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mole) of Z-metlyl-2-thiazoline in 100 ml of chlorobenzene was re-
fluxed for 4 hir. The solvent was then removed under reduced
pressure, leaving a solid residue. After one recryvstallization
Irom aecetone, 39.8 g (5370} of product wax obtaived, mp 122.5
127, Two additions] recrystollizations from acetove gave
annlyvtical sanple, mp 126.5-128.5°. Ree Table T for data on
other thiazolinium salts.

Andd, Caled for CreHuNOSy: € 60,45 11 6,14, N, .71
216,09, Found: €, 6047; H, 6.16; N, 5.72; 2, 16.76.

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

bubbled slawly throngh a solution of 24.0 g (0.6 mole) of NaOH in
250 ml ol water for 10-15 min.  All (he following =tepx wern
cirried oni nnder nitrogen, whenever possible. With the solu-
ton at 50° and while stirring (magnetieally), 2-merhyi-3-n-
deeylthinzolivinm tosylide (624 g, 0.2 mole) was andded,  The
sohittion was vllowed to <tiv for 1 hr, then chilled and made strovgly
veid with concentroted HCL Ay ail separated whicll wos ex-
tracted into three 5i-ml partions of CHCL. The extracts were
combined and washed with 100, N COl =olution and water.
The chloroform exteacts were dried P MgROh): cancentraton
under reduced pressave gave 1000 ¢ £30907) of produet. A
distillation e eecre gave an auolytice] =ample, hp 145--150°
(004 nun ), ®p 1AR1L. See Table 11 for data on other purified
wnides,

dnal Caled for Ol NOSR0 0 GAN 1, 11270 N, 5.40;
Ro12.56.0 Found: ¢ 64000 11010250 N, 5.46: 8, 12,15,

N-(2-Mercapteeti.yl)-2-phenethylamine. A ~olution of 16.06
g (0,074 mole) of crude N-(2-mercaptoethyhphenethylveetvmide

L WO, Fove, axo J. AhekLes

Vol ¢

(prepared as desceribed above)in a mixture of 50 ml of concentrated
HCI and 30 ml of glaci:d veetie aeld was heated noder reflux i o
nitrogen atmosphere for 24 hr; they (he =olvent was evaportded
under reduced pressure. The vesidue wos token np v 107,
NapC Oy <olntion with stiveing and warming nntil the pll of the
water laver wax SH4L 0 An ol separated and, on emoling, was
extrocted nto theee 50-ml portions of ether.  Atter deving the
rombined extracts (M MgSO,), (he ~olvent was evoporated under
vedneed pressirve, The remabiing oil was distilled fe vacao woud
gave 8.1 g 16075 nf proditet, hp S0-854° (0.2 pumy, Anether dis-
tillotion 7n rucee gave i analytieal <ample, hp 81822 002 iy,
w1551,

dwal. Caled Tor CullaNS ) 66,250 11, 884 N, 7.0
SOIT600 Found: 66475 11, 804, N, 7725 =, 17.87.

N-(2-Mercaptoethyl )(2-methoxyethyl)amine.-~ A =olution or
52,5 g (0,16 mole) of 2-methyl-3-(2-methoxyethylthinzobvimn
tosvlate in 150 ml of water was heated under reflux Tor 25 hr,
with nitrogen bubbling through the <ohition, A thix time, 150
mlol concemrated HCwas added, and the salution was heated ns-
devveflux {or anadditional 3 hr. The aeid solution was evaporated
yioracro, tnd the residie was made alladine with 180 ml of
1077 NueCOs The =olution wax exivacted (o five $0-ml por-
tiots of ehlovoforia, thied (Mg=Oy3, then coneentvated 3 racio.
Thesly residue optadned in this wiy was distilled noder vedueed
pressnre. There wos collected 5.7 ¢ 0150, ¢ of muine, by 70-727
(4.5 mmt, % 14744,

dred, Caled for CiNOSD O 44041 11, 060, N, 10.806;
S, 9571, Fonnd: O, 44205 11, 0.60; N, 1008: 8, 23,00,
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The xynthesix of 1 woter-=olnble devivative of ¢vxteine, (he (riammoninm =aft of the dithiocarbame (¢ trithio-
. N 3

corbonate, ix desceribed.

Toxicity studies show the compound 1o be two to three times less toxic than 2-nmivo-

ethylisothiouronium bromide hydrobromide (AET), and it provides good protection in mice against the lethal
effeet of lonizing radiation in the comparable order of activity as AET.

