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ABSTRACT

A new approach to the synthesis of 2-alkyl thiazolinesinvolving thionation
of the amide formed by the heterocyclisation of ethanolamine in the pres-
ence of along chain saturated/unsaturated fatty acid is highlighted under
solvothermal conditions involving an ecofriendly method without any
environmental pollution. The yields are in the range of 75-90%. All the
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compounds were characterized by IR, *H and *C NMR spectral analysis.
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INTRODUCTION

2-thiazolines constitute an important class of het-
erocycleswith varied applications. They showed thera-
peutic¥ and potent fungicidal and nematocidal proper-
tied? ; they are of utmost importance sincethey are
used for identification of human cellswith positive
myeloperoxidase®4 reactivity. 2-substituted 2-
thiazolinesexhibited radioprotective activity™. A small
amount (0.002 to 0.1%) of a2-thiazoline derivative
will effectively reduce (91-8 %) theevolution of hydro-
genduring pickling of iron or sted(®,

Extensive reviews carrying many synthetic and
mechani stic aspectsof reactionsleading to the synthe-
sisof 2-thiazolineshave been submitted3. Literature
surveysleading to the synthesis of 2-thiazolinederiva
tivesindicatethe absence of referenceavailablefor the
direct synthesisof 2-thiazolinefrom acid and ethanol
amineviathionationreaction. Rai et d utilized thiourea
asthionating agent for theconverson of 2,5-diaryl-1,3,
4-oxadiazoleto 2,5-diaryl-1,3,4-thiadiazol€° and es-
ter to thioester!’® under solvothermal conditions. This

success prompted usto utilize thioureaasthionating
agent for the synthesisof 2-thiazolinederivativesfrom
ethanolamineand carboxylic acid.

The solvothermd reactionsare of interest because
they offer the possibility of environmentally benignre-
action conditions by reducing the burden of organic
solvent disposal. The processinvolvesthe heteroge-
neouschemicd reactionoccurringinsolid-liquid or solid-
liquid-gasinterfacesunder high temperature and pres-
sureconditions.

In an endeavour to explore a new, convenient
method for the synthesisof 2-thiazolines, an attempt is
madeto explorethe above principlefor the synthesisof
2-thiazolines. Theresultsarepromisingandisinferred
that the solvothermal method isoneof the convenient
methodsfor thesynthessof heterocyclesin generd and
2-thiazolinesin particular.

In this paper, how ethanolamine undergoes
heterocyclisation conveniently inthe presence of car-
boxylicacidandthioures, a rd atively low temperature
and pressure, under solvothermal conditions, is de-
scribedinlength.
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(@) R=Pentyl ; (b) R=Lauryl ; (c) R=Myristyl ;

(d) R=Stearyl ; (e) R=Oleyl ; (f) Ricinoleyl

SCHEME1

Solvother mal

Inatypical synthes's, equimolar quantitiesof car-
boxylic acid, ethanolamine and thioureaweretakenin
astainlesssted SS316 general purpose autoclave pro-
vided with aTeflon liner of 30ml capacity. On usual
work up, it yielded 75-90 % of the product (3),
(SCHEME 1).

EXPERIMENTAL

Mélting/boiling pointswererecorded in open cap-
illariesusing Thomas Hoover apparatus and areuncor-
rected. IR spectra were recorded on FT/IR-460/
113257 spectrometer (KBr). *H NMR (300MHz) and
BC NMR (75MHz) spectra were recorded using
DMSO-d, asthe solvent with tetramethylsilane asthe
internal standard. Chemical shiftsare expressedin 6-
scale(ppm) coupling constantsJaregiveninHz. Thin
layer chromatography (TLC) wascarried out with pre-
coated silicagel plates (Kieselgel 60, F,,,Merck) us-
ing chloroform and acetonein 7:3ratio asthe e uent.

General procedure

A mixtureof equimolar quantitiesof thecarboxylic
acid 1(a-f), ethanolamine and thioureaweretakenin
theautoclavereaction container (Teflonliner). Thelid
was placed and was |owered into the autoclaves; the
plates were kept over it and the autoclave was closed
and tightened. It was kept in the oven at 100°C for
about 8 hrs. The products after cooling, treated with
water, extracted with ether. The ether extract wasre-
peatedly washed with NaHCO, solution, to remove
the unreacted acidsif any, followed by washing with
water. Theethered layer was collected, dried over an-
hydrous Na,SO, and ether was removed to get 2-
thiazolineand wasrecrystallised from petroleum ether.
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2-Pentyl thiazoline

Obtained from Hexanoic acid (1.75ml, 0.015
mmol), ethanol amine(1ml, 0.016mmol) and thiourea
(29, 0.026 mmol) asacolourlesscrystallinesolid in
75% (1.575g) yield. m.p. 65-66°C. IR (KBr) vemr:
1645 (C= N). '"H NMR (DMSO-d,) &: 1.05 (t, 3H,
CH,), 1.4(q, 2H, CH2), 3.3 (t, J=6.0Hz, 2H), 4.2 (t,
J=6.7Hz, 2H); *CNMR (DM SO-d,) 5: 19.2, 28.8,
29.8, 30.1, 38.9, 41.8, 61.9, 171.7; And. cacd. for
C,H, NS (157.28): C, 61.09; H, 9.61; N, 8.91; S,
20.39. Found:C, 60.99; H, 9.52; N, 8.88; S, 20.33%.

