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pharmacological activities such as toxicity, analgesia.!
general CNS depressant and local ancsthetic action in
connection with cough depression resulting from =tretch
receptor anesthesia,®! although it definitely inercases
antitussive activity, It appears that piperidino com-
pounds depress predominantly the central respiratory
mechanisms**2* and definitely inhibit the respiration
of brain tissue slices in a glucose medium when tested
by Warburg's manometric technique.  More detailed
mechanisms are now under investigation and will be
reported in the near future.

TasrLe X
SERIES 5.2 CAMPHOR DERIVATIVES,  a-O-(N-tert-AMINOETHY 1.~
N-METHYLAMINO)-CAMPHOR DIHYDROCHLORIDES

CHj3
0=C CH,
CH, — CIl,—N—(CH,);NR-2 HCl
= Antitussive petivity-——--—
IM.p., Animals AtDso (e, fke))
Covpud. NR °C. used cat i.v.
LXIV N(CoH 165 3 Inclleetive at 20.0
LXYV Piperidino 220 4 B 10.7"

21) K. Bucher, Schwerz. Mod, Wochsehe,, 86, 10 114500 DMarmared].
Nee., 10, 42 (19387,
2) Y. Kasé and T. Yuizouo, Nippon Vakucigaku Zusshi, 56, 181 (1960},
)Y

(22
(23) Y. Kasé, Yakkyoku (J. Practical Pharmacy) (Tokyo), 12, 65 (1961),

TasLk X (continned

l-lert=AMINOALKYL [SOKETOPINATE HYDROCHLORIDES

'}/*COO(CHz)n NR-HCI

———Antitussive getivicgy——

AM.p..  Animnals AtDse (mmg. ke
Cowpal. I NR 2, used cat i.v.
LXVI 2 ON(CHyn 191 3 Inellective at 20.0
LXVIT 2 N(CHy-I- 208 3 Ineflective at 20.0
LNXVIIT 2 Piperidino 247 20 5.2 (4.4-6.2)
L\IX 2] tNC> I- 20 i Ineflective at 20.0
CH,
LXX 3 N(CHy 162 2 Inelfeetive at 20.0
LXXI 3 N(CH,-1- In] 2 Ieffective ag 20.0
LXXI1 3 Piperidino 203 20 10.5 (N 8-11.6}
LXXII 3 *N{ > [- 190 4 Inelfective at 20.0
CH,
Dow Cat
Control Codeine G088 1) 258 (2 242 s
phosphate

Synthesized and supplied by Dr. M. Nakunishi.® * Minimal
clfective dose (MED).

Antihypertensive Agents. 1.
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Certain snbstitnted 2H-1,2,4-benzothiadiazine 1,1-dioxides have been syuthesized which show antihyperten-

sive but not diuretic activity.
examined.

Sulfamoy! substituted 2H-1,2 -benzothiadiazine 1,1-
dioxides, including the 3.4-dihvdro compounds, are a
well known class of orally effective diuretic ageuts.!
Many of them also show an antihypertensive effect and
are used elinically in the treatment of mild hyperten-
sion.?  Although the preecise mechanism of this action 1s
not known, it has generally been assumed to be related
to the diuretic and natriuretic properties of the com-
pounds.® However, it has been shown recently that the
nou-diuretic  7-chloro-3-methyl-2H-1,2,4-benzothiadia-
zine 1, 1-dioxide? (I, X = 7-Cl, Ry = H R;, = CH;) exerts
2 pronounced antihypertensive effeet which is thought
to be due to the direet action of the compound at the
vascular level > This paper reports the synthesis of |

(1) Yor a recent review see L. Scllittler, (G. deStevens, and L. Werner,
Angerw. Chermnie, T4, 317 (1962),

{2) A. Grollmann Clin. Pharm. Thecap., 1, 735 (1960).

(3) Y. A. Tapia, H. P. Dustan, R. E. Scheckloth, A. C. Corcoran, and 1. I1.
Page, Lancet, 2, 831 (1957); E. D. Freis. A. Wanko, I. M. Wilsou, and A. L.
Parrisl, Apn. N. Y. Acad. Sci., T, 150 (1958).

(4) Generic uame, diazoxide.

¢5) Ao A, Rabin, F. 1. Roth, AL M. Winbury, J. G, Topliss, M. 11 Sker-
lock, N. Sperber, and J. Black, Science, 188, 2067 (1961); A. A. Rubin, 1.
L. Roth, aud M. M. Winbury, Nature, 192, 176 (1001),

The effect on netivity of some struetiral nodifieations in this series hus been

(X = 7-CLR: =H,R; = CHj) and of related compounds
as part of a study to determine the effeet of certain
structural modifications in this series on biological
activity.

