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Resistance to Benzomate in Citrus Red Mite, Panonychus citri (McGREGOR) (Acarina : Tetra-
nichidae). [ . Cuticle Permeability and Metabolism of 3H-Benzomate. Isao Tatsumr,® Tetsuo
Sarro, Tadashi MivaTa (Laboratory of Applied Entomology and Nematology, Faculty of Agricul-
ture, Nagoya University, Chikusa, Nagoya 464, Japan), Natsuki Kato (Department of Agricul-
tural Chemistry, Nagoya University, Chikusa, Nagoya 464, Japan) and Yoshinori Sopa (Nisso
Institute for Life Science, Nippon Soda Co. Ltd., Higashi-koiso 930, Oiso-machi, Kanagawa 255,
Japan). Jap. J. appl. Ent. Zool. 27 : 176-182 (1983)

In order to use radiolabelled benzomate for the study of permeability and metabolism of ben-
zomate, 3H-benzomate was synthesized from SH-dimethylsulfate and 3-chloro-2, 8-dihydroxy-
benzo ¢ acid through four-reaction steps. The yield of synthesized 3H-benzomate was 81.3% and
its specific activity was 1.09 mCi/mmol. Female adults of five citrus red mite strains were dipped in
200 ppm solution of 3H-benzomate for 5 sec. At 24 hr after treatment, 17, 41, 49, 60 and 66%
of the dose applied had penetrated through the cuticle of the Okitsu R, Shizuoka R, Fukuoka
R, Shizuoka S and Fukuoka S strains, respectively. It was suggested that in the Okitsu R
strain, the low rate of benzomate permeability through the cuticle was one of the mechanisms of
benzomate resistance in citrus red mite. Metabolites of five strains of citrus red mite were com-
pared 24 hr after dipping in 200 ppm solution of 3H-benzomate. About 60 to 75% of the 3H-
benzomate applied was recovered as benzomate itself from each strain of mites. The main me-
tabolite was ethyl-3-chloro-2, 6-dimethoxybenzohydroxamate. There was a slight difference in the
metabolism among the five strains. It is suggested that the metabolism of benzomate may not be
an important factor of benzomate resistance in the citrus red mite.
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EHMcOWTHE L (RE5, 1983), ~& = FHiX
BHICHE L &bd THillic7cd), FHEEFMEOEMIX
B D Db BT X = F ORI IESUEEE O
Wiz BERE BT 298 5 T4 /s, GEORGH-
ov (1972) WEMEOEREE(CFH - AR - 7
BREMBIEO= DR a B LT\ 5, TBIFENLLDEL
Tig, i~ £ 5 55 DDT it LEETE 23 5
WaENM B T % (GEroLD and LAARMAN, 1964),

A F =FHOEFBEFHEERE Uik, FA R OEXR
FHOERBET AME (Voss, 1959, 1960 ; SMISSAERT,
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L7234 (MatsuMura and Voss, 1964 ; FHH « ZHE,
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a_ om c  ocH,
s K,CO; T4l «
(1) COOH + (CH;0),S0, S COOCH;
70°C 1hr )
OH OCH;
37.6mg (0. 2mmol) 57.7 21(0.6 mmol) 99.5mg  0.6ml  46.76mg(0.2mmol)
c ocH, Cl  OCH,
() coocin + BuOH 40% KOH 00l
! s 100°C 1hr
ocii, 0.3ml 0.14ml ocil,
46.76mg (0. 2mmol) 40.20 mg{0.18mmol)
* * 26.4% .
Cl QOCH; Cl  OCH, 8% zi%s Cl OCH,
SOCl, Fzy NaHCO; 73>
o, cocl CONHOC ,H
(m @COOH 0.1ml 5°C 10 s
OCITI ()Cf:[3 0.6ml0.2ml 0.2ml 001’;3
3

40.20mg(0.18mmol)

Cl och

3

(v)-(vl

LI

OCH
50.66mg(0.19 mmol )
#1

-14C,~carbonyl-#C ¥ X (8-2-methoxy-1*C % ZhFh
0. 296 mCi/mmol, 1.13 mCi/mmol, 1.14 mCi/mmol @
IEhsEE b ob D & LTHE,

