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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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Fig. 1 Synthetic route of 14C—labeled—ftha11de.
* Radioactive carbon.
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Table 1 Melting points, gaschromatography retention times and thin-

layer chromatography Rf values of authentic samples.

5 é(\° mpio GLC (Re)* TLC (Rf)
5 = (A) (B (O (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
45~ COOH mp GLC (Rey* TLC (Rf)
COOH CO (@™ (o™ (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  0.46 0.68 0.33
3, 5-Dichloro 160- 1 0.37 0.20 0.46 0.68 0.37
3, 6-Dichloro 16013 0.36 0.24 0.51 0.62 0.35
4, 5-Dichloro 19918 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
COOH mp GLC (Re)* TLC (Rf)
4© CO e m» ™ (D) (B)
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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IR HCx Ot #TER L7z, Table 1 izt Dk &l
HERL.,

3. #HRHEORMEE
THITAVERIETY T4 FHEDORRZE(LE G
BFs BaHENEE LTTRED & 5 iR L 7.

1) “C-74% 74 FAHE

B b S (HH v 2 —TREIFHS5mm i
YT Lzd D) 100g, FRZEHR 4g, 7k 300ml, “C-7
Y74 F 40mg (25.2pCi. Sml 7+ b vIEKE LT
WL, Wb 5Tkt L 400 ppm, {EE 100 ppm &
5) # Fig. 2 x5k 21 ® 537075 RA2iCA
h, 40°C OfEIRZP THICLL 72, 2KF XUUKOH
BE, 1AM 1 ETR - 7.

pump

B c D

Fig. 2 Apparatus for compost experiment.

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

2) FEHRME T 5 A K e id e O BE I AHERD

ERERAE A b D [1) L [FER] 3.5kg, AKZEF 150
g 7K 104, 7974 PERIZLORBEN 1.4g (74
74 FOBAETE 50% KFA, EDDOEET 20ml
T PVBKRELTRMLE) #2350 h—w—8lxvy
T A, 30°C, R 90~100% DIRFASEPTHERILL
7o, TOHEIRVE, UEED O RS X O ED OHEIR
PO T 5 DIV,

cl ?CH:« cl
Cl 0 H2N—C=NH-1/2H,S0, . Cl +
Cil aq-NaHCO; Cl
cL g 0
0 benzalkonium choride
SCHy
fthalide xiv)

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

4, 6, 7-trichloro-5-methylthiophthalide (XIII].
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754 F 27.2g 0lmol) 2/ /r e Xy ¥y
200ml AL, 7k 100ml, 2 FAA v FAFREFER
1 16.7g (0.12mol), bV HFr 2 =v A 10% 7KIH
W 12ml 2hnx, {HE 80~87°C T L »Xi¥k
25, 7K 200 ml ZPAAR L 7o ERUKE S b Y v A 185¢g
BWRAIET L, WTFRTH, 2KMEREECTrE
Eie, B, T/ /ervEVEBRSEEL, Kk,
WEZET S LAEER 298 2187k, chefim=7F
MEBIR n-72 ) —LTHHIFHEGREZ L DEL, <A
A7 by NMR, IR, #AZ/ v=< /57 4 —TI3T
FOEe7R (XIV) 1.9g (Rl 148~9°C) R kot (XIII)
2.6g (Flb 143~5°C) #EhFhifi.
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| made acidic with 2N-HCI
(pH 1~2)
- extracted by acetone
with soxhlet extractor

sediment acetone

refluxed by
acetone

sediment acetone

I-evaporated acetone with
rotary evaporator

water

I-extracted by benzene

benzene extract water

extracted by ethylacetate

ethylacetate extract

Fig. 4

water

Flow diagram for extraction.
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1) GLC

EE: BERERT GC-3AE (Hiigs ECD (CH)), %
ff (A); Y =2~y DC-11.5%, Chromosorb GAW 60
~80 mesh, 3mmx1m (#7245 4), 200°C, &t
(B); Neopentylglycol succinate 3%, Chromosorb WAW
60~80 mesh, 4emmx2m (35 AH F2), 200°C.

2) TLC

Fv—+Ft: YU pF N HFsy, 20cmx20cm, EX
0.25mm 130°C T 1 RefHliEHE L, Alips; UV B4 O
BHRNABRELT FI-8SA), & —+ 5942777+ —. [EHA
Wi, (C) vy, D) n-FrEr7ila—:K:
Fifg=F1 (7:2:1), (E) =F L7102 — L iR7T
vE=7/K:7K (80:13:7).

