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- ABSTRACT

The X-ray structures of ten compounds have been determined. Nine
are macrocyclic and contain a central 12-membered ring. Each of these
undergoes conformational interconversion between different chiral con-
formations in solution and some exhibit spontaneous resolution on
crystallisation. The other compoﬁnd is a cyclisation intermediate.

The first four compounds are different structural forms of tri-o-
thymotide, two are cavity inclusion compounds, one a channel inclusion
compound and the other the unsolvated structure. For the inclusion com-
pounds the bounds and dimensions of the inclusion regions have been map-
ped. Comparisons have been made of the conformations of the tri-o-thymo=-
tide molecule in these different crystalline environments. These have
shown that though the molecule always adopts a propeller conformation,
this differs significantly in each of these structures and in all cases
shows large deviations from C3 symmetry.

Two disubstituted trianthranilides studied both adopt helical con-
formations. A different trans—annular hydrogen bond has been found in
each of these structures. The trans—amide groups all show characteristic
deformations, though in one case the degree of distortion is exceptional.
One of these compounds (N,N'-dibenzyltrianthranilide) forms inclusion
compouﬁds and the bounds of the inclusion region have been mapped.

The analyses of two differently substituted trithiosalicylides have
shown that they adopt significantly differing conformations in the solid
state. This is attributed to packing requirements rather than to inter-
nal steric constraints.

The non-cyclised N-acylurea compound is a cyclisation intermediate
whose structure has given insight into the cyclisation mechanism involved
in the formation of differently substituted trianthranilides.

The final compound, a cyclic bislactam, adepts a distorted Cp~
propeller conformation. Its failure to adopt C» symmetry is attributed
to conformational constraints due to the trans-stilbenoid fragment of the
molecule. Distortions of the amide groups in this and the previous com-
pound have been noted.

Future Llines of investigation are discussed.
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A cautionary tale probably as true

now as when it was first written.

Tri-o-thymotide et al.

This brilliant Thesis is the work of Mister Ivan D.
Submitted 1951 for Honours B.Sc.

The quthor who, as well you know, is famed for many things,
Perhops 1s most outstanding in the field of giant rings.

He synthesises compounds with a merciless intent

(The yields obtained have not as yet exceeded nought per cent).
His skill is quite exceptional = a fact which can't be missed -
Not everyone could work so well on things which don't exist.
And yet, because (one must assume) his modesty i8 greot,

The work of others, in the main, this Thesis will relate,

The air with which he started work was confident and placid,
He took the meta analogue of salicylic acid.

He heated it with this and that, its acetate distilled,

In every case his methods were unquestionably skilled.

- Unquestionably skilled, I said, and yet, I say, alack!

In every case he merely got the meta acid back.

Undaunted and unruffled, then he cheerfully began

A synthesis, which went, at first, according to the plan.
He tried to moke «a Zactone (and in trying ne'er despaired)
Related to an tsomer which Zealley had prepared.

His failure here so very slight, to only this extends,

He neither got the open chain, nor could he join the ends.

Undaunted still, he persevered, his spirit never wamed,
And from dznztroberzene he successfully obtained

With patient skill, for which he has such universal fame,
A very common compound ~ azobenzene was 1ts name.

And so perfbrce we bring this introduction to an end,

And hope that it may warn all those who foolishly ﬂntend

In chemistry to make their name, and think it saﬂlznc plain,
Remember poor old Dunstan and perhaps you'll think again!

B. GILRERT (1951)
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CHAPTER 1

The crysfat structure of the cavity inclusion compound formed by

tri-o-thymotide with methylene iodide



Summary

The title compound crystallises in the trigonal space group P3;21
with a = 13.655(5), ¢ = 30.31(1)3, Z = 6. fhe structure was solved by
the heavy-atom method and refined by full-matrix least squares to
R = 0.086 for the 1178 independent diffractometer measured reflections.
The.molecute (1) adopts a propeller conformation which deviates signif-
icantly from C3 symmetry. The‘principat cavity in the structure has
dimensions of V5.7 x 7.6 x 7-98 and a maximum effective length of ~98.
The analysis has also revealed a secondary empty smaller cavity which

may be just large enough to hold a small diatomic gas molecule.



Tri-o-thymotide, (TOT,C33H3504,(1)) forms molecular inclusion

compounds with a wide range of substances.!™® More than 80 compounds
have to date been characterised® ® and the potential for the formation
of further compounds seems virtuaLLy Limitless. Although these com-
plexes represent a broad spectrum of structural types, (examples have
been found in the triclinic, monoclinic, orthorhombic, trigonal and
hexagonal crystal systems)*’5 two principal structural configurations
predominate. Complexes with straight chain or simple singly~branched
straight chain molecules crystallise in the trigonal or hexagonal
systems and, depending on the shape and length of the included
molecule, form chiral, cavity or channel structures.® The framework
of the structures of these two types has been shown to be virtually
independent of the included molecules.t

The stoicheiometry of the cavity structures is 2 TOT molecules
to 1 of guest. The asymmetric unit contains only one TOT molecule,
and the requirement for an ordered arrangement of the guest molecule
is thét it possess a 2-fold axis of symmetry. 'Methylene jodide both
fulfils Ehis requirement and lies close to the maximum size Llimit for
the formation of a cavity complex;% it should thus be fairly tightly

. bound.

We repoft here an X-ray determination of the solid-state cenfor-
mation of thé TOT molecule in the cavity complex formed with methylene
jodide, also details of the dimensions and bounds of the cavity.
Subsequent papers will describe the channel and unsolvated forms of
TOT, also X-ray analyses of a range of related chiral medium-ring
compounds, some of which also form inclusion compounds.’ Like TOT,
these are conformationally mobile in solution. Their conformational

behaviour, in particular the dynamics of ring inversion, have been
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studied by n.m.r. analysis and proposals made for their solid-state
conformations.8=13 It is hoped in the course of these studies to
gain some insight into the reasons for the propensity of TOT to form
such a wide range of inclusion compounds. A preliminary comparative
account of the conformations of TOT in different crystalline envirén-

ments has been reported.l*
EXPERIMENTAL

As TOT has a great affinity for a wide range of molecules,
including iodine, purity of the starting materials when crystallising
the complexes is important.

Methylene iodide was purified by fractional distillation
(b;p.182°) over activated copper turnings. Crystals of fhe complex
were obtained by warming crystals of pure unsélvated TOT2 in methylene
ijodide until fully dissolved, sealing, and allowing to cool slowly in
the dark. Clear hexagonal prisms of the adduct formed readily. They
were identified as being of the trigonal cavity form by their ready
(001) cleavage, and by the presence of a transverse piane of symmetry
in the diffraction pattern and a repeat distance of ~ 13.68 in single-

crystal oscillation photographs taken about a.*

Crystal Data" Cg3Hz0g.%(CHI5), M = 662.6, Trigonal, a = 13.655(5),
.c = 30.33(DR, U = 489883, Dy = 1.347gcm™3, D¢ = 1.347gem™3, Z = 6,
FCO00) = 2034. Space-group P3;21(No. 152) or enantiomorphous P3,21
(No. 154), from the Laue symmetry and systematic absences. Cu-Ky

radiation, X = 1.54178%, u(Cu-k,) = 82.3 cm~1.

A crystal of dimensions 0.27 x 0.34 x 0.27 mm3 was cut from a
larger block and mounted along its a, axis. As this adduct, Llike

other halogenated complexes, has a high overall temperature factor

i1



12

e

(B estimated ~ 8.782) and suffers fairly rapid radiation damage, only
a limited data set was collected. Data were measured on a Siemens

of f-line four-circle diffractometer using Ni-fittered Cu-K, radiation.
A total of 1178 independent reflections (an unique twelfth of
reciprocal SpaCE)( to 8 = 400, were measured using the 8 - 26 scan
technique with the 'five-value'lS measuring procedure. Of these, 90
reflections had I < 2.580(I) and were classed as unobserved.!5 The
net count of the 300 reflection, measured as a reference every 50
reflections, did not alter significantly during the data collection
(2 days), thus tending to indicate that there had been no significant
deterioration. On the other hand a noticeable pink discolouration of
the crystal had occurred. The reference reflection chosen was
obviously insensitive to the decompbsition taking>place. The data

were scaled and corrected for Lorentz and polarisation factors; no

absorption corrections were applied at this stage.

Solution and Refinement of the Structure

The structure was solved by the conventional heavy—-atom method.
A three-dimensional, sharpened, origin-removed vector map gave sharp
peaks corresponding to the vectors between symmetry related iodine
atoms. The derived iodine position was refined (® = 0.40) and
structure factors, phased on this position, (assuming the space-group
to be P3;21) were used to compute an electron-density map. This,
together with subsequent difference maps, gave the positions of all
39 non-hydrogen atoms of the TOT molecule, but failed to show up the
carbon of the methylene iodide; this point will be discussed later.
The 40 atoms were refined isotropically by full-matrix least-squares,
reducing B to 0.137. At this stage allowance was made for the

anomalous scattering due to the iodine aztom. Refinement with the
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complex component of the anomalous scattering factor (f”) for iodine
positive increased R to 0.145; refinement with f” negativerresulted
in a reduction of R to 0.122, clearly indicating that the crystal
chosen contained the mirror molecule in the mirror space-group P3221.
(The coordinate List refers to P3;21). Further refinement allowing
the iodine atom to refine anisotropically reduced R to 0.106.%

A difference map revealed two pairs of sharp peaks within the
cavity of density ~ 1.5e8~3 and distant ~ 1.5% from the iodine. Their
height and positions, in particqtar their closeness to the iodine
atoms made it unLikelysthat they could be attributed to the missing
methylene carbon. They lay well off the two-fold axis which the
methylene iodide molecule straddles and in these positions, were they
partial carbon atoms, could only be of 1/4 weight and thus incompatible
with the observed electron density. Refinement, treating them as
partial carbons caused their tempegature faﬁtors tc go negative, thus
confirming this conclusion. They were thus interpreted as partial
jodine atoms and estimated at 5% each. Refinement with iodines at
fixed 5% occupancy in each position, and with a consequent reduction
to 90% of the main iodine position, gave good convergence and resulted
in realistic temperature factors for the partial atoms. (R fell to
0.086). A d{g%erence map then showed no peak in the cavity region
‘greater than‘O.SeR'3. Further refinement, attempting to interpret
the residual electrbn density in terms of partial methylene carbons,
was unsuccessful.

In view of the limited diffraction data none of the atoms of the

TOT molecule was refined anisotropically, nor were hydrogens allowed

for.

* In subsequent refinements the 0 0 3 reflection for which |Fo|<<|F.|,

was suspected of being affected by extinction and was removed.



Inspection of the bond lengths at this stage revealed somé
particularly poor values, e.g. 1.298 for the aromatic C(11)-C(16)
bOnd in ring A. The data were corrected for absorption to see if
this would bring about an improvement. The correction was performed
by the method of Busing and Levyl® with a Gaussian grid of 10 x 10 x
10 points, and with crystal path lengths determined by the procedure
of Coppens et al.l? Subsequent refinement, though not reducing R,
did produce a small improvement in the bond lengths (e.g. C(11)-C(16)
= 1.32%, of. 1.29%), also an overall reduction of ~ 3% in the ‘posit-
ional e.s.d's. Refinement was terminated at a final R value of 0.086.

Unit weights were used throughout the refinements. Atomic
scattering factors were taken from ref. 18. Anomalous scattering
factors for iodine were taken from ref. 19. The computations were
carried out on the Imperial College IBM 7094 énd ¢DC 6400, and the
University of London CDC 6600 and 7600 combUters using, in the main,

programs belonging to the X-ray 63 and 70 systems.20

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix I. The final fractional atomic coordinates and thermatl
parameters t;;éther with their estimated standard deviations are
listed in Table 1. Figure 1 shows a stereo view of ?he TOT molecule
(ORTEP21l). Figures 2a, b show the bond lengths and angles, also the
numbering scheme used. Figure 3 shows the values of the torsion
angles around the central 12-membered ring, and Figure 4 the Newman
projections22 looking down each of the three aromatic-isopropyl bonds.
Table 2 Llists selected trans-annular and intramolecular distances, and

Table 3 intermolecular contacts < 3.68. Figure 5 shows a stereo

view2l of the packing of the host framework of TOT molecules in the

14



“Figure 1.

Stereo view of the tri~o-thymotide molecule.
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Figure 3.

Torsion angles for the 12-membered ring.
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unit cell.

The molecule adopts a propéller cbnformation (Fig.1), z.e. all
three carbonyl oxygens lie on the éame side of the central 12;membered
ring. This confirms the conclusions of previous analysés which were
based on dipole-moment measurements23® and n.m.r. spectra.%72 The
torsion angles (Figs.3 and 4) and trans-annular distances (Table 2)
both show there are the characteristic departure§ from C3 symmetry we
have observed in other TOT structures,l® though in this case the
limitations of the data preclude detailed discussion.

The bond lengths and angles (Fig.2), though of Limited accuracy,
do not depart seriously from expected values, the majority being
within 20. The reasons for the limitations of the accuracy are two-
fold: (i) the low resolution of the data, and (ii) the dominance of
the iodine atoms (ZZ%/ZZ%’O = 1.7). The latter effect is aggravated
by the fact that the iodines are the least well defined atoms in the
structure. Errors occurring in the application of the absorption
correction seem unlikely because of the éimple hexagonal morphology.

The finding in the structure of partial iodine atoms does, how-
ever, pose a question of possible interpretations. The largest
separation between any two partial atoms (2.998) is too short for
them to belong to a differently oriented methylene iodide molecule.
‘Two interpretations seem plausible: one, that they are due to free
jodine which, despite the precautions, may have been present in small
quantities in the starting solution and was trapped on crystallisation;
the second, that they are iodihe molecules produced by photochemical
degradation of the methylene iodide brought about by the X-ray
irradiation. We discount the former possibility because the inter-
nuclear separation is too short, (I» has an I-I separation of 2.66R)25

and favour the latter, as it also explains the observed pink dis-



colouration of the crystal. A reaction of the type:-

CHpI, + ho + CHy + I,
cpuld be occurring, a likely product of which is the triplet state
iodine 3, , which has a calculated nuclear separation of 3.016%,2"
very similar to the value we observed. We think, however, that the
Lifetime of this state would be too short for it to be observed in the
X-ray analysis and that it is likely that a more stable ionised form
is present, the identity of which we have not been able to determine.
Iodine-iodine distanées ~ 3% have been found in ionised iodine
compounds.23 An embarrassing feature of one of these partial iodines
is its close proximity to the carbonyl oxygen, 0(37) 2.74%). This,
however, may not be a true separation in view of the high thermal
parameter for the oxygen (U = 0.14582). This value suggests that the
oxygen atom may be d{sordered by being forced into a position of
clearance in the ~ 10% of cavities that contain 'free iodine'.

The packing of the TOT molecules of the framework, though in-
volving two fairly short intermolecular éontacts (C(13)...0(35) =
3,288 and €(12)...0(35) = 3.043), is consistent with van der Waals
interactions. Study of the three-dimensional arrangement of the TOT
molecules does not give any immediate insight into how or why these
molecules key together to produce a stable host structure. The

environment of the guest molecule is discussed later.

Absolute Stereochemistry

An important feature of the TOT molecule is that, though it does
not possess asymmetric centres, it is chiral, and in any one crystal
of the complex the molecules are all of the same chirality. As
described earlier, the anomalous scattering due to the iodine atoms

was used to determine which of the two enantiomorphous space-groups



Fhigure 5. Stereo view of the packing of the host framework.
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correctly described the particular crystal with which we were working.
The determination of the chirality of the structure and hence that of
the TOT molecules in the crystal studied, is of Bo chemical signif-
icance as, in bqth solution and in the unsolvated solid state TOT is

a racemate. It is only resolved when it crystallises to form a
complex. As the included molecule in this case was optically inactive)
the chirality found was due solely to the TOT molecules and is thus
merely a consequence of the crystal we happened to choose for the
analysis, there being a likelihood of choosing one of either chirality.
In the case of an optically active included molecule the analysis

takes on a different significance, as the determination of the chiral-
ify of the structure then relates a particutar chirality of host to

that of the guest.326

The CCZU'I: ty -

The bounds of the cavity were determined by plotting, at %R
intervals up the ¢ axis, the van der Waals sections of the atoms in
the cell. Figure 6 shows the contour map thus derived (contours are
at %R intervals starting at Z = 0). Only half the cavity is shown,
there being qnfrystallographic two-fold axis running as indicated
through the cavity at Z = 0. Figure 7 shows the sectioned van der
Waals spheres, at Z = 0, of all the atoms bounding the cavity, also
the jodine atoms (broken circles). Figure 8 shows an outline of the
largest section normal to the two-fold axis and gives selected
diménsions. Figure 9 shows the corresponding sectioned van der Waals
spheres of the iodines and the’bounding atoms with their identities.
Figure 10 shows the outline section in the plane parallel to the two-
fold axis and perpendicular to that in Figure 7, and‘Figure 11 the

corresponding sectioned contacts and iodine positions. From the



Figure 6.

Contour map of the bounds of the cavity.

at %R intervals.

Contours are
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Figure 9. Identities and sectioned van der Waals spheres of the

bounding atoms for the section shown in Figure 8,
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above sections, the cavity can be seen to have‘height, width, and
depth of ~ 5.7, 7.6 and 7.98 respectively, and a maximum effective
length of ~ 9% which compares well with the value of 9.58 estimated
by Lawton and Powell.*

The major limiters of the cavity are: the aromatic ring C(11)-
C(16) which by symmetry flanks two sides; the methyls and isopropyl
methyls C(111), C(143), €C(211), €(243), €(311), C(342) and C(343)
which, together with the ring carbons €(22) and C(33), plug the top
and bottom of the cavity, and the other two sides. The carbonyl
oxygen 0(37) also plays a major role in limiting, in one direction,
the depth down the two-fold axis. This oxygen has tﬁe shortest con-
tact to the iodine (3.628) and is noteworthy also in having, as
mentioned earlier, a very much larger 'thermal' parameter than any of
the other oxygens in the structure.

Figure 12 shows a stereo view?! of the'mo(ecules surrounding the
cavity, and the iodines of the included methylene iodidé molecule.
Figure 13 is a projection down the two-fold axes showing how the
cavities spiral up the 3; screw axes. The linking neck between the
bottom of one cavity and the top of another narrows to a window of
n 1.?SR by 3,758 thereby preventing anything passing through the
structure. F%;Qre 14 shows the corresponding projection down ¢, the
contours showing the points of maximum and minimum width together
with their heights up ¢ in R. The link between the cavities can be
seen to be well away from the three-fold axis. The narrow linking
neck widens, as can be seen from these figures, to form a small
secondary empty cavity centred on the two-fold axis at 1/6th in ec.
This cavity is found on inspection to be just large enough to accom-

modate two spheres of ~ 2.5% diameter about 1R apart. It is debatable

whether it would be possible to have this cavity filled as the only



o e

Figure 12. Stereo view of the molecules bounding the cavity,
" showing the environment of the jodines (large circles)

of the included methylene iodide molecule.
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Figure 13. Projection of the system of cavities in the structure

looking down the two~fold axés.
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Figure 14,

30

Projection down ¢ of the system of cavities, the contours

showing the maximum and minimum widths of the system and

their heights in R up the ¢ axis.



molecules that would fit would be hydrogen, or possibly helium. These
could not be included into a formed structure as they would be too
large to pass through the windoﬁ into the cavity, and their inclusion
during the formation of the system would be difficult as complexes

aré formed from solution. We intend however to try to include
hydrogen by a crystallisation, under a pressure of hydrogeh, of the
ethanol adduct.

Using the sectional plaﬁ shgwn in Figure 6 and by cutting, to a
scale of " = 1R, correctly shaped holes in a éeries of sheets.of
perspex, we have built a three-dimensional model of the cavity. The
model is constructed to come apart at the centre in the plane of the
two—-fold axis, thereby permitting space-filling models to be inserted
to see how, or if, they will fit. Plate 1a shows a photograph of
this model in its fwo parts, with a model of a methylene iodide
holecuLe inserted. Plate 1b is a photograph of the model closed,
containing the included molecule. On placing the methylene iodide
molecule in the cavity the iodines were found to fit quite snugly so
these atoms are not disordered, but it was immediétely evident that it
was possible, keeping the positiqns of the iodines fixed, to rotate
the molecule in the cavity freely~abduf the axis through the two
iodines. Thi;ﬂglmost certainly explains why it was not possible to
find the methylene carbon; it is probably smeared out over a complete

circle.
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Table 1
Final fractional atomic coordinates (X 10%) and isotropic
thermal parameters (X 103) with estimated standard deviations

in parentheses.

Atom . - =z Y oz UR2)
ien 7276(3) 5870(3) 175(1 *
21(100) 5895 (50) | 5406 (50) 129(15) 129(18)
21¢10M 7768(50) 7076(53) 225(16) 128(18)

CATD  8894(24) 300525 © 723(8) 89(9)
cuUn 8075(26) 3547(26) 321(8) - 86(9)
c(12)  8653(23) 4143(24) ;89(8) 77(9)
c(13) 7980(24) 3845(23) -482(8) 77(9)
c(14) 6802 (23) 3092(22)  -483(8) 68(8)
c(15) ©6307(23)  2593(25) -68(8) 71(8)
c16) 6970(20) 2872(20) 324(7) 44(6)
c¢1? 6421(21) 2294(22) 738(8) 61(8)
0(15) 5165(14) 1784 (13) -64(5) 61(5)
017) 6520(16) 2798(16) 1069(6) 92(6)
cC14)  6065(22) 2783(23) -901(8) 76(9)
C(142) 6231(26) 3929(25)  -1100(8) 89(9)
CC143) . 6442Q27) 2205(265 -1222(9) o 106011
c11) 2743(24)  -668(23) 1831(8) 89(9)
cEnD 3914(21) -376(21) 1661(8) 68(8)
c(22) 4580(23) -742(22) 1867(8) 72(9
C(23) 5619(23) -517(22) 1703(8) 71(8)
C(24) 6107(21) 144 (22) 1309(7) 66(8)
c(25) 5408(20) 495(19) 11157 50(7)

c(26) 4£387(19) 293019 1262(7) 50(7)



Table 1 (contd.)

Atom 2 Y 2
c@e2n 3687(22) 639021 1020(8)
025 5849(12) 1156(13) 718(5)
027 A 3172(15) 1104€15) ,1139(5)
C(241) 7238(24) 402(23) 1134(8)
€(242) 8206(29) 1092 (30) 1452(10)
€(243) 7?63(27) -673(28) 1011(9
c31D 3045(24)  2397(23) ~628(8)
ca3n | 2550(23) 1291(23) i ~324(8)
€(32) 1463(24) 428(24) -366(9)
€(33) 1045(21)‘ -461(21) -81(8)
€34y 1644(23) -595(24) 263(8)
€(35) 2785(22) 285(22) - 300(8)
C(36) 3217(23) 1240(23) 11(8)
c(37 447127) 2149(26) 57(9)
0(35 3532(13) 194(12) 598(5)
0(37) 4772 (22) 3094(23) 205(7)
€(341) 1194(24)  -1579(24) 589(8)
C(342) ___ 372(26)  -1479@28) 892(9)

€C(343) 565(28)  =2750(29) 338¢1D

U2
67(8)
54(4)
84(6)
76(8)
129(12)
106¢11)
79¢(8)
70¢(8)
79(9)
63(8)
73(8)
67(8)
66(8)
85(9)
56(4)
145(9)
86(9)
106(10)

11511

* Anisotropic thermal parameters U;; (X 103 82) with

estimated standard deviations.

Atom U1 Uz2 Usz3 Uiz Uis
(1 137 (3) 170C4) 139(2) 105(3) 17(2)

The form of the anisotropic temperature factor is:

exp[=272 (Uy1h2a*2+Us 2 k2b* 2403312424201 yhka*b*

+2U shla*c*+2U,sklb*e*)]

Us 3
-5(2)

! Estimated occupancy 90% 2 Estimated occupancy 5%
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Table 2

Selected trans—annular and intramolecular contacts (R)

0(15) ...0(25) 2.83 0(25) ...0(35) 2.78

0(35) ...0(15) 2.98 017 ...0(27) 3.96

0(27) ...03" 3.77 0(37) ...0(17) 3.70

0(15) ...ctD)  2.85 0(25) ...C(27T) 2.82

0(35) ...Cc(37)  2.83 CUMD...00D 3.00

C211...0@27N 3.04 C(311)...037 3.26
Table 3

Intermolecular distances” < 3.68

1€100)...0(37) 2.74 1K) ...101h 3.49
1¢10D...1¢1000)  2.99 C31) ...C(310) 3.57
C(32) ...c(33Y 3.41 ¢33 ...c(33h 3.59
€(32) ...c3h 3.30 037 ...c311hy  3.46
017y ...cC1a2’h 359 C(12) ...c(35' ) 3,60
c12) ...005' ) 358 c(12) ...035 ') 3.04
€13 ...c@5' 1) 3.56 CU13) ...003511) 3,28

@23 ...027"") 3.60

* . . . .«
Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,3:

i y,x,-z i1 I-y,x-y,1/3+z  iii I+y,x,~z v I-x,y-x,1/3-2



CHAPTER 2

The crystal structure of the cavity inclusion compound formed by

tri-o-thymotide with ethanol
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Summary

The title compound crystallises in the trigonal space group P3;21
with @ = 13.443(1), ¢ = 30.143()R, Z = 6. The structure, which is
isostructural with that of the methyleneviodide adduct, was refined by
full-matrix lLeast squares fo R = 0,072 for the 3451 independent diff-
ractometer measured reflections. The tri-o-thymotide molecule adopts a
very similar’conformation té that found in the methylene iodide adduct
and again shows significant departures from C3 symmetry. The angles
between the planes of the three aromatic rings are 430, 43° and 28°.
The ethanol molecule is disordered and there is no evidence of host-

guest hydrogen bonding.



Detailed analysis of the bounds of the cavity in the structure of
the methylene iodide complex of tri-o-thymotide! revealed that two,
symmetry related, Carbonyl oxygen atoms form a significant portion of
one of the end walls. This suggested a possible explanation for the
apparently greater stability of the analogous cavity complex formed
with ethanol. The stability of this complex has been evidenced both
by X-ray photographs (high sine/\ diffraction) and by experiments
_performed to remove the ethanol. In the latter, heatihg for 13h at
160°C and 1mm pressure, followed by a further 6h at 178° was necessary
before all the ethanol was removed.? |

As the packing of the host structure is governed by van der
Waals forces, and the structural type (cavity or channel) depends on
the shape and size of the included molecule,? ethanol, being very much
smaller in volume (less than half) than the available space in the
cavity, would be expected to form a physically less stable complex
than one where the space was fully occupied. The stability of this
complex may thus reflect the presence of host-guest interactions in
the form of hydrogen bonds, linking the ethanol to the carbonyl
oxygens mentioned above. An X-ray analysis of the ethanol complex
was theréfore undertaken to investigate this proposal, and tc obtain
rmore accurate details of the conformational geometry of the tri-o-
thymotide molecule which had not been possible with the limited,

heavy-atom dominated, data obtained for the methylene iodide complex.

EXPERIMENTAL

As has previously been reported tri-o-thymotide (TOT) forms
inclusion compounds with a wide range of substances.3=8 In some

cases both an organic solvent and its impurities constitute
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alfernative potential guest species. A common impurity of ethanol is
benzene with which TOT readily forms inclusion compounds. Thus for
the preparation of the ethanol adduct, spectroscopic grade ethanol
.waé used. The complex was prepared by dissolving pure QnsoLQated
TOTS %n warm éthanol (60°C) and allowing to cool slowly. Large clear
hexagonal prisms (elongated along e) of the adduct formed readily and
were identified from X-ray photographs as being of the trigonal form.
Crystal Data C33H3g0g.3(CoHsOM), M = 551.7, Trigonal, a = 13.443(D),
e = 30.143()R, U = 471783, D; = 1.165gecm™3, z =6, F(OOD) = 1770.
Space~group P3121(No. 152) or enantiomorphous P3521(No. 154), from
the Laue symmetry and systematic absences. Cu-K, radiation,

X = 1.54178R, n(Cu=Ky) = 6.1cm-1.

The lattice parameters were deterﬁined (at 10°C) from measure-
ments of high-angle axial a; and ap reflections on a diffractometer
using Cu-X, radiation. They lie within the temperature dependent
range of’values previously reported.3

A crystal of dimensions 0.4 x 0.4 x 0.35mm3 was cut from a
L;nger needle and mounted along its a; direction. Data were
measured on a Siemens off~line four-circle diffractometer using
Ni-filtered Cu-K, radiation. A total of 34531 independent reflections

%y

(an unique twé[fth of reciprocal space) were mgasured'(to 8 = 71
using the 8 - 26 scan technique with the 'five value' measuring
procedure.? Of these, 145 reflections had I < 2.580(I) and were
classed as unobserved.? The net count of the O 471 reflection,
measured as a reference every 50 reflections, did not alter signif-

jcantly during the data collection (ca. 7 days) indicating that no

deterioration of the crystal had occurred. The data were brought to



a uniform arbitrary scale by use of this reflection,® and Lorentz
and polarisation corrections were applied. No absorption corrections

were applied.

Solution and Refinement of the Structure

Despite variations of up to 2% in the lattice parameters of
different cavity adducts,3 the complexes retain a common molecular
framework, Z.e. are isostructural. The ethanol complex was solved
by re~refinement of the coordinates of the TOT molecule obtained from
the analysis of the methylene iodide complex,! using the ethanol data.

The 39 atoms of the TOT molecule were refined anisotropically by
full-matrix least-squares, to give a residﬂal R = 0.104. A differ-
ence map contained peaks corresponding to all ihe hydrogen atoms of
the TOT molecule, but no well defined ﬁeaks for the ethanol molecule.
The cavity region of the map contained a diffuse cloud of electron
density spreading over nearly the whole of the region. Only very
small irregular peaks (the largest being only 0.9e8~3 on the two-fold
axis) were discernable within this cloud, and it was not possible to
rétionalise these in terms of partial site occupancies of an ethanol
molecule. ALl attempts at refinement of trial ethanol positions
were unsuccessful.

