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The half-time of hydrolysis, pseudo-mouomolecular rate constants and the specific rate constants for the reaction of certain 
o-substituted benzohydroxamic and vicinal dihydroxamic acids with isopropyl methylphosphonofluoridate (Sarin) are re
ported. A plot of the logio of the specific rate constants versus the pKJs of the hydroxamic acids coincided with the line 
previously established for the p-substituted benzohydroxamic acids. Thus, there is no marked change of the rates of reac
tion of hydroxamic acids with Sarin due to vicinal substitution and no alteration in the nature of the reacting group by these 
substituents. The most probable reactive form of the hydroxamate ion is postulated. 

An exhaustive investigation of the Lossen rear
rangement of acylated hydroxamic acids has been 
reported by Hauser and associates.3 I t was shown 
tha t the rates of decomposition of the potassium 
salts of a series of dibenzohydroxamates 

( r ? ° T ) 
V L R - C = N - - o c — R ' J -K+/ 

in which R is phenyl and R ' is phenyl, containing 
certain o-, m- and p-substi tuents, are, with the ex
ception of the o-methoxy derivative, directly related 
to the ionization constantsof the acids corresponding 
to R ' C O O H . In a series of dibenzohydroxamates 
studied, where R ' is phenyl and R is phenyl, con
taining certain m- and ^-substi tuents, an inverse 
relationship exists between the rate constants and 
the ionization constants. However, the rate con
s tants of the o-substituted phenyl derivatives are 
more than 100 times greater than would be pre
dicted. 

The peculiar effects of a subst i tuent in the o-posi-
tion have been a t t r ibuted to an oriho or proximity 
effect4; however, it has not been possible to esti
mate the relative importance of electrical effects 
and specific ortiio effects for a strongly polar sub
sti tuent. Generally, these effects have been at
tr ibuted to steric inhibition of resonance, F strain 
and hydrogen bonding. The enhancement in 
rates of reactions by vicinal groups has been re
ported frequently in the literature.5 

In the investigation of candidate drugs for the 
destruction of the "nerve gas' ' isopropyl methyl
phosphonofluoridate (Sarin), Hackley, et a/.,6 and 
Swidler, et al.,7 have observed the rapid reaction 
rates of certain ^-substi tuted benzohydroxamic 
acids with this compound. In a search for more 
efficacious prophylactic compounds, it was im-
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por tant to determine whether these reactions could 
be markedly accelerated by placing substi tuents in 
the o-position. In the accompanying paper8 the 
synthesis of certain o-substituted benzohydroxamic 
and vicinal dihydroxamic acids is described. 

The half-times of hydrolysis of Sarin in the pres
ence of various hydroxamic acids are reported in 
Table I. To assure first-order kinetics the reac
tions were carried out with a tenfold molar excess 
of hydroxamic acid over Sarin. The values were 
obtained by measuring the ra te of addition of 
standard alkali consumed by the reaction mixture 
when maintained at a fixed pH by a Beckman 
autot i t rator . A detailed discussion of the use of 
this instrument for studying the kinetics of the 
reaction of benzohydroxamic acid with Sarin was 
reported by Swidler and Steinberg.9 They con
firmed the validity of the use of acid production as 
a measure of the destruction of Sarin as well as the 
mechanism postulated for the reaction between 
hydroxamic acids and phosphoryl halides,6 sulfonyl 
halides10 or acyl halides103 in alkaline aqueous or 
inert solvents. These reactions proceed by the 
initial acylation of the hydroxamate ion followed 
by a Lossen rearrangement according to the scheme 

(C 6H 5COXHO)- -f AcX >• C6H5COKHOAc + X " 

C6H5CONHOAc -1- O H - > (C6H5CONOAc)- - H2O 

(C6H5CONOAc)- > C6H5KCO + Ac" 
C6H5NCO -f- (C 6H 5CONHO)- > 

C 6 H 5 C O N H O C O N H C 6 H 6 

R RO 

Ac -RC , l> , V - , C6H6SO2 

6 RO O R O ' 6 

The ra te of the reaction was found to be depend
ent on the concentration of the hydroxamate ion 
and the ra te equation for the reaction was estab
lished as 

o 

'-Qf"' - 4(C6H1O INHO) I i - C 3 H 7 O - P - -CHr1) 
(U I 

]•' 