B L ARREE O R FERE [ 3 X F Rf H %
Table 1 Z7R L 7z,

3. A ®m &

1) MAtREDBIE

Ry YRS, BEEEFARSEED 1.0ml F i
0.5ml %, /KK%% 0.5ml F/2i% 0.25ml %, V4 +
VBRIV FV—&— (F7 %Y v 100g, DOP 8g,
POPOP 0.25g, =51 v/ Y z2— 20ml 25874
Y vEK 1) 15ml WiEMLIREY v F v — Y2 v
# 7 v & — (Packard TRI-CARB model 3320 3 Xt
Beckmann LS-150) GHIE L. RiEXES, JLkT
ILERL, To—ERERRcHiks v Fr—vav
H v & —TRIE L. TLC-5 4 A ¥ v 7 —1% Aloka
B JTC-203 A& HHL 2.

2) GC-MASS, NMR, IR ¥ X 086X RollE
GC-MASS 1z H A& 745 JEOL-06H, NMR % Varian
#l 60 MHz, IR (3 BAZEH DS-301 #Y, 4t X #id
HAEBEREE KG-3 R Trh ThillE L.

4. AUBOFURSIUVBE~NOEEZORTEZE
Ao, ICR-JCL HR<w Al (f&kE 20~25
g) XU Wistar %7 » Mt (fRE 120~150g) #F
WCHEBR L2, BERA v F Y (AZ-¥Y—R) BX
CxvY (L&b) AV, HBREMCXSHED T
ML, Tinvbb, BiEtiE CKEBEL) AV,
AL E MR ERILCIERECE S X 5 KH—iciif
L7Db, HEL, 25°C ORETEM L. 30 A
7TERPEEEFERRBEC XD, 1040FEH THEL .

X B B R

1. #EARICETDTH 54 FOREE(E
UC-74 74 FAHEEZ Fig. 4 o X > wHiiBiL,

<100
S sediment
45 80 water layer
5
2
= 60 ethyl acetate
° layer
2 40
2 benzene layer
& 20
o
©
© 0
34 6 8 10 1213 20

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

fthalide.
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FERIE & A SRS - e,

2. REEHOBERE
FEERFHETH - TR LS 30°C, BE 90~
100% DIRHETHR LTc, 1~2 7 BB L HEiEZ ~
vEVTHIHL, GLC 4t 5L, MALED7Y 74
FRRDBHDLTH 525, YR 2 N-#EER 2 0z CTERiE
(pH 1~2) izl, v Eviml, GLC S#iss L, 4
EORMEME LDTRR#O 74 PR RE S h
7o, ThUE, 7454 PR LUCKREE (XVID TH
BHCHEELTVWEHDLELLNS,

3~4 7 ARG U RHEIE 2 AL, v Y v RS %
GLC X0t TLC /#i$5&, 7974 FOBIITE
prvkk ke Fig. 6 0X5hrzrw~ 77 A0350
h, RsEDEE2505 A, B, Ci, C, D, EQE~
7EARy RO, ERMBR=FAKTERIT VA
2 TAFMELEDD, GLC Xt TLC 533
LEBXx Fig. 6 0xskhre~< /7 a0355h,
HRetEmeZzons F, G H Ior—27 L AKy b
iz, TS DA DA R IHEIR O VER 4
B S B WIE T T4 FIRMEZFIC X D —E Tk
WS, 74 5 4 FRTIMURWHER S SR S hin,
HRHEN L% 2 DN BB OB L SRS R AT
1T ot

1) Ci R4 OBk E HERE

3 7 ABMPUR U ZHEEY) S5ke % Fig. 4 DX 5t
HL, <v¥YRPICOVWT C BRSNS T 585 %
TLC THIL, AFATAa—ALX0VEFERLLEL
Al 126~7°C Dfsfh Smg %57k,
=1,775, 1,430, 1,200, 1,075. NMR (CDCls) 7: 2.27
(s, 1H), 4.82 (s, 2H). GC-MASS m/e: 236 (M*, 238,
240, 242 DY~ X VEFSEEHELTWVS), 207,

IR vXBr cm—1
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(A) G L C (condition A)
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OR B A E CiFth FR

TLC (solvent C)

Minutes
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I 1010

1 1
OR I HGF FR

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,

3mmx1m (glass column), 200°C.

