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NORMAN C A M E R M A ~  and ARTHUR CAMERMAN. Can. J. Chem. 52,3048 (1974). 
The three-dimensional structure of triiodothyropropionic acid ethyl ester has been deter- 

mined as part of an investigation of the stereochemistry of the thyroid hormones. The com- 
pound crystallizes in the monoclinic space group P2,/c, with cell dimensions a = 14.60, 
b = 8.843, c = 16.70 A, B = 111'27'; Z = four molecules per cell. The structure was de- 
termined by direct centrosymmetric phasing procedures to locate the iodine atoms and phasing 
on the iodines to find the light atoms. Refinement was by anisotropic full-matrix least squares 
to a final discrepancy value R = 0.038. 

The two phenyl rings in the molecule are skewed with respect to each other and are not far 
from being mutually perpendicular, with angles of 88 and 10' between the plane of the inter-ring 
ether linkage and the planes of the diiodo-ring and the monoiodo-ring, respectively. The con- 
formation is such that the 3'-iodine atom isproximal to the diiodo-ring, similar to the molecular 
conformation found in the crystal structure of triiodo-L-thyronine hydrochloride. 

NORMAN CAMERMAN et ARTHUR CAMERMAS. Can. J. Chem. 52,3048 (1974). 
On determine la structure tridimensionnelle de I'ester tthylique de l'acide triiodothyropro- 

pionique comme une partie de I'etude steriochimique des hormones thyroides. Le compose 
cristallise dans le systeme monoclinique, groupe d'espace P2,lc avec les dimensions de la 
maille a = 14.60, b = 8.843, c = 16.70 A, a = 11 1'27'; Z = 4 molecules par maille. On 
determine la structure par des procedts directs de phasage centrosymetrique pour localiser 
les atomes d'iode; on phase les iodes pour trouver les atomes 1Cgers. On affine par moindres 
carrts a matrice entiere anisotrope a une valeur finale de R = 0.038. 

Les deux noyaux phenyles dans la molCcule sont gauches l'un par rapport a l'autre, et ne 
sont pas loin d'ttre perpendiculaires avec les angles de 88 et 10" entre d'une part le plan de lien 
ether entre les noyaux et, d'autre part, les plans respectifs du noyau diiodC et du noyau mono- 
iode. La conformation est telle que I'atome iodo-3' est le plus proche du noyau diiode: elle est 
similaire a la conformation moliculaire trouvee dans la structure cristalline du hydrochlorure 
triiodo L-thyronine. [Traduit par le journal] 

Introduction 
Triiodothyropropionic acid (T3P) (P-[4-(3'- 

iodo-4'-hydroxyphenoxy)-3,5-diiodophenyllpro- 
pionic acid) is chemically very similar to triiodo- 
thyronine (T,), the most potent naturally-occur- 
ring thyroid hormone; the two molecules differ 
in chemical structure only in that T3P lacks an 
a-amino group. In various tests of thyromimetic 
action T,P exhibits from 2-20% of the hormonal 
potency of T, and from 10-60Y, of the activity 
of thyroxine, depending on the biological func- 
tion being measured (1). Indeed, in one test, the 
determination of the minimal dose of a com- 

'For Part 11 of this series see ref. 8. 

pound which would promote metamorphosis of 
the tadpole (Rana pipiens), T3P was 60 times as 
active as T, and 300 times more active than 
thyroxine (1). It has also been found (1) that T3P 
administered to myxedematous patients mim- 
icked T3 in lowering serum cholesterol levels but 
had little effect on the basal metabolism rate; 
these results indicate that certain physiologic 
effects of thyroid hormones can be dissociated 
by alteration of molecular structure. The thy- 
romimetic action of T,P has led to its marketing 
in Europe as a thyroid supplement and choles- 
teropenic agent. 

We have recently determined the three-dimen- 
sional structure of triiodo-L-thyronine (2) and 
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found that the molecular conformation is such Structure Determination 

that the pring 3/-iodine is situated proximal to The symbolic addition procedure was used to deter- 
mine the phases of the reflections. Three reflections were the d i i odo t~ ros~ l  ('1 ring, rather than as ,,signed phases of Oc, three more were assigned symbo]ic 

was concluded from chemical structure - bio- phases, and the X2 formula was iteratively applied. 
logical activity tests (3). Though molecular orbi- Phases were ultimately determined for 391 reflections with 
tal calculations (2) gave additional support for ! E 2 1.4 and these were used to calculate a three- 
the greater stability of the 3t-iodine dimensional E map. It had been noted early in the struc- 

ture determination that almost all of the planes with high 
conformation than the possibility in T3, it E values had indices of the form 1 = even (only 2 of 86 
is highly desirable to seek other structural data planes with E > 2.2 had 1 = odd and similarly only 22 
of T, analogs to clarify this conformational of 184 planes with E > 1.9), which indicates that the 