AL TIL 2, 6-dimethoxy-*H-benzomate &5 L,
Ny A — MEFIMER IO I 0 v 2 2 lic o
TG O PRSI OV TR L7,

RIOCA B IS AT ORTICHA Z H8H 1S
> B HEBREEETEFCENRBORE HEE,
ERZHBOFEFEYEE, F EePTod@ L
To I VR =R REINCHARMERBRS R O
BB R RERIE DT 412 SILE L g3, H-~v
VA= F OFBEH R OREE S o BAREEKRR
S EsILERE L EFE T,

Mk E B
1. SH-R2) A~ PDERK
SH-~N vy 2 — b O FRICH W SH-2 2 = A BRER L

New-England Nuclear #- 3 h AF L, i 98% LiL,
3.95 Ci/mmol D% DT IEFEFD v # F AFREE AN T

CONHOC,H; + @COCI

35.540(0.3mmol) 1ml 5ul
SH-~v VA — + OEREER

50.66mg (0.19mmol)

*
sow | ) FI 25% Cl  OCH,
RA Tir KOH C//NOCZHS
—5°C 4.5h
: e
OCH; P)
0.04m! 57.70mg (0.16 mmol )

iz,

3-chloro-2, 6-dihydroxybenzoic acid 13 B A& &kt
KL VRES NI DOTH B,

AR5 L SoEpa et al. (1972) DFHER D L LK
DI fTo% (B1K),

(1) methyl 3-chloro-2, 6-dimethoxybenzoate D45,

AERE 2 37.6 mg (0.2mmol) o 3-chloro-2, 6-dihy-
droxybenzoic acid *EXKKEEH ) 7 & 99.5mg (0.72
mmol) * Ah, Zhic *H-2 25 L5lE 0.8mg =3Ik
BHED Y A FGER 79.2mg LEEE Licb Db 24
pl EIFRER DY A FABREER 32.7 pl, F 56.7 ul (0.6
mmol) #7 v 0.6ml &&Hring 70°C oEE
TTEM SRS LRHRKES ¥, RIBKTHER
EREOTHEMNLT € b vEBREL, Kk 2wl iz,
DNWTC=—F ) 2ml TIEFEE T, =—FAE
BIIEZEREDT T=—FARKRELLE, WECA
NEZEHR v 7 TR Lok v hE L CHAKLRLE
o

(2) 3—chlor9—2, 6-dimethoxybenzoic acid D&
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(1) TEsh-Ef 5 & methyl 3-chloro-2, 6-di-
methoxybenzoate 46. 8mg ic. 0.3m! D7 x / — L& 40
9 KRS V7 AR A 0. 14ml iz, )V — €, eBH]
#aorr 1B 100°C oW CRIG S8, KIG#K
T, K% 2ml iz, =—F 4 2ml T2 [EHE L,
=~ FAEBRILE DI 8 HRERF T TV 7 AKEW 2
ml CRIGEEYE P T v 7 Lice MUEBEEZ3ELD
W Ltco KECEERE ML T Db, =~7 4T3
EHE AT ol =—FAREKERE DGR LERE
LT bEZER v 7 TRE| LooKka&ERE L.

(3) ethyl 3-chloro-2, 6-dimethoxybenzohydroxamate

DERK

(2) T bl 3-chloro-2, 6-dimethoxybenzoic
acid 40.2mg wiE{bF A =% 0.1ml iz, L
Ny BB R LI EE R L 80°C DIREET, 30
SEBRICENORIEE e, HGKRTH, WETE
(bFF = v EEERBREL ThD, Pr=vE 0.6ml
8 9% WERKFRF + ) ¥ AKEW Y 0.2ml, 26.4% =1
Fv71v0.2ml #rhTh 5°C ORET Tz, M
R —BE Ui, BB 8 ZRIRASRT + Vv
AKEWER 1ml jng (pH7), 7mreki s 2ml T3
B Z TV, HEBEO 7 v vk VA EBETERELT
BE & T 5 fERE B,