The struﬁture was further refined with the hydroéens fixed at
dptimised calculated positions corresponding to their observed
positions in the difference map. The methyl hydrogens attached to
€(211) were disordered and were allowed for by giving them % weight in
6 equally staggered positions. Two reflections (the 101 and 102)
which had |Fy|<<|F¢| were suspected of being affected by extinction
and therefore removed. The refinement was terminated at a final

R value of 0.072. The maximum shift/error for the refined parameters
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at this stage was 0.2 (for €(343)). A final difference map showed no
improvement in resolution of the residual electron density in the
cavity region; the maximum elsewhere was 0.2eR-3,

Unit weights were used throughout the refinements..'Atomic
scattering factors were taken from ref. 10 with the exception of those
for hydrogen which were taken from ref. 11. The computations were
carried out on the ImperiaL College CDC 6400 and the Uhiversity of
London CPC 6600 and 7600 compuéers using, in the main, programs

belonging to the X-ray 70 and 72 systems.!2

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix II. The final fractional atomic coordinates and anisotropfc
thermal parameters for the non-hydrogen atoms together with their
estimated standard deviations are listed in Tables 1 and 2. Thosé for
the hydrogen atoms with their isotropic temperature factors are given
in Table 3. Figure 1 shows a stereo view of the molecule (ORTEP!3).
Figures 2a, b show the bond Lengths and angles together with their
estimated standard deviations and the numbering scheme used. Figure 3
shows the values of the torsion angles around the central 12-membered
ring, also for comparison the values for the methylene iodide complex.!
figure 4 gives the Newman projections!® looking down each of the
aromatic-isopropyl bonds. Table & lists selected trans-annulér and
intramolecular distances, and Table 5 intermolecular contacts < 3.68.
Table 6 lists the equations of the least-squares planes for the three
aromatic rings and the lLargest deviations of particular atoms from
them. The photograph shows the bounds of the cavity region and the
form of the electron density within it.

15=17
The molecule (Fig.1) adopts the predicted propeller conformation



Figure 1.

Stereo view of the tri-o-thymotide molecule.
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found in the methylene jodide complex. Despite the overall greater
stability of this complex, compared with that contain{ng CH2Io there
is still appreciable thermal anisotropy present {n the’structﬁre.
This is confined mainly, however, to the isopropyl groues and the
carbonyl oxygens. The anisotropy, though quite large, is for none of
the atoms exceptional and there is no reason to suspect any disorder.
It is, however, iﬁteresting to note that the directions of the
principal axes of vibration of the three carbonyl oxygens are con-
sistent with the proposed mechanism for conforeatienal inversion,15
also that in the solid state there is still significant conformational
flexibility.

The accuracy achieved for the bond lengths, though very much
better than in the methylene iodide complex, is not as great as that
usually attained in Llight atom structures, and is a consequence of
being unable to allow effectively (in refinement) for all the scatter-
ing material in the structure. The lengths do not deviate significant-
ly from expected values. There is an internal difference between the
'equivalent' bonds C(15)-0(15) and €(25)-0(25), 1.387(7R and
1;428(7)8 respectively; this difference is >40 and therefore signif-
jcant. There is a similar difference between these bonds in the
methylene iodide complex. The three C(C0)0O angles are all significant-
ly less than 120° (111.1¢5)° at c(17), 109.3(8° at €(27) and 113.0(N°
at €C(37)), the values being very similar to those observed in other
structures containing carboxy groups, e.g. 108° in methyl m-bromo-
cinnamate,18 and 111° in acetylcholine bromide.l® The acuteness of
the angles is probably due to non-bonding interactions between the
ether and carbonyl oxygens.

The torsion angles show that, in addition to the already reported

departures from C3 symmetry,20 there are also significant differences
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Figure 3. Torsion angles around the 12-membered ring with the values

found in the methylene iodide complex in parentheses.
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between the conformations of the 12-membered rings in the methylene
iodide and ethanol complexes (Fig.3). There is, for example, a
difference of 9° in the torsion angle about the €(36)-C(37) bond.
Also, in the ethanol complex the departures from '1déal; values29
are greater,Ae.g. the €(35)C(362C(37)0(15) angle being 17° greater
than the 'ideal' value of 60°. For the 12-membered ring z|at] = 75°
and IAT = 33° * ef. 63° and 35? respectively in the méthylene iodide
complex. Thus the description of the cavity series of structures as
isostructural must be qualified: clearly the; are only approximately
sO. |

The torsion angles between the isopropyl groups and their
adjacent aromatic rings show (Fig.4) that for rings A and C these
groups are rotated so that their terminal methyl carbons are
asymmetrically disposed above and below the planes of the rings. The
direction of rotation in each case is not the same. The rotations of
the groups in this structure are in the same sense, but slightly
larger, than those observed in the methylene iodide complex with the
€C(341), C(342), C(343) group again rotated significantly more than
the other two (v 16° from a symmetric orientation).
about equal to the sum of the van der Waals radii, and one (0(35)..
.0015), 3.068) is somewhat Larger. There are fairly close intra-
molecular methyl-carbonyl oxygen contacts between C(111) and 0(17)
(2.96%) and between C(211) and 0(27) (3.03R). The intermolecular

contact distances show Llittle change compared with those for the

methylene iodide complex; the differences are small (~ 0.18) and

* ) , ' . .
At is the difference between the observed and 'ideal'2? torsion

angles,
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Figure 4. Newman projections down each of the three aromatic-

isopropyl bonds.
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the short €(12)...0(35) contact (3.068) 1is still present.

Departures from planarity in the three aromatic rings are small
with the largest deviation (v 0.0138) occurring with €(32) ih.ring C.
Ring B is equally inclined to rings A and C (43° between normals) but
the angle betheen rings A and C is significantly less (28%) thus
emphasising the asymmetry in the molecule.

’FinaLLy, analysis of the residual electron density leads to the
concLuéion that the ethanol molecule is disordered, or probably more
correctly, that it adopts widely differing orientations throughout
the crystal. There is no evidence for host~guest hydrogen bonding.
1f such bonding were present, and even allowing for the likelihood of
some motion of the molecule within the cavity, at least the oxygen

atom of the ethanol should be resolvable, but it is not.
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Table 1
Fractioﬁa[ coordinates (X 10%) for the non-hydrogen atoms

with estimated standard deviations in parentheses

- -- Atom x Yy b
RISEED 8914(8)  3868(8) 739(3)
cam 8150(7) - 3616(7)  340(2)
c(12) 8656(7)  4148(D) ~57(3)
cC13) 7983(7)  3904(8)  ~436(2)
C(14) 681K B3NS -439(2)
€¢15) 6336(6)  2594(6)  =391(2)
C(16) 6967(6)  2817(6) 342(2)
U 6441(6)  2276(6) 775(2)
0¢15) 51794) 17718 —41¢D)
017 6570(6)  2752(5)  1122(2)
C141) 6115(7)  2860(8)  =865(2)
C(142) 6241¢11)  3955¢10) =1073(3)
C(143) 6455(9) . 2224(9)  =1199(3)
c1 2763(8)  -765(8)  1880(3)
C@D  3925()  -428(D)  1696(2)
2 4614(8)  -786(7)  1899(2)
€(23) 5670(8)  -531(7)  1732(2)
C(24) 6110(7) 136(6)  1343(2)
€(25) 5417(6) 486(6)  1144(2)
€(26) 4334 (6) 208(6)  1309(2)
@M 3565(7) 515¢(6)  1048(2)
0(25) 5804(4) 11104 737(1)
027 3090¢6)  1000¢5)  1183(2)
C(241) 7255(8)  397(8)  1153(3)

c(242) 8227(10)  1064(13)  1478(3)



Atom

€(243)

c31M
cG3N
€(32)
c(33)
C(34)
c(35)
C(36)
c(37
0(35)
0(37)
C(341)
C(342)

€(343)

Table 1 (contd,)

X
723111
3053(9)
2567(7)
1458(8)

988(7)_
1597(7)
2725(6)
3197(6)
4424(T)
3441 (4)
4727(6)
1064 (8)

280(10)

388(10)

Y
-697(11)

2320(9)
1271(7)
392(8)
-530(8)
-656(7)
221(6)
1166(6)
2070(7)
91(¢4)
2983(6)
-1683(8)
-1514 (11

-2853(9)

2
1008(4)
~586(3)
~293(2)
~350(2)

~73(3)
272(3)
315(2)

49(2)
121(2)
622(1)
292(3)

574(3)

932(4)

309(4)

55



Table 2

Anisotropic thermal parameters™ (X 103 %2) for the non-

hydrogen atoms with standard deviations in parentheses

- Atom
cUn
c(11)
c(12)
c(13)
c(14)
cU15
cC16)
cQ1?)
0¢15)
ou?
c¢141)
c(142)
C(143)
c211)
cen
c(22)
c(23)
c(24)
€(25)
c(26)
c@7)
0(25)
0(27)
cC24M)

€(242)

U11
66(6)
57(5)
51(5)

59(5)

56(5)

44(4)
47C4)
55(4)
51(3)
118(5)

64(5)

154(12)

94(8)
78(6)
64(5)
72(6)
74(6)
59(5)
53¢4)
55(4)
55(5)
58(3)

99(5)

63(5)

70(7)

Us2a

75(6)

50¢4)

61(5)

74(6)
63(5)
45(4)
43(4)
40(4)
48(3)
52(3)
101¢7)
121¢9)
97(8)
74(6)
48(4)
54(5)
57(5)
49(4)
39(4)
42(4)
44(4)
39(2)
88(4)
78(6)

185(14)

Uss
79(6)
53(4)
63(4)
57¢4)
47(4)
39(3)

45(3)

46(3)

40(2)
45(3)
45(4)
65(5)

- 64(5)

62(5)
40(3)
42 (4)
48(4)
43(3)
34(3)
40(3)
49(4)
35(2)
67(3)
54(4)

88(7)

Uy2
15(5)

24(4)

23(4)

33(5)
354)
22(3)
21(3)
18(3)
26(2)
20¢4)
45(5)
100(9)
53(6)
33(5)
21¢4)
23(4)
32(5)
24(4)
17(3)
20(3)
18(4)
18(2)
67(4)
37(5)

48(9)

Uis
-20(5)

2(4)
11(4)
22(4)
10¢3)
11(3)

7(3)

1(3)

4(2)
12(3)
11¢4)

=17(6)
-11(5)
24(4)
5¢3)

3(4)
f3(4)
-6(3)
-3(3)
-5(3)
-2(3)
-0(2)

-10(3)
1)

-8(6)

Uz3
-4(5)
2(3)
704)
18(4)
11(3)
5(3)
5(3)
0(3)
-0(2)
-6(2)
214)
5¢6)
~10(5)
14(5)
3(3)
11(3)
7¢4)
2(3)
-0(3)
-3(3)
~4(3)
3(2)
-21(3)
10(4)

-18(8)
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Afom
€(243)
c311D
c(31)
€(32)
c(33)
€(34)
c(35)
C(36)
c(37)
0(35)
0(37)
C(341)
€(342)

C(343)

U11

129011

88(7)
60(5)

64(5)

47(5)

44(4)

48C4)

45(4)
55(5)
53(3)
63(4)
59(5)
94(8)
94(8)

%*
In the form:

Table 2 (contd.)

Uso

115100

92(7)
67(5)
83(6)
72(6)
55(5)
55(4)
52(4)
60(5)
55(3)
73(5)
63(6)
100(
56(6)

Uss
114(8)
65(5)
54(4)
58(4)
76(5)
63(4)
43(3)
43(3)
59(4)
45(2)
187(7)
97(8)
109(&

16110

V12
81(M
60(6)
39(4)
43(5)
25(4)
19(4)
29(4)
24(4)
32(4)
31(3)
2?(4)
24(5)
26(7)
23(6)

Urs

1 48(8)
10¢5)
3(4)
~13(4)
-12(4)
0¢4)
~5(3)
3(3)
5(4)
-6(2)
6(5)
~1(5)
37(7)

~-0(8)

expl=212 (Uy 1h2a*2+Upo k2D *2+U3 3120 %2
+2U1 yhka*b*+2Uy shla*c*+2U, 3kib*e*)]

- V23
16(7)
17(5)
~0(4)

- =5(4)

=5(5)
=4(4)
~7(3)
=-2(3)
-3(4)
=7(2)
=59(5)
6(5)
23(7)
12(7)

5%



Fractional coordinates and isotropic thermal parameters

Table 3

(x 103) for the hydrogen atoms”

Atom
H(12)
H(13)
HO11D

CH(112)
H(1113)
HC141)
H(1421)
H(1422)
H(1423)
H(1431)
H(1432)
H(1433)
H(22)
H(23)

11

1H(2112)
1H(2113)
1H(2114)
1H(2115)
1H(2116)
H(241)
H(2421)
H(2422)
H(2423)

H(2431)

950
836
972
863
890
529
602
706
573
637

595

727
434
613
263
272
216
239
228
285
740
823
812
898

659

470
431
446
416
315
233
436
L47
375

151

178
58
127

-112

169
188
219

88
157
175
133

80

U®2)
63
63
89
89
‘89
76
89
89
89
89
89
89
63
63
89
89
89
89
89
89
76
89
89
89

89
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Table 3 (contd.)

Atom x Yy z vR2)
H(2432) 798 -50 86 -89
H(2433) 712 -119 127 89
H(32) 99 43 -60 63
H(33) 17 -114 -12 . 63
HGTD) 247 223 -81 89
H(3112) 327 302 -40 89
H(3113) 375 261 -74 89
H(341) 168 -175 73 76
H(3421) 75 -77 109 89
H(3422) -38  -152 78 89
H(3423) -2 =216 115 89
H(3431) 92 -291 9 89
H(3432) 9 -351 52 . 89

H(3433) =27 -287 15 89

1 0ccupancy 50%

*
The numbering of the hydrogen atoms is that of the atoms

to which.they are bonded.



Table &

Selected trans-annular and intramolecular distances (R)

0(15) ...0(25) 2.78 0(35) ...0(15) 3.06

0(25) .;.0(35) 2.78 0¢17) ...0027) 4.06

0027) ...0(37) 3.65 017> ...0(37) 3.64

c(11D...0017) 2.96 €(211)...027) 3.03

€(311)...0(37) | 3.30 0(35) ...C(37) 2.76

0(25) ...C27) 2.86 0015) ...cU17) 2.87
| Table 5

. *
Intermolecular distances < 3.6R

0017 ...c142V)  3.50 017y ...c1431)  3.56
c(12) ...035'H  3.06 c(12) ...025 ) 3.56
cU12) ...c357 ) 3.56 c(1® ...03sih 3.2
037 ...c3117 1 340 C3) ...c32Vty 3,26
C(32) .+uC(33' 1Y) 3.40 c(33) ...c33' ) 3.56
C3D ...c31 'y 350 027 ...c23’y 350

* . . . .
Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,z:

i I-y,x-y,1/3+z i1 I+y,x,-z 111 y,x,-z v 1-x, I-x+y,1/3-2



Table 6
Equations of the least-squares planes (in direct space) for the three
aromatic rings in the structure together with their standard deviations

and the largest displacements from them.

A - 8.612z + 12.873y + 6.6072 = ~2.144
o = 0.006R c¢12) -0.0098%

B 0.150x + 9.679% + 16.451z = 2.429
o = 0.007R c(26) -0.009R%

c ~ 8B.b441x + 9.724y + 18.6372 = -1.488

6 = 0.011R €(32) -0.013R%

. Dihedral angles between the planes of the rings:

o) o)

A,B = 43 AC = 28 B,C = 43°



CHAPTER 3

.The crystal structure of the channel inclusion compound formed

by tri-c~thymotide with n~cetyl alcohol
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Summary

The title compound crystallises in the hexagonal space group P6,
with a = 14.308(1), ¢ = 29.016(2)3, Z = 6.‘ The structure was solved by
direct methods and refined by full-matrix least squares to R = 0.076
for the 3332 independent diffractometer measured reflections. The tri-
o-thymotide molecule, as in the cavity structures, adopts a propeller
conformation which deviates significantly from C3 symmetry. The angles
between the planes of the three aromatic rings are 430, 39° and 31°.
The channel has a féirly uniform cross-section and presents an almost
unhindered frée passage of diameter b 3R running the length of the ¢

direction. There is no evidence of ordering of the included molecule.
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The inclusion compounds of tri-o-thymotide formed with straight
chain or singly-branched straight-chain molecules have been éhown to
be of two major chiral structural types, cavity or channel, depending
on the shape and size of the included molecule.l X-ray analyses
have established the host-structural framework common to all the
trigonal cavity complexes.2?3 Here, the first of the channel
structures is reported.

Unlike the cavity complexes which form stoichéiometric 2:1
host-guest compounds,!?2 the channel complexes are, in most cases
crystallographically non-stoicheiometric.l They differ too in that
there is no apparent limit to the length of molecules that can be
included, an example having been reported where an included molecule
exceeds the»unit-cell length.! The channel compounds, like the
cavity compounds, undergo spontaneous resolution on crystallisation."»S
It has been concluded that the general space-group for the hexagonal
channel series is P6; if one considers only the host structure, but
that the observed space~group is sometimes of lower symmetry due to
the imposition on a particular complex of the symmetry of packing of
the guest molecules, and does ﬁot indicate a different host structure.!l

Our first attempt was to determine the structure of the stoi-
cheiometric, heavy-atom channel complex formed with n-pentyl iodide
but, for reasons not yet determined, this was unsuccessful. An X-ray
analysis was then undertaken of the stable, light—-atom, non-
stoicheiometric complex formed with n-cetyl alcohol (CygH330H), both
to determine the form, dimensions and bounds of the channel, and to
obtain accurate details of the conformational geometry of the tri-o-
thymotide molecule for comparison with those obtained (in a different

crystalline environment) from the ethanol cavity complex.3



EXPERIMENTAL

Crystals of pure unsolvated TOT® were dissolyed in "AnalaR' grade
n-cetyl aicohoi heated above its melting point (50°¢). 'Clear, well-
formed, doubly-terminated hexagonal prisms of the complex (elongated
along ¢) formed readily on slow cooling of the solution. They were
identified as being of the hexagonal channel form from X-ray photo-
graphs. Lattice parameters wete determined (at 10°¢) from measurements
of high-angle axial aj and ap reflections on a diffractometer using
Cu-K, radiation. They agree well, allowing for the temperature

difference, with those previously reported.!

Crystal Data C33H340g.0.22(C1gH330H) , M = 581.9, Hexagonal,

a = 14.308(1), ¢ = 29.016(2)% at 10%, U = 514483 D, = 1.127gcn™3,

Z

6, F(000) = 1874. Space-group P6;(No. 169) or enantiomorphous

P65(No. 170) from systematic absences. Cu-K, radiation. _i = 1.541?8R,
u(Cu-Ky) = 5.7cm™L.

\A crystal of dimensions ea. 0.4 x 0.5 x 0.75 mm3 was mounted
along its a; direction. Data were measured on a Siemens off-line
four-circle diffractometer using Ni-filtered Cu-X, radiation. A total
of 3332 indepéﬁdent reflections (an unique twelfth of reciprocal
space) were measured (to 6 = 70%) using the =28 scan technique with
the 'five value'® measuring procedure. Of these 363 geflections had
I < 2.585(I) and were classed as unobserved.® The net count of the
0 4 13 reflection, measured as a reference every 50 reflections, did
not alter significantly during the data collection (4 days) indicating
that no deterioration of the crystal had occurred. The data were
brought to a uniform arbitrary scale by use of this reflection,® and
Lorentz and polarisation corrections were applied. No absorption

corrections were applied.
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- Solution and Refinement of the Structure

The structure was solved by direct methods by appticatioﬁ of
the program MULTAN’ to 200 reflections with normaliséd gtructure
factors (E'sf > 1.67. Initial tfials, using up to 400 reflections,
had resulted in poor 'figures of merit' with maximum values of n 0.9
and with very little difference between their values for the different
phase sets. However, an & map based on 200 reflections, and computed
for the phase solution with the highest 'combined figure of merit'
gave plausible positions for all but 5 of the non—~hydrogen atoms of
the TOT molecule. The missing atoms were positioned on the basis of
the expected molecular configuration.

The TOT molecule was refined isotropically by full-matr{x Lleast~
squares to an R-value of 0.21. The refinement shﬁwed one methyl
carbon to be wrongly placed, and inspection of the bond lengths
showed that two other methyl carbon atoms belonging to one of the
isopropyl groups had also been incorrectly positioned. These two
atoms had not been found in the E map and had been placed in expected
positions, assuming a symmetrical relationship between the group and
the plane of the aromatic ring to which it was bonded. Though their
refinement appeared reasonable they had clearly refined into false
.minima. The correct positions of these atoms were determined from a
difference map and the structure was then refined anisotropically to
an R-value of 0.11.

The isotropic temperature factors (B's) of two isopropyl methyl
carbons €(342) and €(343) converged satisfactorily to values of 16
and 1582 respectively. These values, though large, were comparable
with those for the other two isopropyl groups in the structure. How-

ever when they were refined anisotropically, unlike the other groups,
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they assumed very much larger values, whilst still retaining a
sensible internal geometry for the group. It is concluded that this

indicates a probable dynamic disorder of this group. The packing,

discussed later, is able to accommodate small rotations of this group.

Three reflections (the 006, 100 and 110> which had |Fo|<<|F¢]
were suspected of being affected by extinction and therefore removed.
Subsequent refinement with the hydrogen atoms fixed at calculated
positions 1.0R from their parént carbons (the orientation of the
methyl hydrogens was determined from a difference map) reduced R to
0.076. A difference map gave no evidence for any ordering of the
included molecule of cetyl alcohol, there being a column of more or
less uniform electron density ~ 0.55eR3 running the full length along
- the ¢ axis. No allowance was made for the scattering contribution of
the included molecule and refinement was terminated at a fiﬁal R value
of 0.076. The maximum shift/error for the refined parameters at this
stage was 0.3 (for C(342)).

~Unit weights were used throughout the refinements. Atomic scat-
tering factors were taken from ref. 8 with the exception of those for
hydrogen which were taken from ref. 9. The computations were carried
out on the Imperial College CDC 6400 and the University of London
CDC 6600 and 7600 computers using, in the main, programs belonging to

the X—-ray 70 and 72 systems. 10

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix III. The final fractional atomic coordinates and anisotropic
thermal parameters for the non-hydrogen atoms together with their
estimated standard deviations are listed in TabLes‘1 and 2. Those

for the hydrogen atoms with their isotropic temperature factors are

6%



Figure 1.

Stereo view of the

tri-o-thymotide

molecule,
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given {n Table 3. Figure 1 shows a stereo view of the molecule
(ORTEP11). Figureé 2a, b show the bond lengths and angles together
with their estimated standard deviations and the numbering scheme used.
Figure 3 shows the values of the torsion angles arouﬁd fhe 12-membered
ring, and Figure 4 the Newman projections!? Looking down each of the
three aromatic-isopropyl bonds. Table 4 lists intermolecular contacts
< 3.6% and Table 5, selected trans-annular and intramolecular dis-
tances. Table 6 lists the equations of the least-squares planes for
the three aromatic rings and the deviations of selected atoms from
them. Figure 5 shows a stereo view!l of the packing of the molecules
in the cell.

The TOT molecule, as in the cavity complexes, adopts’a propeller
conformation in the solid state.233 There ié again pronounced thermal
anisotropy present in the molecule, though as before tﬁis’is confined
mainly t6 the carbonyl oxygens, the methyls and the isopropyl groups.
The amount of thermal motion in»the isopropyl groups is very much
greater than that observed for the ethanol cavity structure;3 it is
exceptionally large for the €(342) and C(343) methyl carbons.

The bond lengths, though slightly less accurate than those for
the ethanol cgmplex,3 do not deviate significantly from expected
values. Those around the 12-membered ring still show, however,
significant internal inconsistencies with, for example, the €(26)-
C(27) and €(36)~C(37) bonds differing by 50. The carboxy 0(C0)0
angles are again significantly less than 1200, with an average angle
of 110°.

The torsion angles show that the confofmation, though deviating
significantly from C3 symmetry,!3 is closer to 'ideal'!® than that

found in the ethanol complex. For the 12-membered ring £|at| = 69°



@\ 337, F35]
W 3’9,, A
LY (] O
238 21 \5‘
e g
s s
a3 3 B 2 ! 342
o - e )
T ’ &,
3 f) 26755, 0(27) ‘y
3] ) (s
! /‘./& \r,,) A \'”’ /‘1 n
243 241n¢ 25 2740 3417,
1.5046(17) 2 - ] %
: 8 &
0(17) 0(26) 0(35) m 347,

~
Y
%

1 431011
1 .386(8)
(P
1 .3540 4)

g‘\
01. \ / / \ /\,
- A () .3 A
\ N / h\“)‘ 36(,0 3\ L

Yo PN - =
T T i oy
" [=]

3 A B ! 2
. - (] -
- ~
12 0t37) 311

M /\‘ \(")
oy 13% O,
=N @
143 D,
142

Figure 2(a) Bond lengths and numbering scheme (isopropyl methyl carbons nos. 142, 242 and 342 are on the same side
of the central ring as the carbonyl oxygens); (b) valence angles. Standard deviations in parentheses.

02



Figure 3.

Torsion angles around the central 12-membered ring.
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~and AT = 310* ef. 75°‘and 33° respectively in the ethanol complex.3+
The isopropyl groups are rotated slightly with respect to the planes
of their adjacent aromatic rings. The sense of rotation, unlike that
in the ethanol and methylene iodide complexes, is the same for all
three groups. The amount of rotation for each of the three groups is
very similar and averages VAN |

The number of short intermolecular contacts is very nearly the
same as in the cavity-type structures, though none is less than 3.3R.
The type of contact differs with, for example, five being between
oxygens and methyl carbons compared with only two or three in the
cavity structures. Two of the trans—annular (ether) oxygen—-oxygen
contacts are approximately equal to the sum of the van der Waals
radii €2.8%) and one (0¢(15)...0(35), 2.928) is slightly greater.

The departures from planarity in the three aromatic rings are
greater than in the ethanol structure, with a maximum deviation of
0.030% C(for C(11)) oﬁcurring in ring A. The inclination of the rings
with respect to each other are very similar to those in the ethanol
cavify complex, the angles between rings A and B, A and C, and B and
C being 43°, 39° and 31° respectively (ef. 43°, 28° and 43° in the
ethanol complex3). This again emphasises both the asymmetry in the
conformation and the similarity of the degree of deformation in each

case.13

. A
At is the difference between the observed and "ideal'!3 torsion

angles.

T To facilitate comparison with the cavity complexes, all torsion

angle calculations are based on the coordinate set for the enantio-
morph in P6s and not those listed, which are for P6;. This is merely
an accidental consequence of the crystals selected for study in each

case.
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The Channel

As in the cavity-type structure formed with methylene jodide,?
the bounds of the inclusion region in the structure (the channel)
have been mapped by plotting the van der Waals sections of the bound-
{ng atoms, at ~ 1% intervals along the channel direction (¢). Figure 6
shows the contour map thus derived. Only 1/6th of the length of the
channel is itLustrafed, the rest being generated by the 6; screw. The
channel is confined to the six-fold axis at the origin of the unit~cell:
there are no voids associated with the three-fold axes. This confirms
the conclusions of Lawton and Powell.l As can be seen, the channel
has a fairly uniform cross-section and presents an almost unhindered
free passage (of diameter 4.3%) running the length of the ¢ direct-
jen; there is no pronounced spiralling of the channel.

Figure 7 shows a section through the channel (in the plane of
b and ¢) énd illustrates how the channel walls are dominated by methyl
and isopropyl groups. This can élso be seen very clearly in Figure &
whiﬁh shows a plan view of the arrangement of the TOT molecules
looking down ¢. (To avoid overlap, ceLl translated molecules have
been omitted). To appreciate the overall dominance of the methyl and
isopropyl grdags along the full Length of the channel, it is necessary
‘to consider the environment around each of the four corners of the
cell, to build up a composite picture.

The contour pattera shows the possibility of a secondary cavity,
or recess, in the wall of the channel. However, as can be seen in
Figure 9 which shows the section (@, Fig.6) through what would be the
window into the cavity, the entrance is completely blocked. It is

interesting to note, however, that the methyls of the isopropyl group

(C(342) and €(343)) which, as mentioned earlier display very large



SECTION

Figure 6. Contour map of the bounds of the channel with contours at ~ 1R intervals. 1/6th of the length of the

channel is shown.
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Figure 8. Arrangement of the tri-o-thymotide molecules looking doun c.

(Cell translated molecules have been omitted for clarity.)
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Figure 9. Sectioned van der Waals spheres corresponding to the
section line Q in Figure 6, showing how the entrance to

the secondary cavity in the wall of the channel is blocked.
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motion, are major limiters to the side aﬁd entrance to this secondary
cavity. Consequently they have the freedbﬁ to vary their orientation
without affecting the rest of the structure and probably do so to
allow the inclusion of singly-branched straight chain molecules.

;There ié no evidence from this analysis of an ordering of the
stacking €in the ¢ direction) of the CHy groups of the cetyl alcohol
moiecule. The residual electron densify in the channel forms a more
or less uniform column running the length of the ¢ axis, with'no
indication of any systematic 'bunching'.

