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Summary: N-Substituted O,0-dimethy! N-benzoyl phosphoramidothioates (i, R = Me, Ph but not
H) undergo an uncatalyzed unimolecular rearrangement in an inert solvent; whereby, the carbonyl
oxygen atom exchanges position with the thiophosphory! sulfur atom (an O,S Switch) and forms
0,0-dimethy! N-thiobenzoyl phosphoramidates (IV, R = Me, Ph}.

There is considerable mechanistic, biochemical, and industrial interest in mixed imides derived
from phosphorus and carbon acids. Much of this interest is derived from the observations that
compounds of general structure Il and analogues have been developed or show promise as
effective pest control agents.! We are interested in thiophosphoryl carbonyl mixed imides of
structure [ since they can serve as precursors to compounds of structure It (equation 1).4 In
addition, mechanistic studies on cleavage reactions of 1 can be compared to published resultsS on

the phosphoryl analogue of 1.
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We have synthesized® N-benzoy! analogues of | (X = O, Z = Ph) with different substituents on

nitrogen (R = H, Me, Ph) and would like to repor the discovery that the tertiary imides (R = Me, Ph),
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but not the secondary imide (R = H), undergo a remarkable rearrangement. This rearrangement of
0,0-dimethy! N-benzoyl phosphoramidothioates (I, R = Me, Ph) occurs uncatalyzed (as neat
compound or in solution with an inert solvent) and involves a transpositioning of the thiophosphoryl
sulfur atom with the carbonyl oxygen atom to quantitatively form O,0O-dimethyl N-thiobenzoyl
phosphoramidates (IV, R = Me, Ph). The process is shown in equation 2. Spectral data which

verify the structure assignments are given in Table 1.
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Table 1. Spectral Data for Compounds Hll (R = H, Me, Ph) and IV (R = Me, Ph) of General Structure
(MeO),P({Y)N(R)C({X)Ph.

wrrmmmmm e Il (Y=8, X= Q) --o-mmmmmeeen «-- IV (Y=0, X=S) -----

Spectrum R=Ha R=Mebt R=Phb R=MeaC  R=Pha
Infrared: v, cm-1

C(X) 1680 1665 1675 oo ' T ——— d
UV-Vis: Amax, M (g)

N>x* e L e --eeea-8 438 (2x102) 456 (2x102)
TH N.m.r.: 5, ppm (Jup, H2)

POCH3 3.95 (15) 3.63 (14) 3.72 (15) 3.59 (12) 3.55 (12)

PNR e f 3.13 (9) 7.19 3.54 (7) 7.27
13C N.m.r.: 8, ppm

POCH3 53.9 54.8 53.2 54.3

PNC(X) 172.4 171.9 210.8 211.0

PNCH3 340 e 40.0
31p Num.t: 3, ppm

(MeO)2P(Y) 74.2 *69.3 3.4 -1.9
a Gave satisfactory elemental analysis. P Too unstable for elemental analysis. ¢ Gave
satisfactory mass spectrum. d Specific assignment uncertain. € Not distinguishable from the

aromatic transitions.  f Undetected. Possibly in the phenyl region.
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The rearrangements were followed kinetically in carbon tetrachloride by observing the

appearance of the thiocarbonyl n->n* absorbance in the UV-Vis spectrum. Excellent first order rate

constants were obtained over greater than four half-lives. The data is given in Table 2.

Table 2. Kinetic Data on the Rearrangement of Il (R = Me, Ph) to IV (R = Me, Ph) in CCl,.

R  Temp,°C 105k, sec-18 AHY, kcal/mol ASE, cal’K mol  AGY, keal/mol
Me 60.0 38.3
40.0 4.97 21.1 (£ 0.5) 11 1) 24.5 (+ 0.5)
20.0 0.531
Ph 60.0 233
40.0 33.6 21.2 (£ 0.2) 7@&1) 23.3 (+0.3)
20.0 3.18

a Average of triplicate determinations. Standard deviation < 5% of mean. Substrate concentration
was ca. 103 M.

Several possible mechanisms can be postulated for the rearrangement. The observation of
first order kinetics rules out the pessibility of bimolecular exchange processes while the negative
entropy indicates a more ordered transition state. An intriguing possibility involves the rate limiting
formation or decomposition of the bicyclo species (V) shown below. Since the nitrogen lone pair is
more localized in this intermediate than in the starting material, a phenyl group on nitrogen would
provide more stabilization to the intermediate than reactant. Thus i (R = Ph) would react faster than

I (R = Me) as is observed.
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No rearrangement of the parent mixed imide (lll, R = H) was detected after one week in boiling

carbon tetrachloride.® The Infrared spectrum shows a peak at 2500 cm-1; characteristic of an S-H
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bond. It seems reasonable, therefore, that Il (R = H) exists sufficiently in the tautomeric form VI
shown above to provide an additional barrier to rearrangement.?

Further studies are necessary to establish the generality or limitations of the rearrangement
reported is this paper. Researchers interested in synthesizing mixed imides of phosphorothioates
by the method of equation 1 need to be aware of the possibility for this competing side reaction.
Alternatively, and more interestingly, this rearrangement may provide the method of choice for

preparing certain phosphory! thiocarbonyl mixed imides as useful chemicals.
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