Trithiocarbonate zwitterions of 2-mercaptoethyl-
amine, 2-mercaptoethylguanidine, and related com-
pounds have shown good effectiveness as radiation
protective agents.! These compounds show limited
solubility in water and appreciable toxicity, so a com-
pound having greater aqucous solubility and possibly
lower toxicity was sought m the trithiocarbonate
of eysteine. It was anticipated that both the mer-
capto and the amino function of cysteine would react
with carbon disulfide to give either a dithiocarbamate
trithtocarbonate or possibly o cyvelization produet.
A dithiocarbamate of c¢ystine has previously becn
prepared,® but no appreciable antiradiation propertics
huave yet been reported for thix compound.

Treatment of cysteine with carbon disulfide and am-
monium hydroxide in the usual manner'? gave only
products of indefinite composition. Use 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 am-

t1) W, O, Foye, J. Mickles, R, N. Duvall, and J. R. Marshall, J. Med-

Chem., 8, 509 (1U63}).
(23 W, O, I'nye and J. Miekles, J. Myd. *harm. Ciem., B, 846 (14625,

N =8CSsCILCHCOO "NITL *

NHC=3-N1L
1TC
monia also produced this componnd in mnch better
vield. Infrared absorption at 1055 and 1105 em—' may
be attributed to the C==S of the trithiocarbonate
group,®* and absorption at 995 cm~! to the C==8 of
the dithiocarbamate group.* A strong absorption
band at 1555 em™! may also be due to thioamide.?

The radiation protective ability and toxicity of DTC
in mice have been determined and are reported herein.
The comparative value of tlns compound with that of
2-aminoethylisothiouronium  bromide  hydrobromida
(AIET) 12 also presented.

Experimental Section

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

(3) L. J. Bellamy aw! . 1. Rogasel, J. Chem. Soc., 2218 (198D).

i4i J. I. Jones, W. Kynaston, and J. L. Ilales, <hid., 14 (D575

i) N. B, Colthup, L. M. Daly, and X, . Wilerlpy, “horadaetion Lo -
frarel and Raman Spectroscopy,” Aeademipy Press Do, New Yark, No Y.,
1054, 1312,
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by Parr bomb peroxide fusion, and ammonium ion was de-
termined by a modified Kjeldahl procedure for ammonium salts.
Melting points were taken on a Mel-Temp block and are cor-
rected.

Triammonium 2-Dithiocarbamoyl-3-dithiocarbonylthiopropano-
ate. A.—Cysteine (6.06 g, 0.05 mole) was dissolved in 30 ml of
water and 20 ml of concentrated NH,OH. The solution was
added dropwise with stirring to 7 ml (0.1 mole) of CS; at ice-bath
temperature. The mixture was stirred for 1 hr, and 250 ml of
absolute ethanol was added. After 30 min, a bright yellow
precipitate appeared, which was isolated after further stirring
and washed with chilled ethanol. After dryiug in vacuo, a yield
of 8.4 g (49%) of finely divided yellow product was obtained
which melted at 153-154°; »ai® 730, 820, 870, 955, 1055, 1105,
1180, 1280, 1300, 1553, 1675 cm L.

Anal. Caled for C;H,;N.O.S;: C, 18.50; H, 4.97; N, 17.32;
S, 49.40; NH.* 16.59. Found: C, 18.67; H, 4.94; N, 17.49;
S, 50.15; NH,*, 16.68.

B.—Cysteine (6.06 g, 0.05 mole), suspended in a small voluine
of 959, ethanol, was added to a mixture of CS; (7 ml, 0.1 mole),
95, ethanol (75 ml), and absolute ethanol (75 ml) and cooled
in an ice bath. Ammonia gas was bubbled through the solution
with constant stirring for 1 hr. The yellow product was isolated
and purified as above. A yield of 15.4 g (959,) was obtained.

The compound is extremely water-soluble and showed evi-
dence of some hydrolysis in water after several minutes at pH
7.4. At pH 8.7, greater stability was observed. It is probable
that the trithiocarbonate function is the least stable group
present.$

Procedure for Radiation Protection.—The compounds tested
were dissolved in sterile saline solution and 0.4 ml of this solution
was administered intraperitoneally at approximately 10 min
preceding radiation exposure. The pH of the solution was
about 8.2, which was considered not irritating to the peritoneal
surface. The dose was calculated on the basis of micromoles per
mouse so that meaningful comparison between relative toxicities
and radioprotective capabilities could be made with AET.