Finally, the constitutional formula: C33H3506.0.22(Cy5H330H),
is that determined by Lawton and PerLLl and has not been verified in
this study. Their figure of 1.32 cetyl alcohol molecules/unit-cell,
was derived from accurate unit-cell and density measuremént. They
used a gradient column to measure the densities of various adducts
and found that in most cases (including cetyl alcohol) a sharply
defined layer was formed for each complex, thus indicating a high
constitutional consistency.! The cetyl alcohol molecule has a cal-
culated packing length (allowing for end groups) of 23.23,1 this when
multiplied by 1.32 gives 30.68. Clearly some buckling or overlap of
molecules is necessary to accommodate 1.32 molecules into the cell
length of 29.028. Although there is no pronounced spiralling of the
channel (Figs.6,7) its centre does precess about the axis, thereby
reducing the projected length of the included molecule; also in

parts of the channel wall there are recesses providing sufficient

widening of the channel to permit some overlap between the ends of the

included molecules.
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Table 1
Fractional coordinates (X 10%) for the non-hydrogen atoms

with estimated standard deviations in parentheses

.- Atom x Y z
CEED 3096(7)  2883(7) ~55(4)
can L14(6)  3875(6)  =164(3)
c¢12) 4823(7)  3837(7)  ~497(3)
c(13) 5756(6)  473006)  -623(3)
C(14) 6101(5)  5743(5)  =425(2)
cC(15) 5435(5) 5773(5) ~-82(2)
cC16) 4476(5)  4870(5) 56(2)
cA1?) 3838(5)  4938(5) 443(2)
0(15) 5787(3)  6777(3)  137(1)
0¢17) 2883(4)  4592(5) 446¢2)
cCiamn 71276 6721(6)  ~569(3)
C(142) 7143(9)  6910¢10) =1091(3)
C(143) 8104(8)  6632(8)  =425(4)
c@IN 3307(8)  7262¢10)  1931(3)
ce21) 3414(6)  6260(8)  1783(3)
c(22) 3107(8)  5386(11)  2070(3)
p(23>' 3227(8)  4513(9)  1932(3)
C(24) 3641(5)  4470¢7)  1513(3)
¢ (25) 3958(5)  5375(6)  1239(2)
€(26) 3850¢5)  6230(6)  1356(2)
cD 4215(5)  7189(5)  1030(2)
0(25) 4461(3)  5402(3) 816(2)
0" 3665(4)  7525(5) 876(2)
C(241) 3753(6)  3528(7)  1375(3)

€(242). 2693(9) 2423(10)  1360(6)



Table 1 (contd.)

Atom x Y b4
€(243) 4567(8) 3398(9) 1654 (4)
€311 6434 (8) 9242 (7) -602(3)
c3n 6376(6) 9358(6) -90(3)
c(32) 6827(6)‘ 10349(6) 111(3)
c(33) 6747(7) 10484 (5) 568(4)
C(34) 6203(6)‘ 9608(6) 870(3)
c(35) 5769(5) 8579(5) 669(2)
€ (36 5832(5) 8431(5) 200(2)

c(37) 5319(5) 7353(5) 0
0(35) 5297(3) 7659(3) 950(1)
0(37) 4572(5) 6970(5) =-267(2)
c(341) 6055(8) 9733(7> 1380(3
€(342) 5396(16) 10330C17)  1449(4)

C(343) 7081€10) 10232(11)  1646(5)



Table 2

. " *
Anisotropic thermal parameters (X 103 82) for the non-

hydrogen atoms with standard deviations in parentheses

Atom
c¢i1D
cUin
cu2)
cU13
c(14)
c(15)
c(16)
cuUn
0(15)
ou?)
c(141
c(142)
C(143)
C(é11)
c@n
€(22)
c(23)
c(24)
c(25)
€(26)
c@2?)
0(25)
027
C(241)

€(242)

Un
93(6)
88(5)

113(6)
87(5)
77(4)
76(4)
68(4)
59(4)
67(2)
62(3)
94 (5)

133(8)
97(6)

137(8)
76(4)
99(6)
95(6)
63€4)
44(3)
59(4)
63(4)
46(2)
69(3)
70(5)

106(8>

Uz2

84(5)
69(4)
90(5)
88(5)
73(4)
63(4)
63(4)
72(4)
62(2)
156(5)
99(5)
169¢10)
113(7)
20311
144(8)
175(10)
125(8)
86(5)
81(4)
83(4)
83(4)
73(3)
117 (&)
81(5

120(9)

Uss
136(8)

86(5)
88(5)
72(4)
60€¢4)
52(3)
65(4)
70(4)
54(2)
83(3)
68(4)
81(6)
124 (8)
69(5)
L7(4)
53(4)
84(6)
80(5)
58(4)
49(3)
48(3)
60(2)
112(4)
117(7)

272(16)

Ur2
43(5)
45C4)
74 (5)
60(4)
53 (4)
47(3)
43(3)
35(3)
42(2)
53(3)
67(5)
71(8)
54 (6)

113¢8)
55(5)
58(7)
27(6)
27(4)
22(3)
35(3)
35(4)
24(2)
58(3)
16(4)

41(7)

Urs
-21(6)
~24(4)
-24(5)

-0(4)
~1(3)
~9(3)
-14(3)
-8(3)
-5(2)
-18(3)
12¢4)
22(6)
-8(5)
10¢5)
6(3)
23(4)

3(5)
=4(4)
-1(3)

2(3)

1(3)

=2(2)

9(3)
=10(5)

-2(10)

Uz3
-23(5)
-14(4)
-29(4)

=9(4)
-0(3)
~4(3)
=9(3)
1(3)
-4(2)
=26 (4)
7(4)
38(6)
8(6)
-16(6)
7(4)
27(6)
45(6)
24(4)

9(3)

8(3)
-2(3)
-1(2)

35(3)

34(5)

23010

84



Table 2 (contd.)

Atom U11 Uz Uss Ur2 Uis | Uzs
€(243) 105(7) 132(8) 15910 52(6) -25(7i 24(7)

CG1 1317 121€6) 82(5) 88(6) 37(5) 47(5)

cG31) 84(5)  76(4)  80C5)  57¢4)  19(4)  22(4)
c(32) 83(5)  64(4)  120(7)  39(4)  23(5)  29(5)
C(33) 87(5)  48(4)  135(7)  30(4) 5(5)  =5(4)
1 ¢34 74(6)  81(5)  82(5)  46(4)  -9(4)  -20(4)
€(35) 54¢3)  61(3)  57(3)  32(3) 0(3) 2(3)
€(36) 64(3) . 61(3)  55(3)  40(3) 5(3) 5(3)
C(37) 83(4)  T8(4)  4T(3)  57(4)  -4(3) 1(3)
0(35) 53(2)  75(3)  5002)  34(2) 1¢2y 6(2)
0(37) 148(5)  115€4)  101¢4)  101¢4)  =65(4) -34(3)

C(341) 122(7)  1116) 85(5) 65(6)  -23(5) -45(5)
€(342) 349(22) 405C26) 106(9)  300€22) -13(12) -71(13)
C(343) 148C10)  223(14) 148(10) 104(10) -54(8) -86(10)

* In the form: expl=2w2 (Uy 1 h2a*24Uy,k2D*2 41341242
+{2U1 2hka*b*+2U1 3hla*c*+2U2 3kZb*C*)]



Fractional coordinates and isotropic thermal parameters

Table 3

(X 103) for the hydrogen atoms"

V.Atom
H(12)
H(13)
HCT11D
H(1112)
H(1113)
H(141)
H(1421)
H(1422)
H(1423)
H(1431)
H(1432)
H(1433)
H(22)
H(23)
HEZ11D
H(2112)
H(2113)
H(241)
Hk2421)
H(2422)
H(2423)
H(2431)
H(2432)
H(2433)

H(32)

463
622
301
310
248
720
650
782
712
808
808
878
279
300
298
404
284
408
214
284
242
526
429
470

724

313
466
228
269
301
737
697
759
629
651
601
731
537
390
714
793
737
368
249
187
219
411
316
285

1100

-118
-118

=126

238
215
225
194
171
106
117
121
168
167
197

151

UR2)
63
63

114

114

14
89

114

114

114

14

M4

114
63
63

114

114

114
'89

14

114

114

114

114

114

63

86



Table 3 (contd.)

Atom x- y z uR2)
H(33) 709 1124 70 63
H(3111) 684 997 -75 114
H(3112) 681 882 -67 114
H(3113) 569 884 -73 114
HC341) 566 900 153 89
H(3421) 471 995 127 114
H(3422) 521 1031 178 114
H(3423) 583 1109 135 114
H(3431) %7 983 159 114
H(3432) 754 1100 154 114
H(3433) 692 1022 198 114

« ,
The numbering of the hydrogen atoms is that of the atoms

to which they are bonded.



Table 4

*
Intermolecular distances < 3.68

c211)...0(371) 3,38 C(32) ...c25' 1y 3.50
c(311)...0015' 1) 3.54 €(32) ...0(3511)  3.47
027 ...c243')  3.32 C3IM...025 ) 3,49

c12) ...0017' 'y 3,58 cti2) ...c1iily 3,51
cUi3) ...o7 iy 337 ci12y ...c6iily 359

C(363)...00177Y)  3.56

* . . . s
Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,3:
i I-y,1+x-y,1/3+z i1 y,l-x+y,~-1/6+z i1 y,-xty,-1/6+z

iv =1+y,~x+y,—1/6+z

Table 5

Selected trans-annular and intramolecular distances (R)

cC11M...0017) 2.99 0(15) ...0025) 2.76
cR1...0027 3.09 0(15) ...0(35) 2.92
€c(311)...0(37) 3.15 0(25) ...0(35) 2.85
0(17) ...0027) 3.97 017 ...0(37) 3.67
027 ...0(37) 3.79 0(15) ...cU1D 2.86

0(25) ...C27) 2.82 0(35) ...C(37) 2.79
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Table 6
Equations of the least-squares planes (in direct space) for the three
aromatic rings in the structure together with their standard deviations

and the largest displacements from them.
A 9.795x - 7.513y + 20.245z = 0.817
o = 0.0208  cc11) -0.030%

B 11.476x ~ 0.274y + 11.6912 = 5.834

o = 0.0068 C(24) -0.009%
c 14,144z - 7.083y + 4.379z = 2.364

o = 0.0118 C(34) -0.014R

Dihedral angles between the planes of the rings:

AB=43° A, =39 B,¢=31°



CHAPTER 4

The crystal structure of unsolvated tri-o-thymotide
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Summary

The title compound>crystallisés in the orthorhombic space group
Pna2;, with a = 16.049(2), b = 13.424(2), ¢ = 13.969(2)R, Z = 4. The
structure was solved by direct methods and refined by full-matrix least
squares to R = 0.043 fpr the 3039<independent diffractometer measured
reflections. The tri-o-thymotide molecule, as {n the solvated forms,
adoéts a propeller conformation which deviates significantly from C3
symmetry. The deviations are larger than in the solvated structures.

)

The angles between the planes of the three aromatic rings are 310, 48

and 37°.



Tri-o—thymotide (TOT) as well as forﬁing a wide range of
crystalline, chiral inclusion compounds,l-* also crystaLLises‘in an
unsolvated form.2 This, whilst still crystallising in a non-
centroSymmetf{c space-group, adopts one that contains glide planes
and is consequéntly a racemate, unlike the majority of solvated forms
of TOT. An X-ray analysis of the unsolvated form was undertaken to
determine whether crystallisation as a racemate and the consequent
different molecular packing, is accompanied by significant changes in
the conformational geometry 6f the TOT molecule, compared with that
found in the chiral, channel® and cavity® 7 structures.

Preliminary accounts of this investigation® and of an independent

determination® have been reported.

EXPERIMENTAL

Crystals suitable for analysis were prepared by recrystallisation

of pure unsolvated TOT2 from methanol. The unsolvated form crystallises

as long clear needles with an approximately square cross-section. Acc-
urate Lattice parameters were determined (at 10°¢) from measurements of
high angle a1 and az reflections on a diffractometer using Cu-X, rad-

jation.

Crystal Data ~C33H3g0g, M = 528.6, Orthorhombic, a = 16.049(2),

b = 13.424(2), ¢ = 13.969(2)R, U = 301083, D, = 1.166gcm=3, Z = 4,
F(O00) = 1128. Space-group Pnal; (No. 33),+ from systemat{c absences;
Pnam is ruled out by cell contents. Cu-Xgy rédiation, X = 1.54178R,

u(Cu-K,) = 6.1cm™L,

T This space-group, though non-centrosymmetric, contains glide planes

and consequently equal numbers of molecules of both chiralities.
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A crystal ca. 0.25 x 0.25 x 0.55 mm3 was cut from a longer
needle and mounted along its ¢ direction. Data were measured on a
Siemens off-line four-circle diffractometer using Ni-filtered Cu-Xq
radiation. A total of 3039 independent reflections were measured
" (to o = 710)'using the 6-26 scan technique with the 'five value'l?
measuring procedure., Of these 93 réflections had I <'2.580(I) and
were classed as unobserved.l® The net count of the 7 1 0 reflection,
measured as a reference every 50 reflections, did nbt alter signif-
icantly during the data collection (eca. 6 days) indicating that no
deterioration of the crystal had occurred. The data were brought to
a uniform arbitrary scale by use of this reflection,l® and Lorentz
and polarisation corrections were applied. No absorption corréctions

were applied.

Solution and Refinement of the Structure

The structure was solved by direct methods by application of the
program MULTAN!1 to 200 reflections with normalised structure factors
(E's) > 1.67. Initial runs using up to 400‘reflections fajled to
give good 'figures of merit' forgany of the phase solutions. An E
map computed for the phase solution (200 reflections) with the
highest 'combined figure of merit' gave plausible positioné for 33
of the 39 noﬁ-hydrogen atoms. The remaining atoms were positioned on
the basis of the expected molecular configuration.

Isotropic (full-matrix) refinement gave an R-value of 0.143 and
showed that two of the isopropyl methyl carbons had not, as had been
assumed, positions symmetrically related to their associated aromatic
ring. Their correct positions were determined from a difference map
and the structure was refined anisotropically (by full-matrix least-

squares) to R = 0.066. A difference map revealed the positions of
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all the hydrogen atoms which, fbr subsequent refinements, were fixed
at calculated positions 1.08 from their parent carbons. No refLect-
ions were judged to have been significantly affected by extinction.
Refinement was terminated at a final R-value of 0.043. The maximum
shift/error for all the refined parameters was 0.3, and the maximum
residual electron density in the final difference map was <0.2eR-3.
Unit weights were used throughout the refinements. Atomic
‘'scattering factors were taken from ref. 12 with the exception of
those for hydrogen which were taken from ref. 13. The computations
were carried out on the Imperial College CDC 6400 and the University

of London CDC 6600 and 7600 computers using, in the main, programs

belonging to the X¥-ray 70 and 72 systems.l%

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix IV. The final fractiopal atomic coordinates and anisotropic
thermal parameters for the non-hydrogen atoms together with their
. estimated standard deviations are listed in Tables 1 and 2. Those
for the hydrogen atoms with their isotropic temperature factors are
given in Tab[;AS. Figure 1 shows a stereo view of the molecule
(ORTEP15). Figures 2a, b show the bond lengths and angles together
with their estimated standard deviations and the numbering scheme
used. Figure 3 shows the values of the torsion angles around the
central 12-membered ring. Figure 4 gives the Newman projeciions16
Looking down each of the three aromatic-isopropyl bonds. Table &
lists selected trans-annular and intramolecular distances and
%abte 5 intermolecular contacts < 3.78. Figure 5 shows a stereo

view!5 of the packing of the molecules in the structure. Table 6

Llists the equations of the least-squares planes for the three arcmatic



Figure 1.

Stereo view of the

tri-o=thymotide

molecule.
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rings in the structure and the deviations of particular atoms from
them, i

The molecule, as in the other two principal structural envi ron-
ments (cavity and channel), adopts a propeller conformation.>~8 It is
reasonable td assume, therefore, that this will be the conformation in
all crystalline environments and that the intermediate helical con-
formationl7218 is confined to solution.

The molecule again displays notable thermal anisotropy in the
methyl and jsopropyl groups, but to a lesser degree than in the cetyl
élcohoL, channel, complex.® The accuracy achieved for the bond
lengths and angles shows a significant improvement over the vaLQes
obtained for the adducts, the estimated standard deviations being
half those obtained for the ethanol adduct.’ The internal consistency
of the bond lengths is good, and fﬁr the 12-membered ring, equivalent
distances are all within 20. The three carboxy C(C=0)0 angles show
characteristic reductions from a normal trigonal value, with an
average angle of 110.6°.

The torsion angles show, that as well as the already reported
departures from C3 symmetry,® there are significant differences between
the conformation of the 12-membered ring here and in the solvated
structures. In this structure we see the largest difference, so far,
between equivalent torsion angles: 31° between the torsion angles
about the 0(15)-C(15) and 0(25)-C(25) bonds. However, the overall
deviations from 'ideal'® values are very similar to those in the
ethanol adduct with z|at| = 74° and 1At = 32° (cf. 75° and 33° respec-
tively in the ethanol adduct?).

The torsion angles between the isopropyl groups and their
adjacent aromatic rings, again show these groups to be rotated from

a symmetric orientation. For rings A and B the rotations are small

o]

(v 473, but for ring it is vastly greater than that observed in any

(o]
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Figure 3,

Torsion angles around the central 12-membered ring.
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of the other structures, the group being rotated by 42° from a
symmetric orientation. .

The trans-annular (ether) oxygen—oxygen distances are very
similar to those in the ethanol complex,” with two (0(15)...0(25) and
o<25>...oc35>', 2.79 and 2.80% respectively) about equal to the sum of
the van der Waals radii, and the third (0(35)...0(15), 2,94 slightly
longer. There are again fairly close methyl...carbonyl oxygen con-
tacts between C(111) and 0(17) (3.063), éna between C(211) and 0(27)
(3.08%); that between C(311) and 0(37) is 3.21R.

Analysis of the intermolecular contacts shows the packing of the
T0T molecules to be very much looser than in the solvated forms.

There is only one intermolecular contact of Less than 3.53, and eight
of less than 3.78. This compares with eleven contacts of lLess than
3.6R in the cetyl alcohol adduct,5 and twelve in the ethanol one.”
There is however no evidence of any cavities or channels in the
present structure. The inability of the molecule to achieve a more
tightly packed arrangement (in the unsolvated structure) may be a
contributary factor in its preference for forming inclusion compounds.

The déviations from planarity in the three aromatic rings are
small, with a._maximum deviation from the least-squares planes of only
0.009R% for C(24) in ring B. The angles between the normals to these
'planes differ significantly from the values observéd in the solvated
structures, and show a wider spread of values. The angles between
rings A and B, A and C, and B and C are 310, 48° and 37° respectively,
emphasising again the asymmetry of the molequle.8

A comparison of these results and those of the independent deter-

minationgT does not reveal any significant differences between the

¥ The first reports of these two analyses were at the H.M. Powell

Symposium, Oxford, 9th Aprit 1974,
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Figure 4. Newman projections down each of the three aromatic-

isopropyl bonds.
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structures. The report of the other determination contains some minor
errors: the labelling in their figure of atoms C(9) and C(10) is rev-
ersed, also that of rings A and C. Standard deviations quoted for C-H
distances (which are less than those for C~C) are meaniég[ess, as the
hydrogen atoms were in fixed positions.

The determination was based on only 1327 reflections {(there are
2054 independent reflections in the Cu sphere up to the quoted value
of 8 = 560), 290 of which were classed as unobserved, and a further 50
removed for extinction. The structure, which was refined anisotropic-
atly, contains, together with a scale factor, 352 variable parameters.
This results, at best, in a ratio of observations to variable paramet-.
ers of 3.8, or at worstA2.8, depending on how many of the unobserved
and extinct reflections contributed to the final least-squares matrix;
In both cases these are unusually low figures. Anomalies in the rel-
ative standard deviations for different afoms (e.g. the values for the
methyl carbon C{(29) are the same as those for the ether oxygen atoms)
are probably a consequence of this. It is interesting to note that the
overall effect of using a reduced data set is manifest, not in the
final R value which is similar to that we have obtained, but in an
deviations. This represents a serious weakness of an otherwise good

analysis. - .
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Table 1

PO

Fractional coordinates (X 10%) for the non-hydrogen atoms

with estimated standard deviations in parentheses

~_Atom
c11D
c(11)
c(12)
c(13)
c(14)
c(15)
€(16)
c1?)
0(15)
017
c(141
€(142)
€143
c1D
c21)
€@22)
(23
é(24)
€(25)
€(26)
cRn
0(25)
0(27)
c(241)

C(242)

x
7831(3)
7130(2)
6700(3)
6034(3)
5732(2)
6154(2)
6836(2)
7231(2)
5805(1)
7957(2)
4976(3)
5113(4)
4234 (4)
6994(3)

7082(2)

7380(3)

7437(3)
7196(2)
6911(2)
6850(2)
6561(2)
6637 (1)
6938(2)
7248(3)

8166 (3)

Y
7445C4)

7385(3)
8258(3)
8257(3)
7380(3)
6510(2)
6493(2)
5530(2)
5618(2)
5339(2)
7389(3)
7985(5)
7789(6)
1235(3)
2255(3)
2331(3)
3248(3)
4123(3)
4042 (2)
31332
3084(2)
4900(2)
2717(2)
5116(3)

5371(3)

3
5000(3)
5698
5942(3)
6541(3)
6971(3)
6723(2)
6109(3)

5811(3)

- 7068(2)

5823(2)
7624(3)
8522(5)
7092 (5)
5432 (3)
4986(3)
4051(3)
3600(3)
4L047(3)
4982 (3)
5454 (3)
6464(3)
5460(2)
7115(2)
3525(3)

3296(4)
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Atom

C(243)

- -C€311)

Ce3N
€(32)
€(33)
C(34)
€(35)
€ (36)
(37
0(35)
0(37)
C(34M
€(342)

C(343)

Table 1 (contd.)

X
6705(3)
5563(3)
5359(2)
4853(3)
4647(3)
4942(2)
5463(2)
5668(2)
6208(2)
5786(1)
6888(2)
4722(2)
46114

4084 (3)

4
5101(4)

5092 (4)
4264(3)
3481(4)
2724(3)
2686(3)
3476(3)
4253(3)
5081(3)
3493(2)
5276(2)
1867(3>
920(4)

2225(3)

3
2624 (4)
9744(3)
9053(3)
9324(3)
8711(3)
7775(3)
7508(3)
8116(2)
7765(3)
6568(2)
8029(2)
7063(4)
7521(5)

6320(4)

105



Table 2

%
Anisotropic thermal parameters (X 103 RZ) for the non-

hydrogen atoms with standard deviations in parentheses

Atom Uil

NICEED; 89(3)

caUn 67(2)
c(12) 91(3)
c(13) 86(3)
c14) 68(2)
c{15) 60(2)
c(16 54(2)
cuUn 56(2)
015 50(1D
0(17) 54(2)

c(141) 67(2)
c(142) 105(4)
c(143) 75(3)

c211 101(3)

c21) 60(2)
c(22) - 77(3)
c(23) 82(3)
c(24) ‘ 67(2)
c(25) 49(2)
€(26) 47(2)
c@?) 49(2)
0(25) 50(1D
0(27) 64(2)

€(241) 88(3)
€(242) 101(4)

Uso

68(3)

47C2)

37(2)
38(2)
42(2)
37(2)
37(2)
46(2)
38(1)
69(2)
54(2)
162(6)
201(7)
41(€2)
40(2)
49(2)
61(2)
47(2)
37(2)
43(2)
35(1)
35(D
85(2)
53(2)
70(3)

Uss

79(3)
52(2)
60(2)
68(3)
52(2)
42(2)
51(2)
49(2)
49¢1)
95(2)
85(3)
87(4)
137(6)
65(2)
53(2)
155(2)
48(2)
52 (2)
49(2)
43(2)
46(2)
51¢1)
51(1)
61(2)
93(4)

U2

-24(2)

-11¢2)

-11()
0()
1(2)

-5¢1)
-4(2)
-2(2)

=2(1)

5(1D

7(2)

-1504)

20(4)

13(2) -

11(2)
20(2)
18(2)
10(2)
5¢(1)
5(D
o
2(D
21(2)
14(2)
7(3)

U13

1(3)
~12(2)
-19(2)
-17(3)
~15(2)
-14(2)
-11()
0¢2)
-8(1N
-10(2)
~3(3)
21(4)
~9¢4)
9(3)
4€2)
13(2)
20(2)
15(2)
11(2)
3(2)
3(2)
9¢1)
5¢1)
29(2)
44(3)

Uss

16(2)
7(2)
6(2)

-6(2)

=7(2)
2(1)
3(D
8(2)
4(1

=4(2)
-13(2)
=42 (4)

20(6)
6(2)
4(2)

-2(2)
4(2)

10(2)
1
4(1)
4(2)
2(1

19(2)

20(2)

22(3)
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Atom

€(243)

(31D
(3D
€(32)
c(33)
£(34)
€(35)
€(36)
&79)
0(35)
037
€34
€(342)

C(343)

U1,

107¢4)

102(4)
64(2)
72(3)
64(2)
48(2)
44(2)
49(2)
62(2)
44(1)
76(2)
59(2)

151(5)

95(3)

Table 2 (pontd.)

Uzz

79(3)
120(4)
67(2)
91(3)
67(3)
44(2)
42(2)
43(2)
38(2)
40(1
62(2)
42(2)
55(3)

73(3)

Uszz

74(3)

51(2)

42(2)

49(2)
77(3)
67(2)
45(2)
41(2)
42(2)
38(1
95(2)
103(3)
161(6)

100¢4)

U2

28(3)
9(3)
13(2)
11(3)
-1(2)
2(2)
5(1)
4(2)
2(2)
(M
-22(1)
-8(2)
=33(3)

-10(3)

U3

18(3)
5(3)
4(2)

21(2)

24(2)
7(2)
5(2)

-1(2)

=5(2)
3N

=44(2)
7(2)
=32(5)

=-19(3)

* In the form: expl-2n2(U;h%a*24U,,k2b*2+U531%c*?
+2U127ka*b*+2Uy shla*e*+2Us3klb*e*) ]

10%

28(3)
=26(3)
-0(2)
19(2
24(2)
9(2)
5(1
5(1
=3(1
3(1)
22(2)
~2(2)
22(3)

-10(3)



Fractional coordinates and isptropic thermal parameters

Table 3

(X 103) for the hydrogen atoms

Atom
H(12)
H13)
HCI111)
H(1112)
H(1113)
HO141)
HC1421)
H(1422)
H(1423)
H(1431)
H(1432)
H(1433)
H(22)
H(23)
HE2111)
H(2112)
H(2113)
HQ41)
H(2421)
H(2422)
H(2423)
H(2431)
H(2432)
H(2433)

H(32)

689
575
792
835
769
484
560
521
460
415
373
433
755
766
720
733
640
700
850
840
820
612
672
692
463

891
891
816
718
705
669
772
870
794
738
774
850
172
328
72
120
111
565
537
486
605
494
578
459
347

b4
567
668
482
530
442
781
888
835

894

649

750

691

370

293
497
603
558
394
390
285
299
281
232
217
999

U(R2)
63
63
89
89
89
76
89
89
89
89
89
89
63
63
89
89
89
76
89
89
89
89
89
89
63
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Atom
H(33)
HG111)

HG112)
H(3113)
H(341)
H(3421)
H(3422)
H(3423)
H(3431)
H(3432)

H(3433)

* . .
The numbering of the hydrogen atoms is that of the atoms

to which they are bonded.

Table 3 (contd.)

427
528
617
535
523
482
386
434
429
402
354

e,

218
496
513
573
170

63
105

40
285
170

235

3
894
1037
984
9438
669
801
784
702
601
582

664

UR2)
63
89
89
89
76
89
89
89
89
89
89
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Table 4

Selected trans-annular and intramolecular distances 14:))

0(35) ...0(15)
0(25) ...0015)
0(35) ...0(25)
C(iN...0017N
€(311)...0(37)

C@7) ...0@25)

2.94
2.79
2.80
3.06
" 3.21

2.82

Table 5

0@D) ...0UT)
0(37) ...0(1D
0(37) ...0(27)
CC211)...0(27)
CA?) ...0(15)

C(37) ...0(35)

Intermolecular distances” < 3. 78

C(32) ...CC161)
€(311)...0(25"
0(37) ...c2""

c(i111)...c(143"

0@7) ...c(343"

3.68

3.67
) 3.32
vy 3.70
) 3.62

€(32) ...0(25D)

C(143)...C(23")

C(242)...0027 11y

0(17) ...cC(143Y)

4.28
3.53
3.67
35.08
2.89

2.80

3.60
3.68
3.56

3.70

110

* . . . s
Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,z:

i

iv Ftx,1%-y,z

1=z, 1-y,%+= i

-, 54y s 542

v ktx,k-y,z

i1

s=x, 5ty ,~%+2
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Table 6
Equations of the least-squares planes (in direct space) for the three
aromatic rings in the structure together with their standard deviations

and the largest displacements from them.
A 9.8671x + 1.800y + 10.861z = 14.546
o = 0.004% C(14) 0.006R

B 14.958xc + 1.499y + 4.816z = 13.339

¢ = 0.0068 C(24) -0.009R

€ 12.843x - 6.895 + 4.325z = 7.860

o = 0.004R €(35) 0.0068

Dihedral angles between the planes of the rings:

A,B=31° a,c=48 B,C=37°



CHAPTER 5

The crystal structure of 5,11-dibenzyltribenzolb, f,51(1,5,91tri=-
azacyclododecine-6(54) ,12(118) ,18(17H)~trione (N,N'~dibenzyl~-

trianthranilide)
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- Summary

The title compound (1a) crystallises in the monoclinic space group
P21/ with a = 14.304(1), b = 14.090(1), e = 15.237(DR, g = 96.53(N°,
Z = 4, The structure was solved by direct methods and refined by full-
matrix least squares to R = 0.061 for the 4550 independent diffractometér
measured reflections. The molecule adopts a helical conformation and
the angles between the p[anes of the three macrocyclic aromatic rings
are 30, 14° and 14°. The 12-membered ring is stabilised by a trans
annular amide—amide NH...0 hydrogen bond (2.935(3)R). The structure
contains a trapped toluene molecule which has been located and bounds
of the cavity have been mapped. Evidence has been found of possible

zeolitic properties.
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Differently substituted trianthranilides (12173 form a new group
of chiral medium-ring compands that are conformationally mobile in
solution. They have been shown to undergo conformational iﬁversion
via defined conformational itinerarie52’3 to give racemic mixtures in
solution (Z.e. a mixture of enantiomers of two discrete conformations:
helix and propeller).

