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Summary

This experiment was conducted to investigate the
effect of phthalimido-methyl-0, 0-dimethyl-phosp-
horodithioate (Imidan) known as an acaricide and
its possible metabolic products on the growth of
plant, when sprayed on the leaves of rice plant.
The results are summarized as follows.

1) Possible metabolic products of Imidan, the
following compounds were synthesized or recrystall-
ized for the present experiment.

a) N-Hydroxymethyl phthalimide
b) Phthalimide

¢) Phthalamidic acid

d) Phthalic acid

e) Anthranilic acid

f) p-Amino benzoic acid

g) p-Hydroxy benzoic acid

h) Benzoic acid

2) Among the above materials, a), c), d), e),
and Imidan were dissolved in a buffer solution
respectively to be 10 and 20 p.p.m. and tested with
the wheat coleoptile straight growth method.

According to the rvesults, Imidan inhibited the
growth of coleoptile in both 10 and 20 p.p.m.,
whereas the others showed much better growth than
the control, especially phthalamidic acid in 10 p.p.
m.

It appears that Imidan itself inhibits the coleoptile
growth, whereas the metabolites derived from Imidan
through various metabolisms, including hydrolysis
in plant tissues show growth-regulating activity.
(refer: Table 1, Fig. 1)

3) 20, 100 and 200 p.p.m. solutions of Imidan
emulsion in xylene were prepared. The lengths of
shoot and root of rice seeds germinated on the re-
respective media were measured after 12 days. The
data showed that root was much more elongated in
Imidan 20 p.p.m., whereas shoot in Imidan 100 p.
p.m., respectively, than in the xylene control.

An interesting finding was that xylene used as
solvent had a tendency to inhibit seriously the root
growth of rice seed. (refer: Table 2,5).

4) The emulsions of concentrations in 10, 25,
50 and 100 p.p.m’s of control, Imidan, N-hydroxy
methyl phthalimide, anthranilic acid, and phthalmide,
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respectively, were sprayed twice on the rice plant
on pot. After a certain period of time lengths of
rice culms were measured, showing that plots treated
with Imidan and N-hydroxy methyl phthalimide
exhibited much more growth than those of control
and the others.

5) Leaves and stems of rice plant were sampled
and extracted with dried acetone at the intervals of
3-, 5-, 7-, and 14 days after treated with Imidan
250 p.p.m. emulsion. This sample extracted with
acetone was purified by means of prechromatographic
purification method with acetonitrile and paperch-
romatographed to detect the following metabolic
products.

Imidan (Rf: 0.97-0,98), N-hydroxy-methyl pht-
halimide (Rf: 0.87) phthalimide (Rf: 0.86-0.87),
phthalamidic acid (Rf: 0.13-0.14), phthalic acid
(Rf: 0.02-0.03), benzoic acid (Rf: 0.42-0.43), p-
amino benzoic acid or p-hydroxy benzoic acid (Rf:
0.08-0.09), and unidentified compounds (Rf: 0.73,
0.59, 0.33, 0.23. 0.07).

In addition, in the early stages, such as 3- and 5
days nonhydrolyzed Imidan and its first hydrolytic
product, N-hydroxymethyl phthalimide were detected
in relatively large amounts, whereas in the last
stages of 7- and 14 days due to further decomposi-
tion, the afore-mentioned two materials were reduced
in the amount and p-hthalic, phthalamidic, benzoic,
and p-Hydroxy benzoic, or p-Amino benzoic acids
were detected in a considerably large amount. It is,
therefore, believed that most of Imidan applied to
the leaves of rice plant may be decomposed within
almost 14 days. In the light of above observations
it is considered that Imidan itself is not involved
in plant growth regulating activity, whereas various
phthaloyl derivatives produced in the course of
metabolism (namely, enzymic action) in plant tissues

may have such effect.
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Bl Bistd J.J.""Menn(1964) (% %-& K7E9) BEM
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Ao R#d JEBiEE #4rq phthalimide moiety o]
UHYE 9 #é & radiochromatography 8+ Autorad-
iography & 7}zl #aul e}, E] Menn [ %o
&3l 4870 A phthalimide moiety &= %538}
decarboxylation o] o] 1}4 CHO,7} 4= 2 FlE
d =74 R#EES Axe B¢ Nhydroxy
methyl phthalimide, phthalamidic acid, phthalic acid
9 Imidan 9] EB{LAELEE(phthalimido methyl-0,0-
dimethyl phosphorothiolate) &o] 4:pK%d - #FEH s}
geh. %3] Bk = BE-S 196364 FFE R RHA
ol % BEElC BT KBIE PHROME R
ke ZIEERe) BRDEE v KERE A
E —, Z{LE @ste Imidan REREE <2 L
B EREERE 2ok BHS MRE 2932 =232
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(1960 % 459] BB R kshd Z{biEme] ik
9] Imidan BEEANA 9 KERE #Re X
kel MEHEE /@ M2 ¥EEY RERLY
4 wotvtzm slglm &#e Chia YifSEARS
9] B (1962)E A Schoenobius incertulas, chilo
suppressalis, Sesamia inferens o) I I RBR
#ERANA 0.05% Imidan AR BE-L MEHE
9| 3350—3650 kg/ha ol #3ho] 4050—4450 kg/ha
24 BEY KRS Holx g, =g FHAY
The international rice research institute o &9
63)oll kst LI HL PRkl B BEShEak B
Bigel el s vhE FEEHEEEA e el
glel Imidan 0.05%7 &T RS HRE volz
ivh. @9 Imidan o {LB#ERA 2Entet 2
2. phthalimide 26} =& o] o FHLIgh HE #EX
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tetra hydrophthalimide) o] +} Phaltan(N-Trichlorome-
thyl thiophthalimide) 9} Z-& ZyEgl= R WA
$2 o MBS B Tz REY HES #UIS
A ke @& A

