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from (at least) duplicate incubations at  a given drug concentration. mined as the molar ratio (drug: thiol) to  neutralize 50% of the 
Thiol-Neutralization Assay.-Solutions of drugs in DJIF thiol, using S-ethvlmaleimide as reference. 

(0.2 mi) were mixed with 0.5 ml of 0.4 mM solutions of P-mercapto- 
ethanol, cysteine hydrochloride, or glutathione in 0.1 M sodium 
phosphate, pH 7.4. After standing for 2 min at  25", residual thiol 
was measured by the coloration produced (and read immediately 
a t  41% mp) on adding excess Ellman's reagent [5,5'-dlthi0(2- 
nitrobenzoic acid)] in 0.1 M sodium phosphate, pH 7.4. Appropri- 
ate blanks Mere estahlished with drugs and thiol and drugs and 
l:llni:tn's reagelit. Relative thiol-blocking activity was deter- T'niversity, 1967-1968. 
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Thiols and the corresponding hydrogen thiosulfate esters were prepared as potential radioprotective agents 
Of 18 such compounds prepared, onlv [,3-(2- from [w-( 1-axiridinyl)alkyl]oxamides by ring-opening reactions. 

mercaptoethylamino)propyl]oxamide ( sa )  showed considerable radioprotective activity in mice. 

In  the course of a continuing search for superior 
antiradiation agents through modifications of 2-amino- 
ethanethiol, appropriate ring openings of the known2 
K,K'-bis[3-( 1-aziridinyl)propyl]oxamide (2b) were ef- 
fected as an entry into the area of 2-(w-acylamino- 
alky1a~ino)ethanethiols and related compounds. The 
terminal substituent in this case is an oxamoyl group, 
and the resulting products were N,K'-bis[3-(2-mercapto- 
ethylamino)propyl]oxamide (3b) dihydrochloride and 
the corresponding bis(hydrogen thiosulfate) (3c). As 
shown in Scheme I and described in the Experimental 
Section, variations of the general reaction sequence led 
to other oxamide derivatives (3a, b, e and 6a-p). Such 
compounds are, in effect, oxamoylated analogs of the 
recently described S-2-(w-aminoalkylamino)ethyl dihy- 
drogen phosphorothioates, which showed an exceptionally 
high level of radioprotective activity.3 Ring-opened 
products were limited, however, to thiols and the corres- 
ponding hydrogen thiosulfate esters, since, as an example, 
the treatment of [3-(l-aziridinyl)propyl]oxamide (5a) 
with iYa3SPO3 in HzO in the presence of 2 molar equiv of 
AcOH resulted in the isolation of an impure dihydrogen 
phosphorothioate ester. 

The preparation of N-[3-(l-aziridinyl)propyl]-S'- 
methylaxamide (5c) from ethyl [3-( 1-aziridiny1)propyll- 
oxamate (4) is an exception to the general route and 
was followed after difficulties had been encountered in 
the separation of the required intermediate, ethyl 
methyloxamate, from S,N'-dimethyloxamide following 
the reaction of diethyl oxalate with MeKH2. Analyti- 
cally pure N-[3-(l-aziridinyl)propyl]-Tu"-cyclohexyloxa- 
mide (5d) was obtained by the alternative route, i.e., 
the reaction of 4 with cyclohexylamine, although the 
general route was also effective. Hydrogen thiosulfate 
esters were prepared by aziridine-ring openings with 
either Na2SzO3 and dcOH4 or (KH4)2S203.3J The thiol 
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6p hydrochloride was not obtained pure but was con- 
verted into pure [3-(2-pheny1-3-thiazolidinyl)propyl]- 
oxamic acid 2-phenylhydrazide (7) with benzaldehyde. 

[ 3- (2-Mercap toe t hylamino) propyl ]oxamide (sa) hy- 
drochloride mas the only end product among those 
described here that showed appreciable radioprotective 
activity in mice in tests carried out a t  the Walter Reed 
Army Institute of Research, Kashington, D. C.fi The 
approximate LD5, dose of 6a was 700 mg kg; a dose of 
400 mg! kg of 6a administered iiitraperitorieally 30 miii 
prior to irradiation (1000 R, y rays) gave 53% survival 
as compared to 0% among untreated control mice, and 
a dose of 200 mg kg gave 40% survival. ,211 the other 
thiols and thiosulfates tested xere noiiprotective with 
the exception that the thiosulfate 6b and the thiol 6c 
pave slight protection at a high dose level relative to the 
respective LD,o dose. 

