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Abstract

Formal net charges, bond populations, atomic orbital coefficients, energy components
and conformation of dimethyl-2, 2-dichlorovinylphosphate have been studied theoreti-
cally by using the CNDO/2 molecular orbital calculation method in attempt to describe
the reactivity and the stability of the molecule.

From the analysis of rate equation, molecular orbital calculations and identification
of the hydrolysis products, 2,2-dichloroacetaldehyde and dimethylphosphoric acid, a
mechanism of the hydrolysis of dimethyl-2, 2-dichlorovinylphosphate (DDVP) has been
proposed.

The hydrolysis of DDVP proceeds through the mechanism of nucleophilic addition,
typical Micheal reaction in basic media. Therefore, it appears probable that the attack
by strong nucleophile, hydroxide ion occurs at the increased positive charge C;(x)
atom of a staggered conformation due to the inductive effect (—)I>(-+)R of 2,2~
dichlorovinyl, electron-attracting group. And then, the hydrolytic scission involves

the C,(x)-0s;, =-anti-bonding orbital (z*) in the subsequent reaction in aqueous solution.
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Fig. 1. pH-rate profile for the hydrolysis .of
dimethyl 2,2-dichlorovinylphosphate at
37.5°C.
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Table 1. Bond parameters used in atomic coor-
dinate calculation.

Bond length(A) Bond angle(®)

C-Cl 1.75

cl C-Cs 121
C-Cy 1.34 Cp-0y-P 112
Cy-05 1.36 0;-P-0; 110
P-0; 0:-P-0; 109
P-0s 1.61 P-0.-C
PO, P-0.-Cy)
0:-C, Cl-C,-C, 119
oe_cJ 1.47 C-Co-H 121
Co-H  1.08 0:-Co-H  109.5
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Fig. 2. Molecular geometry, numbering scheme
and formal charges of dimethyl 2,2-
dichlorovinylphosphate.
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Table 2. Bond population(P;;) of dimethyl 2,2-dichlorovinylphosphate by CNDQO/2.

Bond  CI-Ci(8) Ci-(£)-Cola) Ca(a)-0s

0:-P P-0; P-0; & P-Os 0:-Cy & 05-Cs

(P:) 1.4413 2.1742 1.2533

1.917 2.25 1.7223 1.0208

eclipsed(e. 189)

O\P/‘Oo—%s

gauch(e,96)

staggered|(s o)

Fig. 3. Newman projection of conformational isomers of dimethyl 2,2-dichlorovinylphosphate
(The conformation was represented by C,(a)-0; rotation axis)
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Table 3. The calculated dipole moment(x) for
the staggered conformation of dime-
thyl 2, 2-dichlorovinylphosphate.

Axis X v Z total(debye)

(#) 1.45540 —0.03693 —4.68323 4.90431
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Flg. 4. Atomic orbital coefficients and average
bond energy(kcal/mole) of dimethyl
2, 2-dichlorovinylphosphate.
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Fig. 5. Nodal properties of vinylphosphate sy-
stem of dimethy! 2,2-dichlorovinylpho-
sphate. (Atomic orbital coefficients are
shown for DDVP-z-system.)

Ars 2 AR e Gl A
z-approachi}4} o & A 717 $-0) A o] TH A A
sho]-uba F () A =5F A= Co(e)-0s1 4749 2
ol A Ao, zeimz, £ ELolA
t ¥Td e oltes “M Roju; A2
a) wbge] elAE TR A ARSI R

oF3F Cy(a)-0s 7 gho] o 8}=+] phosphoryl free

p=
radical® we Fgrlo T2 <l dkzslst
Aol A s A4S FA" el
4. EXe] oL x| M=
2ol kA 4L zEFs] st & Hartree-

Fock®] A1 ofulx s (4E)E A=
S0 gt v mEejol stAuk A LA stag-
gered conformationat& weddtgr] = Fol o9
duiA AR 24 Adng 4 @)~ <
5o} A4St Table 4o A 3hg o}

RAA-A A e ()46 9%t FE 4 dE

+E o

Table 4. Energy components analysis for the
staggered conformation of dimethyl
2, n-dichlorovinylphosphete.
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Scheme. Hydrolysis mechanism of dimethyl 2,2-dichlorovinylphosphate in alkali media.
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