Lot e o RBRERE 49 4 o%
{t&% #isArh e phthalimide 257t £#R 4 R
#HE o] F& T £ES FBsl: HE=E S4Ld
E Aol ofurvl #EHHET e FEHEL
Imidan & ={L#EH pAERA 2 K Mg
o] Aol KiEkHE ¥ Aw HESE st ZKE
Be #HFs9 . B Imidan SLES KELEA 2
AT —FHME RE%d msA d-e %‘iﬁﬂﬂl’
A o]e REHH=4 N-hydroxy methyl phthal-
imide (2% phthalimide), phthalamidic acid (&&=
phthalic acid) @ p-amino benzoic acid (®=%& p-
hydroxy benzoic acid)#} benzoic acid 22 W] Z3}
59 RAPES FE mactdn ok R
#E s BER S e EYd LR FlAE
PR B BREES 24714 old Hstad
g+t

2. WMl 8 Bk
(1) /1:Z9 Coleoptile siraight growth test
I gttash
a) phthalimido methyl-0,0-dimethyl phosphoro
dithioate (Imidan). 99.9% (3% Stauffer Chem.
Co. 2Ht) HEER. mp. 72.0—72.7°C,
b) N-Hydroxy methyl phthalimide: Saul R.

Bue® 9] 4 Hiiko] w2} phthalimide 9 formalin
4 A 2 BESYES. (mp. 139—140°C) Hf4
FIRIN =T R

¢): Phthalamidic acid: (A7 B3 {LAE) m.p.
148—149°C
d) Anthranilic acid: EtOH 2 F#5Es mp.
- 146—147°C 9 gHREM.
¢) Phthalic acid: EtOH = i, mp. 193-
194°C;

) jogEel BfE : &k

111 Buffer ;&% : Potassium phosphate, dibasic
(K;HPO,) 2.6910gr @) citric  acid - monohydrate
1.5285 gr & 2% Sucrose 1,500 mlo] =o] 4 =&
(pH=4.6) ,

o] Buffer Moz kil N-hydroxy
methyl phthalimide, phthalamidic acid, - Anthranilic
acid 9 phthalic acid ¢ 10 ppm, 20 ppm. EHK-S 4
e

Imidan,

IV] #3% : Auxin o] %3t Bioassay JFkrbdl & o
g 7}=] 7} ¢l o} He Coleoptile™® straight growth
test & #slgieh. B US KEsled 2WA T
25°C 2o #kel BiEd# 30x40cm o FMel
B 2T 2L SRR FTas] Adve B T
2 &4 23—25°C 9] incubator oA BHFEAA
coleoptile o] ZAo]7} 25—30mm EE gL = [k
iy Aok wike AL Tk BTl A cutter
sy 3mm S B#sla 5mm & Hshel 10 @
4 m|e] #H5E assay bottle o] 271 e}, assay bottle
£ 2 krs BEHme= stgen fd4 REY
% #i@e] 10ppm, 20ppm, Buffer A¥KE 2ml4
< ¥4} Coleoptile section -2 23—25°C 9] incu-
bator o] 4 H A} wheh BE A & o HES
B—atA stglow 20 B BHEH coleoptile o
£ fr 2 microcaliper = HIEStZ 2 #RE Histogram
2 2 R

(2) Imidan 0] K*HBEF 4£HH A= BE

of FASt WER

I ftstEEm « Imidan FURIRK

Imidan 0.5gr & =xylene 9.6mlell st 4L
{tEi2 Antarox Cu—630, 0.4ml-E @A 5%
UEE HEGT o] FEE K% 250£%, 500 4%
w 2,500 45 = F¥R#ste] 200 ppm. 100 ppm
20 ppm FLEIE FsESA Tt Xylene FLA :
24 B3 [L#shy] Bt fsstsles £2 250
&= mEstslie

