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SUMM A RY

Extended H#{252}ckeltheory molecular orbital calculations have been carried out on a repre-
sentative iiumber of antihypertensive benzothiadiazines to determine the role that con-

formation and tautomeric behavior play in the pharmacology of these compounds, as a
preliminary to the multiple regression analyses which form the next ialJer in this series

[A. ,J. Wohi, Mol. Pharmacol. 6, 193 (1970)]. The results indicate that (a) all compounds

studied prefer to exist as the 4-H rather than the 2-H tautomer, in agreement with iwe-
vious ultraviolet spectroscopy conclusions, and (b) the conformation of substituent groups
seems to play a very important role in determining the antihypertensive potency of these
substances. The conformation of highly potent cycloalkenyl substituents changes markedly
with positional double-bond isomerism, and these changes are reflected directly in the re-
suiting potency.

INTRODUCTION

Within the past few years the avail a-

bility of high-speed digital computers and

all-valence-electron semiempirical molecu-

lar orbital methods has placed biologi-

cally important substances in the realm of

feasible molecular orbital studies. Kier, in

particular, has applied one of these meth-

ods, the extended H#{252}ckeltheory of Hoffmann

(1), to several compounds of pharmacologi-

cal interest, with informative and useful

results (2-5).

Central to any attempt at quantitative

assessment of the relative importance of

the many electronic and steric factors which

govern drug-receptor interactions, and which

consequently determine the degree and type

of resulting biological activity, is a knowl-
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edge of the actual molecular species in-

volved in the interaction. In this paper, the

first of several devoted to numerical analysis

of the steric and electronic influences im-

posed upon a particular receptor system

which has been implicated in the antihyper-

tensive mechanism of action of the benzo-

thiadiazines ((�-8), the molecular species is

determined with respect to taut omerism

and conformation by the extended H#{252}ckel

theory.

The results illustrate the frequent (hffi-

culties which more straightforward struc-

ture-activity studies may encounter with

regard to untenable assumptions of con-

formation. The results are also informative

as explanat ioiis for some surprisingly (liver-

gent antihypertensive potencies between

overtly similar structures.
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Slatertoni orbital Ionization potential (orbital)
t\l)C exponent

II 1 (XX) - 13.bO (lx)

(‘ 1.U25 -21.40 (2x -11.4() (2p)

N 1.951) -21i.(X) (2.s) -13.4() (2p)

0 2.275 -35.30 (2.� -17.7�i (2p

F 2iiX) -35.24 (2.i -20.Sti (2j.)

5 1.515 -20.05 (3.� -13.32 (3��

(1 2.033 -25.23 (3.’i -13.34 (3/))

4-H 2-H
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The :Ibl)reviat jolt lse(l Is: 1;!IT, (Xl eitded
I l#{252}ckcl I heorv.

�1ET1IO1)S

1I1( ftl()le(tIltIlorl)it.aIlorniulat ion of hoff-

mann (1) \Vfl5 employe(l iii the studies to be

l’ep( )rt NI in this an(I the following paper (i)).

1:fll (al(ulations were (arried out cx-

art lv as (le�(ribed by Kier (2). The parame-

ter values employed involved a larger set

thati was des(ribed in the above publira-

tion, �LII(I are showii in Table I . All values for

ioiiizatioii potentials are from Flitize and

,Jath� (10).

Ihe version of EFIT used in this study

is that ifeted by the Quantum (�hemi(a1

Program Exehange of Indiana University

(QCPE ) and is available from this organ-

ization as QCPE (i4. It is able to aecommo-

(late up to 140 orbitals an(I to haiidle third-

row atoms.

Although no provision is made for other

thait .�- and p-orbitals in QCPE 64, sulfur

3d-orbitals (ould have been considered

through the use of a similar program graci-

ously supplie(l to the author by IL Hoff-

manti. Several author5 (11 -13) have pro-

posed that the sulfur atom, when atta(hed

to elect ronegal PC ligands (as is the (115e in

the beiizothiadiazines), may undergo a

(ontraciloll of the (lifluse 3d radial func-

tions (ompatible with (hemi(al bonding.