The synthesis of the 2H-1,2 4-benzothiadiazine 1,1-
dioxides (I) was accomplished by the condensation of a
substituted s-aminobenzenesulfonamide (II) with the
appropriate orthoester (III).%

NHR, Ny
: . 6 SCR
X 100-120 X T 3
™30,NHR ! (MR
2 2 SOz
II 1
| or
+ R,
R:C (OEt)s 111
111 “CR,
X I
_N
SOQ
Ia

(6) J. ML Freenoin ouwd V0O Wagner, . Oey. Chen,, 16, 815 (1051),
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TaBLE I
R,
N
Ny
6 “C—R ¢ ~C—R
X e X no
7 /N\ 7 /N
SO, R, S0,
M.p.. Recryst. ~—Nitrogen, % — —Chlorine, %— ——Sulfur, %—

No, X R: Rs Rs °c.b solvent® Formula Caled. Found Caled. Found  Caled. Found

1 7-Cl H CH;, 330-331 EtOH-H.0 CsH7CIN:0:8 12.15 12.40 15.37 15.41

2 6-C1 H CHs 276-277 EtOH-Hex. CiH7CIN20:8 12.15 12.15 13.90 13.87

3 5-C1 H CHs 278-280 Trit. ether CsH7CIN2028 12.15 12.20 15.37 15.51

4 8-Cl H CH;3 264-266 EtOH CsH7CIN,0:28 12.15 12.07 13.90 13.86

5 7-Cl H H 246-247 EtOH-H.O C7HsCIN:0.8 12.94 12.68 16.37 15.92

6 6-C1 H H 262-263° 95%, EtOH C7HsCIN20:28 14,77 14.94

7 7-C1 H Cq.Hs 267-269 EtOH-H:.0 CyHyCIN20,.8 14.49 14.55 13.10 13.29

8 6-C1 H C:Hs 267-268 EtOH-H:0 CyHsCIN:028 11.45 11.49 14.49 14.20

9 6-C1 H n-C3Hr 266-267 EtOH-H:0 CroHuCIN20:8 13.71 13.90 12.39 12.38
10¢ H H CHs CsH;sN20:8

114 H H H C7HsN20:8

12 7-Br H CHs 333.5-336.5 MeOH CsH7BrNz20:28 29.057 28,52 11.65 11.50
13 6-Br H CH;s 309-310 MeOH-Ac CsH7BrN:0:8 10.19 10.08 11.65 11.69
14 6-CF3 H CH, 325—-326 MeOH-H:0 CyH7F3N20:8 10.60 10.47 12.13 12.42
15 6-OCH3 H CH: 253-255 MeOH-H:0 CyHiN20:8 12.38 12.91 14,17 13.95
16 6-CHs H CHs 250-252 MeOH CyHpN20:28 13.33 13.26 15.25 15.18
179 6-NH. H CH;, 290-292 MeOH-H:0 CsHyN;30.8 19.89 19.99 15.18 15.20
18 6-NHCOCH; H CH;, 337 dec. MeOH-H,0 CioHuN:0:8 16.62 16.77 12.67 12.70
19 7-NO: H CH; 154-156  MeOH CsHiN3O58*
20¢ 7-NH: H CHs >360 MeOH-H:0 CsHsN30:S 19.89 20.10 15.18 15.24
219 7-8S0,N(CHgy: H CH; 269-270 Ac—-Hex CroHisN 308 13.86 13.71
22 6-CO:H H CH;, >360 Ac—H:0 CyHsN2048 11.66 11.42 13.35 13.49
237 6-CO:CHj H CH;3 273-275 MeOH CroH1oN2048 11.02 11.20 12.81 12,87
24 6-Cl CHs CH; 138-140 Bz—Hex CoHyCIN:z0:28 11.45 10.98 13.10 13.47
25 6-C1 C.Hs CH; 115-117 EtOH C1HuCIN:20:8 10.83 10.66 12.39 12.81
26 6-C1 CH; CHs 248-249 Ac—-H20 CsHCIN20:8 11.45 11.19 14.49 14.52
27 6-C1 H CHs 287—-289 MeOH CsH7CIN:2028 12.15 12.49 15.37 15.41
28 7-Cl CHs CH; 232-234 MeOH-H:0 CyHyCIN20O:8 11.45 11.55 14.49 14.19

* The structural assignments given to compounds reported in this table are fully supported by spectral data.
¢ Ac for acetone, Bz for benzene and Hex for hexane.
¢ J. H. Short and U. Biermacher, J. Am. Chem. Soc., 82, 1135 (1960), report m.p. 255-256°.
" Caled. for CH;OH of solvation:

uncorrected.

conipound see Experimental section.

When R, was other than hydrogen (R: = H), the reac-
tion did not usually proceed directly to the benzothiadi-
azine (I) but gave the imino ether (IV).” TUpon heating
at 200-220°, the imino ether yielded the expected 2-
substituted benzothiadiazine when R, was methyl or
ethyl (I, R; = CH;, X =6-Cl). However, when R, was
isopropyl, the group R, was eliminated in the cycliza-
tion step giving I (R, = H, Ry = CH;, X = 6-C1)3

N R3 N\

X—@[ XL oR; 200-220° X‘@( \(]‘JNI;S
SO.NHR, so;
v I

The use of the orthoester reaction for the preparation of
{-substituted benzothiadiazines proved satisfactory in
the one case investigated (II, X = 5-Cl, R, = H, R; =
CH;, Ry = CH;) the reaction proceeding direetly to the
benzothiadiazine (Ia, X = 7-Cl, R; = Ry = CH,).
The synthesis of 4-substituted benzothiadiazines was
also accomplished by the alkylation of a benzothiadi-
azine in the presence of base. For example, I (X = 7-Cl
R, = H, Ry = CHj), when treated with methy! iodide
in the presence of sodium methoxide yielded an N-
methyl derivative (Ia, X = 7-Cl, R; = Ry = CHy)
identical with that synthesized by the unequivocal
orthoester synthesis thus establishing the site of alkyla-
tion as position 4.° A number of substituted 2H-1,2,4

(7) Not isolated in the pure state in all cases.

