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Several N-alkylalkanesulfonamido analogs of sulfamonomethoxine (1) were prepared and tested against

Streptococcus pyogenes C203 infections in mice.

The most active compound, N-methyl-N-(6-sulfanilamido-4-

pyrimidinyl)butanesulfonamide (16), had only one-tenth the potency of 1 but was more potent than sulfisoxa-
zole. Nearly as potent ax 16 was the izomeric V-methyl-N-(2-sulfanilamido-3-pyrimidinyl)butanesulfonamide
(21) although another isomer, N-methyl-N-(6-sulfanilamido-2-pyrazinyl)butanesulfonamide (22) was virtually

inactive.
no N* conjugation was ob=erved.

Certain sulfanilamidodiazines bearing one or more
OCH; on the heterocyclic ring have demonstrated
potent and useful antibacterial action [e.s.. sulfamono-~
methoxine (1),"? sulfametin,® sulfamethoxypyrida-
zine,* sulfadimethoxine,® and sulforthodimethoxine].®

N
HZN—Q—SOZNHON

OCH,
1

Investigations™® in these laboratories, unrelated to
chemotherapy, have shown interesting chemical and
pharmacological relationships between the phenolic OH
and the alkanesulfonamido function, RSO;NH. The
corresponding analogy between a OCH; and the N-
methylalkanesulfonamido group prompted us to pre-
pare and evaluate several sulfanilamidodiazines bearing
the N-alkylalkanesulfonamido function on the hetero-
cyclic moiety. One unsubstituted alkanesulfonamido
derivative is included for comparison.

Chemistry.—The syuthetic sequence shown in
Scheme I was utilized for the preparation of some N-
(6-sulfanilamido-4-pyrimidinyl)alkanesulfonamides, an-
alogs of sulfamonomethoxine,

Nucleophilic digplacement of a single Clin 2 with the
K salts of alkauesulfonamides (Table I produced the
correspouding N-(6-chloro-4-pyrimidinyl)alkanesulfon-
amides (3-11) (Table II). Displacement of Cl on
3-10 (R = alkyl) with sodium sulfanilamide provided
the sulfanilamidopyrimidines (12-19) (Table I1I).

Preparation of the butanesulfonamido sulfa (20) from
11 (R = H, R’ = n-C.H,) was less direct. The acidic
proton in 11 reacts with sodium sulfanilamide to pro-
duce a negatively charged group in the 4-position;

(1) 4-Sulfanilamido-6-methoxypyrimidine; R. (larkson and A. R.

Martin, Nature, 192, 523 11961).

(2) R. G. Shepherd, W, E, Taft, and H. M. Krazinski, /. Org. Chem., 26,
2764 (1961).

13) 2-Sulfanilamido-5-methoxypyrimidine; T. Knott, A. Kutzsche, and
A, M. Walter, Arzneim.-Forsch., 11, 681 (1961).

(4) 3-Sulfanilamido-6-methoxypyridazine; H. W. Marson, M. M.
Rogers, and W. E. Taft, J. Amer. Chem. Soc., 80, 480 (1958).

(5) 4-Sulfanilamido-2,6-dimethoxypyrimidine: J. Rieder,
Forsch., 13, 81 (1963).

(6) 4-Sulfanilamido-5,6-dimethoxypyrimidine; ®. T. Madsen. Amer. J.
Med. Sci., 247, 217 (1964).

(7) A. A. Larsen, and P. M. Lish, Nature, 208, 1283 (1964).

18) R. H. Tloth, J. R. Kirk, W. A. Gould. and A. A. Larsen, J. Med.
Chem., 9, 88 (1966); A. A. Larsen, et »d., thid., 10, 462 (1967).

Arzneim.-

Blood levels in mice were of short duration and generally reached a maximum in 1 hr.
Most of these new compounds were 60-909 bound to dog plasma protein
and had relatively low solubility in pH 6 acetate buffer.

