 1,095. GC-MASS

W& -SH DL 50 THAL TWiehitllithds. *
ZCHEE =~ F VIR O 7V = 2 v T = F Lk,
GLC 7547 L7z, DR, 7974 FaILdc L
SHRFRREIE 1.35 (AL THD, hii D 27
A VKRR L, EEME(LE, BERR-F LB, 7Y
T EZVT=F AL LS DIT—F LIz, TDOEEHDL,
De WHENEHRT 4,5-Y 27 v r-3-2F L F 4 7 & 1 JiE
(XVI) TH o7l EB¥IBAL /2,

7) Ez 3 X0 Ez OXEEEHEETRE

E laziimml 6 7 Bf%E UK 1kg %275 6)
LR, Ea 4 UCEERBRY 2.2mg
& 4572, GLC M {R45ma 1.44 (A 4f). IR v 552 em™!
=2,925, 1,738, 1,265, 1,194. GC-MASS m/e: 308 (M+,
2Cl), 279, 277. ZO#EF Ex 13 Dz O REKLEZ S
, BHRED RIS CEOBEBRNERRE L. T
bbb, GLCHHizX Y 3,5-Y 2/ rre-,3-7 vrr-, 4-7
mr- BIXOCEEW T 2 VY A F A BESHIDT,
Ezi 132 3,5-V/ mu-Ad4-AFALFFTRXAET XAF LT
HTERbr otz Eiz En 3AERES D M
DIz bink o 7y, GLC (REFRFR (xR
1.11 A &) X7 ver 7 2 ABEO BitE R {Loi:
BEPSEZ, Ex il 4-7ve-5-2F L5472 LiEY
AFLTHESS LHEES NS, Lo, Efuidte
i Fig. 8 X sicfliichnsdnesELbh5,

mfe: 308 (M*, 2Cl), 279, 277, 247, 245. H.CS A HacsC‘ 00H H3CSE:ICOOH
DR, AFLFAHES IOHEH 2 “EF;: Cix~~Co0H CiN"coon
o}
- L L
EBER LT A VBT AF A THB L L ECXIIN Ex,(XV) Ex, (XVII)

BHHAL, £ DEMRMEZIRET 572D,
HBEER VRIS 27778 - 2. GLC T
45-V/ BRI ANBIAFABIN &7 wn 7 2 0 4. RBEMEESLEL

B A F VDRED B, De R332 4,5-V 7 rr-3-2F Fig. 51z, MK 250D H e 576 & RRERRICBRR L
NFFTAABIAFLTHLL EBbdroiz. UL, FERETR L., T O TR DR 2 E X T
Mtz 2 F AL TV EDT, YRR T -SCHs %72 WBOTILAMIIC, v ¥ vKSE X OFEE - F LK

Fig. 8 Metabolic pathway of metabolite E in compost.
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Table 6 Fate of fthalide and its metabolites in compost incubated with *C-labeled fthalide.
Concentration (ppm) of fthalide (Fth) and its metabolites (I-IX)*
Incub. period (M)
Fth 0 (I} v [XIII) [(XIV) (VI [VID [IX]
3 151.5 26.4 52.4

4 65.7 7.7 11.5 trace 16.4 4.4 21.5 22.9 19.9
6 3.1 trace 43.4 16.7 6.4 105.6
8 trace 28.9 13.4 74.4
10 1.9 27.0 9.1 26.8
12 17.9 12.0
13 12.4 3.2

* Forty milligrams of #C-fthalide was applied to 100 g of rice straw (400 ppm). [{I]: 4, 6, 7-trichlorophthalide.
(1II3: 4, 7-dichlorophthalide.  [V]: 4-chlorophthalide. [(XIII): 4,6, 7-trichloro-5-methylthiophthalide.
[XIV]: 4,5, 6-trichloro-7-methylthiophthalide. ~ [VI]: tetrachlorophthalic acid. = {VII]: 3, 4, 5-trichloro-
phthalic acid. [IX]: 4, 5-dichlorophthalic acid.

Table 7 Solubility, acute oral toxicity, phytotoxicity of fthalide and its metabolites.

Phytotoxicity (pre-emergence test at
appointed concentration, ppm)

Acute oral toxicity

(LDso mg/kg)

Solubility
Compounds in water kidney b b
S y bean cucumber
(ppm, 25°C) Mouse (2) Rat (&)
12.5 2.5 0.5 0.1 12.5 2.5 0.5
Fthalide 2.5  >10,000 =+ - - = — - =
Sodium 3, 4, 5, 6-tetra-
chloro-2-hydroxy- [XVIII] 83,000 3,160~4,640
methylbenzoate
4,6, 7-Trichlorophthalide  [I] 31.8 >1,000 +H + - = - - -
4, 7-Dichlorophthalide (111 69.5 >1,000 +H + - - +H - -
4-Chlorophthalide vy >1,000 - - - = - - -
Tetrachlorophthalic acid [VI] 4,354 4,640~6,810 — - - - — - -
4, 5-Dichlorophthalic acid [(IX] >1,000 - - - - - - =
4,6, 7-Trichloro-5- _ - _ -
’methylthiophthalide (X1 18.5  >1,000
4, 5,6-Trichloro-7- . . _ .
’methylthiophthalide (XY 41 >1,000
4, 5, 6-Trichlorophthalide [II] - - = - — - -
4, 6-Dichlorophthalide (v - - - = - - -
3, 4, 6-Trichlorophthalic (VIID) _ . _ .
acid
Pentachlorobenzoic acid i W -+ i W H
Control 2, 3, 4, 5-Tetrachlorobenzoic acid # + - - * - -
2, 3, 6-Trichlorobenzoic acid it W it i