In) kimmiE « SR

W Bk KEETFS Mmstd PMA 1.5% K
FES 1,000 15 Wwol 6 MR B A 2HE
2o stz AWNA EER B 2WE ZE
petri dish o] %A #HEAZA ). petri dishedl = 4 ofl
A s 20ppm. 100ppm ¥ 200ppm ] Imidan
Yi¥F Control 24 % %49 Xylene 5[ 5ml 4
& sty BT 30MAS Ba ARELR S
Wy o] T Rol4A BIFA 73 12 Al shoot
2} root & ﬁaﬁfﬁ'ﬁ% HEsta BBl {Ketd &
3t B2 Duncan o A= SEEEHRC Ko
of & WEMY FEHE eIt

(3) Imidan % 0|2 RBWEO| KBEEFH 0l

xe e

I) 4508 (1) control (ftRAZERS FLEIS R
—3 e xylene AAHME =tE FHFTEZ 34
)

(2) Imidan (20, 50, 100, 200 ppm. 2]

Control

A1)
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(3) N-Hydroxy methyl phthafimide (10, 25, 50,
100 ppm 71
(4) Anthranilic acid (10, 25, 50, 100 ppm )
(5) Phthalimide (10, 25, 50, 100 ppm F#A)
1) a) KigSHE : /\E
b) HEH 654 7H 28
c) BB :65%4 7TH 26 H
d) Pot o ¢ 91 )%l
e) BEHIMT WA —KRMA 654 8H 8H
ZREAH 654 8H 18H
f) £BEHAE B —KF|E: 65488 TH
A=A A)
“RFAKE 65 8 12H
EREE 654 8H 15 H
RFEE 654 8H 18 H
AERFE:65% 8H 21 H
ARFAE:65FE 8H 24 H
LRHAE 654 8H 27 H
ARFE: 65 9 68
II) ik : k3 Potol] Z5E#M oOkgq-&Ya #
B Urea, 93l7le] 9 F344& /% Pot ¥ 1.4
gr, 1.07gr, 1.4gr 8% iHEs =t o 71e) KEig
& =FRY da —EHl A5 kR 2
FHA 2% A4 & BES LKS 4xstz —
EF AL T £FEE AESAL. £FRT
EElA] oke Az weE| ool KL X Rt
AFEMHN-E SFEREE Kot St
LSD e stgdch. 1elm & WG Data s —
kg of 7o H37 2 I
(4) Paperchromatography 0 {&st kiAol
A2l Imidan of {RBiHA HiHol Mst KE
D) ptstsm
A) Imidan $L# : 250 ppm B
B) Acetonitrile: 80—82°C o} 4] Bigkm= =
C) Authentic compounds: Imidan, N-Hydroxy
methyl phthalimide, phthalimide, phthalamidic
acid, Anthranilic acid, phthalic acid, Benzoic
acid @ p-amino benzoic acid ¢ 95% EtOH
BB,
II) ##E : Whatman No 4 Paper
nI) speam -
A) 3.0% W/V AgNOg K¥EM
B) Cyclohexane o pf#2]% 2.6-Dibromo N-
chloro-p-quinoneimine ¢ 0.5% W/V ¥
(D.C.Q)

IV) Benaig -
A) 1.5 N-NH,OH #¥ o= tafis 1-BuOH
B) Pyridine: amyl alcohol: H;O (7:7:6)(PAW)
C) EtOH: H,0:NH,OH (80:15:5)
D) Acetone o] ##%% 12% V/V glutaronitrile
75 ¥% (holder)

- . E/G
Glutaronitrile 2 #f1% isopropyl

system
ether (mover) 4

Vs &

A) 3R : L3 250 ppm S Imidan 4L
BE NEEBBE #AS KREE 30ml
B fHAsta ol Aol 23 vFE # ha) 20ml
£ #7ig 3 polyethylene 0.2 /p& Tunnel
¢ w5 udl K4 AA vrts AL B
ksla AERE A sk FEEIMA % 3
H,5H, 7TH ¥ 14H, #& 4Ed #ZHA
KRGS Rt % AHkd #K3lhd i
k9.

B) #iHAH :

SEe # 10gr 49 o =271E WEld
dried acetone o 2 3[A WeolA KIEHE S
of WE= o ¢l Imidan & 52238 BRFES}
A whgdl Kape] sl A EF FKe) kAl
71 % waring blender o] 4] acetone % 80 ml
2 3MEe) X 743 b & LR &
KR ENLS0DE st Bkals o
2,000r.p.m. 02 403 #OOEEA A
LEEE 2 3 BEE thA 3Ed 4H
acetone ©. 2 fhHEle] 2HMHKE AAX
oldl &=l g chlorophyll & ¥ %%
o g 7hx] Ry BRESA 5l Activ-
ated) carbon column & &EiBA17 F Nz &
Wil 4 85°CLITY #mE= M3t
o] 9} zho] 3}y o-& crude extract ol & 4%
3 lipid 7} o] A= gom=z olAR
BESE7] ¢35t Prechromatographic'® Pur-
ification & 478t vt. H) filter paper & Ao}
2.5inch, Yol linch A 23z WZEL
2EGA ® & BE PREA LR crude
extract & spotting st A% ¥ HEAZ
48 aF&o A T {£5lo acetonitrile
2 40530 elate 1P 0w olgdA A dp
L w4 EHEEA A Paperchromatog-
raphy Al sample 2 319t}