2-Lauryl thiazoline

Obtained from lauricacid(2.5g, 0.0125mmol), etha:
nolamine (1.5ml,0.025mmol) and thiourea(2g, 0.026
mmol) asacolourlesscrystalinein 80%(2g) yidd, m.p.
97-98°C; IR (KBr) vemr®: 1642 (C= N); 'H NMR
(DMSO-d,) 6: 1.06(t, 3H, CH,), 1.4 (g, 20H, CH,),
3.3 (t, J=6.0 Hz, 2H), 4.2 (t, J = 6.7Hz, 2H); :*C
NMR (DMSO-d,) &: 29.4, 35.7, 36.2, 36.8, 38.7,
41.8, 171.4; And. calcd. for C H,,NS(241.44): C,
69.65; H, 11.27; N, 5.80; S, 13.28. Found: C, 69.59;
H, 11.22; N, 5.72; S, 13.23 %.

2-Myristyl thiazoline

Obtaned frommyristicacid (3g, 0.013mmoal), etha
nolamine (1.0ml, 0.016mmol) and thiourea (2g,
0.026mmol) asacolourlesscrystaline solid in 85 %
(2.25g) yield, m.p. 69-70°C; IR (KBr)venrt: 1648 (C=
N); *H NMR (DM SO-d,) 6: 1.05(t, 3H, CH,), 1.4(q,
20H, CH,), 3.2(t, J=6.0Hz, 2H), 4.2 (t, J=6.7Hz, 2H);
BCNMR (DMSO-d)) 6: 20.1, 25.8, 29.2, 29.7, 35.8,
36.2, 36.7, 38.5, 41.6, 61.8, 171.2; And. calcd. for
C,.H.NS(269.49): C, 71.31; H, 11.59; N, 5.20; S,

16" 31

11.90. Found: C, 71.27; H, 11.52; N, 5.16; S, 11.83%.
2-Searyl thiazoline

Obtained from stearic acid (3g, 0.011mmoal), etha-
nolamine (1.5ml, 0.025mmol) and thiourea (1.5g,
0.02mmol) asacolourlesscrystdlinesolidin 90% (2.79)
yield, m.p. 88-89°C; IR (KBr) vem: 1644 (C=N);
'H NMR (DMSO-d,) 6: 1.05(t, 3H, CH,), 1.4(q, 20
H,CH,),3.2(t,J=6.0Hz, 2H), 4.2 (t, J76.7Hz, 2H);
BCNMR (DMSO-d)) 6:21.2,27.2,29.3, 29.8, 36.5,
37.2,37.6,39.2,41.6, 61.5, 171.7; And. cacd. for
C,H..NS(325.60): C, 73.78; H, 12.07; N, 4.30; S,
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SCHEME?2

9.85. Found: C, 73.73; H, 12.01; N, 4.28; S, 9.81%.
2-Oleyl thiazoline

Obtainedfromoleicacid (2.0ml, 0.007mmol), etha:
nolamine (1.0ml, 0.016mmol) and thiourea(1.0g, 0.013
mmol) asayellowish amorphous solid(pasty mass) in
85% (1.7g) yied; IR (KBr) vem?: 1642 (C=N); H
NMR (DMSO-d,) 8: 1.06 (t, 3H, CH,), 1.3(q, 24 H,
CH,),2(qg,4H, CH,) 3.2(t, J76.0Hz, 2H), 4.2 (t, J=
6.7Hz, 2H),5.5(t, 2H, dkenicH) ; *CNMR (DM SO-
d,) 5:35.2,35.7,36.2, 37.4, 39.3, 40.9, 60.1, 137.7,
170.2; Andl. caled. for C, H, NS(323.58): C, 74.24;
H, 11.53; N, 4.33; S, 9.91. Found: C, 74.21; H, 11.49;
N, 4.28; S, 9.88 %.

