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ings'®° and after treatment with an anticholinesterase
agent in order to eliminate effects mediated by inhibition
of this enzyme or differences in substrate specificity. Al-
though these precautions do not eliminate an indirect
mechanism, they make it unlikely. A second possible ex-
planation lies in the highly directional nature of the H bond
in comparison with a simple ionic bond; thus considerably
greater constraints could be placed on the “fit” with the
remainder of the molecule, particularly in the case of less
flexible compounds. Third, intramolecular interactions in
dilute solution may be sufficiently strong to preclude the
adoption of a conformation appropriate for interaction with
the receptor. In the present study the basis hydrolysis
kinetics have been examined to provide an assessment of
intramolecular interactions in a paired series of tertiary and
quaternary ammonium compounds with muscarinic activity.
There was a significant negative correlation (Figure 3) be-
tween an anchimeric effect on hydrolysis and muscarinic
potency of the tertiary amine relative to its V-Me quaternary
analog, and the data support the view that intramolecular in-
teractions restricting conformational flexibility are respon-
sible for the low muscarinic activity of tertiary amines such
as dimethylaminoethyl acetate.

There are several conformational studies of ACh from
which inferences have been drawn regarding the structure
of the cholinergic receptor. The techniques employed have
included X-ray diffraction studies in the solid state,® ir
spectral studies in EtOH,?! and the biological activity of
derivatives of ACh with fixed stereochemistry.?? The first
2 studies demonstrated a cyclic structure for ACh with a
cisoid relationship between C-N and C-O bonds, and postu-
lated that this conformation is important for interaction
with the receptor. More recent pmr and ir studies have
yielded similar data.?® In a study with rigid cyclopropyl ana-
logs of ACh, Chiou, ez al.,?? concluded that a transoid rela-
tionship between the C-N and C-O bonds is important for
muscarinic activity. Those cyclopropyl derivatives cannot
alter their conformation and only the trans isomer was ac-
tive. If ACh must assume a transoid conformation to inter-
act with the muscarinic receptor and produce an effect,
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structural and electronic features of ACh analogs which
favor a cyclic or cisoid conformation should reduce the
pharmacological potency. The intramolecular interactions
inferred from the present study presumably lower muscarinic
activity by this mechanism.
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Correlation of Antihypertensive Activity with Structure in a Series of
2H-1,2,4-Benzothiadiazine 1,1-Dioxides Using the Substituent Constant Approacht
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The relationship of the antihypertensive properties of an extensive series of substituted 2H-1,2,4-benzo-
thiadiazine 1,1-dioxides to lipophilic, electronic, and steric effects has been examined using multiple re-
gression analysis and the substituent constant approach of Hansch. A high degree of correlation was ob-
served between activity and the 7 values of substituents at certain positions in the nucleus. Electronic
effects appeared to be of minor significance. The activities of several compounds not included in the re-
gression analyses could be calculated within satisfactory limits and structural requirements for com-
pounds of maximum activity in the series were established. Some implications with regard to possible re-

ceptor site interactions are considered.

Following the discovery of the antihypertensive agent,
diazoxide, 7-chloro-3-methyl-2H-1,2 4-benzothiadiazine 1,1-
dioxide (I, R.3 = CH3, R7 = Cl, R5 = R6 = Rg = I‘{),1 many

fPresented in part at the Medicinal Chemistry Symposium, Chelsea
College of Science and Technology, London, England, April 15-17,
1969, organized by The Society for Drug Research.

analogs were prepared in order to study structure-activity
relationships.?® The development and wide application of
the substituent constant method to structure-activity prob-
lems by Hansch* prompted us to examine this approach in
the antihypertensive benzothiadiazine series.

The 1,2,4-benzothiadiazine 1,1-dioxide system is capable



2H-1,2,4-Benzothiadiazine 1,1-Dioxides
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of existing in two tautomeric forms, IA and IB. On the
basis of ultraviolet spectral measurements with N,- and Ng-
alkylated derivatives and the corresponding unsubstituted
NH compounds, Novello, e al.,* tentatively concluded that
the 4H tautomer (IB) predominates in alcohol solution. This
conclusion has been supported by a similar study using dif-
ferent compounds.f Molecular orbital calculations using
the extended Huckel technique have been employed to
compute the energy differences between forms 1A and IB
for a series of substituted 1,2 4-benzothiadiazines.® This
study indicated IB to be the preferred form. Since the
present study is concerned with the action of these com-
pounds in solution in biological systems they will be de-
picted in the 4H tautomeric form although the 2H nomen-
clature in naming the compounds is retained, consistent
with past practice by Chemical Abstracts.

