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Experimentals 

Hydroxamic Acids.-All of these intermediates were prepared 
by the usual method of treating the methyl or ethyl ester of 
the appropriate organic acid with salt-free hydroxylamine and 
were identified through their reported melting points which are 
indicated in parentheses: acetohydroxamic acid, m.p. 87-88' 
(88'9; caprohydroxamic acid, m.p. 63-64' (64''); laurohy- 
droxamic acid, m.p. 93-94" (94'7); adipohydroxamic acid, 
m.p. 164-165' (165-165.5'*); 7-glutamohydroxamic acid, m.p. 
15 1-1 52 ' ( 155 ' 9, ; cyclohexanecarbohydroxamic acid, m .p . 
132-133" (132IO); benzohydroxamic acid, m.p. 127-128" (from 
124' to 131 'I1); o-aminobenzohydroxamic acid, m.p. 147-149 ' 
(148"*); and nicotinohydroxamic acid, m.p. 164-165' (165Ol3). 

Catalytic Hydrogenolysis of Hydroxamic Acids (Table I)  .-All 
of the hydroxamic acids indicated in the preceding paragraph 
were converted to the corresponding amide by the same general 
procedure. The hydrogenolysis of laurohydroxamic acid will 
be described as a representative example. A mixture of 4.0 g. 
of laurohydroxamic acid and about 1 g. of Raney nickel in 75 ml. 
of ethanol was shaken in a Parr hydrogenation apparatus under 
50 p.s.i. of hydrogen pressure for a total of about 3 hr. The 
time required for essentially complete hydrogenolysis of the dif- 
ferent compounds varied as indicated in Table I. The course of 
the reaction was determined by examining an aliquot sample of 
the reaction mixture for its ability to produce a visible violet 
color with ferric chloride reagent.'4 When the ferric chloride 
test became negative, the catalyst was filtered and the filtrate 
was reduced to about one-third volume in zlacuo. Upon addition 
of water, the amide which precipitated was dried in VQCUO over 
sodium hydroxide pellets to yield 3.24 g. of product, m.p. 101- 
102'. The identity of the compound was determined by a 
mixture melting point using a 50:50 mixture of the isolated 
material and a sample of lauryl amide to give a mixture which 
melted a t  101-102". 

(5) All melting points are uncorrected and were determined using the 
The authors are indebted to  J. T. Lee capillary technique in a liquid bath. 

for the elemental analysis. 
(6) C. Hoffmann, Ber.. 22, 2855 (1889). 
(7) Y. Inoue and Y.  Hansaburo, J .  Agr. Chem. Soc., Japan,  16, 504 (1940). 
(8) C. Hurd and D. Botterton, J .  Org. Chem., 11, 207 (1946). 
(9) J. 8. Roper and H. McIlwain, Biochem. J., 42, 485 (1948). 
(10) F. Winternitz and C. Wlotzka, Bull. soc. chim. France, 509 (1960). 
(1 1) The most generally accepted values appear to  lie in the range of about 
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Chemie," Vol. IX, 4th ed., Julius Sprmger. 1920, p. 301. 

(12) A. Scott and B. Wood, J .  O w .  Chem., 7, 508 (1942). 
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The hydrolysis of esters of alkylphosphonic acids has 
been studied in some detail,2 and, although the alkaline 
hydrolysis undoubtedly proceeds by a nucleophilic 
attack on the phosphorus atom with subsequent P-0 
fission, the mechanism of acid-catalyzed hydrolysis is 
less clearly defined. The 0 1 8  studies on trimethyl- 
phosphates are not entirely unambiguous and in any 
case, the mechanisms for phosphate and phosphonate 

( 1 )  Present address: Research and Engineering Division. MonsantoChem- 

( 2 )  R. F. Hudson and L. Keay. J.  Chem. Soe., 2463, 3269 (1956). 
(3) E. Blumenthal and J. B. M. Herbert, Trans. Faraday Soc., 41, 611 

(1945). 

ical Co.. St. Louis 66, Mo. 

hydrolysis are not necessarily the same. The acid- 
catalyzed hydrolysis of optically active di(Zocty1) 
ethylphosphonate has been studied4 and the alcohol 
produced shown to be mainly racemic with a slight 
retention of configuration, in agreement with the 
postulated alkyl-oxygen fission mechanism. 

Unfortunately, the actual rates of hydrolysis and 
optical activity change were not determined, but the 
optical activity of the octanol-2 measured after extrac- 
tion a t  the end of a prolonged hydrolysis and the rate of 
racemization of optically active octanol-2 under the 
hydrolysis conditions is not stated. Furthermore, in 
acid solution both alkyl groups are hydrolyzed, the 
alcohol could be produced in either reaction, and the 
mechanisms need not necessarily be the same. 

