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Many times it is necessary or convenient to perform acyl- Q
ation reactions of amines in aqueous media. Accordingly, a R,0CS,0,Na + R,0H ~ R,0COR, (4)
water-soluble acylating agent which undergoes hydrolysis o

slowly would be highly desirable whenever the presence of
water is required or cannot be excluded from a reaction me-
dium. Ito? prepared the water-soluble, but easily hydrolyzed,
sodium benzoyl thiosulfate which reacts with amines and
phenols in aqueous media to yield the corresponding benzoyl
derivatives.3 Caldwell, Ledger, and Milligan? carried out the
reaction of benzyl chloroformate with sodium thiosulfate to
vield the water-soluble sodium benzyloxycarbonyl thiosulfate
which readily underwent reaction with amines and amino
acids in aqueous media, and Lindemann and Wolfram® have
reported the preparation and reaction of the bifunctional
arymethyloxycarbonyl thiosulfate, disodium 1,4-xylylene-
bis(oxycarbonvl thiosulfate). To date, however, the prepara-
tion of alkali or alkaline earth alkyloxycarbonyl thiosulfates
has not been reported. Green and Hudson® have described the
reaction of ethyl chloroformate with sodium thiosulfate, but
there is no indication that they isolated or identified the re-
action product.

Results

We have now prepared, by the reaction of the appropriate
chloroformate and sodium thiosulfate, several monofunctional
(1) and difunctional (2)7 sodium alkyloxycarbony! thiosul-
fates.

l |
Na,S.0, + R,0CCl - R,0CS,0,Na (1)
Rl = n'caHgs n'ceHlsv n'CsHH

o
|

| | |
2Na,S,0, + CICOR,0CCl —~ NaO3S2COR2008203Na (2)
R, = (CH,),, (CH,),, (CH,),

These compounds exhibit some degree of water solubility
and react with ammonia and amines, both in the presence and
absence of water, to form the corresponding carbamates and
with water to liberate the parent alcohol (3). Alkyloxycarbonyl
thiosulfates would be expected to react with alcohols to form
the corresponding carbonate (4); however, this reaction was
not examined in this study. Specifically, sodium n-octyloxy-
carbonyl thiosulfate (5) reacts with ammonia and 2-ami-
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NH,

[
° /—. n-C,H, ,0CNH,
| 6

n-C,H,,0CS,0,
5 HOCH,CH,NH,
n-C,H,,0OCNHCH,CH,0H

7

noethanol to yield O-(n-octyl) carbamate (6) and O-(n-octyl)
2-hydroxyethylcarbamate (7), respectively. The possibility
exists, of course, of an initial acylation of the hydroxyl group
followed by an O-N-acyl migration reaction.

o}
5 + HOCH,CH,NH, - C,H, ,0COCH,CH,NH, - 7

A review of the literature yielded no information concerning
the relative rates of acylation of the hydroxyl and amino
groups in 2-aminoethanol. Acylation reactions of 2-ami-
noethanol with acid chlorides3? and 3-aminopropanol with
ethyl chloroformate!? under mild conditions resulted in high
yields of amides and carbamate respectively with no report
of ester or carbamate formation. In the absence of evidence
to the contrary, and considering that water reacts more slowly
with the acyloxycarbonyl thiosulfate than does the amino
group, we suggest that N-acylation occurs with little or no
O-acylation in the reaction of 5 with 2-aminoethanol.

A brief kinetic study of the reaction of the mono- and bi-
functional alkyloxycarbonyl thiosulfates with 2-aminoethanol
or water at pH 8.0 resulted in the relative rates for amidation
and hydrolysis noted in Table 1.

