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was crystallized from ethanol to give 12.2 g (729) of a reddish
brown solid, mp 140-141°.

Anal. Caled for C,H;sCIN,O:  C, 67.15; H, 5.34; Cl, 10.44;
N, 12.37. Found: C,67.45; H,5.55; Cl, 10.58; N, 12.26.

1-Chloro-2-methyl-3-(4-phenylazo~1-naphthylamino)-2-pro-

panol.—Utilizing the procedure described above for the prepara-
tian  of 1-chloro-3-(4-phenylazo-1-naphthylamino)-2-propanol,
aniline (3.25 g, 0.035 mole) and 1-chloro-2-methyl-3-(1-naphthyl-
amino)-2-propanol?®® (10.0 g, 0.035 mole) gave 7.8 g (63%) of
maroan crystals, mp 130-131°.

Anal. Caled for CooHyCIN;O: C, 67.88; H, 5.70; N, 11.88.
Faund: C, 67.98; H, 5.67; N, 12.05.
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Reactions of Mercaptoamines.

ITII. Synthesis of
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As part of a program on the synthesis of antiradiation drugs, a four-step novel synthesis of N-monosnbstituted
2-mercaptoethylamines has been developed. The synthesis involves (1) conversion of 2-mercaptoethylamine by
reaction with nitriles to 2-substituted 2-thiazolines (I), (2) quaternization of the thiazolines by tosylate esters to
thiazolininm salts (II), (3) alkaline hydrolysis of the salts to an N-(2-mercaptoethyl)acetamide derivative (III),
and (4) hydrolysis of the amides in concentrated HCl and glacial acetic acid to N-monosubstituted 2-mercapto-

ethylamines (IV).

Because of the potential use of -nlercaptoethyl-
amines as antiradiation drugs,®~® it has become im-
perative that additional synthetic routes to conipounds
of this class be devised.

Previous studies of the reactions of mercaptoamines
have shown that many compounds capable of reacting
with the amine function also react with the mercaptan
function.® 1 In the work reported here, a method was
devised for protecting the mercaptan function i 2-
mercaptoethylamine, allowing the amine function to
react, and then regenerating the free niercaptan. N-
Monosubstituted 2-niercaptoethylaniines were thereby
obtained.
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(5) Cf. Symposium on Radiation-Protective Agents, 141st National Meet-
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Two recent investigations have independently shown
that 2-mercaptoethylamine reacts with nitriles to give
2-substituted 2-thiazolines.!':!? It had been shown
earlier that 2-thiazolines are quaternized with alkyl
iodides or p-toluenesulfonates.!® It was found that
low molecular weight alkyl iodides indeed gave good
vields of solid quaternary thiazolinium iodides when
heated with 2-methyl-2-thiazoline (I) in refluxing
absolute ethanol. However, when more coniplex
halides were used, the reaction appeared to be sluggish.
Benzyl chloride and 2-bromoethylamine hydrobromide
both gave ill-defined syrups with 2-methyl-2-thiazoline,
and chloroacetone gave a tarry product. It becanie
apparent that only active alkylating agents would
serve to quaternize the thiazoline. Since esters of p-
toluenesulfonic acid (‘‘tosylates’”) are known to be
more effective in displacement reactions than alkyl
halides (i.e., the tosylate anion is a better “leaving
group’’ than any of the halide anions), they seemed a
likely choice for the thiazoline quaternization. In the
first experiments, refluxing absolute ethanol was used
as solvent and ethyl and n-heptyl tosylates were the
alkylating agents. The same solid product was
obtained in both reactions, and it proved to be the
simple tosylate salt of 2-methyl-2-thiazoline, From
the reaction with heptyl tosylate, a liquid product was
isolated and identified as ethyl n-heptyl ether. The
isolation of this compound provided a basis for ex-
plaining what had happened in these reactions. The
tosylate ester had alkylated the solvent in preference
to the thiazoline, and the latter had acted mierely as
an acid acceptor. When refluxing dry acetonitrile

(11) R. Kuhn and F. Drawert, German Patent 937,231 (Dec 29, 1955):
Chem. Abstr., 63, 409 (1959).