(8) This interesting reaction will be discussed iu more detail in a forth-
coming publication.

(9) Similar findings have been reported by A. kbown, Bikang till Svenska
Vet. Akad. Handl., 2T, 11, No. 1, 3 (1902); Beilstein, 27, 571; and F. C.
Novello, S. C. Bell, E. L. A. Abraws, C. Ziegler, and J. M. Sprague, J. Ory.
Chem., 25, 970 (1960).

® Melting points are
¢D. O. Parke and R. T. Williams, J. Chem. Soc., 1760 (1950).
/ Bromine. ¢For the preparation of this

C, 39.55; H, 4.06. Found: C, 40.17; H, 4.35.

beunzothiadiazine 1,1-dioxides synthesized according to
the foregoing methods are listed in Table I.

In order to determine the effect on antihypertensive
activity of saturation of the 3,4-double bond in this
series, a number of substituted 3,4-dihydro-2H-1,24-
benzothiadazine 1,1-dioxides (V) were synthesized from
the o-aminobenzenesulfonamide (II, Ry = H) and an
aldehyde R;CHO.* The condensations, which in-
volved low molecular weight aliphatic aldehydes, were
carried out using a large excess of the aldehyde in ace-
tonitrile as solvent in the absence of acid catalyst.l?
Some 3,3-disubstituted 3,4-dihydrobenzothiadiazines,
VI (X = 8ClL R, = H), VI X = 6-Cl, R, = H) and
VI (X = 8-Cl, R, = CH,;) were synthesized by con-
densation of the appropriate o-aminobenzenesulfon-
amide with acetone. The position of the chlorine atom
was found to have an important effect on the reactivity
of the substituted o-aminobenzenesulfonamide in this
reactionr, Thus 2-amino-6-chlorobenzenesulfonamide
(I, X = 6-Cl, R; = Ry = H) and 2-amino-6-chloro-N-
methylbenzenesulfonamide (II, X = 6-Cl, R, = CHj,
R: = H) upon warming with a large excess of acetone
on the steam bath for 0.5 hr. gave VI (X = 8-Cl, Ry =
H) and VI (X = 8-Cl, R, = CHjy), respectively, in high
yield. The condensation of 2-amino-4-chlorobenzene-
sulfonamide with acetone to give VI (X = 6-Cl, R, =
H) required an additional 5 days of reaction time at
room temperature. However, no reaction of 2-amino-
5-chlorobenzenesulfonamide with acetone was observed
either after warming on the steam bath, or after an addi-
tional 13 days of reaction time at room temperaturc.

(10) J. G. Topliss, M. H. Sherlock, I, H. Clarke, M. C. Daly, B. W. Pet-
tersen, J. Lipski, and N. Sperber, J. Org. Chem., 26, 3842 (1961).
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The substituted 3,4-dihydro-1,2
dioxides prepared according to
are listed in Table I1.

VI

A-henzothiadiazne 1,1-

the foregoing methods

Vol. 6

The reaction sequence most frequently used for the
preparation of the substituted o-aminobenzencsulfon-
amides (LI, R. = H) required as intermediates is Ulus-
trated. The compounds prepared in this reaction se-
quence corresponding to VIIT, Xoand IT (Ry = ) arc
listed in Tables 11T, IV and V, respeetively.  In general
the sulfonvl chloride (IX) was not isolated in pure form
but was utihized in the crude state for the next stage in
the scquence.  In the attempted conversion of IX to X
(X = 4-Cly, Rs = CHjy), the use of excess of liqmd
methylamine gave 2-nitro—t-trifluoromethyl-N-methy -
anihine, rather than the expected compound X (X =
4-Cl3, Re = CH;). The substituent at position 1 in
this case = apparcutly sufliciently activated by the
nitro group in the orths position and the trifluoromethyl
group in the para position that it enn he displaced by a

CeHsCH,C1 . strong base {methylamine). It may be noted that when
NO, (NH,):CS NO, Cl, Coe " ) .
X RoR PR~ X SCH.C.H. AOR a weaker base, ammonia, is substituted for methylamine
Cl P Hy0 i this reaction, the produet is X (X = +-Cl3, Ry = 11,
VIl Vi An alternative route for the preparation of 17X =
- = IR == ) . ‘o1 YRV 81N (N =
, NO, , NO, :-(‘l R, = R,y = ) dllfi fol'th( 83 llth.(.\lh of 1 (<\.
% RNH, X Fe -CL Ry = U, Ry = CI;) 1s shown in the reaction
1 ; NH,CL H,0. scheme,
S0,Cl SO, NHR. MeOH
X < @NHCOCHa L @NHCOCHs
s AcOH .
, NH, SO,NHCOCH, ¢ Cl SO NHCOCH,
X _‘QE / L MeOr, 1.0
250° MeOH, H,0
'“S0,NHR, :
I, R,=H I, X=7-Cl. R,=H, R;=CH; II, X=5-Cl, R;=H
TapLe II2
H
N Rs’
~
X | "Rs
S0, R,
M.p., Recryst. ~—Nitrogen 47— ~=Chlorine %%—-~ —-Sulfur ¢5-- -
Nao. X Re R Rs’ eCt solvent® P ormula Caled. Yound Caled. Found Caled. Founid
29 7-C1 1 Cll, I 213-214  EtOH CsILCINGO:S 12,04 12,15 15.24  15.22 578 13.41
30 ~-C1 I b bél 197-199 FtOH-H.0 CiILCINGG:S 12,81 12,61 16.22  16.01
31 7.1 I CaTls H 183-184 MeOH-CHCL  CoIIpCIN20n8 1136 11.53  14.37 1446 13.00 3,20
32 6-C1 11 n-Csfly W 191-193  FtOH-CHClL;  CuHiCIN2O:S 13,60 13.24 12,30 12,65
33 5-C1  H CH, CH,  188-161  Ac-Hex CsHLCINGGeS 11,26 11.06 14,37 14,33 13.00  13.2%
34 81 I CIs CH;  241-244  Ac-Hex CoHaCINGG.S 11,45 1011 14,37 14.35 13,00 13.23
35 8Cl  CIls  CH CHs  190-193  Ac-Hex CillCIN:O:8 10,77 10,54 13,60 13.51  12.30 12,27