They are a natural progression from the trisalicylides which
have been the subject of extensive study for more than a decade. s *
The conformational behaviour, in particular the dynamics of ring in-
version, of these and related medium-ring systemés’6 have already
been investigated by n.m.r. line-shape analysis, and conclusions have
been drawn regarding both the relative populations of conformers in
solution and the probable solid-state conformations. An X-ray aéalysis
has shown that one of these compounds, (1b),” like tri-o-thymotide,"
exhibits spontaneous resolufion on crystallisafion.

The n.m.r. analyses have indicated that N,N'-dibenzyltrianthran-
ilide (19) adopts a helical conformation in the solid-stated (.e. two
carbonyl oxygens lie on one side of the 12-membered ring and one on
the other).” An X-ray analysis has been carried out both to verify

this conclusion and to determine accurately the molecule's confor-

mational geometry. y

¥ It should be noted that whilst with a chemically symmetric molecule

where R; = Ry = Ry, (1), there is only one possible helical confor-
mation (and its enantiomorph), when one substituent differs from the
others, e.g. R1 = Rz # R3 there become possible three non-equivalent
helical conformations (and their enantiomorphs). The significance

of this to the n.m.r. analysis has been discussed elsewhere.8



¢}

a; R‘:H, R2=R3=CH2Ph
b; R'=H, R%=R°=Me
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EXPERIMENTAL

The title compound crystallises from toluene as large clear
rectangular blocks. Accurate lattice parameters were obtained by
Lleast~squares refinement of 18 high-angle reflections measured

(at 12°C) on a diffractometer using Cu-Ky radiation.

 Crystal Data C3gHa7N303.3(CyHg), ¥ = 583.7, Monoclinic, a = 14.3041(7),

b = 14.0898(7), ¢ = 15.2371(MR, 8 = 96.534(5°, U = 305183,

4, F(OO0) = 1228. Space-group P2i/a (No. 14,7

D¢ = 1.27gem=3, 2
uniquely determined from systematic absences. Cu~Ky radiation,

* = 1.54178R, u(Cu-ky) = 6.1cm-1,

A crystal ca. 0.65 x70.75 x 0.5 mm3 was mounted along its b
direction. Data were measured on a Siemens off-line four-circle
diffractometer using Ni-filtered Cu~K, radiation. As several of the
Low-angle reflections were exceptionally strong the data were collect-
ed as two concentric spheres, the lower angle sphere (up to 6 = 40%)
being measured with reduced X-ray tube current. A total of 4550
independent refLectiong were measured (to 6 = 60°) using the 6-20
scan technique with the 'five value'? measuring procedure. 0f these
209 reflections had I < 2.580(I) and were classed as unobserved.? The
net count of‘the 2 0 9 reflection, measured as a refe;ence every 50
reflections, did not alter significantly during the data collection
(ca. 9 days) indicating that no deterioration of the crystal had

occurred. The data were brought to a uniform arbitrary scale by use

T This space—-group contains 2D and 2L molecules; the compound is
thus a racemate both in solution and in the solid state,
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of this reflection,? and Lorentz and polarisation corrections were

applied. No absorption corrections were applied.

Solution and Refinement of the Structure

The structure was solved by direct methdds by application of the
program MULTAN1O to 400 reflections with normalised structure factors
(E's) > 1.70. An E map calculated for the phase solution with the
highest 'combined figure of merif', gave plausible positions for all
41 non=hydrogen atoms of the trianthranilide molecule. These atoms
were refined anisbtrOpicaLly (R = 0.277) and a difference map computed
which revealed 4 pairs of peaks arranged about the crystallographic
centre of symmetry at 0, %, 0;' one pair was approximately half the
height of the others. They were interpreted as being due to the
presence of an included molecule of the solvent of crystallisation,
toluene, disordered about the centre of symmetry. ALl 45 atoms were
refiﬁed anisotropically by full-matrix least squares, and with the
toluene methyl carbon at half-weight, to give an R-value of 0.12. ALl
the hydrogen atoms of the trianthranilide molecule were clearly loc-
ated in a difference map and with the exception bf the amide hydrogen
H(17) (which was refined isotropically), were, for subsequent refine-
ments, fixed at calculated positions 1.0% from their parent carbons.
Eighteen strong low-angle reflections which had [F°[<é[Fc[ were sus-
pected of being affected by extinction and therefore removed. Sub- _
sequent refinement, including the hydrogens of the trapped toluene
molecule in fixed positions (the most probable orientation of the
methyl hydrogens was determined from a difference map), reduced R to
a final value of 0.061. A final difference map still showed small
amounts of residual electron density (v 0.3eR~3) in the regidn of the

toluene molecule, possibly reflecting some additional disorder in its
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orientation throughout the crystal. (For compliance with the crystal-
lographic requirement of a centre of symmetry in the ;entre of the
toluene molecule, 50% occupancy of two orientations of the molecule
rotated by 180° to each other, and with the rings overlapping, had
been assumed; this is probably just a good approximation.)

Unit weights were used throughout the refinements. Atomic scat-
tering factors were taken from ref. 11 with the exception of those for
hydrogen which were taken from ref. 12, The computations were carried
out on the Imperial College CDC 6400 and the University of London CDC
6600 and 7600 computers using, in the main, programs belonging to the

X¥-ray 70 and 72 systems.!3

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix V. The final fractional atomic coordinates and anisotropic
thermal parameters for the non-hydrogen atoms together with their
estimated standard deviations are Llisted in Tables 1 and 2. Those for
the hydrogen atoms with their isotropic temperature factors are given
jn Table 3. Figure 1 éhows a stereo view of the molecule (ORTEP1™),
Figures 2a, b show the bond Llengths and angles together with their
estimated standard deviations and the numbering scheme used. Table 4
Lists seLected intra- and intermolecular contacts < 3.58. Figure 3
shows the torsion angles around the central 12-membered ring, and
Figure &4 the Newman projectionsl® for the three amide groups. Table 5
lists the equations of some selected Least-squares planes and the
deviations of particular atoms from them. Figure 5 shows a contour
pattern of the bounds of the inclusion region in the structure.

Figure 6 shows a stereo view!" of the packing of both the host (trian-

thranilide) and guest (toluene) molecules in the structure.
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Figure 1. Stereo view of the N,N'~-dibenzyltrianthranilide

molecule. P
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The molecular conformation is, in accordance with the n.m.r. con-
clusions,3 helical with the benzyl groups lying on opposite sides of the
12-membered ring (Fig.1). ﬁings A and C (Fig.3) are nearly parallel 3°
between normals) and ring B is inclined equally to rings A and C (14°
between norméis). The planes of the trans amide linkages between rings
A and B and between B and C are approximately normal to their adjacent
rings (Z.e. minimum conjugation), whilst that Llinking rings A and C is
inclined at only ~43°% to the mean. plane of these rings (Z.e. more thén
45° from the normal). Consequently, as the nitrogen (N(17)) has normal
sp2 geometry, the N~H bond is directed toward the opposite amide carbonyl
oxygen (0(6)) and ring stabilisation is achieved by the formation of a
trans—annular N-H...0 hydrogen bond (2.935(3)R). The NHO angle 1is 159°.
The benzyls, D and E, adopt different orientations with resbect to the
planes of the amides, the C-Ph bonds being inclined by ~45° {ring D) and
~60° (ring E). The planes of the phenyl rings are, in turn, rotated
with respect to their Linking N-C bonds by n86° (D) and ~70° (E).

The bond lengths (Fig.2a) do not deviate appreciably from expec-
ted values. There are, however, some notable internal differences:
for example, C{16a)-NC17), (1.419(4)R) is siagnificantly shorter (by
more than 5¢) than C(1ba)—N(11), (1.450¢)R) and CC4a)-N(5), (1.449¢4)R).
The apparently rather short value for the aromatic bond C(113)-C(114),
(1.348(8)3, ring E) is undoubtedly due to foreshortening effects
caused by anisotropic motion of the ring. The amide C-N bonds show
a characteristic shortening reflecting their partial double-bond
nature, and there is a small accompanying increase in the carbonyl
=0 bond Lengths. The degree of bond modification is not as large as
that sometimes associated with delocalisation effects, nor is there
any correlation between the observed shortening of the C-N bond

Lengths and the increase in their associated =0 lengths. This is
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Figure 3. Torsion angles around the central 12-membered ring.
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particularly apparent from a comparison of the amide linking rings B
and C with that Linking A and C; here the C~N bond Lengtﬁs differ
significantly (Z.e. by more than 30) whilst there is no difference
betﬁeen the C=0 Lenéths.

None ofithe amide groups are planar (Fig.4), however, the degree
of distortion is in each case fairly small with the deformation
taking the form principally of a combination of a torsional twist
about the C-N bond, and an out-of-plane bending at the nitrogep. The
out-of-plane bending at the carbon is in each case very small. Dis-
tortions of the above type are quite common and have been discussed
previously, and a notation for describing them defined.1%17 For the
amide group linking rings B and C the deformation is primarily a
rotational one; but with those linking A and B and A and C it is a
combination of both effects, the Largest distortion being in that
linking A and B where the out-of-plane deformation parameters are:
Xc = 20, XN = 13°, and T = 172°. The values of these parameters for
the other two amides are given with the Newman projections (Fig.4).

0f the five aromatic rings (A-E) none show significant departures
from plaharity. This shows that strains imposed on the rings (A=C) by
the non-zero torsion éngles along the common edges with the 12-membered
ring are not transmitted to the rings. The largest deviation from
planarity is in ring A which has the smallest torsidn‘angle and vice
versa for ring B.

As has been mentioned in the experimental section, the structure
has been found to contain included solvent molecules. The presence
of these molecules had been suggested before the structure determinat-
jon was started. The first batch of crystals of the compound inves-
tigated had been crystallised from toluene, but subsequently dried.

AlL but one of these crystals were unsuitable for X-ray analysis,
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Figure 4. Newman projections and out-of-plane bending parameters

for the three trans amide groups.
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having become opaque and powdéry. The remaining crystal was a
slightly milky colour, but gave photographs adequate for the determin-
ation of preliminary unit-cell and space-group details. It was not
possible, having just this one crystal, toAmeasure its &ensity and
hence to determine the Eolecular weight of the compound. A second
‘batch of crystals again crystallised from toluene, but this time not
dried, were of excellent quality and were found to havé apbroximately
the same unitféell dimensions and the same space—-group as before, but
gave large differences in the intensities of a few of the reflections.
A crystal from this second batch was used for the above structure
analysis. It has been concluded that the crystal from the original
batch represented a partially desorbed strugture, the implication being
that it may be possible to remove all the toluene from the structure
without destroying the host framework (Z.e. it has zeolitic properties).
For this to occur the structure must contain continuous channels or
linked cavities.

Figure 5 shows the contour pattern of the bounds of the inclusion
region in the structure. This is derived from a three-dimensional
analysis of the van der Waals radii of the host structure. The con-
tours aré at 1? intervals in the b direction; only half the region is
shown, there being a crystallographic centre of symmetry, as shown, in
the zero contour level. ,

As can be seen, the inclusion region is totally enclosed thus
posing a problem as to how a trapped molecule might escape. However,
inspection of the three-dimensional packing diagram (Fig.6) gives
some insight as to a possible mechanism whereby this could happen.

The cavity regions in the structure are the areas around the centres

of symmetry at (},0,0) and €0,%,0), Z.e. at the boundaries between

cells in the ¢ direction. (These are the top and bottom edges in the



Figure 5.
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Contour pattern of the inclusion region in the structure.

Contours at 1R intervals.
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Stereo view of the packing of the ‘host and guest

Figure 6.

(broken bonds) molecules in the structure.
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diagram.) As can be seen, thése areas are bounded in the x and y dir-
‘ections by one of the benzyl groups (ring E) and its symmetry related
partners. These groups are chemically free to rotate, and may do so,
hinging like a louvre or venetian blind, thus allowing fhe trapped
molecule to escape froﬁ»the crystal. Such a structural modification
is compatible with the perturbations in the unit-cell parameters
observed for a different adduct; these occur primarity in the @ and b
dimensigns, there being Little change in c.

The included molecule is not very tightly trapped in the cavity,
there being only one host-guest intermolecular contact of less than
3.58. This is one of 3.398 in the ¢ direction between C(100) and
€(10). The closest contact to the benzyl ring is 3.76% between C(103)
and €(112), and the shortest distance between the benzyl ring and the
toluene ring is 3.928 between C(102) and C(113). The remainder of the
§tructure is fairly tightly packed with seven contacts under 3.5&, the
shortest being 3.38R between 0¢6) and C(54) (Table 4).

Finally, the inclusion of a molecule of toluene in the lattice
disordered symmetrically in two orientations results in an arrangement
the same as if‘a molecule of p—xylene were included. Crystallisation
of dried matgﬁjal from xylene resulted in the ready formation of
good crystals which were found from X-ray photography, t; have the
same space-group and structure as those of the toluene adduct, but
slightly different Lattice parameters (Aq = +0.070, AD = +0.019,

Ae = #0.001R%, ag = -0.35%). This difference indicates that the
assumed overlap of the two half toluene molecules cannot be perfect.

Clearly N,N'-dibenzyltrianthranilide hés the potential to include
a range of other possible guests, or even to resolve mixed isomers,

This will be the subject of further study.
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Fractional coordinates (X 10%) for the non-hydrogen atoms

with estimated standard deviations in parentheses

"~ Atom
c
€(2)
c(3)
C(4)
C(4a)
N(5)
c(5
¢
€(52)
(53
C(54)
c(55)
€ (56)
c(6)
o)
€ (6a)
c(?
¢:))
c(®
cUm
c(10a)
NCTTD)
ctn

c(1n

Table 1

x
4075(2
4109(2)
3634(3)
3132(2)
3113(2)
2543(2)
1504 (2)
1203(2)
1023(2)

735(3)

33(3)
810¢4)
1082(3)
2983(2)
3850(1)
2409(2)
1946 (2)
1510(3)
1537(3)
1989(2)
2425(2)
2914 (2)
3888(2)

3933(2)

y
4461(2)

5154(3)
5995(3)
6149(2)
5462(2)
5672(2)
5653(2)
4808(2)
3948(3)
3173(3)

3256(4)

4102(5) -

4874(3)
6044 (2)
6014(1)
6467(2)
7238(2)
7754(2)
7338(3)

6475(2)

6048(2)

5152(2)
5193(2)

3577(2)

z
4238(2)
3605(2)
3673(2)
4390(2)
5032(2)
5736(2)
5509(2)
4949(2)
5338(3)
4805(4)
3906(4)
3530(3)
4044 €2)
6491(2)
6656 (1)
7153(2
6984(2)
7654(2)
8474(2)
8640(2)
7978(2)
8130(2)
8569(2)

9492(2)
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Table 1 (contd.)

Atom x Y . 3
€(112) 4316(3)  6463(3)  9683(3)
CCC3) 4347(3)  6824(3) - 10543(4)
CC114) 4006(4)  6319(5) 11188(3)
€C115) 3620(3)  5450(5)  11007(3)
CC116)  3593(3)  5072(3) 101552
cC12) 2472€2)  4341(2)  7816(2)
0¢12) 1639(2) 4331  7527(2)
c(12a) 3058(2)  3448(2)  7812(2)
CU13) 3012(3)  2776(2)  8476(2)
CC14) 3519¢3)  1933(3)  8451(3)
CC15) 4049C3)  1765(2)  7776(3)
C(16) 4082¢3)  2415(2)  7110(2)
C(16a) 13 3269Q)  7127(2)
NCTT) 3627(2)  3952(2)  6450(2)
C(18) 3540(2)  3765(2)  5578(2)
0¢18) 3450(2)  2960(2)  5279(2)
€(18a) 3574(2)  4599(2)  4962(2)
€100 “144(5)  4862(6) 869(5)
cc1on 595(5)  4469(5) 525(6)
€(102) 733(5)  4600(5)  -357(5)
lc¢103) 1176(13)  3973¢10)  1069¢10)

! occupancy 50%.



Table 2

' *
Anisotropic thermal parameters (X 103 R2) for the non-

" hydrogen atoms with standard deviations in parentheses

- Atom
cn
c(2)
c(3)
¢
c4)
c(4a)
N(5)
c(5
c5D
c(52)
€(53)
C(54)
c(55)
c(56)
c(6)
0(¢6)
C(6a)
c(7)
(8
)
cOm
c(10a)
NCTD
cU1D
catn

c(112)

U1
45(2)
53(2)
78(2)
68(2)

25¢2)

43(1)

432)

36(2
54(2)
61(2)
66(3)
102 (&)
77(3)
56(2)
45(D
49(2)
75(2)
80(2)
69(2)
56(2)
4£3(2)
42(1)
43(2)
43(2)

63(2)

Uaz
50(2)

66(2)

58(2)

43(2)

39(2).

37(D
48(2)
43(2)
60(2)
44(2)
87(3)
134.(5)
77(3)
32(1)
50(1)
39(2)
45(2)
51(2)
64(2)
59(2)
39(2)
40¢h
49(2)
53¢2)

63(2)

Usa
52 (2)
49(2)
51¢2)
55(2)
43(2)
47(1)
62(2)
60(2)
87(3)

169(5)
152(5)
71(3)
61(2)
48(2)
57(1)
L7(2)
52 (2)
67(2)
61(2)
49(2)
52(2)
53(1)
65(2)
56(2)

78(3)

U2
=3(1)
-11(2)
-9(2)
1(2)
-3(1)
4¢1)
8(1
8(1)
-4(2)
-2(2)
13(3)
-12(3)
-8(2)
5(1)
(N
6¢1)
16(2)
28(2)
21(2)
11(2)
5(D
7h
7
9¢1)

2(2)

Uys
10¢1)
18(1)
21(2)
16(2)
101
11D

81

5¢1)

-13¢2)
-30(3)
-15(3)

0(2)

3(2)
14(1)

(1)

9(1)
11(2)
13(2)
19¢2)
13¢1)

6(1

4D

2(1)
-1(1

=-3(2)

Uz3

~13¢1)
~12(2)
4(2)
2
~6(1)
=3(1)
-3(2)
1¢1)
172
7(3)
~614)
-38(3)
2(2)
3(1)
-8(1)
~4(1)
0en)
~4(2)
~10€2)
~3(2)
-3¢
D
—2¢2)

1(2)

~-7(2)

132



Atom
c(113)
c(114)
c(115)
c(116)
c12)
0k12)
c(12a)
€13
c14)
cU1s
c(16)
c(16a)
NC17)
c(18)
0(18)

c(18a)

c(100) -

c(1on

c(102)

<103

U11

87(3)

96(4)

83(3)
69(2)
55(2)
52(1)
58(2)

84(3)

118(3)

108(3)
83(2)
56(2)
57(2)
40(2)
90(2)
37(1

105(5)

132¢6)

129¢6)

Table 2 (contd.)

Uz2
88(3)
147(5)
149(5)
79(3)
47(2)
59(1)
37(2)
49(@2)
42 (2)
38(2)
41(2)
34(2)
31D
39(2)
37(1)
40(2)
136(6)
115(5)

135(6)

213(16) 102(10)

* In the form:

Uss
103(4)
67(3)
60(3)
67(2)
44(2)
75(2)
53(2)
65(2)
72(2)
72(2)
61(2)
51(2)
5042)
54(2)
61(1)
46(2)
157(6)
175(8)
133¢6)

153(13)

Ui2
10(3)
35(4)
24(3)

6(2)

1D
-1(1)
=1(1)
-3(2)
-2(2)
15(2)
13(2)

1N

3(1)

3N

0oy
-4(1)
-61(4)
~66(5)
=-59(5)

~-38(10)

U3
-19(3)
-6(3)
7(2)
-1(2)
11(1)
-4(1)
(1
10(2)
-4(2)
-7(2)
-0(2)
-0(1)
6(1)
7¢1)
4C1)
6¢1)
55(5)
33(5)
65(5)

1134110

expl=2n2 (U} 1h2a*2+Uy s k2D #2403 312042

+2U1 2hka*b*+2L’1 3;ZZCZ*C*+2U2 3kZb (%) ]

U3
-39(3)
-21(3)

26(3)
15(2)
5(1)
-1(N
3
9(2)
14(2)
-0(2)
-6(2)
-2(1)
-6(1)
-7(D
-11(1)
-9(1
-67(5)
-49(5)
-57(5)

-13(%)

133



Fractional coordinates and isotropic thermal parameters
(X 103) for the hydrogen atoms with estimated standard

e L. . . *
deviations (for those refined) in parentheses

Atom
H(1)
H(2)
Hz3)
H(4)
H(S0D
H(502)
H(52)
H(53)
H(54)
H(55)
H(56)
H(7)
H(8)
H(9)
HC1D)
H(1101)
H(1102)
CH{(112)
H(113)
H(114)
H(115)
H(116)
H(13)

H(14)

442

448

364
278
119

130

110

59
43
74
119
193

117

122

200
416
427
457
463
404
336

333

262

350

Table 3

335
504
649
676
563
625
389
255
268
414
550
764
837
766
617
454
561
684
747
659
509
442
290

145

.
418
310
321
444
606
518
600
510
355
288
375
639
753
895
923
860
822
920

1068

1180

1149

1003
897

893

U(R2)
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
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Atom
H(15)
H(16)
HAOID)
H(100)
IH¢10m
H(102)
1H(1031)
1H(1032)

14¢1033)

1 0ccupancy 50%

Table 3 (contd.)

X
442
447
378(2)
25
108
128
173
150

838

Y
116

228
447(2)
474

405

428

370
437

341

2
777
661
662(2)
153

93
-62

75
158

134

135

U2
70 .

70
53(10)
127
127
127

127
127

127

* .
The numbering of the hydrogen atoms is that of the atoms

to which they are bonded.



Table 4

. . ok
Selected intra- and intermolecular contacts < 3.5R

NCS) .. NCTD)
0(6) «oaNCTD

0€12)...NC17)

cen ...0e6"
C2) ...NCITH

€4 ...c53'H

c(5) ...0018' 1

3.01
3.00

3.48

3.47
3.48
3.44

) 3.47

0(6) ...N(17)

N1 .. .NCT7)

C@ ...006"

cC10)...cc100'h)
¢ty ...oasii

0(6) ...C54' ' ")

relative to the reference molecule at x,y,z:

.i

1-x, 1=y, 1=z  ii

~x, 1~y 1~z

iid

1 1 —-
F-Xy %ty 1-2

3.42
3.39
3.49

3.38

136

* .
Roman numeral superscripts denote the following equivalent positions
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Table 5
Equations of the least squares planes (in direct space) for the five
aromatic rings in the structure together with their standard deviations

and the largest displacements from them.

A 10.924 + 5.506y + 6.455z = 9.646
¢ = 0.007R8 CC4a) 0.010R

B 11.699z + 6.865y + 3.216z = 9.555
¢ = 0.004R c(9) 0.006R

¢ 10.522 + 6.066y + 6.642z = 10.489
¢ = 0.0068 c(12a) 0.008R

D 13.795¢ - 3.716y - 1.969z = -1.107
o = 0.005R c(56) =-0.008R

E- 12.554x - 5.875y + 2.056z = 3.613
¢ = 0.0058 €(115) -0.008R%

Dihedral angles between the planes of the rings:

AB=1° aAc=3 B,C = 14°



CHAPTER 6

The crystal structure of 5,11-dimethyltribenzolb, f,4301,5,91tri-
azacyclododecine-6(5H4) ,12(114) ,18(17H)~-trione (N ,N'~-dimethyl-

trianthranilide)



139

Summary

The title compound (19) crystallises in the monoclinic space group
P2y with a = 11.422C1), b = 12.594(1), e = 6.537(DR, g = 101.32°,
7 = 2. The structure was solved by direct methods and refined by full-
matrix Lleast squares to B = 0.050 for the 1871 independent diffractometer
measured reflections. The molecule adopts a helical conformation with
.angles of 50, 19° and 14° between the planes of the three aromatic rings.
The 12-membered ring is stabilised by a trans—-annular amide~amide NH...N
hydrogen bond (2.960¢5)R) which involves a severely distorted ¢trans—-

amide group.
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An X-ray analysis!s»2 has confirmed the n.m.r. conclusion,3 that
the molecule (1a) adopts a helical conformation in the solid state.
The analysis revealed, however, the presence of an unsuspected stab-
ilising feature in the structure; a trans-annular amide-amide N-H...0
bond. N.m.r. analysis of the conformational behaviour of N,V'-dimethyl,
trianthranilide (19)“ iﬁdicated that this molecule too adopts a
helical conformation in the solid state.+‘ As (19) crystallises to
give well formed single crystals an X-ray analysis was undertaken to
establish its solid-state conformation; also to determine whether
the replacement of the rather bulky benzyl groups in (12) by methyls
(15), influences in any way the conformation and thereby the form of

any trans-annular ring stabilisation that may be present.

%

EXPERIMENTAL

The title compound crystallises from dioxane as clear well
formed plates. Accurate lattice parameters were obtained by least-
squares refinement of 19 high-angle reflections measured (at 12°¢) on

a diffractometer using Cu-X, radiation.

T N.B. (1p), like (1a) is chemically non-symmetric (Z.e. Ry = Ry # R3)

and consequently there are three possible non-equivalent hetical con-
formations (and their enantiomorphs). The significance of this to the

n.m.r. analysis has been discussed elsewhere.t



NR® NR?

- o
a; R'=H, R%=R%-CHzPh
b, R'=H, R%=R*-Me
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Crystal Data C3H39N303, M = 385.4, Monoclinic, a = 11.4219(5),

b= 12.5937(6), ¢ = 6.5373(3)R, 8 = 101.318(5)°, v = 92283,

D¢ = 1.39gcm™3, Z = 2, F(OD0) = 404. Space-group P2; (No. 4)+ from
systematic absences and cell contents. Cu-X, radiation, X = 1.541783,

ulCu-Ky) = 7.2cm™1,

A crystal ca. 0.15 x 0.4 x 0.5 mm3 was mounted along its ¢ direct-
ion. Data were measured on a Siemens off-line four-circle diffrac-
tometer using Ni-filtered Cu-K, radiation. A total of 1871 independent
\reflections were measured (to 8 = 71%) using the 6-20 scan technique
with the 'five-value'® measuring procedure. Of these, 53 reflections
had I < 2.580(I) and were classed as unobserved.® The net count of
the 5 7 0 reflection, measured as a reference every 50 reflections, did
not alter significantly during the data collection (2 days) indicating
that no detericration of the crystal had occurred. The data were
brought to a uniform arbitrary scale by use of this reflection,® and
Lorentz and polarisation corrections were applied. No absorption

corrections were applied.

Solution and Refinement of the Structure

The structure was solved by direct methods by application of the
program MULTAN® to 250 reflections with normalised structure factors
(E's) > 1.40. An initial run resulted in a very flat profile for the
Yfigures of merit' with no one phase set standing out above the rést.
A second run, using renormalised structure factors, taking into

account the spherical scattering for a possible molecular configuration

This space group contains molecules of one chirality only; the
compound, being a racemate in solution, thus exhibits spontaneous

resolution on crystallisation.



143

for the macrocycle,7 gave apprec{ably better discrimination. An E map
calculated for the phase solution with the highest 'combined figure of
merit', though giving some multiple imaging of part of the sfructuré,
revealed 25 atoms that could be attributed to the main framework of
the molecule. These atoms were refined isotropically (as carbons)
giving R = 0.30,.and a difference map computed which revealed the
remaining non-hydrogen atoms. fhe different atom identities were
assigned on the basis of bond tengths, thermal parameters, and
chemical information.

These atoms were refined anisotropically by full-matrix least
squares, to give an R-value of 0.078. A difference map contained
sharp peaks corresponding to all the hydrogen atoms. The aromatic
and methyl hydrogen atoms were figed at optimised calculated ﬁositions
corresponding to their observed positions in the difference map, and
only the amide hydrogen (H(17)) allowed to vary. One reflection
(the 201) which had |F,|<<|F| was suspected of being affected by
extinction and therefore removed. Subsequent refinement, the amide
hydrogen isotropically, the remaining non-hydrogen atoms anisotropic—
ally, reduced R to a final value of 0.050. The maximum shift/error
for all the r§fined parameters at the termination of refinement was
0.5. The maximum residual electron density in the final difference
map was 0.2eR73. uUnit weights were used throughout the refinements.,
Atomic scattering factors were taken from ref. 8 with the exception of
those for hydrogen which were taken from ref. 9.

The computations were carried out on the Imperial College CDC
6400 and the University of London CDC 6600 énd 7600 computers using,

* in the main, programs belonging to the X-ray 70 and 72 systems. 10
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RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix VI. The final fractional atomic coordinates and anisotropic
thermal parameters for the non-hydrogen atoms together with their
estimated standard deviations are listed in Tables 1 and 2. Those for
the hydrogen atoms with their isotropic temperature factors are given
in Table 3. Figure 1 shows a stéreo view of the molecule (ORTEPLl),

' Figures 2a, b show the bond lengths and angles together with their
estimated standard deviations, and the numbering scheme used. Table 4
Lists selected intra- and intermolecular contacts £ 3.58. Figure 3
shows the torsion angles around the central 12-membered ring and for
comparison those for the related ¥,N'-dibenzyl molecule (1a).1 2
Figure 4 shows the Newman projections!? for the three trans amide
groups. Table 5 lists the equations of the least-squares planes for
the three aromatic rings in the structure and the largest deviants
from them. Figure 5 shows a stereo viewll of fhe packing of the
molecules in the structure.