Sulfur 3d-orl)it als \V(r( Iiot (ollsidel’Cd in

this si l1(l\, because the results of several

cal(ulatioIIs with 3d iIl(lusion di(I not apple-

ciably change either the charge distribution

oti the mole(ule (except for the sulfur

(barge) or the order or energy of the bonding

oi’bitals. Furthermore, since the SO� group-

ilig is a consistent feature of the compounds

under study, it was felt that the absence of

3d-orbital inclusion (0111(1 i)e related by a

simple scaling factor to a similar series of

(alculations with su(h in(lusion.

It is also recognized the EHT calculations

produce exaggerated tharge distributions.

Self-consisten(y within the series of mole-

(tiles was felt to obviate consideration of

this problem as well, since the typical dif-

ference in results between EHT and the

more theoretically complete (‘NDO/2 cal-

culations is tiot the sign but merely the mag-

nitude of charge.

Ti’e geometry of the molecule is required

as input� to the EHT computation. This was

provided by a program to calculate Car-

tesian coordinates (PROXYZ; QCPE #{182})4),

using bond letigth and bond angle informa-

tion from the compilations of Sutton (14,

15) and from All#{233}aume an(1 1)ecap (16).

The molecules treated in this study may

assume either of two tautomeric forms (Fig.

1). This tautomerism was initially assumed

to possess an equilibrium constant of 1 .0

for interconversion of 2-H and 4-H tauto-

mers. Calculations were therefore conducted

at equivalent N2-( ahi(I C:i-N bond dis-

Ft n . I . Si tue/i4 ic of benzoih ((1(11 azine I , 1 -thor -

((/4’S (nI/C, (/l.SC1!.SSWfl

Fhe I alit oi�eis 114 i(IcIIl ifie(1 below ca(h st itic-
I tue. The rot 01 ioiial isomerism of 3-sul)St it tiled
(oml)ouiIds is iildicate(I by the angle 0, represent -

jug the rotation of the plane of the subst itueiit

relative to the l)elizot hiadiazi tie ii hg plate.
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Ta ulomeric slab, /ilij in benzoih l(I(/lt’XZ? TiCS

x��IIi

.�F

R
(4-Fl fog

2-H)

koil/
��io1e

II II 6.508 4.588

CIT3 II 6.485 4.572

CII, 5-Cl 6.491 4.576
CIT3 6-Cl 6.445 4.546

CIT3 7-Cl 6.473 4.564

CU3 S-Cl 6.508 4.588
CU3 6,7-Cl2 6.450 4.547

CIT3 7-F’ 6.476 4.566
CIT3 7-CU; 6.537 4.609

CIT3 6-Cl-7-C113 6.517 4.595
Cl!3 6-N02-7-Cl 6.476 4.566
II 6-C1-7-502N112 6.615 4.664
CF3 6-Cl 6.450 4.547

CU3 5-C113-7-Cl 0.424 0.299

II 5-aza 4.985 3.514
II 7-aza 6.705 4.727

CI 13 (sulfoxv) 7-Cl 6. 090 4. 294

(�I13 6-(’I-thieno 3.927 2.769

Pheiivl 6-Cl 5.995 4.227
V-Cyelopeiitvl 6,7-Cl2 6.224 4.388

2-Furvl 6-Cl 5.444 3.8.38

tan(es tUl(l valen(v tt.iigles ( 1 .35 A ; I 20

degrees).

I�urther oljservatioiis were made with

varying bond lengths and angles. hut dij

not differ from those made when the (a!-

culat ions were (onduct ed assumilig t rue

interconvertihility , unless unrealistic single-

and double-bond values were used for the

tautomeric atoms (for numbering of atoms,

see F’ig. I).

hotation about the plane of the benzo-

thiadiazine nucleus may oc(ur for all sub-

stituent groups. The angle of rotation, 0

(Fig. 1), was varied through the complete

range of nonequivalence � all substituents.

