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sodium dissolved in 10 ml. of absolute ethanol was added 
3.98 g. (0.0195 mole) of diethyl formamidomalonate. To 
this solution was added 4.92 g. (0.0195 mole) of VIId in 
15 ml. of ethanol. The mixture was refluxed for 5 hr. and 
then evaporated to dryness under reduced pressure. One 
hundred ml. of water was added with stirring, the solid 
removed by filtration and recrystallized from ethanol; 
yield 4.6 g. (63%), m.p. 236-240°. A sample was re-
crystallized from dioxane-heptane for analysis, m.p. 239-
240°. 

£-Sulfamylphenylalanine (VII).—The amino acid hydro
chloride was obtained by refluxing 21 g. (0.056 mole) of 

VIIe with 200 ml. of concentrated hydrochloric acid for 5 hr. 
The solution was evaporated to dryness under reduced 
pressure. The hydrochloride salt was dissolved in 100 ml. 
of water and the solution passed through a column oi 
Duolite A-2 ion-exchange resin to obtain the free amino 
acid. The resulting solution was evaporated to 125 ml. 
under reduced pressure and 100 ml. of acetone added. 
The solution was cooled overnight and the crude product 
was collected; yield 10.5 g. (76%), m.p. 248-249° dec. 
A sample was recrystallized from water-acetone for anal
ysis, m.p. 251-252° dec. 
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Sulfides are formed by the addition of thiols (RSH) to 10-undecenoic acid (equation 1). The reactions proceed moderately 
rapidly at temperatures below 100° under free-radical conditions, often with the assistance of ultraviolet light. The acids 
[RS(CH2)ioC02H] have a terminal substituent R, which is alkyl (propyl, butyl, hexyl, heptyl, octyl, undecyl or dodecyl), 
hydroxyethyl, carboxymethyl, acetyl, benzyl, phenyl or 2-naphthyl. Some of the sulfides have been oxidized to sulfoxides 
by bromate-bromide solution; many have been oxidized to sulfones by peracetic acid. However, an at tempt to prepare 
the sulfone of ll-(acetylthio)-undecanoic acid yielded 11-sulfoundecanoic acid. Other compounds prepared include di-
esters of ll-(carboxymethylthio)-undecanoic acid and a sulfonium salt, methyl-»-octyl-10-carboxydecylsulfonium iodide. 

This investigation continues our systematic 
study of the preparation of long-chain sulfur com
pounds of known structure. In our first paper2 

it was shown that a high yield of 11- (carboxy-
methyl thio)-undecanoic acid readily is obtained 
by the addition of an equimolar amount of mercap-
toacetic acid to 10-undecenoic acid. We have now 
shown that this reaction is general. It has been ex
tended to include many other thiols; the resulting 
(alkylthio)- and (arylthio)-undecanoic acids have 
been converted in many instances to sulfoxides, 
sulfones, esters and other derivatives. Aside 
from ll-(carboxymethylthio)-undecanoic acid,8 

ll-(w-dodecylthio)-undecanoic acid8 and 11-sul
foundecanoic acid,4 all of the compounds described 
in this paper are new. Some similar alkylthio, 
alkylsulfinyl and alkylsulfonyl acids, prepared in 
different ways, have been reported.6'6 

Alkanethiols add moderately rapidly to 10-
undecenoic acid as shown in equation 1. Previous 
evidence,2 as well as infrared and X-ray diffraction 
studies to be reported separately, indicates that 
RSH + C H 2 = C H ( CHj)3CO2H > 

RS(CH2)I0CO2H (1) 

R = n-propyl, butyl, hexyl, heptyl, octyl, undecyl or 
dodecyl. 

the addition products isolated have an unbranched 
structure, i.e., the sulfur atom is attached at the 
ll-(terminal) rather than at the 10-position, and 

(1) A laboratory of the Eastern Utilization Research and Develop
ment Division, Agricultural Research Service, U. S. Department of 
Agriculture. Article not copyrighted. 

(2) Paper I, N. H. Koenig and D. Swern, T H I S JOURNAL, 79, 362 
(1957). 

(3) G. E. Seruiuk, F. W. Banes and M. W. Swaney, ibid., 70, 1804 
(1948). 

