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4-Thiazoline-2-thiones. IV. Preparation from Amino Acids

R. W. Lamon and W. J. Humphlett

4-Thiazoline-2-thiones derived from amino acids have been obtained by an improved procedure.
Depending on substitution, the type of intermediate product isolated may be a 4-hydroxy-

thiazolidine-2-thione or a dithiocarbamate.

Few 4-thiazoline-2-thiones bearing a carboxyalkyl group
in the 3-position have been synthesized by treating a
dithiocarbamic acid derived from an amino acid and carbon
disulfide with an a-halogenated ketone, according to
equation 1, Chart I. Earlier work has reported the use of
glycine, D L- or f-alanine, or 4-aminobutyric acid with
chloroacetone, phenacyl bromide, or 3-chloro-2-butanone
(1-3). In the present work, modification of the earlier
procedure allowed a more general synthesis. The change of
the solvent from water to methyl alcohol improved the

solubility of the reactants. Higher yields resulted from the
use of two equivalents of amino acid and carbon disulfide
per equivalent of a-halo ketone. Table I includes 4-
thiazoline-2-thiones obtained from D L.-aspartic acid, tau-
rine, D L-methione, 6-aminohexanoic acid, and m-amino-
benzoic acid. Among the a-halo ketones employed were
ethyl bromopyruvate (4), ethyl 2- and 4-chloroacetoace-
tate (5), 1-acetoxy-3-chloro-2-propanone (6), 1-butylsul-
fonyl-3-bromo-2-propanone (7), and 3-chloro-2,4-pentane-
dione (8).

CHART 1

R I
(1) NHyCHoCOZH  + CS, + CgHgCCH,Br

NGRS
“H20 ! \f
_ CgHsg NCH,CO,H
I
(2)  (CHz)pNH + CSp + CgHgCCH,Br

0
Il
(3) NHZ(‘:HcozH + CSp + CgHg CCHoBr
CHsy
-H50

CH3

(4) NH2(|3HC02H + CS, +
CHy

SS
IO
CeHs NCHCOaH
i

if
CgHgCCBr(CH3),

S

S
KOH \f
S CgHs NCH5CO,H

OH
1

KOH ooq
————>  CgH5CCHSCN(CHz),
I
KOH H 1l
—————>  CgHCCHLSCNHCHCO,H
|
CHs
i
CH
3
CHy S\ S
KOH \f
_ >
CeMs NCHCOoH
|
OH gy
v



Vol. 4

R. W. Lamon and W. J. Humphlett

606

el
Vel
€Tl
6°¢l

R
6'ST¥¢
961°0°¢

ait
021°TE

LVl

(841
SLTTY

9°¢l

8¢l
€Vl

61

A4t
S61°6C
981 °8C
L2216

6Vl
6€1°SE

{44!

vl

9'¢l

€Y1
TLL0Y
¥'61°8C
Al A Y
S¥1°C¢

8Vl

9¥1L

0T X2

744
{e¢
61¢

443

81¢
TEE ‘183
0¥€ ‘S8%
02¢
81¢ ‘148
g1¢
61¢
TSE ‘260
0ze
0ce
L0¢
20€
Sie
S€E ‘182
6€€ “58¢
1S¢€ ‘662
61¢
81€ ‘123
S1E
ste
81¢
SiE
6¥€ ‘563
Y€€ ‘v8T
LEE ‘S92
S1€ ‘292
81¢
PARY

rw
Xeul Y

HO’

¢’'Se
6°9¢
8've
8'Sc

8'Se
€Ve
€'cc
9°ce
6'8¢
74
6'1¢
6°S¢
L'ce
L'€¢
8.2
(74
(24
8'SC
€'€c
8'S¢
6°€c
00¢
9'6S
9'v¢
6'1€
¢'ie
L.g
¢'lT
8'vc
9'Se
LT
8¢