@ The structural assignments given to compounds reported in this table are fully supported by speetral data.

uncorrected.

¢ Ac for acetone and Hex for hexane.

" Melting points nre

TasrLe IIT
s 2 NO:

KL

4 P SCH,CsHx

Recryst.

~———=8ulfur

or

~—~Nitrogen Gp——-- ~—~Chlorine ¥ Cp——"
No. X M.p., °C.% solvent? Forinula Caled. Found Caled. Found Caled. TFFound
33 4-Cl 132-134 959% EtOH CiHCINO.S 5.01 5.03
34 5-Cl 134-135  95% EtOH  CuHwCINOSS 12,67 12,45 11,46 1142
35 6-Ct 6566 EtOH-H,0 CHpCINO,S 5.01 5,22 12,67 12.73 11.46 11,59
36° 3-Cl ClanClNOQS
37° 5-Br CmHmBI‘NOzS
38 5-CF; 135-137 Bz-Hex CeH 0F3N .S 1,48 4,92 10.22 10,62
30 5-OCH, 109-110 Bz-Hex C1sH 3N O3S 5.08 5.14 11.65 11.95
40 5-CH, 96--98 Bz—Hex CiHsNO:S 5.40 5.45 12,39 11.82
41° 5-NO, CisHoN,0,48
42 5-NH2 122-123.5 DBz—Hex CwHwNzOzs 10.76 10,24 12,32 1213
43 5-NHCOCH; 176.5-178 EtOH CHEN0,8 0.27 .29 10. 61 10.67
44 5-CO.H 215217 ItOH CLHINOS ’ 11.08 111

¢ Melting points are uncorrected.
$21 (1951).
C, 57.86; H, 3.88.

® Bz for benzeue and Hex for hexane.
2 R. W. Bost, J. O. Turner, and R. D. Norton, J. Am. Chein. Soc., 54, 1985 (19:32).

¢ R. Specklin and J. Meybeck, Bull. soc. chim. France, 18,
¢ Caled.: C,58.11; H, 3.83. Found:
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TaBLE IV
A2 NO;
3
8¢ 'TSO,NHR

Reeryst, ~—Nitrogen %— ~—-Chlorine %— —-—8ulfur %—
No. X R M.p., °C.? solvent? Formula Caled, Found Cacd, Found Caled. Found
45 5-Cl H 159-160 MeOH CeH:CIN,0,S 11.84 11,71 13.55 13.61

46° 4-Cl H CeH;CIN,O,S
47 3-Cl H 171-173 MeOH-H:0 CH:;CIN:0,S 11.84 12.15 14.98 14.93 13.55 13.91
48 6-Cl H 145-145.5 H:0 CeHsCIN0,S 11.84 12.03 14.98 14.60 13.55 13.71
49 4-Br H 176-177 MeOH-H.0 C¢H;BrN:0.S 9.97 9.78 11.40 11.49

50 4-CF, H 168-170.5% EtOH-H.0  C;H.F:N:0,8
51 4-OCH;, H 142-144 MeOH-H.0 C:HsN:0:8 12.10 11.92 13.81 13.97

52 4-CH, H 170-172 MeOH-H:0 C;HN.0,8 12.96 12.73

53 4-NHCOCH; H 250-251 EtOH-H,O  CsHoN;0:S 16.23 16.34 12.38 12,67
54 4-CO.H H 260-261 H,0 CiHeN:06S 11.38 11.12 13.02 13.06
55 4-Cl CH; 123-124 H,0 CH:CIN,OS 11.18 11.56 12.78 12.89
56 6-Cl CH; 132-133 MeOH-H,0 C;H,CIN.O,S 11.18 11.37 14.14 14,14 12.78 12.93
57 4-Cl C.Hs 85.5-87 Bz-Hex CsH,CIN,0,S  10.59 10.39 12.12 12.28
58 4-Cl i-C;H, 127-128 EtOH-H,O0 C¢H,,CIN,0,8 10.05 10.00 11.50 11.87

¢ Melting points are uncorrected.

Monatsh., 50, 263 (1928). ¢ Ref. 16 reports m.p. 165-167°.