Experimental Section' 
1-(2-Aminoeth)l)aziridine ( l a ) ,  bp 126 ', was prepared from 

2-(2-aminoethylamino)ethanol (1.0 mole) in 17'; yield by a 
published procedures (lit.* bp 126-1275'). On a larger scale 
(4.8 moles of the alcohol) rearrangement of l a  to piperazine was 
predominant, and the yield of l a  was only lc:. 

N,N'-Bis[w-( 1-aziridinjI)alkyl]oxamides (2) were prepared by 
the method reported by Bestian2 for the preparation of 2b. A 
solution of diethyl oxalate (7.30 g, 50.0 mmoles) in E t 0 . k  (10 ml) 
was added slowly to  a stirred solution of 100 mmoles of the appro- 
priate aziridine ( l a ,  lb,2t3 or lc3) in E tOzk  (50 ml). The mixture 
was allowed to stand at  25" for 3 hr and n-as then refrigerated. 
The crystalline product was collected and yashed with E t 0 . k :  
2a (mp 159-160") was obtained in 8 4 5  yield: 2b (mp 142", lit.2 
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6a. li = H; r i  = 3; Y = H 
b. R = H: I7 

C. R =H: I I  = 1; Y =H 
:j: Y = SO H 

d. H = H: ti = 4: Y = SO H 
e. 11 = ('H ,: r t  = :i: Y = H 
f .  R = CH ,: / t  = :?,: Y = SO H 

p . R = \  0 NH-:n=3:Y=H 

nip I :;!) j, iii  SS' yirltl : anti 2c (nip I Id  ' j, in SI >,ield. . I  / / t i / .  

(CloHl,K40?, 2a) C, H,  S: (ClaHp6N4Or, 2 c )  C, H,  S. 
N,N'-Ris[w-(2-mercaptoethylamino)alkyl]oxamide (3a, 3b, and 

3d) Dihydrochlorides: --The appropriate aziridine (2a, b, or  e ,  

in AIeOH (50 nil) :it - 20'. The resulting d u t i o n  W R S  warmed 
slowly t l J  0"  and maintained a i  this temperautre in :t tightly 

for I6 hr.  The solution was (,oni2entratetl t o  
-25 ml (-10 ml in t,he c of 2c) in M L C U O >  filtered under S p ,  arid 
t rented wit h 5 . S  A\- dry HC1 in i-PrOH (2.90 nil, 16.8 mmoler ). 
. \titfit ion of E;tpO ( j0  ml) t o  the mixture and refrigeration gale  :L 
white cq-stalline product, whirh w:is willrcteti and waslied with 
I,:t,O: 3a.2HC1 (mp -263' del,) was otitaiiied ii i  X 7 ' ,  yield: 
3b .%HCI (inp 257" dec!'), in X5' yield; anti 311 ,2HCI (Inp 262-- 
no:;"), in no(, yield. . I n r i i .  (CloH?iS.iO~S2.2HC1, 3a.2HC1) C, 

tdded t o  :I solution of H,S (2.00 g, 58.7 nimoler 

H, S :  SH: ~.itl(ad, 18.01: foulid, 16.:3: (Ci,H,,S,OiS,.2HCI. 
3b.2HCl) C, H, S,  SH: (Ci4HjoS40?SY.%HCI. 3d.2HCI) C, H,  S .  
S: SH: calcd, 15.62; found, 13.6. 

N,N'-Bis [3-( 2-mercaptoethylamino ~propyl]oxamide-S,S'-di- 
sulfonic Acid (3c).-- -The hi iridine 2b (2.00 g, 7.86 mmoles) wis 
:rdded in sninll portions to ii solution of S:i.S?Oa .5HpO (3.90 g.  
IFj.7 mmolea) in HzO ((; nil) at 0". The rnisture was stirred at 0' 
for 1 hr arid rhen treated dropwise with glacial .hOH (945 mg, 
1,5.7 mmoles). After 30 miri : i t  0", :trlditional .kOH (045 mg) was 
added and stirring wns continued a t  0"  for 1 hr and at 25" for  
1 hr .  The resulting mixture was refrigerated for 16 hr, and t h r  
white c*rystalline 3c was cwllected and washed (HLO, 5 ml) :  yield 
.';.I3 g (83( ; ( ) ,  mp - 197' dec. 