These data indicate that, for a given monofunctional alk-
yloxycarboxyl thiosulfate, the rate of carbamate formation
is approximately an order of magnitude greater than the
corresponding rate of hydrolysis and suggest that the rate of
either reaction increases with decreasing carbon chain length.
Similarly, for various bifunctional alkyloxycarbonyl thiosul-
fates the rate of amidation was found to be between five and
ten times greater than the rate of hydrolysis, and again the
reaction rate of these compounds is seen to increase with de-
creasing chain length. It is interesting to note that the mo-
nofunctional compounds appear to be somewhat more reactive
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Table I. Relative Rates of Amidation and Hydrolysis of Mono- and Bifunctional Alkyloxycarbonyl Thiosulfates?
ratio of

rel rate of rel rate of K amidation’

compd registry no. amidation hydrolysis Khydrolysis
disodium 1,8-octamethylenebis(oxycarbonyl thiosulfate) 69352-14-3 E}.T 1.0 §‘7
disodium 1,6-hexamethylenebis(oxycarbonyl thicsulfate) 69352-15-4 15.0 2.8 5.4
disodium 1,4-tetramethylenebis(oxycarbonyl thiosulfate) 69381-37-9 48.9 4.9 109
sodium hexyloxycarbonyl thiosulfate 69352-16-5 94.5 6.9 13.7
sodium butyloxycarhonyl thiosulfate 69352-17-6 123.3 11.9 10.4

¢ Reaction conditions were pH 8 and 42 °C, 0.01 M in the respective oxycarbonyl thiosulfate.

than bifunctional compounds of comparable chain length.
These data recommend the utility of these compounds as
acylating agents for amines in aqueous media.

Experimental Section

Carbon, hydrogen, nitrogen, and sulfur analyses were performed
by Galbraith Laboratories, Knoxville, Tenn. Infrared spectra were
obtained on a Perkin-Elmer Model 221 spectrophotometer. Melting
point data were determined on a Perkin-Elmer Model DSC-1B dif-
ferential scanning calorimeter. Kinetic data for determination of rates
of hydrolysis and amidation were obtained with the aid of a Brinkman
Automatic Titrator.

The rates of amidation of the various alkyloxycarbonyl thiosulfates
were determined in the following manner. Exactly 0.0010 mol of the
appropriate alkyloxycarbonyl! thiosulfate was quickly dissolved with
stirring in 100 mL of distilled water maintained at 42 °C with a Lauda
Model K-2/RD constant temperature bath. The pH of the solution
was then adjusted to 8.0 (self pH ranged between 4.4 and 5.5 for 0.01
M solutions of the various alkyloxycarbonyl thiosulfates) by the ad-
dition of a small amount of 0.2 M 2-aminoethanol. Amidation of the
alkyloxycarbonyl thiosulfate was then carried out with the acid of a
Brinkman Automatic Titrator which maintained the pH at 8.0 by
dispensing additional 2-aminoethanol during the course of the study.
The concentration of unreacted alkyloxycarbonyl thiosulfate was
calculated at any time by observing the amount of 0.2 M 2-ami-
noethanol used and substracting this from the starting concentration.
The titration was usually continued until 30-50% of the alkyloxy-
carbonyl thiosulfate had been converted to the carbamate. A plot of
In S¢/S against time {where Sy is the initial concentration of the al-
kyloxycarbonyl thiosulfate and S is its concentration at any subse-
quent time) afforded a straight line, the slope of which was taken to
be K, the rate constant for the amidation at pH 8 and 42 °C,

The rates of hydrolysis of the various alkyloxycarbonyl thiosulfates
were determined in the same general manner as the rates of amidation
except that in these studies 0.02 M solutions of the appropriate alk-
vioxycarbonyl thiosuifate were titrated at pH 8 with 0.1 N sodium
hydroxide. A plot of In S¢/S against time indicated that in this case
too the reaction obeyed first-order kinetics.

Sodium n-Octyloxycarbenyl Thiosulfate. n~Octyl chlorofor-
mate,!! 451.4 g (3.0 mol), was added to a flask containing 2000 mL of
ethanol, followed immediately by 745 g (3.0 mol) of sodium thiosulfate
pentahydrate in 755 g of water. The mixture was stirred overnight at
room temperature after which most of the ethanol was removed under
reduced pressure at room temperature. Upon cooling the aqueous
solution to 4 °C, a white crystalline precipitate formed which was
isolated by suction filtration. Recrystallization from absolute ethanol
vielded platelike crystals (65%) which melted with decomposition at
254-256 °C: IR (pellet) 2925 (m), 1720 (s), 1267 (s), 1218 (s}, 1145 (s),
1040 em™! (s). Under these preparative and purification procedures,
competing alcoholysis or hydrolysis reactions did not present any
problems.

