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Table III. Neutral Hydrolysis of 1-3 in Dioxane-Water
Mixtures at 25 °C

a -1
% dioxane 10%k gpsq, §
(w/w) ny,0 € 1 2 3
0.00 1.000 78.6 9.23 20.9 12.4
10 0.978 69.8 5.42 12.6 7.74
20 0.951 60.8 3.58 8.22 4.89
30 0.919 51.9 1.98 4.07 2.52
40 0.880 43.0 0.88 2.77 1.37
50 0.830 34.3 0.51 1.35 0.64
52.5 0.816 32.0 0.42 1.18 0.52

values obtained for 2 and 4 and for 3 and 5 lends support
to the applicability of the enzyme model. The data in
Table II indicate that inhibition of the hydrolysis is
somewhat stronger by NaDodSO, than by CTAB. The
association constants are quite high, in particular for 3,
the most hydrophobic substrate. As expected,!2 the K
values are rather similar for the anionic and cationic mi-
ceile.

Several factors can be invoked to rationalize the rate
inhibition, the two most plausible being the reduced mi-
cropolarity and the decreased water concentration at the
reaction sites in NaDodSO, and CTAB micelles.’? Con-
sidering the first factor, it has been estimated that the
effective dielectric constant is ca. 32 near the binding site
of several fluorescent pH indicators at the surface of both
NaDodSO, and CTAB micelles.’ This smaller value with
respect to that of water (¢ = 78) most likely reflects the
proximity of the hydrocarbon chain and/or stems from a
dielectric saturation effect.!* Since the rates of neutral
hydrolysis of 1-acyl-1,2,4-triazoles clearly respond to
changes in solvent polarity,? k,pq values were determined
in the typically nonaqueous solvent!® 1,4-dioxane-water
as a function of the dielectric constant (¢). The results,
summarized in Table III, show that at ¢ = 32 the kg
values are close to the k., values listed in Table I, the best
correspondence being observed for hydrolysis of 1-3 in
micellar NaDodSO,. These findings suggest that the
micellar rate effects can be accounted for without implying
that the hydrolysis occurs in a relatively dry region of the
micelle. Recently, in an independent study, Menger came
to essentially the same conclusion based on kinetic data
for the neutral hydrolysis of bis(4-nitrophenyl) carbonate
in the presence of micelles of two cationic detergents.!6

Of course, it is questionable how far any solvent system
may faithfully mimic the average of the many reaction sites
available at a micellar surface. But our results make it
clear that the kinetic data as expressed in k. /k_ for 1-3
are fully reconcilable with the reduced micropolarity at the
micellar reaction sites. It is worth noting that this con-
clusion applies equally well for substrates of widely dif-
ferent hydrophobicities (1 vs. 3) and binding constants K.
Thus, binding sites within the micelle which possess the

(11) (a) Van de Langkruis, G. B. Ph.D. Thesis, Groningen, 1981. (b)
Van de Langkruis, G. B.; Engberts, J. B. F. N,, to be published.

(12) One of the referees has pointed out that reduced water nucleo-
philicity could also be invoked as one of the factors determining the rate
reduction. Although our results provide no evidence against this possi-
bility, we note that previous studies have shown that water activity and
probably also water nucleophilicity at the micellar surface do not deviate
significantly from that in bulk water. See, for example: (a) Bunton, C.
A.; Huang, 8. K. J. Org. Chem. 1972, 37, 1790. (b) De Albrizzio, J. P,;
Cordes, E. H. J. Coll. Interface Sci. 1979, 68, 292.

(13) Fernandez, M. S.; Fromherz, P. J. Phys. Chem. 1977, 81, 1755.

(14) Mukerjee, P.; Ray, A. J. Phys. Chem. 1966, 70, 2138, 2144, 2150.

(15) Remerie, K.; Engberts, J. B. F. N. J. Org. Chem. 1981, 46, 3543.

(16) Menger, F. M.; Yoshinaga, H.; Venkatasubban, K. S.; Das, A. R.
J. Org. Chem. 1981, 46, 415. In 1,4-dioxane-water, the rate of this re-
action is much less solvent dependent than those of 1-3, presumably as
a result of a rather early transition state on the reaction coordinate.
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specific structural features necessary for strong hydro-
phobic interactions are immersed in highly aqueous en-
vironments. This indicates that the micelles have a rugged
surface, consistent with the micellar models proposed re-
cently.4 517

Experimental Section

Materials. The 1-benzoyl-1,2,4-triazoles 2-5 were kindly
supplied by Dr. W. Karzijn.”®® NaDodSO, and CTAB were
purified by standard methods.!® 1,4-Dioxane was purified by the
method of Eigenberger'® and finally passed through a column of
alumina. The water used in the kinetic measurements was
deionized and distilled twice. All solutions were acidified with
dilute HCI to a pH value of ~4.0 in order to prevent catalysis
by OH™ ions.