C) Paperchromatography
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7o) 45em, ¥ o] 15cm & Whatman No4
Paper o] |l authentic compounds ¢} sam-
ple & spotting 3}3 hair drier @ ##A]7)
F Ekx® 1.5N-NH,OH ez #fAzl
1-BuOH™ & Epavi e st —&KIT TH
Heoz 6.5RAS BN 2 Bafzs
Mitchell®® chromogenic agent & T i
ste] @Astg . Bl paperchromatogram -&
3.0% W/V AgNO; KifWK o2 spray 3}a
2537 Al 4 7}4 2 emission energy & 7}
A RS Bttt & HES Bz
authentic compounds ¢} Rf {#2} Lhigstsd of.
g3 R Hrieo 2l IAME WESle Lk
i (D)9 E/G system & Wt {HHS
B9 & D.C.QE meista Menn'® et
al o FHrkez F@AZt =T PAW (L
i EpEnm B)e+ EtOH: H,O: NH,OH
system (RPEEE COF @AMt L B
3 ol g ¥ AgNO, KisHez Fe, Ri
EE Wastsleh

3. #R U EE

I) Coleoptile straight growth test
hEES] coleoptile HEEE HEs
100 .2 3tgl-¢ 9 pelkfEe vhe R 1 2

conrol &

Table 1
concentration
compounds in ppm.

10 20

1) Imidan 95.2 98.8

D Nﬁ%ﬁﬁiﬁidﬁemyl 101.4 102.4

i) Anthranilic acid 103.4  100.2

V) Phthalamidic acid 106.8 103.9

V) Phthalic acid 101.7 103.5

VID Control 100 100

3 Data & histogram o .2 ZHpRskd (Fig. 1
s b wA FIER 9ohR @l ks gral =
o} 7bo| FEBEel pREY Imidan v} w9 HE
Bl A e HES golar] 98 4 BRI
o) A Imidan 9| {R#4EKYw 2 BiEs £ N-Hydroxy
methyl phthalimide, Anthranilic acid, phthalamidic
acid, phthalic acid @ Imidan & it FK e =2 4
=2 9] coleoptile straight growth test & 3} g }. o] 9]

ERERE Fig 194 2 uwe Zon Imidan
BE BRAst 8 HRAEHEREE & BEEA @
B g BT ERE o —Kiiez %
MRy RS FREE wola gt

10
o
3
3
~9
3
&
5
¥
A
8
vVIT 1 B oWV
chemicals treated
Fig.1. Comparisons of wheat coleoptile growth

lengths when treated with concentrations
in 10 and 20ppm of sample chemicals.

B B e HEEE 24
HHETE 8.87 mm o %s] phthalamidic acid E& 10
ppm 3} 20 ppm A} A FF 9.47 7 9.22mm & B4
A% 2 HEEE 39od [t}&o 2 anthranilic
acid, phthalic acid, N-hydroxy methyl phthalimide
o R i REde ¥ 4 4+ aFa st
A e HEEE 2ole AL Imidan [Beo] = HW
Eurh o88 MHEY BRE volm g o
AL Imidan BH#8E coleoptile il ] —fY
HHEER-E 722 e RNMBEDS oJrzle] &
RS 7 XA est L8 B Menn K &
o] EBREER K59 20 ppm ¢ Imidan o] o] 9] 50
%7} WKADFEE ded FEs = EEE 29 pH
4.5 4% 139, pH 7.0914% 12#MH pH 8.3
A e 48] FIEATL s oA ez mlRe
xo} pH 4.6 9] Buffer solutionHioll 4] 20 K RE
tA] ® & coleoptile straight growth test o] A&
Imidan o K#B5ro] MKSIMEE A 2o Imidan
g ks —Ee WHERAE UA 2 Aoz v
w7 RyEz BEE s R A —Ee
JEiEVE & DolA coleoptile ffiel] BESSE=] 3k
vbowlef Al e, .

2. Imidan o] B f@F ol nlX= B

% #Ere) Imidan SLERS B kol 4 #HAA
#% 12 Hell shoot o} root o} ZHo] & HiEd FHEwT
t}& Table 2 9 7+, '

th-go] shoot o EE REMEE w3 Table5
&z}

1 coleoptile £
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Table 2 Effect of Imidan emulsion on rice seed germination at each level. (root length)