(12) T. Kurihava, K. Suzuki, and M. Okita, Tohoku Yakka Daikago Kiyo,

6. 43 (1958); Chem, Abstr., §3, 10176 (1959).
(13) L. G. S. Brocker, J. Am. Chem. Soc., 68, 662 (1936).
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TasLe 1
LALRTHY L-3-S UBSTITUTED THIAZOLINIIIM TosYLATEIS
N—R .
| O.S()_,—O*CH :
.~ CH.
[5)
0 pletdm—e—
p-Toluene-
sulfonate Sali mp, Recrysin —em=Caled for salby, O o = ememeee=Tonnd for sul(, Cgeee
R ester =yt °C solvent G 1 N b [ 17 N bl
CIHLCH L), R1 A4 152-154 Acetane SNLU10 TU8T BT 17260 AT.060 TOTT 3.800 17 .34
CIHL(Clly)s 84 (i2 148-160.1 Ethanol-ether 70,18 8,10 3.63 16.63 58.06 S.21 3.58 16.87
CH(Cla)y NS 52 154-156 Acetone-ethyl 60.83 S TS5 338 15.46 60,092 S.58 527 15.20
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was used as the solvent, the desired thiazolinium salt
was obtained in poor yields, I'romn the reaction of
heptyl tosylate and 2-methyl-2-thiazoline was obtained
a 3897 yield of 3-n-heptyl-2-methyl-2-thiazoline tosylate
and considerable unidentified liquid by-product. TUse
of clilorobenzene solvent (az recommuended by Lempert
and Zauer't for the quaternization of uitrogen-cou-
taining heterocyclic molecules) in the quaternization
of 2-methyl-2-thiazoline resulted in very marked im-
provement i yields over any other solvent tried.
Tor example, the quaternization with heptyl tosylate
gave a 549, yield of thiazolinium salt (II) vs. 389
i acctonitrile.  With octyl and 2-benzyloxyethyl
tosvlates, vields of salt were 62 and 8567, respectively.

A recent study!® has demonstrated that quaternized
2-oxuzolines are cleaved to esters of amino aleohols on
mild hydrolysis. Thus, hydrolysis of the quaternary
salts to the N-2-(mercaptoethyl)acetamide derivatives
(IIT) was carried out by adding a 3 A/ excess of alkah
at 70° to the quaternary compound in a nitrogen
atmosphere.  TFor  example, 2-methyl-3-(3-phenyl-
propylythiazolinium tosylate atforded an 88%; yield of
N-(2-mereaptoethyl)-N-(3-plienylpropyl)acetamide.

Attempts to hiydrolyze the amide to the corresponding
amine with excess alkali or 6 N HCI under reflux for
8 hr failed, the amide being recovered in each casc.
However, hydrolysiz with a 1:1 mixture of concentrated
HCl-glacial acetie acid under reflux for 24 hr in a
nitrogen atinosphere did convert the amide to the de-
sired amine (IV). In this way N-(2-mercaptoethyl)-
N-(-phenylpropylacetamide was converted to N-
(2-merceaptoethyl)-3-phenylpropylamine in 649 yield,

Hydroly~is of the thiazolinium salts (II) very prob-
ably proceeds in o manner similar to that postulated
by Martin' for hydrolysis of 2-alkylthiazolines. Base
obviously shifts the equilibria zo that the reaction
proceeds acecording to path I, the driving foree for C-8