Method. The approach formulated by Hansch® was util-
ized in which the effect of a substituent X on the free energy
change in a rate or equilibrium process characterized by K
is factored as in eq 1. In eq 1 Cy is the molar concentration

8 XlogK=1log1/Cx =any +boy tcEsx +d (0]

of compound with substituent X producing an equivalent
biological response such as EDsq under the assay conditions
used in the experiment. The parameter 7 is defined as 7y =
log Py — log Py where Py is the octanol-water partition co-
efficient of a derivative and Py is that of a parent molecule.
Electronic effects of X, which may be represented by Ham-
mett’s o or similar parameters, are related to highly specific
electronic effects not contained in 7. For steric effects of X
the F parameter of Taft or E¢, the Hancock modification
of the Taft parameter may be used. As with 7 and ¢ there
is overlap between 7 and E so that steric effects repre-
sented by E (or E€) will be highly specific effects such as
those involved in the formulation of that parameter. Other
free energy related parameters such as polarizability may
also be employed in eq 1 and those parameters which are
significant in terms of the biological response are deter-
mined by regression analysis.

For the series under investigation, the activity measure
used in the correlations is based on the ability of a com-
pound to block the norepinephrine-induced contractile re-
sponse of the rat aortic ring and is determined experi-
mentally as an EDsq (ul/ml) value.§ This provides a measure
of the effect of the compound on vascular reactivity which,
according to the accepted mechanism of action of diazoxide,
is directly related to its antihypertensive properties.”® The
EDsq (ul/ml) value vs. norepinephrine may be viewed as an
in vitro measure of antihypertensive activity in this series
of compounds. For the purposes of the correlations a log-
arithmic value was computed from eq 2. The factor 2

A=log |:2 X molle;cgsl:r weight }

(2

M. D. Yudis, unpublished work.

§ The biological data was furnished by Dr. A. Wohl, Department of
Pharmacology, Schering Corporation. See Wohl, et al.'¢
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which appears in eq 2 is used merely for convenience of
scale. Since 1,2,4-benzothiadiazine 1,1-dioxides are weak
acids and may be partially ionized under the test conditions
employed for the determination of biological activity, a
correction factor C was calculated for this effect according
to eq 3,%'% where K, is the dissociation constant and H"

K, + [H]
C=log -2 >~ -~
T €)
is the hydrogen ion concentration in the test medium. The
actual activity value used in the correlations was A * given
by eq 4.

A*=4+C “)

Another activity value, p4,, which is a measure of the
competitive antagonism of Ba**-induced contractile response
of the rat aortic ring, has been used in other structure-activ-
ity correlations with this series of compounds.!! These
values, corrected for ionization and designated pA4,*, are
highly correlated with 4 * values for the corresponding com-
pounds as shown by eq 5. Since 4 * values were available

pA * = 3.40(20.30) + 1.03(+0.13)4*
n=33,r=095r*=0.89,s=0.38, p < 0.005 5)

for a larger series of compounds, these were used in prefer-
ence to pA4,” values for the present study. For most com-
pounds in the study the magnitude of C was small compared
to A reflecting the fact that these compounds were largely
undissociated at the pH (7.4) of the biological test medium.
All highly active compounds were essentially present as the
neutral form under test conditions. Compounds with ap-
preciable concentrations of both neutral and ionized forms
present under test conditions were well accounted for in
the correlations by assuming that only the neutral form was
responsible for activity. Very highly ionized compounds
(>95%) had minimal activities.

The various substituent constants utilized in the correla-
tions* consisted of 7 values as a measure of possible pene-
tration effects and hydrophobic bonding, o values (of the
Hammett and Taft types) for electronic effects, and E©
values (Taft steric values as modified by Hancock!?) for
steric effects. The 7 values were determined experimentally,
using the n-octanol-water system for the 1,2,4-benzothiadi-
azine 1,1-dioxide series.!® The o values were determined ex-
perimentally from pK, measurements in 33% DMF-water,
on substituted 1,2,4-benzothiadiazine 1,1-dioxides. §

Data correlations were carried out using a stepwise mul-
tiple regression analysis performed on an IBM-360-40 com-
puter with variables entered and removed at the p <0.10
level.

Results and Discussion

From the data pertaining to twenty 3-methyl-1,2 ,4-benzo-
thiadiazine 1,1-dioxides (Table I, 1-20), differing only in
substitution at the 6 and 7 positions, eq 6 and 7 were formu-
lated. In these equations the figures in parentheses are the
95% confidence intervals, the values under the variables are
the significance levels for those variables, # is the number of
data points employed, r is the correlation coefficient, s is
the standard deviation from regression, and p is the signif-
icance level. It is apparent that the preferred equation is 6
where activity correlates well with a combination of 7 and ¢
terms. From a comparison of eq 6 and 7 it can be seen that
7 is the dominant term in the correlation since omission of
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A* = 0.81(£0.26) +0.80(+0.32) 7R, +0.30(20.25)0R ,_,

(» < 0.005) (» < 0.025)
n=20,r=092,r>=0.84,5=0.29, p < 0.005 (6)
A* = 0.83(20.29) + 1.05(x0.28)mg , |
n=120,r=0.88,r2=078,s=0.33,p <0005 (7

the o variable in eq 7 results in only a small loss of fit.
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compounds 2, 22, 23, 24, and 25, which differ only with re-
spect to 5 substitution, no correlation of activity with n
and/or ¢ was observed. Thus in the limited group of such
compounds studied there is no evidence of correlation be-
tween activity and the 7 and o values of 5 and 8 substituents.
Data on a large number of substituents at the 3 position
were available for study. In addition to possible hydrophobic
bonding and electronic effects accounted for by 7g_ and
OR,» steric effects of 3 substituents, represented as I;“SC were

