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A series of N-momnoalkyl-substituted 2-aminoethanethiosulfuric acids was prepared for testing as potential

antiradiation agents.

The compounds were syuthesized by the direct alkylation of the sodium salt of 2-amino-

ethanethiosulfuric acid with primary alkyl bromides, by the reaction of the appropriate N -alkylaminoethyl halide
hydrohalides with sodium thiosulfate, or by the ring opening of l-substituted aziridines with ammonium thio-
sulfate. Excellent radioprotective activity (>706; survival) was obtained with those 2-aminoethanethiosulfuric
acids which were N-substituted by methyl, n-octyl, 2-octyl, n-nonyl, 2-nonyl, 3-nonyl, n-decyl, 2-decyl, 3-decyl,
3,7-bimethyloctyl, 4-phenylbutyl, and 5-phenylpentyl groups.

In an earlier paper? we described the synthesis and
radioprotective properties of a series of aminoalkane-
thiosulfuric acids possessing a primary amino group.
It was shown that optimal activity was obtained when
the NH, and SSO;H functions were separated by two
CH, groups. The high antiradiation activity shown by
many N-alkylaminoethanethiols® suggested that 2-
aminoethanethiosulfuric acids which were N-sub-
stituted also might be useful as potential antiradiation
drugs.

In this paper we report on the antiradiation proper-
ties of a series of N-monoalkyl-substituted 2-amino-
ethanethiosulfuric acids, the synthesis of many of which
was described by us previously.*

Chemistry

The previously unreported N-alkyvlaminoethanethio-
sulfuric acids (Table I) were prepared by two general
methods. Method A involved the direct alkylation
of 2-aminoethanethiosulfuric acid as the Na salt with
a primary alkyl bromide in EtOH-H.,O. The dialkyi-

RBr + H;NCH,CH,880; - —> RNHCH.CH.SSO;H + Br-

ated by-product was separated from the desired
monoalkylated 2-aminoethanethiosulfuric acid by re-
peated recrystallizations.

AMethod B utilized the reaction of sodium thiosulfate
with an N-alkylaminoethyl halide hydrohalide in H,O
or EtOH-H,0O. The N-alkylaminoethano! precursors

RNH;CH.CHyX X - + 88052~ —>
RNHCH.CH.SR0,H + 2X -

(1) Part II: D, L. Klayman, M. M. Grenan, and D. P. Jacobus, J. Med.
Chem., 12, 723 (1969).

«2) Part I: D. L. Klayman, M. M. Grenan, and D. P. Jacolus, ¢hid.,
12, 510 (1969).

13) Annual Report, FY 1964, Walter Reed Army Medical Center, Walter
Reed Army Institute of Research, Division of Medicinal Chemistry, Wash-
ington, D. C. Available through the Defense Documentation Center,
Cameron Station, Alexandria, Va. 22315, as Report AD 601934.

i4) D. L. Klayman and W. F. Gilmore, .J. MeJ. Chem., T, 823 (1964).

were prepared either by the direct alkylation of 2-
aminoethanol by the method of Wright, et al.,’ or by the
reaction of a carboxylic acid with 2-aminoethanol to
yield an N-(2-hydroxylethyl)amide which was reduced
with LAH in THF. The resultant N-substituted
aminoethanols were converted into the amino halide
form by treatment with SOCl, or 489, HBr.

Results and Discussion

Compounds 1-18 constitute a homologous series of
aminoethanethiosulfuric acids N-substituted with un-
branched alkyl groups. The first five members were
the most water soluble aud the least toxic. However,
any appreciable radioprotective activity was limited to
those compounds substituted with Me (1) or Et (2),
while slight activity was shown by the Pr compound (3).
Increased toxicity and absence of activity marked com-
pounds 4-6, but activity was restored to the series
with the heptvi-substituted compound (7) and rose
steadily, reaching a peak effect with 10. Compound
10 not. only conferred a high degree of protection to the
mice, but did so at a considerably smaller dose (5 mg/
kg) thau that required by most radioprotective thio-
sulfuric acids. In contrast to 2-mercaptoethylamine
(MEA), whose duration of maximum radioprotective
activity extends to 15 min and then diminishes rapidly
thereafter,® the duration of activity of 10 extends close
to 1 hr. Compound 10, while effective when given
parenterally and moderately protective when given
subcutaneously, i3 ineffective when given onally.
Other agents in this class, which protected after paren-
teral injection, also failed to protect when administered
by intubation. Attempts to induce absorption included
acidification of the intestinal conteuts of the mouse aud
the use of ethylenediaminetetraacetic acid which
promotes the absorption of a wide variety of poorly