(111 . Lempert and W, Zaver, Tetrauhedeon Lotters, 510 110641,

(15; 1. Alen, Jr., and J. Ginos, J. (rg. Chem., 28, 2759 (1963).
167 R.DBL Martin, R, K Hedriek, pnd AL Paveeld, ibid., 29, 3197 (1001,
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cleavage being formation of the base-stable mercaptide
ion.  Consideration of path II leads to thie couclugion
that hydrolysis of the thiazolinium salts in necutral
media should give a thiol ester. Refluxing 2-methyl-3-
(3-phenylpropyl)thiazolinium tosylate in water gave
a senusolid whose infrared spectruni was void of amide
absorption but did reveal absorption at 1700 cm=! (s
doex  S-acetylmercaptoacetone) aund bands at 810,
1005, and 1025 eir !, characteristics of togylate anions.
Iurthermore, hydrolysis of crude 2-methyl-3-(2-me-
thoxyethyl)thinzolinium tosylate with water and then
6 N HCI gave a poor vield (139) of N-(2-methoxy-
cthyl)-2-mercaptoethylamine. The amine must  al-
most certainly have been formed by path II, since the
amides (path I) do not hydrolyze to the amines under
these conditious.

The thiazolinium salts were not all crystallizable
solid¢. Those which were crystalline were character-
ized by melting point determination and analyzed.
The infraved spectra of the thiazolinium salts all re-
vealed Intense bands at 1005 and 1020 en—!, character-
istic of tosylate anion bands.Y Results are reported
in Table I.  Not all the thiazoliniuni salts could be con-
verted to N-monosubstituted 2-mercaptoethylamines,
On the other hand, o number of thiazolinium salts
which could not be erystallized underwent hiydrolysis

1170 ALY Yerris wnd O. L. Salernd, Tnorg. Chem.. 3, 1721 (1061,
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TasLe II
N-Mo~NoSUBSTITUTED 2-MERCAPTOETHYLAMINES
HSCH.CH.NHR
Over-
all? Amine
——% yield yield, bp, °C Amine ~———Caled for amine, $p——rn  — Found for amine, %———
R Amide  Amine % (mm) n¥»D C H N S C H N S
CsHs(CH)s 68 60 18 81-82(0.2) 1.5512  66.25  8.3¢ 7.73 17.69  66.47 8.34¢ 7.72 17.87
CsHs(CHa)s 88 64 23 107-110 1.5401  67.64 8.78 7.17 16.41  67.87  8.96 7.11 16.19
(0.15)
CoHsOCH:C M 58 22 12 78-81(4.4) 1.4690  48.28 10.13 9.39 21.48  48.18  9.97 9.24 21.63
CHs(CH2»)30CH:CH: 73 51 Yy 97-100 (2.7) 1.4668  54.19 10.80 7.90 18.08  54.44 11.07 7.99 18.01
CHJ—@—CH, 64 38 7 70-73(0.2) 1.4926  64.11 11.30 7.48 17.11  63.97 11.47 7.5¢ 16.98
CHs(CHa)30(CH,):0CH:CHs 56 18 10 99.5-100 1.4677  54.26 10.47 6.33  14.48  534.09 10.35 6.17 14.64
(0.4)
Q——CHCHZ 54 46 22 95.5-96 1.5656  51.20  6.99 7.48 34.23  51.41  7.10 7.58 34.10
i 0.8)
p-(CHs)sCCsHsOCH2CHs 100 40 20  143.5-144  1.5314  66.36  9.15 5.53 12.65  66.23 .03 5.62 12.32
0.2)
p-C1CsHiOCH.CH2® 92 42 17 136.5(0.2) 1.5618  51.83  6.09 6.05 13.84  52.02  6.13 5.96 13.67
¢ Alecohol — amine. °® Anal. Caled: Cl, 15.30. Found: Cl, 15.10.
TasrLE III
N-MoNostBSTITUTED N-(2-MERCAPTOETHY].)ACETAMIDES
T R
CH:CON<Ch,cH.SH
% ——————Caled, % I'ound, f——————
R yield Bp, °C (mm) n¥»p C H N S C H N S
CH;(CH,), 39 145-150 (0.04) 1.4815 64.81 11.27 5.40 12.36 64.91 11.25 5.46 12.15
C.H;0CH,CH, 58 102-103 (0.07) 1.4884 50.23 8.96 7.32 16.76 50.50 9.08 7.23 16.97
[l S]'CI-LCI-I2 54 150-155(0.05) 1.5687 52.37 6.69 6.11 27.96 532.60 6.75 6.08 27.83
CH,;(CH,);OCH.CH, 61 118-120(0.10) 1.4830 54.76 9.65 6.39 14.62 54.91 9.74 6.37 14.57
N=CCH,CH, 43 176-177 (0.05) 1.5169 48.81 7.02 16.27 18.62 49.00 7.19 16.50 18.38
CH;0(CH,);,0OCH,CH, 45 138-140(0.5) 1.4906 48.84 865 6.33 14.49 48.59 8.47 6.46 14.63
CH;CH(OCH;)CH,CH, 19 108-110(0,23) 1.4888 52.65 9.33 6.82 15.62 52.89 9.41 6.86 15.40
C:H;OCH.CH,OCH,CH, 18 128-132(0.23) 1.4823 51.04 8.99 5.95 13.62 51.21 9.06 6.11 13.90