1-Benzoyl-3-methyl-1,2,4-triazole (1) was prepared from
3-methyl-1,2,4-triazole!® according to a general method:® mp
56.8-57.1 °C (from ether-hexane); 'H NMR (Varian A-60, CDCl,)
6 2.40 (s, 3 H), 8.73 (s, 1 H), 7.27-8.33 (m, 5 H); IR (Nujol) 1726
em™ (CO); UV (MeCN) Ay, 250.5 nm. Anal. Caled for C,;HgN,O:
C, 64.23; H, 4.55; N, 22.47. Found: C, 63.88; H, 4.79; N, 22.34.

Kinetic Measurements. The reactions were followed in 1-cm
quartz cuvettes which were placed in a thermostated cell holder
of a Cary 210 spectrophotometer. Under vigorous stirring, ca.
5 uL of a solution of 1-3 in acetonitrile was added to ca. 2.5 mL
of the aqueous surfactant solution. The reactions were followed
at the wavelength of maximum absorption of the substrates for
about 3 half-lives. Good first-order kinetics were observed, and
konsa Values were reproducible to within 1.5%.

Binding Constants. The binding constants of 4 and 5 with
CTAB were obtained with a Thomapore millipore filter. The
circulation rate was 300 mL h™ and the filtrate was collected at
arate of 9 mL h™l. The analysis of the data was essentially similar
to that used in the procedure with an artificial kidney.?! The
solute concentrations were determined by UV spectroscopy and
the CTAB concentrations by titration with sodium tetra-
phenylborate.?

Registry No. 1, 79745-99-6; 2, 60718-51-6; 3, 79746-00-2; 4,
58905-26-3; 5, 79746-01-3; SDS, 151-21-3; CTAB, 57-09-0.

(17) See also: (a) Menger, F. M.; Bonicamp, J. M. J. Am. Chem. Soc.
1981, 103, 2140. (b) Russell, J. C.; Whitten, D. G. J. Am. Chem. Soc. 1981,
103, 3219.

(18) Eigenberger, E. J. Prakt. Chem. 1931, 130, 75.

(19) Jones, R. G.; Ainsworth, C. J. Am. Chem. Soc. 1955, 77, 1538.

(20) Staab, H. A. Chem. Ber. 1956, 89, 1927, 2088.

(21) Van de Langkruis, G. B.; Engberts, J. B. F. N. Tetrahedron Lett.
1979, 3991.

(22) Ibrahim, E.-S.; Beltagy, Y. A.; Rida, S. M. Pharmazie 1973, 28H.3,
197.
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Carboxylic acids are often protected by conversion into
the corresponding tert-butyl esters,! which are highly
stable under neutral and basic conditions and are indeed
hydrolyzed under acidic conditions. The latter reaction
is usually carried on at reflux in toluene in the presence
of p-toluenesulfonic acid,? at room temperature in di-

(1) Haslam, E. In “Protective Groups in Organic Chemistry”; Mc
Omie, J. F. W., Ed.; Plenum: London, 1973; Chapter 5.
(2) Fonken, G. S.; Johnson, W. 8. J. Am. Chem. Soc. 1952, 74, 831.
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Table I. Hydrolysis of tert-Butyl Esters (1 mol) in a Two-Phase System in the Presence of Aqueous Mineral Acids (5 mol)
at Room Temperature

% yield
substrate agueous acid (molarity) moles of I time, min conv? isol &
tert-butyl octanoate H,80, (10) 0.1 1 94 93
H,S0, (10) 0.02 10 90
H,S0, (10) 0.01 25 90
H,S0, (10) 0 60 96
HBr (9) 0.1 45 96 94
HBr (9) 0 1350 90
HCl (12) 0.1 100 95 93
HCI (12) 0 1500 90
tert-butyl dodecanoate H,S0, (10) 0.1 20 90 87
H,S0, (10) 0 1440 10
tert-butyl benzoate ¢ H,S0, (10) 0.1 40 92 91
H,S0O, (10) 0 1800 92