Esszentially

the partial positive charge on C-6 (bearing the Cl) is
diminished, rendering the Cl less reactive toward nucleo-
philic displacement.® The butanesulfonamido sulfa
was obtained by fusion of 11 and N*acetylsulfanilamide
at 200° with Cu-bronze catalyst,! as described in the
Experimental Section,

Because 16, bearing the N-methylbutanesulfonamido
group, was found to be the most poteut member of this
series in the test system emploved, we decided to test
the effectiveness of the n-C,HSO,N (CHj;) function in
other diazine sulfas. Two additional compounds (21,
22) were prepared, the CH;0O analogs®!! of which are
effective antibacterial agents. N-Methyl-NV-(2-sulfanil-
amido-3-pyrimidinyl)butanesulfonamide (21) was ob-
tained from 23 by a sequence detailed iu the Experi-
mental Section.

N
CH,CONH— ‘_>‘No2
N_

23

6 steps

via compd 24-27

CH,

N |
H2N4©— S0,NH— }NSOlQHg-n
\—=

21

N-Methyl-N-(2-sulfanilamido-6-pyrazinyl)butanesul-
fonamide (22) was obtained from 2,6-dichloropyrazine
(28) as in the 4,6-disubstituted pyrimidine series.

28 — 29 —>, HN——@-SONH—KN]—NSO_.QHM
SN
22

Biological Results.—The 7n vivo therapeutic proper-
ties of these sulfanilamide derivatives were evaluated
by the mouse protection test method of Schnitzer, et al.,?

(9) See J. F. Bunnett and J. J. Randal, J. Amer. Chem. Soc., 80, 6020
(1958), for a discussion of the intermediate complex in aromatic nucleo-
philic displacements.

(10) Swiss Patent 210,429 (1940) to Societe pour I'Industrie Chimique, a
Bale, Chem. Absir., 86, 5514 (1941).

(11) M. Ghione, C. Bertazzoli, A. Buogo, T. Chieli, and V. Zavaglio,
Chemotherapia, 6, 344 (1963),

(12) R. J. Schnitzer, W. F. DeLorenzo, E. Grunberg, and R. Russonianno,
Proc. Soc. Exp. Biol. Med., 99, 421 (1958).
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ax niodified by Harrison and Weikel.'* The mice were
infected by intraperitoneal iujection of a standardized
inoculum of Streplococcus pyogenes C203. Starting 2

¢ =ee Table T looauice b,

was caleulated!'t for cach compound after 14 dayvs and
compared to values obtained with 1 and sulfisoxazole
(3,4-dimethy]-H-sulfanilamidoisoxazole) as  refercuce

hr after infection, the treated animalx (10/dose level) standards.

received two oral doses of compound on the first and
=econd days of infeetion, followed by single daily doses
for the next 5 davs. The mean CD;o (curative dose)

(3 1. F. 1larricowc and ). H. Weikel, Ir.. ' Antioacterial Agents and
Chemptherapy”, American Society for Mierpbiplogy, Ann Arhor. Miel..
196G3, 1 Hb6=34Y,

Highest antibacterial activity agallst streptococcal
infection wax obtained with the N-methylbutane-
<ulfonamido derivative (16). Therapeutic activity
increased as the substituent (R’) on the aliphatic

(14) J. 1, Litebfiebd, Jr., and ¥, Wilcoxon, J. Pleamnrcol. Exp. Ther., 96
a9 (19490,
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TasLe IV
Propewrits oF tHi N-(6-SULFANILAMIDO-4-PYRIMIDINYL)ALKANESULFON AMIDES
|
N—=SO,R’
H,N—@——SOQNH /N
N_
Solubility, Max blood level Partition % protein CDso,
No. R R’ mg/mi% (mice), meg/ml® coeff® binding? mg/kg
12 CH;, CH, 0.347 19 0.01 45 >400
13 CH, C,H; 0.220 83 0.24 61 >400
14 CH; CsH:-1 0.067 34 1.04 63 >400
13 CH; C;Hi-n 0.060 87 0.41 70 280
16 CH; CiHgn 0.130 94 3.10 86 68
17 CH; C:Hy;n 0.003 30 14.00 94 >400
18 C:Hs CiHyn 0.014 78 8.70 89 >400
19 CiHsn CH; 0.030 4 1.00 84 >400
20 i3] CiHyn 0.864 1A 0.06 46 >200
1 Sulfamonomethoxine 0.460 91 0.19 32 6
Sulfisoxazole 1.640 66 0.048 58 094

¢ Determined in 0.1 N NaOAc buffer (pH 6.0) on samples shaken at 37° for 18 hr.
e CHCL;-0.1 N sodium phosphate buffer (pH 7.4).
plasma protein from initial plasma concentration of 100 meg/ml as determined by ultrafiliration at 27°.

drug; max levels were attained in 1 hr, unless otherwise noted.

