July 1965

crystallize upon addition of a few drops of petroleum ether (b.p.
30-60°). The crystals were collected, washed with a few drops
of ethyl acetate, and recrystallized from the same solvent after
clarification with charcoal; m.p. 124-130°; yield 50 mg. (309%,);
ultraviolet absorption spectra: in 0.1 N NaOH, Apax 219 mu
(log € 4.42), 275 mu (log € 4.11); in 0.1 N hydrochloric acid, Amax
277 mu (log € 3.90).

Anal. Caled. for C;H.CLN:Os: C, 44.72; H, 4.04; C],
20.31. Found: C, 44.38; H, 3.86; Cl, 19.89.

When chromatogrammed on Whatman 3 MM paper and de-
veloped with 0.1 3 acetate buffer of pH 4.4, ascending flow,
3,5-dichloro-4-methylaminobenzoylglutamic acid showed R:
0.83.

Discussion

Although derived from methotrexate, DCM differs
from it in several aspects. In comparison with metho-
trexate, DCM is superior as a therapeutic agent in
mouse leukemia 11210 and less toxic toward the host
animals.’® Another distinct feature revealed by our
work is that DCM is rapidly oxidized to the 7-hydroxy
derivative both ¢n vivo and in vitro while methotrexate
apparently is not.” 1

The metabolic fate of pteroylglutamic acid and
derivatives in man and other animals has not been ex-
tensively iuvestigated previously.? Because of its
occurrence in human urine, xanthopterin has been sug-
gested?! as a final catabolic product of pteroylglutamic
acid in man. It was postulated that initially pteroyl-

(18) (a) A. Goldin, 8. M. Humphreys, J. M. Venditti, and N. Mantel, J.
Natl. Cancer Inst., 32, 811 (1959); (b) J. M. Venditti, 8. R. Humphreys,
N. Mantel, I. Kline, and A. Goldin, Cancer Res., 20, 698 (1960).

(19) (a) E. S, Henderson and C. Denham, Proc. Am. Assoc. Cancer Res.,
4, 27 (1963); see, however: (b) D. G. Johns, J. W. Hollingsworth, A. R.
Cashmore, I. H. Plenderleith, and J. R. Bertino, J. Clin. Invest.. 48, 621
(1964): (c) D. G, Johns, A. T. Iannotti, A. C. Sartorelli, B. A. Booth, and
J. R. Bertino, Life Sci., 8, 1383 (1964).

(20) B. Anderson, E. H. Belcher, I. Chanarin, and D. L. Mollin, Brit. J.
Haematol., 6, 439 (1960).

(21) J. A. Blair, Biochem. J., 68, 385 (1958).
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glutamic acid was cleaved between position 9 and N1,
followed by oxidation of the pteridine part, finally re-
sulting in 7-hydroxylation. Xanthine oxidase was
implicated in the last step even though the enzyme is
inert toward intact pteroylglutamic acid.?® There was
no evidence that pteroylglutamic acid was oxidized at
position 7 as in our studies with DCM although pteroyl-
glutamic acid probably indirectly gave rise to simple
pteridines such as xanthopterin.?®

Incubation of pteroylglutamic acid with either
chicken liver extracts?®® or rat liver slices (but not
homogenate)?® afforded a diazotizable amine, most.
likely p-aminobenzoylglutamic acid. The fate of the
pteridine moiety was not defined. In any event, 7-
hydroxylation of pteroylglutamic acid was not en-
countered during incubation.

Simple pteridines, on the other hand, are subjected
to 7-hydroxylation when incubated with either liver
preparations or xanthine oxidase. For example, 2-
amino-4-hydroxypteridine is oxidized to isoxanthopterin
by chicken liver extract®® as well as by xanthine oxi-
dase from milk?¢?; likewise, xanthopterin is oxidized to
leucopterin.2®—¢ 1In all cases, an oxygen atom is intro-
duced at position 7, parallel to DCM. Yet interest-
ingly, DCM is not oxidized by milk or calf liver xan-
thine oxidase.” Although methotrexate and amino-
pterin were not oxidized by rat liver homogenate,” such
an oxidation was recently reported by the incubation of
these drugs with an enzyme system isolated from rabbit
liver, 1%

(22) J. A. Blair, ibid., 66, 209 (1957).