Adding nine compounds with substituents at the 5 or 8
positions to the 20 6- and 7-substituted compounds pro-
vided a total of 29 compounds (Table I, 1-29) which form
the basis of eq 8-10. In this set of compounds activity cor-

A4*=0.79(x0.27) + 0.99(x0.24)ng,

n=29,r=0.86,r*=0.73,s = 0.35, p < 0.005

®

A%=0.90(:021) + 0.62(£0.34)7R _, +0.44(+0.30)0R

(p < 0.005) (p < 0.005)
n=29,r=091,r2=0.82,5=0.29, p < 0.005 9)
A% =0.86(:0.23) + 1.04(20.23)rg
n=29,r=087,r2=0.76,5 = 033, p < 0.005 (10)

relates only with the g __ termin eq 8; the oR

lower using eq 9 and 10 than for eq 8. In addition using

term is
-8

not significant in this case. Moreover, the overall fit of the

data, although satisfactory, is not as good as for 6,7-sub-

seen as possibly affecting activity. Since E¢ values are
known for many fewer substituents than 7 and o values, a
study was devised involving substituents for which £ ¢
values were available to see if this term was significant in
the correlation. Since there tends to be a rather good correla-
tion between 7 and E° for many substituents,'* it is neces-
sary to select examples so as to minimize this covariance
problem, for otherwise a possible correlation with E¢ might
be masked entirely by a better overall correlation with 7.

It has been shown that the o* values employed in this

study are independent of steric effects as represented by

E¢.# The 7 terms, ng

.., And TR, were examined as sep-
arate variables's rather than as a combined single 7 variable
since the degree of possible hydrophobic bonding at these
different regions in the molecule may differ significantly.
Table 11 lists data on 15 compounds (1-15) from which

eq 11 was derived. This equation accounts for 84% of the

Table 1. Observed and Calculated in Vitro Vascular Reactivity Effects of 3-Methyl-1,2,4-benzothiadiazine 1,1-Dioxides Substituted

at the 5, 6, 7 and 8 Positions

Activity data

No. Compound ng_° 7R, % or P or, P Aobsd® €7 A¥psa® Afaicd” 84 A%ica® AME Afyica” A4 A%ca’ A4¥
1 H 0 0 0 0 041 0.00 041 0.81 -040 0.79 -0.38 090 -049 0.52 -0.11
2 7 091 091 077 077 179 004 183 176 007 169 014 1.81 002 168 0.5
3 6C 089 089 089 089 166 004 170 178 —0.08 167 003 1.85 -0.15 167 0.03
4 6,7 190 1.90 1.66 166 264 0.17 281 282 —001 257 025 275 0.06 282 —0.01
5 6-CH, 045 045 -0.11 -0.11 106 0.01 1.07 1.13 -0.06 123 -0.16 113 -0.06 110 -0.03
6 6-OCH, 027 027 015 015 174 00l 175 1.07 068 105 070 1.13 062 0.87 0.88
7 6CF, 130 130 131 131 181 011 202 224 -022 207 -005 229 -027 220 -0.18
8  7-Br 108 108 057 057 153 002 155 184 —029 185 -030 1.82 —-027 190 -0.35
9 6CF,,7-Cl 221 221 208 208 280 033 313 320 -007 297 016 320 -007 3.35 022
10 7F 033 033 047 047 122 002 1.24 121 003 111 013 131 -0.07 095 0.29
11 6-Br 108 108 087 087 187 007 194 193 001 185 009 196 -0.02 191 0.3
12 17-CF, 122 122 122 122 201 009 210 215 —0.05 199 0.1 220 -0.10 2.08 0.2
13 71 132 132 070 070 196 003 199 207 -0.08 209 -0.10 203 -0.04 221 -0.22
14 6-CH, 096 096 -0.09 -0.09 151 001 152 1.5 -003 173 -0.21 145 007 175 -0.23
15 6-OCH,7-Cl 1.18 118 092 092 260 003 263 203 060 195 068 275 -0.12 203 0.60
16  7-CH, 0.52 052 -027 -0.27 100 000 1.00 114 -0.14 130 -030 1.10 -0.10 1.19 -0.19
17 6-NO,,7-CI 1.3 113 216 216 209 050 259 235 024 190 0.69 256 003 197 062
18 7-NO, 036 036 179 1.79 097 027 124 162 -038 1.14 010 128 —0.04 099 025
19 6-NH,,7-C1 034 034 -0.01 -001 102 00l 103 1.08 -0.05 112 -0.09 1.10 -0.07 096 0.7
20 6-NHAc,7-CL 024 024 082 082 144 0.04 148 124 024 1.02 046 141 007 083 065
21 s 0 043 0 167 058 022 0380 121 -041 090 -0.10