Scuume I
Cl RNSO,Iv

| XN | XN
e e
Ci N) C N)
2 3-11
RNSO,R’

<N

12-19

sulfonyl group was raised from Me to n-Bu; however,
there was loss of activity when R’ was n-heptyl.

Replacing the N-Me with H (20) or alkyls larger
than Me (18 and 19) resulted in diminished activity
(Table IV). Branching of the alkanesulfouamido
chain also decreased activity as shown by a com-
parison of 14 (N-methyl-2-propaunesulfonamido) with
15 (N-methyl-n-propanesulfonamido). None of the
compounds (12-20) tested had therapeutic activity
equaling that obtained with sulfamonomethoxine.
Compound 16 had about one-tenth the potency of 1
against experimental streptococcal infections, and was
slightly more potent than sulfisoxazole in this test
system.

The 2,5-disubstituted pyrimidine sulfa (21) corre-
sponding to 16 had a CD; of 80 mg/kg against S.
pyogenes C203 compared with 68 mg/kg for 16, while
the pyrazine isomer (22) was essentially inactive against
streptococcal infection (CDjy >400 mg/kg). Other
properties of these two compounds are listed with their
respective preparations.

The two most active sulfanilamides, 16 aud 21, were
also tested i witro against FEscherichia coli and
Staphylococcus aureus (Rose Strain) for inhibition of
bacterial growth! and their effect on O, utilization.®

(15) D. Grove and W. Randall, "Assay Methods of Antibiotics—A
Laboratory Manual'’ Medical Encyclopedia, Inc., New York, N. Y., 1955,
p 190.

(16) L. Neipp, W. Sackmann, and J. Tripod, Antibiot. Chemother., 9,
19 (1961).

b After a single, oral dose of 100 mg/kg of sulfa
¢ Binding to dog
¢ Max was recorded at 3 hr.

In each case, marginal activity was noted against the
former Gram-negative strain while moderate activity
was obtained with the latter Gram-positive culture.

Moderately high mouse blood levels from a single,
oral 100-mg dose were obtained with most of the new
sulfanilamides in Table IV, Compounds 13, 15, and
16 gave blood levels comparable to that of sulfamono-
methoxine. Levels generally reached a maximum at
1 hr and dropped to one-half the maximum in 3-5 hr.
Little, if any, sulfanilamide derivative was detected
in the blood after 24 hr. Noue of these compounds
showed evidence of N* conjugation in total blood
sulfanilamide determinations.

Most of the compounds of Table IV were 60-90%
bound 1 to dog plasma protein, the lowest value being
obtained with sulfamonomethoxine. All had rather low
solubility in pH & acetate buffer and only 20 was more
soluble than 1. The solubility of 16 was high with
respect to values for the neighboring homologs. Parti-
tion coefficients for the new compounds were generally
higher than for sulfamonomethoxine at the pH of
blood plasma (7.4).

pK, values for the homologous series (12-19) showed
no significant variation, values of .95 =0.04 being
obtained. All titratious were made in 509 aqueous
Me,CO due to the low solubility of mauy of the com-
pounds in H,O, EtOH, or even 309, Me,CO. Values
for reference standards obtained in 509, Me,CO tended
to run higher than values obtained in water!® by about
1.3 pK units. Thus, by rough extrapolation, the 509
aqueous Me,CO values for this series correspond to
5.6-5.7 in H;O. The pK, of sulfamonomethoxine was
7.17 in the 509, Me,CO gystem.

Approximate oral TDjy values for 12, 14-17, 21, and
22 were greater than 2000 mg/kg in mice. Compound
13 caused CNS depression accompanied by muscle
weakness, ptosis, and salivation at 250 mg/kg. All of

(17) G. Zbinden in "Drug Design,” Advances in Chemistry Sertes, No.
45, American Chemical Society, Washington, D. C., 1964, pp 33-34.

(18) A. Albert, "Selective Toxicity,” 4th ed, Methuen and Co., Ltd,
London, 1968, pp 82-85.