5 Bz for benzene and Hex for hexane.

¢ E. Riesz, A, Lorenz, Ch, Myschalow, and O. Strakosch,

TaBLE V
3 . NH,

4
X
5

s ' SO,NHR

Recryst. ~—Nitrogen %— ~——Chlorine %—— —— Sulfur %—
No. X R M.p., °C.% solvent? Formula Caled. Found Caled. Found Caled. Found
59 5-Cl H 152-153 EtOH-H,0 C¢H;CIN:0,S 13.56 13.27 17.15 17.22
60 4-Cl H 145-146° EtOH-H.0O CsH-CIN 0,8
61 3-Cl H 153-154 MeOH-H:0 Cg¢H,CIN:0.,S 13.56 13.78 17.15 17.11 15.51 15.58
62 6-Cl H 139-140 H,0 CeH7CIN,0.S  13.56 13.41 15.51 15.61
63 4-Br H 140-141 MeOH-H.0 CsH;BrN.0,8 11.16 11.33 12.76 12,64
647 5-Br H CeH:BrN:0.8
65 4-CFs H 143-145° MeOH-H,O0 C;H;F;N,0.8
66 4-OCH, H 143-144 MeOH-H:0 CiH1N:058 13.86 13.77 15.87 15.75
67 4-CH; H 124-126 MeOH-H:0 GC;H,(N:0:S 15.05 15.18 17.22 17.48
68 4-NHCOCH; H 216-216.5 EtOH CsHuiN;058 13.98 14,29
69’ 5-NO, H CsH/N;0.8
70 4-CO.H H 277-278 H.0 C7HsN,0,48 12.96 12.79 14.83 14.63
71  4-Cl CH, 112-114 H-0 CH,CIN,0.8 12.71 12.48 14.53 14.37
72 6-Cl CHs 92-95 MeOH-H:0 C/H,CIN:0.8 12.71 12.52 16.07 16.08 14 .53 14.12
73 4-Cl CzHa 67-68 BZ—HeX CQHllclN202S 11.94 11.91
74 4-Cl i-C;H, 112-113 EtOH-H.0 C.H,;CIN:O.S 11.26 11.16 12.89 12.87

% Melting points are uncorrected.

Spectral Data.!'—The infrared absorption spectra
were determined from Nujol mulls. Some characteris-
tic features of the infrared spectra of the substituted
2H-1,2,4-benzothiadiazine 1,1-dioxides (I) synthesized
were noted. Among these were three closely positioned
bands (medium-weak) attributable to N-H stretching
at 3.04-3.08, 3.13-3.18 and 3.20-3.25 u of diminishing
relative intensity with increasing wave length, a medium
to strong band at 6.14-6.20 u due to C=N stretching
vibratious, a strong band at 7.70-7.85 u resulting from
asymmetric S—-O stretching vibrations and a strong
band at 8.6-8.7 u associated with symmetric S-O
stretching vibrations. The 3,4-dihydro-2H-1,2 4-ben-
zothiadiazine 1,1-dioxides prepared showed medium-
strong bands at 2.95-2.99 u (N—H stretching of aromatic
amine) and 3.08-3.13 u (N-H stretching of sulfon-

(11) We are indebted to Mr. R. Wayne for discussions in connection with
the interpretation of the infrared absorption spectra.

5 Bz for benzene and Hex for hexane.
1135 (1960), report m.p. 144-146°. ¢ D. O. Parke and R. T. Williams, J. Chem. Soc., 1760 (1950),
7 A. R. Goldfarb and B. Berk, J. 4m. Chem. Soc., 65, 738 (1943),

¢J. H. Short and U. Biermacher, J. Am. Chem. Soc., 82
¢ Ref. 16 reports m.p. 143-146°,

amide). Also evident was a medium band at 6.20-6.25
u due to N-H deformation absorption and strong bands
at 7.60-7.65 and 8.65-8.70 u associated with asym-
metric and symmetric S-O stretching, respectively.
The imino ethers (IV) exhibited a strong band at 5.95—
6.05 u (C=N stretching).

The ultraviolet absorption spectra were determined
in methanol solution. The 2H-1,2 4-benzothiadiazine
1,1-dioxides exhibited characteristic absorption maxima
at 215-220 myu (e 14,000-20,000) and 267-272 mu (e
8,000-12,000).  3,4-Dihydro-2H-1,2,4-bhenzothiadi-
azine 1,1-dioxides showed absorption maxima at 214—
220 mu (e 25,000-35,000), 253-256 mu (e 11,000~16,000)
and 315-325 mu (e 1,500-3,500).

Pharmacological Methods.!>—Mongrel dogs of both
sexes were anesthetized with vinbarbital (50 mg./kg.,

(12) These studies were carried out by Drs, F. E. Roth, A. A. Rubin, and
R. M. Taylor of the Department of General Pharmacology, Biological Re-
search Division, Schering Corporation.
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i.v.) and blood pressure responses were recorded from
the femoral artery with an Anderson glass membrane
manometer.  Respiration was measured with an
Anderson respirometer and heart rate monitored con-
tinuously with a Waters cardiotachometer. Drugs were
mjected into a cannulated femoral vein as aqueous solu-
tions of their sodium salts where possible, otherwise as
solutions in aqueous dimethyl acetamide. The initial
test dose was generally 10 mg./kg. Where little or no
response was observed, higher doses of the compound,
up to 40 mg.'kg. were administered. For potent com-
pounds further experiments were carried out with doses
as low as 0.25 mg.'kg. The effects of the compounds on
pressor respouses to norepinephrine, epiephrine and
bilateral carotid occlusion were also noted. In esti-
mating the relative efficacies of the compounds as anti-
liypertensive agents, due weight was given to duration
of action in addition to the magnitude of the pressure
drop. The diuretic activity of the compounds was
determined by oral administration to saline loaded rats
using a modification of the Lipschitz procedure.

