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X-RAY STRUCTURE DETERMINATIONS OF THE SOLID STATE
CONFORMATIONS OF TRI-o-CARVACROTIDE AND OF
TRI-3- AND TRI-6-METHYLTHIOSALICYLIDES

Eldrys Gil, 1 Andrew Quick, 2 and David J. Williams

Chemical Crystallography Laboratory, Imperial College, London SW7 2AY

Summary In the solid state, tri-6-methylthiosalicylide (5) adopts only one

helical conformation, tri-3-methylthiosalicylide (4) exists as both enantiomeric

helical conformations, and tri-o-carvacrotide (2) provides the first example of

the unique situation where both enantiomeric propeller conformations and both

enantiomeric helical conformations coexist
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Variable temperature Hn m r spectroscopy has shown™ that in solution the trisalicylide

derwatives (1) — (3) undergo ring wmversions and mnterconversions mvolving enantiomeric and diastereo-

1someric conformations of the propeller (P and P*) and helical (H and H*) types according to the scheme

outlmed m Figure 1. Each conformational change mvolves the reorientation of a trans-ester linkage
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Figure 1 A schematic representation of the ring inversion and mnterconversion processes.
The four diagrams formally depict the relative orientations of the carbonyl groups
with respect to the mean plane of the macrocycle m four conformations.
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accompanied by alterations m the relative mclinations of the planes of the aromatic rings and the ester
functions  In the three trisalicylides (1) —(3), the propeller conformations with averaged 93 symmetry
have been shown3 to predominate 1 solution. As a consequence of 1ts exceptional inclusion compound
forming properties, 4 and the exhibition of spontaneous resolution on crystallisation which can lead to
stereospecitic entrapment5 of chiral solvent molecules, tri-o-thymotide (1) has been the subject of

>

numerous single -crystal X -ray structure analyses These mvestigations have shown that m the solid
state only the propeller conformation has been 1dentified 1t 15 unlikely that the helical conformation
exists other than in solution  In this communication, we draw attention to three examples of closely
related compounds where conformations of the helical type have been found to exist m the solid state

Since dynamic ]H n m r spectroscopy had demonstrated7 that the tr1-3- and tri1-6-methylthio-
salicylides (4) and (5) exist m solution only as ring mverting (H = H*) helical conformations, it was of
consiuderable mterest to establish the nature of their solid state conformations X -Ray structure analyses
of (4) and (5) have mndeed established that the molecules in both these compounds adopt helical conformation
in the sohid state However, as shown mn Figure 2, the conformations dlffEI‘8 significantly [rom each other
Analyses of the mter - and intra-molecular distances lead to the conclusion that the conformational
differences are not a result of satisfying any mtermolecular nonbonded repulsive mteractions, but are a
consequence of the different packing requirements n the crystals  Although there 1s no evidence of
mnclusion compound formation by either compound, tri-6-methylthiosalicylide (3) exhibits spontaneous
resolution on crystallisation. .

In marked contrast with tri-o-thymotide (1), tri-o-carvacrotide (2) has not been observed to
form any inclusion complexes on crystallisation  Variable temperature lH n mr spectroscopy shows3
that the populatlon9 of the helical conformations 1s proportionately greater for tri-o-carvacrotide (2) than

for tri-o-thymotide (1)  For the first time withm this series of 12-membered ring compounds, an X-ray
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Figure 2  The solid state conformations of the trithiosalicylide derwvatives (4) and (3)
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crystal structure analysis has revealed a unique situation where all four conformational 1somers, P, P*,

H, and H*, coexist m the solid state  The differences m the torsional angles between the trans -ester

linkages and the aromatic rings m the propeller and helical conformations are evident from mspection of

TFigure 3 In particular, it should be noted that there are significant departures from C, symmetry m

the solid state m the propeller conformation of tri-o-carvacrotide (2), just as 1s iound6 f:f)r the propeller
conformation of tri-o-thymotide (1) 1n the solid state.

A general feature of the conformational behaviour of 12 -membered ring compounds such as
(1) —(5) 1s now emerging  helical conformations are observedlo more often than propeller conformations
n the solid state as well as i solution

Crystallographic Data  Crystals of tr1-3-methylthiosalicylide (4) are monoclinic,

a=18 772 (1), b=7.465(1), c=16303 () R, B=109 59 (1°, U =2152 &>, space group P2 /¢,
Z =4, Qc =1.39¢g cm_s. Crystals of tr1-6-methylthiosalicylide (5) are orthorhombic, a =8 298 (1),
h=15.562 (1), c=16 327 () & U =2148 8, space-growp 222, Z =4, D =139 gecm .
Crystals of tr1-o-carvacrotude (2) are monoclmic, a = 14,197 (1), b=31.685(2), c=13 398(1) X,
B =95 06 (1)0, U = 6003 XS, space -group 321/9_, Z =8, Qc =117¢g cm_3. Data for all three

compounds were obtaned from a diffractometer usmg Cu—Kg radiation  The numbers of mdependent
reflections measured for (4), (5), and (2) were 4081, 2379, and 8930, respectively  All three structures
were solved by direct methods and refmed to give R values of 0 046, 0,026, and 0.052 for (4), (5), and (2),

respectively.

Figure 3. The solid state conformations of tri-g-carvacrotide (2)
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There are differences of 18°, 10°, and 13° respectively m the torsional angles about the
C(12)—C(12a), C(12a)—C(l6a), and C(16a)—S(17) bonds. These differences are accompanied by
changes m the relative tilts of each of the aromatic rings with respect to each other. Compare
60, 31°, and 30° for (4) with 8%, 18°, and 20° for (5} These changes result m (5) bemng
significantly 'flatter’ than (4).

The molar ratios of propeller helix are3 (1) 80 20 for tri-o —thgmotxde (1) m pentachloroethane

at 900 and (1) 58 42 for tr1 -g—carvacrotlde? (2) n pyridne at 90~.

Helical conformations have been observed i the sohd state for 6H, 12H, 18H-tribenzo[b, f, 31[ 1, 5,9] -

trithiacyclododecmn (L. Pérkényl, A Kdlman, and M. Négrafdl, Acta Cryst , 1975, B3l, 2716) and

5, 11-dibenzyl - and 5, 11 -dimethyl -tribenzo[b, £, }1[ 1, 5, 9]triazacyclododecme -6(5H), 12(11H), 18(17H)
trione (D. J. Wilhams, ] Chem.Soc Chem Comm., 1977, 170).
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