
Table 4. Torsion angles 

(i) Ring C 
C(8)-C(10)-C(l I)-N(12) -38 
C(10)-C(I 1)-N(12)-C(19) 66 
C(11)-N(12)-C(19)-C(9) -57 
N(12)-C(19)-C(9)-C(8) 29 
C(I 9)-C(9)-C(8)-C(10) -2  
C(9)-C(8)-C(10)-C(11) 6 

(ii) Ring D 
N(1)-C(9)-C(19)-C(16) -30 
C(9)-C(19)-C(16)-C(17) 56 
C(19)-C(16)-C(17)-C(18) -65 
C(16)-C(17)-C(18)-N(I) 42 
C(17)-C(18)-N(1)-C(9) -10 
C(I 8)-N(1)-C(9)-C(19) 4 

(iii) Ring E 
N(12)-C(13)-C(14)-C(I 5) -59 
C(13)-C(14)-C(15)-C(16) 59 
C(14)-C(15)-C(16)-C(19) -53 
C(I 5)-C(16)-C(19)-N(12) 49 
C(16)-C(19)-N(12)-C(13) -51 
C(19)-N(12)-C(13)-C(14) 53 

(iv) Extra-annular 
C(19)-C(16)-C(20)-C(2 I) - 171 
C(2)-N(1)-C(18)-O(22) -51 
C(2)-N(1)-C(18)-C(23) 70 
O(22)-C(18)-C(23)-O(25) - I2 
O(22)-C(18)-C(23)-O(24) 173 
C (18)-C (23)-O(25)-C(26) - 177 
O(24)-C(23)-O(25)-C(26) -3 

VINCAMINE 2-OXOGLUTARATE 

(o) (average e.s.d. 2 °) 

(v) Connecting rings C and D 
C(8)-C(9)-C(19)-C(16) 149 
N(I)-C(9)-C(19)-N(12) -150 

(vi) Connecting rings C and E 
C(9)-C(19)-N(I 2)-C(13) 70 
C(16)-C(19)-N(12)-C(11) -178 

(vii) Connecting rings D and E 
C(15)-C(16)-C (19)-C(9) -68 
C(17)-C(16)-C(19)-N(12) 173 

(viii) a-Oxoglutaric anion 
O(34)-C(27)-C(28)-O(36) 17 
O(34)-C (27)-C (28)-C (29) - 163 
O(35)-C(27)-C(28)-C(29) 18 
C(27)-C(28)-C(29)-C(30) 137 
C(28)-C(29)-C(30)-C(31) -54 
C(29)-C(30)-C(31)-O(32) -4  
C (29)-C (30)-C (31)-O(33) 170 

would permit a bifurcated H bond between 0(22) and 
O(35), 0(25). The other two H bonds present in the 
oxovinca structure, N(12)H. . .0 (34)  and O(33)H. . .  
O(34), are detailed in Table 5. The a-oxoglutaric anions 
link different vincamine cations through H bonds, 
forming continuous helical chains parallel to e. Differ- 
ent chains are also connected through the H bonds 
between the a-oxoglutaric anions. Fig. 2 shows the 
packing schematically. 

Any structural difference between oxovinca and 
vincamine could influence the non-hydrolysis of the 
former. It seems, however, that the proximity of the 

Table 5. Hydrogen-bondgeometry 
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D = donor, A = acceptor. 

D - H . . . A  D . . .A  D - H  H. . .A  LDHA 

O(22)H.. .0(35) 2.67 A 1.3 A 1.7 A 129 ° 
O(33)H.. .0(34) 2.50 1.0 1.6 143 
N(12)H.. .0(34)  2.73 1.1 1.7 170 

ester O atom to the hydroxy group, with the possibility 
of linking by a H bond, could protect the ester 0(25) 
from hydrolysis. Oxovinca from water solution, 
however, has the methyl ester radical in both positions: 
with 0(25) near 0(22) and 0(24) near 0(22). So the 
solvent could influence the hydrolysis of the drug. 

We thank Professor S. Garcia-Blanco for his 
support, the JEN of Madrid for the facilities provided 
on the Univac 1100/80 computer, and ELMU Phar- 
maceutical Laboratoires of Madrid for supplying the 
crystals. 
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Abstract. C15H141203, triclinic, P1, a = 9.507 (3), b = 
9.735 (4), c = 9.383 (2)A, a =  99.06 (2), fl = 
111.56 (3), y = 84.28 (2) °, Z = 2, M r = 482.06, D c = 
2.00 Mg m-3; for 4204 observed data R = 8.2%. The 
conformation of the two phenyl rings is twist-skewed, 
and the bridging C - C - C  angle is 114 °. 

