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from (at least) duplicate incubations at a given drug concentration.

Thiol-Neutralization Assay.—Solutions of drugs in DMF
(0.2 ml) were mixed with 0.5 m! of 0.4 mM solutions of 2-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
at 412 mu) on adding excess Ellman’s reagent [5,5’-dithio(2-
nitrobenzoic acid)]in 0.1 M sodium phosphate, pH 7.4. Appropri-
ate blanks were established with drugs and thiol and drugs and
Ellman’s reagent. Relative thiol-blocking activity was deter-
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mined as the molar ratio (drug:thiol) to neutralize 50¢; of the
thiol, using N-ethylmaleimide as reference.
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Thiols and the corresponding hydrogen thiosulfate esters were prepared as potential radioprotective agents

from [w-(1-aziridinyl)alkyljoxamides by ring-opening reactions.

Of 18 such compounds prepared, onlv [3-(2-

mercaptoethylamino )propyljoxamide (6a) 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 known?
N,N’-bis[3-(1-aziridiny}l)propyljoxamide (2b) were ef-
fected as an entry into the area of 2-(w-acylamino-
alkylamino)ethanethiols and related compounds. The
terminal substituent in this case is an oxamoyl group,
and the resulting products were N, N’-bis[3-(2-mercapto-
ethylamino)propyljoxamide (3b) dihydrochloride and
the corresponding bis(hydrogen thiosulfate) (3¢). As
shown in Scheme I and described in the Experimental
Section, variations of the general reaction sequence led
to other oxamide derivatives (3a, b, € 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.® 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)propylloxamide (5a)
with Na;SPO; in H;O in the presence of 2 molar equiv of
AcOH resulted in the isolation of an impure dihydrogen
phosphorothioate ester.

The preparation of N-[3-(1-aziridinyl)propyl]-N’-
methyloxamide (5¢) from ethyl [3-(1-aziridinyl)propyl]-
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 N, N’-dimethyloxamide following
the reaction of diethyl oxalate with MeNH,. Analyti-
cally pure N-[3-(1-aziridinyl)propyl]-N’-cyclohexyloxa-
mide (5d) was obtained by the alternative route, <.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 NasS;0; and AcOH* or (NH,)8:0;.53 The thiol
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6p hydrochloride was not obtained pure but was con-
verted into pure [3-(2-phenyl-3-thiazolidinyl)propyl]-
oxamic acid 2-phenylhydrazide (7) with benzaldehyde.

[3-(2-Mercaptoethylamino)propylloxamide (6a) hy-
drochloride was the only end product among those
described here that showed appreciable radioprotective
activity in mice in tests carried out at the Walter Reed
Army Institute of Research, Washington, D. C.% The
approximate LDj;, dose of 6a was 700 mg/kg; a dose of
400 mg/kg of 6a administered intraperitoneally 30 min
prior to irradiation (1000 R, v rays) gave 53 9 survival
as compared to 09, among untreated control mice, and
a dose of 200 mg kg gave 409, survival. All the other
thiols and thiosulfates tested were nonprotective with
the exception that the thiosulfate 6b and the thiol 6¢
gave slight protection at a high dose level relative to the
respective LD;, dose.

Experimental Section’

1-(2-Aminoethylaziridine (la), bp 126°, was prepared from
2-(2-aminoethylamino)ethanol (1.0 mole) in 179, yield by a
published procedure® (lit.2 bp 126-127.5°). On a larger scale
(4.8 moles of the alcohol) rearrangement of 1a to piperazine was
predominant, and the yield of la was only 1.