THEMBER 7 A4 FIDHAREL, BEEO LW
Fra~EEhTws b0 E:Fx2 505, AEROEE
VRV DI o, BERBEL TR (1) XU
(I} 257 % 54 FXDETE» -7, SRIEamc
X BRBEFHPTCFHDIDTH -7z,

5% GLC TER L FER% Table 6 /Rl 7z,

5. 7454 FELUZORBEHOKICHT 258
B, WIBMCHT2AHE0TUEIUHEN
DEE(COVT

Table 7 12 & TR L. FGHEMI T TKITH
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o cl
cl CHO c COOH
ct coo” o COOH
cl cl
Cit (o] Vi
Cl©:CH20H%-_=Cl©:>O
cl coo- = Ct
i ct ct cl
c1 CIIO \ Cl COOH
xvi Fthalide ct COOH

o @COOH

Y

Cl Ci COOH
cr Yy

\ Vcllll vit
! / e ﬂ
/ / c! cl o
Ci 0 @COOH Cl@:COOH
Ci Ct Cl 0 COOH Cl COOH
H.CS ct X ct 4 cl
3 0 X
Cl©:>o cl 0 u © 111 X * '
&g ] \ . z
xu SCHy X1V L cl . H
1 | COOH ©:COOH
ct ct o 7 alhcoon TS i cooH
HCS COOH ct COOH H 1 ) X1l
cl COOH ct COOH v .
XV SCHy . :
XVl cl ol *
J 0 @:COOH - COOH
o ? COOH COOH
H,CS COOH o \
cl COOH v P
Xvil e .
1A~
0
Fig. 9 Proposed metabolic pathways of fthalide in compost.
&= major pathway, <—— minor pathway, <«--- hypothesized pathway.
COOH HO COOH HO COOH b, BB XS 7 2 O
COOH COOH - - . .
HO COOH #x Ribbons 520205z 1 b Fig. 10 @
phthalic acid 4-hydroxy- 4,5-dihydroxy- SR A
phthalic acid phthalic acid RHESHE ST S,

7Y% 74 PR TRAICE T B
ZLIRBEETH Y, 1~2 » AT EHE
BT EAL 3,4,5,6-5F L5 7
rRr-2-t Fr* A F LEEERE
(XVII] X LTHAEL TV, 2D X
STHKIBHEDKEWERTHETES T
LIXtoEOR@EZTRTL, fho
EFRFRH AR & 21E BHC, DDT, ¥
Y VRERRBLIATHEHS EE2
bihvs,

SR AR OFIHADHEE (1~2 # A) BELADED
DIFRBEOBEICELTVS EEZ BN, BbICEE L
RIS 0, fRBEME LTy 2 ABRERERKLTY
.7 b e T RABBPERT LD 4,5,6,7-
FrFr/me-3-b Fexv 72 Y FERIT 3,4,5,6-7
FFrme-2-kr INVREFBRIT GLC 58 EARELE
BALEMTAF AL CRRER Y ~ 7 BE LRV
B, FOFERRLPDEL EIXTERDI -k,

HO OC~~A\COO0OH

HOOC COOH
X~ COOH -

\Qo

HO@COOH
HO

protocatechuic
acid

p-carboxy-cis, cis-
muconic acid

0=Cc OOH
COOH

B-keto adipate

y-carboxy
muconolactone

@SOOH
20

B-keto adipate
enol-factone

Fig. 10 Metabolic pathway of phthalic acid in soil.20,2D

% £®

TH T4V, HEERTT e, G
FEME LT 18 ML &3 R I, L OHERME
%% Fig. 9 WmRL 7.

X S BIREREEL TR, Vv EVRESOBE ICE B
RVWKK G OHEMBHETH -, Zhib, RvEy
FOKEILE 7R EHARICOETLTWVWS & & BSHERX
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clt 9 c 9 ct
H cs@(\ 1~-3 H_.CS —~COOH H CS—@:COOH
3 _— 3 37 H
Ci \/O months Cl COOH ¢ COOH
cr § cl or cl
E, XIH
cl Q ct
4~8 H3CS©:C00H H.CS COOH 6~12 H.CS COOH
months Ct COOH COOH months ci COOH
or
XV Xvii

Fig. 11 Proposed metabolic pathway of metabolite E in compost.