N,N'-Kis[l-( 2-mercaptoeth) lamino)butyl]oxamide-S,S'-disul- 
funic Acid (3e ) . -~  -.I solution of  (SH4)?S20,  (1.75 g, 12.0 mmolrs 1 

-1nai. (C12H26PiPO&) C, H, N. 

: i f i d  2c ( I .@J g. 6.00 tiiinolrs) iii H z C )  (50 nil )  x i 5  i)l:icwl r in t l r r  
water aspiratcir vacuum 011 it rotary evapiirator :ii 25' for ;; tir. 
'The evaporaticrti x i s  c~intiriued at 40' until it p:thi?. rrsitlue rib- 

mained. The residue was redissolved in H,O ( 2 5  1111 1 :inti :tgaiil 
evaporated :it 40" t 1 1  give ii Polid, which wa. 
.\leOH ( 2 5  nil), refrigerated, collected, and dr 
:is :i 1iygrosc~i)pic~ solid, yield "!I6 g (97( 1) nil) 142--144" w i t 1 1  
si)fteiiiii~ from 1 1!)o.4 . l n ( i [ .  (C,4H,A-4O&j C, H,  S ,  S. 

Ethyl [3-(l-Aziridinyl)propyl]oxamate (4) .  ~ . \  stirred solut i o i i  

o f  freshly distilled diethyl oxalate (5S.4 g, 0.400 mcilei i n  f , : fO. \ i ,  
i 100 Inl) ai  0" w x a  treated dropwise over a period o f  4 11r \villi :i 

solution of l b  (20.0 g, 0.200 mole) in b:tO.Ic (200 ml).  The result- 
ing si)lution was stirred : i t  25' for 45 niiii and then l i e : i i c ~ d  ; i t  70 
(0.025 mni j o n  :I rota . evaporator t o  remove I.:tO:\r illid i'xmw 
diethyl osalate. The refrigerated for :; d:i> 
filtered iinder S?: yi 1 '  ; 'I. / i Z l l )  I .4M<, .I [/I!/ ,  

(CqHit iSyO.,~ C, H,  N. 
13-( I-Aziridin) I)propyl]oxamide (5aj.- ..4 solution l b  ((ti.!J5 g ,  

69.4 ~nmoles) in anhydrous Et0.k (10 nil) wts wdded drop" 
t o  a stirred mixture of ethyl oxani:tte10 (X.18 g, 6!).4 mmiilrs 1 i n  
I~:tO..\c (50 mlj. The resulting mixture was stirred at :34" for  2 h r  
:tiid refrigerated. The white crystalline 5a w:is rollerteti, w:ishrcl 

. .  

was added i o  :i filtered solution of ethyl oxamatela (3 .32  g, :10.0 
nimoles) in 1q:tOAc (60 ni l )  :it 60'. The resulting solution wts 
held at 25' for 2 hi- and then refrigerated for 64 hi. The c.rysia1- 
line 5b was c*ollecteti and washed with cold I<tO,lc: yield 5.:;7 
[97 (1 ) ,  mp 1 3 " .  . l t m / .  (CyHljS1O:lj C, H, S. 
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N- [3-( 1-Aziridingl)propgl]-S'-meth~loxamide (5c, Table I).--- 
A solution of l I e S H ?  (4.55 g, 0.150 mole) in anhydrous EtOAc 
(50 ml) was added rapidly to  a stirred solution of 4 (20.0 g, 0.100 
mole) in EtOAc (50 ml) at 0". The resulting solution was stirred 
at 25' for 1 hr and refrigerated. The white crystalline product 
\va? collected and washed with EtOAc: yield 17.5 g. 

T.\BLE I 
r ' -sI .BSTITCTED s - [ w - (  l - . ~ z I K I D I N Y L ) . \ L K Y L ] O X . ~ ~ ~ I D E S  

No. Yield, 70 lip, OC Formula Analyses 

.ic !I5 134-135 CaHisX3Or C, H,  3' 
5d 8,s 141) Ci3HmS302 C, H, S 
5e 02 114 CiaHiiS302 C, H, S 
5f 97 75  C12H16x40? C, H,  X 
5g 80 118 Ci2H16S402 C, H, N 
5h 93 123 Ci3H18~402 C, H, S 
5i 93 151 Ci3Hi8S402 C, H, ?j 

Ethyl (3-pyridy1)oxamate was prepared by a modification of a 
literature procedure for the preparation of ethyl (2-pyridy1)- 
oxamate.ll Ethyl oxalyl chloride (13.7 g, 0.100 mole) was added 
dropwise to a stirred solution of 3-aminopyridine (9.41 g, 0.100 
mole) in pyridine (10 ml) at 0". The resulting solution was 
stirred at 25" for 1 hr, diluted with H?O (40 ml), and refrigerated. 
The crystalline product was collected and washed with cold HYO: 
yield 9.02 g ( 4 6 5 ) ,  mp 100". Anal. (CsH10N203) C, H ,  9. 