(4) W. Rigby, J . Chetn. Soc, 2560 (1956). 
(5) L. Rapoport, A. Smith and M. S. Newman, T H I S JOURNAL, 69, 

693 (1947). 
(6) B. Smith and S. Hsrnestam, Ada Chem. Scand., 8, 1111 (1954). 

that they are formed via free-radical intermediates. 
The free-radical addition mechanism is also sup
ported by the activating influence of ultraviolet 
light. 

Other types of terminally substituted undecanoic 
acids, (I-VI) are formed by the addition of mer-
captoethanol, mercaptoacetic acid, thiolacetic acid, 
a-toluenethiol, benzenethiol or 2-naphthalenethiol, 
respectively. 

HO(CH2)2S(CH2)10CO2H 
I 

O 

CH8CS(CH2)10CO2H 

I I I 

/ \ - S(CHj)10CO2H 

U 

HO2C(CH2)S(CH2)10CO2H 
II 

( \ - CH2S(CH2)K1CO2H 

U 
IV 

f ^ V S — S( CH2 )10CO2H 

UU 
V V I 

The pure acids, RS(CH2)I0CO2H, are odorless, 
white, crystalline solids. They are insoluble in 
water, sparingly soluble in petroleum ether at room 
temperature or 0° and moderately soluble in more 
polar solvents such as acetone and ethanol. Other 
characteristics of these compounds are given in 
Table I. 

The chemical behavior of these sulfides is illus
trated by some reactions of ll-(w-octylthio)-
undecanoic acid, CH3(CH2)7S(CH2)10CO2H (VII). 
Controlled oxidation with bromate-bromide solu
tion gives the sulfoxide VIII, while excess peracetic 
acid forms the sulfone IX. Methyl iodide adds to 

CH2(CH2)7SO»(CH2)ioC02H VII I , K = I IX, * - 2 

VII to give the sulfonium salt, methyl-ra-octyl-10 
carboxydecylsulfonium iodide (X). The carboxyl 
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R 

re-Propyl 
w-Butyl 
M-Hexyl 
rc-Heptyl 
K-Octyl 
«-Undecyl 
«-Dodecyl 
2-Hydroxyethyl 
Carboxymethyl 
Acetyl 
Benzyl 
Phenyl 
2-Naphthyl 

(ALKYLTHIO)- AND (ARYLTHIO)-UNDECANOIC ACIDS, : 
M.p.,' 

Formula 0C. 

Ci4H28O2S 44 
C I6H»02S 55 
C17H84O2S 53 
C18H86O2S 54 
C19H38O2S 60 
C22H44O2S 68 
C28H46O2S 68 
C13H26O1S 70 
C13H24O4S 99 
C13H24O3S 59 
Ci8H28O2S 55 
C17H26O2S 84 
C21H28O2S 99 

" Determined with a micro hot-stage. 

SULFOXIDES, RSO(CH2): 

RSO or RSOi 

n-Heptylsulfonyl 
»-Octylsulfinyl 
tt-Octylsulfonyl 
2-HydroxyethyIsulfonyl'' 
Carboxymethylsulfinyl 
Carboxymethylsulfonyl 
Benzylsulfonyl 
Phenylsulfinyl 
Phenylsulfonyl 
2-Naphthylsulfonyl 

" Neut. 
Calcd. 

260 
274 
303 
317 
331 
373 
387 
262 
138 
260 
308 
294 
345 

. equiv. 
Found 

259 
275 
302 
317 
332 
372 
388 
266 
140 
264 
308 
294 
344 

Carbon, % 
Calcd. Found 

64.6 
65.6 
67.5 
68.3 
69.0 
70.9 
71.4 
59.5 
56.5 
60.0 
70.1 
69.3 
73.2 

TABLE II 

10CO2H, AND SULFONES, RSO2(CH2)10CO2H, 

Formula 

Ci8H36O4S 
C12H88O8S 
Ci8H88O4S 
C18H26O6S 
C18H24O6S 
C18H24O6S 
Ci8H28O4S 
Ci7H26O8S 
C7H26O4S 
CJI H28O4S 

M.p.," 
°C. 

112 
88 

114 
94-96 

92 
141 
127 
61 
86 

117 

ACIDS 
Neut 

Calcd. 

349 
347 
363 
294 
146 
154 
340 
310 
326 
377 

" Determined with a micro hot-stage. b Calcd. OH, 5.48. 

