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2 2 25% methanol-529 e 434 2-chloro-1-(2, 4, 5-tri-chloropheny) vinyldimethylphos-
phate(Gardona) 9| 71523 uhg-g Asigich oy pHeN S dF23e $o)A3Hm<04, n<07,
tm| <) (B S28)), 993y Aeju|e(485%=—-27~-32 e.u, 4H =13~18 Kcal/mole), vk
& (h=ky+ks[OH™]), Qrd7] Zof A3 P 7pedat YL F40l 218t Gardona?] 7hrda) Whe-<)
Mol el s} carbanion F7HHE Eitshe 2BAH(Adv-p) WHELZ dolde FABIE Stk

ABSTRACT. The rate of hydrolysis of insecticidal 2-chloro-1-2,4,5-trichlorophenyl)-vinyldime-

thylphosphate (Gardona ) have been investigated in 25% aqueous methanol. Studies at vary-
ing pH suggest that the hydrolysis of Gardona proceeds through the bimolecular (Ady_g) mechanism in-
volving the transition state and carbanion intermediate as evidenced by solvent effect (m<0.4, n<0.7,
[m]< [)(associative SN, type)), thermodynamic parameters (48 =-27~-32 eu. & AH*"=13~18
Keal/mole), hydrolysis rate equation (k=k+z [OH-]), general base catalysis and hydrolysis pro-
duct analysis, respectively.
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22, W2 pH W99 F89 Lol §7] es-
ter 34H8<]) vehlle AYH 8712 $39) ule
B9 oki2pP, vinyloxy groupoE eldle AsE,,
AsE;, A, A;, Ade2 @ Adv—e¥ 59 Heizia)
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238 Sof| A a-arylvinylphosphate®s} ¢-X| 8 vi-
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€] Adv-—g HHE2 2 A8 o] RN sl

€ d7dMe Ao ofojF v Y= Gar-
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AleF R 2{7|. Gardona®} §A1s4} 7ppis) uke-
54T &Y AH8- 1,2, 4-trichlorobenzene =}
dichloroacetone ¥ trimethylphosphite £-& Ald-
rich(GR) A, Z2)% pentane ¥ dioxane®} metha-
nol 5 £ Junsei(GR)A| °|xlow 7& 3
Az AHER A]2fE-2 Sigma ¥ Fluka(GR)
A Eolvdet

YAERF AR AAEQ g % wgSe
e Z3 o] o] 44 7)7| 2% Pye Unicam Sp 3200
IR Spectrophotometer, Pye Unicam Pu 8800 UV/
Visible Spectrophotometer, Varian EM 360 NMR
Spectrometer ¥ JEOL JMS-DX 303 Mass Spect-
rometero] 32 AgYEL] HEYL Fisher-Johns
Hot Stage MP App.2 &Aslgon ukg o9
pHe Fisher Accumet Model 525 Digital pH/ion
meter2 s}

Gardona2| $4, Whestone 5-2) whfiPef] ma}

Perknow 4h$%g <)%} aluminum chlorideS
Zo0E & 1,2, 4-trichlorobenzene 7} dichloroacetyl-
chloride®}2] whg 0 2 ¥ E] 92 dichloroaceto-2, 4,
S-trichlorophenone (b.p. 103~105¢) )] trimethyl-
phosphite & &A1 63g(5¢ < 72%)9 (E),
(Z) £YE(obs. mp.96~98%C. (lit. 97~98T)-& g
Atden] 24 Aale oes) g

IR(KBr)cm ™' : 3100(vs. aro. CH st.), 1640(m.
vinyl st.), 1300~1250(vs, P=0 st.), 1150~ 1190,
950~975 (s.P-O-C aro.st.), NMR (CDCiy/TMS)
¢(ppm) ; 3.75(d. 6H dimethoxy, J=6 Hz), 6.10(s.
1H #CH), 7.58(two s. 2H ph)., MS(m/e %) : 129
(75), 331(100), 366 M*(5), UV(25% aq. MeOH)
Anm(log €) 3 A, =215(4.68), A,=240~245(4.15).
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(4, =240~245nm) 2.2 2 A #}o] kinetic program
o2 13 L= 4PE Ty