"Substituted N-[w-( 1-Aziridinyl)alkyl]oxamides (5d-i, 
Table I).--1b or IC (50.0 mmoles) was added to a filtered solution 
of the appropriate oxamate est,er (ethyl cyclohexyloxamate,l2 
ethyl oxanilate,'3 ethyl (2-pyridyl)oxamate," ethyl (3-pyridy1)- 
oxamate, or ethyl hydrogen oxalate 2-pheny1hydrazidei4) (50.0 
mmoles) in EtOAc (50 ml). After 3 hr at 25" the reaction mis- 
ture was refrigerated, and the crystalline oxamide was collected 
and washed with cold EtOhc. (The oxamide 5d, mp 149", was 
also prepared by addition of cyclohexylamine to a solution of 4 
in EtOAc.) 

[w-(2-Mercaptoethylamino)alkyl]oxamides (6a, c, e, g, 11, j, k, n)  
Hydrochlorides (Table II).-MeOH (50-75 ml) was saturated 

TABLE I1 
[w-(2-~\IERC.LPTOETHYL.iMINO).~LKYL]OX.\IDE H Y D R O C H L O R I D E S  

No. Yield, 3Ip,  O C  Formula hnalyses 

6a 86 24 1 CiHijS30YS.HCl C, H, S, SH 
6c 91 252 C8Hi?S30?S,HCl C, H, S, S: SH" 
6e 84 235 CsHiiS:*O?S.HCl C, H,  S :  S,'SHC 
6gd 45 Indefinite C1:iH?bS302S C, H, K, S; SHe 

6j 99 169-172.1 C12H18?;40?S.2HCl C, H,  S, S, SH 

6n 99 182-184' C I ~ H ~ O S ~ O ~ S . ~ H C I  C, H, S, S, SH 
' S: calcd, 12.54; found, 12.0. 

' SH: calcd, 12.93; found, 12.4. Isolated as free base. e SH: 
calcd, 11.51; found 11.1. ' Determined with a 3Iel-Temp 
apparatus. 

6h 93 257-258 C13HigSaO?S.HCl C, H, S, S, SH 

6k 100 192-194' CizHi8S402S.2HCl C, H,  S, S, SH 

a SH: calcd, 12.93; found, 12.5. 

with HIS at  0". A slow stream of H?S was bubbled through the 
stirred solution while the appropriate aziridine 5 ( 10.0 mmoles) 
was added in small portions. The resulting mixture was stirred 
at  0" for 15 min, refrigerated for 16 hr in a tightly stoppered 
flask, evaporated to half-volume on a rotary evaporator, and 
filtered under SI. The thiol 6g was isolated as the free base by 
evaporation of the filtrate to dryness in vacuo and recrystallization 
of the residue from EtOH (30 ml). The other thiols were pre- 
pared hy addition of -4 A\- dry HC1 in 1-propanol (10.5 mmoles) 
(25.0 mmoles for 6j, k, m )  to the filtrate. Et20 (50-100 ml) was 

(11) E'. Reindel and F. Rosendahl, Be?., 59, 1067 (1926). 
(12) K. 4. DeVries, Rec. Trau. Chim., 61, 223 (1942). 
(13) H. Klinger, .Ann. Chem., 184, 263 (1877). 
(14) J. Thiele and K. Schleussner. ibid., 295,  167 (1897). 