€S GS¢
0SS 6%
8% 67%¢
L2 T\ 4
s 19
s TV
8%y 06
0s SV
vy S
¢S ¢V
9% ¢S
98 ¥
8V 67
6v 8%
gs 1€
¢S ¢V
T2 L€
¢s L'E
0s LV
ss 9%
6v €V
€y ¢S
9 1%
¢S €%
89 €V
9 ¢
09 1%
gs LC
s 1%
§s 9¢
8s 0¢
0 A 4
N H
punoq

Y¢S G'Gg
0tV S'9¢
L'S¢ L've
£6¢ 6°S¢C
¢6v 1°9¢
vy Sv¢
6SY 67C
§'sc 6'¢c
€'y 6'8¢
[ & 4 [ 74
P A A 4]
i 4 192
L°¢¢ €'Ce
rAR S 2N = 4
8's¢ G'L3S
Lk 4 Sve
6°L¢ 6'¢E
9'8¢ 6'Se
8¢y €€
N 4% T'9¢2
6°€S ¢'ve
L0y 268
I'8€ ¢'6¢
S & 2N s 74
91y  S'T1¢
Lve 6'0¢
91y L'l¢
6'S¢ LG
¢y SVe
6'8¢ 6'S¢C
c'9¢ LT
FAl & 2N 74
D S
o), sasAfeuy

96 9¢
€S 0¢S
TS 67¢
s Lt
PA A
e TV
8y ¢&'§
0s LV
¢y LS
s ¢V
8y ¢S
LS SV
6V 8¢
s 8%
09 0¢
ve ¢V
V. L€
rs L€
s 8%
PRI 4
€S T
9% €S
A I & 4
s ¢V
69 vV
L9 vy
19 6¢€
09 0¢
s ¢¥
s L€
09 0¢
Ve ¢¥
N H
PAED

9°¢S
0Ty
0'9%¢
6°8¢

6'8¥
Vv
LSy
6°SS
9°e¥
Vv
L'S¥

L'€¢
9ty
0°9¢
vy
17'8¢

€8¢
viv
vy
8%e
STy
0°9¢
vy
6'8¢
0°9¢
vivy

‘[oueypaw Wo (9) JOURYId 9505 Woi (q)

99 (9) g61-161
08 oel
0z () z9e
92 812-L1%
0L 2898
68 €02
1L €21-321
4y 8e1-2¢1
09 AR Al
001 sYI-2¥1
62 10T-00T
16 LET-9€1
9 A4
a7 1909
88 4 t4
€L Y61
8¢ ARAl
€8 203-90%
8¥ 9bI-S¥1
26 evI-ghl
00T  (9)2€1-9¢1
12 8ET-2ET
¥8 Wi
cg €St
6 PEI-2ET
12 09-8S
€8 cgI-¥81
001 S dda (44
€8 091-6ST
4% £€91-291
001 9LT-6L1
29 P12l
9
% ——
PpIX (e) 3, “d'W

NWNOmea ~U
mmNOZm_:mU
MESEONEHD

LSYONSHED

NWNOZm:umoﬁU
vaozﬂﬁmmu
Nm.vOZm:‘mﬁﬁu
NmNOZm:.mmﬁU
ESONSHD
waozm—mmu
TetNSIYTT
mmm%z%:mw
LSYONNBHED
tePonN?THO T
tSYONLHED
*SYON'THOD
meozmmwu
NW¢NZOM7M~.~~M~W

NmmOZ~ :.—00 v

N@NOZ« —:N—U
m@*OZb ~m— ~U
tSEONSHED
ISYONTIHED
ZGTONSHYD
OYH-*STON*H®D
TSEONCHED
LSYONEHED
ZSYONTTHOD
ZSYONSHED
LSYONCHED
vaOZ~ ~=QU

e[nuLIO §

SPI9Y OUTWY WO} PIALS(] SAUOIT-Z-3UTIOZEIY

I 414vL

“POIEITPUL HSIMIIIO SSIAUN JaJBM WOI] PIzZIeISAI0Y (e)

:.m

€HD
€HD
£HD

€HD

¢HD

tHD

tHD

SH%)
6HYDTOSTHD
H*0D*HD
SH®D*0DHD
¢HD
M20D%HD
SHED®0D*HD
H®0D
SH®D%0D

H

€HD

€HD

£HD

SHPD
SHYDCOS*HD
HO*HD
€HIODOTHD

£HD
EHDODO*HD
H0D*HD
SH?D*0D*HD

R:!

w-HC0)YH?)

