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The conformational infhience of halogein snbstituent= npon the diphenyt ether moiety of 3,5,3'-trihalothyronine

analogs hax been calaulated nsing moleattar arbital theory,
found to prefer a conformation it which the plane of one ring bisects the second ring.

The thyromimetic hromo and iodo derivatives ate
The inactive chloro and

mnthstituted analogs arve fonnd to prefer a conformation in which the planes of the two ringsintersect at the O

atom.

For some time the view has been held that the iodine
atom was an essential feature of the thyroid-active
thyronine hormones. Replacemeut of one or two I
atoms with Br, Me, or ¢-Pr groups i the 3,3,5,-tri-
iodothyrounine molecule (1) has resulted in some re-
tention of aetivity, but no I-free analogs have been
found active until recently. Jorgensen and Nulu have
reported the synthesis of 3,5-dibromo-3/-icopropyl-1.-
thyronine (2) and have found that it s 1.7 to 7.3
times as potent as L-thyroxine in standard tests,! This
finding negates the postulate of a unigue role for |
in these molecules,
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(1) R=R’=R"”=1I
(2) R=R'=Br, R" =(CH3)2CH'

It lias been proposed that the 3,3-iodo groups (or
other substituents in these positions) serve to loeck
the phenolic ring into a bisecting conformation relative
to the alanine ring (Figure 1).* The positions on
the phenolie ring are now nonequivalent, that is,
the 3’ position 1s not equivalent to the 5’ position
unless the ring can freely rotate 180° (Iigures la,b).
The 3’ position has been shown to be of great impor-
tance for thyromimetic activity.

The influence of the 3.5 substituents in restricting
rotation of the phenolic ring can be studied by the
use of molecular orbital theory. In previous studies
we lave caleulated the preferred conformations of
numerous drug molecules in an effort to shed light
on their structures relative to their biological activ-
ities,®

In the present study we sought to verify, by quantun
chieinical caleulations, a prediction, based upon iu-
tuition, conecerning the preferred conformations of sev-
eral 3,53 -substituted thyronines. Tlhie model com-
pounds chosen were the 3,5,3-trichloro, 3,5,3'-tribromo,
and the 3,53 “tritodo analgos, along with the unsub-
stituted molecule.

Methods. - The extended Hiickel theory (EHT) was
nsed in making the ealeulations, the parameters for
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which are listed in Table I.
were of standard dimensions.

Bond lengths and angles

Tapue I
FHT Paramerins

Atomn ¢ N) HOOND, A u H. 2m, eV Hi 25, ¢V
It 1.000 — 13,60
« 1.625 —11.40 —21.40
N 1,050 — 13,40 —26.00
) 2,275 —17.76 —59.30
(&} 1.6Y 2,034 — 1394 —25.23
B 18R 1.710 — 12,068 —23.07
I 200 1,500 —12.01 2271

« Used Slater equation for 3= and 3p orhitals; xee text.

The treatment of 1 and Br was somewlhat trouble-
some, since the computer program available was not
capable of caleulating overlap integrals involving 4=,
4p, 58, or &p orbitals.  Therefore, an alternative to a
complete reprogramming was utilized which should
produce realistic results, at least insofar as basic trends
are concerned. This involved simulation of the Br
and I orbitals with 3s und 3p orbitals. The orbital
exponents were determined by maximizing the radial
overlap lutegral between the simulating and actual
orbitals.  This led to the use of an orbital expouent
of 1.50 for I and 1.71 for Br, the corresponding value
for Cl being 2.033. The use of such u procedure can
be justified in that the radial behavior of the simulating
orbitals is not much different from that of the actual
Slater orbitals. The approximate nature of extended
Hiickel theory does not justify concern about detailed
behavior of the basiz set, and the 4s, 4p, 5= and 5p
Slater orbitals are not very good approximations to
the corresponding Hartree—-Fock funetions it any
case. A stmilar approach has apparently been em-
ployved by Jordan in some EHT caleulations on bro-
mouracil,?  Further remarks concerning these points
are made i the Appendix.,

In all caleulations involving I and Br appropriate
valence-state iomization potentials were cliosen for the
diagonal matrix elements, We feel strongly that the
above procedure allows a simulation of Br and I that
is completely sufficient for the eonelusions drawn from
the computatiotis,

To stmplify the caleulations we have regarded the
alanine moiety as being too remote from the ether O
and the phenolic ring to influence the conformation
of the latter moiety. We have previously justified
thi= approach on theoretical grounds.” We have. ac-
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Figiure 1.—Conformations of diphenyl ether moiety showing the
plane of the phenolic ring bisecting the alanine ring.
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Figure 2.—Conformation of phenylalanine moiety from molecular
orbital calenlations.s

cordingly, adopted the conformation of phenylalanine,
previously calculated, for the alanine side chain.® The
calculation of the diphenyl ether conformation was
accordingly calculated on the entire thyronine molecule,
holding the alanine side chain in a conformation pre-
viously predicted for phenylalanine.

Results

The calculated conformation of the phenylalanine
moiety is shown in Figure 2. If we reconstruct the
trilodothyronine molecule with the amino acid moiety
in its calculated eonformation, we can see that no
feature of the amino acid residue lies within 6 A of a
halogen atom or other feature of the phenolic ring.
Thus, we would not expect any interaction from those
parts of the trilodothyronine not included in the phenyl-
alanine ecalculation, and we believe that our disection
technique is justified.?