@ Conversion yields as determined by GC analysis. ¢ Only carboxylic acids were isolated. ¢ A chloroform solution (1.5

mL/g of substrate) was used to avoid separation of benzoic acid.

chloromethane with hydrogen chloride,? at room temper-
ature with an excess of trifluoroacetic acid,? or, in poor
yields, at reflux in a 1:1 dioxane—sulfuric acid mixture.?
We now report that tert-butyl esters can be much more
advantageously converted into carboxylic acids in a two-
phase system by working at room temperature with
aqueous mineral acids, i.e., 10 M H,SO,, 9 M HBr, or 12
M HC],® in the presence of catalytic amounts of lipophilic
quaternary onium salts such as hexadecyltributyl-
phosphonium bromide (I, Table I) according to eq 1.

HX(aq), I (catalyst)
RCOOC,Hy-t

RCOOH (1)

room temperature
X = HSQ,, Br, Cl; R = alkyl, aryl

tert-Butyl octanoate was used as a standard substrate
for the screening of reaction conditions. The reaction times
strongly depend on the amount of the catalyst (Table I),
in the presence of I (0.1 mol) the reaction being 15-60
times faster than in its absence. Moreover, the rate de-
creases according to sequence: 10 M H,SO, > 9 M HBr
> 12 M HCI, this likely reflecting the different acidic
strength of the aqueous medium.” By working at room
temperature with 10 M H,SO, (5 mol) in the presence of
I (0.1 mol), in the case of tert-butyl octanoate and dode-
canoate (1 mol) a nearly quantitative yield of carboxylic
acid was obtained in 1 and 20 min, respectively (Table I).

Though the reactions were usually performed in the
absence of organic solvents, the hydrolysis can be carried
on in the presence of chloroform in comparable times
(Table I). The selectivity of reaction 1 is high: alcohols,?
ethers,? alkenes, ! nitriles,!* carboxylic amides,!! and car-
boxylic esters of primary alcohols not being affected under
the reaction conditions.

These last substrates, however, can be advantageously
hydrolyzed with a similar procedure under more drastic
reaction conditions (Table II).

The classic saponification of esters!? carried on in a
two-phase system in the presence of quaternary onium

(3) Sheeman, J. C.; Henery-Logan, K. R. J. Am. Chem. Soc. 1959, 81,
3089.

(4) Schwyzer, R.; Kappler, H. Helv. Chim. Acta 1961, 44, 1991.

(5) Bohlmann, F.; Sucrow, W. Chem. Ber. 1964, 97, 1846.

(6) These acids are aqueous 1:1 (v/v) H;80,, 48% HBr, and 37% HCI.
(7) Paul, M. A,; Long, F. A. Chem. Rev. 1957, 57, 1.

(8) Landini, D.; Montanari, F.; Rolla, F. Synthesis 1974, 37.

(9) Landini, D.; Montanari, F.; Rolla, F. Synthesis 1978, 771.

(10) Landini, D.; Rolla, F. J. Org. Chem. 1980, 45, 3527.

(11) Unpublished data from our laboratory.

Table II. Hydrolysis of Carboxylic Ester of Primary
Alcohols and Phenols (1 mol) with 9 M HBr
(5 mol) at 110 °C

% yield
reaction isolated ®
_conditions alkyl
time, moles bromide
substrate h of I conv® or PhOH acid
methyl octanoate 0.25 0.1 94 91
methyl octanoate 1.5 0 90
butyl octanoate 3.6 0.1 94 84 91
octyl octanoate &9 3.5 0.1 94 86 92
octyl octanoate 10 0.05 93
octyl octanoate 70 0 91
phenyl octanoate® 01 0.1 94 91 92
methyl dodecanoate 0.33 0.1 97 94
octyl benzoate 12 0.1 94 86 92
dodecyl acetate 2.5 0.1 96 94

@ Conversion yields as determined by GC analysis. © All
of the isolated products were identified by comparing
their spectroscopic, chromatographic, and physical data
with those of authentic samples. € 94% GC yield in 22
and 7 h with 1.5 and 3.5 mol of 9 M HBr, respectively.