TLC (solvent C)

CDMERIMNY 7mru 72 Y FTHHT ERHIHAL, iuue
WE LD IR oz kb, Co sk 4,6,7-+ V7w
r7ZYLF (1) TH5T bbbk,

2) DI XOCERSOHHEL fEpE

3 H APUK U HERRRY 20kg 2k ER DLELL,
RV EVRFEOWTDE XOE RSN T 585 %
TLC THE L7, WiT 7 4 i (Mallinckrodt #2, 100
mesh) & 74 tDlE (2:1) &, n-~F9 v iufn
= be AR YRRGESE, ChEBEERE T35 5
Arm=< bS5 7 40— (REBIAE : = bwr 2 &2 v afn
n-~%4%v) kb D, E WS ESHL, vEv-
n-~FFVORSGHER I V-G LLE T 5, B 148

metabolite D
H3C S 'd room.temp,
metabolite E
ct
cl,. Raney-Ni
SR> Re o
3 'd room.temp. Ci

(48%)

(69%)

Silica gel HF 254, 20 cm x 20 cm, thickness 0.25 mm, solvent benzene.

~9°C ODJk% 4mg Ll 140~2°C D E iK% 10 mg
. WRITOKEIX, TiolkyTHS.

Efis; GC-MASS mfe: 282 (M*, 3Cl), 253. IR
VEBE cm-1=1,777, 1,185, 1,065. NMR (CDCls) 7: 7.40
(s, 3H), 4.86 (s, 2H). A eX#¢ (target Cr crystal
EDDT, detector PC): K, 59.85°, K; 64.82° Cl. K,
69.55°, Kj 75.05° S.

Dik%r; GC-MASS mfe: 282 (M+, 3Cl), 249. IR
yEBr em=1=1,755, 1,264, 1,082, 1,028. NMR (CDCl;)
T: 7.48 (s, 3H), 4.82 (s, 2H).

COWER, 7VI7AFVOEFRI@EMR 2 F L F 43
(-SCHs) TEMINADDOTH Y, MBIV ITHE R

o}

B
EtOH ct

g 3

(31%)
cl
0 + 0 L
Ly ct g
(24%) (28%)

Fig. 7 Desulfurization of metabolite D and E by Raney-Nickel.
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HETHB L Bbr o, TOBBRMEZRET S
», Tx—=9 i (W-2) TXBEHRERERITR T,
ERTHs7rr T2 Y V% GLC THREMH L &b
BTLiTXY, TOWEERRELR., LOFERE Fig. 7
WiRlLiz, Thbozial, DRSS 4,56-rY 7w
r-7T-2AFALFFT72YF (XIV), E EKS3% 4,6,7- b
Yyrmrr-5-AFAFF7x Y F (XI) ThsZLib
ol

3) AR OHEEE ST

6 7 AP U HERR Skeg 2HIEERS DIRHIL, ~v
Y VRHyiEoWT, TLC THIL, AFATL2—L
THEHERT 5 LS 160~1°C ofEfh 3.5mg 2157,
IR vEBr cm~1=1,775, 1,362, 1,157, 1,050. MASS m/e:
202 (M, 2Cl), 173. NMR (CDCls) 7: 4.83 (s, 2H),
2.43 (d, 1H; J 8.4Hz), 2.60 (d, 1H; J 8.4Hz). z o
BRI/ mr 7 2 Y FTHET b, EENE
@ IR OB H»H A BHiE 4,7-P7re 7 2 Y F (1)
THDH EBbhoi.

4) Bk OB EEE

6 7 AMBIKLUHEE Skg #FEEROMEL, <
vEVRESIE2WT, TLC CHE L, KL 1
mg %7z, ZO B Hsiz GC-MASS mfe: 168 (M,
1Cl), 139, 78. ¥ X0 GLC CEMERD 4-/rr T2 Y
F (V) @=L tiTX Y TSR L.

