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The absolute configuration of tri-g-thymotide (TOT) has been determined by X-ray crystal 
structure determinations of two cage-type clathrate inclusion compounds, (+) -TOT*S-(+) -2- 
bromobutsne and (-)-TOT*RR-(+)-2,3_dimethylthiirane; (+)-TOT has a p propeller-like configuration 

Clathrate inclusion compounds’ comprise two different species, guest and host, which 

associate to form stable crystalline compounds; there are no covalent or ionic bonds linking 

the two species. Tri-g-thymotide (TOT] enclathrates a wide variety of guest molecules and 

generally affords chiral crystalline complexes. 2 Crystal st.Iucture analysis of these clathrates 

was first reported by Powell, who recognised the possibility of using the chirality of the 

clathrate crystals to discriminate between enantiomers of guest molecules 3,4 . Powell also 

pointed out that the absolute configuration of a clathrate inclusion complex could define 

both the TOT absolute configuration as well as the absolute configuration of the chiral 

cavities in each enantiomorphous form of a TOT clathrate crysta13. Such information could 

then be used to establish the absolute configurations of included guests in other TOT clathrate 

compounds. 

More detailed descriptions of TOT crystal structures have since become available’ and it 

has been confirmed that the TOT molecule has a p- or E-propeller configuration in the crystal. 

The absolute configuration of TOT had been assigned by circular dichroism measurements in the 

solid state end solution6; however, such determinations may be problematic, especially when 

data are lacking on related molecules7. 

A crystallographic study of the TOT-R-2-butanol clathrate has just been published* and 

these results establish the absolute configuration of TOT as opposite to that reported in the 

CD studies. We have also determined the X-ray crystal structures and absolute configurations of 

several cage-type TOT clathrate inclusion complexes as part of a study to better understand 

the chiral discrimination when TOT clathrate single crystals are grown from various racemic 



guests4 and the nature of the guest-host chiral 

interactions. Our results (Figure 1) with two 

d& clathrates containing guests of known configuration 

4 are fully consistent with one another and with that of 

yq 

D = !rL, 

0 
the TOT*R-2-butanol clathrate. It is therefore 

0 d& 
B ,.I unequivocally established that (+)-TOT has the P 

H3= 2 0 II ‘* 
- 

7 I I 0 
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respectively. Single crystals were selected and the 

same specimen was used for X-ray analysis and for 

Tri-g-thymotide (TOT) establishing the sign of rotation of TOT. The latter 

is very conveniently measured polarimetrically using 

chloroform solutions of crystals dissolved at ca. 0’; 

at higher temperatures, the c f fl enantiomerization of TOT is rapid, Eact * 21 Kcal/mole. 
Tl 

The data for both crystals were collected at -50’ on an Enraf-Nonius CAD-4 four circle 

diffractometer, using Ni-filtered Cu-Ku radiation and the w-20 scan mode. For (+) -ToT*S(+) -J, 

a=b=13.70(1), c=30.25(1)%, Z-6 (6 TOT: 3 i), space group P3 21; Dc=1.195, Dm=1.191 g-cm ; 
-3 

-- - 
R obs=7.6%; 2397 unique reflections (0<55’) were measured . 11 2 For (-)-TOT-RR(+) -g, a=k=13.60(1), 

c=30.28(1)8, Z=6 (6 TOT: 3 z), space group P3121; Dc=1.161, D,=1.158 g-cm ; Robs=8.6%; 3143 
-3 

- 
unique reflections (&&So) were measured . 12 The host :guest ratio was established as 2:l for 

both complexes by NMR analysis of solutions prepared from polycrystalline clathrate samples. 

All non-hydrogen ordered host atoms were refined anisotropically, starting from the coordinates 
SC 

of the isomorphous cage-type TOT*pyridine clathrate ; hydrogen atoms were introduced in 

calculated positions or refined as rigid methyl groups using the SHELX program . 
13 

Guest atoms 

were located on Fourier difference maps and refined isotropically. Guest atoms in both 

structures exhibit larger thermal motion than that of most TOT atoms and TOT atoms in contact 

with guest molecules exhibit either two-position disorder or temperature factors higher than 
14 

normal in both structures . 

It has been shown4 that, without any recourse to the absolute configuration of TOT, the 

sign of rotation can be well-correlated with the guest absolute configuration within a series 

of related TOT clathrate inclusion complexes. The unambiguous absolute configuration assign- 

ment of TOT makes it now possible to determine absolute configurations of guests by a standard 

X-ray structure analysis, even if they are unrelated to previously studied molecules. 
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F Stereoviews indicating the absolute configurations of guest and host in (a) the 
+ -TOT*S-(+)-2-bromobutane clathrate snd (b) the (-)-TCT*RR-(+)-2,3-&methylthiir~e clath_ 

rate. Bromine and sulfur atoms are shown as solid circles. 
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