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NEW ASPECTS OF THE STAUDINGER REACTION

GOLOLOBOV YU.G.

The A.N.,Nesmeyanov Institute of Organoelement
Compounds, Academy of Sciences of the USSR,
Moscow, USSR

KASUKHIN L.F, and PETRENKO V,.S.

The Institute of Organic Chemistry, Academy of
Soiences of the Ukrainiaen SSR, Kiev, USSR

Abstract The unique inductive control of the
TIrat step of the Staudinger reaction is used
for determination of the induotive characteri-
stics of various radicals.The dats are used
for elaboration of a new direction in a purpo-~
seful synthesis of phosphorus pestiocides which
are more safe for people and surroundings.

The rate constants of the initlial association of the
reagents (Scheme 1) k1 are independent of mesomeric
or steric interaction of the substituents at phospho-
rus and are defined ocompletely by the inductive in-
fluence on P(III) atom'.

k
R'R?RP + Phl3—1-> 3132331:331&1 %2- R'R2R3PaNPh (1)
=52
Although the size and the ability of R to conjugate
with P(III) reactive site vary in the series, the
log 1:.I values are linearly related only to the I G I
of the substituents®:

log ky = 2,274 - 5.65X Gy r = 0.996 , 8 = 0,08 (2)
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The unique inductive control of the first step of the
Staudinger reaction is used for determination of the
inductive characteristics of radicals X according to
eq.(3) derived from the Hammett correlation eq.(2).

TG 1 t 0.01 =0.405 - 0,176 log k, (3)

The radical X is introduced into the model compound
(Et0),P-X end the imination (PhN ) rate constant k,
is determined. In typical examplea are presented.The
data on the inductive characteristics of the radicals
are used for elaboration of a new direction in a pur-
poseful synthesis of phosphorus pesticides.

EXAMPLE

The introduction of C=C bond into the X ~position of
the alkoxy group leads to substantial increase of its
electron-withdrawing potency. The subsequent variati-
ons in vinyloxy molety are not accompanied by any
change in its electron-withdrawing potency.3 At the
same time vinyl phosphates differ in anticholineste-~
rase activity which is dependent on the substituents
in the leaving group. Thus the reason of this bioche~
mical effect must be sought not in the phosphoryla-
ting potency of a P-inhibitor (due to the electrophi~
liocity of P-atom) but in the stereocelectronic inter-
action of the inhibitor molecule with the enzyme ac-
tive site on the stage of the active complex formati-
on. This is confirmed experimentally (cf."). Kinetio
analysis of acetylcholinesterase (AChE) inhibition by
a series of blologically active phosphates is perfor-
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med according to scheme (4).

k k
E + I-X _l"T: (E+I-X) —Ps E-I +X" (4)
-1

E - enzyme, I-X - inhibitor, KB-k /k1 - dissociation
constant of enzyme-inhibitor ¢ mlex, - phosphoxry-
lation rate constant, k,=k /KD- effecti¥e bimolecular
rate constant. p

The kinetic experiments are carried out by the known
method in vitro4’5. Table 1 illustrates the kinetics
of inhibition of human AChE by vinyl phosphates.

Table 1

#~Effect in Inhibition of Human
Erythrocyte AChE by Vinyl Phosphates

Kp‘wl kp ., k{103 LCsg LDsg
e u/kg
L] mint M min? '.‘f r.‘: - 1‘;‘:

Inhibitor

B0 0
,P—OCN-CCI.! 45 0P4 1.63 0002 84
I40

m\g
/P-O(I:-CCI, 6700 070 0.0} 00078 438
Et0 Me

& -~Etfoct 190 005 10 82 68

Introduction of the <X -methyl substituent leads to a
160-~fold decrease in inhibitory potency.The main rea-
son for this is a considerable decrease in affinity
(as reflected in increase of K, values) brought about
by steric crowding at phosphorus.The analogous effects
are observed for other P-pesticides .This conception
based on the dominant factor - affinity of inhibitor
and enzyme - opens wide prospects in search for active
P-pesticides beyond the framework of the Schrader's
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formula with a single leaving group.We believe it's
possible to obtain effective P-pesticides with two oxr
three leaving groups. The data in Table 2 demonstrate
one of the examples of realization of this idea. Com-
pounds 2 and 3 are effective insecticides being low
toxic to mice.

Table 2

Inhibition of Human Erythpocyte AChE by Mono-,
Bis-and Trisvinyl Phosphates and Some
Toxicological Data

=l
Inhibitor Kot Ky, kGT Lbeg, Leyp
A TR %
M min W'mii' white grain
mice hidey

§ o
ey cacno-p 043 Q% 163 84 0018
ott

9, 0c(Me)=cHeL
ClyC = CHO-P_ 83 a8 37 830 0008
oet

g 0c(Me)-cHOr
CyCecno-p] 18 040 21 300 000
€ (Ma)-CHO)
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