T~~~~~~~ chem[cal similarity o f ~ 3 p  to iodines in the molecule of T3P (ethyl ester) are situated 
at  rather special positions in the cell with respect to their 

T 3  and the fact that it possesses some degree y coordinates. This was confirmed by the E map: there 
of thyromimetic activity make it the obvious and were four major peaks on the map and all had y coordln- 
ideal choice for structural elucidation and con- ates close to 0. 112. or 314. In addition. one of the ~ e a k s  , , ,  , 

formational comparison with T,. Thus we have was at  x = 0.25 and two of the others were related to 
determined the three-dimensional molecular each other by a pseudo mirror plane at  s = 0.25. One of 

these mirror-related peaks was chosen along with the 
structure of triiodothyropropionic acid ethyl other two independent peaks as the positions of the three 
ester in ~ r d e r  to see if the 3'-iodineproximal con- iodines, structure factors were calculated and a difference- 
formation found for T, is the generally favored Fourier map was computed. All of the carbon and oxygen 
one for this type of thyromimetic agents and to atoms of the T3P molecule were clearly revealed and addi- 

see if differing stereochemical features can be in- tional density in the map showed that the compound was 
the ethyl ester of triiodothyropropionic acid, esterification 

vOked the differing spectra biological apparently having taken place during crystallization from 
actions of these two hormones. HC1-ethanol. 

Experimental 
Triiodothyropropioni( acid (whitish powder) was dis- 

solved in an ethanol-HC1 solution and thin colorless 
diamond shaped plates (later shown by the structure de- 
termination to be the ethyl ester of T3P) were obtained 
by solvent evaporation. The unit cell dimensions were 
determined from diffractometer measurements and crystal 
data are as follows: ethyl triiodothyropropionate,C17H,, 
130,, mol. wt. 664.02, monoclinic, a = 14.60 , 0.01, 
b = 8.843 + 0.005, c = 16.70 k 0.01 A, /J = 11 1' 27' i 
lo', space group P2,lc. The density, calculated on the 
basis of four molecules per unit cell is 2.199 g ~ m - ~ .  
Absorption coefficient, p (for Mo K a  radiation) is 47.5 
cm- ' .  

Intensity data were collected on an automated four- 
circle diffractometer (Zr-filtered Mo radiation) and all 
independent reflections with 28 (MoKrx) i 48" (corres- 
ponding to a minimum interplanar spacing of 0.87 A) 
were measured. The moving crystal -moving counter 
technique was employed (28 scan) with stationary counts 
for background radiation on each side of the reflection. A 
total of 3152 reflections was measured, of which 2488 had 
intensity greater than 20,, where o, = (N,, + NpK + 
NB2)'12, NB1 and N,, are the background counts, and 
N p K  is the scan count. Those reflections with intensities 
less than 20, were classified "unobserved" and were not 
used in structure refinement. The crystal used for data 
collection had dimensions approximately 0.1 x 0.2 x 
0.9 mm, and absorption corrections were applied using a 
modified version of a computer program by Coppens et 
al. (4). Lorentz and polarization factors were applied and 
structure amplitudes F (  and normalized structure am- 
plitudes : El were derived. 

Structirre Refinenlent 
The atomic coordinates and thermal parameters were 

refined by full-matrix least squares. The function mini- 
mized was Zw ( F 0  - , with weights M. = ( 1 / ~ , ) ~  
and the atomic scattering factors were taken from the 
International Tables for X-Ray Crystallography (5).2 
Two cycles of refinement with isotropic thermal para- 
meters resulted in a discrepancy index R = 0.099 and two 
anisotropic cycles lowered R to 0.044. The hydrogen 
atoms were located from difference Fourier maps and 
three cycles of refinement, allowing everything to vary 
except the hydrogen thermal parameters (held fixed at the 
values of the atoms to which the hydrogens are bonded) 
resulted in a final R of 0.038. The atomic fractional 
coordinates and thermal parameters are given in Table 1 ,  
in which the Ui, are coefficients in the expression exp 
[ -  2n2 (h2U1 la*2+ ... + 2klUz3b*c*)]. The table of final 
observed and calculated structure factors may be found 
in the Depository of Unpublished Data.j Coordinates for 
the hydrogen atoms are given in Table 2. 