N,N’-Bis[w-(1-aziridiny])alkyljoxamides (2) were prepared by
the method reported by Bestian? for the preparation of 2b. A
solution of diethyl oxalate (7.30 g, 50.0 mmoles) in EtOAc (10 ml)
was added slowly to a stirred solution of 100 mmoles of the appro-
priate aziridine (1a, 1b,23 or 1¢?) in EtOAc (50 ml). The mixture
was allowed to stand at 25° for 3 hr and was then refrigerated.
The erystalline produet was collected and washed with EtOAc:
2a (mp 159-160°) was obtained in 847 yield; 2b (mp 142°, lit.2
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mp 134%), in 85 ¢ vield: and 2¢ (mp 1157), in 81¢, vield. .1nal.
(Ci1eHisN4O4, 2a) C, H, N: (C1sH N 4Oy, 2¢) C, H, N.
N,N’-Bis[w-(2-mercaptoethylamino )alkyljoxamide (3a, 3b, and
3d) Dihydrochlorides.---The appropriate aziridine (2a, b, or ¢,
X.00 mmoles) was added 1o a solution of HaS (2.00 g, 58.7 mmoles)
in MeOH (50 ml) at —20°. The resulting solution was warmed
slowly to 0° and maintained at this temperautre in a tightly
stoppered flask for 16 hr. The solution was concentrated to
~25 m! (~10 ml in the case of 2¢) tn vacuo, filtered under Ny, and
treated with 5.8 N dry HCI in +-PrOH (2.90 ml, 16.8 mmoles).
Addition of Et;0 (50 ml) to the mixture and refrigeration gave a
white crystalline product, which was collected and washed with
1i,0; 3a-2HCI (mp ~263° dec) was obtained in 877, yield:
3b-2HCI (mp 257 ° dec?), in 850, vield: and 3d-2HCI (mp 262-
2653°), in 90¢¢ yield. Anal. (CoH2N,0:8,-2HCL, 3a-2HC1) C,
H, N; SH: caled, 18.01; found, 16.3: (CiuH:N,0:3,-2HCL,
3b-2HCI) C, H, N, SH ; (C1sH;,0N40:8:-2HCY, 3d -2HC1) C, H, N,
S:8H: caled, 15.62; found, 13.6.
N,N’-Bis[3-(2-mercaptoethylamino )propylJoxamide -S,S’-di-
sulfonic Acid (3¢).---The bisaziridine 2b (2.00 g, 7.86 mmoles) wus
added in small portions to a solution of Na.3,05-5H,0 (3.90 g.
15.7 mmoles) in HyO (6 ml) at 0°. The mixture was stirred at 0°
for 1 hr and then treated dropwise with glacial AcOH (945 mg,
15.7 mmoles). After 30 min at 0°, additional AcOH (945 mg) was
added and stirring was continued at 0° for 1 hr and at 25° for
| hr. The resulting mixture was refrigerated for 16 hr, and the
white crystalline 3¢ was collected and washed (H.0O, 5 ml): vield
3.13 g (83(,-( )y mp ~ 197° dec. Anal. (CmHzeNquS;}) C, H, N.
N,N’-Bis[4-(2-mercaptoethylamino )butylloxamide-S,8’-disul-
fonic Acid (3e).——A solution of (NHy)S:0: (1.78 g, 12.0 mmoles
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and 2e (1.6Y g, 6.00 mmoles) in H,O (30 ml) was placed under
waler aspirator vacuunt ot a rotary evaporator at 25°% for 3 hr.
The evaporation was continued at 40° until a pasty residue re-
mained. The residue was redissolved in H.O (25 ml) and again
evaporated at 407 to give a solid, which was stirred with warm
MeOH (25 ml), refrigerated, collected, and dried at 60° to give 3e
as a hyvgroscopie solid, vield 2.96 g (97¢;), mp 142-144° with
softening from 119°¢  1nal. (CisH5N.0s8:) C, H, N, 8.

Ethyl [3-(1-Aziridinyl)propyljoxamate (4). -\ stirred solution
of freshly distilled diethyl oxalate (58.4 g, 0.400 mole) in Ei1OQAe
(100 nl) at 0° was treated dropwise over a period of 4 hr with a
solution of 1b (20.0 g, 0.200 niole) in 15tOAc (200 1), The result-
ing solution was stirred at 25° for 45 min and then hented at 76°
(0.025 mm) on a rotary evaporator to remove F1OA¢ and excoss
diethyl oxalate. The residual oil was refrigerated for 3 dayvs and
filtered under Ns: yvield 35.7 g (8470, »2'n 1.496%.  .1nnl
(CyH,sN,0.) C, H, N.

|3-(1-Aziridiny])propyljoxamide (5a).- -A solution of 1b (6.4 g,
69.4 mmoles) in anhvdrous EtOAc (10 ml) was added dropwisc
to a stirred mixture of ethyl oxamate!® (8.13 g, 69.4 mmoles) in
111OA¢ (50 ml). The resulting mixture was stirred at 34° for 2 hr
and refrigerated. The white erystalline 5a was collected, washed
(FtOAc), and dried at 60°; vield 10.8 g (91¢, ), wmp 161°. Anal.
(C:Hi:N:0,) C, H, N.