0567-7408/81/030763-03501.00 

Introduction. An important feature of the thyroid 
hormone structure (Fig. la) is the O bridge linking the 
two iodophenyl rings. The thyroid hormones are 
characterized by a bridging angle of 120 ° and a 
diphenyl ether conformation which is either skewed 
(mutually perpendicular and bisecting) or twist-skewed 
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764 4-(a-HYDROXY-4-METHOXYBENZYL)-3,5-DIIODOBENZYL ALCOHOL 

(Cody, Hazel, Langs & Duax, 1977). Originally the 
bridging O had been thought to act as a quinoid 
structure permitting electron transfer between rings. 
However, the observed potency and protein-binding 
affinity of S- and methylene-bridged analogues disputes 
this concept and suggests that the role of the bridging 
atom is to provide the proper stereochemical relation- 
ship between the iodophenyl rings. Thus far no 
methylene- or S-bridged thyroid hormones have been 
crystallized. In order to determine the effects of 
O-bridge substitution on thyroid hormone con- 
formation, the crystal structure determinations of 
several 3,5-diiododiphenyl bridged ( C - X - C ,  X = 
C,N) analogues have been carried out (Cody & 
Mukherjee, 1975; Cody & Hazel, 1976; Cody, 
Jorgensen & Cheung, 1979). Here is reported the 
crystal structure of a 3,5-diiododiphenyl C-bridge 
alcohol (Fig. lb). 

Crystals were grown by slow evaporation at room 
temperature from a solution of ethyl acetate and 
hexane from a sample provided by Dr Tripp of 
Ciba-Geigy Corporation. Crystallographic data were 
measured from a 0.2 x 0.42 x 0.84 mm crystal on a 
Syntex P3 automated diffractometer using Nb-filtered 
Mo Ka radiation. Cell dimensions were obtained by a 
least-squares refinement based on the 20 values of 25 
reflections with 20 > 25 o using Mo Ka radiation. The 
intensities of 4653 reflections (4204 with I > 2tr) were 
measured in the 0--20 scan mode using a variable scan 
width to allow for ala 2 dispersion and a variable scan 
time to obtain counting errors in the range 0.01 < 
tr(I)/1 < 0-03. No significant changes were observed in 
the intensities of the standard reflections measured after 
every 94th reflection during data collection. Intensities 
were corrected for Lorentz and polarization factors and 
an extinction correction (g/y = 0.199 x 10 -4) was 
applied at a later stage, but no absorption correction 
was made. The structure was solved by heavy-atom 
techniques. 

The positional and anisotropic thermal parameters 
for all non-hydrogen atoms were refined using full- 
matrix least-squares procedures on all data. Calculated 
H positions were included in the structure factor 
calculations but were not refined. The weights used 
were the quantities (1/tr 2) were o r is defined by Stout & 
Jensen (1968), and the instability correction was 0.06. 

(b) 
Fig. 1. (a) 3,5,3',5'-Tetraiodo-t.-thyronine. (b) The title compound 

with the numbering scheme. 

Table 1. Fractional coordinates ( x 104) and equivalent 
isotropic thermal parameters, with e.s.d.'s in 

parentheses 

X y z Beq (A2) * 

C(I) 7844 (6) 1506 (5) 153 (6) 358 (]0) 
C(2) 8092 (6) 1051 (5) -1224 (5) 362 (10) 
C(3) 7964 (5) -330 (5) - ]840  (5) 338 (9) 
C(4) 7566 (5) -1332 (4) -1160 (4) 314 (9) 
C(5) 7292 (5) -838 (4) 204 (5) 312 (9) 
C(6) 7438 (6) 537 (5) 849 (6) 372 (10) 
C(41) 7461 (5) -2859 (4) -1853 (6) 359 (10) 
C(l') 5843 (5) -3317 (4) -2661 (5) 338 (10) 
C(2') 5502 (6) -4711 (5) -2781 (6) 361 (10) 
C(3') 4067 (6) -5160 (4) -3653 (6) 365 (10) 
C(4') 2940 (5) -4234 (5) -4478 (5) 363 (10) 
C(5') 3263 (6) -2860 (5) -4368 (6) 384 (11) 
C(6') 4703 (6) -2400 (4) -3447 (6) 371 (11) 
O(4'1) 1602 (5) -4831 (4) -5377 (5) 481 (11) 
C(4'2) 463 (7) -3911 (7) -6328 (8) 560 (16) 
0(42) 8366 (5) -3728 (4) -756 (6) 511 (11) 
I(3) 8285 (1) -832 (1) -3976 (1) 583 (1) 
I(5) 6613 (1) -2135 (1) 1397 (1) 473 (1) 
0(7) 8637 (5) 3783 (4) 168 (6) 525 (12) 
C(7) 7920 (7) 2995 (5) 860 (7) 464 (13) 