T-~BLE 111 
S - 2 - ( w - O X . i ~ ~ I ~ O . ~ L K r L . ~ n ~ I ~ O ) E T F I Y L  HYDROGEK THIOSCLF.iTES 

No. Yield, 70 Mp, OC Formula Analyses 
6b 35 Indefinite C7HijS30jS2 C, H, S, S 
6d 81 188 C8Hi7S30& C, H, T, S 
61 93 Indefinite C8HiiS30jSS C, H, K, S 
6i 74 248 Ci:jHisS,O& C, H, S, S 
6m 73 Indefinite Ci?HisS40aS? C, H, X, S 

added to the resulting mixture, and the precipitated hydrochlo- 
rides were collected and washed with I<:t,O (6h.HC1 was collected 
without the addition of EtpO). 
S-2-(w-Oxamidoalkylamino)ethyl Hydrogen Thiosulfates (6b, 

d, f, i, m, Table 111). 6b.--The aziridine 5a (3.00 g, 17.5 
mmoles) was added in small portions to a st,irred solution of 
iSa&O3.5H20 (4.35 g, 17.5 mmoles) in H20 (9 ml) a t  0". The 
suspension was stirred at 0"  for 1 hr, treated dropwise with AcOH 
(1.05 g, 17.5 mmoles), and stirred an additional hour a t  0". The 
solid was broken up with a glass rod, and the mixture was stirred 
30 min, treated dropwise with additional . kOH (1.05 g), stirred 
30 min longer, and filtered. The filtrate was held at 0" for 16 hr 
and evaporated to dryness in variro. The hygroscopic residue was 
triturated in EtOH (five 30-ml portions), dried in t'acito over 
PYO:, and dissolved in hot MeOH (50 ml). Refrigeration of the 
solution gave 6b as an amorphous solid, which was collected, 
washed (MeOH), and dried at  60". 

6d.---i mixture of 5b (3.71 g, 20.0 mmoles) and (SH4)&OI 
(3.56 g, 2.40 mmoles) in 2: l  H2O-EtOH (30 ml) was stirred until 
complete solution occurred (10 min). The reaction mixture was 
then placed under aspirator vacuum on a rotary evaporator at 25' 
for 1 hr, and the evaporation was continued at  35' until a pasty 
residue remained. The residue was redissolved in H20-Et OH 
(30 ml) and again evaporated at 35" to give crude 6 4  which was 
recrystallized twice from H?O-EtOH. 

C. 6f.---.i mixture of ( S H I ) ~ S Y O ~  (2.43 g, 16.4 mmoles) and 
5c (3.04 g, 16.4 mmoles) in H?O (50 ml) was stirred at 25-35" for 
1 hr. The resulting solution was placed under aspirator vacuum 
on a rotary evaporator at 25' for 1 hr. The evaporation was con- 
tinued at 40" to give a pasty residue, which was redissolved in 
H20 (50 ml). Evaporation of the solution in  vacuo at 40" gave 
pure 6f as a hygroscopic solid. 

6i.-The aziridine 5e (2.47 g, 10.0 nimoles) was added in 
small portions to a st'irred solut.ion of Sa2S203.5H20 (2.48 g, 10.0 
mmoles) in H20 (35 ml) at 0". The resulting mixture was treated 
dropwise with A4cOH (0.600 g, 10.0 mmoles), stirred for 1 hr a t  O", 
treated u-ith more AcOH (0.600 g), and stirred for an additional 
hour at 0"  and then at 25' for 1 hr. The crude 6i was collected 
arld recrystallized from HzO (130 ml). 

6m.--.i misture of (SH,)?S,O, (1.54 g, 10.4 mmoles) and 
5g (2.58 g, 10.4 mmoles) in 3:l H?O-EtOH (20 ml) was stirred at 
30" until complete solution occurred (15 min). The resulting 
solution was placed under aspirator vacuum on a rotary evapora- 
tor at 25"for 1 hr and evaporated to dryness at 40". The residual 
6m was recrystallized from H?O (10 ml) and dried at 78". 

[3-(2-Phenyl-3-thiazolidinyl)propyl]oxamic Acid 2-Phenylhy- 
drazide (7),---A solution of crude Gp.HCI(333 mg, -1.00 mmole), 
which was prepared from 5i in -85'; yield by the general proce- 
dure described ahove, and XaO.lc.3Hy0 (136 mg, 1.00 mmoles) 
in AcSMen (1 ml) was stirred for 10 min, filtered, and treated 
with PhCHO (106 mg, 1.00 mmoles). The solution was refiltered 
after 10 min, heated at 70" for 5 min, cooled to 25", and treated 
dropwise with H?O ( 2  ml). The gummy precipitate cryst,allized 
and was collected and washed with H20; yield 203 mg ( 5 3 % ) )  
mp 120-122°.g .4na(. c2&4~&~) C, H, S, S. 
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