Since the amount of hydroxamate ion used up in 
the course of the reaction is negligible in comparison 
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(O) R. Swidler and G. M . Ste inberg , ibid., 78 , 3594 (1956). 
(10) (a) M. A. S to lberg . R, C. T w e i t , G. M . S te inbe rg a n d T . Wag-

ner - Jauregg , ibid., 77 , 765 (1955); (b) C. D. H u r d a n d L. Bauer , ibid., 
76 , 2791 (11)54). 

3ii.il


May 20, 1957 HYDROXAMIC ACIDS WITH ISOPROPYL METHYLPHOSPHONOFLUORIDATE 2619 

TABLE I 

RATES OF REACTION OF SARIN (1 X 10~4 M) WITH O-SUB-

STITUTED BENZOHYDROXAMIC AND VlCINAL DlHYDROXAMIC 

ACIDS (1 X lO"3 M) AT pU 7.6 AND 30.5 ± 0.20° 
HaIf-

" &ot» = pseudomonomolecular rate constant = k-
(RCONHO)- . bk = specific rate constant. " exo-cis-
3,6-Endoxohexahydrophthalohydroxamic acid. d cis-Kexa,-
hydrophthalohydroxamic acid. 

with the total, the velocity equation takes the form 
O 

&t 
£ o b s (J-C 3H,0—P-CH 3 ) 

where feobs = ^ (C 8 H 6 CONHO-) . 
Swidler, Plapinger and Steinberg7 have studied 

the reactions of ^-subst i tuted benzohydroxamic 
acids with Sarin and have come to the following 
conclusions: 1. A conventional H a m m e t t plot 
of log k/ko vs. a established a p of —0.77 ± 0.05. 
This value was reported to be consistent with a 
gross mechanism involving the a t tack of an anion 
upon a neutral molecule and inconsistent with a 
ra te step involving Lossen rearrangement which 
yielded larger negative p-values (p ca. — 2.6).11 

The excellence of the fit of compounds over a ra ther 
wide range of o-values at tested to the apparent 
mechanistic uni ty throughout the series and the 
practical utility of determining the comparative 
reactivities of the hydroxamic acids toward Sarin 
by following the ra te of acid production. 

2. A conventional Bronsted plot of log k vs. 
pKa of para substi tuted benzohydroxamic acids 
yielded a /3 of + 0 . 7 8 , whereas the comparable 
value for the line upon which the hydroxide ion 
lies was ca. + 0 . 5 . I t was therefore postulated tha t 
the inordinate reactivity of the hydroxamic acids 
most probably is due to a stereospecific a t tack 
upon the Sarin molecule. 

3. The hydroxamic acids could be considered 
as polyfunctional catalysts and react wi th Sarin in 
a manner similar to catechol.12 

The pseudo-monomolecular ra te constant (&0bs) 
and specific rate constant (k) for the reaction of 
Sarin with each of the ^-substituted benzohydrox
amic and vicinal dihydroxamic acids are reported 
in Table I. Values of log k versus pKa for these 
compounds fell, within experimental error, on the 
line established for ^-subst i tuted benzohydroxamic 
acids (Fig. 1). I t is obvious t ha t a vicinal group 

(11) H. H. JaSe, Chem. Revs., 53, 191 (1953). 
(12) (a) W. A. Mosher and R. Denison, Annual Progress Report of 

Research for Chem. Corps, June 15, 1952; (b) J. Esptein, D. H. 
Rosenblatt and M. M. Demek, T H I S JOURNAL, 78, 341 (1956); (c) 
T. Wagner-Jaurejjg, Arzneimitlel-Farsch., 6, 194 (1950). 
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Hydroxamic 
acid 

C6H5-
0-HOC6H4-
0-NO2C6H4-
0-CH3OC6H4-
0-NH2C6H4-
0-(CHs)2NC6H4-
C8H12O5N2

5 

C8H14O4N2" 

P K. 