Since the rate of hydrolysis of secondary aky l  ester 
groups is about 25-fold faster than that of primary alkyl 
ester groups,2 a mixed ester could overcome this prob- 
lem and so (-)-2-octyl ethyl methylphosphonate (I) 
was prepared by the reaction of (-)-2-octyl methyl- 
pho~phonochloridate~ with ethanol in the presence of a 
base. 

0 OC*HCH3.C6HlS 
XP/ 
/\ 

CH3 0 G H s  
I 

The rate of acid-catalyzed hydrolysis was measured 
acidimetrically and the change in optical activity deter- 
mined simultaneously. The optical activity of the 
octanol-2 liberated was also determined after extraction 
and distillation. The rate of racemization of (-)- 
octanol-2 was measured under the conditions used in 
the hydrolysis experiment and shown to be only one 
fifth the rate of the ester hydrolysis, so that changes in 
configuration subsequent to hydrolysis can be ignored. 
The results (Table I and Fig. 1) show that the rate of 

TABLE I 
T H E  HYDROLYSIS O F  ( - )-2-OCTYL ETHYL METHYLPHOSPHONATE 

IN N PhS03H IN 50% DIOXANE AT 100' 
ki (acid ki (racemiza- 

Nt" production) aa a Time, hr. 

0 20.62 . . .  -1.20 
0 . 5  20.78 0.188 . . . .  
I 20.90 ,176 -1.10 
2 21.15 ,180 -0.85 
3 21.32 .I72 . . . .  
4 21.52 .I80 - .49 
7 . . .  . . .  - .35 

11 . . .  . . .  - .16 
9 6 ( - )  22.37 . . .  0 

average kl = 0.179 average kl = 
a See Experimental for explanation of symbols. 

acid production and rate of change of optical 
are equal and the alcohol isolated is almost 

tion) 

. . .  

. . .  
0.100 

,173 

,220 
,177 
,183 

0.171 

. . .  

. . .  

activity 
racemic 

with a slight retention of configuration. This confirms 
the view of Gerrard, Green, and Nutkins4 that alkyl- 
oxygen fission occurs without simultaneous attack on 
the carbon atom by a water molecule, which would 
give inversion of configuration. The mechanism must 
involve a carbonium ion, unless both P-0 and C--0 

(4) W. Gerrard, W. J. Green, and R. A.  Nutkins, J .  Chem. Soc., 4076 
(1952). 
(5) R. F. Hudson and L. Keay, ibid., 1885 (1960). 
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Fig. 1.-First-order kinetic plot of titrimetic and polarimetric 
data for acid-catalized hydrolysis of ( - )-2-octyl ethyl methyl- 
phosphate. 

fissions can occur, the latter reaction involving nucleo- 
philic assistance from a water molecule (the A A L ~ ~  or 
A"2' mechanism), which seems unlikely. 

From the slope of the graph, kl=0.183 hr.-1. 

Experimental 

Materials.-Dioxane was purified by refluxing with hydro- 
chloric acid to hydrolyze any acetals, adding an excess of solid 
potassium hydroxide, decanting, drying over sodium, and finally 
distilling from over fresh sodium. 

Optically active octanol-2 was prepared by fractional crystal- 
lization of the brucine salts of the phthalic acid monoester, fol- 
lowed by hydrolysis and distillation.8 

( - )-2-Octyl methylphosphonochloridate was prepared in 79% 
yield by the reaction between ( - )-octanol-2 and methylphos- 
phonic dichloride in the presence of triethylamine in ether a t  
O O . 4  Specific gravity, 1.036; [cY]'~D -12.65' (from octanol-2, 

A n a l .  Calcd. C ,  47.7; H, 8.8; C1, 15.7. Found: C, 48.1; 
H, 8.6; C1, 15.7. 

( - )-2-Octyl Ethyl Methy1phosphonate.-A 22.6-g. sample 
(0.1 mole) of ( - )-2-octyl methylphosphonochloridate was added 
slowly with agitation to 16.0 ml. (0.1 mole) of diethylaniline and 
30.0 ml. (0.5 mole) of anhydrous ethanol. The reaction mixture 
was then heated on a boiling water bath for 0.5 hr. The semi- 
solid pasty mass was allowed to cool and then shaken with 300 ml. 
of dry petroleum ether (b.p. 40-60"). The solid was removed by 
filtration and washed with more petroleum ether. The solvent 
was removed from the combined filtrate and washings and the 
residual oil distilled under reduced pressure; yield, 20.0 g. (85%), 
b.p. 73-74'/(0.2 mm.); specific gravity, 0.945; [CY]'~D -11.87' 
(from alcohol [ C Y ] ~ ~ D  -9.95'). 