=¥ pH30, 70 R 1206149 71588 ke
A EL 2F¥ Brady A2} IR(KBr) spec.o2
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el
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Table 1. First-order rate constants and half life (774)
for the hydrolysis of Gardona in 25% aqueous methanol
at 25°C.

pH Obs .k 107s T Calc .k 107/5*
0.0 1.28 627D 1.28
1.0 1.40 573D 1.28
2.0 1.38 58.1 D £.28
3.0 1.35 594D 1.28
4.0 142 56.5 D 1.29
5.0 152 928D 1.30
6.0 1.40 577D 1.39
7.0 1.28 627D 1.48
8.0 1.50 535D 1.54
9.0 2.30 349D 1.95
10.0 7.56 106 D 6.00
11.0 58.6 14D 46.5
12.0 450. 43 H 451.
13.0 4500, 04 H 4500.
14.0 45500. 25M 450400,

*The values were calculated by the eq. (2). D: day, H: ~

hour, M: minute.

k obs.=ks+ks[OH ] (1

Eq, F7kA0l theted FFA TS A
ool (DA Ze gefg 2%z Aol v
el S (2)A3) o] EP

131X 1072 +153%1075(OH "]
1.02% 1075+ 102[OH "]

+458%x10-°[OH"] )]

k obs.=

(A& pH9BE F422 § FA¢} hydroxide
o) &(B)e] AYPAE T Bel AAHA: D)
o2 odojuiny g, 3 ES) HEETAF7E pHo
233 AHARAE Jehhe Aol bl & £49
o) H4(873%X1077/5.) $F hydroxide ©)&2] 2]
AF(102/s.) 8 X&EbT e AnsR slth

guiedy| &2 wHEEEAG7E pH WHstel 7
shA AR pH475404 acetate 0128 F=
W E7(0,0010~0.050 M) o) W& NHEEEATE &
A u), HF 116X107/s. 2 4G F¥E et
W= 2 (Fig 2) Gardona®) 7¢Es W £ &
aps} e Aukadzlol gsted 2= A k3 FH
() ol BAR Soleel 2sled fAdAe] Ae)7}
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Fig. 1. pH rate profile for the hydrolysis of Gardona at
25°C. The triangles are experimental values (Obs k) and
the solid line is calculated values {Cal.k} by the equation
2.
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Fig. 2. Relationship between the hydrolysis rate con-

stants of Gardona and acetate ion concentration (M) at
pH 4.75 and 25°C.
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E=mY+IN)?%ol A g35}od & 4 [methanol(pH



486 MEH - PRE - HSE - &FH

Table 2. Rate constants (obs.k 10%s) for the hydrolysis of Gardona in various aqueous methanol and dioxane at low pH

and high pH, and at 25°C.

Org. Methanol Dioxane
solvent-H;0

Y% Ye N¢ pH 125 pH 5.0 Ya N¢ pH 3.5
90-10 0.301 0.02 519 2.27 -2.303 -0.65 4.00
80-20 0.381 -0.02 857 245 -0.833 -0.43 3.30
70-30 0.961 ~0.07 823 1.89 ~0.013 -0.42 2.90
60-40 1.492 -0.13 916 1.23 -0.075 -0.41 2.20
50-50 1.592 -0.18 1120 1.39 1.361 ~0.39 1.80
40-60 2.391 -0.21 1230 1.87 1.945 -0.33 2.20

“Ref. 20b, & *Ref. 20c.