(19) P. H. Bell and R. O. Roblin, J. Amer. Chem. Soc., 64, 2905 (1942),
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the sulfanilamidex (12-22) were essentially wactive on
the cardiovascular svstem of the unesthetized dog whei
adnunistered at 10 mg kg intraveroasly.

Conclusion

subztitution of the N-alkylalkanesulfonamidy group
fr OCHj 1n the =ulfanilamidodiazines studied generally
results i lower activity.  However, in one =eries of
sulfanilamides comparing several such sulfonamido
subxtituents, the N-methylbutanesulfonamido deriva-
tive best approximates the active methoxyl analog in
terms of potency uguinst 8. pyagenes C203.

I't 1= lnteresting to note that although activity varies
coustiderably n the =eries of N-nlkyvlalkanesulfonamido
analogs of sulfamonomethoxine, the pA, values for the
various members are identical; thus, any correlative
relation=hip betwecen acidity™ and activity is precluded.
Although the influence of lipophihe character vn ac-
tivity = apparcut front a measure of partition coeffi-
clents, a better relations<hip might be obtained with the
o values* wormally used for coveelitive purposes.

Experimental Section

Alelting points were taken in npen capilliry tubex according
(o U. 8 Pharmacopea XVI—Clasx 1 on a Thomas-Hoover
apparatins and are corrected; boiling poine are uncorrected.
All compounds had ir specira in agreement wich rheir assigned
striretures. pR, determinations were 1made on a  NMetrohm
Herixan antomaiie ritrimerer using a combined glass electrode
in 309 (v:v) aqueons MeOAc and 1itrating whh standardized
0.1 .V agueons KOH. Solnublitiex, hlood levels, partition co-
efficient= and protein binding valnes were obrained by Bracron-
Marshall*! annlyvsix of the uppropriaie solutions (Table IV
Where analyses are indicated only by =vmbols of 1he elemencs,
analviical resudt= obtained for chose elemens were within =040,
of the theoretical valnes.

N-Alkylalkanesulfonamides were prepared by the procedure ol
Baxier, ef al,* for N-methylmethanesunlfonamide. All were
jurified by vacuum distillation (Table I;.

N-16-Chloro-4-pyrimidiny!)alkanesulfonamides (3-11, Table
II). General Procedure.—The K salts of the alkanesidfonamides,
prepared by addition of 4.9 g (0.074 mol} of 859, KOH to 0.074
mol of alkanesulfonamide Table 1; in 50 ml of MeOH and
distillation of the MeOH i cucwo, were snhiable for reaction
withom further pinificarion. A suspension of the K salt in 20
ml of DMSO was added 11 one portinn to a rapidly stirred soln-
tion of 11 g (0.074 mol) of 4,6-dichlovopyrimidine?® in 25 mi »f
DMRO.  Cooling was ntilized to keep the temperature helaw
70°. After 30 min, the mixture was (uenched in ice-water and
the separated material was xalated aund purified.

Two equivalents of porns<ium bhutanesulfonamide were used
for the preparation of 11, due ro the ncidic natnre of rhe produet.

N-Alkyl-V-(6-sulfanilamido-4-pyrimidinyl)alkanesulfonamides
112-19, Table III). General Procedure, -—A mixture of 1 equiv
ol the appropriace N-alkyl-V-(6-chloro-4-pyrimidinyd)jalkane-
sulfonamide (Table 11), 1 equiv of sodinm sulfanilamide, and
sufficient DMS0) 10 equal three times the combined weight of the
starting materials was heared at 90° 'or 6 hr. The resnlting sus-
pension was diluted with ice-water, chilled overnight, and filtered
to remove sulfanilamide.  Acidificacion of the filtrate with glacial
AcOH praduced a precipicare which was collected, air-dried, and
recrystallized.

2D} 1. Pnjita aad C. Nansch, J. Med. Chem., 10, 991 119675,

121) AL Q. Bratton, E. K. Marshall, Jr., I, Bablstr, and A, R, Ilendrick-
som, J. Biol. Chem., 128, 537 (1939).