[4-(1-Aziridinyl)butylJoxamide (5b).- - -1¢ (3.43 g, 30.0 mmoles)
was added to a filtered solution of ethyl oxamate! (3.52 g, 30.0
mioles) in FtOAc¢ (60 mlb) at 60°. The resulting solution was
held at 25° for 2 hr and then refrigerated for 64 hr. The crystal-
line 5b was collected and washed with cold EtOAe: vield 5.37 ¢
(97¢), mp 153°. dnal. (CsHi;:N304) C, H, N.

(10 A, Weddige, J Prakt. Chem., 10, 106 (1874).
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N-[3-(1-Aziridinyl)propyl}-N’-methyloxamide (5¢, Table I).-—
A solution of MeNH. (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
was collected and washed with FtOAc; yield 17.5 g.

TasLE
N’-StBSTITCTED N-[w-(1-AZIRIDINYL)ALKYL]JOXAMIDES

No. Yield. % Mp., °C Formula Analyses
¢ ()5 134—135 CsHmNgOg C, H, N
5(1 b 14() Clstsxsoz C, H, N
56 ()2 114 CmHnXgOg C, H, N
5 97 75 CioH15N40: C, H,N
5g 80 118 CieH N0 C,H N
5h 93 123 CuH1sNO: C, H, N
5 93 151 Ci:H1sN 40, C H, N

Ethyl (3-pyridyl)oxamate was prepared by a modification of a
literature procedure for the preparation of ethyl (2-pyridyl)-
oxamate! Llthyl 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 H.O;
vield 9.02 g (469.), mp 100°. Anal. (CsHoN:Os) C, H, N.

N’-Substituted N-[w-(1-Aziridinyl)alkylloxamides (5d-i,
Table I).—1b or 1c¢ (50.0 mmoles) was added to a filtered solution
of the appropriate oxamate ester (ethyl cyclohexyloxamate,?2
ethyl oxanilate,'® ethyl (2-pyridyl)oxamate, ethyl (3-pyridyl)-
oxamate, or ethyl hydrogen oxalate 2-phenylhydrazide“) (50.0
mmoles) in IEtOAc (50 ml). After 3 hr at 25° the reaction mix-
ture was refrigerated, and the crystalline oxamide was collected
and washed with cold EtOAc. (The oxamide 5d, mp 149°, was
also prepared by addition of c¢yclohexylamine to a solution of 4
in EtOAc.)

[w-(2-Mercaptoethylamino)alkyljoxamides (6a, ¢, e, g, h, j, k, n)
Hydrochlorides (Table II).—\[eOH (50-75 ml) was saturated

Tasre II
[w-(2-MERCAPTOETHYLAMINO )ALKYL]OXAMIDE HYDROCHLORIDES
No. Yield, % Mp, °C Formula Analyses
6a 86 241 C;H,;N;0:8-HCl C, H, N, SH
6c 91 252 CsH(7X302S HCI C, H, \v’ S. SH®
be 84 235 CsH1:N:0.8-HCl C,H, N;8,°SH*
6g? 45 Indefinite  Ci;HaN:0.8 C H, N, 8;SH?
6h 93 257-258 C1sH,sN 0.8 -HCl C, H, N\, 8, SH
6] 99 169-1727  CppH;sN40.8-2HCI  C, H, N, 8§, SH
6k 100 192-194"  C;;H;sN:0.8-2HCl C,H, N, §,SH
6n 99 182-184"  C;3HyN40:8-2HC!  C,H, N, 8, SH