Where applicable, that is, with molecules

capable of changes in conformation by vir-

tue of substituent rotation, the preferred

tautomer was determined at the preferred

rotational conformer for each of the tauto-

mers.

RESULTS .�XI) 1)ISCUSSIOX

Ta utomerism. (‘aleulat ions were carried

out on the 2-H and 4-H tautomers of a

number of variously substituted bcnzo-

thiadiazines. The t automer possessing the

lowest (most negative) total molecular

energy was considered, as is usual in su(h

studies, to he the more stable species; the

difference between the two tautomers was

taken to represent the energy barrier for

interconversion. The energy barrier and the

equilibrium constant for 2-H � 4-H tan-

tornerism are given for 21 compounds in
rfble 2.

rI�lie selection of compounds itt Table 2

compnses six different 3-position substitu-

ents, three different types of nuclei, and a

large number of positional and substituelit

variations in the henzenoid nucleus. Al-

though the degree of 4-H tautonier prefer-

ence varies widely over the series, the con-

sistency as well as the magnitude of the pref-

erences calculated is convincing demonst ia-

tion that the henzothiadiazines are likely,

in general, to exist as the 4-H tautomer.

Additional calculations were carried out.

Equilibrium (olistahlt fot 2-Il 4-11 (oliver-

SiOhi at 37#{176}.These values were calculated by the

expression K = -Cxl) (.�FRT), where //is I he gas

cotist alit .�F is the El IT eiierg�- (liflerence of the

previotis (1)1 omIt, a id 7’ is the l emperat tire. Si nec
the taut omer lit er(oilversiohl will take place

without changes iii cut ropv �tf the system regard-

less of the Iaol omeriza Iion rea(t ion mechanism,

= �F and the use of I he above equal it�ii is

justified.

on a few additional compounds for which

the \2-{$ and (‘-Nt (list an(es were

reduced to 1.31 A when doul)le-bonded,

and to 1 .39 A when single-bonded. Even

with this large separation, tantamount to

assuming a considerable energy barrier for

3 � �‘ � tautomerization, the �2, 3 or

4-H tai.itomer \V�l5 (olisistetitly favored,
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Suni�iiaii/ of eonforiit �lt’)fl(tI pIt�fCr(’n( 4’

Rotamer . .-�ntihv
f�nergv -.

l)re- . Pertensivenarrier
ferred#{176} Potency

Group

2-Furvl

�‘-(�vclopentenyl

Phenyl
1-Cyclohept atrienvl
�2-Cyclopetit etivl

Cyclopent vl

&-Cych )1)C1I t etivl

kcal/nzole

0 7.8

0 3.6

45 21
45 :�.o
45 3.9

90 4.1

90 4.1

#{149}POSITION OF MINIMUM
MOLECULAR ENERGYI-

z
w

1-

(I)

0)

z
0

I-)
I-
‘Ii
z

DEGREES ROTATION

FI(;. 3. 1/etationship between cotif or,oation (mu regional charge on the .1iibstiluent group in the three po.-

sib/c isomers of 3-eye/open/en ylhenzotli iailumzine I , 1 -dioxides

The ordi nate shows the net charge summe(l over the 3-subst it11(111 as a fttiict ion of I he atigle of rot a-

tioti showti ott the abscissa. It cati be seeti Ihat the posit ions of mi 10 murti molecular energy atid maximum

charge (oitlcide otily for the .�3-isomer, atl(I that , while the maximum posit ive (harges are similar iii all

three compoutds. it is the charge at the equilibrium cotiformal loll which relates to l)iologidal act ivit v.