(4) ethyl O-benzoyl-3-chloro-2, 6-dimethoxybenzo-

hydroximate DA

(3) TiB7H5E ethyl 3-chloro-2, 6-dimethoxyben-
zohydroxamate 50.66 mg | 7 ® wshb A% 1ml iz >
WT RV =FAT I vE LM Gu, 25% KEEa Y
v AR 0.04mil, LSV YA A% 3554 Th
Znolic —5°C oRET TM 4, 458KH, —5°C
DORETFCKE Lz, RIGKTH, Ki 2ml, 25% K
Bbh V¥ AKEWS 0.2ml ML THLZ - ekilA
2ml C3EHE Ui, 7 » el AR 10% B,
KDOIETEE L, 2\WTZ7 »rRbakbE L,

(5) ethyl O-benzoyl-3-chloro-2, 6-dimethoxybenzo-

hydroximate OH S L7 v = 77 4 — I X
% FE8

(4) CHRLEREERDL BRETS vV A—1
DI FEDEEADLEEN TV DD DERDNDH
Sarm< b7 4~ TRMYES BB L
7o

72— 7 C-200 (10g) % n-~F ¥ VIZBBEIRLE
£ 12mm 7 w< 0D, (4) TELhRHER
HHBEDI makV AREN LYY B F VRO,

n-~FH v 7w b VIEAEE (964, v/v200ml) T
BHL, SLEBADLDE n-~F ¥ v 7w b ViR
A (5050, v/v) THHEI®L, BPHEE4~8H
ST T, BHEE 5. Tl FO0E L, &7 77
v e vE TLC (B ; n-~Fv v XvE v B
=80:20:2) TRELAR, O Rf HEHERALV
VA N DIEFEED (75 7 2 v 17~29) % £ » =
ARy -2 —TEMHR LB OERYE.

2. SH-RJ A~ NOREERMY

FEB A VX =R G (RE S,
1983) U7-3Hith 3 Rl (R - 18R - BUERED LR
ZHE 2 RM (Bh - BB Tho.

BH-~ vy 2 — s wHALEI O ERE T e, v
Visa—AAyry T10-C:H-Rv A~} & 75
5:20 (w/w) OREAH CHRELLCILH & ZFEKTHE
A & LT 200 ppm @ FF R L CHE L

A5 4 F 735 A (13mmx38mm) 5BiICA =2 » FHH
W7 —7 (ERAV —=23A&h) &y, zok
ZIh v F =Ry BORDDT — 7 L I T35
EABDTCERE L, #2351 Mk 200ppm OIRE
w5 HEBEERE L, KTLD bREKEY Loy
y— VIRAR, E% L 25°C B Ficffs o, —ERH
Bl (1.5, 3, 6, 12, 24 E§R), WIREAEHET
THEBFFAN, H#AFA Fhb4~5H, 720~25
BHOIh v K= fliETRY), #5274 05— (B
£ 4.5cm, G-2) kico¥, 0.5ml OWHKY vFL -
a VB M= vH 257 (PPO : 4g, dimethyl POPOP :

0.18, Pa=vill) THRREHLL, ~F=%i
DRV, HTAZ4Ax—-RIBIL, 1, 0.5ml

DL AEYH I TATHY, § =250 T AR LARE
 3ml & UTHSHEERZHIE LAREER L L. &R
BARE LTHGEREEE LI v E =22 iky v
FUr— g VI =ALT7AORECAR, ERE R
Licgt&TE s vl, vy vFr—va VAV FY
v#h 75 (PPO:4g, dimethyl POPOP:0.2g, 7
7xY)vi60g A%/ —n:100ml, =FL V7Y a—
A20ml B oFFSy CRE L LkbD) % 3
ml fi % BETERAIE Lice B BEORIE L Aloka £l
DY vFv— 2 vh Y vz — LSC-T51 H\ 1z,
7 REARTYE - ERERIE 1E, AR TR 2ZER
BTEBRET -,

3, SH-R> A— POKGH

3 v F =250 FANERTR BRI 0 LRBET
%5,
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1R SH-~vY 21— FERITRT D& DR « BAHMEFRINE & e

fles=inligss

BRI E

B g SLEE
(mg) (% ) e & B (mCi/mmol)
@Y 46.8  101.7 0.581 29.6 2.86
2> 4.2 914 (93.0) 0.215 37.0 (11..0) 1.10
(3 50.7 105.2  (97.8) 0,239 111.2  (12.2) 1.22
(4>~(5) 57.7 8L3 (79.5) 0.173 724 (8.8 1.09
C ) BLREKY.