5)  Flsr DHHEL HERE

2 H AEBBUHERE 2ke Z2E kSR DHEL, B
MeF VKGR ITV A XY TAF AL, GLC TFL
SN T 5% TLC THEL, HEfARssS 6mg
2/, coefSbhikfERio R PEEROT + 77
R TAAREIAFAE—F L EiTEY, FRAX
FrormueT7 2L (VI) THDZ Libdot,

6) Gk DL s

3 » AMIBR U HENR 2ke 2HES S DML, B
= F LRy E AF AL, TLC ©HEL, FEEp 1
mg #4587, GC-MASS [m/e: 296 (M*, 3Cl), 269, 267,
265] ¥ X8 GLC D{R¥FRIASEEEMD 3,4,6- 1Y 7
RRT7ZABIAFALE—FK L., L®BoT, GRS
X 3,4,6-tV7er7aLfg (VI ThsZ &5b
2oz,

7) HESE IO 1 ES OB BEE

6 » AMBUR UcHERR 3ke 2B DHAML, A
BrF LRSS %E A F{bi%, TLC THE L, H k5 & L
T EEEERL 1mg & 1 ks & LCHBBERK 7 mg
87, HES 1L GC-MASS [mfe: 262 (M*, 2Cl), 233,
231] ¥ X8 GLC {REFEAMEUESRD 3,6-V 7 r w7
ANFRT AFLR—FL, FIksik GC-MASS
[mfe: 262 (M+, 2Cl), 233, 231], IR 3 X 8 GLC {4504
[ PSEUES D 4,5-T /7 v 7 X AERY A F LIT—FL
i X, £hLh 3,6-FY 7 mwr 7 2 LEE (X)E
JU4,5-C7er 7 2 i (XK) Thd T EBbhoT.

8) T ofLof#EmITOWT

4 7 BRIBR U7 HEE 1.5ke 2HEERSVHLIL,
XV EVREGB IO F LR R EbET TV AL
VTAF L, va—41 Q-2320g wlkEL, <
vEv-n-~% 4 v (1:1) BHcEHL, 10ml Fo
30D7F /Y a Vit L. %757 2 vEGLC
(Zff AR XU B) THHEEME BRI LE TS, §Hi
WRAED DM 4,5,6-r Yz we T2 F (G, 10,
4,6-Y/7ru7x Yt (IV]), 3,4,5-tVZ/rmr7 &L
fg (VI), 8,5-V7/7mru7 2Lk (XI) XN 4-/rnm
720l XD Z—HT530080BDdDbhk, ZOLE
BRI REFRE OB 2 - TEEHNTIRT L e vg
hd—%7T253008%<, BREFB~ORHITRbh
TWhDEFZ bh,

Table 2 Fate of tetrachlorophthalic acid in compost.

Incubation period (month)

1 2 3 4 5 6 8 12
cl
cl COOH
*
C'[::(;oon 75.3%*  71.1  44.0  33.6 1.3
cl
al ! _cooH 62
ct COOH
cl COOH
18.6 82.5 66.1 49.1 15.1
a COOH

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



Journal of Pesticide Science 1 (4), November 1976 289

3. RBIEMOMERICEITIEL

7454 FOHEIRPITR T 2R EDIE ARSI h
7o, TS DFGHENOHERE P T oA R s X ONE
MEWSPITT B, I RAMEDDEEMENLZIRA
U7 HERE 2R L, T OREFE (b2t L, fstED
DFlER LOGE R GLC Tfi/vy, #stimEmeow
TV L, ZoMERE L.

1) Fr57ur7 2L (VI OFEZEL

Table 2 TR L7 X 5 KPR ETIC Uit - TAK

CHR LT, Fhe, 7XZAEOD 3R X6 A DEHRENR
[t L 3 VW &b o 7z,
2) 4,6,7-+tV/s/mrr7xYF (1) OREZEL
Table 3 IR LA XS5 3,4,6-F V7 rw 7 2 LER
) ~ofgeas b REHaRTH -2, 7V 74 F
DIy E R OHEE R LIRIETH v, FR{bAK
MBESERBENTHIHZLELIEHDEEb.,
3) 4,56-rVzmr-7T-2FLFF 7 & YF (D,
XIV) ozt

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

Incubation period (month)

1 2 3 4 5 6 8 12
) Cl
CIE::[::D 100 19.5 2.8 1.0 0.8 0.5
cl [N
o}
al
(j:) 0.5 0.3
c Y
A COOH
4 1.
C'(:]:coon 78 81.5 8.0
Cl
¢ cooH
ﬁij: 1.2 12.4  15.6  10.1 5.6 6.3 3.1
COOH
cl
COOH
4.8 117 8.8 5.0
c <Ia:oon