(5) J. B. Wright, E. H. Lincoln, R. V, Heinzelmann, and J. H. Hunter,
J. Amer, Chem. Soc., T2, 3536 (1950).

(6) Z. M. Bacqg. '"Chemical Protection Against Ionizing Radiation,’'
Charles C. Thomas, Springfield, Ill., 1965, pp 126-129.
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Metlonl

[ Formala® =vnthesis
20 CoH N O 13
22 CsHENOS. 13
2 CHLN O, 13
24 CoaH N O=. 13
30 CoHENOS, B
B (aHENOR, B
11 ( W NO S, 13¢
14 (L N O A
15 L N Oy=s B
41 CrH e N O, 137
47 CaHaNOR, 13
48 ( ‘14¥{!J$1\.():;\<; A
41 CaoH o NON 13
S0 (eI N Opxus 13
al CrH N O A
O CoNOR, 13

“ All conuponnds were aualyvzed for C, I, N, 8

. evry =t
My e viend”

solvent
[S4-186 dea- a MeOTI
202200 St .0
[N IS4 dee 17 H.O-NMeO1
202 200 R b O - H.O
2004205 deor IS tOH H.O
205 206 dec N 15100 H.0
[S7- IS0 der a2 KO H.O
146147 [ 1.0
LGS 1t AN 1O -11.0
IS] 182 SN H.00 10011
ISS 1IN dee tiN G100 10
175174 47 CHLON
206 217 dec 62 O]
[ 19t 21 MeOT
REEERIE N Qs .
17N 1780 dee 2 MeOll 1O

" Yields are bazed on the final #tep ouly. < The N-substitmted aminaetlimals, used

nx precursors af the aminaalkylhalide hydiohalides, were made by the reaction of carbaxylic geids with 2-amineetinal, follawed by

reduction af the resnltain N-t2-hydraxyvethyl)amide with LAH.
butvhimine)ethanol,
¢ Caled: H, 8.9%: fannd, 818,

absorbed agents when administered 1 high  doses
(100-500 mg/kg) in rats.’

When a lethal dose of 10 (10 mg kg) was administered
and followed in 15 min by u dase of MEA (25 mg/kg).
the toxic effeets of 10 were reversed and all mice survived
with no appurent adverse effeets. When 10 was given
at the radioproteetive dose 15 mg-kg) 30 min prior ta
trradiation, followed by the andmimstration of 75 mg kg
of MIZA 15 min prior to imadiatian, the antiradiation
effect af 10 was completely antagonized by the latter
compaud.

Compounds 11 and 12, having one and two CH,
groups= greater than 10, respectively, were completely
metive.  Compounds 13-15 exhibited marginal ae-
tivity, but tfurther extensiont of the alkyl ehain (16-18)
gave agents exhibiting no radioproteetive properties,

[neluded it the group of compaunds 19-39 are N-
substituted aminoethanethiosulfurie neids in whiel the
alkyl substituent ix branched, in which the linkage of
the amina group with the atkyl ehatit oecurs on other
tha the terminal carbon, and b whieh N-substitution
ix by eveloalkyl or eveloalkyintethyl,

Like cheir straight cham isomers, 19-23 were in-
active.  While 7 prateeted 50%¢ of the mice, the 2-
heptyl (24) and evelaheptyl (25) derivatives were 1n-
cffective. It the octy] seriex (26-30), u high degree of
protectian was obtained when substitution was i the
2oposition (26).  The othiers m the scries produced
diminislied but nevertlieless good netivity,

In thie nonyvl =eries, 31-33, the 2- and 3-nonyl variunts
(32, 33) afforded protectian similu to the unbranched
anadog (9). The other members (31, 34) showed moder-
ate-fair proteetion, while 35 had poor activity.