Fi(;. 2. (‘onformnation of 3-SILbStilILle(/ benzolhia(/iazin.e 1 , 1 -(liOxides

The ordinate is the computed total mole(utl ar energy itt kilocalories Per Inole; the fll)5(isStL is the

angle of rot at iou, 0. A. Cyclopetityl : syminet rical st ruct tire evenly (list ributted 111)0111 1 he tiuclear plate

at mitt ual perpetidicularit v. B. .�3-Cyclopettt envl : alt oget her similar to Ihe sat urat ed cvclopett I vI

group. C. .�2-Cvclopetit etiyl : quite differetit from the foregoing isomer, slu)wi ttg a iii� ii� nitini etiergv at

225 degrees (dihedral atigle = 45 degrees). I). Cyclohepta-2,4,6-trieii-1-yl : group exhibits the least

hitidered rot atioti, showitig a shallow minimum at 135 (legrees (45 (legrees) . K. .�-Cyclopentettvl : this

positional isomer is differetit from 1)01 Ii of I lie 01 her double-bond isomers (13 attd C) iti I his stud�, givi tig

a mitiimum energy at the coplanar cisoid st ruct ore. F. 2-Furvl : very similar 11) the foregoitig. (. Phetivl

the (omput ed nh iii mum is at a dihedral atigle (if 45 degrees (results summarized in Table :3).
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I)ihedral angle, in degrees, between Plate of

nucleus 1111(1 1 hat of siihst it ueiit

6 )ilTeret,ce bet weeit rot amer of lowest atid

highest stability.

Rank of ‘‘ant ihvpertetisive pot eticy’ ‘ in rilro.

See the accompativitig p;Lper (9) for full (usd15-

Sloti

although the ci iergy di fleret ice had de-

creased to values cetit-ering about 2.4 kcal’

-- mole, for which log K7#{176}= I .0.

I ndependent chemical evideiice for these

results is provided by the ultraviolet, spec-

roscopic work of Novello et a!. (1 7). This

confirmation of the present. work obvi-
ates, in part-, a fre( luent obj ect ion to the

applicability of molecular orbit al methods

(which treat molecules iti total isolatioti) to

5 systems involving solutions, or even within

crystal structures.

(‘on format ion. The sitigle b )h 1(1 bet weet i

(arbon 3 of the ring system an(l attached

groups is one about which r)t at ion may

occur. The (ompoufids to be (lis(Ussed I)e-

low show sizable (Ilergy barriers to such

rot atioii.

Figure 2 sh()ws the results obtained with
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seven different types of 3-positioti stib-

stit uent s. These results are summarized in

TIl 3. Tj� these results are likely to

represent. act ual conformat.h)tls may he in-

ferred from the size of the rotational bar-

riers. Hoflmanti (1) calculated the staggered-

eclipsed rot-atiotial harrier itt ethane to be 4

ken-i/mole. Mi(1’O\Vave det-ei’niutiatiotis of

this energy barrier (18, 19) yield values of

2.8l�-3.030 kcal.’mole. While EHT prob-

ably exaggerates the magnitude of such bar-

ncr determinations, the procedure has

yielded useful atal often (luite accurate

conformational analyses ill a large variety

of chemical systems (20-23).

It is interesting to note the correspond-

en(e between biological potency and the

preferred rotational isomer, maximum po-

tency being attained when mutual per-

pendicul an ty obtains between subst it uen t

group and benzothiadiazine nucleus. We

may speculate that- a segment of the re-

ceptor at which these agents function, a

‘‘site of attachment,’’ is situated so as to

produce maximum interaction wheii the

plane of the 3-substituent group, rather

than one or more of its component atoms,

is presented to the receptor surface.

It may eveti be possible to deduce some

itiformation relating to the nature of the

proposed site with which the 3-substituent

interacts. 1’igurc 3 shows that positive

charge and conformation are not unrelated,

and that the in(reased group positivity (24),

which is simply the summed ir-charge over

all atoms itt the subst-it-uent, may be the

actual determinant of potency rather than

conformation itself. The nature of the inter-

action would thus seem, at least with re-

gard to this presumed site, to he that- of a

charge-charge attraction, and so we may

tentatively assigti an anionic character to the

proposed site ott the basis of these results.

The implicatiotis of these findings with

regard to the st ructure of this possible

receptor atta(hmellt site’’ ��ill be (IiS(tlssed

intensively itt the accompattving paper (9).
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