Anal. Caled for CoH17055:Na: C, 36.98; H, 5.86; S, 21.93. Found:
C, 36.91; H, 6.00; 8, 21.80.

The procedure described above when applied to n-butyl chloro-
formate and n-hexy! chloroformate resulted in sodium n-butyloxy-
carbonyl thiosulfate (mp 198-200 °C dec; IR (pellet) 2955 (m), 1710
(s), 1260 (s), 1225 (s), 1135 (s), and 1035 cm~! (s)) and sodium n-
hexyloxycarbonyl thiosulfate (mp 240-242 °C dec; IR (pellet) 2935
(m), 1725 (s), 1260 (s), 1225 (s), 1140 (s}, and 1040 cm™! (s)) with yields
of 40 and 55%, respectively.

O-(n-Octyl) carbamate was prepared by the reaction of sodium
n-octvl oxycarbonyl thiosulfate with aqueous ammonia using a small

scale derivatization procedure. The product was collected via suction
filtration and, after recrystallization from absolute ethanol, yielded
a white crystalline solid, mp 62-63 °C (lit.12 mp 63 °C)

Anal. Caled for CoHy902N: C, 62.43; H, 10.98; N, 8./ 9. Found: C,
62.51; H, 10.85; N, 8.10.

O-(n-Octyl) 2-hydroxyethylcarbamate was prepared by the
reaction of 2-aminoethanol with sodium n-octyloxycarbonyl thio-
sulfate in water in a small scale derivatization procedure. The aqueous
solution was then extracted with diethyl ether, the ether extracts were
evaporated, and a crude crystalline product was obtained. Recrys-
tallization from petroleum ether yielded a white crystalline product,
mp 39-42 °C.

Anal. Caled for C11Hg3O3N: C, 60.80; H, 1¢ 66; N, 6.45. Found: C,
60.82; H, 10.51; N, 6.39.

Disodium 1,6-Hexamethylenebis{(oxycarbonyl thiosulfate).
The bis(chloroformate) of hexanediol was prepared as described by
Iwakura et al.!3 The bis(chloroformate), 243 g (1.0 mol), was added
to a flask contianing 2000 mL of ethanol, followed by 496 g (2.0 mol)
of sodium thiosulfate pentahydrate in 755 g of water. The mixture was
stirred at room temperature for 48 h whereupon the ethanol was re-
moved, the mixture cooled to approximately 4 °C, and the white
crystalline product collected by suction filtration. After 1 crystalli-
zation in ethanol, a crystalline product was obtained (7C %) which
melted with decomposition at 245-247 °C; IR (pellet) 2935 (m), 1737
(s), 1227 (s), 1125 (s), and 1030 cm™1 (s).

Anal. Caled for CgH90108:Nag: C, 21.72; H, 2.71; S, 28.96. Found:
C, 21.92; H, 2.93; S, 29.18.

The procedure described above when applied to the bis(chloro-
formates) of butanediol and octanediol resulted in disodium 1,4-
tetramethylenebis(oxycarbonyl thiosulfate) (mp 210-214 °C dec: IR
(pellet) 1710 (s), 1230 (s), 1150 (s), and 1035 em™! (s)) and disodium
1,8-octamethylenebis(oxycarbony!l thiosulfate) (mp 250-252 °C dec;
IR (pellet) 2935 (m), 1738 (s), 1225 (s), 1125 (s), and 1030 ecm~! (s))
with yields of 45 and 70%, respectively.

Registry No.—Sodium n-octyloxycarbonyl thiosulfate, 69352-
18-7; O-(n-octyl) carbamate, 2029-64-3; O-(n-octyl) 2-hydrexveth-
ylcarbamate, 69352-19-8; n-octyl chloroformate, 7452-59-7; n-butyl
chlorotormate, 592-34-7; n-hexyl chloroformate, 6092-54-2; hex-
anediol bis(chloroformate), 2916-20-3: butanediol bis(chloroformate),
2157-16-6; octanediol bisichloroformate), 51772-87-3: sodium thio-
sulfate, 7772-98-7.
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