A n a l .  Calcd. C, 55.7; H, 10.5. Found: C, 54.8; H, 10.5. 
An attempt to prepare the same compound by the reaction of 

octanol-2 with ethyl methylphosphonochloridate in the presence 
of a tertiary base was unsuccessful, probably due to  the slow 
reaction with the octanol-2 which was recovered unchanged. 

Kinetic and Optical Activity Measurements.-The ester (2.36 
g.) was dissolved in 100 ml. of Ar benzenesulfonic acid'in 50% 
aqueous dioxane (v./v.) to give a 0.1 M solution of ester. Five- 
milliliter aliquots were removed with pipets and placed in glass 
ampoules and sealed. The ampoules were placed in an agitated 
oil bath maintainrd a t  100.2', and ampoules were removed for 

[CY]~OD -9.95O.) 

(6) C. A. Bunton, E. D. Hughes, C. K. Ingold, and D. F. Meigh. Nature. 

(7) A. A. Frost and R. G. Pearson. "Kinetics and Mechanism," 2nd ed., 

(8) A. I. Vogel, "A Textbook of Practical Organic Chemistry," 2nd ed., 

166, 680 (1950). 

John Wiley and Sons, Ino., New York, N. Y., 1956, p. 318. 

Longmans Green and Co., London, 1951, p. 489. 

analysis a t  suitable time intervals. The formation of acid was 
determined by rapidly cooling the ampoule and titrating the con- 
tents against 0.25 N sodium hydroxide using methyl red indicator. 
The change in optical activity was determined by placing the 
cooled contents of ampoules in the 2-dm. polarimeter tube and 
measuring the rotation a t  the sodium "D" line. 

The velocity constants for the acid production and optical 
activity change were determined using the equations, 

N m  2 303 log{- 1 and kl = - .log k l = - .  2 303 
t N m  - AVt t 

where Nt is the volume of 0.25 N sodium hydroxide required to 
neutralize a 5-ml. reaction mixture a t  time t ,  and at is the optical 
rotation of the reaction mixture observed in a 2-dm. tube at  time 
t ,  and also from the graph of log (Nor - N t )  or log (a0 - at) us. 
time, kl = -2.303 X slope of the graph. 

The optical activity of the alcohol produced was also measured 
after isolation; 10 g. of ester was heated with 50 ml. of 1 N ben- 
zenesulfonic acid in 50% aqueous dioxane at  100" for 6 hr. in a 
large sealed ampoule. The ampoule was cooled; the contents 
made slightly alkaline with sodium hydroxide and immediately 
extracted twice with ether. The ether solution was dried over 
anhydrous magnesium sulfate and the solvent removed. The 
residue was distilled in a microfractionation unit to give 3.0 
g. (55%) of octanol-2, b.p. 175-180" (lit. b.p. 178-179"), [ a l 2 0 ~  

-0.84' (the octanol-2 used in the ester preparation had [ c Y ] ~ ~ D  
-9.950). 
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It is well known that carboxylic acids add to carbo- 
diimides2 and recently acetyl chloride was shown to do 
 SO,^ although the products are unstable a i d  tend to de- 
compose to the starting compounds. We have found 
that phosgene, which has not previously been reported 
as taking part in addition reactions with cumulative 
double bondsI4 also adds readily to aliphatic and aro- 
matic carbodiimides to give KIN'-disubstituted chloro- 
formamidine-Y-carbonyl chlorides (I), which are re- 
markably stable as illustrated by their distillation in 
vacuum without decomposition. 

R--S=C=X;-R + COCl? + 
0 
II 
C 
/ \  a. 11 = n-butyl 

b. R = cyclohexyl It-K c1 
\ C. R = 0-tolyl 

C=N-R 
1 
c1 
I 

The structure of the 1:l addition products was es- 
tablished by elementary analysis and infrared spectro- 
scopy. The infrared spectra of I show C=O absorp- 
tion a t  5.73-5.75 p and a C=N absorption a t  5.98- 
6.0 p.  

(1) To ahom inquiries should be directed. 
(2) H. G. Khorana, Chem. Rev., 63, 145 (19.53). 
(3) K. Hartke and J. Bartulin, Angew. Chem., 74, 214 (1962). 
(4) While phosgene does not react with isocyanates, F. S. Frtwcett, C .  W. 

Tullock, R. D. Smith, and D. D. Coffman, Second International Symposium 
on Fluorine Chemistry, Estes Park, Colo., 1962, have observed that car- 
bonyl fluoride adds t o  phenyl isocyanate. 