The molecular conformation is, in accordance with the n.m.r. con-
clusions,3 helical with the methyl groups lying on opposite sides of
the 12-membered ring (Fig.1). Rings A and C (Fig.3) are nearly
parallel (s° between normals) and ring B is inclined éo rings A and C
by 19° and 14° respectively. The planes of the trans amide linkages
between rings A and B and between A and C are approximately normal to
their adjacent rings (Z.e. minimum conjugation), whilst that linking
.rings A and € is inclined at only » 37° to the mean plane of these
rings (Z.e. rotated by more than 50° from the normal). The confor-
mation is very similar to that found for the analogous N,N'-dibenzyl

compound (19),1’2 but there is one very significant difference.
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Figure 1. Stereo view of the N,N'-dimethyltrianthranilide

molecule,
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Location of the hydrogen atom at£ached to N(17) and successful refine-
ment of its position has shown that, unlike in (19) where the geometry
at this nitrogen is normal spz, here it is pyramidal with CNH angles
'of 108° and 111° and CNC of 125° (Fig.2b). The associaféd OCNH torsion
angle is -138° (Fig.4). The effect of this distortion is to direct
the N-H bond down into the macrocycle, the bond running nearLy‘para-
Lltel to the planes of rings A and C, thus enabling ring stabilisation
to be achieved by the formation of a trans-annular N-H...N hydrogen
bond (2.960(5)R) to the opposite amide nitrogen N(5), (ef to 0(6) in
(12)192). The N(17)-0(6) distance in the structure is 3.268.

The effect of this change of hydrogen bonding is reflected in
small, but marked, differences between the conformational angles in
the arms of the molecules invoLved (A-B and A-C, Fig.3). As can be
seen in the figure, one of the most noticeable differences between the
structures is the 'swinging outwards' of the carbonyl C(6)=0(6) with
respect to the plane of ring B iﬁ (1D) compared with its orientation
in (12). This produces a decrease in the N(5) C(6) C(6a) C(10a)
torsion angle of 7°. similar complemeﬁtary differences can be seen
to occur in the other angles.

The bond lengths (Fig.23) do not deviate appreciably from ex-
pected values, and there is fairly good internal consistency between
xequivalent bonds. One noticeable difference, however, is between the
amide C-N bond lengths N(11)-C(12) (1.364¢6)R) and N(17)-C(18)
(1.338(6)8) where the difference is greater than 30; a similar differ-
ence was observed between these bonds in (19).2 As in (1a) the amides
show characteristic, but smali, degrees of Bond modification assoc~-
jated with delocalisation effects in the groups. The very small in-
crease in the €(12)=0(12) bond length is probably a reflection of

errors in this length due to anisotropic motion of 0(12).
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Figure 3. Torsion angles for the central 12-membered ring with (above),

for comparison, those for N,V’-dibenzyltrianthranilide.
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el
10a \—]'720 Xc=-1°
XnN=3°
1=174°
o
r N

018 18 @
d
v 420 ,
16a -\- N~ Xeag® |
138°___ XN=45°
1=-160°

Figure 4. Newman projections and out-of-plane bending parameters
" for the three trans amide groups.
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As in (19)2 none of the ami&e groups is planar. The out-of-plane
deformatioﬁ parameters13) % for the amides linking rings A and B and
B and € are fairly small (Fig.4), the distortions being similar in
magnitude to those found for (19).2 However,'the deforhation in the
~amide Linking rings A and C is exceptionally large with an out-of-
plane bending at the nitrogen X N, of 45°. As reported previouslyl®
distortion of ami&e groups is fairly common, but in the'majority of
cases the deformations are small; they certainly do not approach the
degree of distortion observed here (a notable exception is an out-of-
plane rotation of ~ 30° of one of the substituents on each nitrogen in
the structure of N,N'-diethyL-N;N'-diphenyl—urea15). This current
result lends further support to the deduction that the force resist-
ing out-of-plane deformation in ahides must be small.16s17

None of the aromatic rings shows significant departures from
planarity (Table 5) indicating that, as in (19),2 the strains imposed
by the presence of non-zero torsion angles along the common edges
between the 12- and é6-membered rings are not relievea by bending of
the aromatics. Ring C, whose 12-membered substituents are rotated ‘
with respect to each other by 9° along the C€(12a)-C(16a) bond, is the
flattest of th? three rings with a maximum deviation from pLanarity.of
0.004R.

The structure is quite tightly packed (Fig.5) with eight inter-
molecular contacfs of under 3.58. The shortest of these is one of
3.31R between C(1) and C(15) (Table &4). The packing is consistent

with van der Waals interactions.
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‘Figure 5. Stereo view of the packing of the molecules.
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Fractional coordinates (X 10%) for the non-hydrogen atoms

_Table 1

‘Wwith estimated standard deviations in parentheses

rertom
c(D
c(2
(3
c(4)
c(4a)
N(5)
c(5)
c(6)
0(65
c(6a)
c(N
M ¢:))
e
c10
c(10a)
NCID
cCi
€2
6(12)
t(12a)
cU13
€(14)
c(15
c(16)

£(16a)

x
5745C4)
6016(5)
7107(5)
7946 (4)
7678(4)
8619(3)
9472(4)
8765(4)
8011(3
9847 (4)

10927 (4
11856 (4)
11708(4)
10641 (4)
9708(4)
8589(3)
7727(5)
8354(4)
9097(3)
7120(4)
6891 (4)
5779(5)
4904 (4)
5124(4)

6235(4)

Y
3489(4)

2416(4)
2114(4)
2876(4)
3944

4694(3)
4968(4)
4951(4)
4714(4)
5570(4)
5061(4)
5593(5)

6622 (6)

7146(5)

6617(4)
7135(3)
7194(5)
7506(4)
7496(3)

7910(3

8988(4) .

9370(&
8678(4)
7595(4)

7208(4)

F

2166(7)

2489(7) .

3641(7)
4442(7)
4141(6)
4957(5)
3626(7)
6993(7)
7998(5)
8035(6)

8717(8)

9978¢8) -

10528(7)
9807(7)
8562 (6)
7829(5)
9252(8)
5831(7)
4750(5)
4988(6)

4933(8)

3913(8)

2§80(7)
3033(7)

4031(7)

153



Atom
NCT17)
~€(18)
0(18)

c(18a)

Table i (contd.)

x
6495(3)
6155(4)
5540(4)

6572(4)

y -

6092 (3)
5395 (4)
5641(3)

4266(4)

4

4140(6)

2593(7)

919(5)

3021¢6) -
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Table 2

A . *
Anisotropic thermal parameters (X103 R2) for the non-

hydrogen atoms with standard deviations in parentheses

Atom
cD
(@)
(3
c)
c4a)
N(5)
c(5)
c¢6)
0(6)
c(6a)
cn
c(8)
c(9)
cUm®
c(10a)
NCID
cUn
c(12)
0(12)
c(12a)
cU13
(14
c¢15
cC16)

c(16a)

U1
56(3)
74(3)
73(3)
55(3)

45(2)

C47(2)

57(3)
44(2)
73(2)
45(2)
54(3)
47(3)
46(3)
54(3)
42(2)
49(2)
66(3)
45(2)
47(2)
47(2)
59(3)
71(3)
54(3)
48(3)

47(2)

Uoa
45(3)

43(3)

139(2)

41(2)
39(2)
42(2)
56(3)
45(3)
98(3)
4£9(3)
57¢3)
81(4)
98(5)
62(3)
52(3)
47(2)
78(4)
37(2)
73(2)
40€2)
37(2)
40(3)
61(3)
57(3)

39(2)

Uss
£0(2)

48(3)
52(3)
48(2)
37(2)
40(2)
48(2)
- 49(2)
56(2)
39(2)
57(3)
50(3)
45(3)
51(3)
37(2
42(2)
47(3)
46(2)
47(2)
40(2)
64(3)
65(3)
46(2)
46(2)

40(2)

Uiz
=5(2)

-16(2)
-1(2)
4(2)
~4(2)
-4(2)
-10(2)
=-3(2)
=-41(2)
-3(2)
3¢2)
5(3
~16(3)
-13(2)
-3(2)
1€2)
10(3)
-6(2)
5¢2>
1(2)
-3(2)
12(2)
17(2)
2(2)
0(2)

Uis
~0(2)
122
132)

6(2)

6¢2)

2C1)
12¢2)

2)
21(2)
-12)

1(2)
02
-5¢2)

3(2)

22)

5(2)
17(2)
0@

8¢

2(2)

9¢2)
16(3)

8(2)

2(2)

3(2)

Uss

-4(2)

=12(2)
=4(2)
1)
-1(2)
=1¢2)
4(2)
=1(2)
-25(2)
6(2)
14(2)
17(3)
~-4(3)
-10(2)
6(2)
3(2)
9(3
=-3(2)
92(2)
0(2)
1(2
12(2
8(2)
-8(2)

2(2)
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‘Atom
NC17)
c(18)
0(18)

c(18a)

U1
48(2)
55(3)

141(4)

 53(3)

Table 2 (contd.)

U22
402
41(2)
53(2)
37(2)

Uss
51(2)
43(2)
54(2)
36(2)

Uiz

2(2)
-2(2)
25(3)

=3(2)

U3
-8(2)
3(2)
-33(2)
7

. .
In the form: expl=212(U;1h2a*2+U,,k2b*240 3312042

+2Uy phka*b*+2U; ghla*c*+2U, skib*e®)]

U23
-4(2)

02
-6(2)

1(2)
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Table 3
Fractional coordinates and isotropic thermal parameters
(X 103) for the hydrogen atoms with estimated standard

e e . . *
deviations (for those refined) in parentheses

Atom x y 3 UCR2)
H(T) 495 370 132 63
H(2) 542 186 188 63
H(3) 729 134 390 63
H(4) 875 265 524 63
H(51) 1007 549 437 82
H(52) 989 431 331 82
H(53) 903 529 230 82
H(D) 1103 431 830 63
HE 1263 523 1049 63
H(9) 1238 700 1146 63
H(10) 1055 791 1019 63
HC11D 699 758 854 82
H(112) 751 646 963 82
H(113) 810 759 1055 82
H(13) 752 950 562 63
H(14) 562 1015 386 63
H(15) 411 896 226 63
H(16) 444 709 . 236 63
HUTT) - 726(4)  597(5)  470(8) 85017

* .
The numbering of the hydrogen atoms is that of the atoms

to which they are bonded.



Table 4

. . *
Selected intra- and intermolecular contacts < 3.58

N(S) ...NC1T7) 2.96
0(6) ...NU17) 3.26
c(11)...0€6) 3.26
0(12)...C(5) 3.32

C4) ...0012") 3.35

€8 ...c3hH 3.43

ci1s)...c1’ 3,41

c2 ...oc181'y 340

c(6) .I-N(17)
N(11)...006)

c(12)...c(6)

€9 ...c3hH
CC15)...cC18a' 1)
€@ ...ct6lh

ce) ...c(151iiy

3.22
3.13

3.32

3.33
3.46
3. 44

3.3

158

* Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,=2:

i

2=z, %+y, 1-2

i1 -z, 5y, 1=z

iii

I-x,%+y,~2
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Table 5
Equations of the least squares planes (in direct space) for the three
aromatic rings in the structure together with their standard deviations

and the largest displacements from them.

A 6.226x - 0.200y - 6.072z = 2.183
o = 0.010% c(31),c(18a) -0.012R
B 5.678% + 3.824y - 5.8483 = 3.033
o = 0.008% ct6a) -0.011R
c -5.878z = 0.907y + 6,137z = -1.842
o = 0.003% c(14) -0.004R

Dihedral angles between the planes of the rings:

AB=1° a,c=5° B,c=14°
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CHAPTER 7

The crystal structure of 4,10,16-trimethyltribenzolb, f,7101,5,91

trithiacyclododecine=6,12,18-trione (Tri-3-methylthiosalicylide)
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Summaxry

The title compound (7) crystallises in the monoclinic space group
P2y/c with a = 18.772(1), b = 7.465(1), ¢ = 16.303(R, g = 109.59°,
Z = 4. The structure was solved by direct methods and refined by full-
‘ matrix least squares to R = 0.046 for the 4081 independent diffractometer
measured reflections. The molecule adopts a helical conformation with
angles of 6°, 31° and 30° between the planes of the three aromatic

rings. The average S-C(spz) distance is 1.7808.
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Studies of the conformational behaviour of the trisalicylides
(1)-(3),% 2 and the related medium-ring compounds (4)-(6),%" have
suggested that the barrier heights for conformational changes in the
12-membered rings depend.on the nature of the substituent atoms, or
groups, at the ortho positions of the aromatic rings. As a contin-

" uation of these studies attempts have been made to prepare the thia
analogue of tri-o-thymotide (tri-thiothymotide)S to enable investig-
ation of its conformational behaviour, also to see if it too, exhibits
the same exceptional inclusion compound forming properties. These
attempts have resulted in the successful formation of the chiral
intermediate, thiosalicylide (7), which n.m.r. analysis has shown
undergoes conformational inversion in solution. It has been proposed
that (7) adopts a helical conformation in the solid state (Z.e. two
carbonyl oxygens lLie on one side of the 12-membered ring and one én
the other). The X;ray analysis reported here hés been carried out to
establish the solid state conformation and to provide accurate details
of the conformational geometry. A crystal structure determination has

shown (6) to have a helical conformation.®

EXPERIMENTAL

The title compound crystallises as colourless laths elongated
along b. Accurate lattice parameters were obtained by least squares
refinement of 25 high-angle reflections measured (at 12°¢) on a

diffractometer using Cu-K, radiation.
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Crystal Data CoyH1gS303, ¥ = 450.6; Monoclinic, a = 18.7720(8),
b = 7.4651(5), ¢ = 16.3028(8)%, & = 109.590(4)°, v = 215283,
De = 1.39gem=3, Dp = 1.37(gem™3 (by flotation), Z = 4, F(OOD) = 936.

Space-group P2y/c (No. 14)+ uniquely determined from systematic

* - absences. Cu-K, radiation, X = 1.541788, ulcu=ky) = 32.8cm™1.

A crystal ca. 0.2 x 0.7 x 0.4 mm3 was mounted along its b.
direction. Data were measured on a Siemens off-line four-circle
diffractometer using Ni-filtered Cu-K, radiation. A total of 4081
independent reflections were measured (to 6 = 70% using the 6-20
scan technique with the 'five value'? measuring procedure., Of these,
231 refLections-had I < 2.580(I) and were classed as Lnobserved.7
The net count of the 12 0 6 reflection, measured as a referehce every
50 reflections, did not alter significantly during the data collection
(eca. 8 days) indicating that no deterioration 6f the crystal had
occurred. The data were brought to a uniform arbitrary scale by use
of this feflection,7 and Lorentz and polarisation corrections were
applied. No absorption corrections were applied at this stage.

Solution and Refinement of the Structure

The structure was solved by direct methods by application of the
program MULTAN® to 250 reflections with normalised structure factors
(E's) > 1.50. An E map computed for the phase solution with the

highest 'combined figure of merit' gave plausible positions for all

T This space-group contains equal numbers of molecules of both chiral-

ities; the compound is thus a racemate both in solution and in the
solid state.
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of the non-hydrogen atoms of the structure.

These atoms were refined anisotropically by ful}-matrix Least
squares to give a residual R = 0.087. A différence map contained
sharp peaks corresponding to all the hydrogen atoms, which for sub-
sequent refinement, were fixed at optimised calculated positions 1.08
from the{r parentvcarbon atoms. R fell to 0.082. The data were then
corrected for absorption using the method of Busing and Levy? with a
Gaussian grid of 12 x 12 x 12 points, and with crystal path lengths
determined by the procedure of Coppens, Leiserowitz and Rabinovich.l0
Refinement with the absorption corrected data reduced R to 0.068.
Fifteen low-angle reflections which had |Fgo|<<|F¢| were suspected of
being affected by extinction and therefore removed. Subsequent refine-
ment with allowance made for the anomalous scattering due to the
sulphur atoms reduced R to a final value of 0.046. The maximum shift/
error for the refined paramefers was 0.4 and the maximum residual
electron density in the final difference map was < 0.2eR-3.

Unit weights were used throughout the refinements. Atomic scat-
tering féctors were taken from ref. 11 with the exception of those for
hydrogen which were taken from ref. 12. Anomalous scattering factors
for sulphur were taken from ref. 13. The computations were carried
out on the Imperial College €DC 6400 and the University of London CDC
6600 and 7600 computers using, in the main, programs belonging to the

X-ray 70 and 72 systems. 1"

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix VII. The final fractional atomic coordinates and anisotropic
thermal parameters for the non-hydrogen atoms together with their

estimated standard deviations are listed in Tables 1 and 2. Those for



Figure 1.

Stereo view of the molecule.
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the hydrogen atoms with their isotropic temperature factors are given
in Table 3. Figure 1 shows a stereo view of the molecule (ORTEP1S),
Figures 2a, b show the bond lengths and angles together with their
estimated standard deviations, also the numbering scheme used. Table 4
lists selected intra- and intermolecular contacts < 3.68. Figure 3
shows the torsion angles around the-central 12-membered ring and for
comparison, the values reported for (Q)6 (in parentheses). Table 5

' lists the equations of the least-squares planes for the three aromatic
rings and the largest deviants from each of them. Figure 4 shows a
stereo view of the packing of the molecules in the structure.l®

The molecule adopts a helical conformation (Fig.1), thus con-
firming the n.m.r. predictions.® Rings A and B are nearly parallel to
eacH other (6° between normals) and ring C is almost equally incLinea
to both rings A and B (31° and 30° respectively). The almost planar
thiocarboxy linking arms are approximately normal to the mean planes
of their adjacent rings. The conformation mirrors very closely that
found for (6) where the angles between the rings A and B, A and C,
and B and € were 1°, 28° and 28° respectively.® This similarity
extends also to the torsion angles for the 12-membered ring where,
with two minor exceptions (the torsional twists about C(6a)-C(10a)
and S(5)~C(6), they are within 5° of the values we have found for
@) (Fig.3). '

Comparisons were made,® for (EQ, between the observed torsion
angles and the supposedly 'ideal' values of :t%;; (n=1,2). However,
we consider such comparisons to be unrealistic in a closed system
which by its nature can never achieve them,

ALl six S-C(sp?) distances are, within 30, the same, ranging

between 1.775(3) and 1.783(2)R, with an average bond length of 1.7808.

This value is slightly, but not significantly, larger than the average
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Figure 3. Torsion angles around the central 12-membered ring with,

in parentheses, those for (6).
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(1.7718) found for (Q).6 The vaLue‘agrees well with those found in
the structure of 2,2'-diaminodiphenyl disuLph‘ide,14 and is in accord-
ance‘with the expected value.17‘ The bond angles at the sulpﬁur$ di ffer
significantly from each other with that at S(5) being 3° greater than
at s(17); a Qimilar difference occurs in (). A more notable feature
of the bond angles is the acuteness of the thiocarboxy S(CO)C angles.
These are all significantly less than 120°, the smallest being
109.0(2)° at €(6). But this does not reflect any loss of planarity in
these groups as the difference is made up in the other two angles, the
sum of the angles at each carbon being 360°. A similar value is found
in the structure of thiphenamil hydrochloridel® where the S(C0)C angle
is 112°. This reduction in these angles is probably a consequence,
within the group, of non-bonding interactiéns between the sulphur and
oxygen atoms analogous to that obsérved between the ether and carbonyl
oxygens in carboxy groups, where the 0(CO)C angles are similarly
reduced. Very similar values have been observed for the carboxy
0(C0)C angles in tri-o-thymotide.l?

The trans-annular SeesS, S...0 and 0...0 contacts range from
3.31R to > SR, six of them being under 3.6% (Table 4). ALL the §...0
contacts are greater than the sum of the van der Waals radii for these
atoms (3.252). The shortest S...S distance (3.53R) is, however, less
than twice the van der Waals radius for sulphur 3.7%).

Departures from planarity in the three aromatic rings are small
with maximum deviations from the lLeast-squares planes of 0.012 (C(1)),
0.009 (C(10a)) and 0.0168 (C(13)) for rings A, B and C respectively.
Clearly the strain imposed (on ring B) by the fairly large 8% tor-
sional twist about the C(6a)-C(10a) bond in the 12-membered ring is
not relieved by buckling of the aromatic ring.

The structure is fairly tightly packed (Fig.4) with five
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Figure 4. Stereo view of the packing of the molecules.
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intermolecular contacts (all involving carbonyl oxygen atoms) of Lless
than 3.58. The shortest of these is 3.26R between 0(12) and C(2)

(Table 4). The packing is consistent with van der Waals interactions.
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Table 1

Fractional coordinates (X 10%) for the non-hydrogen atoms

with estimated standard deviations in parentheses

- Atom

c(D
c(2)
c(3)
c&)
Me (4)
c(4a)
s(5)
c(6)
0(6)
c(6a)
(N
c(8)
C(9)
cadm
Me (10)
VE£1Oa)
s
c(12)
0(12)
c(12a)
€13
c(14)
cus

c(16)

x
2381(2)

2938(2)

3597(2)

3732(2)
4465(2)
3155(2)
3276(0)
3612 (1)
3747C1)
3723(2)
4414(2)
4519(2)
3935(2)
3232(2)
2600(2)
3134(1)
2293(0)
1682(2)
1853(1)
922(1)
445(2)
~284(2)
-529(2)

~51(2)

Y
1001(5)

-200(5)
-316(4)

722(4)

579(5)
1905(4)
3239(1
5299(4)
5548(3)
6611(4)
6631(4)
7768(5)
8855 (4)
8862 (4)
10016(5)
7739(4?
7773(1)
6348 (4)
5630(4)
6181(4)
7663(4)
7497(5)
5903(5)

4407(4)

2
631(2)
614(2)

1313(2)
2050(2)
2792(2)
2076(2)
3013¢0)
2729(2)
2073(2)
3458(2)
§127(2)
4828(2)
4866(2)
4202(2)
4287(2)
3489(2)
2562(02
2895(25
3593(1)
2205(2)
2032(2)
1452(2)
1025(2)

1163(2)

174



Atom
Me(16)
c(16a)
SCI7)
€C18)
0¢18)
c(18a)

Table 1 (contd.)

x
=349(2)
676(2)
1307(0)
1878(2)
1776(1)

2486(2)

Y
2718(5)

4563(4)
2707 (1D
3368(4)
4709(3)

2042 (4)

2
668(2)
1765(2)
1974C1)
1346(2)
923(1)

1369(2)

175



Table 2

* ,
Anisotropic thermal parameters (X 103 R2) for the non-

hydrogen atoms with standard deviations in parentheses

Atom
cn
c(2)
c(3)
c(4)
Me (4)
C(4a)
$(5)
c(6)
0(6)
c(6a)
c(?
c(d)
c(®
cAm
Me (100
c(10a) i
s¢Un
c12)
0(12)
c(12a)
c(13)
c(14)
c¢15
cC16)

Me (162

U1y
57(2)
75¢2)
54(2)
40(1)

37(2)

41D

54(0)
30C¢1)
79(2)
34(1)
37¢<D
48(2)
62(2)
49(2)
70(2)
35(1)
35(0)
33(1
48(1)
30(¢1)
42(2)
39(2)
31(1D
39(1)

57@2)

Uoo

52(2)
54(2)
44(2)
35¢1)
53(2)
18(1)
34(D

37(D

52(1)

(9]
-
~
-
'

39(2)
50(2>
41(2)
35(1)
52(2)
33(1
46(0)
42(2)
81(2)
44(2)
45(2)
56(2)
64(2)
48(2)

59(2)

Uss
38(2)
44(2)
51(2)
43(2)
59(2)
36(1)
36(0)
43(1)
58(1)
41(1)
53(2)
45(2)
39(2)
46(2)
72(2)
38(1)
41(0)
39(1)
44(1)
37(H
46(2)
47(2)
43(2)
38D

58(2)

Uy2
12¢2)
19(2)
151

1(1D

5(1)
-0
-4 (0

o)

-16(1)
-5(1
-0(1)

-12(1

=-15(1)
-7(1)

2(2)
-6(1)
-1(0)
-0(1)

-18(1
-0(1)
AGD)
15¢1)

2(1)
-6(1)

-13(2)

Urs
6(1)

13(2)

21(1)-

14(1)

9D

14(1)
16(0)
11D
40(1)
10(1)

5(1)
~-0(1)
14C1)
23(1)
42(2)
14C1)
10(0)
11D

6(1)
13(1
15(1)
12(1D

9(1)
15¢1)

11(2)

U3
-7(1)
-16(2)
-3(1)
3(1)
-1(2)
-1(D
-3(0)

-1

-6(1)

=2(1
-0(1)
-0(1)
-7(1
~3(1
~-10(2)
1D
6<0)
oD
20(1)
4(1)
=-3(1)
41

7(D

2(1)

=7(2)
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Atom

c(16a)

s(17)

c(18)
0(18)

c{18a)

U1
32(1

49(0)
39(1)
60(1)

43(1)

Table 2 (contd.)

Uz2
40€2)
40C0)
39(2)
50¢1)

33(1D

Uzs
40(1)

65(0)
30(1)
51(1)

37(1

Uiz
2(D

3(0)
4(1)
20(1)
6(1

Urs
15¢1)

25(0)
5(1)
27 (1)

13C1)

* In the form: expl=2n2 (U 1h2a*2+Up 9 k2b*2+U53120%2

+2Uq ohka*b*+2U shla*c*+2Us 3klb*c*) 1

Uz3

5(1)
14(0)
=3(1)
17¢(D
-0(D

177



Fractional coordinates and isotropic thermal parameters

(X 103) for the hydrogen

A;om x

AH(1) 191
H(2) 286
H(3) 399
H(41) 480
H(42) 473
H(43) 437
H(D) 483
H{(8) ¢ 502
H(9) 402
H(T10D) 278
H(102) 242
H(103) 217
H(13) 63
H(14) -64
H(15) -106
H¢161) -88
H(162) -3
H(163) ~34

* . .
The numbering of the hydrogen atoms is that of the atoms

to which they are bonded

Table 3

*
atoms

583
781
966
1072
1086
924
884
855
581
291
238
173

2

12

129
265
289
333
410
531
538
484
378
429
233
134

61

27

31
109

UR2)
63
63
63
82
82
82
63
63
63
82
82
82
63
63
63
82
82
82
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’ . . *
Selected intra=- and intermolecular contacts < 3.68

Me(4) ...S(5)
Me(16)...8(17)
S(17) ...0012)
S¢17) ...S(S)

0€(18) ...0(6)

0(6) ...C(3H

0¢18) ...c13'hH

iiid
)

00(6) ...Me(4

0012) ...c2™™

Me(10)...0¢(18Y")

3.10
3.12
3.31
3.53

3.60

3.30
3.29
3.29
3.26

3.51

Table 4

Me(1®)...S(11D
S ...0018)
S(11) ...0(6)

$(5) ...0(12)

CC6a) ...Me(41)

Me(16)...0(18' )

0012) ...c1Vy

C(13) ...c16")

3.16
3.40
3.51

3.59

3.59
3.60
3.36

3.52
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* . . . s
Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,z:

i
v

&y, 1+Y, 3 i

L, 51y, 5z vi

-x,1-Yy,~3

il I-x,5+y,%5-2
x, ey, 5+2

iv a5y, 5tz
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Table 5
Equations of the least squares planes (in direct space) for the three-
aromatic rings in the structure together with their standard deviations

- and the largest displacements from them,

A 10.835z + 5.322y - 9.272z = 2.515
o = 0.009R% c(1) 0.012%

B ~9.543x - 5.385 + 10.003z = -3.659
o = 0.007R% €(10a) -0.009%

C  -NM.474x - 2.175 + 14.644z = 0.815
o = 0.0128% c(13) -0.016R

Dihedral angles between the planes of the rings:

aB=6> a,c=31° B,c=3°
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CHAPTER 8

The crystal structure of 1,7,13-trimethyltribenzold,f,4101,5,9]

trithiacyclododecine-6,12,18-trione (Tri—6—methylthiosalicylide)
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Summary

The title compound (2) crystallises in the orthorhombic space group
P27212) with a = 8.298(1), b = 15.852(1), ¢ = 16.327C(R, Z = 4. The
structure was solved by direct methods and refined by full-matrix least
squares to R = 0.026 for the 2379 independent diffractometer measured
reflections. The molecule adopts a helical conformation with angles of
8°, 18° and 20° between the planes of the three aromatic rings. The
conformation differs significantly from that found for the analogous
4,10,16-trimethyl compound (1). The average S-C(sp?) distance is

1.782R.



Attempts to prepare the thiavanalogue of tri-o-thymotide, tri-
thiothymotide! have resulted in the successful synthesis of two inter-
mediate, chiral, methyL substituted, thiosalicylides (15, Qg),Z
N.m.r. analyses have shown that both compounds undergo conformational
inversion via defined conformational itineraries?s3 to give racemic
mixtures in solution. The solid-state conformations of both these
molecules have been deduced as being helical? ({.e. with two carbonyl
oxygens Llying on one side of the 12-membered ring and one on the
other). An X-ray analysis of (1)* has confirmed the n.m.r. conclusion
of a helical solid-state conformation. In view of the different
steric constraints associated w{th the\aLternatiVe siting of the
methyl groups in (2), cf (1) an X—réy analysis of (2) was undertaken
to determine whether the change in these constraints affect in any

way the solid-state conformational geometry.

EXPERIMENTAL

The title compound crystallises as large well formed yellow
blocks. Accurate lattice parameters were determined (at 12°¢) from
measurements of high-angle axial aj; and ap reflections on a diffrac-

tometer using Cu-K, radiation.

. Crystal Data  CouHygS303, M = 450.6; Orthorhombic, & = 8.298(1),
b = 15.852(1), ¢ = 16.327(R, U = 214883, p, = 1.39gem™3, 2 = 4
F(000) = 936. Space-group P2;212; (No. 19)," uniquely determined
from systematic absences. Cu-Ky radiation._‘i = 1.541783,

n(Cu-Ky) = 32.8cm™1.

T This space-group contains molecules of one chirality only; the
compound, being a racemate in solution, thus exhibits spontaneous

resolution on crystaliisation.

183



1
(2)
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Rl1=H, R2=CHj
R1=CH;, R2=H

(3)
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A crystal ca. 0.4 x 0.25 x 0.35 mm3® was cut from a larger block
and mounted along its d direction. Data were measured on a Siemens
off-line four-circle diffractometer usinngi-fiLtered Cu=Kqy Eadiation.
A total of 2379 independent reflections were measured (to @ = 71°%)
using the 6-26 scan technique with the 'five-value'® measuring proced-
ure. Of these, 53 reflections had I < 2,580(Z) and were classed as
unobserved.® The net count of the 0 9 3 reflection, measured as a
reference every 50 reflections, did not alter significantly during
the data collection (4 days) indicating that no deterioration of the
crystal had occurred. The data were brought to a uniform arbitrary
scale by use of this refl.ection,5 and Lorentz and polarisation correct-
ions were applied. No absorption cqrrections were applied at this

stage.