(23) (a) 8. Tutterman and M. Silverman, J. Biol. Chem., 224, 31 (1957):
(b) 1. 8. Dinning, J. T. Sime, and P. L. Day, Federation Proc., 18, 549 (1956).

(24) (a) T. Taira, Nature, 189, 231 (1961); (b) F. Bergmann and H.
Kwietny, Biochim. Biophys. Acta, 38, 613 (1958); (c) H. Wieland and R.
Leibig, Ann., 585, 146 (1944); (d) H. G. Petering and J. A. Schmitt, J. Am.

Chem. Soc., 72, 2995 (1950); (e) F. Korte and H. Bannuscher, Ann., 62,2
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A series of 21 novel 3-amino-2,1-benzisothiazoles was prepared and evaluated for certain pharmacological ef-
fects. Some members show potent gastric antisecretory activity in the rat, antinociceptive action in the mouse,
and antibradykinin activity in the guinea pig. The structure-activity relationships indicate that these three
biological actions are not interrelated to a specific chemical moiety.

Continuous effort is exerted to develop novel hetero-
cyclic systems that possess interesting pharmacological
activities. This had led us to the synthesis and testing
of a series of 3-amino-2,1-benzisothiazoles. Pharma-
cological observations indicated that certain indepen-
dent members of the series possess gastric antisecretory,
antibradykinin, antinociceptive, and mild antierythema
activity.

Chemistry.—Although 2,1-benzisothiazole (thioan-
thranil) itself has long been known? and was prepared
both by reductive cyclization? from o-nitro-a-toluene-

(1) (a) Department of Pharmacology. (b) Department of Pharmacology,
Hounslow, England.

(2) S. Gabriel and T. Posner, Ber., 28, 1027 (1895): S. Gabriel and R,
Stelzner, tbid., 29, 161 (18086).

thiol and recently by oxidative cyclization® from o-
amino-a-toluenethiol, no 3-amino- or 3-substituted
amino-2,1-benzisothiazoles are reported in the litera-
ture. Goerdeler and co-workers oxidized some g-
aminothiocrotonamides to give 5-aminoisothiazoles.*
We prepared 3-amino- and 3-monosubstituted anino-

N
NH, HO, z \S
S T N

(pyridine)
NHR NHR

(3) J. Goerdeler and J. Kandler, 7bid., 92, 1679 (1959).
(4) J. Goerdeler and H. W. Pohland, Ber., 94, 2950 (1961); 96, 526
(1963),
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Starting
material
for 2,1~
beuziso- Reecrystn, Yield, T ealed, e e s foennds e
thiazole R M.p., °C. solvent® (78 Formala « M o i
1 NH. 121-122 15 or W 71 CHe NS
2 NH. 107--1087 B 65 CeHpNeS HT .80 6,06 5701 5. 94
3 N1 (7 (N7 13 R CyH NS 5007 6Tl 6O 06 6. 84
4 NH, 9495 I 655 Cypl [N G N2 726 G166 740
H NI 99 -100 B 6N Chol)Nas 61,82 7206 6210 T2
6 NH. 04--495 T N ColhgNax 0. 42 774 6:3.12 TAT
T NH, NS89 o 46 CuHeNas (13 42 774 (2. 98 T
b NH. Cy HpN.R4
4] NH. 122-125 Iy 86 CHp NS 65 .59 530 65,52 542
10 NO. 160-161" B i CuHpNSO. NI 4.79 H1.HR 4,84
11 NO. 129-130°¢ I 91 CuHN.O8 HH .02 512 5D .98 521
12 NH. 114-115 P 32 CsHyBrN.S 39.20 3.70 39.44 5.1
13 NO. 159-160 P 68 CyHCIN,O.8 44 .17 3.71 44 43 B
14 NH, 150-151 Iy 69 C;H;CIN.N®
15 NH. 99-100 T H0) CsHCIN.S 47 .87 4,52 47 .56 4.33
16 NO, 126--127 P 69 CoHoCIN,0.8 44 17 53.71 44 .49 4N
17 NO, 182-184 P H8 CHLCINLOS 4608 BONT 46.23 593
18 NH, 102-103° Iy 71 CyoH NS G178 7.26 61.74 T.25
1Y NH, 92--93 P 45 CieHuNLOS A7 10 6$5.71 5713 6.38
20 NH, 114-115 P 66 CLHN08 H 07 6.71 5510 6.78
21 NH, 151-132 P 70 CuHisN0,8 54 97 6.71 A .20 6.93