R block | 1 ‘ .
Treatment ] 1 } 2 | 3 ' 4 mean ] significance
Xylene Emulsion ( 0.91 ( 0.74 \ 0.87 ‘ 0.87 ( 0.85 l
Imidan 200ppm | 0.9 | 113 | 053 | 095 | 0.8 ‘
# 100 ppm { 132 | 1.34 j 125 | 1.56 l 1.37 |
Control (H,0) | 304 | 24| 303 | 32 2.92 | l
Tmidan 20 ppm 416 | 440 ‘ 4.19 [ 429 | 4.26 ‘ l
Total | 103 | 10.02 | 9.87 | 1088 | 1029 |
Table 3 Analysis of variance
| sV Cd | oss | Ms | F
Total 19 | 36.33 1.91
Treatment 4 | 35.66 8.92 | 178.40%*>5.41=F(0.01)
Block 3 | 0.12 0.04 | 0.8
Error 12 ' 0.55 0.05
Table 4 Test of significance in root length of rice seed (S:=0.1118)
P Value | 2 | 3 } 4 5
0.05 3.08 3.23 3.33 3.36
. SSR
0.01 | 4.32 4.55 4.68 4.76
|
| ; 0.05 0.344 0.361 0.372 0.376
| LSR ‘
| 0.01 0.483 0.509 0.523 0.532
Table 5 " Effect of Imidan emulsion on shoot growth length in germination of rice seed.
R s T i ! ..
Treatment block ‘ 1 1 2 } 3 ] 4 | Mean ] significance
Imidan 100ppm | 2.3 | 213 | 225 222 | 223 |
Imidan 20ppm | 229 | 2.02 | 2.27 204 216
Control (H,0) | 224 | 22 | 19 220 | 215
Imidan 200ppm |  2.01 k 2.12 ! 219 | 2.2 2.14
Xylene Emulsion | 1.97 ‘ 185 | 2.06 2.04 1.98
Total 1084 | 10.34 ‘ 10.70 | 10.72 | 10.66
Table 6 Analysis of variance
l sV | ss | s F
Total 19! o33l o0
Treatment 4 0.14 0.04 | 4*>3.26=F0.05
Block 3 | 0.03 0.01 |18
J Error 12 | 0.16 | 0.01
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Table 7

Test of significance in shoot growth length of rice seed S:=0.0025

P value \ 2 [ 3 {‘ 4 ] 5
—— ‘ 1 ; ————
0.05 3.08 3.23 |
. | | 3.33 I 3.36
0.01 432 | 4.55 | 1.68 | 4.76
' 0.05 0.0077 0.0080 0. .
Lor 0083 0.0084
1 0.01 0.0108 0.0113 | 0.0117 0.0119

(BB 2)& Imidan o] ¥ T B #Ae &
2 ol 27 $13 Imidan SLBI(HsLE : Xylene, 5,
{t# : Antarox Cu—630)% 20,100 = 200 ppm 9|
BES BET K e st 1200 B
HEANA delve BT BFES WSt 12
Higell 4835 shoot 9 root & Ao] & HwEsle] o
T & A pEee BERstdd. £4 Im-
idan o] o 2| A& WA= FHREE v Table2
o Zow o] RS AESWEYS HEME B &
F Table 3, 4 9} o). LiLe HBERE 7M4 2
Ed 2 rootol A BEEEEOMAA &
HEES el s Duncan 9 Al 29 BEBEE
ol #3l9 xylene 3+ Imidan 200 ppm {4 = &
Ee] ¢l 2} Imidan 20 ppm, Imidan 100 ppm
HiBKE(ControD ol = R A HEMke ¥
g g 292 2 S Imidan 20 ppm>>ZEEK
B> Imidan 100ppm ¢ 24 {Ei#Eq Imidan 20
ppm Ee AWKELTL ®29 FEe £ AL
& 5 A+ 283 xylene Byl 714 e me
Bola gl&d xylene & ¥ T BB gl
A e e BES EES Ofiade Aes
= gtk afla SEREAE HEl 8%
¢ 4 g} .‘Eﬂ-"}Lﬂ:ﬁﬂi Antarox Cu—630 &
M3 =9 xylene 3+ Antarox Cu—630 fe] =¥
BE ﬂﬁ?ﬂf'ﬁfﬁ% EZH7] 98td &5 Kk
o2 x YFL 3@7}(01] -5 Antarox Cu—630
& ﬁbﬂo}"% o Hikst ol BIFERS T ME
Antarox Cu——630 BE oA iRl #if= 2 Coleo-

Table 8
(length of culms)

ptileo] =4 IS WEY & I azla
shoot o] 7] A& R B SR o9 #HE B®m
R Table s, 6, 73 Zrov BMERE) MAAd:
0.05% K#o] HEME REE + dov £EH
dl= FEMe] ¢tk Duncan 9 A28 ZEHE
BRE & BHEYS xylene emulsion ¢ n]3ste 0,
05% FENA FHEe gdon 1 JEEE Imidan
100 ppm> Imidan 20 ppm> &K (control)> Im-
idan 200 ppm> xylene © 2 4 Imidan 100 ppmel] 4
shoot 9] ZEfo] #H— Estr}, Aoz wol Im-
idan 20 ppm 3} 100 ppm & i BEY EE A=
shoot &} root & %ol 743} $ L& EHEE volg g
2 HME 5 ok Llke Folx) BB ERE: B
&3l £ 9 Imidan & BETZEF 1] 4 shoot
BELE £ FEd T MK BEL F=
A o™ 200ppm o] FEPEEH IS 20~100 ppm
o el A —EME B3 A 2o

ol #l 3t W A fPAEN PAe BELE EHH
Bl 100ppm - He#ks ¥ w9 20—100 ppm 9
RET HYEFN o= flEnd 2E=E ol el
KEERS R PEE AFe dx LEG BE
7t g+t