. equiv. 
Found 

348 
345 
364 

290-294" 
147 
154 
341 
311 
328 
374 

Found: 

64.6 
65.3 
67.5 
68.5 
69.0 
70.7 
71.5 
59.1 
56.4 
59.8 
69.9 
69.5 
73.1 

FROM (A 

RS(CH,) ,oCOjH 
Hydrogen, % 

Calcd. Found 

10.8 
11.0 
11.3 
11.5 
11.6 
11.9 
12.0 
10.0 
8.75 
9.29 
9.15 
8.90 
8.19 

10.9 
10.8 
11.4 
11.5 
11.8 
11.9 
11.8 
10.1 
8.72 
9.27 
9.14 
9.26 
8.12 

.LKYLTHIO)- AND 

Carbon, % 
Calcd. Found 

62.0 
65.8 
63.0 
53.0 
53.4 
50.6 
63.5 
65.8 
62.6 
67.0 

OH, 5.26. 

62.2 
65.5 
62.5 
52.8 
53.5 
50.6 
63.8 
66.0 
62.7 
66.8 

' Fadi 

Si 
Calcd 

12.4 
11.7 
10.6 
10.1 
9.70 
8.60 
8.29 

12.2 
11.6 
12.3 
10.4 
10.9 
9.31 

ilfur, % 
Found 
12.2 
11.9 
10.8 
10.2 

i 9.30 
8.82 
8.09 

12.0 
1.1.7 
12.6 
10.4 
11.2 
9.24 

(AR YLTHIO) -UNDECANOIC 

Hydrogen, % 
Calcd. Found 

10.4 
11.1 
10.6 
8.90 
8.27 
7.84 
8.29 
8.44 
8.03 
7.50 

10 
10 
10 
9 
8 

.2 

.8 

.3 

.39 

.35 
8.02 
8.43 
8.84 
8.04 
7. 

ng end-point 
57 

Sulfur, % 
Calcd. Found 

9.20 9.19 
9.25 9.32 
8.84 8.90 

10.9 11.0 
11.0 10.4 
10.4 10.2 
9.42 9.41 

10.3 10.4 
9.82 9.89 
8.52 8.81 

group reacts normally in conversion of VII to the 
p-bromophenacyl ester XI and 

CH8 

[CH8(CHs)7S(CHt)I0COjH]I-
+ X 

CH8(CH2)7vS(CH2)l()C02CH2CO—C6H4-p-Br 

XI 

of II to alkyl esters XII. 
RO,C(CH»)S(CH,)ioC02R R = n-butyl or 2-ethylhexyl 

X I I 

The sulfoxide VIII has a higher melting point 
than the parent sulfide VII, as is generally true for 
alkylsulfinyl aliphatic acids.6 A lowering of melt
ing point takes place, however, in forming the sulf
oxide of II, i.e., ll-(carboxymethylsulfinyl)-un-
decanoic acid, and of V, ll-(phenylsulfinyl)-unde-
canoic acid. 

Sulfones have been prepared by peracetic acid 
oxidation of sulfides I, II, IV, V, VI1 VII and 11-
(w-heptylthio)-undecauoic acid. Characteristics of 
the sulfoxides and sulfones are given in Table II . 

An attempt to prepare ll-(acetylsulfonyl)-un-
decanoic acid, the sulfone of III, led instead to the 
formation of 11-sulfoundecanoic acid (H03S(CH2)io 
CO2H), a compound previously prepared by other 
methods. It seems plausible that a sulfoxide, sul
fone or other intermediate is formed7 but is readily 
cleaved because of the positive charges on neigh-

(7) C. J. Cavallito and D. M. Fruehauf, T H I S JOURNAL, 71, 224S 
(1949). 

boring carbon and sulfur atoms. This instability 
parallels that of acylphosphonates, in which the 

O O 
I! t / 

- C - P ^ 
group is analogous to the 

O O 

!I t 
- C - S -

group.8 Furthermore, it is significant that the only 
a-ketosulfones we have found in the literature are 
probably special cases, since both the carbonyl and 
the sulfonyl groups are attached to benzene rings.9 

Experimental 
Starting Materials.—10-Undecenoic acid (b.p. 136° 

at 1.5 mm., W30D 1.4458) was purified by fractional distilla
tion of the best commercial material. w-Octanethiol was 
purified by fractional distillation, taking a central cut, b .p . 
77° a t 33 mm. Other thiols were used as received, n-
Dodecanethiol (b.p. 146-148° a t 15 mm.) was obtained 
from Matheson, Coleman and Bell Division, The Matheson 
Co., Inc.10 The n-undecanethiol was furnished by G. S. 
Sasin and R. Sasin of Drexel Insti tute of Technology. 
Benzenethiol (b.p. 71° a t 15 mm.) was from Evans Chem-
etics, Inc. The remaining thiols were Eastman Kodak Co. 
White Label organic chemicals except for 2-mercaptoethanol 

(8) B. Ackerman, T. A. Jordan, C. R. Eddy and D. Swern, ibid., 
78, 4444 (1956). 