22 57 091 1.23 077 244 095 051 146 200 -0.54 1.81 -0.35

23 5-Br,7-Cl 091 136 077 222 204 053 257 213 044 181 076

24 51,7-C1 091 152 077 220 164 053 217 229 -0.12 181 036

25 5-CH,,7-CL 091 114 077 052 158 0.04 1.62 191 —029 1.81 -0.19

26 8-Cl 0 035 0 0.76 096 0.03 0.99 113 -0.14 090 0.09

27 6,8-Cl 089 124 089 165 153 016 1.69 201 -032 185 -0.16

28 7,8-Cl, 091 126 077 153 166 011 1.77 203 —0.26 1.81 -0.04

29 6,7,8-Cl, 180 215 166 242 244 0.19 263 291 -028 275 -0.12

@Ref 13. PSee footnote # ¢Eq 2. 9Eq 3. ®Eq 4. /Eq 6. fEq 8. #Eq 9. ‘Eq 13.

stituted compounds alone in eq 6, 7. In fact, if 7 and o are

variance in the data and contains only 7 terms; neither

given the value zero for all 5 and 8 substituents in com-
pounds 1-29 a better correlation is obtained (eq 9, 10). An
examination of the individual observed vs. calculated activ-
ity values for 5- and 8-substituted compounds, grouped
separately, reveals that for both groups the aggregate dif-
ference between observed and calculated activity values is

A% =0.44(0.67) + 1.24(x0.5T)mg, +0.92(x0.66)mR , —

0.28(x0.29)7r .2 (p < 0.005) (p <0.025)
(»<0.10)

n=15,r=091, r*=0.84,s =0.24, p < 0.005 an

#M. D. Yudis and J. G. Topliss, unpublished results.
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Table II. Observed and Calculated in Vitro Vascular Reactivity Effects of 3-Substituted-1,2,4-benzothiadiazine 1,1-Dioxides

Activity data

No. R, R, R, mgf oRab ESCRgc ”R;s-g Aopsa? C° ASbsdf Agled® A4*E Alaled” A4* Afyrcd’ A4¥
1 H 1 H 0.00 0.00 124 0.89 119 024 143 1.54 -0.11 1.56 -0.13 1.57 0.14
2 CH, H cl 0.15 -0.79 0.00 091 179 0.04 1383 170 0.13 169 0.14 170 0.13
3 (CH,),CH, 1 H 1.03 -092 -0.67 0.89 221 0.04 225 220 005 210 0.15 211 0.14
4 CH(CH), Cl H 099 -1.00 -1.08 0.89 197 0.04 201 2.19 -0.18 2.08 -0.07
§ CH,CH(CH,), C1 H 1.34 -093 -1.24 0.89 2.06 0.04 2.10 2.28 -0.18 2.19 -0.09
6 CH(CH,)CHCH, H Ccl 140 -1.03 -1.74 091 237 0.01 2.38 2.32  0.06 2,22 0.16
7 C(CH,),) H cl 1.33 -1.15 -2.46 091 231 0.01 2.32 231 001 221 0.1 222 0.10
8 Cyclobutyl H cl 126 -1.03 -0.67 091 267 0.02 2.69 2.29 040 2.19 0.50
9 (CH,),CH, H Cl 1.7/ -0.93 -0.71 0.91 230 0.02 2.32 2.33 -0.01 2.26 0.06
10 CH(CH,CH,), a a 1.72 -1.05 -2.59 1.80 3.29 (.18 347 344  0.03 3.40 0.07
11 CH,C(CH,), H a 164 -097 -2.05 091 177 0.02 1.79 2.34 -0.55 2.25 -0.46
12 CH,CH;, Cl H 1.73 -0.25 -0.69 0.89 237 0.16 253 231 022 223 030 225 0.28
13 (CH,),C.H, Cl H 2117 -0.75 -0.69 0.89 236 0.04 240 226 014 223 0.17 224 0.16
14 CH,Q1 1 H 067, 096 -0.55 089 1.17 0.89 2.06 204 002 196 0.10 196 0.10
15 CH(CH,CH,CH,), C a 248/ -1.06 -2.72 1.80 3.07 0.15 3.22 3.25 -0.03 338 -0.16 3.36 -0.14
16 CH=CH-CH, 1 H 0.95 -0.55 0.89 184 0.08 1.92 2.07 -0.15 2.08 -0.16
17 A-Cyclopentenyl Cl C1 1.53, -0.32 1.80 2.06 0.15 2.21 342 -1.21 3.40 -1.19
18 AZ-Cyclopentenyl Cl a 1.40/ -0.70 1.80 3.55 0.13 3.68 340 028 3.37 031
19 A°*-Cyclopentenyl Cl cl 1.37 -0.80 1.80 4.02 0.05 4.07 340 067 3.37 0.70
20 A%-Cyclopent- H cl 1.90/ -0.87 091 224 003 227 226 0.01 228 -0.01
enylmethyl
21 CH, cl H 162, 0.26 0.89 173 033 2.06 222 -0.16 2.24 -0.18
22 CH,CH,pOCH, H 1.747 —0.25/ 0.89 175 0.01 1.76 223 -047 2.25 -049
23 CH,CH pC1 1 H 2,437 -0.25 0.89 267 0.09 2.76 2.18 0.58 2.20 0.56
24 2-Thienyl 1 H 1.52 0.50 089 155 0.52 2.07 2.21 -0.14 2.22 -0.15
25 2-Thienylmethyl Cl H 1.637 -0.17 0.89 203 0.18 2.21 223 —-0.02 2.24 0.03
26 2-(2-Thienyl)- a H 2.017 -0.72 0.89 2.01 0.06 2.07 2.24 -0.17 2.22 -0.15
ethyl
27 2-Furyl a H 090 0.65 0.89 141 0.13 2.04 2.05 -0.01 2.06 -0.02
28 CH,OCH, Cl H 0.11. 022 0.89 1.13 035 148 1.63 -0.15 1.64 -0.16
29 CH,SCH,CH, Cl H 2417 017 0.89 197 032 2.29 2,19 0.10 2.20 0.09
30 CH(CH,CH,CH,)- C1 a 3.077 -1.08 1.80 296 0.14 3.10 3.18 -0.08 3.16 -0.06
cyclopentyl
31 Cyclohexyl 1 H 2.04 -1.06 089 184 0.02 1.86 2.23 -0.37 2.25 -0.39
32 Cyclopentyl a Cl 1.67 -1.13 1.80 3.69 0.05 3.74 344 030 341 0.33
33 CH(CH,)CH,CH, Cl 1 140 -1.06 1.80 341 0.18 3.59 340 019 3.37 0.22
34 CH,CH, H Cl 0.57 -0.89 091 2.02 0.03 205 193 0.12 1.94 0.01
35 H H H 0.00 0.00 0.00 024 004 0.28 0.42 -0.14
36 CH, CF, H 0.15 -0.79 130 191 0.11 2.02 2.20 -0.18
37 CH, Br H 0.15 -0.79 1.08 187 0.07 1.94 1.91 0.03
38 CH, H F 0.15 -0.79 033 122 002 1.24 095 0.29
39 CH, H CH, 0.15 -0.79 0.52 100 0.00 1.00 1.19 -0.19
40 CH, H NO, 0.15 -0.79 036 097 027 1.24 099 0.25