Table 3. The rate constants and activation parameters for the h

7.0 and pH 12.0,

ydrolysis of Gardona in 25% aqueous methanol at pH

pH 288 (°K) Oggék( 1%’5 303 (°K) aH® as* Eact.2
7.0 5.0 9.5 18.62 -27.44 19.21
12.0 2000. 4500, 7000. 13.79 -32.07 14.38
*Error: k obs.= £2.5%. AH*= +0.5 Kc-al!mole.dS"- 1+ 1.5 e, a: Kcal/mole.
5.0) © log #=0.083(+ 0.18)Y+1.32(+ 187)N, (pH TUE HAElm QR
12.5) i log k= ~0.028(+ 0.10)Y —2.322(+ 0.99N, 728 ¢MB07RBE. Gardonas) bR

r>0.85) 2 dioxane(pH 3.50) : log = —0.126( +
0.045)Y+0.414(+ 0.560)N, r=0947]2 2 ¥ & L)
o o] &34 HE(Y)s} felo NAY FE(N)e
AUZE vE([m | <) bl 5 pHelld BE
A} 7)Ate)e] AFY Ao AR o))
Aol 2] 23 H2j(m) Rt $4519 dolupe By
Sx2879) Whgo] dofui: Ao Wi
siNes gy maloie. 5 pH(7.0% 120)
oA HR-AEAPY] L5 EAQE golrr] Y3l
o ArrheniusA)(2=A4,,, + (—E 21)) 2 & T3 4
HAIA(E, )t 22|z g3 BAAN T =E,
—RT 3 4S"=Rin(hk/KT)+ sH*/T) 2.2 F%
QA G4 see)ee 28213 wkSea]
e dwby A% e & 29 entropy
(—27~-32e.u)3 w2AH 2L enthalpyzt{(13~
18 Kcal/mole) & (Table 3)2) 2oz o o] Azp=
€ uhgo] @7130] uheg B ohve}, ukg Fal9l
agkzel| bulky¥t dimethylphosphoryl groups} 2, 4,
6-trichlorophenyl group2 2 <1} crowded tran-
sition stated 7-f3le] 22AH o2 APy uk

W3-8 kA9l Y A2 RE) carbocationo] A4

© W3l dvlkeds] Aujukg 9 B 4
Fofukg-o) obd 282} ql 4h2-a) Ao g wejze),
w2 pHAlA Lol 3 Ut Axc2, Ay, ASE, Adg
2% W F5e L 74A DAY T o)He o}
A7 o)z} o] R Ah-Zo] ubgolmE a8lba
o AYA Y Hrlzp SR Ady_ g8 HHEH0) o
A},

Alkene FEMZ iyl Ady-gihe o)gr) el
element effect?} —M groupell ¢ o¥ta9) o}3}
H 27l 292 YN GARe] g A"
A olatd, (1) 194 ABom ol AuyE
Avke 43, (2) carbanion 7MW Agsls
W, 283 (3) AR} FMAs WA A7}
Hel o, AU7IES BA R 3714 599 n-ge)
o} W4T EA o 2 ¢ S Qo

Ady-p WHES (a) 2% B33 YABe wa,
(b) element effect ¥ (c) ¥4I} entropy S0 %
TEHEW” £ HholHE tautomerism Ao,
E YANTE2E Y ¢ 2l keto¥ 9] 2,4, 5-tri-
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chiorophenacyl chloride 3 4AY gt oz}, o]
9707 4% (E)(Z) EYE g W52 Es
blolelo] B element effect?] HEZ}L Erbssin,
crowded transition state Ao WE & &2 45"
@ dlAakg B, (E)v (D ¥ ko] vimd 5
e 457 gE 2] E3917] W) ke ¥ &
AHgHog A9y 5 qickh