WicHk (3~4 # B) P LHROREIT N E D
X, NERXEEEEE D7D 40~45°C € TLEA L. TO
PKRETIXT CRERDIERZ A b, Eolk
Bk -7mbDrELLNS. ZORIETIEET 4,6,7-
FY sz wee-5-AFLFA 7Y (X)) 2340 L 7.
— R, FAEEL A ORERLRST S v 2 F A
VERE MO EHREILEMPEE L ER R T LTS
ZERXCABRTWVWS®®, Liprl, ZOHEDXS
v ¥ v RS SCH R ICER I N D CRA B
Twhvas, PCNB (Rvasrua=trvEy) O
TR F BRI cORBMEN L LTS
7 A% SCHs #eCEH L = {brimiimsh T %, BHC
ORBENE LTFF 7 = / — VBEERBPFERLIN T
57 L, F7 SHILEW A F LI 5P &%l
LRTWVWBETHnD, TOAEEEHEL L L5
LR FF VRS LTAEKT S SHILEWMB A5 1EEh
LR E~NTERLZDIDLELZLND. E/, (XX
HeIR A CRE X 2 AR R SR L 22 (Fig. 9).
Zhuix Table 8 wRLA XS, 37 A TI%LLES
BEAHEA TV BT D b 5F, LIRS T 5 HEE
sk GLC T Xhiw (ZhbAFALF AT XYY
EFNIAFNFF T EZAEBD AL KRF Y PR, ALKV
&z GLC Tt himvw) 2k, 72tV r/mr T X
ABERFERINE» -l LD Fig. 11 o X5
AR A HEE U,

4 7 ALLEREESET L, BEEO I rr T X
YRR IO T X AERESR 2R L, 7 XY FET
VIS AL FE AR D BIEE L3 <, KT 68, TRDIRTDH
St T EAAEBETIE 3 B XU 6 R IR iEt U
7L, 4B X5 EROREEIEY -7, THhiX
LA F VLI X DIERLIR TV B A L PALBESE
s L T dDEEZLNLR, 74U FETIX
5 REDWIT 6 RriEFMBPEEL 2T VEIHITH TS 5.
FHE R T OB T 5 R KOV T ALMEERIICHIEE L,

4,6-C 7 mw 7 x U F A RUHEDRE D S ERL

.

Jrmu i) FEREY 7 rr 7 2L > DORE
FUVITEL, FhE®/ /v v kOERKESITWE Ld
YA E AV IIaw L ARE NP AT W

Table 7 WRLA X 5T RTCORMENI TV 7 4
Nz BUAREESREINL, M, EFtEo il
LTl > T dDEFE 2 LN5, AlRnEkici
LTz e e o b&man<, BRI sE
AR OWTIE, (1) X () REERFHERT 7 &
S4F XD REVEELRLE, LrL, Thiiiét
LT BRI B PITHL, ERLOEREDHMLE
TH T4 P URERELNLL 2% 8XT 10% T
BB, AxbbFOTY I A FOIHET 20 ppm &b

252 EEERY, Eh—ONFEHEIETIRRKC XS
MEREDDY, FHELHITRECRZLEVWHDL
Zzohd,

= #

TH T A P RERETHML ZHECRINL £ ORE
BRRARET L, 4K L R EmT oW TE T O E
M ztat Uiz,

(1) 7% 54 FiE,HtdTdhericfGgshi.
D E LT Ry E vy B IV EIE=F L X525 18
Mo mnBRESh2s, B e & kB S DE
hnd3ERD vz,

(2) 7% 74 ViR CHERL, 3,4,56-7F7
syrue-2-b Fr¥ s AFALERERIEL U THFELT
Wiz, ZOXSWCKEHOREWEE DS SWHEL
DHORHE 5T T <, EHEDO K EWHEICRI0A
LERRLLIATHDHEEZDND.

(3) ABHBFRIIETF I 27 ww 7 2 LEEA~OREL
THD., WiHEED SCHs {bTthbv, ki 4,6,7-
FYZRrR-5-AFAFA T XY FIERL, E2ID
mA%@ﬁ%fm@méﬁ%®7a»@%@%@&%b
b, ZOAKEECHLThHERL
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(4) 7wmwe7xYy FolESR{LIZ S5 AL, 6 (i0lE T. Misato, Academic Press, New York, p. 281,

RO THRIERONENIRTE I U E» 572, £
e e T X LEROREERILIE 345, 6 ML, 4
£z, 5 ALERFEDRFREIE L 7 > Tz,

(5) FTRTORBEMITHIA FXoAC KLV
J, B ERMEO L LEITZ LTyl Tk
PPN, ERBRICHTAREZ 7Y I P XD
LFRNRHEDRD - 728, FOERERLR N &
POEREOLETEEFLRITZ LI EVIDEEZS
s,

DTS, ABIC SR IRE & B b - e E LY
AR AR B ARSE =2 # kaE  t B X ORI = o &
Rz B0t GC-MASS /3 #THic S KO HEZ B1E0 0 v
TeFE T E R R 2 RIE— P2 3 X Of#R
IR MM 224, 7, EEDEOEKE IO
AR A TH Y X 7 SO b2 TR S SRR SR AT
R ORRICH R T LET.
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