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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 as 16 was the isomeric 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.y., sulfamono-
methoxine (1),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 funetion on the hetero-
cyelic moiety. One unsubstituted alkanesulfonamido
derivative is included for comparison.

Chemistry.—The synthetic sequence shown in
Scheme I was utilized for the preparation of some N-
(6-sulfanilamido-4-pyrimidiny1)alkanesulfonamides, an-
alogs of sulfamonomethoxine,

Nucleophilic displacement of a single Clin 2 with the
K salts of alkanesulfonamides (Table I} produced the
corresponding 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 III).

Preparation of the butanesulfonamido sulfa (20) from
11 (R = H, R’ = n-CH,) 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. Clarkson and A, R.

Martin, Nature, 192, 523 (1961).

(2) R. G. Shepherd, W, E, Taft, and H. M. Krazinski, 7. Org. Chem., 286,
2764 (1961).

(3) 2-Bulfanilamido-5-methoxypyrimidine; T. Knott, A. Kutzsche, and
A, M. Walter, Arzneim.-Forsch., 11, 684 (1961).

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

(3) 4-Sulfanilamido-2,6-dimethoxypyrimidine: J. Rieder,
Forsch., 18, 81 (1963).

(6) 4-Sulfanilamido-5,6-dimethoxypyrimidine; 8. T. Madsen. Amer. J.
Med. Sci., 247, 217 (1964).

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

(8) R. H. Uloth, J. R. Kirk, W. A. Gould. and A. A. Larsen, J. Med.
Chem., 9, 88 (1966); A. A. Larsen, et ul., thid., 10, 462 (1967),

Arznetm.-

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.

Essentially

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 potent member of this
series in the test system emploved, we decided to test
the effectiveness of the n-C,H¢SQ,N (CH;) function in
other diazine sulfas. Two additional compounds (21,
22) were prepared, the CH;O analogs®!! of which are
effective antibacterial agents. N-Methyl-N-(2-sulfanil-
amido-5-pyrimidinyl)butanesulfonamide (21) was ob-
tained from 23 by a sequence detailed in the Experi-
mental Section.

N \ 6 steps
CH,CONH—{ :>‘No2 :
Ne= via compd 24—-27
23
CH,
N |
HZNO— SO,NH—/ :\>—NSOZC4H9-n

Na=

21

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

28 —» 29 —>.H2N——©-SOZNH—KN]—NSOJC4HM
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. Randall, 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. Abswr., 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. Russomanno,
Proc. Soc. Exp. Biol. Med., 99, 421 (1958).
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H
R-N-RORY
Mp or bp Vield,
R R tmim). °(¢ Yy nep Formla Anaiy ses
C'Hy CH: LOO 110 (0. 500 73 CoHNOR
CH, C.H. FO2 105 (0. 153 ) 1 4340 C,HNOR ¢, H, N
. CyHq-r H2-04 (0. 15) BN S TEEN C NN C, I, N
CHz Cyll-n 100- 103 (0. 10 02 14523 CJHNOS C,H, N
'y CyHy-n 115 I8 10,3 0y 1 4548 O3 NOS L T
('H; CiHy-n 40.0-41 .0 3 CUHNON ¢, H, N
(1 CHon 115 120 (030 N 1 4316 O NOS ¢, H, N
CyHg-n CIH, P15 120000.30) 0 | 4305 C HEN O O, H, =
11 CyHyn 47 5480 s CUNON

« B. Helferich and H. Grunert, Ber.
K. Weissbach, Ber., 63B, 2836 ( 9)()), reported 120-122° (0.1 mm
12, 5 (1964); (,7h,em Abstr., 60, 11873e (1964,

L 73B, 1131 (1940), reported 1187
Y, Ueda, H.

).

reported 128° (5.5 mm ).

< J. von Braun and
(Tokyva),
73 9. )4

“ 1, caled:
Yano and T.
A Grunwald,

%.66; found: .06,
Momose, Chem. Pharm. Bull.
J. tmer. Chem. Soc..

(0.3 mmj,

« 1. Field and F.