The deeyl series, 36--38, wux the most effective.  Like
the unbranched isomer, 10, >80 protection was
abtained with cach af these at a low dose. However,
10 proved to be a more potent mdioproteetor thau the
ather members of the deevl sertes.

Compaund 39, in coutrast to the related witbranched
N-adkyl derivative (11) which lacked any netivity,

<7y LS, Snankey amd 1AL dobuson, Bootem. Pharnt,, 8, £21 1941,

7 4-Plhenvibutylamine was treared with (CHy .0 10 give 2-t4-phenyl-
© Cf. Fxperimental Section for the preparation of 6-phenyihexylbromide.
FCaled: 81918 fonnd, 18.69.

S Caled: S, 15,000 found, 14.55.

“ Purified by wuashing with H,0).

showed good activity.  This mmprovement may be
attributed to its semblance to 10 further substituted
with Me i the I-position of the ri-deeyl ehain.

[ the phenylalkyl series (40-50) the number of ('H,
groups scparating the phenyl ring from the amino
function ranged from 1 to 6 and 11, The best activity
wis possessed by 43, 46, and 47, which gave survival
values of 40, 94, and 83¢¢, respectively.  The presence
al m-CH,O on the phenylring of 43 resulted in 44 with
virtually na activity, Similarly, modification of the
structure of 43 by the additian of two phenyl graups in
the 3-pasitian of the propyl ehaun produeed 49 devoid
af aetivity.

2-(9- Aeridyvlamina)ethianethiosulfurie neid (51 Ineked
activity presumably beeause of its unusually poor
=olubility eharacteristiex. Compoundx 52 and 53 1
which the phepoxy groups are substituted at the 2-
carban of It and Progroups, respeetively, also failed
to shhaw netivity,

Many N-substituted aminoethautethiosulfurie aecids
i this <eries have been found ta produce a genernlized
vasaconstriction and myoeardinl depression in the dog,
whiecli resulted in hypertension, slowed heart rate, and
narrawed pulse pressure.™  In addition ta these, 10 was
faund ta passess d-ndrenerete blacking aetivity.

Experimental Section

Biological Methods. - .\ detailed pracedure far the preparation
and admini=iration ol potential antiradiation agents aud 1he
yreadintion of mice lin- heen given in an earlier report.* The
minor deviatians from vhis procedure whicl were tollowed fu this
=tidy are given below,

Fennile Bagg Swi-- wice, -6 weeks of nge, obtained fram the
Walter Reed moure colnny were nsed exclusively in these ox-
periments.  Minor changes in radintion sensitivity af the man-e
1rain which ocenrred over the S-vear period in which these
experiments were performed were compensated for by the altera-
tion of the radiation doze.  Using 1the #Co source, the do-¢-
ranged from 925 1o DD, and with the Xeray sonree, SO0 10 825
.

i8) ML 1L Meitfer, R 1L Mandy, G. I Demaree, 1), P.odocobus, aml R 1.
Frockenton, rmainizeripn in propatration.
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ProrrcrioN oF Mict; AgainsT X or v Rabiamox By N-SUBSTITUTED
AviNoETHANKTHI08ULFURIC Acips, RNHCH.CH.8830;:H

