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Quantitative Preparation of Long Chain Thioethers from an
Oxo-frans-2-Enoic Ester and a 9,12-Dioxo-frans-10-Enoic Acid

J. Musiafa, M.S. Ahmad Jr., A. Rauf' and $.M. Osman”
Section of Oils and Fats, Department of Chemistry, Aligarh Muslim University, Aligarh-202 002, India

Branched-chain thioethers have been prepared from
methyl 4-oxo- trans-2-hexadecenoate and 9,12-dioxo-
trans-10-octadecenoic acid. The reagents involved in
these preparations were mercaptoacetic and mercap-
topropionic acids. The yields of these thioethers are
almost quantitative.
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Sulfur bearing fatty materials attract both industrial and
academic interest. Free radical addition of mercaptans to
olefin is too voluminous to revise again (1-3). However,
literature on the addition of mercaptans and mercap-
tides to unsaturated fatty moieties are sporadic (4-6).
Thioethers have been described as lubricants, additives,
coatings, rubber substituents (5-7) and as an interme-
diate for the preparation of wetting agents and deter-
gents (8). Thioethers have been tested for neurotropic,
bactericidal, anti-inflammatory, fungicidal, anticholeste-
remic, hypolipemic activities (9-11). Some thioethers
have also been shown as tranquilizers (12). Thioethers
are also capable of increasing thermal stability of poly-
mers and rubber (13). In view of the ever increasing
industrial utility and increasing use of -y-rays for free
radical reactions in industry, the preparation of thioeth-
ers is noteworthy. Recently in our laboratory, some
sulfurated ethers of olefinic fatty acids were reported
(14). Here, the preparation of thioethers derived from
o,B-unsaturated carbonyl (I) and dioxoenoic (II) fatty
compounds are discussed. This work is an extension of
our interest in the derivatization of «,B-unsaturated
carbonyl long chain fatty compounds (15,16).

EXPERIMENTAL PROCEDURES

All the methods were the same as detailed in our earlier
publications (15,16). Compounds I and II were prepared
by known procedures (15-17).
Reaction of mercaptoacetic and wmercaptopropionic
acids with I and II (Scheme 1). In our different experi-
ments mercaptoacetic acid/mercaptopropionic acid (1.2
M) was added to a benzene solution of I/1I (1 M), and the
reaction mixture was refluxed at the boiling temperature
of benzene. Reactions were completed during 1 hr, as
revealed by thin-layer chromatography (TLC) plates.
The following are the details of the products obtained:
Compound (III). Reaction mixture on work-up gave a
solid product which, on crystallization in petroleum
ether/ether (4:1 v/v), gave III as a solid in 93% yield, m.p.
73°C. Analysis: Found.C, 60.88; H, 9.1 for C,4H3,05S : Calcd.
C, 60.93; H, 9.15%; IR (Nujol, cm-!) : 3400 (COOH), 1735
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R-CO-CH=CH~CO-R'
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HSCH,COOH or HS(CH,),COOH
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H
R-CO-CHY-CH-CO-R*

(1I1), (IV), (V), (V1)

(1) R = CH4(CH,),;; R' = OCHy4

(11) R = CHy(CH,). ; R' = (CH,),-COOH

(111) R = CHz(CH,),;; R' = OCHy; R'' = CH,-COOH

(1v) R = CH3(CH,) ;3 R' = OCHz; R'' = CH,=CH,COOH

(v) R = CH3(CH,) g ; R' = (CH,),-COOH; R'' = CH,COOH
(vI1) R = CH3(CH2)5 i R' = (CH,),=COOH; R" = CH,-CH,CC

SCHEME 1. Synthetic approach for the preparation of fatty
thioethers.

(COOCH3), 1720(-CO-), 1710 (COOH), 1440(S-CH, defor-
‘mation), 1260(S-CH,, wagging), 1170, 1060(C-0). NMR
(CDClg, 9) : 3.23 m(3H, CO-CH-S-CH,-COOH), 2.4 m(4H, 2
X CH,-CO-) and other signals of fatty ester chain. Mass :
Mt m/z 374 (27%); 113 (64%), 128 (Principal ion), 163
(65%), 177 (20%), 197 (25%), 282 (40%).

