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Summary. An X-ray structure analysis shows that the 5,18-dimethyl derivative (5_) 
of the title compound (5) crystallises from xylene as a 1: 1 inclusion compound in 
which the host molecules adopt propeller -like conformations c and 7*) with almost 
perfect C2 symmetry. Dynamic 1H n. m. r. spectroscopy shows that the 5.18 -di - 
benzyl derivative (6, of (4) forms a 1:l inclusion compound with ethanol in the solid 
state and undergoes ring-mversion (I. + z*) between enantiomeric propeller -like 
conformations in solution against a barrier of 21.1 kcal mol-1. 

Trianthranilides have been shown 
2-4 

to share with trisalicylides (e.g. tri-o-thymotide 5-8) and 

trithiosalicylides 
9, 10 

a propensity for forming inclusion compounds and undergoing spontaneous resolution 

on crystallisation. In our quest for topologically related molecules exhibiting one or both of these 

properties, we have prepared 
11 

the 5, 18-dimethyl (2) and 5, 18-dibenzyl (3) derivatives of the olefinic 

bislactam (l_). X-Ray crystal structure analysis revealed 
11 

that (2) adopts a severely distorted propeller - _ 

like conformation in the solid state on account of the conjugational demands for planarity imposed upon the 

trans -stilbenoid portion of the molecule. Despite the fact that dynamic ‘H n. m. r. spectroscopy on (2) 

demonstratedll that the barrier to ring inversion between enantiomeric propeller -like conformations is 

sufficiently high (namely 20.4 kcal mol-‘) in solution not to exclude the possibility of spontaneous resolution, 

this phenomenon was not found to characterise crystals of compound (g). Nor did compounds (i) - (3, 

exhibit a willingness to form inclusion compounds with solvent molecules on crystallisation. However, 

1 CH=CH H 

2 CH=CH Me 

3 CH=CH CH2Ph 

4 CH2-CH2 H 

5 CH2-CH2 Me 

6 CH2-CH2 CH2Ph 
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we were not discouraged by these preliminary findings and speculated that replacing the olefinic double 

bonds between rings B and C in compounds (L) - (3, with bismethylene units would relieve conjugational 

constraints and might lead to more ‘symmetrical’ molecular geometries and hence to the desired lattice 

properties. Consequently, compounds ($) - (6, were prepared. 
12 

In this communication, we report on 

(i) the solid state structure of (5) as disclosed by X-ray crystallography, (ii) the conformational behaviour - 

of (5, in solution as indicated by n. m. r. spectroscopy, and (iii) the ability of both (5) and (6) to form 

inclusion compounds on crystallisation. 

An X-ray crystal structure analysis of the 5, 18-dimethyl derivative (2) shows (see Figure 1) 

that in the solid state the molecules adopt an almost perfect GA-P conformation (7) with the non-crystallo- 

graphic two-fold axis of symmetry bisecting the mid-points of the C(2)-C(3), C(4a)-C(18a), and 

C(11) -C(l2) bonds. An interesting additional conformational feature emerges from the crystallographic 

analysis. In trisalicylide derivatives (e.g. tri-o-thymotide6 - and tri-o-carvacrotide”) where propeller 

conformations are adopted in the solid state, the torsional angles associated with the Arc-CO and 0-CAr 

bonds have average values of ca. 60’ and ca. 90°, respectively. - - Jn the case of compound (5,, however, 

we witness a propeller -like conformation where the equivalent torsional angles are all very nearly equal 

(see Figure 1) and are distributed within the 12 -membered ring such that the molecules have almost 

perfect C2 symmetry (see Figure 2). The single crystal which was employed in the X-ray diffraction 

experiment was obtained after recrystallisation from xylene (a mixture of constitutional isomers) during 

several months. Jn addition to the information on the solid state conformation, the structure analysis 

shows that (5) forms a 1: 1 inclusion compound with o-xylene. 
13 The guest molecules are disordered and 

assume two distinct orientations in the inclusion regions of the host lattice such as to simulate the 

entrapment of a naphthalene molecule. 

The 1H n.m.r. and ‘H-decoupled 
13 

C n. m. r. spectra of the 5, 18-dimethyl derivative (2) 

recorded in CDC13 at ambient temperature support the view that this compound also adopts a conformation 

Figure 1. The solid state 
conformation of the 
5, lb-dimethyl derivative (5J 
showing the torsional angles 
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Figure 2. The solid state 
conformation of the 
5, 18 -dimethyl derivative (z) 
showing its C2 symmetry. 

with _C2 symmetry in solution. The presence of an AA’BB’ system for the bismethylene protons indicates 

that ring inversion is slow on the ‘H n.m.r. time scale. 
14 

This conclusion was confirmed by examining 

the ‘H n. m. r. spectrum12 of the 5, lb-dibenzyl derivative (5) at high temperatures in CD3SOCD3. The 

AB system observed for the prochiral benzylic methylene protons at room temperature coalesced to a singlet 

at +146’C. 
9 

The rate constant of 88 s 
-1 calculated at the coalescence temperature corresponds to a AG 

value of 21.1 kcal mol 
-1 for ring inversion which is presumably a C2-P + C2-P* (7 $ r) process. 

