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Transthiazolination: The Rearrangement of
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RICHARD C CLAPP, Louis LDNG, JB., anD
i TORS'I‘EN HASSELSTROM L

- Recewed August] 196'0 o

S-(2 Ammoethyl)mothmurea has been shown by
Doherty et al.,* to undergo rearrangement. 1o 2
mercaptoethyiguamdme in neutral.aqueous. solu-
‘tionyand & cyclic intermediate has been postulated
‘for the reaction. The rearrangement of a number
of amlnoaﬂqhsothmureas 1o mercaptoalkylguam—
dines by this transguanylation reaction has been
studied by.ion exchange: analysis.®* In addition,
it was v demonstrated by lon ' exchange anaiysrs
that 2—(2’-anun0ethylth10) -2-imidazoline underwent
“{ransimidazolination to 2-(2"-mercaptoethylamino)-

2-imidazoline :rapidiy-.at: pIL 7.0;. the properties
of the compotnds involved were not described.-
. We_have found ' that - 2-(2"-aminoethylthio)-2-
“thiazoline (I) undergoes. 4 similar type of rear-
rangement, for which a symmetrical = bicyclic
intermediate can be postulated. The dihydro-
bromide of I Was prepared by the reaction  of
_2-th1azehdmeth10ne ‘and. 2-brormoethylamiric hy-
drobromide in reﬁuxmg isopropyl alcohol, When an
aqueous solution of I dihydrobromide was neu-
tralized or made weakly alkaline, rearra,ngement to
.2-(2’-mercaptoethylamine)-2: -thiazoline- " (IIT)"oc-
curred. The Tatter compound teadily” ‘underwent
oxidation in air to the disulfide TV. Color tests on
IV, its analytical data, and its infrared speetrum
were consistent with ifs formulation as bis[2-
(2’-thiazolinyl-2’-amino)ethyl] disulfide. Proof of
this structure was obtained by alternate synthesis.

2-Methylthio-2-thiazoline and 2-mereaptoethyl-
amine hydrochloride in refluxing methanol* af-
forded 2-(2'-mercaptoethylamino)-2-thiazoline hy-
drochloride (III, HCI). The disulfide obtained from
the air oxidation of this mercaptan in alkaline solu-
tion proved to be identical to the sample of IV
obtained from the rearrangentent.

The high yield obtained and the low basicity
required indicate that an intratransthiazolination
is involved in the rearrangement.® The postulated
cyclic intermediate for the rearrangement in this
case is represented by formula 11, In this instance,
in which the bicyclic intermediate is composed
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of | smular rings, only one product was obtamed

Reéarrangements of this kind involving umsymmetri-

-eal bieyelic: mtermedrates al_"e bemg mvestlgated

N EXPERIMENTAL

o 2—{ 2 -Ammoethyltkw) 2 fhiigsoline dzhydmbromzde (I,
QHBr} ‘A sohition of ‘4:76"£. (0.04 mole) of 2-thiazolidine-
thione and 8.20 g. (0.04 mole) ‘of 2-bromoethylamine hydro-

~bromide in 60-ml: of isopropyl’ alcohiol was refluxed for 4 hr.

A solid preeipitate began to‘separste during the refluxing.
The‘ecoled: Imxture yielded- 3:50 g (27%) of - colorless

“produet, iy 2169 dec. Recrystallizstion from ethdnol

afforded colorless erystals, m.p. 222° dee.

Anal. C&ICd. for CﬁHuBl‘zNzSz: C, 1853; H, 373; S, 19.78;
Br, 49.31. Found: C, 18.61; H, 3.71; §, 19.80; Br, 49.16.

There appeared to be some loss of material during the
recrystallization from methanol; the recoveries obtained
were low and erratic. The reaction product also gave satis-
factory analyses before recrystallization.

When a solution of the dihydrobromide in aqueous etha-
nol was treated with aleoholic picric acid solution, a yellow
erystalline dipicrate, m.p. 132-134°, was obtained.

Anal. Ca.lcd. for CqusNaSzOuZ C, 32.90; H, 2.60; S,
10.33. Found: C, 33.07; H, 2.65; 5, 10.67.

On attempted recrystallization of this picrate from aque-
ous alcohol rearrangement occurred.’ The picrate obtained
from the recrystailization melted at 191-192° and was
identical, by mixed melting point and infrared spectra, to
the plerate of 2-(2'-mercaptoethylarmino}-2-thiazoline (TIT).

Bis[2-( 2'-thigzolinyl-2'-amino)ethyl] disulfide (IV) from
rearrangement of 1. {a) At pH 9.1. To a solution of 500 mg.
{1.54 mmoles) of 2-(2'-aminoethylthio)-2-thiazoline dihy-
drobromide in 7 ml. of water was added two equivalents
(3.1 ml.} of 1N sodium hydroxide. The resulting solution
{(pH 9.1) was allowed to stand at room temperature for 5
hr., and air was intermittently bubbled through it. A white

(6) It was shown by Doherty, et al., (Refs. 1-3) that al-
though S-(2-aminoethyl)isothioures and related compounds
were stable in strongly acidic solution (0.2N hydrochloric
acid), the rearrangement began to take place under more
weakly acidie conditions.