4 90% GC yield in 22 h at 100 °C. ¢ Same results with
0.5-5 mol of 9 M HBr.

salts is of limited applicability.’® On the contrary, acid
hydrolysis under two-phase conditions (eq 2) is general,

HBr(aq), Q*X" (catalyst)
110 °C

R’ = alkyl, aryl; Q = alky,N, alkyl,P

is very simple, and favorably compares with the best re-
ported method!* which requires large amounts of CH,C-
OOH or HCOOH as solvents and methanesulfonic acid as
a hydrolyzing agent at reflux temperatures. Reaction 2
is carried on at 110 °C with aqueous 9 M HBr and catalytic
amounts of quaternary onium salts.

Alkyl and phenolic esters are hydrolyzed in nearly
quantitative yields (Table II) to give the corresponding
carboxylic acids and alkyl bromides or phenols, respec-
tively. As expected,®10 the reaction time decreases with
increasing amounts of quaternary onium salts. The re-
action rates are 620 times faster in the presence of cat-

RCOOR/

RCOOH (2)

(12) Henecka, H. In “Methoden der Organischen Chemie (Houben-
Weyl)”, 4th ed.; Miiller, E., Ed.; Georg Thieme Verlag: Stuttgart, 1952;
Vol. 8, p 359.

(13) Starks, C. M. J. Am. Chem. Soc. 1971, 93, 195. Dehmlow, E. V;
Barahona-Naranjo, S. J. Chem. Res., Synop. 1979, 238.

(14) Loev, B. Chem. Ind. (London) 1964, 193 and references therein.
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alysts!® (0.1 mol) than in their absence, the highest dif-
ferences being met with in the case of substrates insoluble
in the aqueous phase. In the case of esters of primary
alcohols, attempts to perform the hydrolysis with 10 M
H,S0, failed. This is likely due to the fact that, also under
two-phase conditions, acid hydrolysis of tert-butyl esters
proceeds via unimolecular alkyl-oxygen fission (A, 1),
whereas in the case of esters of primary alcohols the re-
actions involve cleavage of the acyl-oxygen bond (A,c2),
nucleophilic assistance by ions such as Br~ apparently
playing an important role.!”

In the case of alkyl esters the rate strongly depends on
the amount of the acid, while in the case of phenolic esters
the rate is not affected by the quantity of the acid in the
range 0.5-5 mol. This is likely related to the fact that with
alkyl esters HBr is consumed during the reaction.

Experimental Section

GC Data were obtained on a Hewlett-Packard Model 5840 A
gas chromatograph using a 2-m 3% SE-30 on Chromosorb column
acting in the presence of internal standards; conversions were
corrected for detector response.

Materials. Mineral acids were reagent grade products.
Quaternary onium salts were commercial products. Esters,
prepared by standard procedures, assayed by GC showed =98%
purity: methyl,'® n-butyl,'® n-octyl,’® and phenyl octanoates,?
methyl dodecanoate,? n-octyl benzoate,? n-dodecyl acetate.?

(15) The more efficient catalysts are the more lipophilic ones, tetra-
octylammonium bromide and I being the best. The catalytic activity of
lipophilic quaternary onium salts as phase-transfer agents of hydro-
halogenic acids from their aqlueous solutions into low polarity organic
media is well established.510:18

(16) Dehmlow, E. V.; Slopianka, M. Chem. Ber. 1979, 112, 2765.

(17) Euranto, E. K. In “The Chemistry of Carboxylic Acids and
Esters”; Patai, S., Ed.; Wiley-Interscience: London, 1969; Chapter 11.

(18) Vogel, A. 1. J. Chem. Soc. 1948, 624.

(19) Ruhoff, J. R.; Reid, E. E. J. Am. Chem. Soc. 1933, 55, 3825.

(20) Ralston, A. W.; Mc Corkle, M. R.; Bauer, S. T. J. Org. Chem.
1940, 5, 645.

(21) Whitmore, F. C.; Sutherland, L. H.; Cosby, J. N. J. Am. Chem.
Soc. 1942, 64, 1360.

(22) Matsuno, K.; Han, K. Bull. Chem. Soc. Jpn. 1933, 8, 333.

tert-Butyl esters were prepared from the corresponding acid
chlorides and tert-butyl alcohol in the presence of N,N-dimethyl
aniline in anhydrous ethyl ether or benzene according to a de-
scribed procedure:®* tert-butyl octanoate,? tert-butyl dodeca-
noate,? tert-buty! benzoate.?