HY0DHDY(*HD)SEHD

MEOSTHOHD
:~ou£w
H?0DHD
H®0D%(*HD)
H0DE(*HD)
H*02¢(*HD)
H?*0DE(*HD)
H*0JE(*HD)
H®02%(*HD)
H?0D%(*HD)
HP0D(EHD)HD
H*OD(EHD)HD
HPOD(FHDHD
HP0D(EHD)HD
H?OD(EHDHD
HPOD(EHD)HD
H*0D%(*HD)
H?0D¥(*HD)
H®0D%(*HD)
H*0D%(*HD)
H?0D%(*HD)
H*0D%*(*HD)
H*0D%*(*HD)
H0D%(*HD)
H*0D%(*HD)
H0D*HD
H*0D*HD
HY0D*HD
H*0D%*HD
HY0D%HD
H*0D%HD

B



607

4-Thiazoline-2-thiones. IV.

Dec. 1967

-ullojolofyo

wol f

-sueyuad

(4) -1em-oued wosg (3) “1jem uwiosg (J) -surjuad-ouolade woif (9) -surjuad-ayejove A3 wiolg paziEIsA10ay  (p) ‘(uuojolopyp ‘g 9) 0VT-

mu_d_ 9onpoid ‘ouruepe-T] wiol (9) (ULIOJOIO[Yd ‘¢ I) o0 mnmd_ ‘Jonpoud ‘sutuee-11Q wolf (q) "paredrpul ISIMIIYIO SSIpUN *,/4 01 uonIppe ur UIFoIPAY- sIeaq amonys ayy, (e)

6¥1°g'8
V1 ‘S6
¥'S1°9g
P'S1°8'8
Lyi‘Ls
931 ‘8L
9ST°S6
'91°0°01
19196

mOMXw

12T 'SSg
113992
08% ‘092
08% “09¢
822 ‘09T
113 ‘85S¢
113 ‘653G
223 ‘%S¢
8.C ‘SST

nu
Xew Y

HO%I

PAI
g'1g
903
0'1e
L'S¢
L1e
€°S¢
&4
9°€e

S

Vv vS
Yy €S
[ 2 4"
¥y €S
ALY
SvY 0S
98  6'S
8y 9Y
6V 6'¢
N H
punoj

¢E¥y  60¢
8'¢S 9'1¢
0¥s 208
L'€S  L0¢
¥evy LS
80Y ¢6'1¢
0ey LS
6°0S 9GS
6'8% 8'¢c
v S
9}, sasA[euy

9% 9S
Ly TS
SvY S¢S
SvY S'S
9 19
8V ¢S
96 19
6v 9%
¢s T
N H
POED

0°ey
R4
0°%S
0'vS
v'Ey
6°0v
Ve
6°0S
r'o¥

J

Y6 (P) 96
1L (d) zer-181
49 (U) 281-9¢1
6 (W) sz1
] (3)ver-gg1
L (®) €01-20T
S () s6%6
08 )zt
L8 (p) co1
% .
“PRIX 2, "I
HO
©) ¥-N 2]
D
mW/m W

NWmOZb ~:~ HU
NmmOZmﬁmm—U
NWMOZEH:V~U
NmmOZb:,menU

tSEONSTH®D
NmmOZm—:O—U

“SEONSTH®D
NmmOZm~:N~U
NmmOZ~ —:u ~U

B{nULIO |

SPIdY OUTWY WO PIALII(] SIUOTY}-Z-duIPI[OZRIIAXOIPAH-¥

II 314vL

SHD 0D *HD
SH®D

mI@U

m:ou

€HD
SH®D%0D%*H)
¢HD

m=oU

mmou

HY0D&(*HD)
HZ0D¥(*HD)