Structure—Activity Relationships.—2H - 1,2 4 - Ben-
zothiadiazine 1,1-dioxide (11) showed a detectable but
very weak antihypertensive activity.  Considerable
enhancement of activity was achiieved by the introdue-
tion of a chlorine substituent (5, 6).  Activity was
further mcreased when a methyl group was present at
position 3 (1, 2). The most advantageous position for
the chlorine atom was found to be at 7 or 6 (1, 2).
Activity was noticeably reduced with chlorine at posi-
tion 8 (4) and scarcely apparent when the chlorine was
moved to position 3 (3). Some slight inerease in
activity was noted with substitution of ethy! for methyl
at position 3 (7, 8), but this diminished again with ex-
tenston of the chain to n-propy! (9). With bromuue or
trifluoromethyl in place of chlorine (12, 13, 14) activity
was little changed. Most of the activity was retained
with the nitro group at position 7 (19) but wasg di-
minished if the ring substituent was methyl or methoxy!
(15, 16). In the case of a number of other substituents
the molecule was rendered essentially inactive (17, 18,
20, 21, 22, 23). The introduction of alky! substituents
at positions 2 or 4 (24-28) resulted in a reduction of
antihypertensive activity.  3.4-Dihydro-2H-1,2,4-ben-
zothiadiazine 1,1-dioxides (29--32) were much less active
than the correspouding compounds with a double bond
at position 3.4, 3.3-Disubstituted 3,4-dihvdro-2H-
1,2, 4-benzothiadiazine 1,1-dioxides (33--35) were found
to be essentially devoid of antihypertensive activity.
None of the compounds (Tables I and IT) tested showed
significant diuretic activity: some cxhihited anti-
diuretic properties.

Experimental

2H-1,2,4-Benzothiadiazine 1,1-dioxides.—1he substituted o-
aminobenzenesulfonamide wns heated with the appropriate
orthoester (ce. 3 pts. by weight) for 1-2 hr. at 100-120° in an
open vessel. The cooled reaction mixture was diluted with dry
ether and the producet collected by filtration. Yields ranged from
30-80%.

6-Amino-3-methyl-2H-1,2,4-benzothiadiazine 1,1-dioxide.—A
solution of 6-acetamido-3-methyl-2H-1,2,4-benzothiadiazine 1,1-
dioxide (Table I) (8.0 g.), ethanol (160 ml.) and coned. hydro-
chlorie acid (16 ml) was refluxed for | hr. The sohition was
cooled wnd the ecolorless solid (6.3 g.) which separated, filtered
off.  On recrystallization from methanol-water, product (4.8 g.)
was obtained, v.p. 290-292° (Table I).
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7-Amino-3-methyl-2H-1,2,4-benzothiadiazine 1,1-dioxide.—
Tou a stirred refluxing solutien of 3-nethyl-7T-nitro-2H-1,2,4
benzothiadiazine I1,1-dioxide (Table I (6.0 g.;, unmoniun
chloride (8.75 g.) in methanol (100 wml. ¢ and water 730 ml.), iron
filings (%.75 g.) wus added, portionwise, over | hr.  After an addi-
tional reflux period of 1.5 hr., the reaction mixtare was liltered,
the filtered cuke washed well with boiling water and the combined
filtrates cooled.  There wus obtained colorless ervstals (3.0 g3
m.p. > 360°  The analytien]l sample was reervstallized from
methanol-water, m.p. > 360° (Table 1.
7-Chlorosulfonyl-3-methyl-2H-1,2,4-benzothiadiazine 1,1~
dioxide.—3-Methy1-2H-1,2,4-benzothiadiazine |, 1-dioxide (Table
Iy (20.0 gy was refluxed in chlorosnlfonic acid (1580 ml} for 18
hr. The cooled reaction mixture was poured outo ice and the
precipitated product collected by filtration, washed with wafer
and air dried: cnide vield 20.0 g, Reervstallization was eltected
{rom acetone-petrolewn ether alfording 11.0 g. of prodiuet, m.p.
338-340°.  Further recrystallization from the sanie salvent mix-
ture raised the melting point to 342--345°.

Jdnal. Caled. Tor CJOHCINLOS: N, 9515 %, 21.76.
N, 0.5%; 8, 2106

7-Dimethylsulfamoyl-3-methyl-2H-1,2,4-benzothiadiazine 1,1-
dioxide.~—7 -Chlorosulfonyt-3-methyl-2H-1,2,4-benzothindiazine
L I-dioxide {10.0 g.) was added portionwise to liquid dimethyl-
nmine (200 ml.;. The excess of dinethylamine was evaporated,
the residue dissolved in water, and the solution neutralized aud
allowed (o stand at room Gemperature for several honrs.  The
precipitated solid was collected by filtration, washed with water,
air dried and recryvstallized from acetone-hexane yielding product
(5.0 2.3, m.p. 264-270° (Table 11

6-Carbomethoxy-3-methyl-2H-1,2,4-benzothiadiazine 1,1-
diexide, —A sohition of G-carboxy-3-methyl-2H-1,2,4-benzothin-
dinzine 1,1-dioxide MTable It (1.0 g.1 in methanol (50 ml.) ¢m-
(aining coned. sulhmie aeid (1l was refluxed for 3 hr., con-
centrated to co. 10 ml and chilled.  Filtration gave erude product
(1.0 g anep. 2060-273%. Recrvstallization  from methanol
vielded 0.9 g., m.p. 272-274° Another recrystallization [rom
the smme solvent give the analvtienl sample, nnp. 273-275¢
(Table 1.