¢ B = benzene, I£ = ethanol, T = tetrahydrofuran, W = water, P = 2-propanol, A = acetonitrile, I't = ether, C'T = carbon tetra-

chloride.
block and was not corrected.
ing point.
Chem., 24, 272 (1959)] report m.p. 150~151°.

2,1-benzisothiazoles by oxidative cyelization of the
corresponding o-aminothiobenzamides.

The 3-disubstituted amino-2,1-benzisothiazoles were
conveniently obtained by reductive cyclization of the
corresponding o-nitrothiobenzamides.

NO, N
& \S
GEC;S (8nCy,) A

1lJR,2 NR,

The N-mono- and N,N-disubstituted thioamides
were obtained readily from the corresponding amides
by reaction with phosphorus pentasulfide in pyridine
followed by hydrolysis of the phosphorus compound
by heating 1t in water preferably in presence of an or-
ganic solvent.

The 2,1-benzisothiazoles were yellow crystalline
compounds which formed stable salts with mineral
acids and could be alkylated with reactive haloalkyls.
In three cases the alkylation was carried out with
methyl iodide. Methylation in two of the three cases
was proved to occur at the ring nitrogen by hydrolysis
to a known derivative of anthranilic acid. 1-Methyl-3-
methylamino-2,1-benzisothiazolium iodide on hydroly-
sis with refluxing concentrated HCl gave N-methyl-
anthranilic acid; on the other hand, 1-methyl-3-amino-
2,1-benzisothiazolium iodide on treatment with aque-
ous amimonia gave o-methylaminobenzonitrile.

“ A, Reissert and F. Grube [Ber., 42, 3710 (1909)] report m.p. 121.5°,
In order to obtain the corrected melting point, 6° has to be subtracted from the given uncorrected melt-
¢ Low-melting, crude tliioamide was used without purification for the next step.

¢ This welting point was taken on a Fisher-Johus

* Ch. Grundmann and H. Ulrich [J. Org.

i’
+ - +
7z /N\ I & N\ I
S S
Xy =
NHCH;, NH,
coned, HCI [NH.OH
v

NHCH, @iNHCHg
: :COOH CN

All 2 1-benzisothiazoles prepared showed charac-
teristic absorption in the ultraviolet at Au.x ca. 380
and ca. 230 mp. Turthermore, the blue-green color
reaction of all 2,1-benzisothiazoles prepared in the pres-
ence of alcoholic ferric chloride proved very useful for
identification purposes. This blue-green color faded
rapidly on addition of a few drops of water which sug-
gested that a metal complex (but no chelate) was formed
which breaks up in water. Absorption of the metal
complex in the ultraviolet occurred at the same wave
length as the 2,1-benzisothiazoles. Metal complexing
was observed with other metal salts too, such as co-
baltous chloride. Recrystallization from absolute etha-



« Footnote a, Table 1.

rected melting point, 6° has to be subtracted from the given uncorrected melting point.
€ Cl=: caled., 17.67; found, 17.25.

methiodide, b = hydrochloride.

nol gave a 2:1 complex of the 3-dimethylaminobenziso-
thiazole with cobaltous chloride.

Titration in 509, MeOH indicated that 3-amino-2,1-
benzisothiazoles are basic (comparable in strength with
m- or p-chloroaniline), 3-amino-2,1-benzisothiazole
having pK,” = 3.8, 3-methylamino-2,1-benzisothiazole
pK.,” = 3.9, and 3-dimethylamino-2,1-benzisothiazole
pK. = 3.5.