@Ref 13, YSee footnote # CRef 12. 9Eq 2. €Eq 3. fEq 4. Eq

OR, nor Es°r_ are significant at the p <0.10 level indicat-
ing the lack of influence on activity of both electronic and
steric effects of the 3 substituent. The presence of the
~mR,? term shows that an increase in the lipophilicity of
the 3 substituent beyond an optimum value results in a de-
crease in activity.

Expanding the range of 3 substituents studied (Table 11,
1-3, 7, 12-34) leads to eq 12. The general relationships
seen previously in eq 11 are confirmed by eq 12 which was

A*=0.37(:0.57) + 1.33(20.39)7g _ +0.72(20.62)7R , —

0.19(0.21)mg 2 (p < 01005) (p < 0°01)
(p < 0.10)
n=27,r=087,7=0.75,s = 0.37, p < 0.005 (12)

derived from a broader data base. The electronic term OR,
again is not significant. The correlation of OR, With R
in this data set has a coefficient of —0.30 so a covariance
problem is an unlikely reason for the lack of significance of
OR,. It may therefore be concluded that an electronic ef-
fect from the 3 substituent does not influence the observed
activity (corrected for ionization effects) of 3-substituted
compounds.

In the foregoing sections the effects on activity of sub-

11. PEq 12. 'Eq 13. /Estimated.

stituent variation in the benzenoid portion of the benzo-
thiadiazine molecule and at position 3 have been separately
analyzed. From Table II there were selected 33 compounds
(1-3, 7, 12-40) encompassing representative substituent
variation at positions 3, 6, and 7 which leads to the more
general eq 13 for the series. The compounds in this set
were selected with a view to obtaining a balanced representa-
tion of substituent variation in the different positions. In-
clusion of all available compounds would risk a possible
statistical distortion through overweighting of certain sub-
stituents, particularly the 3-methyl substituent. It can be
seen that eq 13, which accounts for 84% of the variance in

A*=042(£0.33) + 1.28(x0.31)mg _ +0.72(x0.47)1g, —

0.19(x0.16)1 > (p < 0.005) (p < 0.005)
(p < 0.05)
n=33,r=091,r2=084,5=0.35, p < 0.005 (13)

the data, is very similar to previous eq 11 and 12 derived
from studies of 3-substituent variation. Of 33 compounds,
29 have activity values computed according to eq 13 which
are close to the experimental values. Compounds 19, 22,
and 23 (Table I1) show fairly wide discrepancies between
calculated and observed activities. In the case of the 3-AL-
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cyclopentenyl compound (Table 11, 17), however, there is
an order of magnitude difference. Compounds 1-6, 8-9,
12-15, 17, and 19-20 from Table I and 4-6 and 8-11 from
Table II which were not included in the set from which eq
13 was derived, had calculated activity values according to
eq 13 in generally good agreement with the experimental
values.