15 

An interesting additional property of the 5, 18-dibenzyl derivative (6, is its striking ability to 
17 

form a 1:l inclusion compound with ethanol. This was first noted when (6) was dissolved in chloroform - 

containing 2% of ethanol (present as a stabiliser), the solvent removed under vacuum at room temperature, 

and the residue recrystallised from ether -light petroleum (b. p. 60 -8O’C) giving a crystalline sample which 

was shown by ‘H n. m. r. spectroscopy (CDC13) to contain a molar proportion of ethanol. This ethanol 

can be removed from the crystals under vacuum (< 1.0 mm Hg) at +90°C within four hours. 

Crystallographic Dam: Crystals of (5) [ C24H22N202, C8Hlo] are monoclinic, 

a = 43.431 (2), b = 7.707 (I), c= 13.586 (1) %, - p = 96.35 (l)‘, _v = 4520 si 3; space group _CZ/c, 

2=8, IIc=1.40gcm 
-3 

. Of the 3374 independent reflections (8 ,< 60’) measured on a diffractometer 

using Cu-I& radiation, 576 were classified as unobserved. The structure was solved by direct methods 

and refined to give an E value of 0.061. 
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Reaction of o-phenylenediamine with the bisacyl chloride (m.p. 164-167’) of dibenzyl-2,2’ -di- 
carboxylic acid (R. C. Fuson, J.Amer. Chem. Sot., 1926, 48, 830) in benzene solution at room 
temperature gave the bislactam (4) (62%. m.p. > 3000). Ij-Methylation (MeI, NaH, Me2SO) of 
(1, afforded the 5,18-dimethyl derivative (5) (90% m.p. 273O); T (CDC13) 2.62-2.73 (12H, m, 
aromatic protons), 6.78 (6H, s, 2 x NMe), and 6.95-7.22 (4H, AA’BB’ system, CH2CH2); 
aTMS (CDC13) 171.2 (CO), 139.7, 137.4, 136.6, 130.0, 129.4, 128.8, and 126.6 (aromatic 
carbons), 38.6 (NMe), and 36.5 (CH2). N-Benzylation (PhCH2Br, NaH, Me2SO) of (+) afforded the 
5, 18-dibenzyl derivative (6, (66% m.p. 149-1500); t (CDC13) 2.22-3.44 (22H, m, aromatic 
protons), 5.07 and 5.23 (4H, AB system, JAB = 14.7 Hz, 2 x PhCIj2), and 6.48 -7.24 (4H, AA’BB 
system, CH2CH2). 

It would appear that regioselection of the ortho isomer occurs during crystallisation from ‘mixed’ 
isomers of xylene. 

The temperature dependence of the ‘H n. m. r. spectrum of (5) was examined (i) below ambient 
temperature in CDC13-CS2 (1 : 2) and (ii) above ambient tem<erature in PhNO2. At -80°C, the 
singlet12 for the N-methyl protons and the AA’BB’ system l2 for the bismethylene protons were 
broadened slightly in keeping with the presence of one ground state conformational type 
(i.e. 7 and 7’) in solution where ring inversion between enantiomers is slow on the 1H n. m.r. 
time .&ale.- At +140°C, the AA’BB’ system coalesces to a singlet indicating that ring inversion 

(I. = z*) is becoming rapid on the lH n. m. r. time scale at this temperature. 

The rate constant, k_, calculated at the coalescence temperature was obtained using the expression 

k, =n[ (VA - VB)2 + 6& 2 t/2+, where VA--Q = 1 13.0 HZ and LAB = 15.2 HZ. 

The complete conformational itinerary for this ring inversion process is analogous to that 
discussed previously (see ref. 11) for derivatives of the olefinic bislactam (L). It involves 
_C2 symmetrical and asymmetrical helical conformations as intermediates. 

A very recent publication by E. Weber and F. Vb;gtle (Angew.Chem.Internat. Edn., 1980, 2, 1030) 
describes their imnortant discoverv that certain nvridino crown comnounds selectivelv form inclusion 
compounds (@and I guest, 2 : 1) with methanol, et’hHno1, and the homologous series of unbranched 
alcohols from propan-l-01 to hexan-l-01. Other compounds which have recently been reported 
(J. A. Hyatt, E. N. Duesler, D. Y. Curtin, and I. C. Paul, 
H. J. Bestmann, E. Wilhelm, and G. Schmid, 
inclusion compounds (&and :guest, 1 : 2) with alcohols 
and tetraphenylsquaramidine (methanol). Trianthranilide derivatives also have a remarkable 
propensity for forming 1: 1 inclusion compounds with ethanol (see ref. 2). 
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