8.8 
7.8 
8.2 
8.9 
9.0 
9.05 
9.3 
9.75 

Anion 
X 10« M 

0.592 
3.86 
2.04 
0.476 
0.382 
0.342 
0.200 
0.070 

time 
of 

hydroly
sis, 

min. 

7.5 
6.5 
7.8 

11.5 
8.8 
9.0 

14.0 
9.8 

X 10", 
sec. - 1 

1.54 
1.78 
1.45 
1.00 
1.32 
1.28 
0.83 
1.17 

k,i 
1. mole - 1 

sec, _1 

26.1 
4.6 
7.4 

21.1 
35.3 
37.5 
41.7 
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Fig. 1.—Relationship between pK„, values of certain 
o-substituted benzohydroxamic and vicinal dihydroxamic 
acids and log k for their reaction with Sarin. The equation 
for the line was obtained from a least squares plot of p-sxib-
stituted benzohydroxamic acids. 

produces no marked acceleration in the rate of re
action of a hydroxamic acid with Sarin. Changes 
in the ra te of reaction were dependent only on the 
ionization constant of the hydroxamic acid. Since 
these derivatives adhere to a Bronsted relation
ship, it follows tha t there is no alteration of the 
reacting group by vicinal substi tuents. 

The tautomeric structures of hydroxamic acids are 

R - C = N - O H ' . R—C—X—OH 

OH O H 

The abstraction of a proton with base could thus 
provide 

OH O H 

R - C = N - O " 
A 

o-
I 

R - C = N - O H -

R— C—N—O-
B 

O 
Il _ 

R - C — N — O H 

Although absolute evidence as to which anion 
(A, B or C) is the reactive species cannot be pro
vided, the o-derivatives yield information t ha t en
ables one to postulate the most probable reactive 
form. 

Examination of da ta in Table I I reveals tha t a 
comparable relationship exists between the acidities 
of the benzohydroxamic acid and phenylpropiolic 
acid series, but they are quite^ different from the 
benzoic acid series. In the benzoic acid series the 
ortho isomer is markedly stronger than the para 
regardless of substi tuent, whereas in the former 
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cases the ortho is weaker than the para for the nitro 
group and stronger than the para for the methoxy 
group. This suggests that structure C would not 
be the predominant form in the ionization, since 
this form would be expected to be influenced by 
o-substituents. 

TABLE I I 

pKz's OF o- AND ^-SUBSTITUTED BENZOHYDROXAMIC, PHENYL-

PROPioLic A N D B E N Z O I C A C I D S 
i>K. 

P P — . 
:—C(DOHJ 

3.24 
2.83 
2.57 
3.37 
3.44 
3.08 
3.07 

RCOOH= 

4.20 
2.17 
3.42 
4.09 
4.47 
2.92 
3.98 

Substituent 

C6H6-
0-NO2C6H4-
P-XO2C6H4-
0-CH3OC6H4-
P-CH3OC6H4-
0-ClC6H4-
P-ClC6H4-

RCON-
HOH 

8.8 
8.2 
8.0 
8.9 
9.0 

8.6 

" Apparent pK^'s in 50% ethanol-50% water (by volume); 
Roberts and Carboni.13 6 Apparent pita 's in 3 5 % dioxane-
6 5 % water (by weight); Newman and Merrill.14 c pK^'s 
in water; J . F . Dippy and J . E. Page, J. Chem. Soc, 357, 
(1938). AU pile 's at 25°. 

A linear relationship exists between the loga
rithms of the ionization constants and reaction rates 
of o-, m- and ^-substituted phenylpropiolic acids 
with diphenyldiazomethane,13 whereas ester saponi
fication13 and acid-catalyzed esterification14 of o-
substituted phenylpropiolic acids were faster than 
would be expected from the relationship between 
the rates and ionization of the m,£-substituted 
acids. This effect was ascribed to a decrease in the 
reaction site-ring distance, since both esterincation 
and hydrolysis of esters involve attack of a nucleo-
philic agent at the carbonyl carbon.13 

Since a linear relationship does exist between the 
logarithms of the ionization constants and the reac
tion rates of o-, m- and ^-substituted benzohydrox
amic acids with Sarin, it seems improbable that 
structure C is the reactive form because the o-sub-
stituents do not produce a deviation from linearity 

(13) J. D. Roberts and R. A. Carboni, THIS JOURNAL, 77, 5554 
(1955). 