Experimental’

3-Alkylamino-2,1-benzisothiazoles. o-Amino-N-ethylthio=-
benzamide.—A mixture of 82 g. (0.5 mole) of o-amino-N-ethyl-
benzamide? and 111 g. (0.5 mole) of phosphorus pentasulfide in
200 ml. of pyridine was refluxed for 1.5 hr., cooled, and poured
into 2 1. of ice-water. The yellow solid was removed by filtra-
tion and washed with water, then heated at reflux with a mixture
of 11. of benzene and 500 ml. of water until two clear phases were
obtained (5-6 hr.). The organic layer was separated, washed
with water, concentrated, and cooled. The thioamide was
obtained as a yellow crystalline solid (see Table I).
3-Ethylamino-2,1-benzisothiazole (3)—A solution of 36 ml.
(0.315 mole) of 30% H:0. was added dropwise with stirring to a

(5) Melting points were determined on a Thomas—Hoover capillary melt.
ing point apparatus and are corrected unless stated otherwise. Some inter-
mediates were prepared by reference methods: 4.methyl-2-nitrobenzoic
acid [A. Claus and J. Joachim, Ann., 266, 210 (1892)] and 4-methoxy-2-ni-
trobenzoic acid were prepared by the method of L. Katz, L. S. Karger, W.
Schroeder, and M. S. Cohen, J. Org. Chem., 18, 1399 (1953), and 4,5-di~
methoxy-2-nitrobenzoic acid [R. Pschorr and C. Sumuleanu, Ber., 82, 3412
(1899)]and 2-amino-3,5-dimethoxy-N-ethylbenzamide according to P, Fried-
linder, **Fortschritte der Teerfarbenfabrikation," Vol. 17, J. Springer, Berlin,
1932, p. 473,

(6) R. H. Clark and E. D. Wagner, J. Org. Chem. 9, 55 (1944),

¢ This melting point was taken on a Fisher-Johns block and was not corrected.
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Recrystn.  Yield, % caled.——— % found———
No. Riu Rz Rs, Ry M.p., °C. solvent?® % Formula C H N C H N
1 H H H.H 178-179% B 62 CrHeN.S® 55.97 4.0¢ 18.65 56.28 4.18 18.48
1a4 H. H H . H >200 dec. E 88 CrHeN:S - CHsl 32.80 3.11 32.84 3.00
104 H. H H H 112-113 T+ W 76 CrHeN:S - HC1 45.04 3.78 19.01 45.17 3.86 19.09
2 H. H H, CH; 206-207" P 46 58.51 4.91 17.06 58.46 4.64 17.22
2a4 H H H, CH; 210 dee.? A 66 35.30 3.62 35.41 3.72
2pd H. H H, CHs >200 dec. P 75 17.87 4.52 48.13 .51
3 H H H, CsHs 195-196° E 52 60.64 5.60 15.72 60.70 5.59 15.77
4 u,H H, (CH2):CH; 167-168° P 54 62.46 6.20 62.71 6.27
5 H, H H, CH(CHy): 188-189 n 45 NS 62.46 6.29 62.66 6.24
6 H H H, CH.CH(CHs)2 179-181 P 69 CuHuNsS 64.04 6.8+ 63.98 6.60
7 H H H, CH(CH:)C:Hs 206-207° E 58 CuHuN-S 64.04 6.81 64.06 6.80
8 H, H H, CH:CsHs 181-182 E 59 CuHieN»S 69.97 5.03 70.24 5.06
9 H H H, CsHs >240 dec. E 50 CrsHoN:S 69.00 4.46 68.99 4.20
10 H. H CHs, CHs 120-121° Etor W 24 CsH1oN:S 60.64 5.66 15.72 60.68 5.74 15.58
11 H. H (CH2)4 144-143° P 22 CuHpN:S 64.67 5.92 13.71 64.65 5.83 13.66
11b¢ H. H (CHa)s 210-215° P 72 CuHeNS-HCY 54,88 5.45 11.64 55.03 5.22 11.73
12 H, 5-Br H, CHs 244-249 E 30 CsHiBrN:S 39.52 2.90 39.74 2.87
13 H, 5.C1 CH;, CHs 140-141% P 29 CsHCIN:S 50.92 4.27 13.17 50.83 4.04 13.05
14 H, 6-Cl H H 191-192 B 87 CrH;CIN:S 45.53 2.73 15.17 45.79 2.49 15.21
15 H, 6-Cl H, CH; 250-251 P 33 CsH1CIN:S 48.37 3.55 14.10 48.60 3.61 13.92
16 H, 6-C1 CHs. CHs 134-135° P 57 CoHoCIN:S 50.92 4.27 13.17 50.82 4.47 13.38
16ad H, 6-Cl CHs, CHs 254-260 A 92 CsHsCIN:S-CHi:l 33.87 3.41 33.99 3.34
17 H, 6.C1 (CH:CH»):0 125-126 P 33 CuHuCIN:08 51.86 4.35 11.00 51.60 4.12 11.12
18 H, 6-CHjs H, C:Hs 225-226° E 60 C1oH12N:8 62.46 6.28 62.50 6.21
19 H, 6-0CHs H, C:Hs 181-182 B 43 CoH1N208 57.65 5.82 57.69 5.72
20 5-0CHs, 6-0CH; H, C:H; 187-188 E 62 CiHuN:0:8 55.44 5.92 55.49 5.97
20a 5-OCHs, 6-OCHs H, C:Hs 240-242 P 78 CuHuN:0:8-HCl 48.08 5.50 48.08 5.50
21 5-OCHs, 7-OCHs H, C:H; 184-185 E 58 CruHiN:0:8 55.44 5.92 11.75 55.65 5.80 11.80