* 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)

1 2 3 4 5 6 8 12
Ccl
Cl
NS o 92.4%  45.3 9.8 5.0 42 56 3.8 1.0
(o]
SCHy
Da 3.0 147 44.0  76.2  26.7
Cl
HaCS
3m[:(:) (E) 97.1 321 9.0 3.3 2.6 2.8 1.5 1.4
c g
Ea 1.3 2.0 12.4  10.4
Eas 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

C,QCOOH
COOH

3.3 2.0

cl COOH
88.5 83.8
Cl<lcoon

77.0 77.6

* Expressed as molar percent of recovery.

Table 4 R LA X 51T 37 ATH 90% 281k L,
Fhic B4 5 e GLC chiixhisrok. L
H»L 4 BEHPOEB=F LVESTHLWE — 7 B3 H
S, ZHIREERE—HT 530584k <, GLC off
Fgie» O HED L E 2 bheoTtih% D L L
fo. TOHEBRIZ 7Y T4 FPEREECLTRD, Tl
i ow Tkl 6) ¥5.

4) 4,6,7-tVrmu-5-2F AL FF 7Y [ (E

XII) D%z

Tabe 4 WRLAX 51T, fiie (XIV]) EERLZED
ZRLI, L LZOGERHMENEELZONGE —
7 2ANED LN, ThLh Ea 53XV Ex & L7,

5) 4&-7wr7 2 fg (XI) BXWK 4,5-Y/rr7

- VR (IX) oL

Table 5 iR Lk 5T, (XII) dzadicibkd 5
RMEMEEREDbNS ¥ — 7 138D bhEbot, £
IXJ 136 7 BETHEVEASRT, MENLEDD
i oz,

6) Do Bior DB X s

DA 2T 6 7 BB L 2248 1ke %, JEEE
M TERR = F L THIR L, 97V 2 2 v T2 F {0k,
WHEEEEL, “VEVTHMBE L, v £V aliEs
% RiEts, GLC (R fRFeRsR 1.18 A4fF) T Dz ik
SrEGIL, WEEEREEK 4.6 mg 2157, IR v3iicm™?
=2,925, 1,740, 1,268, 1,095. GC-MASS

X -SH 0 Eb LD THELTW g Th s, *
TR = F AR T Y = % v T = F bk,
GLC 5T L7, DR, 7474 Pz Lo
ARRERENE 1.35 (A%HF) THDH, Zhix Dz 27
AR GIRL, EBRME(LE, BEEE=F L, YTV
=AY T=FMELEbDIR—F Lz, TOHEEPD,
Dy V3HEEF T 4,5-Y /7 ruE-3-2F L F X+ 7 X L[
XVD) Tho/ez &AL .

7) Eaz 3 X0 Ezx QRS S IGE

E ozl 6 » A%\ UHEIE kg 20ikd 6)
LRRCEEL, Ex K& LTHEAMIRY) 2.2mg
Zfg7c. GLC MIHAFFHM 1.44 (ASHF). IR v33% em™!
=2,925, 1,738, 1,265, 1,194. GC-MASS mjfe: 308 (M+,
2Cl), 279, 277. Z D;F Ex 13 Dz ORYEEKEFE 2D
v, WD RRKG TEOEMRAE ZIRE L. T/
bbb, GLCHHfic kb 3,5-Y/mr-,3-/ru-,4-7
rr- BIXOMEW T ZAEY AFALBELNLZDT,
Eot 13 3,5-V 7 mu—Ad-AFNFFTRARI AF LT
HBHT Lot Eic En 3ERESD R BT
BB o fedd, GLC {RHHEH (FExHR R
1.11 A &) BX07 vr 7 2 L EEO BUER({LOAL
ErbEZ, Exn il 4-/vr-5-2F LT+ 7 X LEEY
AFNTHH S EMESINDG, Lk®RoT, ERSIEH
fehc Fig. 8 o ksifishsdnsFxbhs,

mfe: 308 (M*, 2Cl), 279, 277, 247, 245. y ¢ HCs 0OH H.CS COOH
3 _ - 3
ZDRR, AFAFFERICEE 2 Cl@\? CIN~COOH CiN~~cooH
0
i Ha e LRSS < >
HER LT ZABRIAFLTHEHL & ECXIN) Ex, (XV) Ex; (XVII)