Solution and Refinement of the Structure

The structure was solved by direct methods by application of the
program MULTAN® to 300 reflections with normalised structure factors
(E's) > 1.45. An E map calculated for the phase solution with the
highest 'combined figure of merit' gave plausible positions for all
the non-hydrogen atoms of the structure.

Thése atoms were refinéd anisotropically by full-matrix Lleast
squares to give a residual R = 0.057. A difference mép contained
sharp peaks corresponding to all the hydrogen atoms, and these for
subsequent refinement were fixed at optimised calculated positions
1.08 from their parent carbon atoms; R fell to 0.042. The data were
then corrected for absorption using the method of Busing and Levy?

with a Gaussian grid of 12 x 12 x 12 points and with crystal path
lengths determined by the procedure of Coppens, Leiserowitz and

Rabinovich.® Refinement with the absorption corrected data reduced
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R to 0.031. Two reflections (the 002 and 020) which had |Fg|<<|F(|
were suspected of being affécted by extinction and therefore removed:
R dropped to 0.030. FinaLLy allowance wés made for the anomalous
scattering due to the sulphur atoms. Refinement with the complex com-
ponent of the anomalous scattering factor (f") for sulphur positive,
reduced R to 0.026; refinement with f" negative resulted in an inc-
rease of R to 0.042. The coordinate set thus relates to the correct
absolute configuration for the molecules in the crystal selected.
Refinement was terminated at this final R value of 0.026. The maximum
shift/error for the refined parameters was 0.4 and the maximum resid-
ual electron density in a final difference map was < 0.15eR-3.

Unit weights were used throughout the refinements. Atomic scat-
- tering factors were taken from ref. 9 with the exception of those for
hydrogen which were taken from ref. 10. Anomalous scattering factors
for sulphur were taken from ref. 11. The computations were carried
out on the Imperial College CDC 6400 and the University of London CDC
6600 and 7600 computers using, in the main, programs belonging to the

X-ray 70 and 72 systems.l2

o RESULTS AND DISCUSSION

The observed and calculated structure factors are Llisted in
Appendix VIIi. The final fractional atomic coordinatés and aniso-
tropic thermal parameters for the non-hydrogen atoms together with
their estimated standard deviations are listed in Tables 1 and 2.
Those for the hydrogen atoms with their isotropic témperature factors
are given in Table 3. Figure 1 shows a stereo view of the molecule
(ORTEP13). Figures 2a, b show the bond lengths and angles together
with their estimated standard deviations; also the numbering scheme

used. Figure 3 shows the torsion angles around the central



18%

P

Figure 1. Stereo view of the molecule.
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12-membered ring and for comparison the conformational arrangement and
torsion angles for (:I,).I+ Table 4 Llists selected intra~ and inter-
molecular contacts of less than 3.6% and Figure 4 shows the comparative
values for sbme of the trans-annular S...S, S...0 and 0;..0 distances
in (1) and (2). Table 5 Lists the equations of the least-squares
planes for the three aromatic rings and the largest deviants from

them. Figure 5 shows a stereo viewl3 of the packing of the molecules
in the struc&ure.

As predicted by the n.m.r. analyses? the molecule adOptsné
helical conformation in the solid state (Fig.1). Ring A is inclined
to ring B by 8°, and ring C is inclined to rings A and B by 18° and
20° respectively. The arrangement of these rings is thus somewhat
- flatter than that observed for (l)”'and (3)1% where ring C is at
approximately 30° to A and B. The almost planar thiocarboxy Llinking
arms are, as in (1) approximately normal to the mean planes of their
adjacent rings.

The $-C(sp2) bond distances, unlike those in (D)%, fall into two
groups, with the S-Ph distances all slightly shorter than those for
S~C0; tHe mean values are 1.7768 and 1.7878 respectively. This differ-
ence is near<E@e margin of significance, and the overall mean for both
sets (1.782R) is very close to the mean found for (1) (1.780R).% The
angles at the sulphur atoms show a narrower.spread of values (A max =
1.2%) than is observed in (D% or (¥ (A max = 4.5%). The s(co)cC
angles are, as in (1) significantly less than 120° with values of
109.6, 109.5 and 112.9° at C(6), €(12) and C(18) respectively. This
does not, however, reflect any out—of—pL&ne.distortion of the geometry
at these carbon atoms, the difference (from 360%) being made up in
eachAcase nearly symmetrically by the other two angles.

A comparison of the torsion angles (Fig.3) for the 12-membered
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Standard deviations in parentheses.
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Figure 3. Torsion angles around the central 12-membered ring with

(above), for comparison, those for (J).
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rings in (1) and (2) immediately shéws the very significant differences
‘between them which accompany the change of tilt of ring C with respect
to rings A and B.r These differences, however, are confined primarily
to changes in rotation about the two bonds immediately édjacent to
ring € and to a change of sign for the rotation about the edge of the
ring (C(12a)-C(16a)). The changes are 18°, 10° and 13° about €(12)-
€(12a), €(12a)-C(16a) and C(16a)-S(17) respectively, the remaining
torsion angles in the ring, with the exception of that about C(10a)-
s(11) (an 8° difference), being very similar to those for (1). We
conclude that the changes in conformation are not a consequence of
satisfying any internal steric requirements associated with the change
from a 4,10,16 Me to a 1,7,13 Me configuration, (or vice versa) but
that they are due to the different backing requirements. Analysis of
the short intermolecular contacts (Table 4) bears out }his conclusion,
with the shortest contact (3.163R between Me(13) and 0(12)), (of. 3.44R
intra-) being shorter than any of the intramolecular Me...0 distances.
Another of the short intermolecular contacts (3.399R8) is between 0(12)
and S(17) and this is shorter than any of the trans-annular S...0
distances. In (l5 too, intermolecular contacts are shorter than trans-
annular ones.m_;t is interesting to note that despite the conformation-
al and packing changes, both (1) and (2) achieve virtually identical
packing densities W = 214883, U) = 215289,

The deviations from planarity in the three aromatic rings are
very similar to those for Ql)” with, as in (1), the largest deviations,
0.0158 (C(4a)) and 0.017R (C(12a)) occurring in rings A and C respec-
theLy. Ring B does not depart significant(y from planar (A max =
0.002R).

As has been mentioned earlier, (2) is a racemate in solution, but

exhibits spontaneous resolution on crystallisation. The determination
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Figure 4. Trans-annular distances for (2) with, in parentheses,

the corresponding distances for (1.
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Figure 5. Stereo view of the packing of the molecules.



194

of the absolute configuration (described in the experimental section)
is thus of no immediate interest as it relates only t6 the molecules
in the crystal selected. However, an analysis of the calculated
structure factors for both configurations has shown that, whilst in
the majority_of cases the effect is small, several reflections do
exhibit quite large Bijvoet differences.l® This means that for a
particular cr?stallonly a few reflections need be accurately measured
to determine the configuration of the molecules present. As the
compound crystallises to give large well formed crystals it may thus
be possible, either using a crystal of sufficient size, or by using

a smaller one of known configuration as a seed to produce a batch, to
obtain a correlation between the absolute configuration and optical

rotation. It is proposed to investigate this possibility further.
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Fractional coordinates (X 10%) for the non—hydrogen atoms

with estimated standard deviations in parentheses

~ Atom
c(D
Me (1)
c()
€3
C4)
‘€C4a)
S5
c(6)
0(6)
c(6a)
¢
Me (7)
€8
¢

cC1d

c(10a) -

SC11)
ce12)
0(12)
c(12a)
i3
Me (13)
CC14)
C(15)
c16)

Table 1

X

433(3)
7¢5)
~485(4)
-1474)
1120(4)
2044 (3)
3560(1)
5335(3)
5354(3)
6776(3)
7282(3)
6453(5)
8597 (4
9380(4)
8895 (3)
7575(3)
6972¢1)
5948 (3)
5842(3)
5322 (3)
6359(4)
8019(4)
5793 (4)
4256(5)

3235(4)

y
-731(2)

-386(2)
-1358(2)
~1670(2)
-1352(2)

-702(2)

~237(0)

-763(2)
-1318¢1

-411(2)

~777(2)
~1540(2)

~421(2)
272(2)
640(2)
292(2)
683(0)

1640(2)

1908(1)

2057(2)

2597(2)

2794(2)

2950(2)

2785(2)

2282(2)

3
-1448(2)
=2276(2)
-1093(2)

=326(3)
115(2)
-211(2)
410C0)
67(2)
~427(1)
504(1)
1236(2)
1577(2)
i634(2)
1323(2)
598(2)
184(1)

-786(0)

-521(2)

153(1)
-1289(2)
-1724(2)
-1423(2)
-2450(2)
=2728(2)

-2282(2)
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Atom
c(16a)
- sSAD
c(1d)
0(18)

c(18a)

Table 1 (contd.)

x
3764(3)
2391(1)
2750(3)

3659(3)

1723(3)

y
1915(2)

1296(0)
269(2)
136(1)

-401 (D

3
~1558(2)
=975(0
-1387(2)
-1929(1)

-997(2)

197



Table 2

I

. . * ’ :
Anisotropic thermal parameters (X103 82) for the non-

hydrogen atoms with standard deviations in parentheses

Atom
c(D
Me (1)
€@
&)
c4)
Cl4a)
S5
c(6)
0(6)
C(6a)
¢
Me (7D
] ¢:))
c»

caom

c(10a)

S¢D
c12)
012
c(12a)
c(13
Me (13)
c(14)
c15)

€16

Uy
42 (1)

70(2)

44(2)

57(2)
55¢2)
38(1)
4£9(0)
49(1)
5§(1)
43(1
52(2)
81(2)
55(2)
50(2)
50(2)
43(1D
56(0)
42C1)
83(2)
47C1
55(2)
63(2)
63(2)
69(2)
48(2)

Uzz
52(2)
89(3)
57(2)
48(2)
48(2)
46(1)
60(0)
41(1)
58(1)
43(1)
53(2)
64(2)
66(2)
71(2)
51¢2)
45(1)
46C(0)
42 (1)
72(1
37(D
35(1D
62(2)
43(1)
73(2)

72(2)

Uss
61(2)
67(2)
92(2)
99(3)
65(2)
49¢1)
44C0)
40(1)
61(1)
40(1)
41(D
59(2)
44(1)
54(2)
60(2)
43(1)
41C(0)
46 (1)
46(1)
44C1)
53(2)
71(2)
62(2}
66(2)
70(2)

Ur2
71
15C2)
=-6(2)
-9(2)
1(2)
1(1)
4(0)
2(1
3(1)
71
8(1)
=3(2)
12(2)
4(2)
~2(1)
7(1)
7(0)
11
18(1)
4C(D
-2(1)
-18(2)
5(2)
15(2)
3¢2)

U1s
=5(1)
-21(2)
-8(2)
13(2)
9(2)
41D
-2(0)
-3(1)
=5(1)
-6(1)
-6(1)
-13(2)
-10(D
-15(1)
=-3(D
-4(1)
1(0)
’4(1)
2(1)
6(1)
6(1)
5(2)
13(1)
0(2)

-6(2)

Uzs
-14(1D
=17(2)
=-20(2)

-3(2)

9(2)
=3
-9(D

6(1)
=20(1)

=5(1)

o

18(2)
-4(1)
-15(2)
-4(1)
~2(1)
-0(0)
-2(1D
-9(1)
1D
=-3(1)

0(2)

12(2)
30(2>

22(2)
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Atom
c(16a)
- 817
cw8d)
0018)

€(18a)

47(2)
4£9(0)
44(1)
69(1)

37(1)

* In the form:

Table 2 (contd.)

Uzz
42(1

45(0)
51(1)

67(1)

42(1)

Uszs
52(2)

60(0)
43(1)
54(1)

4£8(1)

4(1)
10
o
=5(D

3

7M
110
-0
21D

1M

expl-212 (Uy1h2a*2+4U90k2b*24U3 312042

+2U1 phka*b*+2U; shla*e*+2U, gklb *e*)]

‘.tré.

6(N
1C0)
-2
-6(1

-6(1)
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Fractional coordinates and isotropic

Table 3

(x 10%) for the hydrogen atoms

_ Atom
H(ID
H(12)
H(13)
H(2)
H(3)
H(4)
H(71)
H(72)
“H(T73
H(8)
H(9)
H(1O
H(131)
H(132)
H(133)
H(14)
H(15)

H(16)

*
The numbering of the hydrogen atoms is that of the atoms

to which they are bonded

~142

136
701
531
654
901
1032
947
856
794
865
650
390

210

-158
=215
-158
=171
=141

=201

52
115
319
307
226
335

303

219

thermal parameters

b4
250
-222
-265
-141
-10
68
210
169
118
216
163
37

~182

-138
=277
=326

=247

UR2)

76
76
76
63
63
63
76
76
76
63
63
63
76
76
76
63

63

63
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Table &4

: . . .
Selected intra- and intermolecular contacts < 3.68

Me(13)...0012)

Me (1)
S(1D
s(17)

(8
Me (7)
0(12)
0(6)
c(6al

c(9

.. 00(18)
«ea006)

.--0(12)

...0018H
.e CC14D)
.sarth
.3l
e V)

e..CY

3.44
3.19
3.49
3.54

3.30
3.57
3,40
3.44
3.51

3.55

Me(7) ...0(6)
$E5)  ...sU17)
S(1) ...0¢18)
9 ...008Y
Me(13)...0¢121 1)
€9 ...cC1s’h
CA15) ...06'Y)
€8 ...c&")
D ...mectVh

3.41
3.46

3.43

3.35
3.16
3.56
3.35
3.56

3.59

201

Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,3:

.i

\Y

=z, ~y  5+2 ii

I+x,y,2

ke, 5y, =2

vi k-x,-y,%5+z

iid

ki, ~%-y,~z v

1".’(.', ’15+y 3 %~z
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Table 5

Equations of the least squares planes (in direct space) for the three

aromatic rings in the structure together with their standard deviations

and the largest displacements from them.

A -5.06%c + 10.858y + 6.500z = =1,949
o = 0.0108 CC4a) 0.015R

B ~5.112x + 9.545y + 8.291z = =3.440
o = 0.0028 c(8),c(9 0.0028

c -2.748z + 12.559% + 8.367z = 0.060
o = 0.0128 c(12a) -0.017R%

Dihedral angles between the planes of the rings:

AB=8 ac=18 B,c=20°
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CHAPTER 9

The crystal structure of 1,3-dicyclohexyl-1-IN-methyl-N-(¥-anthraniloyl

-N-methylanthraniloyl)anthraniloyll urea - a cyclisation intermediate

produced in the formation of N,N'-dimethyltrianthranilide



204

Summary

The title compbundkcrystattises in the mﬁnoctinic space group P2)/n
with @ = 11.749(1), b = 15.063(1), ¢ = 18.994(R, 8 = 98.44(1°, 2z = 4,
The structure was solved by direct methods and refined by full-matrix
leasé squares to B = 0.041 for the 4948 independent diffractometer
measured reflections. The compound, a cyclisation intermediate, has
givén insight into the mechanisms involvedtin the cyclisation process.
The trianthranilide portion of the molecule contains both eis and trans-
amide linkages, and the molecule as a whole is stabilised by a strong
intramolecular amide-amide NH...0 hydrogen bond (2.853(2)R) between the

cyclohexylurea and trianthranilide portions,
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X-ray examination of an initial batch of crystals thought to be
N,N'-dimethyltrianthranilide (]) revealed a substantialwdiscrepancy
between the observed 6606) and calculated (385) molecular weights.

The difference (221) was too large to be attributed to included sol-
vent molecules. It was deduced from a chemical analysis, mass spectra,
and n.m.r. spectra, that the crystals contained, in addition to (1),
molecules of N,N'-dicyclohexylurea (2), a by-product of the cfctisation
process. The observed molecular weight was consistent with a 1:1
adduct of (]) and (2). The objective at that stage was to verify the
n.m.r. conclusion of a helical solid-state conforﬁation for (3),1 and
it was considered that the presence of this additional molecule, rep-
resenting an extra 16 non-hydrogen atoms, would unnecessarily com-
blicate the analysis. There was also the possibil:ty that (2) might
form intermolecular hydrogen bonds with (1) thereby‘influencing the
conformation of (]) and thus invalidating comparison between the

X-ray and the n.m.r. analyses.

Subsequent X-ray analysis of a bure sample of (1) revealed a
trans-annular N-H...N hydrogen bond involving an unusually distorted
trans amide geometry.293 In view of this an X-ray anatysis of the
‘adduct, (1) + (2), was undertaken to ascertain whether, in a different
crystalline environment, (1) still retained the same conformation and

the same N-H...N hydrogen bond.

EXPERIMENTAL

The adduct crystallises from ethanol as large clear well formed
blocks. Accurate lattice parameters were obtained by least-squares

refinement of 20 high-angle reflections measured (at 12°¢) on a



@D

908
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diffractometer using Cu-kK, radiation.

Crystal Data  CagHyaNsOu, M = 609.8, Monoclinic, a = 11.7488(6),

b = 15.0631(7), ¢ = 18.9944(1)R, 8 = 98.439(5)°, U = 332583,

D¢ = 1.22gcm™3, Dy = 1.21gem=3 (by flotation), Z = 4, F(000) = 1304.
Space-group P21/n (No. 14), uniquely determined from systematic

absences. Cu-K, radiation, A = 1.54178R, u(Cu-Ky) = 6.1cm1.

A crystal ca. 0.5 x 0.35 x 0.25 mm3 was mounted along its a
direction. Data were measured on a Siemens off=-line four-circle
diffractometer using Ni-filtered Cu-K, radiation. A total of 4948
independent reflections were measured (to 6 = 60%) using the §-20
scan technique with the 'fiQe-value'“ measuring procedure. Of these, |
566 reflections had I < 2.585(I) and were classed as uncbserved." The
net count of the 0 6 10 reflection, measured as a reference every 50
reflections, did not alter significantly during the data collection
(5 days) indicating that no deterioration of the crystal had occurred.
The data were brought to a uniform arbitrary gcale by use of this
refLection,” and Lorentz and polarisation corrections were applied.

No absorption corrections were applied.

Solution and Refinement of the Structure

The structure was solved by direct methods by application of the
program MULTANS to 400 reflections with normalised structure factors
(E's) > 1.76. An E map calculated for the phase solution with the
highest 'combined figure of merit' gave plausible positions for 37 of
the 45 non-hydrogen atoms; the positions of the atoms of one of the
cyclohexane rings were not resolved. These 37 atoms were refined
isotropically (as carbons) giving £ = C.35, and a difference map then

revealed the remaining non~hydrogen atoms. The different atom iden~
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tities were assigned on the basis of bond lengths, thermal parameters,
and chemical information.

In view_of the large data set,'initiat refinements were carried
‘out using an 'inner core' of data comprising ~ 3000 reflections.
Anisotropic'éefinement by fulL-métrix least squares reduced R to 0.092.
The hydrogen atoms were located from a difference map and, with the
exception of those involved in hydrogen bonding, were for subsequent
refinements fixed at opt%mised calculated positions; the hydrogens °
of the two methyl groups were observed to have partial occupancy in
twWwo orientations and were in eaéh case fixed at half weight in 6
equally staggered positions. Eight reflections which had |Fo[<<|P]
were suspected of being affe;ted by extinction and therefore removed.
Subsequent refinement, the hydrogen-bonded hydrogens isotrobically,
the remaining non=hydrogen atoms anisotropically, reduced R to a
final value of 0.041 for the full data. The final ratios of shift/
error for the refined hydrogens were of the same order as for the
other atoms. The maximum residual electron density in the final
difference map was < 0.25eR-3.

Unit weights were used fhroughout the refinements. Atomic scat-
tering factors were taken from ref. 6 with the exception of those for
hydrogen which wefe taken from ref. 7. The computations were carried
out on the Imperial College CDC 6400 and the University of London CDC
6600 and 7600 computers using, in the main, programs belonging to the

X-ray 70 and 72 systems.®

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix IX. The final fractional coordinates and anisotropic thermal

parameters for the non-hydrogen atoms together with their estimated



Figure 1.

Stereo view of the motecule.
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standard deviations are listed in Tables 1 and 2. Those for the
hydrogen atoms with their isotropic’temperature factors are given 1in
Table 3. Figure 1 shows a stereo view of the molecule (QRTEP9).
Figure 2 shows the geometry of the NHs; yroup attached to ring A.
Figurés Sa; Brshow the bond lengths and angles together with their
estimated standard deviations, and the numbering scheme used. Table 4
lists selected intra- and intermolecular contacts £ 3.58. Figure 4
shows the torsion angles for the"Eackbone' of the molecule and

Figure 5 the Newman projections!® and out-of-plane bending para-
meters!112 for the amides in the structure. Table 5 Llists the least-
squares planes for the aromatic rings in the structure and the largest
deviants from them. Figure 6 shows a stereo view® of the packing of
the moleculgs in the structure.

"The analysis has revealed, not as originally expected a co-
crystallisation of (1) and (2), but a new non-cyclic compound rep-
resenting a reaction intermediate in the process of the cyclisation of
(1>. This has given new insight into the mechanism involved in the
cyclisation process that 'stitches up the ends of an unwound tri-
antﬁranilide molecule'. The'scheme shows the route adopted by the
Sheffield group for producing é range of substituted trianthranilides,
and the mechanism they have proposed for the cyc¢lisation of (1) via
this new compound ('X') as an intermediate.l3

The '"trianthranilide' portion of the molecule is in an 'unwound'
state with a cis amide linkage bethen rings A and B and with a trans
amide linking rings B and C. This portion is linked via a second
amide link to the d;cyclohexyturea unit. The overall conformation
(Fig.1) can probably best be described as 'loosely coiled'. The
apparently 'floppy' arrangement is stabilised by two strong intra-

molecular N-H...0 hydrogen bonds N(1)-0(7) (2.779(3R) and N(32)-0(15)
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Figure 2. Geometry of the NH, group attached to ring A with, (above)
the Newman projection down the N(1)=-C(1) bond.
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(2.853(2)R) and a slightly weaker infermoLecuLar N-H...0 hydrogen bond
between NC1) and 0¢31) (2.912¢2)®). The N(1)-0(7) hydrogen bond is
facilitated by a significant tetrahedral distortion of the NHy group,
the N-H bond being deflected 28° out of the plane of riég A towards
0(7) (Fig.2). The amide Links throughout the structure are inclined
so as to minimise conjugation with the,ardmatic rings.

There are significant variations in the lengths of the amide C-N
bond (Fig.3a), these being similar to those observed in other trian-
“thranilide structures.3sl% Also as observed previously there is no
correlation between the shortening of the C-N distance and the in-
crease in the associated C=0 length. It is worth noting, however,
that the bond lengths in the methyl substituted eis and Zrans groups
(between rings A and B, and B and C) are, within statistical signif-
icance, the same. ALl the amides‘show significant depértures from
planarity, comprising both a torsional twist about the C-N bond and
out-of-plane bending at both the carbon and nitrogen atoms. This
Latter distortion occurs mainly at the nitrogen though with values of

XN (Fig.5) slightly smaller than those previously observed in trian-
thranilide structures.3s1%

The formation of an amide Link (C(23)-N(24)) between the two
main parts of the molecule destroys the symmetry of the dicyclohexyl-
urea portion.!> Moreover, the planarity of the urea moiety (C-N-CO
-N-C) is prevented, partly by the N(32)-H...0(15) hydrogen bond, but
more especially by numerous non-bonded interactions between N(32) and
ring C. These result in a torsional twist of £2° around the N(24)-
€(31) bond (Fig.4) with a consequent Lloss of conjugation which is
manifest in its exceptional bond length (1.430(3 %), which is a
typical €-N single bond value. There is also a significant difference

between the lengths of the bonds between the nitrogens (N(32) and
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Figure 4. Torsion angles for the main chain.
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NC(24)) and the cyclohexyl rings, (1.464(3) and 1.494(3)R respectively)
the N(24)-C(25) distance being appreciably longer thaﬁ that found in
the structure of N,N'-dicyclohexylurea (1.444(5)R).15

None of the aromatic rings display large departures from planarity
(Table 53, th;ugh ring B is significantly lLess flat than either A or
C. The maximum deviation from the least-squares plane for ring B is
0.0218 (CC14)) compared with values of 0.006 and 0.009% for A and ¢
respectively. The larger deviations in ring B are probably due to
relief of the strain caused by the 11° external toréion angle about
C(9-C(14) (Fig.4). The structure is Loosely packed (Fig.6) and
apart from the N(1)-0(31) hydrogen bond, there are only three inter-

molecular contacts under 3.58 (Table 4).
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Figure 6. Stereo view of the packing of the molecules.
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Fractional coordinates (X 10%) for the non-hydrogen atoms

with estimated standard deviations in parentheses

_Atom
NCT)
¢
c
€3
C4)
~ c(5)
€(6)
¢
07
N(8)
Me (8)
c(®
cam
cC11
c(12)
[ QK
cU14
é(15)
0(15)
N(16)
Me (16)
can
€18
c(19)

c2O

Table 1

x
5778(2)
6383(2)

6585(2)

7150€2)

7527(2)
7335(2)
6758(2)
6603(2)
6811(2)
6229¢1)
6102(2)
5867(2)
6547(2)
6212(2)
5202(2)
4514(2)
4825(2)
3957(2)
3531(1)
3585(1)
4030(2)
2604(2)
2761(2)
1826(2)

737(2)

Y
2115(1)

1699(1)
2142(1)
1727(2)
862(2)
416 (1)
813(1
366(1)
774C1)
=485(1)
-908(2)
=-1003(1)
-1705(2)
~-2226(2)
-2032(2)
-1344(2)
-834(1)
=-223(1)
=424 (1)
488(1)
768(2)
970(1)
1809(1)
2288(1)

1925(1)

2
7399(1)

6918(1)

6305(1)

5810(1)
5913(1)
6517(1)
7023C¢1)
7705(1)
8273(1)

7700C1D

- 8382(1)

7072¢1)
6911 (1)
6319(2)
5874 (1)
6037¢1)
6645C1)
6890¢1)
743401
6495(1)
5846(1)
6674(1)
6968(1)
7128(1)

6999(1)

220



Atom
c@2D
@22
€23
0(23)
N(24)
€25
c(26)
c@nN
c(28)
c@y
c(30
ca3n
o1
N(32)
€(33)
€(34)
c(35)
€(36)
c(37)

€(38)

Table 1 (contd.)

X

579(2)
1508(2)
1327(2)
1730¢1)
629(1)
109¢2)
-558(2)
-1147(2)
~294(2)
369(2)
966(2)
362 (2)
-610(1)
1237(1
1078(2)
1461(2)
1323(3)
1930(3)
1569(3)

1728(3)

y

1081(1)
593(1
=305(1)
-480(1)
-893(1)
-1669(1)
-1411(2)
-2232(2)
-2956(2)
-3209(2)
-2400(2)
=820(1)
-989(1)
=597(1)
=378(1)
-1137(2)
-893(2)
=52(3)
695(2)

463(2)

2
6718¢1)
6552(1)
6213¢1)
5674(1)
6504 (1)
6085 (1)
5373(1)
5010¢1)
4935(1)
5650(1)
6029¢1)
7213¢1
7333(1)
7706(1)
8436(1)
8930(1)
9696¢1)
9935(1)

9439(2)

8674(1)
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Table 2

. . ' *
Anisotropic thermal parameters (X 103 82) for the non-

hydrogen atoms with standard deviations in parentheses

Atom
NCD
¢
c
€3
C(4)

.C(5)
"'C(6)
¢
0(7)
N(8)
Me (8)
c
G 1))
caD
c(12)
c(13)
c(14)
c(15)
015
N(16)
Me (16)
ca1n
cUd®
cU19)

c20)

U1
60¢1)

35D

48(1) -

52(1)
47(D
39(D
34(1)
46(1)
113(D
42 (1)
89(2)
37(1
401
59(2)
62(2)
43(1)
33(1D
30C(1)
44(1)
33(D
45(1
36¢1)
46(1)
65(2)

53(1)

U22
44(1)
43C¢1)
47(1)
76(2)
75(2)
52(1)
44(1)
51(1)
68(1)
50(1
71(2)
401D
55(1)
57(2)
68(2)
60(1)
38(1)
40(1D
56(1)
40C1)
62(1)
35(1)
37 (D
24(1)

43

Uss
82(1)
56(1)
69(2)
50(1
49(1)
52(1
42(1)
45(1)
43(1)
43(1)
52(1
49(1)
78(2)
97(2
80(2)
63(1)
46(1)
40(D
45(1)
39(D
46(1)
37(D
52(1)
63(1D

65(1)

U2
=-3(1)

-8(1)
-7(1
=-15(1)
-6(1)

o
=-5(1)
-1 M

-19¢1)

~4(1)
“14(D
-3¢1)
10¢1
10¢1)
0C1)
0
-2(1)
—2(1
10¢1
-1(D)
-5(1)
1¢1
-5(1)
2

3¢

Uis
22¢1
4C1
o
3D
12(1)
A¢))
o
1(1
3
-3(1)
-6(1)
2N
1¢1)
17¢(1
7(1)
-2(1)
4(1)
=1(D
10(D
5(1D
111
3(D
3¢1)
9(1)

14(1)

Uzs
-19(D
-11(1)

3N

71
-11(1

-9(1)
-9(15
~7(1)
-13(1)
1(1)
13(1)
=3(1)
-5(1
-24{1
=36(1)
-19(1)
-=5(1)
~-3(1)
12(1)

21

(D

5(1)

oM

-2(1)

6(1

_R22



Atom
c@n
€2
c@3)
0(23)
N(24)
c(25)
€26
. C7N
€ (23)
c29
c (30
c3D
0(31
N(32)
c(33)
c(34)
c(35)
c(36)
c(37)

c(38)

U11
37(1)
381
35
34(1)
47C1)
53(1
551
60(1)
77(2)
86(2)
72(2)
44C1)
42(1)
38(1)
45(1)
97(2)

131(3)
T 90(2)
108k2)

102(2)

* In the form:

Table 2 (contd.)