Compound (IV). Reaction mixture on crystallization
with petroleum ether/ether (4:1,v/v) produced a solid in
98% yield, m.p. 76°C. Analysis: Found.C, 61.8; H, 9.2 for
020H3605S; Calcd. C., 6182, H, 932%, IR(NuJOl, Cm_l) :
3400(COOH), 1740 (COOCHjy), 1720(-CO-), 1715(COOH),
1435, 1260(S-CH,), 1160, 1120(C-0). NMR (CDCl;, §) : 3.22
m(1H, COCH-S-), 2.75 m(2H,-S-CH,-CH,), 2.38 m(6H, 3 X
CH,-CO-), 8.5 br,s(1H, COOH, disappeared on D,0 shake)
and other long chain fatty ester signals. Mass : M* m/z 388
(27%) 113 (42%), 128 (Principal ion), 177 (30%), 191
(20%), 197 (30%), 282 (25%).

Compound (V). Reaction mixture gave a solid product
which was purified by silica gel column chromatography
by using petroleum ether/ether (80:20 v/v) as eluent.
Yield of V was 95% as a semisolid product. Analysis:
Found.C, 60.5; H, 8.6 for C4oH3,04S: Caled. C, 60.55; H, 8.7%;
IR (CCl1, ; em-1):3400(COOH), 1720(-CO-), 1710(COOH),
1445, 1260(S-CH,), 1160, 1065(C-0). NMR (CCly, 8) : 3.21
m(3H, CO-CH-S-CH,-COOH), 3.3m (2H, -S-CH,-), 245 m
(6H, 3 X CH,-CO-), 9.6 br,s (2H, 2 X COOH, D,0 exchange-
able) and other usual fatty acid signals. Mass : Mt m,/z 402
(7.9%), 113 (48%), 167 (57%), 171 (50%), 182 (46%), 225
(66%), 240 (19%), 274 (18%), 275 (29%), 289 (34%), 310
(22%), 332 (5%).

Compound (VI). Semisolid reaction mixture was chro-
matographed over a column of silica gel by using petrole-
um ether/ether (80:20 v/v) as eluent. Yield of the semisol-
id product was 92%. Analysis: Found.C, 60.44; H, 8.68 for
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Cg]HgGOGS; Calcd. C, 6054, H, 871%, IR(CCI4, Cm‘l) :
3400(COOH), 1715(-CO-), 1710(COOH), 1440, 1265 (S-
CHy), 1160, 1060(C-0). NMR(CCl,, 8) : 3.26 m(1H, CO-CH-
S-), 2.7 m(2H, S-CH,-), 2.3 m(10H, 5 X CH,-CO-), 9.3
br,s(2H, 2 X COOH, D,0 exchangeable) and normal fatty
acid signals. Mass : M* m/z 416, (6.3%), 113 (53%), 167
(60%), 171 (52%), 182 (49%), 225 (54%), 240 (16%), 288
(13%), 289 (23%), 303 (23%), 310 (20%), 346 (7%).

DISCUSSION

When methyl 4-oxo-trans-2-hexadecenoate (I) in ben-
zene was heated under reflux with mercaptoacetic and
mercaptropropionic acids separately for 1 hr to get
isomeric type of addition products, it gave methyl 4-o0x0-
2(3)-(S-mercaptoacetic acid) hexadecanoate (III) and
methyl 4-0x0-2(3)-(S-mercaptopropionic acid) hexade-
canoate (IV) in quantitative yields (Scheme 1). The IR
spectrum of ITI showed diagnostic bands at 3400 (COOH),
1720 (-CO-), 1710(COOH), 1440 (S-CH, deformation),
and 1260 (S-CH, wagging). IR spectrum of compound
(IV) also exhibited absorption bands in the same region.
The nuclear magnetic resonance (NMR) spectrum (III)
displayed structure revealing multiplets at §3.23 (3H, -
COCH-S-CH,-COOH), 24 (4H, protons « to carbonyl
functions), and a D,O exchangeable signal at 9.6 br, s (1H,
COOH). The NMR peaks of significance for compound (IV)
were observed at 63.22 m(1H, COCH-S-), 2.756 m (2H, S-
CH,-CH;-), 2.38 m (6H, 3 X CH;CO-), and 8.5 br, s (1H,