¢ SH: caled, 12.93; found, 12.5. ° S: caled, 12.54; found, 12.0.
“ SH: caled, 12.93; found, 12.4. ¢ Isolated as free base. ¢ SH:
caled, 11.51; found 11.1. 7 Determined with a Mel-Temp
apparatus.

with HoS 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 N.. The thiol 6g was isolated as the free base by
evaporation of the filtrate to dryness ¢n vacuo and recrystallization
of the residue from EtOH (30 ml). The other thiols were pre-
pared by addition of ~4 N dry HCl in 1-propanol (10.5 mmoles)
(25.0 mmoles for 6j, k, m) to the filtrate. It;0 (50-100 ml) was

(11) ¥, Reindel and F. Rosendahl, Ber., 59, 1067 (1926).
(12) K. A. DeVTries. Rec. Trav. Chim.. 61, 223 (1942).
(13) H. Klinger, Ann. Chem., 184, 263 (1877).

(14) J. Thiele and K. Schleussner, 1bid., 295. 167 (1897).
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TasLe III

S-2-(w-OX AMIDOALKYLAMINO JETHYL HYDROGEN THIOSULFATES
No. Yield. % Mp, °C Formula Analyses
6b 35 Indefinite C7H15N30582 C, H, N, S
6d 81 188 CsH17N;058, C, H N, S
6f 93 Indefinite CsH1:N:058 C, H, N, S
6i 74 248 Cl:ﬂHlQNSO;’;S2 C, H, _\'y S
6m 73 Indefinite Ci1:H1sN40;8;, C,H, N, 8

added to the resulting mixture, and the precipitated hydrochlo-
rides were collected and washed with Ft,0 (6h-HCI was colleeted
without the addition of Et,O).

S-2-(w-Oxamidoalkylamino)ethyl Hydrogen Thiosulfates (6b,
d, f, i, m, Table III). A. 6b.—The aziridine 5a (3.00 g, 17.5
mmoles) was added in small portions to a stirred solution of
Na.S,0;-5H.0 (4.35 g, 17.5 mmoles) in H.O (9 ml) at 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 at 0°. The
solid was broken up with a glass rod, and the mixture was stirred
30 min, treated dropwise with additional AcOH (1.05 g), stirred
30 min longer, and filtered. The filtrate was held at 0° for 16 hr
and evaporated to dryness ¢n vacuo. The hygroscopic residue was
triturated in FtOH (five 30-ml portions), dried in vacuo over
P;0;, 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°.

B. 6d.—A mixture of 5b (3.71 g, 20.0 mmoles) and (NH,)28:0;
(3.56 g, 2.40 mmoles) in 2:1 H,O-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 H,O-EtOH
(30 ml) and again evaporated at 35° to give crude 6d, which was
recrystallized twice from H.O-EtOH.

C. 6f—-A mixture of (NH¢):8:0; (2.43 g, 16.4 mmoles) and
5¢ (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
H,0 (50 ml). Ivaporation of the solution in vacuo at 40° gave
pure 6f as a hygroscopie solid.

D. 6i—The aziridine 5e (2.47 g, 10.0 mmoles) was added in
small portions to a stirred solution of Na:8,0;-5H.0 (2.48 g, 10.0
mmoles) in H,O (35 ml) at 0°. The resulting mixture was treated
dropwise with AcOH (0.600 g, 10.0 mmoles), stirred for 1 hrat 0°,
treated with 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
and recrystallized from H,O (130 ml).

E. 6m.—A mixture of (NH4)8:0; (1.54 g, 10.4 mmoles) and
5g (2.58 g, 10.4 mmoles) in 3:1 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)propyljoxamic Acid 2-Phenylhy-
drazide (7)— A solution of crude 6p-HCI (333 mg, ~1.00 mmole),
which was prepared from 51 in ~85% yvield by the general proce-
dure described above, and NaOAc-3H,0 (136 mg, 1.00 mmoles)
in AcNMe: (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 crystallized
and was collected and washed with H,O; yield 203 mg (539 ),
mp 120-122°° Anal. C?UH24NQOES> C, H, N, S.
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