22yt #84 Grunwald-Winstein 2} o]  4-£-3F
BRI | < 111)7F A9 ghgF41al evda
o}e] A%}t gAo] o|d7|e} avka Ape)9] #HY st
FAg FA2E 3 282 Y] o
AYH B2 ogbi(sp) 2} AYA Alolo} AY ¥
o] FAYFE ANHLE o § gL o|FHYS
r-ZA o] B2 Ho] avtiol= oFstHo] A3} P}
EX)e geiiole 33 AAs}L A7t =5
o] 5o}z Hole)(1) Re} carbanion F7HA(2)£)
Aol 2 Adn-g HHEol dold FHeog oAl

fshd, axgbiel]l 2R dimethylphosphoryl
groupel F& ole7]7} ol: o, FEXE vinyl
group el didted avkiel X ¥ bulkyd 2,4,5-
trichlorophenyl group2l 4% wjds] we & o
B2 Q3 evbiel] FAaUR7} 252 DDVP
) o 1% Ax =" e HESE
A8 Vel AH 2 crowded transition state
(1) Aol g AE P75, £ el
X &% A=A TAQ chloro groupS dimethylphos-
phoryl groupell ©i3}ed anti periplanar s}#)g&
AetA(sp®) AFe} carbanion(2) & <A 37| o
Fo)l Ao] Ate)9} carbanion® AHske HPAHQ
Ady-p W8] FE dod Aoy AsE3*e =
A= uhe(3)2 Y 7 o

s H_+H
0 H H (4] 0 H
B 2? s/ né: -7
{t} MeO — —O—(IZ'—-“JC\ MeO— —O—-|—6C\
e “n? e Me i Cl
]

(43} (g1 )]

mle}a] w2 pHellA dojvls & Ady ¢ B2
dimethylphosphoryl groupe] FHe2 JA = oxo-
nium ©)&3 7F& Az} BAQ o] 3 2, 4, 5-trichlo-
rophenyl(ph) group2 2 Ql3}e] 2829 A5
W2 e agtdel E¥AHB)IZF YA bEE 1%
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45727 A7 € 5 el gl

0 HO H
(i | meo—B_o—¢%b ¢
ove 1wl

(ID= B, is-A*0 g #F H4EQ dimeth-
ylphosphoric acid(DMPA)<} tautomerism J4re
2 713 enol¥H ketoP (11D 9] 2, 4, S-trichloro-
phenacyl chloride® A3l dwde] oz 2
g5 7oy,

HO H (o]
o
(m) >C-(6;< - G\C—SH,CI
ph Cl1 ph/

T, 4547 pHe W & pH
ol A hydroxide ©]-&(B)e] dimethylphosphoryl
group2] P#Izlell 78Rz Ba? uh-$-& gl MRt}
£t ok} SahTte] w2 sl 3R F
/T® Ba 2 ECB 23] 2 Ady-p® E-Ady Se] ul
+& Ay 5 sldk

dutHe s guje) o) 27 E, W3- 4R}
2ol Asle] f-Alo| o] Ao{uiz|gl, H7]4de] A
A3l F4abe] @ do{vle By X(Sh2) whem e
Holabe] Ao A%} zehy SolaA3 | m
| <171) 23 bulky groupsS= <3l oagdi
& FALE N9 0]27] Alolol dAHE pla-
nar transition stateZ 7} 4% 4 91oBE By’ b
€& wjA ")k
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C-H Z%e] $ol2 UM Q7 ¢, FAAA)
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vk =3 24 AW hydroxide ©]&(Swain-
Scott parameter, n=420)30)) ¢]3}e gF 47} o)
@3z ECB W8ME ped4ie] Hz4(CB)F o]
©7]2 dimethylphosphoryl groupe] wjske] o=
Q) stereoelectronic effect®ol] 2)8}e] uhgo] &7
g e 270 A 2= w89 5 gtk
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o] H H o OH H
E a 9 | v a -/
1.4] MeQ— —0—(I:u_~(’;\ == MeD— —-o—l —'C\
Me ph C1 P Ct
(Na} [t 1)]

25 Whge g (IVb)e Ao Ax4e] a g
X3 o] F A e] o] Fo (k) A F4]of DMPAS}
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ridex 2, 4, 5-trichlorophenylglyoxalate anion{P).2
Z H34-E AT o)9} 22 7o of3le]
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2
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by by
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