(1953, reported 47.5-19°
Tasre I1
-(6-CHLORO=4-PYRIMIDINY L ALK ANESULFON AMID 1S
|
ct—”/ SNNSOR
NozN
Mp or by Yield Recrystn
No. R i {mm). “C ‘o solvent” Formula”
3 CH, CH: 83,9875 7 A CeHLCIN; O
4 CH, (GED 68.5 b‘ 55 3 CiH CIN O
) CH; CiHs-r 1092 1 ) N B C CyHLCINGOR
6 CHy Cys-n 63 ()u('-l B 61 B D CyHpCINGON
7 CH, CH-n 61.5-63.0 [§15% (G CoH L CINOS
A CH; C:Hymn 1b()‘1bb 0,02 67 ”Hm( INGORS
q C.H, CyH-n 45.0-46 0 43 B CioHiCINGO.N
10 CiHen CH;y AR.D=HY D e B CyH,CINOu=
1t H CyH-n 141 51425 60 I CyHpCIN GO
A, BtOAe; B, (Pri0O; ¢, Me.CO; Dskelly FooEy exvelohexane: I, ~PrOH. 7 All compounds analyvzed satisfactorily for ¢, H,

N. 7 Yield after one reervstallization.

TasLe IIT

.\-(6-\.1']}"\.\'[1 \\1”)()-4-1’\'1{1\”])1\'YI JALKANESULPONAMIDES
~©——so NH —(\[—w-so R’
NN
Yield. Recrystn
No. R R’ AMp, ¢ o Nolvent” FFormula”
12 CH, CH; 210.0-211 .5 28 A CrH N 0=,
13 CH; C:H., 177 .5-178.5 52 B CiH NGO S,
4 CH; CyH5- 228 (224 .0 20 A CLH LN OR,
i CH;, CyHe-n 205.5-206.0 Be| A CiH N0
16 CH; CiHo-n 162 5-163.0 50 D CiHa N0,
17 CH, C:Hyomne 170.5-171.5 4 A CisHaaN; O
IS C:H, CyHomn 198.0-1949.0 G Al CeHasN 0,8,
19 CyHo-n CH, 209 5-211 5 63 A CsHa N O
20} 1 Cyllin 244 .5-245 .5 31 Al CriH NGO
“ A, MeCN; B, EtCOMe: C, abx EtOH: D, (~Pr)n0; E, MeOH. ¢ See Table I1, footnote b,

as modified by Harrison and Weikel.!* The mice were
infected by intraperitoneal injection of a standardized
inoculum of Streplococcus pyogenes C203. Starting 2
hr after infection, the treated animals (10/dose level)
received two oral doses of compound on the first and
second davs of infection, followed by single daily doses
for the next 5 davs. The mean CD; (curative dose)

“*Antibacterial Agents and
Ann Arbor. Mich..

Harrison and J. H. Weikel, Jr.,
American Society for Microbiology,

(S EAN SN O
Chemotherapy ",
1963, pp 546-549.

was caleulated™ for each compound after 14 days and
compared to values obtained with 1 and sulfisoxazole
(3,4-dimethyl-S-sulfanilamidoisoxazole) as  reference
standards.

Highest antibacterial activity against streptococeal

infection was obtained with the N-methylbutane-
sulfonamido derivative (16). Therapeutic activity
increased asx the substituent (R’) on the aliphatie

(14) J.0 T, Wilcoxon, J. Pharmacol. Exp. Ther., 96

99 (1949,

Litchfield, Jr., and ¥,



March 1970

N-ALKYLALKANESULFONAMIDOSULFANILAMIDODIAZINES

TasLe IV

ProperrTies OF THE N-(6-SULFANILAMIDO-4-PYRIMIDINYL)ALKANESULFON AMIDES

R

N—SO,R’

/ \
HN SO,NH N
N_/

249

Solubility, Max blood level Partition %% protein CDso,

No. R R’ mg/ml® (mice), meg/ml® coeffe binding? mg/kg
12 CH; CH; 0.345 19 0.01 45 >400
13 CH; C.H; 0.220 85 0.24 61 >400
14 CH; C3Hq-1 0.067 34 1.04 63 >400
15 CH; Cs;Hq-n 0.060 87 0.51 70 280
16 CH; CHen 0.130 94 3.10 86 68
17 CH; C:Hyn 0.003 30 34.50 94 >400
18 C.H; CHeyn 0.014 78 8.70 89 >400
19 CHsn CH; 0.030 >4 1.00 84 >400
20 H CiHon 0.864 15 0.06 46 >200
1 Sulfamonomethoxine 0.460 91 0.19 32 6
Sulfisoxazole 1.640 66 0.048 58 94

@ Determined in 0.1 N NaOAc¢ buffer (pH 6.0) on samples shaken at 37° for 18 hr.
¢ CHCL—0.1 NV sodium phosphate buffer (pH 7.4).
plasma protein from initial plasma concentration of 100 meg,/ml as determined by ultrafiltration at 25°.