(22) \I. N, Baxter, I. Cymerman-Craiz, awl J. Willis, J. Chem, Soe., LGH
(1955

P33y R, 1Null, 7iid., 2214 (18511,

Vol. 11

N-Acetyl-Ni-6-butanesulfonamido-4-pyrimidinyl jsulfanil-
amide.. A mixrre o 124 g 10.05 mels of N-16-chloro-4-pyrime-
dinylbatimesnilopamide 1115, 107 g 70.05 mnl: ot Nlawreryl
sultantamide, 225 ¢ 016 moh of anhydrons ]KoCOy, and 225 g0
Co=-bronze vawdv- Arceonsdn Alloy Nao 432, <havings: wie
Lenced ™ s ol Bacle 0 200° with acrasiomal <tivving Ter 1 b,
alver which the seelt was vanled and <iirved with 1000wl ol 1100,
The nsalithle neegrer wus Thered sind the Hlonce was neiditied 1,
pH 2N HCT D The velbhw precipitine was collecced, dried, mof
eervsipdlized iwive  MeO1l MeC'O and then absaluie FaO1l e
give (L1 g 26", of vellbw powder tmp 24485240570 laed
JCRlle N0, U1 N
\''-16-Butanesultonamido-4-pyrimidinyl )sulfanilamide 1201
A sl o voil g (lolh moly of the N-Ac camponnd, 7 g
10025 nued s of Npud, ool 60 ml of a0 was vefluxed Tor 3 hyy
after which ithe suivisre was eonled nod actdified o pll 5 (glacind
AcOM s The reede preeipivine was colleeted, dried, and purified
‘Table 111
N-2-Acetamido-5-pyrimidinyl jbutanesulfonamide t124). - -
Acermmidi-Sentieapyriidine 123)% 2.7 g oor 0,015 mol) was
redneed yagdyiiediv: g 03 g ol 200, Pd-CL25%5 e 1l
nf abzehue MeOHD Aner filieadon and  eoneentracion, the
white solid vesplre was ~sired e 25° 0 35 ml of CLHLN an 24 ¢
AL el o8 baaseanléouyd ehloride was added over T min,
The s wis weamue! 5 min e A0-357, chen siirred 1o :a
H0%0 Denvovad o the CALN 7 rqeeo Tel i dark, syrpy vesidne
whirh wis snken up e 150 ml of HoO) nnd acidified 1pld 20 winh
LN HCL The e peecipiine was eolleeted, dried, and verrvsal-
lized ¢3¢, vl oo give 2.6 g 1649, 5 colorless needles tap
IndISA07 0 gt LN O ) 1, N
N-(2-Acetamido-5-pyrimidiny!)-\'-methylbutanesulfonamide
25, A stivred snspension of 24 g €0.008% mol) of the diamide
24) i 1O nd o DM was sreared with 0.4 10,0089 mol ) of Nall
SIATC e minerid il Mel 142 g 001 mol) was added alter
30 miv pud snvipg was enmnmed ar 30° Toe 30 min. - Diluton
nl the rded rewion: nuxcive winh tee-wacer produced 2.4 g of
white  <did.  Desrvaudlizabn (-Prol- MeON and chen
InOXe: gave L4 g 220000 sdarless needlex, mp 154 15357,
daed v Cpll N0 O LN,
\'-i2-Amino-5-pyrimidiny! }-\ -methylbutanesulfonamide 126 ;.
A suspension ol G g 0.00354 mdd ol the Ae compound 25 1y
1O ml o 1N NsOl eel 1ol of <PrOH was heated ar 90-957
B 30 min. The mixtiare was chilled and filcered (o give 0.9 g of
white Hakes., e rervaiallizaden (-PrO1l) gave 0.5 g (337, -
vl white waxy sdid np 121 122% 50 (hed (Culd 6 NGO ¢ HL N
N'-Methyl-.\'- 2-p-nitrobenzenesulfonamido-5-pyrimidinyl -
butanesulfonamide 27 . -The aminopyrimidine (261 (2,44 g,
001 md} 1y 25 ol CILN was siired 18 hr e 30° with 2,21 ¢
(001 md s o penintolienzenesullnyl chlovide. The ClIN was
disiilled 7o reqion sk the restdne was takercup in dilme NHyO1
and filtered Lo, Acidifiearion s the filtvane tpH 23 with 12N
HC alfavde] 1.5 g of tan ~edid inp 182-188°%). Recerysiallizanos
IMeCON and shen ahsolute 1Oy vielded 085 g 2005 of olf-
white ervstads e 1od D030 Dred. (CpHL NGO C) 1L, N
N-Methyl-\-: 2-sulfanilamido-5-pyrimidinyl )butanesulfonam-
ide 1211 A swepension of 12,13 g 10,0284 mol) of 1he NOy com-
pound 2754 121 wdsnliie Meal] was reduced catalyrically
ilgof s47, 1o ot 307, The cacilysc war filtered «Celhies
and the fihrses were evaporaced dciaewa. The whiie amorphans
residue was recrvsiallizesd 0 -1rOH and then Cells MeCON 't 10
provide 700 o 637, o watawhite powder:  mp 168517007
PR, T30 ol cold omg omls bloed level, 41 eg wl:
partitian saetiieiens, 2220 pratein binding, 531 CDi, 8O mg ke
el CuHL N0 OO, N
N.-Methyl-\"-:6-chioro-2-pyraziny! )butanesulfonamide (29) wn~
prepared from 2 U-dichlapyrazine (28) (Aldrich Chemical Colb
and che N saly o Vomerbylhutanesulfonamide as described Iin
the corvespording 4. ¢olisubsticated  pyrimidines.  The crude
produer wis diztiliend o 1200 150° ¢(0.03 mm)y to give a pale
vellow  Hgnul 6o, 0w 13365 nal (CulCINGORS
¢, M, N
N-Methyl-\-:6-sulfanilamido-2-pyrazinyl jbutanesulfonamide
1221 was prepived weenrdig 10 the general procedure for the
corresponding  4,6-disnbsticned  pyrimidine derivatives.  The
crude materind wi= tecrvsaiallized twice (95% EtOH) to give
beige needles: 20, mp 205-204°: piL, 7.05; solubility, 0.001
mg 1w blod devel, [0 g b pavdtiore coeffictem, 2.2 1,
U B O Baabsii, S0 Wik, srel LV Bnglish, L e, Chene Sie
84, 67 14V
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protein binding, 34; CD;s >400 mg/kg. Anal. (C;HaN:048:)
C, H, N.