4-Chloro-2-(1-ethoxyethylideneamino)-N-methylbenzene-
sulfonamide,—A mixture of 2-amino-4-chloro-N-methylbenzene-
sulfonamide (1.4 ¢.) and ethyl orthoacetate (10 mly was heated
slowly with stirring to 145° in an open vessel.  The reaction
mixture wus cooled, diluted with hexane and the solid which
eryvstallized, collected: vield 1.2 g, m.p. 116-120°.  Recrystal-
lization from hexane gave a colorless solid, m.p. 121--123°.

Anal. Caled. for CyHCINLO8: O, 45.44; H, 5.20; N,
0.64; X, 11.03. Found: C, 45.6:4; H, 5.3%; N, 10.19; 8, 11.13.

6-Chloro-2,3-dimethyl-2H-1,2,4-benzothiadiazine 1,1-dioxide.
--4-Chloro-2-(1-ethoxyethylideneamino ) - N - methylbenzenesul -
fonamide!® (2.8 g.} was heated gradually to 250° in an open vessel.
The liquid solidified on cooling and on trituration with ether
vielded 1.3 g. of a tan solid, ni.p. 136-139°.  On recrystallization
from benzene-liexane the melting point was raised to 138-140°
(Table 11

7-Chloro-3,4-dimethyl-4H-1,2,4-benzothiadiazine 1,1-dioxide.
-=Methyl todide (4.65 g.) was added to a solution of 7-chloro-3-
methyl-2H-1,2 4-henzothiadiazine 1,1-dioxide (Table 1) (5.0 g.;
in ethanolic sodium ethoxide {prepared from sodium (0.625 g.:
and ethanol, 125 ml.) and the mixture refluxed for 3.5 hr. On
standing a solid separated which was collected by filtration,
washed with water and air dried; vield, 1.1 g., m.p. 220-225°,
Reerystallization from methanol--water alforded 0.95 g. of prod-
uet, mup. 232-234° (Table T).

3,4-Dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxides. {(a:
3-Substituted Compounds.—The substituted o-aminobenzene-
sulfonamide (0.01 mole) was refliuxed in acetonitrile (25-50 ml.>
with the appropriate nldeliyde (0.10 mole) of 12-16 hr. The sol-
vent and excess of nldehyde then were removed by evaporation
ont the steam bath and the residiue crystallized.

{b% 3,3-Dimethyl Compounds.—The substituted 2-amino-
henzenesulfonramide (0.01 mole) was dissolved in acetone (50 ml.)
and thie solution warmed on the steam bath for 0.5 hr.  Hexuane
was added and the solution coneentrated and cooled to give the
cryvstalline prochict.  In the ease of compound 33 an additional 5
days of reactivn (ime a6 voom temperature was required for
formaGon of the product.
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2-Benzylthionitrobenzenes.—These were prepared from o-
chloronitrobenzenes by the procedure of Baker et al.4; see also
Riegel, ¢t al.,'® Yields were usually in the range 60-909.

The crude product obtained from 2 6-dichloronitrobenzene
(12.0 g.) by this procedure was washed with cold ethanol, trit-
urated with water and dried to give bright yellow crystals, 2.7
g., m.p. 82-84°. A sample was recrystallized from hexane to give
pure 2,6-bis-benzylthionitrobenzene, m.p. 85-86°.

Anal. Caled. for CpoH,sNO:Se: C, 65.47; H, 4.66; N, 3.81;
S,17.49. Found: C, 65.51; H,4.95; N, 3.43; S, 17.62.

The mother liquor containing the ethanol wash was poured
into ice-water and the mixture extracted with ether. The dried
extracts were concentrated and chromatographed on Florisil
(580 g.) packed in hexane. Elution with hexane gave some early
fractions of colorless crystals and oils which contained some start-
ing material and were not further investigated. Further elution
with hexane gave a series of fractions containing the desired 6~
chloro-2-benzylthionitrobenzene. These were combined and
crystallized from ether-hexane to give material (4.2 g.), m.p.
65-67° and a second crop (0.2 g.), m.p. 57-63°. The analytical
sample was crystallized from aqueous ethanol (Table III).
Elution with 19, ether in hexane gave some additional bis-benzyl-
thio compound, m.p. 82-85°, while increasing percentages of
ether yielded more polar, colored materials which were not further
investigated.

4-Benzylthio-3-nitroaniline.—To a mixture of benzyl mer-
captan (6.2 g.) and water (20 ml.) was added sodium carbonate
and a solution of 4-chloro-3-nitroaniline in ethanol (40 ml.).
The mixture was stirred and refluxed for 5 hr., diluted with water
and the red solid filtered off and washed with hexane. Recrystal-
lization from benzene-hexane afforded a bright red solid (4.6 g.),
m.p. 84-96°. Two additional recrystallizations from benzene-
hexane gave product (2.0 g.), m.p. 119-120°. The analytical
sample melted at 122-123.5° (Table III).