(9) C. M. Suter, "The Organic Chemistry of Sulfur," John Wiley 
and Sons, Inc., New York, N. Y., 1944, p. 721. 

(10) Mention of company or trade names in this paper does not 
constitute recommendation by the U. S. Department of Agriculture 
over others not mentioned. 
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and a-toluenethiol, which were Practical Grade. Peracetic 
acid (approximately 40%) in acetic acid was used as re
ceived. 

Sulfides (Table I ) . ll-(«-Heptylthio)-undecanoic Acid 
(XIII).—The following reaction conditions are typical. 
10-Undecenoic acid (45.6 g., 0.25 mole) and «-heptanethiol 
(33.3 g., 0.25 mole) were mixed in a quartz flask. No 
noticeable change occurred in 16 hr. The solution was then 
irradiated a t a distance of 1 inch by a 140 watt ultraviolet 
lamp (high pressure quartz mercury arc). Within 3 
minutes, a precipitate formed on the walls of the flask 
(internal temperature, 35°). After 1 hr. , during which the 
temperature rose to 80°, the extent of reaction was checked 
by cooling the solution to room temperature. Since the 
mixture was only about one-fifth solid, it was irradiated for 
2 more hr. The reaction product, which appeared entirely 
solid a t room temperature, was crystallized three times a t 
4° from 600-ml. portions of petroleum ether, yielding 49 g. 
of XI I I as transparent crystals, m.p . 53-54° (62% yield). 
All melting points were obtained with a micro hot-stage. 

Ultraviolet irradiation was unnecessary in the addition of 
mercaptoethanol, which resembles mercaptoacetic acid in 
being an unusually reactive thiol.8 Compound I was 
formed simply by stirring mercaptoethanol and 10-undec-
enoic acid for 1.5 hr. at 60°. The crude product was re-
crystallized three times from acetone-petroleum ether and 
once from acetonitrile (m.p. 69°). An additional recrys-
tallization from carbon tetrachloride yielded the analytical 
sample, m.p. 70°. 

In the preparation of V, 1 % of lauroyl peroxide catalyst 
was substituted for ultraviolet irradiation, and the mixture 
was heated overnight at 60° (yield 61%) . This reaction 
was the only one conducted under a nitrogen atmosphere. 

Methyl-n-octyl-10-carboxydecylsulfonium Iodide (X).—A 
solution of VII (1.0 g., 0.003 mole) in methyl iodide (4.9 g., 
0.035 mole) was sealed and left in the dark for 8 days. The 
resulting precipitate was washed with ether and dissolved 
in 5 ml. of methanol. Addition of 85 ml. of ether precipi
tated an oil tha t changed to a solid when rubbed with a glass 
rod. Filtration and drying gave 0.55 g. of X as a pale 
yellow solid, m.p . 68-70°. 

Anal. Calcd. for C20H4IlO2S: I , 26.9; S, 6.79; neut . 
equiv., 473. Found: 1,27.1; S, 7.07; neut . equiv., 453. 

£-Bromophenacyl H-(«-Octylthio)-undecanoate.—VII 
was converted to the p-bromophenacyl ester by the con
ventional procedure.11 Recrystallization of the ester from 
ethanol gave white platelets, m.p . 73°. 

Anal. Calcd. for C27H43BrO3S: Br, 15.2; S, 6.08. 
Found: Br, 14.9; S, 5.71. 

Di-»-butyl H-(CarboxymethyIthio)-undecanoate.—II was 
esterified with re-butyl alcohol by a published procedure,1 

giving an 8 4 % yield of product, b .p . 138° a t 0.003 mm. 

Anal. Calcd. for C2iH40O4S: C, 64.9; H , 10.4; S, 8.25. 
Found: C, 65.0; H, 10.9; S, 8.09. 