Acknowledgment.—The authors express their ap-
preciation to Mr. C. I. Kennedy for microanalyses, Mr.
J. G. Schmidt for infrared spectra. Messrs. D. Knapp

ANTIRADIATION AGgENTs. III 251

and R. Wargel for assistance in preparing intermediates,
and Dr. W. T. Comer for helpful comments and sug-
gestions. The authors wish to thank D. L. Elliott,
M. Fuquay, R. Meyers, J. E. Salmoun, J. R. Harris,
R, Stratman, and P. Zwadyk for their valuable techni-
cal assistance.

Potential Antiradiation Agents.

IT1.! N-Substituted

Aminoethanethiosulfuric Acids

DanNterL L. Kravyax, Marie M. GrReExaN, axp Davip P. JacoBUs

Walter Reed Army Institide of Research, Division of Medicinal Chemistry, Washington, D.C. 20012

Received September 22, 1969

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

antiradiation agents.

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

ethanethiosulfuric acid with primary alky! bromides, by the reaction of the appropriate N-alkylaminoethyl halide
hydrohalides with sodium thiosulfate, or by the ring opening of 1-substituted aziridines with ammonium thio-

sulfate.

Excellent radioprotective activity (>70¢; 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 fi-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 obtaiued 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-gub-
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 zalt with
a primary alkyl bromide i1 EtOH-H,O. The dialkyl-

RBr + H,NCH,CH,S80; -~ —> RNHCH.CH.SSO;H + Br-

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

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

RNH,CH.CH,X X - + $80;2- —>
RI\.HCHJCHJShOSH ‘+‘ 2X -

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

12) Part I: D. L. Klayman, M. M., Grenan, and D. P. Jacobus, thid..
12, 510 (1969).

(3) 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.

(4) D. L. Klayman and W. F. Gilmore, .J. Med. 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 iuto 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 and 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 heptyl-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 cloze
to 1 hr. Compound 10, while effective when giveu
parenterally and moderately protective when given
subcutaneously, i3 ineffective when given orally.
Other agents iu 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 contents of the mouse and
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., 7%, 3536 (1950).

(6) Z. M. Bacqg, "Chemical Protection Against Ionizing Radiation,”
Charles C. Thomas, Springfieid, 11l., 1965, pp 126-129.