Adult female Ha/ICR (Swiss) mice weighing 20-26 g and with
ages between 10 and 12 weeks were used: a detailed description
of the handling of animals and conditions of radiation exposure
have been described previously.” All chemicals were weighed
as their salts.

The radiation was administered by using a General Electric
maxitron unit at 300-kv peak, 20 ma, with 1.15 mm of copper and
1.0 mm of aluminum added filtration. The half-value layer for
these conditions was 1.92 mm of copper. The mice were ir-
radiated in a rotating cage at a target-to-source distance of 45
cm. The average rate of radiation was 168 r/min.

The lethal radiation dose for these conditions in mice was
determined. Varying concentrations of DTC or AET in pro-
tecting mice against the lethal effects of such radiation were
studied. Other established radioprotective chemicals used in
this study were 5-hydroxytryptamine (serotonin) creatinine
sulfate and mercaptoethylamine hydrochloride (MEA).

Toxicities.—In this study, the LD;, for AET is approximately
25 wmoles/motise while the LD; for DTC is over 75 mmoles/
mouse (see Table I). Thus, DTC is three times less toxic than
AET. Iutraperitoneal toxicities of different concentrations of
either DTC of AET were also compared when admixed with 2
uwmoles of serotonin and 25 umoles of MEA. The results (Table
II) indicate that DTC also appears to be less toxic than AET
when combined with 2 umoles of serotonin and 23 wmoles of
MEA.

Radiation Protection Studies.—The LD,y for these mice under
the present conditions of total body irradiation is about 775 r.
For comparing the effectiveness of AET and DTC as radiopro-
tective compounds, the mice were exposed to a supralethal dose
of 800 r. The results (Table III) illustrated that 20 umoles of
AET provided 68.69, snrvival, while 20 umoles of DTC gave
only 509 survival. The difference in survival, however, is
statistically not significant (x? = 2.72, at >0.05). The de-
creased radioprotective activity at concentrations above and
below 20 uM AET or DTC can only be explained by the bell type
of dose—response curve. The total lack of radioprotective activity
of DTC at higher but not chemically toxic concentrations cannot
be explained until further data is available. Neither AET nor

(6) E. E. Reid, ""Organic Chemistry of Bivalent Sulfur,'’ Vol. 1V, Chemi-
cal Publishing Co., Inc., New York, N. Y., 1962, p 178.
(7) R.I. H. Wang and J. Ballantyne, Radiation Res., 28, 368 (1964).
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TaBrLE I
REerLaTivE INTRAPERITONEAL ToxicrTies or DTC axp AET
Dose, No. of No. of
umoles/ mice mice %
Chemical mouse used died mortality
AET 10 30 0 0
20 70 0 0
30 5 4 80
40 5 5 100
50 5 3 100
60 5 d 100
DTC 10 20 0 0
20 40 0 4]
30 10 0 0
40 15 0 0
50 20 0] 0
60 20 4] 0
70 10 ) 0
5 4 1 25
85 4 4 100
95 4 4 100
TasLe II
RELATIVE INTRAPERITONEAL ToOXICITIES OF MIXTURES
Chemical, umoles/mouse——— No. of No. of
Sero- mice mice T
AET DTC tonin MEA used died  mortality
5 . 2 25 20 0 0
10 2 25 50 3 6
5 2 25 20 ) 0]
10 2 25 44) ) )
20 2 25 22 1 3
30 2 25 10 1 10
TasLe III
Rerative Rap1oPROTECTIVE EFFIcACY OF
DTC anp AET 471 800 r
Chemical, No. of No. of No. of
umoles/mouse mice chemical radiation A
DTC AET used deaths deaths survival
10 . 20 0 16 20
20 .. 20 0 10 20
30 .. 10 0 10 0
40 . 15 0 15 0
50 .. 15 0 15 0
60 .. 15 0 14 7
10 20 0 11 45
20 35 0 11 69
25 15 0 10 33

DTC was capable of providing any protection to mice wheu the
dose of radiation exposure was increased to 900 r. As reported
earliers radiation protection from the use of a single radioprotec-
tive chemical is limited. The result of use of two chemicals
was also not as favorable as the optimal concentration of three
chemicals.?