EAMBHES B UHER X ok, ZRALEE 24 B
%, IHhvoF= 150 ey R Licgt&Tr —
TrhlhkE, vy Ay B s~ 57 40—
71— (Merck #-#l, DC-Fertigplatteu Kieselgel 60)
FoBEBACTIOE LI ~FH VIR RAALA LT
by EEEE=70:50:20:5 (v/v) DREBETH 15
em BRI LB T v— F OB AU T OHET
PIE Lize BAX ) BHAHRRE CBE 15501,
BEHASDVY D FAET v— b LD nEE RO
BEAHE L. HOMUDTFAAL T AR A E VY
vFL—R—HhrFA% 5ml Ay 27T T VED
HHELYRE L TR E, £EOH 7 v b (cpm) 25
Ry 2752 VvFEOI Y v BRI LB b DR A
OREHES 7 v VL E Lico BRETRERIEICIL S 2 — F
BOWHE v vFLr—va v A7 b rt—x— 2003 %
e,

R LUBE

ARIGTHE bR, R, BUHEERNER S
FLHTHEIBECE L. ;
(LRI E B LT RIG & b IIEEERNThbh
BERGWERENE bR, AN 100% &z (1),
(3) ODRIGTRADID LEThTWckdEE 2 b
nbo o
AL L ARIEE 10mCi @ *H-v 2 F %
AF ALK E L TRV, BRI Licy 2 S
gL 196 mCi L{RFLMED # 20% & F & Tar o7,
= OEREICONTIL Y £ FATREENEM: Lzl 2 X
7 = Eino TR Uicicdn b B 5 2 REIEANH
Thb, (1) ORGETE BRIz 1.96mCi @ 50%
DINECEBLID T L% 2 EEITIX 30% DIEI
FTE ol BERNY Y = — 7 VHE LK, BT
L-HeBHEEDS B 1 5 EXohH I hico T, SH-v 2
F LGB D 2 5 VI LEDS IS H T 05 &0 5 BET
BT B, i (2) ORIGTIHHHFK=—7 1B (B

(%)

i

Ao g 4

12 24

1.5 3 6
123 [
2 X SH-~vY x—} 200 ppm HICRENE LI A
Vs B = KRR 351 B BRERES 6.
O FEBER, O ARAR.
A HEEDE, B HERZME, C:EEiEHN,
D : EEEZE, B EER.

W) &K & e I REAYRY 70 ¢ 30 THEEERAYIC
I, £2EOEUREKNRS8Y LEholeDT R
Bzl HE O IWEN 1 40% Lisote, (4) IV
(5) ORI TIERICIT 100% ORI IE I DM
EE iz B hhteh DL 2% Chotie HTAZ BT D
737 4 —HETEORE N-_v YL BEE (k2
BN 9. 4%, BAHEZEMINEK 18.4%) o MBS IS
bhic H-_Xv vy 2a— 10 2fEhb, ThrBEiHEL
DN B LIREEE 2 Bbhus,

SH-~ v 2 — b 200 ppm WIRE LB E DI H v
N F = H R ONBR AR KT 5 hERE - AR
ABDBHEATHOEER LI ONE 2K TH %,
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B 2R SH-~vYA— 1 200 ppm FCBRFLEL 2L &
DI VK = FREOTECE (%)
R #t QIR (RERD)
1.5 3 6 12 2%

ERRZH 2.4 2.9 7.2 27.3 91.9
RS 3.4 5.5 9.7 25.3 91.5

TR 0 0.7 1.6 7.2 27.8
RS 0.9 2.8 4.8 9.7 33.1
BRI 0 2.1 5.0 11.0 47.7

# 3% SH-~v v 2— 1 200 ppm FICRELE LI I
Vo E = KR HORSHERIRES (%)

TR (R
* 8 1.5 3 6 12 24

TR 100 126.4  105.4  132.4  108.3
R 100 98.3 97.9 84.4  103.3
RS 100 66.5 41.6 34.5 42.9
ER RS 100 85.3 81.0 81.5 92.0
fi.be i 100 70.0 77.2 67.3 83.2

a) 1.5 BRSO ES 100 & LTEHE L.