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

ScHEME
Cl RNSO,I¢

B
—— —_—
Cl N)

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

2 3-11
; . 16 gave blood levels comparable to that of sulfamono-
RNSO,R . .
methoxine. Levels generally reached a maximum at
SN 1 hr and dropped to one-half the maximum in 3-5 hr.
HgN—QSOQNH IN) Little, if any, sulfanilamide derivative was detected
in the blood after 24 hr. None of these compounds

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-AMe with H (20) or alkyls larger
than Me (18 and 19) resulted in diminished activity
(Table IV). Branching of the alkanesulfonamido
chain also decreased activity as shown by a com-
parison of 14 (N-methyl-2-propanesulfonamido) 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 CDj; 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 and 21, were
also tested in wvitro against FKEscherichia 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).

showed evidence of N* conjugation in total blood
sulfanilamide determinations.

Most of the compounds of Table IV were 60-909,
bound!” ¥ to dog plasma protein, the lowest value being
obtained with sulfamonomethoxine. All had rather low
solubility in pH 6 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 6.95 +=0.04 being
obtained. All titrations were made in 509% agueous
Me,CO due to the low solubility of many 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 50%
aqueous Me,CO values for this series correspond to
5.6-5.7 in H;0. The pK, of sulfamonomethoxine was
7.17 in the 509, Me,CO system.

Approximate oral TDj;, 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 230 mg/kg. All of

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

(18) A. Albert, “Selective Toxicity,” 4th ed, Methnen 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 sulfanilamides (12-22) were essentially inactive on
the cardiovascular svstem of the unesthetized dog when
administered at 10 mg ‘kg intravenously.

Conclusion

Substitution of the N-alkylalkanesulfonamido group
for OCHjg in the sulfanilamidodiazines studied generally
results in lower activity.
sulfanilamides eomparing several such sulfonamido
substituents, the N-methylbutanesulfonamido deriva-
tive best approximates the active methoxyl analog n
terms of potency aguinst 8. pyogenes C203.

It ix interesting to note that although activity varies
considerably in the =eries of N-alkylalkanesulfonamido
analogs of sulfamonomethoxine, the pA, values for the
various members are identical; thus, any correlative
relationship between acidity™ and aetivity ix precluded.
Although the influence of lipophilic character on ac-
tivity is apparent from u meuasure of partition coeffi-
clents, a better relationship might be obtained with the
o values™ normally used for correlative purposes,

Experimental Section

Melting points were taken in open capillary tubex according
to U. S, Pharmacopea XVI—Cla~s [ on a Thomas-Hoover
apparatus and are corrected; boiling points are uncorrected.
All compounds had ir spectra in agreement with their assigned
structures. pKR, determinations were made on a Metrohm
Herisxau automatic titrimeter using a combined glass electrode
in 509, (v:v) aqueous MeOAc and titrating with standardized
0.1 .V aqueous KOH. Solublities, blood levels, partition co-
efficients and protein hinding values were obtained by Bratrton-
Marshall2! analvsis of the appropriate solutions (Table IV).
Where analvses are indicated ouly by syvmbols of the elementx,
analviical result= obtained for those elements were within =0.47;
of the theoretical values.

N-Alkylalkanesulfonamides were prepared by the procedure ot
Baxter, et al.,?? for N-methylmethanesulfonamide. All were
purified by vacuum distillation (Table 1.

N -(6-Chloro-4-pyrimidiny! )alkanesulfonamides (3-11, Table
I1). General Procedure..—The K salts of the alkanesulfonamides,
prepared by addition of 4.9 g (0.074 mol) of 859 KOH to 0.074
mol of alkanesulfonamide (Table 1) in 30 ml of MeOH and
distillation of the MeOH in racwo, were suitable for reaction
without further pwification. A suspension of the K salt in 20
ml of DMSO was added in one portion to a vapidly =tirred solu-
tion of 11 g (0.074 mol) of 4,6-dichloropyrimidine® in 25 ml of
DMSO.  Cooling wax utilized to keep the temperature below
70°. After 30 min, the mixture wax quenched in ice-water and
the separated material was isolated and purified.