satisfactorily to give the appropriate N-monosubsti-
tuted 2-niercaptoethylamines. All the distillable niono-
substituted mercaptoethylamine derivatives which
were prepared are listed in Table II. The infrared
spectra of these comipounds all revealed mercaptan
peaks at 2550 erai—1,18 and were void of amide absorp-
tion. The properties of the amides which were iso-
lated and distilled are listed separately in Table III.
The infrared spectra of these substances were con-
sistent with the desired structure and showed aniide
(1640 eni—!) and mercaptan absorption (2550 eni—?),
For the reasons noted, the “R” groups do not neces-
sarily correspond in the different tables.

Biological Activity.—The nine N-monosubstituted
mercaptoethylaniines listed in Table II have been
examined for protective activity against radiation
lethality in mice. The compound where R is phenethyl
was found to have a protective effectiveness described
as good. The conipound where R is 2-(2-thienyl)-
etliyl possessed activity described as fair.  Slight activ-
ity was assigned to those comipounds where R is
p-t-butylphenoxyethyl, p-chlorophenoxyethyl, and 3-
phenoxypropyl. The other N-monosubstituted mer-
captoethylamines were inactive. The thiazolinium
salts listed in Table I and the acetamide derivatives
(Table IIT) were also examined for protective activity
against lethal doses of radiation. All these compounds
were inactive. The thiazolinium salts were tested on

(18) L. 1. Bellamy, “The Infrared Spectra of Complex Molecules,” John
Wiley and #ons, Ine., New York, N. Y., 1958, p 350.

the premise that they may undergo in vivo hydrolysis
to the corresponding N-monosubstituted mercapto-
ethylamine. The following dose levels were employed
in testing the compounds for biological activity:
51-150 mg/kg for all the N-nionosubstituted 2-mier-
captoethylamines except those where R = 2-(n-butoxy-
ethoxy)ethyl and phenethyl, which were tested at less
than 50 mg/kg; 51-150 mg/kg for the acetamide de-
rivatives except those where R = 2-(n-butoxyethoxy)-
ethyl and 2-(2-niethoxyethyl)ethyl, which were tested
at 150-350 mg/kg; 51-150 mg/kg for the thiazolinium
salts except the compound where R = decyl, which
was tested at less than 50 nmig/kg. The conmpounds
were adniinistered intraperitoneally to mice which
were tested for 30-day survival against lethal radia-
tion of 1000 r. Complete details are described by
Field and co-workers.!?

Experimental Section®

Only typical procedures are deseribed here. Al alcohols were
converted to their tosylate esters by the method of Marvel aud
Sekera.?!

2-Methyl-3-(2-phenethyl)thiazolinium Tosylate.—A salution
of 55.2 g (0.20 mole) of crude phenethyl tosylate and 20.2 g (0.20

(19) L. Field, A, Ferretti, R. Crenshaw, and T. Owen, J. #ed. Chem., 7,
42 (1964).