In order to obtain the cor-
¢ 8: caled,, 21.35; found, 21.30. da =
FCl-: caled., 14.73; found, 14.30.

solution of 54 g. (0.3 mole) of o-amino-N-ethylthiobenzamide in
100 ml. of pyridine at 35°. The reaction mixture was allowed to
stand for 16 hr.; the yellow crystalline solid was removed by
filtration, washed with water, and recrystallized from ethanol
(see Table II): ultraviolet in absolute methanol, Az 378
230 mu (Fmax 478, 1948).

3-Dialkylamino-2,1-benzisothiazoles. o0-Nitro-N,N-dimethyl-
thiobenzamide —A mixture of 194 g. of o-nitro-N,N-dimethyl-
benzamide, 222 g. of phosphorus pentasulfide, and 800 ml. of
pyridine was refluxed for 1.5 hr. The reaction mixture was
poured into 3 1. of ice-water, and the yellow solid was filtered
and washed with water. The solid was suspended in a mixture
of 2 1. of benzene and 500 ml. of water and refluxed until a clear
two-phase system was obtained (about 4 hr.). The organic
layer was washed with water and concentrated to small volume.

3-Dimethylamino-2,1-benzisothiazole (10).—A solution of
248 g. (1.1 moles) of stannous chloride dihydrate in 250 nil. of
concentrated HC] was added dropwise to a well-stirred suspen-
sion of 105 g. (0.5 mole) of finely powdered o-nitro-N,N-dimethyl-
thiobenzamide in 1 1. of concentrated HCI at 25°, The mixture
was stirred an additional 3 hr. at 25°, then cooled in ice. The
solid tin complex was removed by filtration and washed with
benzene. The solid was suspended in a mixture of 1 1. of benzene
and 500 ml. of water and, below 20°, an excess of 509, aqueous
NaOH was added.

The benzene layer was separated, washed with water, and con-
centrated to small volume to give, on cooling, a yellow crystal-
line solid which was recrystallized readily from ether or water;
ultraviolet in absolute methanol, Amex 378, 232 mu (Fmex 499,
2200).

The hydrochlorides were prepared by adding slightly more than
1 equiv. of concentrated HCI to the alcoholic solution of the
benzisothiazole, The methiodides were obtained by refluxing
the benzisothiazole with an excess of CH;I in acetonitrile for 3
hr.