(@) H*OX(*HD)HD
(9) HCOXXEHD)HD
HY0X(¢HDHD
HYOXEHDIHD
H?0D%(*HD)
H®0D%(*HD)
H*0D%H)

¥



608 R. W. Lamon and W. J. Humphlett

Depending upon the conditions, the method can yield
an intermediate product. Our previous papers have shown
that the reaction of ammonium dithiocarbamate and a-halo
ketones yields intermediate 4-hydroxythiazolidine-2-thi-
ones (9,10). Recent work has indicated that a similar
reaction of primary amines, carbon disulfide, and a-halo
ketones yields either intermediate 4-hydroxythiazolidine-
2-thiones or dithiocarbamates (11). Dehydration or
cyclodehydration' of the latter compounds produces 3-
substituted 4-thiazoline-2-thiones. In the present study of
the reaction with amino acids, certain of the intermediates
were isolated. Determination of their structure supports
recent conclusions regarding the influence of substitution
on the type of intermediate isolated.

The reaction of phenacyl bromide and glycine (equation
1) has been assumed to yield an intermediate dithiocarba-
mate. The intermediate, however, has failed to yield a
phenylhydrazone or semicarbazone (12). Related dithio-
carbamates, e.g., II, known to be formed from secondary
amines (equation 2), have yielded carbonyl derivatives
(10,13). A dithiocarbamate similarly derived from a
primary amine has given carbonyl derivatives (11). The
infrared spectrum of intermediate I fails to show ketone
C=0 absorption required by a dithiocarbamate, but shows
an OH band; II shows C=0 absorption. The ultraviolet
spectrum of intermediate I, X\ max 255, 278 my (e, 9,600,
16,100), is unlike that of II, but is similar to that of the
previously reported 3-ethyl-4-hydroxy -4-phenylthiazoli-
dine-2-thione, A max 255, 277 mu (€, 9,100; 15,300) (11).
On this basis, the intermediate is assigned the cyclic
structure, 1.

The type of intermediate isolated from preparations of
3-substituted 4-thiazoline-2-thiones has been reported to
depend on the nature and degree of substitution (11).
Substitution by sterically hindering groups at positions
3 or 4 has favored isolation of dithiocarbamates, whereas
alkyl substitution at position 5 has favored 4-hydroxy-
thiazolidines. A “gem-dimethyl effect” on facilitating
cyclization of common rings is well documented (14). The
influence of substitution on the type of intermediate
obtained from amino acids parallels these effects. An
acyclic intermediate, III, bearing a sterically hindering
group on the nitrogen atom, was isolated according to
equation 3. The product, IV, equation 4, bearing gem-
dimethyl substitution has a cyclic structure. In certain
cases of steric hindrance, tautomeric equilibrium of the
cyclic and acyclic intermediates in solution has been
demonstrated (11). No evidence of equilibrium of the
present examples was observed.

The ultraviolet spectrum of the acyclic intermediate,
111, has A max 250, 277 mu (€, 16,100; 11,400), compared
with that of the earlier reported benzoylmethyl isopropyl-
dithiocarbamate, A max 248, 270 my (¢, 17,100; 9,600) (11).
The infrared spectrum of III shows NH at 3.02 , benzoyl
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C=0at5.97 u, and carboxy C=0 at 5.85 p. The ultraviolet
spectrum of the cyclic intermediate, IV,, A max 280 mu
(€, 15,000), is similar to that of the reported 4-hydroxy-3-
isopropyl-4-phenyl-5,5-dimethylthiazolidine-2-thione,
which has A max 279 my (e, 15,000) (11). The infrared
spectra of the cyclic intermediates, I and IV, show bands,
respectively, for OH at 3.15 u and 2.95 u (the latter due to
steric hindrance), and carboxy C=0 at 5.85 u. The
dithiocarbamate structure of IIl appears to be correct, as
previously proposed in the literature (2). Analysis of other
intermediates derived from D L-alanine suggests, in the
crude state, the presence of a dithiocarbamate.