FiE OB AREEIC W TEIR X e &gt 2%
BEHRTELI R TV %, F2RIH- vV A—1
200 ppm IRIC B LI2BE DA R DOIRTROEHFNE
LaR Lich O TH 5, MEHEFRFEICEUR S huioigt
BE% 1.5 oofEA 100 & UCEHE LA BB oSt
BEENRE LTEDR TR LS ONEIRTH S,

H2MM b Shnd X 5 EEESIMEERE € 4 E
24 BERERICHY 17% HERBA L7cDx L, #ifE EH
BRI 41y, EBREFERACIIm 9%, # R
RREFPERICIIM 60%, RERZHRH T #9 662 2
ERBA Lz, Hiral et al. (1973) OETITY 2 b=
— bR H VU F = RO RE CUE LA RS
2 R CIHALER 9 BRI T 60% Bl EavER R A
LM 2 R Tl hEfh 44, 15% Thote, BEE
BRI OFL ho 4 RIEX T 5 &, BXiE2
B DIT 5 2MEYUME 2 R b T EARA LS
W, EHIEEOERE LTOREEREDZE LA
TELRBEDKRERETHDOMDIEARHETH S, Ll
BUBRPTIE RIS 2 R L, B ELIHE
HRARILENC &0 AR CIIREEREDNE X
WEFEBE O — Do TWB EE L B,

IR 24 BRI D 3 VX = BRI OTETR L K F
P2 RATIR NG B EEE L, BHRERE T E R
oD 48% H\l b B < BB A MHEIC R & %
RRB LI BeHR), ZoBRIECHELL (R
T, 1983) A5 A FF 4 o FTEHEOERLIBIE-HLTY

Too BEBEHMERK A O LI o 4 RFEMCIIEAR
ACKRERENSZ SR, BERER T
M-REHRRHEC R EmER R bR & BEE
ERELSCEHEREOER N E L bh b,
AR LTI SEN Db s L HIE
PGP R Tk 6 R DA O EIE A E S 5 foe O
= L DOFRETRBTH B, Hiral et al. (1973), HIE «
FHE (1971) TREIENC A b=— 1, HBENT 4 2k
ATHBD, &HRERESRE T EAREAT NS,
CNREFNEFTEFRTER Ch - ecd LEL DR
%o
FIMNL I H v K = £ R FOMNE 24 BB B 1
BYYArALry— EORSES e AL VT A%
AuTEbLbDTH D, HENIEILARSRICHT
AEBMEOENERR LT D, TREDHYEE X
Lh s BRIy v 7 D Rf EXBESTRL, &R
DR ON MR T o Tee M 2U4BEHE O H v
NE = BRI ORTERLYH 4 RITR L,
HEIRmbbbndLd, 7537vav1 (RvY
A—=1}) TRUL RFELR T Rf B b oHonb0
AR RS £ R T 60~TE% HDHZ &b, 3
HYAR2TRKBH DNV Y 2 — VRS REOE TR
ERIVHERCHEEL TV B,
REOEHCBI LT, &R E b L SRR E
OHI0Y M7 57> 2 v 3D Rf s b oW
LTWAZENDI A VAT =BT AXV S A=+ D
B 7o fRHES YT ethyl 3-chloro-2, 6-dimethoxyben-
zohydroxamate *# % b b, BEEH (1975) 13 X v
VA= FDE (VA Ty M) BT AR ERE
L, "y 2= brRETHRS VA bR FZT, DWT
6 fLDORE 2 F AL E 7eik LI ORISEOBIRER 515 & L
Td, IHVAFE TR NTENY Y 2 — MEETH
Ry AR ST H EBRALNTH B, H 3K
WTC7 57 a V6 IR LIRS DR T AR 234 Riff
Eh bbb, CHIEXV Y 2= E2Dh D0, ~F
=12 X h REWBA~DRBDEIT N T DI ARER
Bt bt BES (1975) wihid, TLC
+ L — t : Eastman Chromatogram Sheet 6060 Silica
Gel T, n-~FH v :ZrBARAAI THE V!
Eef=70:40:15: 5 CRELLES, “vVAr—-1t %k
IOB~Y YA e 5T E DI 6 ALDOB A F 4% 513
B D Rf I3 % h £ hi 0.9, 0.83~0.87 Th
Fro AEBI AL V- S BHELE R k¢
7S, RFEOMEND7 T 7Y 2 v 608y Ol
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0 20 60 80 0