It is interesting to consider the poor fit in the regression
analysis of the 3-A-cyclopentenyl compound (Table II, 17)
in the light of the calculated difference in conformation® of
this substituent with respect to the benzothiadiazine nu-
cleus as compared with the A% and A® isomers and the
cyclopentyl substituent. If the 3 substituent is considered
to interact in terms of hydrophobic bonding with a receptor
region, perpendicular to the plane of the benzothiadiazine
nucleus (see later discussion), then the degree of the inter-
action will depend on that portion of the substituent which
is in a position to interact at the receptor surface. Thus,
the A3-cyclopentenyl and cyclopentyl substituents both can
present a full face to the receptor for maximum interaction
according to their calculated conformations. There will be
minimum effective interaction (= 2 CH, groups) in the case
of the A! isomer and an intermediate one for the A? isomer.
It is immediately clear by inspection that this might explain
the poor fit of the A! isomer. To allow for this effect a mod-
ified 7 value (') was estimated and assigned to the appro-
priate 3 substituents as determined from an examination of
molecular models. As applied to the 33 compounds on
which eq 13 was based this did reduce somewhat the error
of estimation of the A! isomer and improve slightly, but
significantly, the overall fit in the regression analysis. How-
ever, if the Al isomer was left out and the results compared
with those obtained from the remaining compounds, there
was no statistically significant difference in the correlations

Table I1I. Comparison of Found and Estimated Activity Values
of Compounds not Included in Regression Analysis

Compound Aobsd? chb Agbsdc Agalcdd

3-(CH,),CH, 6,7- 318 0.15 3.33 3.71 -0.38
di-Br

3-Cyclopentyl, 4.07 0.10 4.17 3.92 +0.25
6-CF,, 7-C1

3-(CH;),CH, 6-CH , 2.55 0.01 2.56 2.68 -0.12
7-C1

3-(2-Thienylmethyl), 2.06 029 235 2.75 -0.40
6-CF,

3- NHz, 7-C1 1.63 0.00 1.63 1.46 +0.17

@Eq 2. PEq 3. “Eq 4. 9Eq 13.

Topliss and Yudis

using either 7 or 7’ values. Thus, it would be equally valid
to regard the A! isomer as an outlyer as far as the correla-
tions are concerned.

Differentiating eq 13 with respect to TR, leads to a value
7R, (max), which provides a maximum act1v1ty contribu-
tion in the equation. The value of 7, (max) obtained from
eq 13is 1.95. Equation 13, a simple express10n involving only
terms from readily available 7 values, represents a very satis-
factory general equation for a series of compounds encom-
passing a 4000- to 5000-fold variation in activity. From this
it is possible to state in simple terms the substituent require-
ments for maximum activity: (1) highly lipophilic groups at
positions 6 and 7, (2) a group at position 3 with a 7 value of
close to 2. In addition, because of the effects of ionization
previously discussed, the pK, of the compound should be
>8.0.

A test of eq 13 was carried out by comparing the found
and estimated activity values of six compounds which had
not been included in the regression analysis (Table III).

The deviation between the found and calculated activities
of the compounds was well within satisfactory limits.

In all the correlations discussed so far activity data has
been based on in vitro measurements of vascular reactivity.
Since this activity measure should relate to antihypertensive
activity it would clearly be of great interest to see what kind
of correlation could be obtained with the in vivo data. A
well-known problem with iz vivo data in mathematical cor-
relations of this type is poor quantification of activity data.
Fortunately, we did have available in vivo antihypertensive
activity data on 14 compounds$ determined in the DOCA
rat” (Table IV) which was thought to be of sufficient pre-
cision for use in the correlations. The activity value 4’ is de-
fined as log (1000/MED) where MED is the minimum ef-
fective dose which produces a significant lowering of blood
pressure. From these data eq 14 was derived which is of the

= 1.23(2040) + 0.43(£0.22)rg_, + 1.42(£1.14)mg

0.81(x0.78)1r 2 (p<0.005) (0 < 0.05)
(p < 0.05)
n=14,r=0.852=0.73,5=0.25, p <0.005 (14)

same general form as eq 13. The 7g_ (max) value in this
equation is 0.88.

The results of the correlations obtained in the main studies
using in vitro data provide a basis for speculation on some
aspects of the drug-receptor interactions in this series. An
examination of the coefficients of the mR,_, and TR terms
in eq 13 shows that the mg __ terms are much more Beavﬂy

Table IV. Observed and Calculated in Vivo Antihypertensive (Doca Rat) Activities of 3,6,7-Substituted-1,2,4-benzothiadiazine 1,1-Dioxides

X
No. R, R, R, R,? oR,? mR,.2 Obsd Caled® ad
1 CH, H Cl 0.15 -0.79 0.91 1.92 1.81 0.11
2 CH, CF, H 0.15 -0.79 1.30 1.82 1.98 -0.16
3 CH, H CF, 0.15 -0.79 1.22 1.82 1.94 -0.12
4 CH, H F 0.15 -0.79 0.33 140 1.56 -0.16
5 CH, OCH, ol 0.15 -0.79 1.18 2.22 193 0.29
6 CH, NO, cl 0.15 -0.79 1.13 2.00 1.90 0.10
7 CH(CH,), CF, a 0.99 -1.00 2.21 2.40 2.78 -0.38
8 CH(CH,CH,), a cl 1.72 -1.05 1.80 1.74 2.03 -0.29
9 Cyclopentyl H H 1.67 -1.05 0.00 1.12 1.33 -0.21
10 Cyclopentyl a Cl 167 -1.05 1.80 2.15 2.10 0.05
11 Cyclopentyl CF, Cl 1.67 -1.05 2.21 2.52 2.27 0.25
12 a’-Cyclopentenyl H H 1.37 -0.80 0.00 1.82 1.65 0.17
13 a-Cyclopentenyl Cl H 1.37 -0.80 0.89 2.10 2.03 0.07
14 a*-Cyclopentenyl Cl cl 1.37 -0.80 1.80 2.70 241 0.29