3. Imidan 9 o|2] BBl KiFEFN oI

= B

AEREE FHHNZ stg o BkFHERA 98
6 H9 Dataul-g& FRsls Table 8 ow Hu
47 R Table 9414 v& w8t 2+

Growth data of rice plant on pot on 46th day, Sept. 6, 1965, since seeding date

Treatment B (Concentration)
Chemicals A Block -——| Total Mean
10 ppm ! 25 ppm . 50 ppm ‘ 100 ppm

1 1 76.3 1 79.7 81.1 ’ 80.5 317.6

2 ' 77.0 82.0 79.4 } 79.8 318.2
V3. Control 3 | 782 | 829 | 804 | 8.4 | 339 | 19

X _—
Total | 231.5 244.6 ] 240.9 f 242.7 \ 959.7
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81.0 81.5 78.5 8.4 | 323.4
81.7 8.1 82.6 82.3 | 327.7
V. Imidan s2.8 | 844 | 823 | sue | w1 | 4
Total | 245.5 | 247.0 l 243.4 | 252.3 | 988.2
_ 82.2 82.3 82.3 | 85.4 | 332.2
Ve, N-hydroxy Methyl 81.9 8.4 84.4 .6 | 33|
phthalimide . 855 82.0 79.4 | 826 | 3295 9
Total | 249.6 | 245.7 | 246.1 | .253.6 | 995.0
] |
80.8 |  85.9 7.1 | 817 [ 325.5
82.7 | 788 78.2 78.3 |  318.0 :
V4. Anthranilic acid 81.8 75.9 80. 8 7.7 |- 316.2- 79.9
Total | . 245.3 | 240.6 1 236.1 i 237.7 | 959.7
| 7.7 8.6 | 78.0 | 78.4 | 312.7
_ 77.3 78.9 79.4 ; 79.6 | 3815.2
Vs. Phthalimide 80.3 79.1 80.5 | 76.6 | 316.5 8.7
Total | 235.3 | 236.6 I 237.9 | 234.6 }‘944.4
Treatment totals 1207.2 | 1214.5 | 1204.4 l 1220.9 | 4847.0
; x |
Block Totals
1 1611.4
2 1612.4
3 1623.2
Table 9 Analysis of Variance for Table 8
‘Source of Variation ‘ df \ SS MS “ F
Blocks 2 4,28 2.14 ‘
Factor A 4 151.83 37.95 | 7.18> 3.87
Error (a) 8 42,25 5.28 7.01
Factor B 3 i1.07 3.60 | 0.97 <X 92
Interaction AB 12 69. 15 5:76 2.09
Error (b) 30 113.84 3.79 | 151 <ggg
] Total 59

81¢] Data B EZgst 2wl EEI(Factor A)fel
HEe R Jdfe=z LSD. ke

et e
&I FEe %

/2x5.28
3x4

=2.31><\/

L.S.D=t.o5(df=8) V/%?

=2.15

(Vo) — (V1) =82.4~79.9=2.52>2.15=L.S.D

VoV,

(Va)—(V1)=82.9—79.9=3.0>2.15=L.S.D

V>V

& &R

© LIkt 7bo] Imidan gEEE 9} N-hydroxy meéthyl
phalimide [ control 3.t} 0.05% K# 4 FHE
- A ek, o] AL Imidan o ZENRHHES N-
hydroxy methyl phthalimide 7} 6] %ol A = =&
CER e RS BET PRE LojE AR 4
B v} '
4, Paper chromatography off {k&t FHEAO| A
" of Imidan U 0[] RMMES S8 U FE
Whatman No. 4 filter paper & 73l BBIB(A)
2 B4 92 R#wE 2 authentic compound
o REEE wed =& Fig. 2 @ Table 103 22w
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(Fig. 2)

Menn Kol & Al #&d E/G system 8] R
ZEZ ZRTA. ada B @), (€, (D)
e Bile RAYES BES BHE + 995
o2 AN AL BAE L

BB - (A

AR

IBBERRT ¢ 6.5 BT

BB~ TR

paper chromatography ol X% #:HE& 29 7
#3PAAE Ry FERMo2E: BEA ¢

(Table 10) Comparison of Rf values of metabolites detected with developing solvent A.

o1t F4fES) Imidan 3+ N-hydroxy methyl phtha-
limide 7} £&Eo 3 HHS 2 phthalamidic acid %
phthalic acid 7} & #HH== 449 KA L8
< BRE o+

B 5 Hésl BRe REE 39 KEA Y4
b, oo EE 79 AR R RO Imidans)
N-hydroxy methy! phthalimide & & #Hd +
9l ov [ phthalamidic acid, phthalic acid, p-hy-
droxy benzoic acid ¥ benzoic acid 7} 3 Hxv} =

ol MMEE ¥ 4+ A 4 KAHLALO

E/G system (Menn)