7

60 80

TL (7L —F i BT 2 BstaE 545 1%)

B3N

1. "y A=},

IHYAEBZRPUC LD H-RV Y 2= b ORI x -
2. benzoic acid, 3. ethyl-3-chloro-2, 6-dimethoxy-

benzohydroxanmate, 4, 3-chloro-2, 6-dimethoxybenzoic acid, 5.
3-chloro-2, 6-dimethoxybenzohydroxamic acid, 6. <V 4A—}DF
=V VI BELIARGSWE. A, B, C, D, E 1 2KBHE.

4K WHEUBMBOZERMOIETIE
P
RS RHR EHMR
wE wmE B EE
X (%) 780 90.0 23.3 16,0 22.0

HHEEENIL S » v F =2 B T h 6 LR # FbdY

TFhhT AL S D, ORIV TIESHEEL
CRET B RLERD B,

EERECOWUL E4ROR L & 5 BHiH-BZ
HET R ZZ 250D DIt REBHEE U CIdd 41t~
BEEHFARFRcERZ bR EMBEZ T, IH
VAR =DNYY 2 — VEFIMEEBEIET A ERL L
TRBDOZEILE 2 b 7o v, Voss and MATSUMURA
(1964) 1347 74 vEBHMF I ~F =2 XRZTHER
B, MEBESRENBVC EEHE L TR, HE-F
e (1971), Tasata and Sarro (1973) 135 4+ =+ K
TP S v F = RREERUC AT 4 2k R K
BB T LEINKRECI EEREL TS, L
HLRVY 2 — PRV TIRERFRIC KB oWTK
EREFAED ORI b, NV 2 — NIRRT
BoOERIIRBAMBI I CE L bR s,

PR A BT 2 BN E LT ER S ORE D
ELEETHD, —RHFRY VEIOFRARILT 5L

2Y vERTI—EOMETHBLELZ BN, ~F=T
1% SmissAErRT (1964) ® Voss and Matsumura (1964)
Lo 7xFrzy veAT 5 —EORFNTHT 5 RZ
PEOBIZDOWTOREI I ERT B, LY
A=t OfFRARARHETH Y, ZhcBIT5 R i
'3

i =

KEEEE B L ORBERYED 5 ETltED < v
VA — b x B8, 3-chloro-2, 6-dihydroxybenzo-
ic acid ZFEE LMY v a{bFE LT SH-2 2 51
WEEE A, 4 RETRT S H-< vy 2 — + DFRET
ol, Bbhi: H-~<Nv V2 — b ONEIL57.7mg T
FOHHEEET 1. 09 mCi/mmol T -7,

IH UK =5Rr *tH-<v 42—} 200ppm &
BUREE, AU 24 Ptk CRERTERMK IR 1TY
LMERBRA Lish- et U, HEEE ERE
PHERR TR ThTh 41, 49%, % EZHE, &M &
ZHRFE TR LR 60, 66% 2MENBA Lic, B
EHERE CRBEARA DD 7 EKF S O —oF
REEZ i,

IH VAR =5FRMHEY S H-_v 2 —+ 200 ppm ¥
WRE L, A 24 FEEBICERHORM Y% I L,
BRFE B EH 60~T6% 28 *H-<_v V2 -t DFEEHE
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B IVFRACHMBEINTEEL O, B3 nfGH
#51%. ethyl 3-chloro-2, 6-dimethoxybenzohydroxamate
Thotco HRMETRBIZE L TAEREXA DR
Vo kIn, REOBWRIS AL =DV 2=}
BB OBER TR\ 2 E DR S R,

30 WM X OBk

B« R B NURE (1975) WEANS0 EEE BARR
{L#BIR T IMALHEEE. 6p.
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