Two equivalents of potassium butanesulfonamide were used
for the preparation of 11, due to the acidic nature of the product.

NeAlkyl-V-(6-sulfanilamido-4-pyrimidinyl)alkanesulfonamides
(12-19, Table III). General Procedure. —A mixture of 1 equiv
of the appropriate N-alkyl-V-(6-chloro-4-pyrimidinyl)alkane-
sulfonamide (Table 11), 2 equiv of sodium sulfanilamide, and
sufficient. DMSO to equal three times the combined weight of the
starting materials was heated at 90° for ¢ hr.  The resulting sus-
pension was diluted with ice-water, chilled overnight, and filtered
to remove sulfanilamide. Acidification of the filtrate with glacial
AcOH produced a precipitate which was collected, air-dried, and
recrystallized.

20) T. Fujita and C. Hansch, J. Med. Chem., 10, 991 (1967},

121} A, C. Bratton, E,. K. Marshall, Jr., . Babbitr. and A, R. Hendrick-
son, J. Biol. Chem., 128, 5337 (1939).

(22) J. N. Baxter, J. Cymerman-Craig, and J. Willis, J. Chem. Noe., 864
(1950).

231 R, Hull, 1bid., 2214 (1651,

However, in one series of

Vol 13

X\ -Acetyl- N - 6-butanesulfonamido-4-pyrimidiny! jsulfanil-
amide.- A mixtive of 125 g (0.05 mel) of NV-t6-chloro-4-pyrim-
winybbutanesniforamide 1113, 107 g (0.05 moly of Niacetvi
sulfantlaniide, 22,5 ¢ 016 mob) of anhydrons KeCOy, and 2.5 g of
Cr-bronze catalvss Avuconda Alloy No.o 432, shavingst was
heated™ noun ol banh w2007 with ocrasional stireing for 1,
after which the melt was cooled and stirred with 100 ml of L0
The insoluble matrer was tiltered and the iltrate was acidified o
pil 25 N HCH . The vellow precipitate was collected, dried, and

ecrv=tallized twice MeOT Me, ('O and then absolute 1O
give 6.1 g 26°, f vellow powder ‘mp 2445 2465 ned
1O N0 CUHEL N

N'l.i6-Butanesulfonamido-4-pyrimidinyl jsulfanilamide (201,

A solwtion of 6081 g 0015 mol) of the N-Ac¢ compound, 5 g
(0,125 mol: of NaH, and 60 ml of HyO was refluxed for 3 hr,
after which the mixnoe was cooled and acidified 1o pH 5 (glacial
AcOH L The crule precipitate wax collected, dried, and purified
Table 11T

N-i2-Acetamido-5-pyrimidinyl jbutanesulfonamide (24). - -
Acetanudo-d-niropyrimidine 123124 (2.7 g or 0.015 mol) was
reduced catalviieallv 3 atm, 0.3 g of 200, Pd-C, 25°%5 in 150 ml
of abzolute MeOH.  Arter filtration and  concentration, the
white solid restibre was ~tirved at 25 i 35 ml of CLHLN as 2.4 ¢
(0.015 mol - of hutanesaltony! chloride was added over 1 min.
The <olutinn was warmed 5 min at 50357, then <tirved 1 hr
30° Renwoval o the C LN dnoracwo left o dark, syrapy rvesidne
which was tuker up D 150 mb of HyO and acidified (pH 21 with
N HCL The tan precipitate was collected, dried, and recrystal-
Hzed (03, POl oo give 2.6 g 164, 5 of colorless needles (mp
Ind INDO° 0 ads CLH N0 ) H, N

N-12-Acetamido-5-pyrimidinyl)-.\ -methylbutanesulfonamide
(255, A =tivred si=pension of 2.4 g (0.008% mol) of the diamide
(241 in 10 mbof DAE wus treated with 0.4 g (0.0089 mol) of Nall
330, iomineral ol 0 Mel 142 g, 001 mol) was added after
30 min and ~tiniog was continued at 30° for 30 min. Dilution
of the cooled reaction: mixtire with iee-water produced 2.4 g of
white <olid.  Recrvstallization  -ProIl- MeCN  and  then
FArOAe: guve 13 g 520 0 of colovless needles, mp 134 153,57
Anad, cCLHLN OO HL N

\.i{2-Amino-5-pyrimidinyi )-.\ -methylbutanesulfonamide (26 ;.