(20) Melting points are corrected and boiling points are uncorrected.
Microanalyses were performed by Galbraith Laboratories, knoxville, Tenn.
Infrared spectra were recorded on a Perkin-Elmer Model 137 lnfracord
recording spectrophotometer,

(21) C. 8. Marvel and V. C. 8ekera, "Organic Syntheses,” Coll. Vol. III,
John Wiley and Sons, Inc., New York, N. Y., 1953, p 366.
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mole) of 2-methyl-2-thizzoline in 100 ml of chlorobenzene was re-
fliuxed for 4 hr. The salvent was then remaved under reduced
pressire, lenving a solid rexidue. After one recrvstallization
Tram aeetane, 39.8 g (3370) of product was olitained, nip 122.5
127°. Two additional recrystallizations from acetone gave pn
annlyvtical sanple, mp 126.5-128.5°.  Kee Table T far dita on
other thiazoliniwn salts.

Anad. Caled for CeHuNOzS: ) 60045 11, 6.14; N, 3.71:
S, 10090 Famd: C, 60.47; H, 6.16; N, 3.72; 8, 16.76.

N-n-Decyl-N-(2-mercaptoethyl)acetamide.— Nitrogen was

Lubbled slawly throngh asolution of 24.0 g (0.6 mole) of NoOH in
250 ml ol water for 10-15 min.  All the follawing =teps weve
carried oul nnder nitragen, whenever possible.  With the solu-
tion ot 50° and while stirring  Ouagnetically), 2-merhyl-3-n-
deeylthinzolinimn tosylide (624 g, 0.2 mole) was added.  The
solition was allawed ta =tir {onr 1 hr, then chilled and made strongly
neid with cancentrated HCL O An il separated which was ex-
traeted into three SH-ml portions of CHCL.  The extracts were
connbined and washed with 109, Na.COy =olintiom and water.
he eblaraform extracts were dried ¢ MgQ(h): cancentration
wider rediteed pressare gave 101 g (39¢,) of prodiet. A
Cistillation o eecwo gave an analyticsd =pmple, bp 145-150°
AL ), w%n 1 AS15. See Table 11 fur data on other purified
anices,

dnad. Celed far Ol NOS: ) G641 11, 11.27: N,
NOTAB6. Ponnd: CC64.010 11, 11250 N, 5,460 8, 12,15,

N«(2-Mercaptoety.vl)-2~-phenethylamine. - A =olution of 16.6
£ (074 male) of erude N-(2-mercpptoethyDphenethylacetamide

5.4

5 WO, Fove, axp J. MicKLE

Vol 4

(prepured as deseribed abave)in anixtiure of 50 mlof concentrated
HCI and 30 ml of glacial acetic acid was heated nnder reflux in
nitragen atiosphere far 24 hir; then the =olvent was evaporn{ed
under reduced pressure. The residue was taken up in 104,
NiCO; =<alntion with sthrring and warning atil the pll of (he
witter Inver wax S4L An ol separnted and, onoeooling, wips
extracted mta three 50-ml portions of ether.  Arter drving the
combined extracts (Mg=S0y), the salvent was evaparnied ander
redueced pressure. The remuining ail was distilled de cacan jund
guve 8.1 g (607 of praduet, bp 8G-54° {002 nun i, Another dis-
tillation i racae gave po onalytenl smuaple, hp ST 22002 iy,
2 1AB12.

el Caled for CpllpNS: O 66.25; 11, 8340 N 0
=160 Foand: ) 66.47; 1, 8345 N, 7720 X108

