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Abtract: The kinetica of the baee hydrolyses of a eeriea of a-cyeno 

thiophomphate setere are presented. A clasalc Ham&t aigme-rho analyala 

showd these hydrolyses to be bimolecular in nature. 

WIZODUCrION 

Simple phomphstc aud carboxylatc ester hydrolysce have been extenalvaly studied,’ 

with the amoclated klnetlce and oechanitme being generally well understood. 

Cysnohydrln-derived phosphate and cnrboxylate ester aolvolyws. however, have not been 

atudled nearly U thoroughly and form the basic for a number of recent xtudiee. 
2-6 

Through the use of PE technlqueo, Intereating o-cyano-substituted thlophosphate an& 

carboxylate eaters have been synthesized. The o-cyan0 thlophoaphate e&as have shown 

iMect1cidal sctlvlty in Initial screening teats. In thie application, the hydrolytic 

stability of a subject compound Ia of critical tiportance. To lnveetlgate this probla, 

a eerie8 of o-cysno thiophosphate ester8 wre ryntheelxed end purlfled, and their 

relstlve rate8 of hydrolyees, under basic conditions were -oured. Resulte wre capered 

to those obtained with a control ester (no cyan0 group). A sWlar series of a-cyan0 

carboxykte oator are currently being corPpared to their non-cyan0 counterparts under 

ba~lc hydrolysis condltione. 

USULTS AND DXSCUSSIONS 

a-Cyan0 Thlordio8uhetee 

1. Syntheses and F’urlficstlon 

Tim following a-cyano thlophoaphates wre syntheslxed frocl the appropriate 

aldehyde and dlethylthlophosphory1 chloride In the presence of a catalytic amount of 

baae.7 As a control compound the benxyl enter 2 derived fra the diethyl 

chlorothlophosphate use also preparcd. 

x - p-CR30 1 

p-CR3 1 

B 3 

P-Cl a 

m-No 
2 1 Lb / \ “, 

x - 
o-F(ost)2 

Syntbmtlc and purlflutloo detailm for all of these thlophoephates are deacrlbed 

lo the experiantal eectlon. 
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2. Baalc Hydrolyses 

These studies were run at ambient (23-27 C) temperatures In a mixed solvent system 

of dloxane/water (3:l by volunc) using KOH (=l(r2 to 10-l l!) as base and ester 

concentrations of 1 to 5 X lO+l. The baae coocentration was always at least 2 l/2 times 

that of the ester. The rate of ester hydrolysis uaa followed by titration with dilute 

acid solution @Cl) In the presence of an Indicator, generally methyl red or methyl 

orange. 

Table I contains the kinetic results obtained for the hydrolyses of compounds l-6. A - 
number of aalleot points should be made concerning these results. First, all of the 

esters a-cyano substituted and the cootrol, exhibit clean second order kinetics. * Thls 

Is what Is expected for the general caoe of phosphate eater hydrolysis under baalc 

conditions. Second, there are two distinct, requential hydrolyses occurlng In the 

presence of the cyano group, but only one in the case of the control eater. This Is 

exactly what la to be expected upon consideration of the probable reaction sequence shown 

In Schane I.9 

s-1 

1st hydrolysis 2nd hydrolysis 

At 

Here the second hydrolysla Is that of the cyanohydr,ln formed In the first hydrolysis 

atap, a well-known reaction of cyanohydrlns under basic conditions. In the cane of the 

control ccapound &which does not contain a cyano group, the product of the first 

hydrolysis Is benzyl alcohol which la unreactive uoder the described conditions. Thus 

only a single hydrolysis la observed for a. ‘Ibe third point IS the effect of the aryl 

l ubstltuent upon the reaction rate. Aa the electron wIthdrawIng pover of the eutstltuent 

increases, so does the hydrolyaia rate. Note also that thin la true for both the first and 

second hydrolyses. Table I gives the rate constants for both hydrolysis steps for 

compounds l-6. The moat important result here Is the difference betveen compounds 2 - 

and a, with and without a cysno group, respectively. Compound 2 hydrolyses s 100 

times faster than a. Clearly, the presence of the cyan0 group slgnlficantly accelerates 

the hydrolysis rate. This Is not surprising In vlev of the stabilizing effect the cyano 

group has upon an anionic transition state or product. 

There is an even greater Increase In the rate of the first hydrolysis step (%700 X’s) 

in going from the electron-donating methoxy group to the strongly electron-wlthdravlng 

nltro eubstluent on the aryl ring. Again this la due to the stabllixing Influence of an 

electron withdrawing group (N02, Cl) upon the Incipient anionic lnterwdlate. Clearly, 

electron donation has the opposite effect accounting for the retarded rates obaerved for 

the methyl and methoxy rubatltuted eaters relative to the unsubstltuted aryl ester. The 

laat. ccaparlson worthy of mention from Table I Is that between the rates of the first and 

second hydrolyses. In general the rate differ-e Is a factor of a. 100, the second rate 

being the clover one. 

Figure 1 presents the Hamett l lgme-rho plot” associated vith the data of Table I 

for the first hydrolysis of eaters l-6. The rho value determlned by the slope of this - 
plot is p-2.90. A positive rho value of this oagnltude la expected for a blnolecular 
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reaction M ahown lo equation (2):ll 

Ar 

Figure 1 hu a similar plot for the second hydrolyeie for which p-2.30. A elmller 

(EZ?) type of blmolacular mcchanla can be postulated here. 