Uz2
46(1)

34C(1)

£3(1)

61(1)
391
38(1)
52¢(1
66(2)
66(2)
44(C1)
47C1)

30(1

46(1) -

53(1)
52 (1)
63(2)
103(2)
150(3)
93(2)
63(2)

Uss
51¢1)
34(1)
34(1)
41C1
33(1
39(1
55¢1)
56 (1)
58(1)
80(2)
65(2)
38(1)
50(1)
33(1)
32¢1)
45(1)
43(1)
£2¢1)
65(2)

55()

Ur2
3D
-1(M
=21
-15(1D
-11(1D
-10¢1)
oM
-9(1)
-12(1)
7D
9D
-1
=8(1
=2(1
2(1)
17(1)
33(2)
10€2)
-18(2)

-2002)

Uiz
4(1)

2
=2(1D
151

4(1D

3(1

=-15(1)
=-12(1D

3(D

-6(1)

-19(1)
6(1
10(D
6(1)
8(D
151D
22(2)
(D
24(2)

24(1)

expl =212 (U} 1h2a*2+Up,k2b %2413 312042

+2U; ghka*b*+2U shla*c*+2Uy sklb*c*)]

Uzs
8(1)

6(1)
2()
-10(1)
=2(D
=4(1)
=-4(1)
=11
=23(1D
=13(D
=7(1D
2(N
o
-1
=11
10(1)
22(2)
-22(2)
~34(2)

-16(1)
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Table 3
_Fractional coordinates and isotropic thermal parameters
(X 103) for the hydrogen atoms with estimated standard

. s . . *
deviations (for those refined) in parenthes

Atom x y z vcR2)

HNC101) 598(2) 187(2) 788(1) 110010

HN €102) 574(2)  269(2) 7341 76(D)
H(2) 631 © 277 622 63
H(3) 729 205 537 63
HC4) 794 57 555 63
H(5) 762 -21 659 63
1481 638 -49 878 89
1H(82) 527 -106 839 89
1H(83%) 657 -147 844 89
14(84) 582 =153 830 89
14(85) 686 -92 870 89
14(86) 554 ~57 862 89
HA10) 729 -184 722 63
HCTD) 669 =274 621 63
H(12) 497 239 543 63
H(13) 378 -121 572 63
1H(161) 470 39 577 " 89
1H(162) 341 70 5642 89
1H(163) 427 140 589 89
1H(164) 362 132 565 89
1H(165) | 487 90 596 89
1H(166) 390 28 548 89
H(18) -21 82 663 63

H(19) 6 228 1 63
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" Table 3 (contd.)

Atom x Yy z u(®2)
H(20) 194 290 734 63
H(21) 356 207 707 63

@S -4s -188 640 63
H(261) -116 -96 545 89
H(262) -2 -116 507 89
H(271) -173 - =246 531 89
H72) =155 ~206 453 89
H(281) =72 =349 472 89
H(282) 25 -274 462 89
H(291) -17 =347 595 89
H(292) 97 -366 557 89
H(301) 133 -258 652 89
H(302) 157 -218 575 89
H(32) 192¢2)  =53(1)  759(1)  50(6)
H(33) 23 -28 843 63
H(341) 99 -167 878 89
H(342) 229 ~127 891 89
H(351) 48 -83 972 89
H(352) . 164 -139 1002 89
H(361) 176 1 1042 - 89
H(362) 278 -14 995 89
HC371) 73 83 945 89
H(372) 203 124 959 89
NGB 143 96 835 89
H(382) 256 37 865 89

1 occupancy 50% * The numbering of the hydrogen

atoms is that of the atoms to which they are bonded.
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Table 4

.
Selected intra- and intermolecular contacts < 3.58

N(T)  ...0(D) 2.78 Me(8) ...0015) 3.34

0(15) ...N(32)  2.85 0(15) ...C(23) 3.23
Me (16)4..C(1) 3.48 Me(16)...0(23) 3.27
“N(16) ...0023)  2.88 CU15) ...0(23) 3.25
CUID ...0R3)  3.49 C(26) ...0(23) 3.01
C) ...01H 3.4 cUo ...o1hH 349
0(23) ...city 3,31 NCD)  ...0G1 ) 2,91

* . . . e
Roman numeral superscripts denote the following equivalent positions

relative to the reference molecule at x,y,2:

i Ikc,y,z i1 I~x,-y,l-z i1 E-wx,ky,1%-z
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Table 5
Equations of the least squares planes (in direct space) for the three

aromatic rings in the structure together with their standard deviations

and the lLargest displacements from them:

- A 9.545z + 4,955y + 6.781z = 11.622
¢ = 0.004% €6 -0.006R
B -6.676x - 9.364y + 11.713z = 5,322
o = 0.0158 cC14) 0.021R
C -0.013x - 5.882y + 17.300z = 10.981

o = 0.0068 c17) -0.009%
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CHAPTER 10

The crystal structure of 5,18-dimethyl~5,18~dihydrotribenzolb, f, 71

[1,41diazacyclododecine=-6,17-dione
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Summary

The title compbund Qg) crystallises in the orthorhombic space group
Pna2, with a = 10.708(1): b = 28.233(2), e = 6.i97(1)R, Z = 4. The
structure was solved by direct methods and refined by full-matrix least
squares to R = 0.049 for thé 1993 independent diffractometer measured’
reflections. The molecule adopts a distorted C, propeller conformation

with angles of 350, 33° and 14° between the planes of the three aromatic

rings.
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N.m.r. analyses of the conformational mobility in solution,1’2
and X-ray determinations3~5 of the solid-state conformations, of
differently substituted trianthranilides have been reported recently.
As a continuation of investigations of the conformational behaviour of
medium-ring systems,5~8 analyses have been made of the temperature
dependent n.m.r. spectra of ¥,N'-dimethyl-(2) and N,N'-dibenzyl-(3)
derivatives of the 12-membered olefinic bis-lactam 1.°

From a consideration of the three possible chiral conformations
(4>, (3> and (), that retain the trans-11,12-olefinic bond and the
two trans—-amide linkages, it was concluded from the n.m.r. analyses
that fhe most probable solid-state conformation was one of the two
C2 conformations (4) or (3) in both of which the plane of the olefinic
group is approximately normal to the Cp axis. The Cp-P conformation
(4) is characterised by an approximately parallel alignment of the
trans-olefinic bond with ring A, whilst in the Co-H conformation (3)
this bond is approximately orthogonal to ring A. As it was not poss-~
ible to determine by n.m.r. which of these two possibilities represents
the true solid-state conformation, an X-ray analysis of the bis-lactam
(2) was undertaken. A preliminary account of this investigation has

been reported.®

EXPERIMENTAL

The title compound crystallises from methanol as large well-
formed parallelopipeds. Accurate lattice parameters were determined
(at 12°C) from measurements of high-angle axial a; and ap reflections

on a diffractometer using Cu-K, radiation.
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(1) R=H
(2) R=Me
(3) R=CH2Ph
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(4) Cy-Propeller

/ B\ Cp-axis

\Me

(6) Cy-Helix
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Crystal Data  CoyHogNoO,, M = 368.4, Orthorhombic, a = 10.708(1),

b = 28.233(2), ¢ = 6.197(1)2, U= 187433, De = 1.31gem™3, Dy =
1.30(2)gem™3 (by flotation), Z = 4, F(000) = 776. Space-group Pna2;
(No. 33), from systematic absences and cell contents. Cu-Ky radiation,

X = 1.56178R, ulCcu-Ky) = 6.8cm™ 1.

A crystal ca. 0.5 x 0.4 x 0.6 mm3 was mounted along its ¢ direct-
jon. Data were measured on a Siemens off-line four-circle diffract-
ometer using Ni-fiLtéred Cu-K, radiation. A total of 1993 independent
reflections were measured (to 6 = 71°) using the 8-26 scan technique
with the 'five-value'l? measuring procedure. Of these, 18 reflections
had I < 2.58¢(I) and were classed as unobserved.!® The net count of
the 4 18 O reflection, measured as a reference every 50 ;eflections,
did not alter significantly during the data collection (ca. 3 days)
ihdicating that no deterioration of the crystal had occurred. The
data were brought to a uniform arbitrary §caLe by use of this reflect~-
jon,10 and Lorentz and polarisation correctiéns were applied. No

absorption corrections were applied.

Solution and Refinement of the Structure

The structure was solved by direct methods by application of the
program MULTAN!1 to 225 reflections with normalised structure factors
(F's) > 1.50. An F map calculated for the phase solution with the

-highest 'combined figure of merit' gave plausible positions for all
the non-hydrogen atoms of the structure.

These atoms were refined anisotropically by full-matrix least
squares to give a residual R = 0.090. A difference map contained sharp
peaks corresponding to all the hydrogen atoms. Thesé, with the

exception of the trans olefinic hydrogens H(11) and H(12), were for
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subsequent refinements fixed at calculated positions 1.08 from their
parent carbon atoms. Nine reflections which had |Fo|<<|F¢| were sus-
pected'of being affected by extinction and therefore removed. Further
refinement,rthe olefinic hydrogens isotropically, the remaining non-
hydrogen atoms anisofropicalty, reduced B to a final value of 0.049.
The maximum residualyelectron den;ity in the final difference map
was 0.2eR-3. |

Unit weights were used throughout the refinements. Atomic scat-
~ tering factors were taken from ref. 12 with the exception of those
for hydrogen which were taken from ref. 13. The computations were
carried out on the Imperial College CDC 6400 and the University of
Ltondon CDC 6600 and 7600 computers using, in thermain, programs

belonging to the X-ray 70 and 72 systems.!*

RESULTS AND DISCUSSION

The observed and calculated structure factors are listed in
Appendix X. The final fractional atomic coordinates and anisotropic
thermal parameters for the non-hydrogen atoms together with their
estimated standard deviations, are listed in Tables 1 and 2. Those
for the hydroﬁéh atoms with their isotropic temperature factors are
given in Table 3. Figure 1 shows a stereo view of the molecule
(ORTEP19), Figures 2a, b show the bond lengths and aAQLes together
with their estimated standard deviations and the numbering scheme
used. Table & lists selected intra- and intermolecular contacts
< 3.5R. Figure 3 shows the torsion angles around the central 12-
membered ring and some of the short intramolecular contacts. Figure 4
shows the Newman projectionsl® for the two amide groups. Figure 5
shows a stereo view of the packing of the molecules in the structure.l®

Table 5 lists the equations of some selected least-squares planes and



Figure 1.

Stereo view of

the molecule.

’
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the deviations of particular atoms from them.

The molecule can be seen (Fig.1) to adopt a distérted C7-P con-
formation (4) with ring A inclined to rings B and C by 35° and 33°
respectively, and with ring B inclined to ring C by 14°.  The trans
amides Linkiné rings'A and B, and A and C are approximately normal to
the mean planes of their adjacent‘rings (Z.e. minimum conjugation) and
habe their N-methyl groups on opposite sides of the 12-membered ring.
But the trans olefinic linkage bétween rings B and C is inclined at
only 32° and 17° to rings B and C respectively, and this destroys the
C» axis. This causes the olefinic carbon €C(11) to protrude into the
12-membered ring so as to be nearly equidistant from N(5) and N(18)
(3.16 and 3.23R% respectively) and only 2.968 from the carbonyl carbon
€(17). Furthermore H(11), which is very much better defined than
H(12), is deflected slightly out of the €(10)C(11)C(12) plane toward
C(17), so that the H(11)...C(17) distance is only 2.07(5)% compared
with 2.358 to N(18). As such short trans-annular distances are not
apparently dué, in this molecule, to attractive forces such as hydrogen

-f-

bonding or electrostatic interactions, we conclude that they represent

the best attempt to achieve the conjugational stability of a planar
stilbenoid grouping for rings B and-c. These are prevented by the
ltrans-annuLar contacts from getting closer than 32° and 17° respect—-
ively from coplanarity and in so doing introduce torsional twists of

+171° and -172° into the two amide groups. Apart from these distortions

¥ It is noteworthy from Figure 4 that small, but significant, departures

from planar sp? geometries occur at C(17) and N(18) so that these atonms
deviate toward H(11). The deformation of the amide group is weaker,
but not unlike that which occurs with olefins in metal complexes. We
record this as an observation without postulating a 7 complex type of

attraction.
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-

Figure 3. Torsion angles around the central 12-membered ring and

trans~annular distances.
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the rest of the molecule approximates well to Cs symmetry. The C=C=C
angles at C(11) (129°) and at €(12) (126°) are close to the average of
126.2° found in the recently redetermined structure of trans—stilbene.l”

‘The bond lengths (Fig.2a) do not deviate significaﬁtly from ex—
pecfed values. The amide C-N bonds show a characteristic shortening
reflect{ng their partial double-bond character and there is a small
significant‘associated increase in the carbonyl €=0 bond lengths,
this being slightly more pronounced in the N(18)-C{17)=0(17) group.
However, in neither case is the degree of bond modification as large
as that normally associated with delocalisation effects in amides.l8

The principal torsion angle about the C~N bond in each amide
(-172° and 1710, Fig.3) shows that there are marked departures from
planarity ih each case. These values are very similar to those found
for the substituted trans amides in the related structures of N,N'-
dibenzyltrianthranilide (16?o and 168°)"% and ¥,N'-dimethyltrianthran-
ilide €169° and 172°).5 Also, as found in these related structures
the distortions are not purely rotational; for example the amide
groub, linking rings A and €, shows significant out-of-plane bending
at the nitrogen, (XN = 10°).19-21 The values of the out-of-plane
deformation parameters for both the present amides are given together
with the Newman projections!® (Fig.4). The large torsional twist (13%)
about the aromatic C(6a)-C(10a) bond does not produce any significant
buckling of ring B, the largest deviation from the mean plane from
that ring being only 0.0133, for C(10a) (Table 5). For ring A the
deviations from planarity are larger, ranging up to 0.03R8 (Cl4a)),
whilst ring € is apﬁfeciably flatter with a-maximum deviation of only
0.0098 for CC15).

The structure is fairly loosely packed (Fig.4) with only four
intermolecular contacts (Table 4) less than S.SR, the shortest being

3.268 between C(8) and 0(&).
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Figure 5. Stereo view of the packing of the molecules.
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Fractional coordinates (X 10%) for the non-hydrogen atoms

with estimated standard deviations in parentheses

~_ Atom
cm
c(2)
c(3)
c(4)
&(4a)
‘N(5)
&)

. C(6)
0(6)
C(6a)
c
(8
c(
cam
€(10a)
cuUn
c(12)
b(12a)
c(13)
c(14)
c{s)
c(16)
c(16a)
ca1?)

001"

Table 1

X

58(4)
=274(4)
652(5)
1907 (4)
2231(4)
3532(3)
4306¢4)
3980(4)
3340(3)
5273(3)
6217 (4)
7328(4)
7506 (4)
6584 (4)
5473(3)
4464(4)
4158(5)
3103(4)
3098(5)
2142 (4)
1155(4)
1145(4)
2100(4)
1976(4)

2167(3)

Y
1626(1)
1998(1)
2242(1)
2135(1)
1781(1)
1688(1)
1495 (2)
1819(1)
2038(1)
1668C1)
2006 (1)
1882 (1)
1425C1)

1085(1)

C1197(D

847(1)
4£90(2)
162 (1)
=270(2)
=594(1)
=492(1)
-65(1)
263(1)
703(1)

685(1)

2
7165
8534(10)
9642 (8)
9282(8)
7843 (7)
7412(6)
9160(8)
5444 (7)
4144(5)
4803 (7)
4527(8)
3554(9)
2794(9)
3061(8)
4086(8)
4452(9)
3316(9)
3732(8)
2646C11)
2912(9)
4233(9)
5345 (8)
5099(7)
6446(8)

8417(5)
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Atom
N(18)
€8

c(18a)

Table 1 (contd.)

x
1588(3)
1254(5)

1306(4)

Y
11111

1141(2)

1510(1)

z
5494 (6)
3195(8)

6842 (7)
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Table 2

Anisotropic thermal parameters* (x103 82) for the non-

hydrogen atoms with standard deviations in parentheses

.Atom
c
c(2)
c(3)
c(4)
Cc4a)
N(5)
c(5)
c6)
0¢6)
c(6a)
c(?
c(8)
C
c¢1d
c(10a)
can

c(12)

c(12a)

ce13)
CC14)
c15)
C(16)
cC16a)
can

01"

U1,
35(2)
45(2)
65(3)
53(2)
34(2)
31(2)
45(2)
34(2)
43(2)
30(2)
38(2)
37(2)

31(2)

29(2)

28(2)
29(2)
47(3)
42(2)
52(3)
51(3)
40(2)
37(2)
34(2)
34(2)

71(2)

Uzz(

35(2)
35(2)
28(25
26(2)
28(2)
34(2)
53(2)
26(2)
49(2)
29(2)
33(2)
43(2)
47(2)
35(2)
28(2)
29(2)
43(2)
31(2)
42(2)
36(2)
32(2)
31(2)
26(2)
28(2)

33(2)

Uss
47(3)

59(3)
42(3)
32(2)
27(2)
. 21¢2)
28(2)
29(2)
31(2)
26(2)
37(2)
43(2)
47(3)
43(3)
34(2)
49(3)
55(3)
40(3)
69(4)
56(3)
44(3)
41(2)
29(2)
32(2)

28(2)

U2
-0(2)
9(2)
7(2>
-3(2)
-0(2)
=-1(1)
-0(2)
-1(2)
11(1)
-1(D
-7(2)
-12(2)
-2(2)
1(2)
-1(1)
-1(2)
-14(2)
-8(2)
-11(2)
~11¢2)
-8(2)
-2(2)
1(2
-2(2)

3D

Ur3
5(2)
18(3)
15€2)
5@2)
5(2)
-3(2)
-11(2)
0¢2)
-0(1)
-2(2)
-5(2)
3(2)
4(2)
3(2)
-5(2)
4(2)
21(3)
8(2)
28(3)
10(3)
1(2)
6(2)
-1(2)
1(2)

-1(2)

Uzs
-2(2)
-3(2)
~6(2)
~3(2)

2€)
2¢1)

7(2)

1¢2)
11(2)

5(2)

0¢2)

5(2)

6¢2)
-0¢2)

3(2)
-2(2)

~15¢3)
-7
-23(3)
-17()
~6(2)

e
—2(2)
~4(2)

2(1D
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Atom
NC18)
c(18)

€(18a)

U11
32(2)
60(3)

38(2)

Table 2

Va2
30(2)
46(3)

25(2)

(contd.)

Uas
25@2)

30(2)

28(2)

Ur2

4(1
13(2)

4(2)

Urs
-2(2)

-11(2)

2(2)

* In the forms expl-212 (Uy1h2a*2+U50k2b*2+U3 312 %2

42U, phka*b *+2U shla*c*+2Uy skib*e*)]

=2(1)
-4(2)
0(2)

24



248

: 'TabLe 3
Fractional coordinates and isotropic thermal parameters
(X 103) for the hydrogen atoms with estimated standard

.. . . *
deviations (for those refined) in parentheses

Atom x Y oz UR2)
H(1) -60 144 640 57
H(2) 117 . 208 874 57
H(3) 42 249 1072 57
nes) 257 231 1007 57
HES1) 519 145 864 63
RG22 431 172 1041 63
H(53) 396 119 965 63
H(T) 608 234 504 57
H(8) 800 212 337 57
H(9) 831 134 206 57
H10) 671 76 251 57
H(1) 373(4) 92(2)  544(9)  52(14)
H(12) 484 (8) 36(3)  232(18) 176(36)
H(13) 381 =34 164 57
HC14) 217 ~91 212 57
H(15) 45 -72 439 57
H(16) 4 1 636 57
H(181) 100 148 284 82
H(182) 199 105 229 82
H(183) 55 92 288 82

* The numbering of the hydrogen atoms is that of the atoms

to which they are bonded.



Table 4

. . - %
Selected intra- and intermolecular contacts < 3.5R

C(11)...N(5) 3.16

c17)...N(5)
0017)...N(5) 3.25 N(18)...C(6)
N(18)...0(6) 3.33 €(18)...0(6)
c() ...0017 3.27 € ...c1D)

cAIM...c1n 2.96

0t1n...c18h)y  3.37

C(5) ...c(10a")  3.40

N(18)...CC11)

C(4) ...0061)

ce8) ...0'H

3.29
3.25
3.43
3.45

3.23

3.39

3.26

249

* . . . P
Roman numeral superscripts denote the following equivalent positions

relative to the

i

L,Y s 142

ii

reference molecule at x,y,3:

%"ﬁ%‘, %-y s R
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Table 5
Equations of the least squares planes (in direct space) for the three
aromatic rings in the structure together with their standard deviations
and the Largest displacements from them.,

e

A 0.289z + 18.407y - 4,69z = —-0.370

o = 0.023R8 C(4a)  0.031R.

B ~4.192 + 7.020y - 5.490z = -3.684
o = 0.009R C(10a) -0.013R

c -5.265x + 11.912y - 4.720z = -3.199

o = 0.0068 c(15) 0.009R

Dihedral angles between the planes of the rings:

0

A,B = 35 A,C = 33°  B,c = 14°



CHAPTER 11

In retrospect and the future ...
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Looking back over these analyses, it is interesting to consider
what, tak{ng into account the original objectives, has been achieved,
also what directions further studies should take. Many of the original
objectives have been successfully fulfilled, but there are several in-
stances Qhere, not only are questions left unaﬁswered, but more are
posed after an analysis than were considered before.

In the case of tri-o-thymotide (TOT) (1), there were three main
qqest%ons: (i) what are the dimensions of the channel and cavity, and
the environments of the included molecule (i) what is the solid-state
conformation of TOT, and (iii) what is it about TOT that makes it form
such a wide range of inclusion compounds? The first of these has been
fully answered. To the second the simple answer is in each case
‘propeller'. But, as has been seen, there is no unique propeller con-
formation{ the molecule adopting significantly differing propeller
conformations in different cryﬁtaLLine environments. There is thus an
appreciable blurring of the conformational energy minimum. However,
what has emerged is a consistent pattern of asymmetry of this conformat-
jon. Whilst it was reasonable to assume that structure analyses could
provide the answers to the first two questions, it was perhaps a little
naive to think that they could answer the third. It is fair to say
that we are ve%y little further towards understanding th TOf forms in-
clusion compounds now than we were to start with. No evidence has been
found for example, of any keying together of the isobropyl groups of
different molecules. A possible explanation however, is that the
molecule has dffficulty in packing by itself. This is evidenced by the
structure of the unsolvated form which crystallises as a loosely packed
racemic structure in which the TOT molecule is at its most distorted.

There is a very significant asymmetry of the 12~membered ring and a
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large rotation of aone of fhe isopropyl groups. However, even if this
explanation is correct, the duestion remains as to what is topologically
so different between TOT and tri-o-carvacrotide (TOC) (2) that makes the
one form inclusion compounds and the other not, The only chemical diff-
erence is that in TOC the methyl and isopropyl groups are interchanged
which, from a study of models, does not appear to change the overall
topology significantly. Preliminary crystallographic investigations
have shown that TOC is monoclinic, P21/c with Z = 8 mols/cell, Z.e. two
independent molecules in the asymmetric unit. Does this again }epresent
a difficulty in packing of the molecules or could it be that there are
two conformational species co-crystallising? An n.m.r. analysis of the
relative populatibns of the different conformations in solution has
shown that the ratio of 'helix' to 'propeller' is slightly greater for
TOC than for TOT. To try to resolve these possibilities a full analysis
of the structure of TOC is being carried out. |

Returning to the cavity form of TOT, it was a surprise to find the
structure does not just contain discrete cavities, but a continuous
chain of linked large and small cavities; the structure though, is very
different from the channel type. The existence of these small secondary
cavities was totally unexpected and the fact that they are just large
enough to contaih either a hydrogen or helium molecule, is very inter-
esting. We are currently trying to form the ethanol complex under a
pressure of helium to see if any can be trapped in these cavities. Pre-
Liminary experiments, though encouraging, have been inconclusive.

Another topic yet to be investigated is whether TOT will resolve
2,3 dichlorobutane and if so, which 'hand' of one is associated with
which 'hand' of the other. It should however, be said that this is
largely of aca@emic interest as large scale separation could only be

carried out by means of seeded batch crystallisation and not as a
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continuous process.

Among the other compounds studied, the trianthranilides and tri-
thiosalicylides, unlike TOT, both adopt helical conformations in the
solid~state. In the trianthraniLides evidence has been %ound of trans-
annular ring stabilisation by hydrogen bonding between opposite amide
ghoups, in one case involving severe distortion of one of these groups.
This hydrogen bonding must play an important role in determining the
solid-state conformation. Also, one of these compounds (¥,V'-dibenzyl-
trianthranilide (3)) forms inclusion compounds and may exhibit zeolitic
properties — a point it is hoped to investigate further. Recent studies
of the analogous monobenzyl compound (4) have shown that this also farms
inclusion compounds and is of further interest as, unlike the dibenzyl
compound, it is non-centrosymmetric and may thus be capable of resolving
optical enantiomers.

The interesting thing to come out of the studies of the thiosalicy-
lides is how a change in the position of the methyl group on the aromat-
ic rings results in a large change in the conformation of the 12-
membered ring. Also, how in one case the structure is centrosymmetric,
whilst in the othéf there is spontaneous resolution on crystallisation.
However, in thj§>Latter case, it offers an opportunity of trying to
correlate optical rotation with absolute configuration.

Considering all the above structures, one point stands out, namely
the power of n.m.r. studies in the elucidation of the most probable
solid-state conformation. In all the above, the X-ray analyses have
shown the n.m.r. proposals to be correct. In fact we were beginning to
wonder if we were becomiﬁé redundant. We have fortunately been able
recently to revise this view. Analysis of the 15-membered ring compound
1,9,17-trimethyl-1,9,17-triazal2.2.2Imetacyclophane-2,10,18-trione (3)

has shown this molecule to adopt a ‘crown' conformation (§) in the
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solid-state, whereas the n.m.r. conclusion was that it was a 'saddle'

.

One area of inferest as yet barely touched upon is the potential
of different forms of the above compounds to form complexes. The for-
mation of a nickel(II) cbmplex with tribenzolb,f,71[1,5,91triazacyclo-
 dodecine (8) has been reported. Also the formation of the organic com~
plex of benzylammoniumthiocyanate with N,¥,N-trimethyltrianthranilide
(9) has been achieved, though it has not been possible to produce
crystals. These two results however, can only be considered as having
merely scratched the surface of the problem and clearly there is very
much more to be done. Still'on this topic,‘the relationship of these
compounds to crown ethers is apparent and, as a naturat‘progression
from the above, studies are currently being carried out on the structure
of the 12-membered crown compound N,N'-dimethyl-1,7 diaza-4,10-dioxa-
cyclododecane (10) which forms complexes with secondary alkyl ammonium
salts.