L Dso,

Compd R ing ‘kg®
1d.e e 350
24 Et 5325
34 n-Pr 350
4d.e n-Bn 300
Bl n-Pentyl 200
6¢ n-Hexyl 85
74 n-Heptyl 125
34 n-Octyl 125
9d n-Nonyl 40
104 n-Decyl 13
114 n-Undecyl S8
124 n-Dodecyl 10
134 n-Tridecyl 15
144 n-Tetradecyl 10
154 n-Pentadecyl 10
164 n-Hexadecyl 150
174 n-Heptadecyl 200
184 n-Octadecyl 400
194 i-Pr 270
20 Cyclaprapylmethyl 300
214 {-Bu 250
22 2,2-Dimethylpropyl 475
23 Cyeclobutylmethyl 180
244 2-Heptyl 175
25 Cyclaheptyl 75
264 2-Octyl 138
274 3-Octyl 125
284 4-Octyl 140
294 Cyelooetyl 150
304 2-Ethyl-1-hexyl 180
314 Izononyl 140
324 2-Nouyl 50
1334 3-Nonyl 125
344 4-Nonyl 200
35 3,5,5-Trimethylhexyl 100
364 2-Decyl 25
374 3-Decyl 100
38 3,7-Dimethyloctyl 125
394 2-Undecyl 20
404 Benzyl 250
41 4-Methoxybenzyl 180
424 Phenethyl 150
434 3-Phenylpropyl 125
44 3-(m-Methoxy )phenylpropyl 150
45 2-Phenylbutyl 125
46 4-Phenylbutyl 300
47 H-Phenylpentyl 130
48 6-Phenylhexyl 38
49 3,3,3-Triphenylpropyl 140
50 11-Phenylundecyl 25
51 9-Acridyl 50
524 2.Phenoxyethyl 175
53 2-Phenoxypropyl 150

@ Intraperitoneal administration.

cf. ref 4.
Sweeney, Chem. Ind. (Londou), 1632 (1965).

All compounds were administered by the intraperitoneal route
unless noted otherwise.

The principles of laboratory care as promulgated by the National
Society for Medical Research were observed.

Chemistry.® N-Alkylaminoethanethiosulfuric Acids. Method

(9) Melting points were determined on a Fislier-Jolins melting point
apparatus and are uncorrected. Microanalyses were performed by Mr.
Josepli F. Alicino, Metuchen, N. J. 08840, and Scliwarzkopf Microanaly-

b Administration prior to irradiation.
R/min); all other doses were delivered by a 300-kvp X-ray (dose rate 45 R/min).
¢ Also prepared by the ring-opening of aziridines with ammonium thiosulfate; ¢f. D. L. Klayman, W. F. Gilmore, and T. R.

Time
Drug dose, interval, Radiation % survival
mg/ kg min® dose, R (30-day)

300 15 800 70
300 30 1000 59
225 15 925 30
200 15 1000 7
50 30 1000 0
75 15 1000 0
75 30 1000 50
15 30 1000 50
15 30 1000 87
5 30 975 90

B} 15 1000 0

3 30 1000 0

b 30 1000 40

3 it 1000 20
30 30 1000 7
40 30 825 0
100 30 800 0
250 30 800 0
250 30 800 0
150 15 1000 0
200 15 825 10
200 15 1000 0
100 15 1000 0
75 15 1000 0
50 15 1000 0
75 30 1000 100
75 30 1000 40
7 15 800 33
100 15 800 33
120 15 1000 53
40 15 1000 47
22.5 30 825 94
50 15 825 80
75 15 800 20
20 30 1000 13
15 30 1000 94
25 15 800 80
30 30 1000 87
10 30 825 53
150 30 1000 0
100 15 1000 0
50 15 300 0
50 15 1000 40
50 15 825 7
50 30 1000 13
120 30 825 94
70 15 825 83
25 30 1000 27
3) 30 1000 0
7.5 30 1000 0
25 30 825 0
50 30 1000 0
50 15 1000 7

©

®Co ~-nrradiation at 925-1000 R (dose rate 50-100
¢ Synthesis of this compound reported previously;