{7) 1. W. Grote, J. Biol. Chem., 93, 25 (1931).

(8) N. D. Cheronis and J. B. Entrikin, Semimicro Qualita-
tive Organic Analysis, 2nd Ed., Interscience, New York,
1957, p. 274.
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erystalline precipitate separated slowly. After cooling, filtra-

tion yielded 227 mg. (919%) of the disulfide, m.p. 141-143°.

Crystallization from 1:1 aqueous éthanol afforded glisten-
ing white plates, m.p. 145-146.5°.

Anal. Caled. for CiHisN,E,: C, 37.24; H, 5.62; N, 17.37;
8, 39.76; mol. wi., 323. Found: C a7. 35 H, 5.68; N 17.25;
8, 39.85; mol. wt.,, 337(Rast)

Color tests on the disilfide Wlth mtropruss:de reagent and
with lead acetate were negative. However, after it had becn
treated with potassium cyanide’ or reduced with zine and
hydroxyiamine hydrochloride;® pOSIthB tests for a mercapto
group were obtained.

The dipicrate, prepared in ethanol melted at 239-241°,

Angl. Caled. for CauHpuNiwOiS,: C -33.84; H, 3.10; S,
16.43. Found: C, 33.79; H, 3.03; &, 16 73

(b) At pH 7.0. An a.queous solution of 500 mp. of 2-
(2'-aminoethylthio)-2-thiazoline dihydrobromide was treated
with 1N sodium hydroxide until the pH was 7.0. After the
solution had stood at reom temperature for 42 hr, with ocea-
sionsl aeration, acidification with dilute hydrochloric acid
and the addition of ethanolie picrie acid solution gave 0.54
g. {909, of the dipicrate of IV, m.p. 239-241°.
| 8-(2-Mercapioethylaming)- %thzazolme hydrochloride (111,
HCD). A solution of 3.73 g. (0.028 mole) of 2-methylthic-2-
thiazolinet and 3.18 £.(0.028 mole) of 2-mercaptoethylamine
hydrochloride in 75 ml. of methanol was refluxed for 4 hr.
The -solvent was removed under reduced pressure, and the
remsining 6.40 g of vmcous 011 Wa,s stored under mtrogen
at Q=5

The veady: omdamon of the merca.pta,n t.o the dxsulﬁde
made erystallization difficult. Ultimately, in an atmosphere
of nitrogen, & 2.36-g. portion of the 6.40 g. of oil separated
from 8.5 ml. of absolute ethanol in clumpe of fine white erys-
tals; 1.20 g..(59%), m.p. 99-101°%. These were filtered under
mtrogen and washed .on the filter with acetone, An ana.lytl’
.eal sample melted 25 99.5-101.5%. . . :

Angl. Caled. for CanClNzSz C 30 22 H 558 S 32 26
FoundC3035H55OS3247 .

_ This compound gave the useal tests for a. mercaptan with
mtroprusmde reagent and ‘with lead a.ceta.te In addltmn the
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Infrared Spect.ra of both thls compound and its plcrate showed
a mereaptan band at 3.0 u

The picrate crystallized from. ethanol, ag yéllow: needles,
m.p. 191-192°. From a 0.5I-g. portion of the 6.40 g.-of con-
centrate from the reaction there was obtained 0.84 g. (96%
yield from 2-iethylthio 2-thiszoline) of the pierate.

Anal. Caled. for CnHiN:C:8:: €, 33.76; H, 3.35; 8, 16.38. -
Found: C, 33.75; H, 3.37; B8, 16.77.

Bis[2-(8'-thizolinyl-2 -anvino)ethyl] disulfide {IV} from

azidation of TIL. A 0.46-g. portion of the 6.40 g. of viscous

.concentrate obtained from Z-methylthio-2-thiazoline and 2-
.mereaptoethylamine hydrochloride was dissolved in 15 ml.

of water, ‘and-sodium hydroxide ‘was added dropwise untit
the' solution’ was-strongly alkaline (pH- 10).- A-precipitate
began o separate in a few minutes: After the mixture had
stood at room temperature for about 20 hr, with. cccasional
aeration, filtration, afforded 0.30 g.. (93% yield from 2-
methylth10—2—thxa.zohne) ‘of finie white erystals, mp. 144~
145.5°. Rectystallization ‘from "1:1 aqueous ' ethanol ‘gave
glistening plates, m:p.  145-146.5°. The infrared spectra:of
this product and of the disulfide from the rearrangement
were identical; there was no mixed melting point depression.

The dlhydromdlde ‘of the disulfide, m.p. 244.5-246°, was
isolated from ati ‘attempted preparation of the merca.ptan
{IIT) from 2-methylthio-2-thiazoline hydroiodidet and 2-
mereaptoethylamine in refluxing methanol. The: same com-
pound was obtained from IV and hydrogen iodide. .

Aml Ca.lcd fOI‘ CmHzaIzN4Sg C 20 76 H 349 S 2217,

_Found C 2088 H, 357 5, 2241
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