2-Ricinoleyl thiazoline

Obtained fromricinoleicacid (2.7ml, 0.009mmoal),
ethanolamine (1.0ml, 0.016mmol) and thiourea (1.5g,
0.02mmol) asacolourlesscrystdlinesolidin 90% (2.79)
yield, m.p. 78 -79°C; IR (KBr) vem™: 1644 (C=N);
'HNMR (DM SO-d,) 8: 1.06 (t, 3H, CH,), 1.3(q, 24
H,CH,),2(q,4H, CH,) 3.2(t, J=6.0Hz, 2H), 4.2,
J=6.7 Hz, 2H), 5.5(t, 2H, alkenic H) ; *C NMR
(DMSO- d,) 6: 30.2, 36.7, 37.2, 37.5, 38.6, 39.3,
40.8,44.1,47.0,60.1, 76.9, 137.2,170.4; Anal. calcd.
for C,,H, NOS(339.58): C, 70.74; H, 10.98; N, 4.12;
0,4.71; S,9.44. Found: C, 70.70; H, 10.92; N, 4.08;
0,4.91; S, 9.39 %.

RESULTSAND DISCUSSION

Thelimitationsinthe conventiona methodsof syn-
thesisof thiazolineshave been the use of toxic reagents
that aredifficult to handle and d so harmful to theenvi-
ronment. Hence, itisdesirableto develop arapid, eas-
ily manipulativeand aboveadl environment friendly sol-
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vent free protocol. Inview of the above observations
wethought of synthesi zing thiazolinesusingthioureaas
thionating agent under solvothermal conditions. The
synthetic sequenceisoutlinedin (SCHEME 1).

Longchainfatty acids, viz: hexanoicacd, lauricacid,
myristicacid, stearic acid, oleicacidandricinoleicacid
react with ethanolaminein presence of thioureaasa
thionating agent under solvothermal conditionsto give
2-alkyl thiazolines 3(a-f) viaheterocyclization. The
qualitative el ement tests (Lassaigne’s Test) were per-
formed to find the presence of N, Sin all cases and
also elemental analysis(for C, H, N and S) was per-
formedfor dl the compoundswhereinthe experimenta
and cal culated valueswerein concurrence. IR spectra
of thethiazolines prepared in this study showed only
one strong band in the 1500-1700cm region, lying
between 1640-1648cm™. *H NMR showed peaksin
the expected region. The resonances for *C NMR
Spectrawere satisfactory.

The probable mechanism for the formation of
thiazolineinvolvestheintermol ecular condensationre-
action between the carboxylic acid and ethanolamine
to givethe substituted amide. Thethioureanow under-
goes el ectromeric effect to generate S™(nucleophile)
which attacksthe carbonyl carbonto givetheinterme-
diate which followed by loss of amolecul e of water
undergoescyclisationto give 2-subgtituted 2- thiazoline
(SCHEME 2).

Asisevident from themechanism, itinvolvesthe
nucleophilic attack on the carbonyl carbon, of the S.
Morethelocdization of positivechargeon carbon, more
pronounced thereaction would bei.e. the e ectron-in-
ducing group (R) decreases the rate of the reaction.
Sincewehaveused thelong chain fatty acidsthe effect
can beonly duetoinductiveeffect whichisvery negli-
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TABLE 1: Showingthefatty acids1(a-f) and therespective
alkyl groups
1 Carboxylic acid
a Hexanoicacid

Alkyl Groups
R=CH3(CHz)4

b Lauric acid R= CH3(CH2)10
¢ Myrigticacid R= CH3(CH.)1.
d Stearic acid R=CH3(CH)16
e Olecacid R= CH; (CH,);CH=CH(CH,);

f Ricinoleic acid R= CH3(CH,)sCHOH.CH,.CH=
CH.(CHy),
TABLE 2: Showingthe2-alkyl thiazolines3(a-f), their melt-

ing points, % yied, M.F., IR and NM R spectra

IR (KBr)

3 M.pPLC yf{d" g MF S?CE:CL;?’A (DlusNoM[i)a
cm?

a 6566 75 CgHuNS 1645 1:;?3?(%)" 4124((%)
b 9798 80 CuHyNS 1642 1:;?3(’5(%)" 4124((TQ))
C 6970 85 CiHuNS 1648 1?;?25(%)" j;(('I'Q))
d 8389 90 CxHxNS 1644 1?;‘_)??%)" jz‘l((%)
e -8 CaNs 1o A)PERER
f 7879 90 CyHmNOs 1644 O8(T). 1.3(Q), Q).

3.2(T), 4.2(T).

gible. Henced| acidsgavevery goodyidd. Theleastis
inthe caseof hexanoic acid.

CONCLUSION

It can beapromising method of synthesisof versa-
tile 2-dkyl thiazolinessincethe starting compoundsare
inexpensive, readily available, nontoxic, employsun-
complicated and economic reaction conditions and
aboved| theyiddsareexcdlent. Theliquid crystd sudy
and antimicrobid activity of these compoundsisunder
progressinour laboratory.
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