N-(2-Mercaptoethyl)(2-methoxyethyl)amine.-~ A =clution o0
52.8 g {0.16 mole) of 2-methyl-8-(2-methoxyethvl)thinzolinium
tosvinte in 150 1l of water was heated nnder reflux for 24 hr,
with nitrogen hulibling through the solition. At this time, 130
mlol cemcenmrated HCLwas added, and the salittion was hescted un-
derrefliux for on ndditional 3 hr. The aeid solntion was evaporated
‘o vaean, wad the residne was made adkaline with 180 ml of
104, No.COy The <elution was extracted into five $0-ml por-
tions of chloraforra, dried (MgROgi, then concentented 7ic v,
The vily residiie abtained in this wiar wps distilled iunder rediieed
pressure. There was collected 3.7 g 013 of amdine, T 702727
4.5 mand, #%p 1.4744,

dnal, Cualed for CllpNOS: 44410 T, 00695 N, TSt
S,03.710 Fomd: € 44200 11, 068, N, LIS 8, 2300,

Radioprotective Activity of

Triammonium 2-Dithiocarbamoyl-3-dithiocarbonylthiopropanoate

licgarp I H Waxag, Wiinaaas Doorgy, Ju..
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The ~ynthesix of a witer-=olable derivative of ¢vsteine, the triannmaonineu =snlt «f the dithivearbanwte trithio-

curbonate, ix described.

Taxieity studies show the compound o he two to three times less toxic than 2-unino-

ethylisothionronitm bromide hydrobromide (AET ), wnd it provides goad protection in mice against the lethinl
etfect of londzing radiatiou in the comparable order of activity as ALLT.

Tritliocarbonate zwitterions of 2-mercaptoethyl-
ainine, 2-mercaptoethylguanidine, and related com-
pountds have shown good effectiveness ag radiation
protective ageuts.! These compounds show limited
solubility i water and appreciable toxicity, so a com-
pound having greater aqueous solubility aud possibly
lower toxicity was sought in the trithiocarbonate
of cysteine. It was anticipated that both the mer-
apto and the amino function of cysteine would react
with carbon disulfide to give either a dithiocarbainate
trithiocarbonate or possibly o cvclization product.
A dithiocarbamate of eystine has previously been
prepared,? but no appreciable antiradiation properties
have yet been reported for thix compound.

Treatment of cysteine with carbon disulfide and am-
wonium hydroxide in the usual manuer? gave ouly
products of indefinite coniposition. TUse of reaction
conditions that avoided an excess of base did, however,
provide the dithiocarbamate trithiocarbonate of cys-
teine as the triammonium salt, abbreviated hereafter
as DTC. Use of ethanol as solvent with dry au-

t1}) W. O. Foye, J. Mickles, R, N. Davall, and J. R. Marshall, J. 3/cd-

Chem., 8, 509 (1963).
§21 W, O. Yoye and J. Mickles, J. Med. PPhavu. Chien., B, 846 (10625,

NI *=SCSsCILCHCOO "N *

NHCSS™NILT
DTC

mona also produced this compound in mueh hetter
vield. Imfraved absorption at 1055 and 1105 e ! may
be attributed to the C==S of the trithiocarbonate
group,®* and absorption at 995 ¢! to the C==8 af
the dithiocarbamate group.* A strong ab=orption
band at 1555 em~may also be due to thioamide.?

The radiation protective ability and toxicity of DTC
i mice have been determined and are reported hercin.
The comparative value of this compound with {hat af
2-aminoethylisothiouronium  bromide  hydrobramide
(AILT) ix also presented.

Experimental Section

Analyses for earban, hydrogen, and mtragen were done by
Weiler and Stranss, Oxford, England.  Sulfur analysis was done

(3) I J. Bellamy and P. 11 Rogaseh, J. Chem. Soe., 2218 (1081,

r4v J. 1. Jomes, W. Kynaston, and J. L. Iales, /hid., 614 (1957,

{51y N, B, Coltlip, L. 1. Daly, and S, 1. Wiberley, "lnrroluetion w 1u-
frared and Raman Spectroscopy,” Acpdemie Press lae,. New York, N Y,
1084, p3)2.