Discussion 
A stereoscopic drawing of ethyl triiodothyro- 

propionate illustrating both the molecular con- 
formation and the relative magnitudes and 

2The scattering curve for iodine was not corrected for 
anomalous dispersion. 

3Tables of final observed and calculated structure fac- 
tors for T,P are available, at  a nominal charge, from the 
Depository of Unpublished Data, National Science 
Library, National Research Council of Canada, Ottawa, 
Canada, KIA 0S2. 
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TABLE 1. Fractional atomic coordinates and anisotropic thermal parameters (x105) 

Atom x Y z U I I  u2 2 u3 3 u12 u13 u2 3 

I(3 '1 
I(5) 
1 0 )  
O(1) 
O(2) 
O(3) 
O(4) 
C(1') 
C(2') 
C(3 '1 
C(4') 
Ci5') 
C(6') 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
Ci6) 
C(7) 
C(8) 
Ci9) 
C(10) 
C(11) 

I 
0 
C (ring) 
C (7-10) 
C (11) 

Standard deviations 
0.0000 4 5 
0.0006 43 59 
0.0007 56 55 
0.0008 6 1 8 5 
0.001 8 138 163 

TABLE 2. Hydrogen atom fractional coordinates 

Atom x Y z Atom x Y z 

H(O) 0.019 0.296 0.360 H(8) 0.723 0.310 0.451 
H(2') 0.339 0.392 0.335 H(8a) 0.766 0.486 0.476 
H(5') 0.028 0.538 0.316 H(10) 0.988 0.124 0.493 
H(6') 0.159 0.689 0.295 H(lOa) 1.052 0.258 0.517 
H(2) 0.559 0.503 0.226 H(11) 0.962 0.023 0.561 
H(6) 0.624 0.629 0.453 H(l la) 1.091 0.084 0.613 
H(7) 0.728 0.434 0.325 H(l1 b) 1.002 0.100 0.627 
H(7a) 0.760 0.617 0.345 Standard deviations 0.007-013 0.010-020 0.006-01 0 

shapes of the atomic thermal ellipsoids is shown 
in Fig. 1. The conformation of the molecule is 
such that the 3'-iodine atom is proximal to the 
a-diiodo ring and the uniodinated 5' position is 
distal, identical to the conformation observed in 
the crystal structure of triiodo-L-thyronine (2). 
The aromatic rings are planar (Table 3) and are 
close to being completely skewed with respect to 
each other and mutually perpendicular. The 
angles between normals to the plane of the inter- 
ring ether linkage and the planes of the a-diiodo 

and P-monoiodo rings are *88 and T lo0, res- 
pectively; these values compare closely with the 
values of + 86 and - 13" for the related angles in 
triiodo-L-thyronine and are also similar to angles 
+ 86 and $- 19" found in 3,5-diiodo-L-thyronine 
when it is complexed with N-methylacetamide 
(6). A plus value of the angle indicates rotation 
of the phenyl ring away from coplanarity with 
the plane of the inter-ring ether linkage in an 
anticlockwise direction when viewed along the 
(pheny1)C-O(ether) bond in the direction from 
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FIG. 1. Stereoscopic drawing of ethyl triiodothyropropionate showing the molecular conformation and the relative 
sizes and shapes of the thermal motion ellipsoids. 

TABLE 3. Deviations of atoms from least-square planes 

Plane I Plane 2 Plane 3 

Atom A (A) Atom A (A) Atom A (A) 

'These atoms not used in calculat~ng the plane 

C to 0. The angles for T3P have dual signs be- 
cause the P2,lc space group contains a glide 
plane which means that both conformers must 
exist in the crystal. Thus the conformation of the 
diphenyl ether parts of these three molecules are 
remarkably similar. The conformation of this 
part of the L-thyroxine molecule (7) differs some- 
what from these, with greater deviations of the 
two rings from being perpendicular to and co- 
planar with the inter-ring ether plane (angles of 
+ 101 and -34"). 