A suspension of 1.1 g (000354 moly of the Ac compound 25 in
10 ml of TN NuOH and 1oml of ~PrOH was heated at 90-957
for 30 min. The mixtiare wax chilled and filtered to give 0.9 g of
white fake~. e verrvstallization (/-PrOH ) gave 0.5 g (537, ¢
of white waxy ~oind mp 12112270 Anal (CuH N, O8) C) H N

N-Methyl-.\'- 2-p-nitrobenzenesulfonamido-5-pyrimidinyl ;-
butanesulfonamide 27 . -The aminopyrimidine (26) (2.44 g
0.01 mol i 25wl of CHLUN was stirved 18 he at 30° with 224 ¢
10.01 mols of p-niniobenzenesnlfonyl chlovide.  The CoHN was
distilled 7o reeens and the residue was taken up in dilute NHiOH
and filtered hot, Acidificarion of the fileate (pH 2) with 12 N
HCT afforded 1.5 g of 1an ~olid tmp 182-185°).  Reervstallization
(MeCN wnd ther abaolute 1O vielded 0.85 g (20¢ 5 of alf-
white cryvstals g 1o 10590 Anel (CpHWNO80 C) Hy N

N-Methyl-.V-:2-sulfanilamido-5-pyrimidiny! )butanesulfonam-
ide (215 A ~uspension of 12,15 g (0.0284 molj of the NO, com-
pound 2770 1.2 1 or abeolie MeOH was reduced catalytically
g of 87 Prows Tatm, 30% The cataly=t was filtered 1 Celite
and the filirates were evaporated dnracwo. The white amorphons
residue wus recvestallized (-PrOH and then CiHe MeCONY 10
provide 7.3 ¢ 657, of oif-white powder:  mp 1685 170,07
P, 7350 solubilivs 0004 mg ml blood level, 41 meg mi:
partition coefficiert, 2220, protein binding, 51: CDag, 80 mg kg,
Anad (CLHEN O O, N,

N <Methyl-\-:6-chioro-2-pyrazinyl jbutanesulfonamide (29) wu~
prepared from 2,6-dichloropyrazine (28) (Aldrich Chemical (oo
and the K sult 1 NV-merhylbntanesulfonamide ax described fot
the corresponding 4.G-disubstituted pyrimidines. The crude
product was distilled o 120 130° (0.03 mm) to give a pale
vellow Hagmid 657, 0 %0 153650 dAnel. (CuHGCINGOS
¢, H, N.

N-Methyl-\-i6-sulfanilamido-2-pyraziny! )butanesulfonamide
{22) wa~ prepared according to the general procedure for the
corresponding  4,6-disubsiitnted  pyrimidine derivatives.  The
crude matevial wux recrystallized twice (956G EtOH) to give
beige needles: 207, mp 203-204°: pK,, 7.05; =olubility, 0.001
mg ml: blood level, 19 meg ml: partition coefficient, 2.2: ¢,

24 R, O, Robdin, 2= Winnek, and b P Bnglish, S Amer, Chem. Se,
64, 167 1ol
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protein binding, 34; CD; >400 mg/kg. Anal. (C;HaN;0,8;)
C, H, N.
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Potential Antiradiation Agents.

II1.! N-Substituted

Aminoethanethiosulfuric Acids
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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 alkyl 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 5-phenylpenty] 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 zeparated by two
CH, groups. The high antiradiation activity shown by
many N-alkylaminoethanethiols® suggested that 2-
aminoethanethiosulfuric acids which swere 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-alkylaminoethanethio-
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,S880;~ —> RNHCH,CH.SSO;H + Br-

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

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

RNH,CH.CH,X X— + SS0;2- —>
RNHCH:CH,SSO.H + 2X-
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were prepared either by the direct alkylation of 2-
aminoethanol by the method of Wright, e al.,’ or by the
reaction of a carboxylic acid with 2-aminoethanol to
vield 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 SOCI; 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 heptvl-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) than 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 moderatelv protective when given
subcutaneously, is ineffective when given orally.
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 contents of the mouse and
the use of ethylenediaminetetraacetic acid which
promotes the absorption of a wide variety of poorly
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