In Figure 3, the calculated relationship between
the two rings for various 3,5,3'-substituents is shown.

The conformations at 180 and 0° are for the rings
in a conformation shown in Figure 1. The potential

(6) L.B. Kierand J. M, George, Theor, Chim. Acta, 14, 268 (1969).
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Figure 3.—Calculated relative energies for several analogies as
a fimection of the rotation of the phenolicring. At 180 and 0°, the
conformations are as shown in Figure 1 a and b, respectively.

curve is symmetric about the arrangement at 270°
except for minor differences which we feel are insignifi-
cant.

Discussion

The absolute value of the energy is not the impor-
tant result here, since it is well known that barriers
are sometimes considerably exaggerated in extended
Hiickel calculations. The trends, however, are ex-
tremely significant, in that the caleulations clearly
show that the tribromo and triiodo derivatives, which
are biologically active, have a perpendicular arrange-
ment of the rings that is “locked-in" by a considerable
barrier to internal rotation. It is also apparent that
the calculations do not discriminate energetically be-
tween the structures shown in Figure 1la,b, so that
either structure may be invoked as the active form
in the absence of substituents in the 2’ and/or 6’
positions.

The trichloro compound, on the other hand, shows
very little conformational preference, and the most
stable conformation is predicted to occur for the
eclipsing arrangement of the rings. Finally, the un-
substituted molecule shows a clear conformational
preference for the eclipsing arrangement. The intuitive
predictions concerning the perpendicular ring arrange-
ment in active species are therefore confirmed by these
theoretical calculations. Furthermore, it would appear
that the conformational details of the molecules studied
here are governed by classical steric effects, since the
preferred conformations and barriers to internal rota-
tion seem to be functions of the ‘‘size” of the sub-
stituent rather than of hydrogen bonding, lone-pair
repulsions, or other subtle influences.
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Appendix

The <inmulation of Br and 1 orbitals by 3 and 3p
fnnetions may at first appear omewhat coutroversial,
Therefore, a detailed deseription ix given here, along
witht additional data indieating that this proecdure
appears to be valid and =hould give reasonable pre-
dietionx for the trends noted in this paper.

The orbitals to be fitted were cliosen to be Slater
funetions with orbital exponertts given by Slater's rules.
The radial part of these orbitals is of the form

Nore=texp(—¢&,r),

where N, = 2¢ )5+ < T'(2u,+1)"% I'(r) being the
funetion. It ix neeessary to use this form =ince s,
for bromine is nonintegral.  The radial part of the
simitlating orbital is

Na#exp(—{o),

where Ny = (2¢)7 +(720)" .
The overlap integral between the above two funetions

1=

“”,+ 4

Y

S = NNI(ng +4) (& + &)

Hinsox, Bass, avn Prusoad

differentiating S with respect to ¢ and setting the
resuitlt to zero leads to

Co = 0¢

(20, + 1),

The overlap integral between the actual Slater orbital
and the simulating orbital ix 0.995 for bromine and
0.996 for todine. <hawing that there ix o neghgible
differenee between the.

Table 11 gives computed md experiniental vahies

Ty 1
Coxprren aNp Exaiannsran Baameges

To InTEry AL Roryvaos

Alclecale T Tarrier Ixpeerinental heeier "
CaIy +.0) 2N
IR @ 5.7 3.7
By 6.8 5y
kit 6.~ 3.2 e 000

<Al values are in keal ole. " Experimental vesndtz taken
{front the tabulation given by J. . Lowe, Progr. Phys. Ora.
Chesu., 601110687,

for the barrier to internal rotation m CyHe EtCL
EtBr, and Etl. The computed barriers are all ex-
aggerated. which i not uncommon in EHT ealeulations.
However. the use of simulated orbitals for bromine
anc todine has led to an additional error of ouly about 1
keal 'mole. Therefore, even if the computed barriers
n1 the thyronine derivatives are in error by a factor
of 5. we feel the resnlts for the trends predieted ecanuot
be di=puted.
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The baxis for a staustical analysix of the Free-Wilkon stracture-activity miodel is presented along with an
explanation and interpretation of the multiple correlation coefficient, the F text of coefficient =ignificance, and

the explained vatiaice.

11 conditioning ix disenssed a= g problem of data suitablility and a method for deteeting

this property is suggested. Two examples ithistrate the methodology and interpretaiion.

With inereasing emphasis ou the application of math-
ematical and linear free energy related models to quan-
titative nnderstanding of strueture- activity relation-
ships,?® it becomes 11ccessary to tvestigate the limita-
tions and utilities of these methods.  This work repre-
sentts it attempt to establish eriteria for the validity of
thie application of the Free-Wilson model.d The pro-
posed model and the development of thie basis for a
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statistieal analysisx of the data will be presented here.
The problem of ill conditioning which sometimes oeetirs
with this model will be presented along with twa ex-
amples uring the developed analvsis,

The mathematical model developed by lvee and
Wilson to study strineture activity relationships is ap-
plicable when dealing with an analogous series of com-
pounds with eorresponding biological activity data.
A basic assumption of this model is that the activity ot
ach compound cuann be resolved as the sum of contri-
butions associated with the separate segments of the
molecule.  As a result, the activity of each compound
it a series can be represented in the form of a hnear
equation ax follows:

_ overall - contribution of segment 1 4

average

biologieal
activity

........ + coutribution of segment » (1)