Compound Solvent A
— B Authentic Sample Authentic Sample
0
Lo
VA VAN 1
L N-CH,SP(OCHy), 0.97 0.97~0.98 0.4620.05 0.46=40.05
NN/
I
o (1] %
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R VAN :
Lo N-CH;OH +0. 87
Ne/ o «

o [ID

overlapped

o NH 0.86

o 0.13

[ 0.03

o . 0.08

N 0.28

s~ C 0.43

4/ 0]

Unknown compounds:
Rf=0.73 (detected in 7 days)
Rf=0.59, 0.33, 0.23, 0.07 (detected in 3 days)
* (1] Imidan
(] N-hydroxy methyl phthalimide
{ H] Phthalimide
[V} Phthalamidic acid
(V] Phthalic acid
(V] p-hydroxy benzoic acid
{VI) Anthranilic acid
(VM) Benzoic acid

0.87

0. 86~0, 87

0.13~0.14

0.02~0.03

0.08~0. 09

0.42~0. 43
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0.25 -

0.58°

0~0.17

0~0.17

0.25

0.58

0~0.17

0~0.17

None

None



2 = R 4P An ki 7 B KEY
o} F4y Imidan & N-hydroxy methyl phthal-
imide o] o] EHEs) Welx phthalic acid,
phthalamidic acid ¥ p-hydroxy benzoic acid %]
Bol Aract w{mskd =t

o] A paper chromatography o] {&3s}le] g 1R
#WyEe L mEnd A delve REEES
fesrs »l $4 Imidan -2 J.J. Menn X %o} #
gk vbE YA Ak thio 88 B @A A
BALE ubol ? 7t %l)

st mKAHE el dimethyl
thiophosphate &+ N-hydroxy methyl phthalimide &
H v}k BI Imidan & ¥ %3 & HHRHBEE -8
9| EER ester = o] kvl WlEo) alkali ZEE ) A
v BiEY ) ABRRNA A IKSRE BRBIHA Do}
A et alcohol & == Aolet. 1% o] N-hydroxy
methyl phthalimide = amine oxidase & B9l &
st} HCHO &} phthalimide 7} =l A Zon o]
e HE-e JJ. MennUOK &% Imidan o] 288
P oREaRE 4 HCHO 7 4AE & ¥z =%
H. Yamada®1#® ¢} K. Buffonit®® ct al & A:#p9
A &% amine-& Z55HA amine oxidase o {EH
4 dow 3] th& 3t o] A
o] HCHO 8} >NH (Z# amine)7} HEH & BR

ahul gleh
amine

>N-CH;3 “omidase HCHO+HN<

2 H@ ojo{ 4 pho-

sphatase o]

= amine &

=3 EEE A Nhydroxy methyl phthalimide &

AEE dedE o}-& K3+ 7] phthalimide o w
HCHO & ERAAA A,
O 0
i Il
VAVAIN €
[l NH+HCHO— | || N-CH,OH
NN/ NN/
i 1
O 0

t}-& o] phthalimide & w4 kO ME o}
phthalamidic acid & =&7]v =& —¥7} phthalic
acid 2 S| Aol okt ARHW ER=AAR
s 2 phthalimide & alkali 2 Juka@A4d+ 0°C
LTS EEA e £ phthalamidic acid 7} 41
1} 0°C Ll kA A%E = phthalic acid 7} 45K
= Aolr}, & phthalamidic acid & oFA] UKD
%2 9ol phthalic acid & =& 7 2o K ER
ol A % phthalic acid 7} Imldan W 2 7 Rl 10
HIgA EESA Mg Ao vl Fo] BT
% qvh. olgA A4 4= phthalic acid &
decarboxylation -2 & 2.7 benzoic acid & &7}
oxidative decarboxylation ¢] ¥ o} p-hydroxy benzoic
acid 1+ o-hydroxy benzoic acid 7} =& # 7o
ol ¥l HE-L Menn™ K Ho] RIEBBN RBHBE
Wreol A = fmET obel gol RE@EA g
CH0, 7} 3435 2 N-hydroxy methyl phthalimide,
phthalamidic acid, phthalic acid 2 p-hydroxy ben-
zoic acid %o} £KF L ¥ vhEE ¢ F QA+

Lk i A Qo] e Imidan o] {REHER 2
pathway & Bijsl A diagram o2 FRehd &
Fig. 33} 2=},