Cobaltous Chloride Complex of 3-Dimethylamino-2,1-benz
isothiazole. —A solution of 2 g. of 3-dimiethylamino-2,1-benziso
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thinzole i1 25 ml. of aleohol wag added with stirring to 1 solution
al 6.7 g. of cobaltous eliloride hexahydrate inn 100 ml. of aleoliol,
lnmediately a grass green precipitate was obtained. It was
filtered, washed with alcohol, and dried at 80°, vielding 2.5 g.
of product, urp. 300-310° dec. Recrystallization from alcoliol
gave a dark green crystalline solid, m.p. 310-320° dee.: ultravialet
i ab=olute methanol, Apsx 379, 232 nig (K.« 382, 1640).

Anal, Caled. for (CoHN.S):-CoCly: ¢, 4445 H, 4
Cl, 1458 N, 1152, Found: C, 44.79: H, 4.37; (1, 14,
N, 11.65.

Degradation of Methiodides. o-Methylaminobenzonitrile
from 1-Methyl-3-amino-2,1-benzisothiazolium JIodide (1a).- -
A solution of 7 g. of 1a in 150 ml. of boiling water was made alka-
line with 10 ml. of concentrated NH;OH solution. A tan oil
separated which erystallized on cooling. A sample was recrystal-
lized from 2-propanol yielding sulfur. Another sanple recrystal-
lized from CS: gave o-methylaminobenzonitrile, m.p. 70-71°,
identicsl in every respect with a reference suinple.

N-Methylanthranilic Acid from 1-Methyl-3-methylamino-2,1-
benzisothiazolium Iodide (2a).—A solution of 2 g. of 2a i 50
ml. of concentrated HCI was refluxed for 15 lir.  The pale vellow
solution was evaporated to dryness, and the solid was taken up
i water and neutralized to give on cooling a crvstalline precipi-
tate of Nemethylanthranilic acid, m.p. 176-178°, identical in
every respect with a reference snnple.

[N
B

1
B

Pharmacology

Method.—A madified pylorus ligation technique’ was used
for studying the gastric antisecretory properties of the com-
pounds. Torty-eight lours prior to testing, Sprague-Dawley
male rats (100-120 g.) were placed in individual cages. They
were deprived of their regular rations but liad access to two cubes
of sugar and water ad lthitwm. This “fasting’ period was suf-
ficlent to empty the stommach and eliminate thie necessity for
gastric lavage. Tollowing pylorus ligatian, wound clips were
nsed to close the ineision. At this tine, the compound or earrier
vehicle was administered =subcutaneously. Four hours after
ligation, the animals were rendered uncomscious witlh CO..
The stomach secretions were centrifuged nud volunie, less sedi-
nient, was recorded.

In the preliminary studies enchi compound was administered
at a dose level of 25 mg./kg. to six rats. The compounds were
dissolved in 0.9¢7 saline or suspeuded in 197 Methocel. A
carrier vehicle control group was included in each test. The
volume of secretion was calenlated/100 g. of body weight. The
mean value of the contral group represented 1009 secretion:
the mean value of each group receiving a compound was coni-
pared to the control. Compounds at dozes of 25 mg./kg. which
did not reduce volunie of zecretion by 25¢{ were considered in-
active.

Compounds  that reduced secretion by 25¢¢ or more were
tested further at log interval doses. Four or six animals per
group were used in this portion of the study. Caleulations were
perfornied a= above, and the per cent reduction of secretion us.
mg./kg. dose was plotred on =emilogarithniic paper. A line wnx
interpolated between the three or four points of the graph nnd
the value that would produee a 507 reduction of secretion (I51))
wins read fromt the graph.  An LDy of less than 10 mg./kg.
wus confirmed and the average value reported.