Ref 13. YFootnote #. °Eq 14.
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weighted than the mg _ term. This would indicate that the

7 terms relate prmmpally to hydrophobic bonding effects
rather than to penetration effects since if the latter were
dominant then approximately equal weighting of mR,., and
7R, would be expected. The point is illustrated by a ‘com-
parlson of compounds 11 and I1I. These have about the same

CF i H
N
a SO; so’:\J
1
logP =2.24 log P=2.20
A*=3.13 A*¥=1.15

partition coefficients and should thus be about equally
efficient in penetrating to the receptor site. However, II, the
lipophilic character of which is mainly accounted for by

the 6 and 7 substituents, has an activity 100-fold that of

I whose lipophilic character arises mostly from its 3 sub-
stituent. The situation is similar in the case of the in vivo
data (eq 14). Here a greater sensitivity to penetration effects
might have been expected. However, the correlation of ac-
tivity with Zr — (Z7)? for all substituents is poor (» = 0.60,
§=0.37).

It is suggested that hydrophobic bonding takes place at
R, and R, to a lipophilic area of the receptor and that
weaker hydrophobic bonding of R3 occurs at a second lipo-
philic area of the receptor. If R; is too lipophilic additional
hydrophobic bonding may result which is unfavorable to
the drug-receptor interaction, perhaps through receptor
perturbation which disturbs the optimum drug-receptor
fit. This would account for the presence of the —7g ? term
ineq13.

The fact that methylation of the 4-nitrogen atom in this
series results in a marked reduction of potency? suggests the
possibility of a hydrogen bonding type interaction of the
4-hydrogen atom (NH) with the receptor. An alternative
explanation is a steric effect in that a group larger than
hydrogen located on the 4-nitrogen might interfere with
the approach of the molecule to the optimum receptor site
position. Wohl!! has proposed that 4-N-methylation creates
an adverse effect on the charge type interactions of the
molecule with an anionic site located off the 4,4a and 5
positions in the plane of the nucleus.

An attachment to the receptor through the negatively
charged oxygens of the sulfonyl group also seems plausible,
particularly since removal of one of these oxygens, as in
the 1-oxide analog of diazoxide, results in a significant loss
of activity.!! This picture, however, is at variance with the
proposal,!! based on MO calculations, that the molecule in-
teracts with an anionic center in the region of the sulfonyl
oxygens and asymmetrically placed between them.

It seems appropriate at this juncture to attempt to make
some comparison between the results obtained in this in-
vestigation and those reported!! from a molecular orbital
treatment of the same series. In the latter study, although
the fit in the regression equation was excellent, more vari-
ables were required, fewer compounds were employed, and
the range of substituents studied was much more limited.
However, a number of ring-modified compounds were in-
cluded in the MO study which were not in the Hansch cor-
relations. Thus, the MO work was broader in its treatment
of different nuclei but narrower in its examination of sub-
stituent variation in the 1,2,4-benzothiadiazine 1,1-dioxide
system.

Our study shows a marked dependency of activity on the
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7 values of substituents at the 6 and 7 positions. It is not ob-
vious how this relates to the key regression equation (4) in
the MO study. In this connection it may be noted that of 7
hypothetical “receptor sites” selected for intermolecular
force calculations in the latter study, none was located in
the plane of the molecule adjacent to the 6 and 7 substitu-
ents.

With regard to substitution at the 3 position, the present
study has revealed a parabolic dependence on 7 (7 — 72),
but no significant correlation with o* (electronic effect).

In the MO work it was shown that activity increases with
increasing net positive charge on the 3 substituent and a
charge-charge type interaction of this substituent with a
hypothetical anionic center on the receptor located at site
[E] was proposed.!! If the findings between the two analyti-
cal approaches were consistent with regard to the 3 substitu-
ent then some dependency in the Hansch analysis on og *
might have been expected, since this term should roughly
correlate with net positive charge.

This difference could originate in the different sampling
of 3 substituents utilized in the two studies since, when the
compounds listed in Table I in the MO study were subjected
to the analytical procedure utilized in the present study, a
highly significant correlation with ¢* was found denoting
increased activity with increased electron release (= net posi-
tive charge) of the 3 substituent. Considering the more
numerous and diverse 3 substituents utilized in the primary
Hansch analysis, the significance of the role of the positive
charge on the 3 substituent as discussed in the MO correla-
tions may be questioned. Thus, the interesting basis pre-
sented® for the differences in activity of a series of 3-cyclic
substituents in which conformational preference is related
to regional charge on the 3-substituent group may be
fortuitous.