* Beq (=)1~-~118- ~JBu(araJ); taken 
equation 

from Hamilton [1959, 

This value increases tr F for reflections with a large I FI 
and prevents them from controlling the refinement. The 
R index, Y I I F o l -  IFclI/Y IFol, was 8.2% with 4204 
data. The function minimized in the least-squares 
refinement was ~w(IFol - IFcl) 2. The Fourier and 
least-squares programs are part of the Nonius crystal- 
lographic package for the PDP 11/45 computer. Scat- 
tering factors are from International Tables for X-ray 
Crystallography (1974). The final refined positional 
and isotropic thermal parameters are given in Table 1.* 

Discussion. The molecular conformation and geometry 
of the title compound are illustrated in Figs. 1 (b) and 2. 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 35804 (24 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 

I 
~2098 

OH 122 ~ 7  OH 
\1 411 1 401/1223 x~ 385 ~1436 

1 1 3 ~  . . . . . .  1"~118 8110 6/ ' 

' 205 1 395 

1 382[ ~00 118~120:64~=' 1 523 121~iii_0121027~61" 

~ 2 6 ~  ,>o~1 /2 112 
1150 I 

Fig. 2. Bond lengths (A) and bond angles (o) for the title 
compound. The e.s.d.'s for bond lengths are 0.007 A and for 
angles 0.4 ° . 



4-(a-HYDROXY-4-METHOXYBENZYL)-3,5-DIIODOBENZYL ALCOHOL 

Table 2. Conformations of  selected C-bridge diphenyl 
compounds 

Structure 

r 
HO H k 

~ C CH20 H 

CH3 

I 

\ 
CH3 

Bridge 
angle Conformation Reference 

114 ° Twist-skewed This paper 

120 Twist-skewed Cody, Jorgensen & 
Cheung (1979) 

QH NO2 

N NO C "<'C/'~ Ha 'H ~'~/ 113 Twist Hay & MacKay 
(1979) 

ci ci 

OH NO~ 
HO C~3/X_~'~-CH X ; e 113 Twist Hay & MacKay 

N02"~Cl CI '~ C (1979) 

NO CH2SOCH~ 

~/C-- -~( ,_ ) /x - -  CH :3 I 12 Twist-skewed Tranqui, Richard 
Vicar & Fillion 

CH3 (1974) 

CH 3 

( ~  ~ C H C  3 114 Twist-skewed van der Heijden, 
Chandler & 

cH3 Robertson 
COOCH3 (1975) 
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Fig. 3. Stereoview of the crystal packing with hydrogen bonds 
labelled. 

phenyl rings are nearly perpendicular to the plane of 
the bridging carbons. Thus, as found for the ketone 
(Cody, Jorgensen & Cheung, 1979), the ortho I atoms 
cause the molecule to adopt the twist-skewed geometry 
of the thyroid hormones. 

There are two hydrogen bonds between the hydroxyl 
groups [ O . . . O  = 2.65 (7), 2.69 (7)A], forming a 
layered structure as illustrated in Fig. 3. There are no 
unusually short I . . . I  or I . . . O  contacts in this 
structure but there are ring-ring contacts of 3-40 ./k 
(Fig. 3). 

The author wishes to thank Dr Tripp of Ciba-Geigy 
for providing the sample, and Dr R. Blessing, Miss E. 
DeJarnette and Miss G. Del Bel for able technical 
assistance. This research was supported in part by 
Grant No. AM-15051 awarded by the National 
Institute of Arthritis, Metabolism and Digestive 
Diseases. 

H CHCI2 

\ ~ ~ F / r ' 7 " ~  110 Twist Smith, Kennard & 
Whitnall (1977) 

F 

The two phenyl rings adopt a twist-skewed con- 
formation [C(3) -C(4) -C(41) -C(1 ' )  - -105 .3  (5) ° 
and C(4) -C(41) -C(1 ' ) -C(6 ' )  -- 34.4(7) °] as ob- 
served in thyroid hormone structures (Cody, Hazel, 
Langs & Duax, 1977). The 4'-methoxy group is co- 
planar [2.0 (8) °] with the phenoxy ring, as is the 0(7) 
hydroxyl group [15.4 (8) ° ] with its ring. 

A comparison of this structure with those of other 
C-bridged diphenyl compounds (Table 2) shows that 
the bridging angle varies as a function of the bridge- 
atom substitution - the more fully substituted, the 
smaller the angle (Gopal, Chandler & Robertson, 
1979). Thus the dimethyl derivatives tend toward 112 ° 
while the methylene compounds tend toward 117 °. 
This hydroxyl bridge angle is 113.5 (4) °. In addition, 
there is a wide range in diphenyl conformations with 
many adopting a twist conformation in which the two 
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