(14) M. S. Newman and S. H. Merrilf, ibid., 77, 5552 (1955). 

A preliminary report from this Laboratory de
scribed a ferric ion-catalyzed rearrangement reac
tion of i-amine oxides.1 This rearrangement 

(1) M. S. Fish. C. C. Sweeley and E. C. Horning, Chemistry and 
Indnttvy, R. 24 (lG.ifO. 

that would be expected if reaction occurred close to 
the ring. 

Thus, tautomers A and/or B would appear to be 
the reactive forms of the anion in both ionization 
and reaction with electrophilic reagents, since 
both would take place at a site which is at a maxi
mum distance from the o-substituent. However, 
if the inordinate reactivity of the hydroxamate ion 
(when compared to simple bases, i.e., OH - ) is due 
to a concerted attack upon the Sarin molecule in a 
manner similar to catechol, the most probable re
active form is tautomer A. 

Thus the interpretations presented above offer 
support to the mechanism originally postulated.120 

R—C—OH—O R — C — O H - - F 
I! Il o r Il I 
X—O-—P—F X - O - - - - - P = O 

/ \ / \ 
Experimental 

Ionization Constants.—The pKa's reported in Table I 
were obtained from conventional potentiometric titrations 
in the presence of 0.1 JIf potassium nitrate. All compounds 
reported except for o-hydroxybenzohydroxamic acid were 
either sufficiently soluble in water to ti trate directly with 
standard base or stable in alkali so that excess standard base 
could be added and back titrated with standard acid. Due 
to the slight decomposition of o-hydroxybenzohydroxamic 
acid in alkali, the value reported is uncertain. 

Kinetic Method.-—The half-times of hydrolysis of Sarin 
in the presence of various hydroxamic acids are reported in 
Table I . The values were obtained by measuring the rate 
of addition of standard alkali taken up by the reaction mix
ture when maintained at a fixed pH by a Beckman auto-
titrator. The reaction was carried out as follows: a quan
tity of the hydroxamic acid was dissolved in 0.1 i f potassium 
nitrate solution contained in a jacketed beaker through 
which water of 30.5 ± 0.2° was circulated from a thermo
statically controlled bath. The final concentration of the 
hydroxamic acid in these experiments was 1O -3 M. The 
solution was adjusted to pH 7.6 and the volume to 245 ml. 

A stock solution of 0.65 ml. of Sarin (99% pure) in 100 
ml. of water was prepared fresh daily. Caution should be 
exercised since Sarin is extremely toxic in both the liquid and 
vapor phase and must be handled in a hood of large ca
pacity. In the pH range of 4 to 6, which the solution as
sumed, Sarin is resistant to hydrolysis. A 5-ml. aliquot was 
then added to the hydroxamic acid solution. The final con
centration of the solution with respect to Sarin was 1O - ' JIf. 
The quantity of standard 0.01 JVsodium hydroxide delivered 
by the autotitrator vs. time was recorded. 
ARMY CHEMICAL CENTER, M D . 
NEWARK, D E L . 

(reaction A) was presumed to give a carbinolamine 
(II); the observed reaction products were a 
secondary amine (through reaction B) and form
aldehyde or formic acid and the /-amine (reaction 
C). These products are equivalent to those ex-
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Rearrangement and Decarboxylation Reactions of N,N-Dimethylglycine Oxide 

BY C. C. SWEELEY AND E. C. HORNING 
RECEIVED APRIL 9, 1956 

Ferric ion-catalyzed reactions of dimethylglycine oxide were studied in aqueous solution over the pH range 2-9. I t 
was found that two modes of N-oxide rearrangement occurred; the products were formaldehyde and sarcosine, and di-
methylamine and glyoxylic acid. In addition to these rearrangement reactions, a decarboxylation reaction also occurred, 
with a maximum rate near pH 8. The products of this reaction were carbon dioxide, formaldehyde and dimethylamine; 
these correspond to the products of oxidative decarboxylation of an a-amino acid. 