It appeared logical, therefore, to utilize previously published
findings and administer a mixture containing 2 umoles of sero-
tonin and 25 umoles of MEA with either AET or DTC preceding
exposure to 800, 900, and 1100 r of total body radiation. The
results of this study (Table IV) show that at equimolar concen-
trations almost similar protection to mice was provided at
800 r by AET (85909, survival) and DTC (809, survival).
At 900 r, a chemical mixture containing 10 umoles of AET of-
fered 1009, protection, whilé that containing 10 umoles of DTC
provided 709, protection. The difference, however, is statisti-
cally not significant (x? = 1.57, at >0.10). At 1100 r, chemical
mixtures containing 5 or 10 umoles of AET offered 45 or 869,
protection, respectively, while those containing equimolar con-
centrations of DTC gave no protection. The differences are
statistically significant (x? = 3.27 for 5 umoles at <0.05; and

(8) J. A. Gantz and R. I. H. Wang, J. Nuclear Med., 5, 606 (1964).
(9) R.I. H. Wang and J. G. Kereiakes, Acta Radiel., 53, 99 (1962).
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TasLe 1V

ReLanve Erricacy oF Drre Mixnres Contaniye Frmnse DTC or ART

Nunoaf Now of Nu
- Chemical, pmoles: inellze- Rasliwting Nnyre clieniral radiation
nte AET Nerytnmin slose. ¢ nser Jetlst Jeathw Yowovivad
d 2 s 10 0 2 NS /105
101 R N0 10 1) 2 SO(S/103
20) 2 R0 10 n | OO/ 100
30 . 2 SU0 3 0 ] RO (4/5)
Bl 2 SIS 101 0 | an /10
. 10 Rl ; 00 15 2 2 N3
10 . 2 RA hoo 101 0 B TOCTAI0
10 2 25 a0 1o 0 1 106G (10/10
3 2 25 1100 N 0 10 o/
10 2 25 1100 101 (1 10 007103
20 2 25 1100 10 ] 0 BHESYAY
50 2 25 1100 3 ] BIBIEY)
5 2 25 1100 " (1 5 15 (4403
10 2 25 1100 1) | 2 NG(12/14%

“ When (e mice died within 48 hr afier injection of the chemicals ond vadiotion exposare, they ave commted as chemienl deo (s,

The per cent survival does not inclnde chemical deaths,
laxt 2 years of work. Therefore, only nine mice were included.

x* = 13.9 for 10 ymoles at <0.01}. It was possible, however,
(0 increase the concentration of DTC iu the chemical mixture to
20 or 30 wmoles and obtain 33 or 757 protection, rexpectively,
with miniinal chemical 1oxicity. In other words, at 1100 r,
DTC in chemical mixture can provide good protection, not at
low conecentrations or equimolar concentrations where AET ix
effective, but at high concentrations.

Discussion

Among the more promising radioprotective agents
so far investigated, such as AET, serotonin, and MIA,
a number have been found to offer appreciable protec-
tion but the chemical toxicity of these agents to the
animal is a Hmiting factor even though satisfactory
protection can be obtained at lethal doses of radiation.
At higher doses of total body radiation no appreciable
protection has been obtainable by any one of these
agents.  Inereasing the concentration of these agents
has only increased the chemieal toxieity without pro-
viding significantly greater radiation protection. On
the other hand, if a mixture of radioprotective agents
it used, o greater degree of protection can be ob-
tained at 900 and even 1100 v, The optimal concentra-
tion of each compound in the mixture is appreciably
lower than if used alone.

It is noteworthy that DTC is two-three times less
toxic to mice than AET. DTC appears to be shightly
less effective than AIST, although in the present study

" (ne monse ran ont of the coge during rodiation.

Thix happesed ovee in the

20 wmoles of DTC or AT offers statistically =imilar
protection when exposed to 800 r. The advantage of
DTC over ALLT i1s noticeable when good protection to
800 r i obtainable at nontoxie concentrations of DTC
in the chemical mixture containing 2 umoles of serotonin
and 25 gmoles of MEA. At 1100 r, a chemical nixture
with AET at either 5 umoles or 10 umoles is distincetively
more effective than that of cquimolar concentration of
DTC in similar mixture.  However, when the concen-
trations of DTC in the chemical mixture were inereased
to 20 umolex and 30 wmoles, good protection (33 and
755 survival, respectively) wax achieved with minimal
merease in chemieal toxicity,  From the results of this
imvestigation it ix conclnded that good protection
against the lethal effects of lonizing radiation can be
obtained by using a compound such ax DTC which 1x
less toxic than AET.  Although it appears that DTC
provides comparable order of activity as AET. further
rescarch i= needed, however, to aseertain the precise
relative cfficacy of DTC and AET as radioprotechive
agents,
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