T'ive compounds of the =eries were investigated for cholinergie,
ndrenergic, and ganglionic blocking propertiex in an anesthetized
dog preparation. IEacli compound was tested for antagonization
of the blood pressure elfect= of acetyleholine (15 +/kg.), epineph-
rine (2 v/kg.), uand 1,1-dimethyl-4.phenylpiperaziniunt iodide
(DMPP, 15 +/kg.). LEaclh of the five benzizothiazole deriva-~
tives were administered every 20 min. in increasing log intervals
(log 2) starting with 0.5 mg./kg. o an accumulative dose of 64
mg./kg. Fach injection of compound was followed by an agonist
substance at H-min. intervals. Both agonist and antagonist
were adnnnistered intravenously. Water-inzoluble compounds
were dissolved i1 507 propylene glyeol.

The test of antinociceptive activity was perfornied in mice
two parts: (1) responsiveness to an artery clip placed on the tails;
and (2) ability to stay on the surface of a slowly rotating drum.®

(7) H. Shay, D, C. 1. Sun, and M. Griuenstein, Gastroenterology, 26, 906

(1954).
{8) C. Bianchi and J. Franceschini. Brit. J. Pharmacol., 9. 280 (1954).

Vol. &

Drugs were administered subcutaneonslv in solution in 0.9,
NaClor in suspension in 200 gunt seacin in water.  An arlery
elip of 200-300-g. opening tension wax placed for 10 zee. an the
base of caclt mouse’s tail.  The median elfective dose (141).) of
adrug was that at whicl S0 of animals failed (o turn and bite
the elip.  Immediately after thix part of the test wax completed,
mice were placed on the wire mesh covered surfice of a evlindrienl
drum, 12-in. diameter, rotating onee/min,. The median dis-
coordinating dose (V'Di) was that at whiclh 5070 of animals
fell from the drumn On the basiz of experiment= withh kuown
sualgesie=™ o value of 1.5 or more for the ratio D/ 1D,
was taken to indieate valid amtinocieeptive action,

Antibradykinin aetivity  waz  texted  against  bradykinin-
induced  bronchioconstriction in the guinen pig.t!  Animals
were anestlietized with urethan (1,25 g./ke. i.p.) and prepared
for recording change= in the re<ixtance of the Inngs ta inflaGoen
during intermittent ventiation g4t constant positive pressure.
Bradykinin, histamine, and text drng were ndministered intra-
venously on o S-min. dosage evele. The minimal elfective doge
IMED) was (e least doxe of drug that depressed by >507, (he
bronelioconstrietor response to o dose of bradyvkinin tlet was
double the doxe before drug, without depressing the respomse i
histamine.  When the response to histamine wis alzo depressed,
the activity ix recorded as nonspecifie.  Compounds 1 aud 15
hiad =uch 1 nonspecific response.

Results

The most aciive gastrie sceretory inhibitor was 2
(Table TTI). Generally, wiih increasing substitution
at the 3-amino function, activity was decreased (6-8 and
11). Whereas ring substitution in the lower 3-mono-
alkylamino series reduced activity (for example, 12
and 15), mos: of the antisecretory activity i the 3-
dimethylamino series was retained after nuclear sub-
stitution, especially when the substituent was chlorine
(13 and 16).

A moderate degree of specific antibradykinin activity
Is present in many members of the series, 2-5, 10, 13,
14, 16-18, and 20 having activity approximately equal
to or greater than that of aminopyrine.’' In general,
substitution in the ring did not greatly affect activity,
but lengthening of the alkyl chain lessened it (6-9 and
11).

Antinociceptive activity, when present, was also of
the same order as that of aminopyrine in this test.’¢
Antinociceptive activity was rarer than antibradykinin,
but with the exception of 19, all compounds showing
antinociceptive also showed antibradykinin activity.
In the antinociceptive test, also, higher homologs were
less potent. Methoxy substitution in position 6 or
5,6 had hitde effeet, but substitution with chlovine
markedly attenuated the compounds’ action (14 and
16).

Compounds 2, 10, 16, 10, and 21 were tested for
certain autonomic nervous system effects. They were
devoid of auticholinergic, ganglionic, or adrenergic
blocking properties at accumulative doses as high as
64 mg./keg. Compounds 2 and 16 demonstrated a pro-
longed hypotensive effect at the 16- and 32-mg./ke.
dose.