Typical Procedure for the Hydrolysis of Esters of Pri-
mary Alcohols. A mixture of ester (0.1 mol), 55.5 mL of 48%
hydrobromic acid (0.5 mol), and the quaternary onium salt (0.01
mol) was heated at 110 °C under magnetic stirring, the process
being monitored by GC analysis. At the end of the reaction the
layers were separated by adding ethyl ether. The organic phase
was washed with water, 5% sodium hydrogen carbonate solution,
and water again and then dried. Elimination of the solvent and
distillation of the residue afforded the alkyl bromide. By treating
the distillation residue with petroleum ether, pure catalyst was
recovered in 290% yield. Acidification and extraction of the
aqueous alkaline phase afforded the carboxylic acid.

In the case of phenolic esters, the carboxylic acid and the phenol
were recovered from the organic phase by extraction with 5%
sodium hydrogen carbonate and 10% sodium hydroxide, re-
spectively.

Typical Procedure for the Hydrolysis of tert-Butyl Es-
ters. A mixture of tert-butyl ester (0.1 mol), aqueous acid (0.5
mol; see Table I), and the quaternary onium salt (0.01 mol) was
stirred at room temperature, the process being monitored by GC
analysis. At the end of the reaction the mixture was worked up
as described above to yield the carboxylic acid and the catalyst.

Registry No. tert-Butyl octanoate, 5457-66-9; tert-butyl dodeca-
noate, 7143-18-2; tert-butyl benzoate, 774-65-2; methyl octanoate,
111-11-5; n-butyl octanoate, 589-75-3; n-octyl octanoate, 2306-88-9;
phenyl octanoate, 5457-78-3; methyl dodecanoate, 111-82-0; octyl
benzoate, 94-50-8; dodecyl acetate, 112-66-3; octanoic acid, 124-07-2;
dodecanoic acid, 143-07-7; benzoic acid, 65-85-0; n-butyl bromide,
109-65-9; n-octyl bromide, 111-83-1; phenol, 108-95-2; n-dodecyl
bromide, 143-15-7.

(23) Stoll, M.; Rouve, A. Helv. Chim. Acta 1944, 27, 950.

(24) Ireland, R. E.; Chaykovsky, M. “Organic Syntheses”; Wiley: New
York, 1973; Collect. Vol. 5, p 171.

(25) Hamburger Fattchemie Brinckman & Mergell. British Patent
887899, 1962, Chem. Abstr, 1962, 57, 5807.

(26) Cohen, S. G.; Schneider, A. J. Am. Chem. Soc. 1941, 63, 3382.

Communications

Oxidation of Thiols by Nitric Oxide and Nitrogen
Dioxide: Synthetic Utility and Toxicological
Implications

Summary: Thiols are readily oxidized to disulfides by
either nitric oxide or nitrogen dioxide. Reaction conditions
are mild, and quantitative yields can be obtained. The
reactions are useful for preparative purposes and may have
toxicological significance.

Sir: The vital role of thiols and disulfides in living systems
has focused attention on their interconversion reactions.!?

Although the literature contains reports of many reagents
that oxidize thiols to disulfides,® it is surprising that the
oxides of nitrogen (NO,) have been virtually ignored in this
respect. There are, however, two brief reports. In 1928,
Reihlen et al.* reported that ethanethiol reacts with NO
in the presence of KOH to give a 95% yield of ethyl di-
sulfide and a gas consisting of 90% N,O and 10% N,, plus
unreacted NO. In 1962, Longhi et al.? reported that several
thiols are oxidized to disulfides in excellent yields by NO
in the presence of sodium methoxide; the nitrogen-con-
taining products were not identified, and the mechanism
was not discussed.

(1) For a general review see: Friedman, M. “The Chemistry and
Biochemistry of the Sulfhydryl group in Amino-acids, Peptides and
Proteins”; Pergamon Press: Oxford, 1973.

(2) Flohé, L. In “Free Radicals in Biology”; Pryor, W. A., Ed.; Aca-
demic Press: New York, 1981; Vol. V, Chapter 7.
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(3) Capozzi, G.; Modena, G. “Chemistry of the Thiol Group”; Patai,
S., Ed.; Wiley: New York, 1974; Chapter 17, p 785.

(4) Reihlen, H.; Friedolsheim, A.; Oswald, W. Justus Liebigs Ann.
Chem. 1928, 465, 72; see p 92.

(5) Longhi, R.; Ragsdale, R. O.; Drago, R. S. Inorg. Chem. 1962, 1, 768.
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