H

O
CHy (CH,) C—C!—h]»CH—COOCH3

2711

CH,(CH,) GH-CHy=COOCH,
3'CH, ol
. \
II1I;m/z 197 R

IV ;m/z 197
I11; m/z 177
IV ; m/z 191

o]
(cH,) 8 a)
CH, (CH,),,C-CH=CH-COOCH,"
CH-COOCH 4 I1I; m/z 282
+"s' IV ; m/z 282
[
Y Mclafferty
rearrangement
I111; m/z 163 N
v ; m/z 177 +0=C~CH=CH-COOCH,,
I1I; m/z 113
IV ; m/z 113
$OH
H,C=C~CH=CH-COOCH,

I1I; m/z 128
IV ; m/z 128

I11; MY, m/z 374; R = CH,COOH
IV ; MY, m/z 388; R = CH,,CH,COOH

SCHEME 2. MS fragmentation pattern for compounds (III &
V).
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McLafferty rearrangement

CH—&—R—I—; *o=C-R" !

R*=C=0*" 0 R! -—C-CH
Vi m/z 113 Vi m/z 171
VI; m/z 113 VI; m/z 171
i / vk \
H-C-R* CH-CH, -C-R
N
Mg R
Vi m/z 275 R--J:-CH—CH-c-R Vi m/z 289
VI; m/z 289 Vi m/z 310 VI; m/z 303
VI; m/z 310

/ T~

*QZC—CH-CH-L-R' fiv L-ch-cr—c=o*

Vi m/z 225 Vi m/z 167
VI; m/z 22% VI; m/z 167

Vi MY 402 Vi R = CH,CO0H
VI; M. 416 VI; R = CH5CH,COOH

R' = (CH ) §-CHy; R'* = (CH2)7COOH

V; 223 (Principal ion; 240-OH)
VI; 223 (Principal ion; 240-~OH)

SCHEME 3. MS fragmentation pattern for compounds (V & VI).

COOH, disappeared on D,O shake). Mass spectra of
thioethers IIT (Mt, 374) and IV (M?, 388) revealed the
composition as indicated by elemental analysis. Emer-
gence of a-cleavage ions at m/z 197 and 113 and McLaf-
fertyion at 128 (principalion) fixed the position of an oxo
group at C4 in both the compounds. Mass ions at m,/z 163
and 177 (I1II) and 177 and 191 (IV) indicated the isomeric
nature of III and of IV (Scheme 2).

A similar treatment of mercaptoacetic and mercapto-
propionic acids with 9,12-dioxo-trans-10-octadecenoic
acid (II) gave the additional products of the isomeric
nature—9,12-dioxo-10(11)-(S-mercaptoacetic acid)
octadecanoic acid (V) and 9,12-dioxo-10(11)-(S-
mercaptopropionic acid) octadecanoic acid (VI)—in
quantitative yields. IR spectra of these thioethers dis-
played bands in the same regions as given for compound
(IIT) and (IV). NMR for compound (V) showed character-
istic peaks at 63.21 m(3H, COCH-S-CH,COOH), 2.45 m(6H,
protons « to carbonyl functions) and a D,O exchangeable
signal at 69.6 br, s(2H, 2 X COOH). Important NMR signals
for compound (VI) were noted at §3.26 m(1H, CO-CH-S-),
2.7m(2H, -§-CH,-CH,-), 2.3 m(10H, 5 X CH,-CO-), and 9.3
br, s(2H, 2 X COOH, D,0O exchangeable). The structures of
V and VI were further substantiated by their mass
spectra. The molecular ion peaks are quite consistent
with the elemental analyses of compound (V) and (VI).
Mass ions at 275 and 289 (V) and 289 and 303 (VI) were
observed due to the isomeric type of addition of mercap-
tans to olefinic carbons. The presence of oxo groups in
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these two compounds were fixed by the fragment ions at
113, 225 and 240 (C;p), and 171, 167 and 182 (Cyg)
(Scheme 3).
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