The conformation of the propionic acid chain 
in T3P differs markedly from that of the alanine 
chains in L-thyroxine, triiodo-L-thyronine, and 
L-thyronine (8). In these latter three molecules 
the alanine conformations are virtually identical, 
whereas in T3P, in which the propionic acid 
chain differs from alanine only in that it lacks 
the @-amino group of alanine, the conformation 
about the C(a)-C(P) bond is different from that 
occurring in the thyronine derivatives; the side 
chain in T3P is more extended and lies slightly 
more in a direction "proximal" to the P-ring, 
rather than "distal" to it as is the case with the 

alanine chains (see Fig. 1 and related figures for 
the thyronine derivatives in refs. 2, 7, and 8). The 
atoms comprising the carboxyl grouping lie on a 
plane (Table 3). 

Bond lengths and angles in the T,P molecule 
are shown in Fig. 2. Because the iodine atoms 
dominate the X-ray scattering the estimated 
standard deviations for light atom bond distances 
and angles are rather high (0.015-0.022 A, ex- 
cept for C(10)-C(I1) which is 0.035 A, and 
0.7-1.8") but the values are all near normal and 
require no special comment. The iodine-carbon 
bond lengths average 2.10 A, in good agreement 
with average values of 2.11 A in triiodo-L-thyro- 
nine and L-thyroxine, and 2.10 A in 3,5-diiodo- 
L-thyronine. This is longer than the normal 
carbon (aromatic) - iodine distance of 2.05 
and may explain why the iodinated thyronine- 
type compounds often exhibit tendencies toward 
decomposition when irradiated with X-rays, with 
apparent liberation of iodine. The angle at  the 
inter-ring ether linkage is 119", similar to what 
has been found for other diphenyl ether com- 
pounds. Bond distances and angles involving 
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FIG. 2. Bond lengths (A) and angles (') in ethyl 
triiodothyropropionate. 

hydrogen atoms are omitted from Fig. 2: the 
inaccuracies in their values are too large to merit 
their inclusion. 

The hydroxyl group is the only hydrogen 
donor in the molecule for hydrogen bonding and 
it takes part in an  intermolecular contact with 
the carbonyl oxygen in the molecule one unit cell 
away in the x direction; the hydrogen ... carbonyl 
oxygen distance is 2.1 A (oxygen-oxygen dis- 
tance = 2.76 A) and the 0-H ... 0 angle is 176". 
There is also a network of short intermolecular 
iodine ... iodine distances: every I(3') at  (x,y,z) 
has an  intermolecular contact of 4.03 A with an 
I(5) in a related n~olecule a t  (x, 1 /2  - y ,  1 /2 + z), 
and one of 3.93 A with an I(3) in a molecule at  
(x, y - 1, z ) ,  and these latter two atoms are sep- 
arated by 3.78 A. These intermolecular separa- 
tions are significantly shorter than the normal 
I...I van der Waals separation of 4.30 A given by 
Pauling (9) (though only slightly shorter than 
the 4.08 A value of Bondi (10)) and indicate some 
degree of charge transfer bonding may be taking 
place among the iodines, aiding in stabilizing the 
crystal structure. 

The elucidation of the crystal and molecular 
structures of ethyl 3,5,3'-triiodothyropropionate 
has shown that the molecular conformation is 
such that the 3'-iodine is situated proxin~al to the 
a-ring, identical to the results found in the struc- 
ture determination of triiodo-L-thyronine. Thus 
the structural evidence obtained so far consis- 
tently indicates this conformation to be an  ener- 
getically favored one, whereas the indications of 
Jorgenson et al. (3), from biological activity 
studies of thyroid hormone analogs, are that 
the 3'-iodine distal conformation is biologically 
more active. Further clarification of these con- 
tradictory results must await structural studies 
of other thyromimetic agents and of the ana- 

logs used in the biological activity studies; 
such investigations are now in progress in these 
l a b o r a t ~ r i e s . ~ , '  

The conformation of the propionate chain of 
T,P is quite different from the alanine conforma- 
tion found in L-thyroxine, triiodo-L-thyronine, 
and L-thyronine ethyl ester; and since the di- 
phenyl ether parts of T,P and triiodo-L-thyro- 
nine are conformationally virtually identical, the 
differences in biological potency of the two 
hormones undoubtedly result from these differ- 
ing side chain structures. The essential differences 
are (a) absence of the amine functional group in 
T,P and (b) the change in conformation about 
the P-carbon atom of the chain. 

We thank Dr. Robert Meltzer of Warner-Lambert 
Research Institute for supplying the triiodothyropropio- 
nic acid. Support was from the Medical Research Council 
of Canada grant MA-4695, and from the general research 
support grant of the University of Washington School of 
Medicine, supplied by USPHS grant RR 05432 from the 
National Institutes of Health. 
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