PHBHL, £ OERAIE R RE T 5 72D,
Wik ER VRBERIS 21T - 2. GLC ¢
4,5-V /R T AABIAFALBIN 4-7 w7 X L
Y AFNPBRD B, De K513 4,5-YV /7 v m-3-2F
WNFFTREABIAFLTHDEZ EBbpol. L L,
¥t A Fr{bL TV B DT, HEh T -SCHs ¥ 7

Fig. 8 Metabolic pathway of metabolite E in compost.

4. RBEDAREZL

Fig. 51z, #hHIX 551D st RES 16 & R ERF L
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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 (1) (0 (V] (XU (XIV] (VD) (VI  (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).
(II1): 4, 7-dichlorophthalide.
(XIV]: 4,5, 6-trichloro-7-methylthiophthalide.

(IX]: 4, 5-dichlorophthalic acid.

phthalic acid.

[V]): 4-chlorophthalide.

(XIII):
(VI): tetrachlorophthalic acid.

[I): 4,6, 7-trichlorophthalide.
4, 6, 7-trichloro-5-methylthiophthalide.
[VII): 3,4, 5-trichloro-

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

Acute oral toxicity
(LDso mg/kg)

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

Solubility
Compounds in water kidnev b b
o y bean cucumber
(Ppm, 25°C) \ouse (2)  Rat (8)
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 (11} 69.5 >1,000 + *x - - H - -
4-Chlorophthalide vl >1,000 - - - - - - -
Tetrachlorophthalic acid (VI] 4,354 4,640~6,810 - - - - - - -
4, 5-Dichlorophthalic acid [IX] >1,000 — - = — - =
4,6, 7-Trichloro-5- _ - _ _
methylthiophthalide ~ (X1I1] 18.5  >1,000
4, 5, 6-Trichloro-7- _ o _ _
’ xr,xethylthiophthalide (XIV] 4.1 >1,000
4,5, 6-Trichlorophthalide [II] - - - = — - -
4, 6-Dichlorophthalide (1) — - - = — - -
3, 4, 6-Trichlorophthalic (VI _ - _ o
acid
Pentachlorobenzoic acid L . M
Control 2, 3, 4, 5-Tetrachlorobenzoic acid H + - = + - =
2, 3, 6-Trichlorobenzoic acid H o i o

5% GLC TER LR % Table 6 Rl 7z,

5. 7454 F&ELTZORBEHOKCHT 355
B, BWIEBMCHTIaMBO0ENSLUHTR~
DOEECDOWT

Table 7 i0F LD TR UK, FHEMZ T TKITH

FTHBMER 7 A FEIDDREL, BEHO TN
FHRNEHENhTWE S0 LEL NS, AMEREN:
BV O EP o7, BEFRBE LTI (1) X
() 287 % 74 FXOVETMHDP - R, L&
X BRBELIEPIFNDDTH -7,
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Fig. 9 Proposed metabolic pathways of fthalide in compost.
&= major pathway, <«—— minor pathway, <--- hypothesized pathway.
coow HO-@COOH HO COOH ho, HEMEMC XS 7 2 EBEOR
cooH ————— OH —_ . . .
co HO COOH v Ribbons 52201z X ¥ Fig. 10 ®
phthalic acid 4-hydroxy- 4,5-dihydroxy- N
phthalic acid phthalic acid RESRE S TS
7Y 54 MR TRANICET S
I m A B ~
HO COOH HOOCCcoOH HO 0 Ce™\COOH ZLIRBARTH Y, 1~2 H AR iEHE
HOX cooH S0 BHRTREEAY 34,567 577
protocatechuic B-carboxy-cis, cis- y-carboxy rR-2-t Nr I 2 F ALREEFRE

acid muconic acid

Oz, COOH

COOH

—_———

@COOH
<0

B-keto adipate

B-keto adipate
enol-lactone

Fig. 10 Metabolic pathway of phthalic acid in soil.20:2D
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RIS b, fRMEDE LTy 2 VERESERL Ty
T r e T ZAEERERKT BRTERED 4,5,6,7-
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Fig. 11 Proposed metabolic pathway of metabolite E in compost.
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