A.—The proceduret for the direct alkylation of sodium 2-amino-
ethyl thiosulfate was improved by increasing the quantity of the
latter compound relative to the primary alkyl bromide. In
general, using a 2:1 ratio of amine to alkyl halide was found to
appreciably diminish the vield of the dialkylated by-produect.
6-Phenylhexyl Bromide.—To a solution of 12.2 g (0.05 mol) of

tical Laboratory, Woodside, N. Y. 11377. Infrared spectra were de-
termined as KBr pellets on 2 Beckman IR-5 spectropliotometer.
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1, 6-dibromohexane in 100 ml af THP maintained nnder N, m
ca. —9° was added dropwise over 1).75 hr a solution of 42.5 ml
of 2000 PhLi solutian (70:30 CsHe-Et.0).  The resullant salu-
Hon wax allowed to conte to room temperature over a 20-hr period.
HaO (50 by was slowly added to destroy the nurencted Phl..
The two phases were separated, the agneons pliase was disearded
and the organie phase was washed 1 H.0 and dried (CaClyi, The
solven( was evaporated nunder redneed pressure and the residune
wie distilled by means of a spinning-band calnnin. The produer,
hp 79-81° (0.45 mmny [0 hp 160-161° (17 mnis, n®o 15252
15285, weighed 4.13 g 134/ 1. A nel. 1CaH-Brl Br.

Method B.—Liquimolar quantities of an N-lkyvlnmineethyd
halide hydrohalide and Nas,0,-5H.0 in H.O or H.O-110H,
depending an the salubility of vhe former resctant, were heated
o a steamn bath for re. 0.5 Iire When the reactian wa- con-
plete, as indicated hiy failire of X ta precipitate from a strangly
acidified aliquot, the 1hiosulfivie aeids eryvsiallized from the
cooled and, I some instances, concentraled reacrion mixtire-.
The V-alkylaminoethanethiosulfurie acids which were recrystul-
lized nutil they were free of halide 101, <howed chircierisiie
peaks in (he ir near 8.15, 840, and 9.80 4.

2-(5-Phenylpentylamino Jethanethiosulturic Acid.- "The tollow-
ing exemplifies 1he pracednre n=ed when n carboxylic acid was
the precursar of the N-alkyl gronp. A mixipre of 100 g (0.50
maoly of 3-phenylvaleric acid and 34.3 g ¢0.50 mol1 of 2-amino-
ethanol was heated gently at first, fallowed by a gradual incerease
in the applicatinn of heat until the temperatire was maintajned

1y 1L van Braan. Ber,, 44, 2877 51041,

Antiviral Agents. L

el al. Val. i3

al 1602009 The HuO) whieh farmed in the conrse of the vemrtio
wits collected inu Dean-Stark trap fitted atop a Vigresoax calinn
The ernde N-o2-hvdraxvethyl =5-phenylvalerimide wis need b
the nexy =tep withenn lurther puritieation.

A THE -obuon =200l af the V-i2-hvdroxyverhyl-d-pilhienyi-
valeramble wao- sdded cver 2.5 hir 10 5 cooled and stirred <hurey
of 228 g1 ied of LAN and 500 mlof THE.  After the mis-
lare was henred ander veflux for 11 b, 250 mil of 10 was can-
tousiv added v the vodded and =tirved mixinre 10 des1roy
exeess LA The ALvaT i which formed was filiered from 1he
mixvire s washed (121,000 The agueons phase of the filtrate
wils exitaeied 1210 5 the ether snd THE solutions were combined,
and dited  NMg=U. i the solvents were evaporated on o valars
evaporatar. The ve-iduae was diziiled a1 reduced pressnve
give 52 ¢ aat, of 2-0-phenylpentylumino ethanol,  Trealmen:
of 1he Tnvter wih 48, HBr by the methad af Cortese!! guve s
g 1G9, of 2o h-phenyvipentvlanine ethyl bromide - HHBr which
wos coaveried el the thiosulfurie aeid by the reactioo with
N0 SHor e o RO KO

Acknowledgments.- We thank Dr. TR, Sweeney and
Col. W . Rathe far many helpful  suggestians.
We are also gratetul ta Drs W I Gilmore and S,
Abdou-Sabet and Messrs. 1. Hafuer, JJ. . White, ).
Ohiver. and 1. L. Merkel for teehnieal assistanee.

Call. Vol 11 Jolin Wilev & Sons

Tl FoCnrtere. Oragnie Syvulbeses.