Discussion

The question arises whether the pharmacologi-
cal activities shown by compounds of this series are
correlated. Spearman’s coefficient of rank correla-

() 1. (. ). Collier. R, A, Hall, and E. C. Fieller, Analyst, T4, 592 (194D,
i10) H. O. 1. Collier, *Pharmacometrics.” Vol, 1, D. R. Laurence and A.

L. Bacharach, Ed., Academic Press Inc., New York, N. Y., 1964, p. 183.
{11) H. 0. ], Collier and P. C&, Shorley, Brit. J. Pharmacol., 1B, 601 (18B0).
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Tasue I11
PHARMACOLOGICAL ACTIVITIES®
Antibrady-
Gastric kinin.
antisecre- i,v.in
tory. guinea Antinociceptive,
s.c. in rat, pig. ~——s.¢, in mouse——

No.b EDs MED EDsx FDs

1 58 2¢ 87 70

la >25 16 39 78

2 1.5 8 152 >400

24 2.4 32 34 59

2h 1.8 8 56 54

3 3.0 1 37 255

4 >25 s 128 230

5 3.6 8 66 360

6 23 >32 >200 >200

7 19 16 >400 >400

8 >50 >16 >200 >200

9 >25 >16 >200 >200

10 4.8 8 79 115

11 >50 16 203 >400

12 >25 >8 >200 >200

13 2.8 4 >400 >400

14 11 & >200 >200

15 54 16¢ >100 >100

16 3.1 8 >200 >200

16a 50 >4 >25 >25

17 6 2 >200 >200

18 15 4 250 >800

19 4.2 >32 63 136

20 7.4 4 56 136

20b 11 1 77 114

21 >25 >32 >200 >200
Amino-

pyrine 82 8 99 160

@ All values are in mg./kg. *a = methiodide, b = hydro-
chloride. ¢ Nonspecific response.

tions!? were determined between pairs of properties
where the potencies had been tested. The coefficients
(rs) were not significant at a 0.5 level between the
compounds’ antisecretory—antibradykin, antisecretory—
antinociceptive, or antibradykinin-antinociceptive po-
tencies. This would indicate no relationship of phar-
macological properties among compounds in this series
based on their potencies in the individual tests.

(12) R. G. D. Steel and J. H. Torrie, “Principles and Procedures of Sta-
tistics "' MeGraw.Hill Book Co., Inc., New York, N. Y., 1960, p. 409.
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Some of these compounds were tested for their
ability to delay the onset of erythema upon exposure to
ultraviolet irradiation.!* Previous experience with
established nonsteroidal antiinflammatory compounds
had shown some correlation between antiultraviolet
erythema and antibradykinin activity.® A few mem-
bers of the benzisothiazole series effectively delayed
skin erythema, 16 being the most active and showing
potency of the order of phenylbutazone. However, 16
was not the most active antibradykinin compound.
Generally, within this series, the relationships between
activity against ultraviolet erythems and against
bradykinin were poor. Nevertheless, there is evidence
of the existence of both properties in this series, but to
test this relationship more closely would require more
precise experimental values.

Nonsteroid antiinflammatory drugs are active in the
antibradykinin test,'! but, except for aminopyrine and
antipyrine (phenazole), they are inactive in the anti-
nociceptive test used.’® On the contrary, narcotic
analgesics are inactive in the antibradykinin and
active in the antinociceptive test. Some of the benziso-
thiazoles resemble aminopyrine and antipyrine in being
active in both tests. Aminopyrine also resembles these
benzisothiazoles in showing antisecretory activity,

Highest potency of the gastric antisecretory property
was obtained with lower 3-monoalkylamino-2,1-benziso-
thiazoles. The site of action of these compounds has
not been elucidated. It apparently is not related to
any anticholinergic or ganglionic-blocking properties
since the series is devoid of such autonomic activity.
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(13) C. V. Winder, J. Wax, V. Burr, M. Been, and C. E. Rosiere, Arsh.
Intern. Pharmacodyn., 116, 261 (1958).