Fig. 3 Expected process of Imidan decomposition in rice plant tissues
(6]
“ i
CH;0 S / O~ p_s—CH N/C\l//\ll
- _ _enzymic p — CH,—
CH30>P S—Cha N\ H /‘ oxidation CHO N N/
H
Il
% 0 0 an 0
l’ hydrolysis
(phosphatase)
CH;0 O O (U/\/ AN
cxf’o>P OH"“'*‘CH30>P—SH+H0~CH2«\1/ 7
NN
i
V) (v} 0 (I

l amine oxidase
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C
NN
HCHO+HN ( !/ Il
A
il
(vin 0 vl

l hydrolysis

i i i
i
C—OH __decarboxy- HO—C HN—C
Oy SOy ey
N/ HO—C /N HO—C N\
il i
x] CT) (IX] [VIIII] 0
oxidative ) Hydrolysis
decarboxylation l (—NHy
!
O
]

o N/

* (13 Imidan (dithio)
{1 Imidan (monothio)
[E) N-hydroxy methyl phthalimide
'[IV) 0,0-dimethyl thio phosphate
[ V] 0,0-dimethy! phosphate
(V1] Phthalimide
(VI Formaldehyde
[VE] Phthalamidic acid
[T Phthalic acid
[X] Benzoic acid
[X[] p-hydroxy benzoic acid

IV. & #

acaricide = <2 % phthalimidomethyl 0,0-dim-
ethyl phosphorodithioate (Imidan)-¢ JKgel #AERA
& o Imidan 3+ 2 fRgimEl My £FA v
A HBe WRsY did K BRS st3eH
o] o) FERE Ty 24 w23 Zeh

(1) Imidan &) R#pE=z BEAE &9 871
A hayes AR v KHstd dtRgEEe fA
shsieh.

(a) N-Hydroxy methyl phthalimide
(b) Phthalimide

(c) Phthalamidic acid

(d) Phthalic acid

(e) Anthranilic acid

(f) p-amino benzoic acid

(g) p-hydroxy benzoic acid

(X1

(h) Benzoic acid

@ ki HEPAA (@,, D, % Imidan
o] 4 10 ppm ¥ 20 ppm ¢} Buffer Solution & #&
o] W HFE 717 coleoptile straight growth test
£ o 2 #5 Imidan & 10 ppm 3} 20 ppm o] 4] =
% control ¥t} MWHFES Jelz ot Hi
#Ee 2% control wvh 45 REHRE 25
ow Hus phthalamidic acid 10ppme] 7F3 F2&
Hobie 2yt ooz wop Imidan AElie ER
Mg PEE 2ol olAel —{8 EMAAA M
KSEE v 3E 48 REERe Lo o R
Eyol MHEES Rigste MRE ole A 2
t}. (Table 1, Fig. 1 B8)

(3) xylene & ¥tz 3to] Imidan £LEE e
o] A4 FiEsld 20ppm, 100ppm F 200 ppm
& BE JULKS RBRS T olAL Wl e K
EETFE B¥EAZ % 12 He| shoot 8 root o} 2
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o] & HlEd . ol9 #HEE 2= root & Imidan
20ppm o) 4, shoot & Imidan 100ppm el A =%
xylene w19} S HE <l control Bt} £ FEE w
gow 744 KT AL AEE HER
xylene & KIEETF F-29 BHEA HT NHHRE
ol A 7} (Table 2, Table 5 BR)

(4) HE potel] Aa 2[Hd] A4 control, Imidan,
N-hydroxy methyl phthalimide, anthranilic acid =
phthalimide ¢} 10, 25, 50, 100ppm EEY & 4L
EE 4xila —FiliHEg A8Ee #AEsddy
Imidan E%+ N-hydroxy methyl phthalimide 7}
control ¥ v} & FKES 29+

(5) Imidan 250 ppm FLEIE JKEEZERC s
2 3H, 508, 7TH % 1408 & RS EXS
BELsl o] acetone o2 M3t acetonitrile & 7}=]
AL prechromatographic purification & 12  paper
chromatography o] f&3le =}&3 722 KR¥HEL
i@tﬂﬁ}ﬁif»}. Imidan (Rf: 0.97~0.98), N-hydroxy
methyl phthalimide (Rf: 0.87), phthalimide (Rf:
0.86~0.87), phthalamidic acid (Rf: 0.13~0.14),
phthalic acid (Rf: 0.02~0.03), benzoic acid (Rf:
0.42~0.43) @ p-amino benzoic acid =& p-hy-
droxy benzoic acid (Rf: 0.08~0.09)¢ Rf=0.73,
0.59, 0.33, 0.23, 0.07° RAHHEE sty
ob. =3 3, 5 2 WHAAE KHM Imidan
3¢ ®we ko E#el Nhydroxy methyl
phthalimide &o] Mig#y SR o2 B Qo 7
H, 14 B % #id = £8RdA o g 28E
ubo} L3 RG-S o] #iAsln phthalic acid,
phthalamidic acid benzoic acid 8 p-hydroxy benzoic
acid = p-amino benzoic acid &9 o] #= =
AL 2 5 9909 B# Lo #Y Imidan-& 8
pol W= o] 14 Hel RBmE= Kyl AME
W Ao =w oA th

PIEY wE=s wol Imidan-& HEzAE EH
AR (BEERC flort MyiRda A 987k R
¢ Cenzyme 9] {EFi)-% welAl #&F phthaloyl
Tk {badel HFEH ol Bl HEHARM#E
¥E®S T Aow A8
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