SM4AlU AND aMCLus10ws 

Ths prevnce of an a-cyan0 group in thlophoephatee deetablllzss the molecule toward 

basic hydrolyela. The obeerved hydrolyaee probably proceed by a claaelcal btilecular 

mechanir and are accelerated by electron withdrawing ring mubetltuents and decelerated 

by electron donating eubstltuente. Two sequential hydrolyees are observed when a a-cyano 

group In preeent. ‘me first Is the hydrolyele of the eater functionality while the second 

lnvolvea dec~posltlon of the cyanohydrln formed ae a product of the firer. hydrolysis Into 

an aldehyde end HCN. 

Ilateriale: p-Dlounc wae obtained from Fisher Sclentiflc Co. All of the atartlng 
aldehydea, thlophoephoryl chlorides, and benzyl alcohol were obteimd from Aldrich 
chesical co.. The a-cyanothlophoephatea l-5 were synthealzed uelng the general 
procedure which follows: 0.04 moler of l Idahyde and 0.04 moles of dlethylthlophoaphoryl 
chloride wre stirred In 50 ml of (X$X2 In the presence of catalytic amounta of 
4-dimthylamlnopyrldi.ne and tetrabutyl amonirn chloride at 25’ . A molutlon of 3g NaCN 
in 25 ml of $0 waa added with vigorous stirring, and left to stir overnight. The 
CH2C12 layer wae waehed with aaturated NaBO3 and 10x NaXO3, dried over MgSO4 
and then filtered. Upon rmvlng the CH2C.12 In vacua a light yellow to brown 011 
rwlned. Thin warn then chraatograpbrd 00 mlllu gel with hexane/ethyl acetate (0 to 40% 
BtOAc). yielding a yellow 011. After purlflcetlon the esters l-5 give the followlng 
proton par spectra with the a-proton being cheracterlstlc at 66.35 ppm (all In CC14 with 
‘I?6 a8 Internal standard): 
1: 61.00-1.50 ppm (m, 68, mathyl). 63.75-4.35 (m, 48, methylma), 33.80 (8, 3H, methyl), 6 
6.12 (d, lH, methine, J-7Hz), 66.8-7.6 (2 doublets, 4H, araatlc). 2: 61.05-1.55 (m, 6H, 
methyl), 63.65 - 4.35 (m, 4H, ethylene), 62.40 (6, 3H, methyl), 66.10 (d, lH, 7-82). 6 
7.05-7.5 (2 doublets, 48, aromatic). 3: 61.1-1.6 (m, 6H, methyl), 63.7-4.6 (m. 4H, 
wthylene). 6 6.15 (d, lH, methlne, J-7Hz), 6 7.4-7.6 (m, 5H, aromatic). 4: 61.0-1.5 (m. 

6H, methyl), 6 3.75-4.35 (ID, 4H. rthylene), 66.15 (d, lH, methlne, J=7Hz), 67.25-7.55 (2 
doublets, 4H, aromatic). 5: 6 1.15-1.55 (m, 6H, methyl), 63.9-4.5 (m. 4H, methylene), 6 
6.35 (d. lH, uthlne, J-Mz), 67.5-8.5 (m, 4A, or-tic. 

The control emter (no cyan0 group) &warn aynthemlzed by allowlng benzyl alcohol 
(0.002 molem, 0.22 ml) to rmmct with NmH (0.002 molem, 0.31 ml). 2 warn purified by 
chraatography am demcrlbed for emterm 1-5) end gave the followlug pr: 6 1.25 (a, 
6H, mathy1),64.02 (m, 4H, rt.hylene),65.00 (d, 2H, J-782),67.28 (arolpatlc) 

E9uIpI&KT 
Roton mgnetlc resonance qectra were obtained on a Varian R&390 pmr spactrweter. 

Caa chrcnatography analyeee were curled out on a Hewlett-Packard Model 5710 ?lase 
Ionization Gae Chromtograph fitted with a 50 m glans capillary column. 

KINEI’IC DATA 
The kinetic data were accumulated for the thiophoephatea by the following general 

proceduroc Using methyl rod am Indicator, a molutlon of KOEI (0.5-1.5 x 10-l H) In 
p-dloxane/wmter (3:1, VIV) warn held at ambient 24-28O ) temperature. Thim molutlon warn 
added to enough l eter to give a 1.5 to 5 x 10 - 1 !i solution of eater, with the KOII being 
dnya In at least three fold exceao over eater. Allquote of this hydrolyzing eater 



1126 B. G:Duon md A. T. Au 

eolutlon were periodlully removed end titrated vlth dilute (=10m3 - 10e2 M) Ilcl 
l olution to the endpoInt. 
for to volume. 

Bleake of the KOR in ~-dlox~c/~~~&r rolvent system were taken 
The d;te were then enelyzed uelng claeslcel ucond order rete equetlone 

end Buctt enelyeee. 

TAELEI 

SKcaiD OXDEXrlATz cOnsrAms 1oRTliX 
MSIC EYDmLYSGSa OF mIOPBoSpHAllls l-6 - 

Rate of lat Rate of 2nd 
X- Hydrolymie Eydrolyeir 

CNO 
2 

8.2x10-3 +0.2 n-1." 

p-Cl 3.2r103) t0 5 n-“-l _* 

n 3.5x10-3 +0 2 n-I.-l _* 2.5~10-~ _ . +o 5 n-'m-' 

p'a3 
3.0x10-3 _ . +o 2 II-'*-' 3.sxlo-5 _ . +o 6 M-'s-l 

-3 
not observed 

ph 
S 

not obmarvad 

I 

0-P(OEx2) 

%OIi (0.5-1.5x10-k); Xeter (1.5x10-%) in due/R20 (3:l v:o); Titreted 

with au (lo-3-la-%). 
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