4-Benzylthio-3-nitroacetanilide.—A solution of 4-benzylthio-
3-nitroaniline (1.3 g.), benzene (2 ml.) and acetic anhydride (0.5
g.) was refluxed for 10 min. On cooling, orange crystals (1.1 g.),
m.p. 177-179° separated. Two polymorphic forms (confirmed by
solution infrared spectra) could be isolated on crystallization
from ethanol: one (yellow needles), n.p. 176° 185-187° and
the other (bright orange crystals), m.p. 176.5-178° (Table III).

2-Nitrobenzenesulfonamides.—The 2-benzylthionitrobenzenes
were oxidatively cleaved with chlorine in aqueous acetic acid to
give the sulfonyl chlorides, which then were treated with am-
monia or an amine essentially according to the procedure of
Baker, et al.'* Yields (40-709;, using procedure modifications)
were improved by the addition of a small volume of chloroform in
the separation of the sulfonyl chloride from the aqueous phase,
by keeping the sulfonyl chloride solution below 5° prior to its use
in the next stage, and by the use of liquid ammonia and liquid
amines.

Cleavage of 2-benzylthio-5-trifluoromethylnitrobenzene (Table
III) (27.0 g.) and treatment of the product with liquid methyl-
amine (150 ml.) afforded a solid product (14.7 g.), m.p. 74-77°.
A sample recrystallized from ethanol-water melted at 76-78° and
did not depress the melting point of an authentic sample of 2-
methylamino-5-trifluoromethylnitrobenzene (see next paragraph).

(14) R. H. Baker, R. M. Dodson, and B. Riegel, J. Am. Chem. Soc., 68,
1264 (1946). These atithors used 3,4-dichloronitrobenzene for the preparation
of 4-benzylthio-3-chloronitrobenzene.

(15) B. Riegel, G. R. Lappin, B. H. Adelson, R. 1, Jackson, C. J. Albisetti,
Jr., R, M. Dodson, and R. H. Baker, ibid., 68, 1264 (1948),
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2-Methylamino-5-trifluoromethylinitrobenzene,—2-Nitro-4-
trifluoromethylchlorobenzene (10.0 g.) was added to liquid
methylamine (150 ml.) and the excess of methylamine allowed to
evaporate overnight. The residual orange solid was triturated
with water and collected by filtration giving product (8.4 g.),
m.p. 71-75°. After several recrystallizations from ethanol-
water, an analytical sample was obtained, m.p. 76-78°.
Anal. Caled. for CsH,F3N,0.: C, 43.64; H, 3.20; N, 12.73.
Found: C, 44.03; H, 3.38; N, 12.84.
2-Aminobenzenesulfonamides,—These were prepared from
the 2-nitrobenzenesulfonamides by reduction with iron and am-
monium chloride solution according to the procedure of Holdrege,
etal.,' Yields were 70-90%.
5-Chloro-2-methylaminobenzenesulfonamide, —2,5-Dichloro=~
benzenesulfonamide (5.0 g.) and 409 aq. methylamine solution
(100 ml.) were heated in an autoclave for 5 hr. at 200°. The
solvent was evaporated, water added, the crude solid produet
collected by filtration, washed with water and air dried affording
a reddish solid (3.1 g.). Crystallization of the crude product from
methanol-water furnished a faintly yellowish crystalline solid,
m.p. 140-145°. Recrystallization from the same solvent system
gave product (1.2 g.), m.p. 147-149°. This was repeated to give
an analytical sample, m.p. 148.5-150°.
Anal.  Caled. for C;HgN,SO,Cl: N, 12.70; Cl, 16.06. Found:
N, 12.56; Cl, 15.95.
2-Acetylsulfamoyl-4-chloroacetanilide.—To 2-acetylsulfamoyl-
acetanilide? (30.0 g.) in glacial acetic acid (200 ml.) was added a
solution of chlorine (16.0 g.) in glacial acetic acid (250 ml.) and
the reaction mixture allowed to stand at room temperature for 16
hr. The solid which separated was collected by filtration, washed
with water and air dried, affording crystalline product (13.5 g.),
m.p. 215-220°. Concentration of the filtrate yielded a second
crop of product (1.35 g.), m.p. 215-220°. The two crops were
combined and recrystallized from 809, ethanol giving product
(10.8 g.), m.p. 230-231°. Further recrystallization from the same
solvent system gave an analytical sample, m.p. 232-233°.
Anal. Caled. for C,H;CIN:0sS: Cl, 12.20. Found: Cl,
12.06.
2-Amino-5-chlorobenzenesulfonamide, —2-Acetylsulfamoyl-
4-chloroacetanilide (26.0 g.) and sodium hydroxide (36.0 g.)
were refluxed in a mixture of water (60 ml.) and methanol (60
ml.) for 72 hr. The cooled reaction mixture was diluted with
water (300 mL) and then acidified with coned. hydrochlorie acid.
After cooling, filtration gave product (14.9 g.), m.p. 148-150°.
Recrystallization from ethanol—water raised the melting point to
152-153° (Table V).
7-Chloro-3-methyl-2H-1,2,4-benzothiadiazine 1,1-Dioxide.—
2-Acetylsulfamoyl-4-chloroacetanilide (19.0 g.) was heated at
280-290° (bath temperature) for 10 min. The residue was re-
crystallized from ethanol-water giving product (9.0 g.), m.p.
320-322°. Two more recrystallizations from the same solvent
system raised the melting point to 330-331° (Table I).
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