Di-(2-ethylhexyl)ll-(Carboxymethylthio)-undecanoate.— 
Esterification of I I with 2-ethylhexyl alcohol gave a 5 8 % 
yield of product, b .p . 168° a t 0.0005 mm. 

Anal. Calcd. for C29H56O4S: C, 69.5; H, 11.3; S, 6.40. 
Found: C, 69.6; H, 11.5; S, 6.13. 

Sulfoxides.—The (sulfinyl)-undecanoic acids (Table I I ) 
were prepared by dissolving or suspending the sulfide in 

(11) C. Moses and E. E. Reid, Taia JOURNAL, 54, 2101 (1932). 

glacial acetic acid acidified with hydrochloric acid and 
adding 0.5 N bromate-bromide solution dropwise.6 

ll-(n-Octylsulfinyl)-undecanoic Acid (VIII).—Crude VIII 
(m.p . 79-86°, neut. equiv. 345, yield 91%) was dissolved 
in boiling acetone-petroleum ether (4:1) and crystallized 
at 4° to yield analytically pure VII I as white platelets, m.p . 
88°. 

ll-(Carboxymethylsulfinyl)-undecanoic Acid.—This sulf
oxide was fairly soluble in aqueous acetic acid and was 
recovered in low yield. The best material was a white 
powder or needles, m.p . 91-92°. 

ll-(Phenylsulfinyl)-undecanoic Acid.—The crude product 
was purified by dissolving it in acetone and adding 5 volumes 
of petroleum ether. The resulting oil, when rubbed with a 
glass rod, gave a white powder, m.p . 60-61°, in 9 0 % yield. 

Sulfones. ll-(n-Heptylsulfonyl)-undecanoic Acid (XIV). 
—Most of the sulfones (Table I I ) were prepared by slight 
modifications of the following procedure. X I I I (15.8 g., 
0.05 mole) was suspended in 100 ml. of acetic acid. Perace
tic acid (20 ml. of 4 0 % acid, 0.12 mole) was added, with 
stirring, over a 15-minute period. The rate of addition 
was controlled so that the maximum temperature of the 
resulting solution was 70°. Little or no heat was evolved 
during the addition of the last 5 ml. of peracetic acid. A 
positive starch-iodide paper test for excess peracetic acid 
was obtained a few minutes after its addition was com
pleted. As the solution cooled, a heavy precipitate formed; 
it was stirred with 400 ml. of water, filtered through a coarse 
fritted disk, washed with water and vacuum dried. The 
product, a microcrystalline solid, weighed 17.1 g. (yield 
98%), neut. equiv. 346, m.p . 110-111°. One gram of this 
solid was recrystallized from 80 ml. of acetonitrile, yielding 
0.45 g. of white needles of analytically pure XIV, m.p . 
111-112°. 

ll-(2-Hydroxyethylsulfonyl)-undecanoic Acid (XV).—The 
gel-like original product was dissolved in ethyl acetate, 
and the solution was dried with sodium sulfate. Addition 
of petroleum ether precipitated XV as a white powder, 
m.p . ca. 94-96°. 

ll-(Carboxymethylsulfonyl)-undecanoic Acid.—The solid 
that precipitated from aqueous acetic acid was gelatinous. 
I t was difficult to filter and dry, and it melted at 122-126°. 
Three recrystallizations from acetonitrile gave the analytical 
sample, a granular crystalline solid, m.p . 140-141°. 

ll-(Benzylsulfonyl)-undecanoic Acid.—Water was not 
added after the peracetic acid. Instead, the mixture was 
evaporated to constant weight in a vacuum desiccator con
taining excess sodium hydroxide and a dehydrating agent. 
The crude solid (m.p. 104-112°) was recrystallized from 
acetone-petroleum ether, forming a white powder, m.p . 
126-127° (93% yield). 

11-Sulfoundecanoic Acid (XVI).—After adding peracetic 
acid to the acetic acid solution of I I I , the reaction mixture 
was dried over sodium hydroxide under vacuum at 25°. 
The crude product, m.p . 59-62°, neut. equiv. 141, corre
sponded to 11-sulfodecanoic acid hemihydrate, m.p. ca. 
65°, neut. equiv. 138.' An ether-insoluble fraction was 
separated and discarded; the ether-soluble acid was purified 
by recrystallization from ether-benzene. Vacuum desicca
tion at room temperature gave anhydrous XVI, m.p . ca. 
94° (reported4 ca. 99° and 95-99° by two other methods of 
preparation). 
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