The 4-hydroxythiazolidine-2-thiones isolated are charac-
terized in Table II. A bathochromic shift of the ultraviolet
spectra occurs among the thiazolines bearing 5-acetyl,
carbethoxy, or carboxy substitution (Table I).

EXPERIMENTAL

Melting points, determined in capillary tubes, are corrected.
Infrared spectra were recorded on a Baird-Atomic Model NK-1
Spectrophotometer with sodium chloride optics. 3-Bromo-3-
methyl-2-butanone was prepared as reported (13); other c¢halo
ketones were obtained commercially unless otherwise indicated in
the discussion.

General Procedure.
4-Thiazoline-2-thiones (Table I).

These substances were obtained (a) directly from the reaction
mixture or (b) by dehydration of the isolated intermediates,
according to the following examples.

(a) 4-Acetoxymethyl-3-(2-carboxyethyl)-4-thiazoline-2-thione.

A mixture of 55.2 g. (0.62 mole) of D L-alanine and 36.8 g.
(0.56 mole) of potassium hydroxide in 150 ml. of methanol was
made, with warming and stirring. The small amount of D L-alanine
in excess failed to dissolve. To the stirred mixture, cooled in an ice
bath, was added 34 ml. (0.56 mole) of carbon disulfide over 20
minutes, forming a gummy, white solid. After the cooled mixture
had been stirred for 1 hour, a solution of 42 g. (0.28 mole) of
1-acetoxy-3-chloro-2-propanone in an equal volume of methanol
was added, with cooling and stirring, over 20 minutes. The reaction
mixture was stirred for 1 hour, with cooling. The reactions were
exothermic. Sufficient water, about 200 ml., to form a solution
was added, and the solution was stirred 15 minuteslonger. Methanol
was removed in vacuo, leaving a yellow solution. Acidification
with excess concentrated hydrochloric acid caused an oil to separate
which solidified on standing overnight. Filtration yielded 66 g. of
crude product, m.p. 144°. Pure product was obtained after two
recrystallizations, amounting to 46 g. of light tan needles.

(b) 34(2.Carboxyethyl)-4-phenyl-4-thiazoline-2-thione.

A solution of 10 g. (0.035 mole) of 3{2-carboxyethyl)-4-
hydroxy-4-phenylthiazolidine-2-thione in 50 ml. of glacial acetic
acid was refluxed for 0.5 hour. On cooling, crystals formed as
prisms. Water (100 ml.) was added, and the crystals were collected,
giving 7 g. of the thiazoline, m.p. 134-136°. A second crop gave
25¢g.

In general, 1 hour of refluxing of solutions of 4-hydroxy-
thiazolidines in large volumes of water also afforded thiazolines.

-
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4-Hydroxythiazolidine-2-thiones (Table II).

The preparation of 4-carbethoxymethyl-3(3-carboxypropyl)-4-
hydroxythiazolidine-2-thione is typical of the procedure used to
obtain these intermediates. To a stirred solution of 41.7 g. (0.41
mole) of 4-aminobutyric acid and 26.2 g. (0.4 mole) of potassium
hydroxide in 250 ml. of methanol was added 24.1 ml. (0.4 mole)
of carbon disulfide, with cooling in an ice-brine bath. After the
cold mixture had been stirred for 2 hours, a solution of 32.9 g
(0.2 mole) of ethyl 4-chloroacetoacetate in an equal volume of
methanol was added over 20 minutes. The reaction mixture was
stirred for 2.5 hours, 220 ml. of water was added, and the methanol
removed in vacuo. To the rapidly stirred, resulting solution, cooled
in an ice bath, concentrated hydrochloric acid was added dropwise
until the mixture was acidic. Fine, white crystals gradually formed.
The product was collected, rinsed with cold water, and dried in
vacuo at room temperature to constant weight, 57.4 g., m.p. 96°.
The melting point was unchanged on recrystallization.
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