In this regard it may be noted that the inactive compound
with a 3-trifluoromethyl substituent cited as supporting
the conclusions of the MO study because of the high negative
charge of the CF3 group is, in fact, >99.9% ionized at the
pH under which the activity measurements were made. Such
a compound would not be capable of crossing the necessary
membrane barriers to arrive at the receptor site in meaning-
ful concentration and no activity would be expected for
this reason.

It appears likely that the compounds exert their action by
occupying a receptor site at which Ca®* is normally the
operative stimulus in inducing arterial contraction.® Wohl
has postulated a receptor model!! in which the drug mole-
cule forms weak molecular bonds at three anionic sites on
the receptor, two of which may be part of an organic phos-
phate, with subsequent disengagement following donation
of a partial negative charge from the compound to the re-
ceptor. The implied picture of two strategically located
electron-deficient regions of the drug molecule substituting
for the Ca®* ion at the receptor is a convenient and direct
one but is difficult to reconcile with the results of the pres-
ent study with respect to bonding interactions of the 3 sub-
stituent as previously discussed.

Inferences with regard to drug-receptor interaction which
follow from the present study suggest the importance of the
role of hydrophobic bonding at regions of the drug mole-
cule adjacent to the 6, 7 and 3 positions. The contributions
of other types of bonding interactions involving the 4-NH
and SO, functions were also suggested. Conceivably the
action of the drug may be indirect in that access of Ca?* to
its normal site of action may be prevented without direct
interaction of the drug with this particular site. Attach-
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ment of the drug molecule could occur, with a major con-
tribution from hydrophobic bonding, at proximal sites with
consequent steric blocking of the normal Ca?* site either
directly or perhaps following an induced receptor perturba-
tion.
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Partition coefficients for a series of substituted 2H-1,2 4-benzothiadiazine 1,1-dioxides were measured in
the system n-octanol-H,0 from which 7 values for a variety of substituents at different positions in the
heterocyclic nucleus were calculated. There were marked variations in 7 for the same substituent depend-
ing on its position of attachment to the nucleus. Low values were obtained for the 3,5 and 8 positions
due to the proximity of polar atoms. The additivity of 7 values in some polysubstituted compounds was

examined.

In recent years the value of the substituent constant ap-
proach in structure-activity correlations has been amply
demonstrated. It has been shown that 7, a free energy re-
lated constant, derived from partition coefficient data, which
relate to penetration and hydrophobic bonding effects, is
particularly useful in such work.! The 7 value for a sub-
stituent X is defined by the relationship nyx =log Px — log
Py, where Py is the partition coefficient of the parent nu-
cleus and Py that of an X-substituted derivative.” As in the
case of the analogous Hammet o constants, 7 values are
additive except where strong group interactions are present.

In connection with structure-activity correlations using
the substituent constant approach in a series of 2H4-1,2 4-
benzothiadiazine 1,1-dioxidet antihypertensive agents,’
we were faced with the problem of obtaining suitable 7
values for substituents in various positions in the nucleus.
Previous work®® on 7 values did not utilize heterocyclic
systems as the parent molecule and did not appear there-
fore, to offer an adequate basis for selection in this case.
Accordingly, it was necessary to obtain 7 values for sub-
stituents in the 2H-1,2 4-benzothiadiazine 1,1-dioxide
series directly from partition coefficient measurements of
the appropriate compounds.

Method. Partition coefficients, between n-octanol and
water, of a series of substituted 2H-1,2,4-benzothiadiazine
1,1-dioxides were measured (Table 1) from which 7 values
for a variety of substituents at different positions in the
nucleus were calculated (Table I11) using the relationship
mx =log Py — log Py. In addition to the parent 2A-1,2 4-
benzothiadiazine 1,1-dioxide (Table 1, 1), the 3-methyl, 6-

7These compounds are designated 2H consistent with Chemical
Abstracts practice although in solution they probably exist as the
4H tautomers and are depicted as such in structural formulas in this
paper (see ref 5).

chloro, 7-chloro, and 7-chloro-3-methyl compounds (Table
I, 2,8, 19, and 20) were required to provide reference values
(log Py) for the determination of some 7y values. Where a
value for a substituent could be computed in more than one
way from different reference compounds with comparable
accuracy an averaged value was used. In these cases the indi-
vidual values before averaging, were usually very similar.
Reference (parent) compounds used in the determination

of individual 7 values are noted in Table 1.

Results and Discussion

Large differences in 7 values for the same substituent at
different positions in the nucleus were found. In the benze-
noid portion of the nucleus (I) highest 7 values were ob-
served for the 6 and 7 positions; these values were close to
those reported by Fujita, et al.,® for the meta and para posi-

tions in the phenol system. There is a sharp drop in the 7
values at the 5 and 8 positions reflecting the proximity of
the polar NH and SO, functions, respectively, with attendant
possibilities for hydrogen bonding to water molecules. This
drop is more pronounced, particularly at the 8 position, than
that experienced in the change from the meta or para to the
ortho position in the phenol system. A good illustration is
afforded by comparing 7 values for the Cl function at the
5,6,7, and 8 positions in the benzothiadiazine system and
the ortho, meta, and para positions in the phenol system
(Chart I).