Tneoo New Vorks NV Redl oL

Bicyclo[2.2.2]octan- and -oct-2-enamines

Jorn (. WHiryEY, W AL GrEcory, J. C. Ivaver. ], . Roraxo,
J. A 8xypER, R E. BENsox, axp I C. Heraany

Dharicaceat (cads l)(/‘(‘.\'(‘()l(, Indasteial und Brockeadirals D purctuenl o Crnend fivsecorch D(’[)(()'[//Z(’r//,
E I Dy Pont De Newones & Cau, Lo W iinidighon, Drliaener

Heeeoed Jae

The discovery of antiviral activity for adamuantun-
l-amine (amantadine- HCI)! against several strains of
influenza A virus in mice, chick embryos, and tissue
culture® and the subsequent demonstration af its
clinieal efficacy against influenza Ay in man® prompted
us to synthesize other ecage umines ta explore their
usefulness as antiviral agents.

evelo[2.2.2]oetane-T-methylamines, and bievelo[2.2.2]-
oct-2-ene-l-methylaminest aud presents @ novel svn-

The results obtained from evaluation of these com-
pounds as antiviral agents against influenza A< xwine
infections of mice are given.

Chemistry.—The syutheses nf the required bieyvelo-

(U Symmetrel® E, 1. DuPony De Newoars and Co.

21 R. R, Granert, J. W, McGalien, and W. L. Davies. I"irology, 26, 262
963). W, L. Davies, R, R, Grunert, R. I'. Haff, I. W. McGulien, 17, M.
Neawayer, M. Paualshock, J. C. Watts, T. R. Wood, E. C. Hermann, anl
(. E. Hoffman. Science, 144, 862 (1964). (. E. Hoffmann, E. M. Neumayer,
R. F. Haff, and R. A. Goldshy. .J. Bucteriol., 90, 623 (1963). E.M.Neumayer,
R. I. Haff, and C. K. Hoffmann, Provc. Soe. Erp. Biol. Med., 119, 393 (1965),
W. L. Davies, R. R. Gronert, and ', I, Hoffmann. /. Immunol., 95, 1040
(Y66,

131 For sunumaries see C, 1o, Hoffmauu in " Auuaal Reports in Medicinal
Chemistry,” . K. Cain IZd.. Academic Pre=z, New York, N. Y., 1467, p 118;
1068, p 117,

1, O Kaaer, UL S Natent 3,418,369 019681, J, €. Naaer. Netnerlad-
Patent Application 6,404,759 (19641, Chein. Ahstr., 62, 14529 (19635,

IEYE T RIS

lned m Scheme I Several of the alkyl e-pyrone-3-
earhaxyiates Las Ter Id» e, and If) were obtaiued
by known nrethads." The e-pyvrones [bA Ig nd
[l were prepared by base condensation of the appro-
printe methyl ketone with diethyl ethoxymethylene-
ralanate, failawed by evelization of u postulated
imtermedinte diethyl g-nevlethylidenemalonate.  a@-Py-
ranes Teo If, and g were used without puritieation.
The absarption bands of their speetra (ir) were as
oxpected.
Reactian of

N

with ethylene®

the alkyl a-pyrone-3-carbaxyvlates |
al high pressure afforded the desired

alkyl bieveio2.2.:2joet-2-ente-1-carboxylates 11 (see
Seheme I The esters (IV) were used without purifi
eatiaon.  Esters IIb and ITh have been reported previ-

ously.*  In the reaction of ethylene with a-pyrones, the
imtermediate cyelohexadienes eould usually be isolated
by the use of lower temperatures or lower pressures.
We have observed that the ease of addition of ethyl-
cne to cyelohexadienes generlly appears to inerease

gr R ML Wilen aml AL Mavi. /. Amer. Chem. Soc., T6, 1042 (14545,

W NI Kochierkoy and 1.1 Kndyashoy, J. Gen. Clem. USSR, 27, 2577
19AHT .

YT FORL Hills awd P00 MeQailling J. Chem. Soc., 4060 (185:31.

28y 1L IKauer, Netherluinls Pareni Application 6,507,979 {10835 (hen
Abstr., 64, 15772 {19667,

A UMW Bakeraml 10 M. Sioek J, (g, Cheni., 82, 3344 (19671,