In conclusion, it is worth mentioning again the N-acylurea compound
which was initially discarded as it was assumed to be an adduct of
N,N'-dimethyltrianthranilide and N,N'-dicyclohexylurea. Had it not
been for the finding of an unusual hydrogen bond in the structure of
N,N’-dimethylt;génthraniLide, it would probably never have been inves-
tigated. The results of the analysis turned out to be a real bonus,
giving considerable insight into the probable mechanisms involved in
the cycLisation process. This can only be described as a very fortunate

accident and demonstrates rather effectively the danger of having pre-

conceived ideas.
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Tables of observed and calculated structure factors

for tri-o-thymotide - methylene iodide

Data Format:
H K

L 10x]F°[ 10x[Fci

Reflections removed for extinction marked .... E
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APPENDIX II

Tables of observed and calculated structure factors

for tri-o-thymotide - ethanol

Data Format:
H K

L 10x[F | 10x][F ]

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked «.ae. *
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0+0sL 7 551 235 -8 748 750 =25 61 53 35 92 as
8 496 446 -8 933 844 -24 152 1496 36 12% 21
3 1746 1553 -] 45 24 -7 438 576 -23 189 198
6 713 416 10 218 112 -6 1121 1130 -22 49 41 4,00L
8 1302 1200 11 146 147 -5 1135 1266 21 53 57
12 243 253 12 93 122 - 85 217 -20 1688 193 -35 32 31
15 115 132 13 220 164 -3 956 998 -19 361 375 -34 34 a5
18 406 377 14 162 14 -2 714 592 ~18 111 a4 -33 147 8
21 294 246 15 41 45 -1 830 518 -17 218 212 -32 a9 86
24 303 273 16 623 621 0 579 628 -16 28 47 -3 21 29
27 608 586 17 181 183 1 134 25 ~15 254 266 -30 21 24
30 211 221 18 41 2 498 ap4 -14 304 253 -29 51 41
33 66 19 504 481 3 779 846 -13 141 114 -~28 15% 19
36 178 197 20 51 55 4 356 337 -12 134 119 ~27 16% 23
21 3g 31 5 135 143 -11 392 380 -26 141 131
1+0sL 22 134 122 6 631 693 -10 19 59 -25 28 28
23 17% 13 7 1056 1127 - 300 260 —24 176 180
=36 16 ] 24 576 567 B 616 438 ~8 572 589 -23 202 206
-35 14% 1 25 152 137 9 162 106 -7 735 832 -22 370 368
=34 15% 10 26 18% 5 10 565 627 -5 419 57 -21 337 339
~33 142 142 27 288 301 11 322 343 -5 1177 1142 ~20 73 74
~32 128 133 28 173 178 12 337 297 -4 352 447 -19 262 255
~31 171 161 29 146 137 13 34 &6 -3 360 477 ~18 114 111
-30 a3 14 30 103 71 14 445 424 -2 722 753 -17 45 33
-28 45 46 31 44 51 15 468 468 -1 642 570 ~16 25 24
~28 24 11 32 17 18 16 52 96 o 1078 986 -15 62 47
-27 P 9 a3 73 57 17 54 60 1 249 286 ~14 ag5 362
-26 121 107 34 43 49 18 45 53 2 418 378 -13 77 47
-25 103 111 a5 a7 a9 18 14% 3 443 533 -12 418 358
-2% 166 183 36 43 a9 20 410 375 4 215 228 -11 a15 771
-23 16% 34 21 34 39 5 62 45 -10 263 182
-22 146 165 2,0sL 22 . 103 102 5 1285 1351 -9 85 22
~21 53 42 23 88 71 7 107 144 -8 139 157
-20 40 25 ~35 a5 47 24 233 222 8 578 612 -7 4496
-19 356 308 -35 99 a5 25 128 127 S 635 654 -6 276 327
~18 265 263 -34 59 60 26 47 335 10 266 207 -5 389 323
-17 467 492 -33 148 152 27 213 208 11 563 573 -4 64 99
-16 104 100 ~32 53 52 28 37 27 12 1108 1120 -3 210 190
-15 421 416 ~31 76 70 29 56 &4 13 7 782 -2 a7 105
~14 422 371 -30 37 28 30 178 174 14 486 444 -1 326 251
-13 12% 14 -29 17% 18 31 26 21 15 31 61 [s} 563 526
-32 123 86 —-28 22 17 a2 79 72 16 24 89 1 512 518
-11 389 502 -27 339 335 33 a3 58 17 118 148 2 110 122
-10 76 125 -26 68 64 34 a8 34 18 446 416 3 33 12
-9 445 369 -25 121 135 35 17 8 19 &9 64 4 259 294
-2 143 172 —24 193 202 36 25 35 20 245 242 5 . 1055 1077
-7 N7 323 -23 29 20 21 41 39 6 317 302
-6 203 274 ~22 41 43 3:0-L 22 78 88 7 238 207
- 134 335 -21 271 235 23 16% 17 8 387 399
-4 477 479 -20 33 ~36 80 85 24 178 172 ] 253 206
-3 44 148 -~18 49 36 -35 20 98 25 152 140 10 120 106
-2 2115E 3282 -18 138 111 ~34 14% 4 26 51 43 11 219 240
-1 938 959 -17 162 153 -33 40 33 27 16% 9 12 284 306
1] 945 948 -16 19 38 -32 59 64 28 162 162 13 a7 61
i 480 1103 -15 288 277 -3 47 53 29 32 14 95 63
2 721 843 ~14 24 -30 53 49 30 136 119 15 238 231
3 522 562 -13 57 a3 -29 &7 63 31 50 60 16 146 153
4 399 17 -12 336 347 -28 Q7 80 32 42 36 17 585 55
& 1603 1657 ~-11 283 203 -27 85 80 a3 45 43 18 17 38
6 80 72 ~10 120 227 -26 104 121 34 14% 1?
4,0,L 4 502 442 -7 105 88 -16 54 50 -21 _ B4 71
5 108 125 -6 107 69 -15 49 45 -20 .18 19
19 72 71 6 142 161 -5 359 235 -14 &4 51 ~19 80 84
20 122 134 7 607 591 -4 169 172 ~13 172 187 -18 20 19
21 157 135 8 1119 1105 -3 852 649 -12 166 152 -17 86 91
22 25 17 9 171 166 -2 50 30 ~11 227 222 ~16 a5 50
23 16% 14 10 167 121 -1 245 265 -10 148 135 -15 2499 258
24 19 29 11 70 50 ¢} 85 67 -9 243 217 ~14 137 135
) 74 59 12 92 91 1 210 191 -8 276 261 -13 4449 447
26 63 76 13 30 39 2 24 39 -7 137 161 -12 54 54
27 &6 &3 14 160 142 3 252 251 -6 168 139 ~-11 a5 36
28 213 201 15 58 28 4 86 75 -5 213 203 -10 184 168
29 27 33 16 166 166 5 428 430 -4 137 125 -9 36
30 79 73 17 g5 102 6 81 73 -3 89 79 -8 71 76
3 27 30 18 49 34 7 54 54 -2 204 186 -7 173 158
32 68 60 19 70 81 8 L] 83 -1 482 465 -6 59
33 a1 86 20 96 103 9 328 320 [¢] 91 65 -5 66 99
34 152 154 21 51 &7 10 406 408 1 189 207 -4 250 247
35 30 33 22 154 149 11 667 651 -] 47 45 -3 55 58
23 28 21 12 163 162 3 a1 70 -2 a4 38
5,0,L —— 24 74 67 13 73 41 4 370 345 -1 148 137
25 128 122 14 135 136 5 43 21 Q 105 %5
-34 28 30 26 174 167 15 226 229 6 18 20 1 159 160
-33 47 48 27 143 132 16 75 68 ? 83 84 2 119 127
-32 14 15 28 21 7 17 84 100 8 158 143 3 156 161
. =81 103 96 29 16% 3 18 271 271 9 43 28 4 170 171
-30 22 30 165 176 18 41 45 10 255 217 5 178 176
-29 82 87 31 14% 10 20 93 103 11 48 25 B 117 138
-28 52 35 32 119 134 21 93 93 12 189 190 7 53 52
-27 169 161 33 125 135 22 16X 13 153 143 8 33 a5
-26 72 78 34 15 22 23 180 195 15 250 262 ] 52 52
-25 &4 59 24 43 39 16 185 145 10 73 59
-24 191 188 64050 25 o5 95 17 57 43 11 124 104
-23 188 192 ) 26 46 : 401 398 12 56 70
-22 273 261 ~33 14 15 27 115 101 19 16 17 13 204 219
-21 50 36 ~32 16 2 28 35 28 20 69 57 14 183 168
~20 207 214 -31 41 41 29 44 25 21 55 59 15 88 80
-19 16 26 -30 108 107 30 so X 22 62 40 16 174 189
-18 73 63 -29 40 46 31 24 12 23 61 83 17 177 192
-17 45 54 -28 66 73 a2 109 113 24 67 53 18 134 129
~-16 81 117 -27 69 57 33 a3 98 25 15 26 19 15 6
-15 18 15 -26 17 25 25 27 26 20 39 40
-14 367 350 -~25 175 161 7:0sL 27 132 130 21 16% 11
-13 689 696 —24 17% 7 28 73 64 22 97 86
-12 48 39 -~23 48 44 -32 105 102 29 19 17 23 40 41
-11 168 177 -22 101 29 ~31 51 59 30 43 43 24 25 7
~10 183 182 ~21 138 125 -30 84 g7 31 17 20 25 15% 16
-9 216 244 -20 67 65 -29 27 43 32 a5 44 26 110 112
-8 162 129 -18 138 125 -28 120 121 27 14% 10
-7 240 209 -18 24 14 -27 7% 60 8.,0,L 28 20 (]
-5 363 311 -17 . 16% 4 ~26 a5 99 29 35 36
-5 224 233 -16 145 151 -25 75 56 -30 &6 68 30 12x% 3
— 33 21 -15 56 66 -24 52 41 -29 55 64
-3 846 852 ~14 196 192 -23 65 75 -28 81 B84 9.0l
-2 172 164 -13 140 111 ~22 135 125 -27 67 59
-1 557 588 -12 82 69 -21 75 61 ~26 121+ 111 -28 76 72
1] 17% 2 -11 432 385 -20 82 91 -26 25 24 ~27 27 30

1 128 180 -10 186 186 -19 111 99 -24% i8 18 -26 38 6
2 439 440 -3 1756 17} -18 112 115 -23 15 7 -25 48 40
3 129 113 -8 158 198 -17 43 41 -22 16 12
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4,250 17 120 126 ] 127 122 4 312 318 2 135 138
18 252 247 10 115 102 L] 258 263 3 72 62
30 107 115 18 159 150 11 263 264 3 6% 7% 4 133 120
33 87 20 89 a3 12 53 s51 7 114 115 ) 248 238
32 50 53 21 151 150 13 137 135 8 93 105 6 142 124
33 66 69 22 58 58 14 235 -39 ] 340 329 7 379 369
34 52 5Q 23 7?7 77 15 208 189 10 60 39 8 119 132
24 159 148 16 177 176 11 309 299 9 134 131
5,2sL 25 76 61 17 212 214 12 251 262 10 g2 BG
26 217 220 iB8 126 128 13 o8 102 11 98 108
-33 41 34 27 61 56 19 243 243 14 68 9 12 130 137
~32 58 59 28 104 104 20 143 154 15 73 66 13 61 64
-31 28 27 29 73 74 21 52 55 16 84 88 14 128 120
-30 21 17 30 47 50 22 123 128 17 235 228 15 658 69
29 66 68 <} 34 40 23 106 109 i8 54 16 25 21
-268 54 60 32 43 a5 24 39 53 18 116 115 1?7 115 111
-27 79 68 33 a5 102 = 33 a8 20 201 209 18 100 104
-26 3 34 26 130 133 21 34 33 19 74 85
-25 164 152 6e2sL 27 38 5 22 42 47 20 54 S5
-24 84 86 28 63 59 23 32 30 21 131 127
-23 37 27 -31 62 62 29 67 73 24 59 55 22 33 36
=22 208 205 -3Q 66 72 30 68 68 25 30 28 23 43 47
-21 67 66 -29 17 11 <} 27 a 26 27 25 24 35 32
-20 23 -28 % 81 27 57 25 15 15
-19 104 111 -27 63 655 72250 28 13% 8 26 13 14
-18 45 41 -~26 93 98 29 36 29 27 13% 7
-~37 249 240 -25 89 84 ~30 <3 a7 30 32 27 28 27 23
-16 76 68 -24 117 119 -28 20 15
=15 210 202 -23 36 -28 14% 7 8+25L 842sL
-14 136 119 -22 80 65 -27 3 26
~«13 140 138 ~-21 22 12 -26 14% 7 -28 12% 11 -26 18 12
-12 113 119 ~20 57 58 -25 86 87 ~-27 40 35 -25 79 72
~-13 182 165 -18 173 175 -24 18 22 -26 45 46 -24 &9 70
=10 215 211 -18 109 116 -23 42 48 25 70 71 -23 39 38
-9 123 118 -17 173 187 -22 53 56 -24 46 38 -22 58 60
-8 263 250 -16 213 222 -21 19 22 -23 52 55 -21 71 7%
-7 178 182 -15 48 31 ~20 67 73 -22 a7 30 -20 55 56
- 479 431 ~14 165 132 -19 156 163 -21 15% 9 -19 30 33
-5 248 243 -13 223 205 -~18 53 ~20 +. 33 34 -18 82 78
—4 178 167 -12 143 144 -17 181 177 -19 117 130 -17 45 32
-3 51 3 -11 224 220 -16 215 213 -18 138 144 ~16 82 86
-2 316 324 -10 150 137 -15 221 217 -17 42 40 -15 150 151
-1 807 778 ~9 73 g3 -14 159 157 -16 83 85 -14 79 66
0 249 229 -8 312 309 -13 251 240 -18 78 73 ~13 83 85
1 307 295 -7 177 182 -12 146 156 -14 80 108 -i2 20 29
2 211 211 -6 111 80 -11 161 176 -13 288 284 -11 50 4
3 140 132 -5 a5 89 -10 172 171 -12 41 -10 136 146
4 233 az22 —4 60 s0 -9 20 84 ~-11 147 143 -9 114 119
5 164 180 -3 319 309 -8 38 B0 -10 175 170 -8 48 38
5 70 82 -2 82 76 -7 140 160 -9 77 64 -7 170 174
7 213 212 -3 321 297 -6 77 71 -8 a1 g5 -6 124 114
8 170 152 o] 75 80 -5 112 109 -7 145 154 -5 98 84
- 82 59 1 168 177 -4 153 150 -6 108 102 —4 25 29
10 235 222 2 194 187 -3 83 76 -5 62 70 -3 34 39
11 176 174 3 284 275 -2 147 154 —4 122 116 198 203
12 67 75 4 77 78 -1 213 196 -3 165 170 -1 134 120
13 113 103 -3 143 151 0 90 o4 -2 119 121 0 50 61
14 286 300 6 254 228 1 63 95 -1 154 136 1 50 53
15 2G1 200 7 il 118 2 148 149 ko] 257 242 2 124 120
16 183 187 8 199 195 3 62 4% 1 54 39
9920l -] 12s2sL 12 69 58 1 436 407
] 104 121 13 221 185 2 33% 351
3 189 202 10 90 -14 S1 S0 14 145 133 3 165 178
4 105 108 11 145 151 -~13 53 50 15 174 153 4 263 228
5 152 135 12 89 93 -12 13% 14 16 47 50 ) 422 404
6 126 12% 13 47 52 -131 54 50 17 211 186 6 189 171
7 139 127 14 63 64 ~-10 22 P-4 18 130 121 7 471 439
8 33 24 15 54 62 -9 42 44 19 306 296 8 142 145
- 131 129 16 29 28 -8 34 40 20 139 134 9 310 314
10 63 63 17 50 51 -7 61 63 21 107 106 10 169 158
11 192 189 18 29 -6 46 49 22 3 79 11 48 46
12 163 154 19 38 32 -5 38 42 23 246 252 12 7% 69
13 42 26 20 21 26 -4 33 35 24 183 198 13 16 &
14 82 94 21 30 32 -3 S0 57 25 e9 104 14 77 50
is 83 79 22 54 47 -2 <3 1B 26 73 70 15 62 70
16 b3 45 23 13 7 -1 22 26 27 66 63 16 89 84
17 74 81 o 40 37 28 152 149 17 228 229
18 a5 87 11»2sL 1 14% 10 29 83 | 96 18 189 184
19 84 % 2 23 43 30 651 61 19 73 79
20 83 77 -19 41 48 3 18 21 31 20 16 36 43
21 47 50 T -18 62 6% 4 36 43 32 14% 17 21 110 102
22 14% 13 -17 24 19 5 72 63 33 37 35 22 198 200
23 54 57 -186 15 2t -] 29 31 34 38 34 23 180 184
24 22 31 -15 27 24 ? 19% 8 24 228 232
25 29 33 -14 60 60 8 -] 88 45350 25 36 34
25 21 21 -13 26 32 -] 47 46 26 21 20
-12 23 29 10 24 25 -33 31 31 27 111 116
10+2sL ~-11 22 18 11 37 40 -32 38 37 28 116 122
-10 62 61 12 35 34 -31 29 23 29 15% 11
-23 31 29 -9 87 60 13 45 45 -30 54 43 30 54 41
-22 a7 36 -8 36 43 14 63 64 -29 22 32 31 <49 45
=21 22 18 -7 74 78 -28 89 85 32 13% 6
-20 55 55 -6 o8 94 1320 -27 29 27 a3 7?7 79
-19 22 21 -5 53 61 ~26 i33 118
-~i8 44 43 -4 29 31 -5 14 15 -25 254 246 Se3sL
-17 59 54 -3 92 89 -4 37 40 —-24 35 29
-16 46 4 -2 84 86 -3 31 34 -23 107 116 -32 20 29
-15 55 52 -1 42 43 -2 13 21 -22 128 126 -31 23 15
-14 37 45 1] 23 22 -1 12x 7 ~-21 266 269 -30 66 60
-13 94 81 1 78 81 o 15 10 -20 123 138 -29 17 23
-12 48 34 2 20 28 1 24 28 -19 133 134 -28 70 74
-1 77 84 3 54 57 2 a8 42 -18 110 a5 -27 71 74
-10 47 55 4 77 70 3 42 42 -17 287 275 —26 45 46
138 132 5 18 28 4 22 24 -16 190 184 -25 75 82
-8 135 127 6 45 42 5 30 32 -15 139 140 -24 30 3g
-7 89 s0 7 73 65 ~14 182 181 -23 ise 187
- 36 36 <] 45 44 3.3sL -13 24 26 -22 94 96
-5 182 180 -] 126 126 -12 31 38 -21 38 36
—4 190 192 iC 43 42 1] 494 513 -11 156 168 -20 230 226
-3 137 130 11 102 L5 1 211 182 ~10 34 23 -19 121 110
-2 a3 as 12 61 58 2 i82 200 -9 241 234 -18 125 122
-1 S0 92 i3 39 39 3 460 474 -8 278 255 -17 &8 69
o sa 57 14 31 34 4 222 205 -7 108 101 -16 176 183
1 119 123 15 67 71 5 406 404 -6 325 314 -1% 209 203
2 116 123 16 69 69 -] 535 542 -5 163 173 ~14 258 263
3 18 27 17 50 47 7 459 435 —4 420 394 -13 158 146
4 86 87 18 40 38 8 443 407 -3 286 272 -12 56 70
L3 57 74 19 44 46 9 361 370 -2 536 478 -11 125 131
6 a6 10 133 138 -1 103 101 -10 70 55
7 118 113 13 164 156 1] 136 139 -9 334 308
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-14 34 34 8 58 58 3 37 338
-13 53 50 9 53 50 4 62 57
-12 13 10 0 29 27 5 i8 25
-11 59 63 11 13% 14 6 16 23
-10 48 52 12 S50 44 7 33 37
-8 18 26 13 63 87 8 23 14
-8 63 59 14 12% 12
-7 37 40 15 &5 58 8y8,L
-5 39 40
-5 54 59 97k o 60 62
-4 31 27 1 73 62
-3 37 36 -8 30 28 2 62 55
-2 24 35 -7 42 50 3 i8 21
-1 <49 53 -5 21 29 4 52 50
o} B85 80 -5 12% 2 5 46 39
1 15% 10 -4 28 27 6 58 58
2 35 32 =3 69 668 7 28 29
3 49 44 -2 21 8 8 . 31 36
4 42 42 -1 45 47 ] 34 36
S5 26 28 0 18 12
6 39 1 16 11
7 51 47 2 63 62
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APPENDIX IIIX

Tables of observed and calculated structure factors

for tri-o-thymotide — n—-cetyl alcohol

Data Format:
H K

L 10x|F | 10x[F |

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked ..... *
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28 36
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45 53
8% 16
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21 18
2r114L
21% 1
7 g8
75 &5
84 94
45 51
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<0 85
96 87
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78 81
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76 Bl
63 72
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21 12
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17% 21
17 7
27 a1
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64 61
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48 45
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34 36
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119 109
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166 163
62
240 246

271



DONONALUN-O

27

e

VRNOVLWN-O

=OUXODANOINLUN-D

-

112

VBNV LWNRNEO

DN hWN O

3110

-
©
»

AN

| e dand
i

BB 2.00838528888

NOVWA V=D

OCRNONLLUN-O

AN AWR O

54 58
18% 14
22 26
37 34
51 ]
18x 27
30 35
29 i
17x 21
27 28
3.12.L
51 41
31 31
34 33
19% 14
29 26
47 -5
*» 50
23 24
33 32
17% 4
9 47
17x 18
17x 15
16% 10
25 26
3:13.L
17x 18
22 24
a5 3]
16% ]
% 43
143 5
23 24
i8 17
4:0.L
97 180
2684 420
651 617
253 295
448 423
95 117
152 132
“6 31
520 499
46 82
225 256
481 480
188 204
434 413
88 100
121 124
108
84 =)
100 107
202 200
156 161
103 108
100 95
22x% 11
186 184
81 78
36 36
49 46
21% 15
25 23
83
20x 23
76 7
62 63
38 46
37 N
18% 26
17% 25
a5 )
44890
25 13
129 130
160 164
47 40
48 41
152 139
141 136
&5 79
77 81
152 159
44 45
60 65
72 78
111 115
41 32
44 46
61 61
40 46
20x% 4
34 30
32 34
53 49
18% 6
17% 3
36 38
21 20
4.8.0L
77 74
99 85
60 62
103 115
60 61
30 25
es a0

e

PR BREEENERLN oo vonsunno

N
~

BRu88Y

A=

16%
4,10,

e7
101

QOUANAOAVIABN=O

*

DONONLLN-D

VaON~ O



RN RGeS s EEhE Bonun

CONONMAIL =0

NEBoowavaGN=D

VANONIVN-O

VMar=O

575
184
424

51

291

BR8ER

VOO pLIN-O

BRRURLBESS

888y

CONONAILNNLO

CONONIVNO

w
-

CONOVILN-O

31

CONOVDIWNO

BYRRRNN

CAJOPILN=O



CONOWMIGLN=-O

-t b
CNHOOONOVILN-D

QOVNOP AN =D VaLN=0O

b bt ek e b -
QOWUAVAGNEDODONODM S

-
ODODNOVLWN-O

-
[23,5 124

NOVAWON=O

=OUPNONALNN~-O

-

274

690 11 a3 8 2 85 76 TodsL 7+6sL
S T o S B
1 89 101 o] 73 51 [1] 1
79 83 14 116 120 5 104 81 1 47 41 1 gg 3?
20% 31 15 63 68 & 108 2 55 54 2 208 208.
46 47 16 1495 143 ? 272 %6 3 100 114 3 94 103
29 25 17 221 8 41 35 4 87 4 20x%
% 76 i8 133 133 8 138 151 5 86 107 5 143 151
63 19 163 160 10 118 124 6 52 62 6 &8
107 100 20 47 il 11 59 57 7 154 143 ? 132 131
19 21 101 102 12 109 100 8 57 51 8 92 a0
26 26 22 az 84 13 110 121 8 a0 27 9 56 54
ig9% 27 23 68 69 14 135 129 10 198 209 10 34 28
24 18 24 124 117 15 135 142 1 87 80 11 K- 79
20 26 25 35 37 16 56 64 12 a7 23 12 29 21
17 7 26 22 24 17 152 163 13 a8 113 13 54 56
20 15 27 41 35 18 108 110 14 47 50 14 79 79
33 29 28 48 50 i 153 150 15 7 m 15 71 69
18 25 29 72 73 20 62 63 16 43 41 16 7% 76
32 32 a0 17% 15 21 126 144 17 Kid 74 1?7 22 23
31 47 50 22 60 18 56 51 18 27 18
6+10-L 23 20% 13 19 29 100 19 18% 19
7s1sL 24 57 56 20 96 105 20 30
28 26 - 25 28 28 21 20% 24 21 19 22
60 55 0 219 227 25 44 465 22 42 48 22 38 36
18% 23 1 145 127 27 18% 13 23 26 21 23 16% 11
23 26 2 316 330 28 17% 14 24 23 22 .
38 35 3 202 213 29 22 14 25 29 32 7e7L
18% 20 4 85 81 26 21 28
64 66 5 138 138 7:34L 27 18 18 0 69 77
53 8 6 77 83 1 33 34
17% 10 7 120 118 o 55 53 7i5aL 2 81 80
22 20 8 166 1727 1 96 101 3 21% 6
17% 19 9 86 76 2 130 100 0 91 74 4 84 81
19 17 10 12% 105 3 155 146 1 139 132 ] 61
21 20 11 105 107 4 112 111 2 229 234 6 164 169
15% 1? 12 110 118 5 179 175 3 145 138 7 88 83
13 96 96 6 21 24 4 87 80 8 22 22
TP SIS 14 207 205 7 61 58 5 82 98 8 38 44
1% 64 61 8 il 56 6 82 a1 10 65 63
17 5 16 B8 77 9 76 70 7 99 109 11 50 43
29 ag 17 237 243 10 108 124 8 61 71 12 20% 19
24 18 18 174 184 11 73 8 107 107 13 52 52
21 22 19 22% 22 12 239 227 10 105 114 14 49 51
26 32 20 164 163 13 67 68 11 119 121 15 33 25
6 - 37 21 129 124 14 29 35 12 61 61 16 18% 23
22 36 31 15 180 174 13 21% 17 17 r 50
7:00L 23 64 68 16 103 106 14 36 24 18 28 33
24 29 28 17 104 106 15 33 27 19 54 52
224 25 39 36 bt 72 70 16 21% 8 20 16% 10
316 347 26 4% 48 18 7 84 17 36 a9 21 29 28
228 247 27 73 &6 20 21% 13 18 27 29
380 381 28 27 31 21 63 58 19 72 74 7:8sL
197 182 29 43 34 22 39 40 20 55 52
114 111 a0 55 49 23 21 24 21 36 31 o 20% &
197 186 24 7% 79 22 34 35 1 28 37
107 114 Tr2st 5 35 34 23 20 26 2 78 69
32 12 26 18% 5 24 36 34 3 80 s
118 106 ] 137 155 27 17% 14 25 15X 10
205 180 1 30 28 20 21 .
7,851 12 122 126 5 219 216 3 13?7 129 7 60 62
13 63 59 6 142 144 4 N 8 63 81
45 42 14 23 23 7 147 134 5 43 7 9 66 65
a8 a8 15 286 287 8 74 Kid 6 87 8 10 110 111
65 63 16 52 47 ] 56 48 7 31 3 11 73
65 67 17 41 29 10 81 84 8 86 100 10 110 111
32 32 18 133 134 11 58 8 77 79 11 80 73
25 26 19 101 12 157 162 10 133 130 12 47
23 27 20 66 65 13 145 159 11 67 £4 13 20% 36
34 34 21 71 76 14 109 110 12 87 82 14 74 70
19% 18 22 77 76 15 124 128 13 217 220 15 53 54
29 34 23 106 103 16 26 22 14 37 37 15 36 35
18% 21 24 82 75 17 104 100 15 34 32 17 a7 34
a0 25 64 63 18 127 133 16 65 67 18 27 35
17% 14 26 43 46 18 50 51 17 7% 73 19 a7 37
16% 11 27 65 59 20 82 87 18 37 20 16% 7
.35 37 28 56 48 21 60 62 18 20% 15 21 15 14
29 27 26 22 6 49 20 36 32
9L ac 32 29 23 37 43 21 36 38 Be70L
24 53 61 22 34 34
71 72 Bril 5 5 32 23 58 62 g 20% 14
27 31 26 38 42 24 50 55 1 54 59
46 47 o 88 a6 27 17 13 25 20 22 2 43 55
19% 23 1 4% 46 28 19 13 3 113 113
56 60 2 68 “ 85,0 4 108 102
79 83 3 136 143 8,3l 5 89 80
ig* 8 4 100 104 4] 199 207 6 61 58
34 7 5 241 234 0 83 110 1 45 50 7 19% 12
18% 15 6 20% 19 1 g1 82 2 22 12 8 50 60
24 20 7 104 2 40 32 3 35 28 9 19% 14
20 19 8 190 192 3 185 176 4 52 54 10 19% 9
24 23 8 74 4 82 5 108 108 11 49 45
16% 10 10 184 193 5 a3 21 6 174 182 12 a5 32
20 21 11 78 8e ] 64 54 7 81 9 13 37 35
12 143 145 7 53 59 8 133 140 14 18% 13
71000 13 85 94 8 78 72 8 96 100 15 30 7 27
14 22% 20 8 61 68 10 117 109 16 17=% 14
a0 21 15 156 163 10 75 72 11 76 68 17 19 24
26 21 16 39 47 11 48 55 12 104 103 18 16X 18
23 22 17 63 55 12 36 33 13 a4 79
67 68 18 110 113 13 160 163 14 20% 10 B8+8st
72 73 19 93 14 41 40 15 29 36
72 71 20 58 67 15 135 126 16 28 32 0 57 47
16x% 4 21 14 117 16 116 113 17 20% 18 1 19% 21
17 25 22 71 78 17 57 49 18 57 7 2 40 35
23 80 82 18 69 74 19 35 39 3 35 32
8,0.L 24 57 58 19 22% 34 20 5 23 4 32 35
25 40 40 20 94 21 33 34 5 31 32
101 76 26 54 64 21 41 38 22 20 24 6 24 18
119 143 27 38 40 22 87 93 23 34 n 7 8% 12
151 154 28 18 11 23 71 83 8 18% 20
104 94 29 23 19 24 a7 43 L-13-218 8 31 37
203 25 38 42 10 28 29
135 130 B8s2.L 26 18 13 0 49 49 11 5
244 238 1 102 98 12 16% 8
7% &9 g 25 17 81440 2 56 52 13 20 21
84 80 1 164 158 3 115 117 14 23 24
84 97 2 76 78 23 15 4 114 119
140 150 3 140 . 154 1 113 121 S 107 10%
a7 86 4 114 120 2 141 136 6 26 32
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APPENDIX 1V

Tables of observed and calculated structure factors

for unsolvated tri-o-thymotide

Data Format:
K L

H 10<[F | 10x|F |

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked ..... *
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2 80 106 Hide 7 Heds 10 6 72 71
3 616 594 7 20 21
9 4 141 134 1 70 76 0 208 212 8 22 14
120 5 173 164 2 256 261 1 160 181 ] 11 6
131 6 346 327 3 104 107 2 76 81 10 24 27
117 7 216 208 4 151 149 3 71 69 1 36 a8
120 8 130 127 5 83 82 4 152 156
43 9 102 99 & 179 170 5 133 140 Hyd: 14
53 10 203 195 7 129 125 6 210 200
23 11 183 192 8 209 203 7 59 59 1] 201 204
a3 12 87 83 g 90 100 8 862 62 1 104 107
18 13 20 19 10 184 189 9 26 27 2 73 75
14 70 79 11 202 205 10 67 65 3 58 58
15 100 106 12 21 22 11 37 35 4 53 52
16 58 60 13 66 66 12 59 57 s 3s 43
460 17 11% 10 14 &3 58 13 13 13 & 42 3g
637 18 54 57 15 0 28 14 50 53 7 57 58
41 16 47 48 15 22 27 8 23 22
379 Hy4r5 17 14 13 ] 15 14
32 Hids 31 10 48 a9
276 1 52 65 H14,8
61 2 430 415 1 102 B4 Hed 15
183 3. 78 75 o 170 159 2 145 155
&9 4 200 204 1 224 218 3 203 208 1 &7 68
83 5 223 219 2 213 207 4 146 165 2 68 73
294 6 68 73 3 199 200 5 a7 100 3 41 44
a7 7 306 311 4 89 82 6 67 64 4 17 18
83 B 127 129 5 209 209 7 61 70 5 &3 61
65 9 44 6 225 227 8 80 81 [ 29 24
84 10 110 111 7 155 166 9 70 68 7 14 22
129 11 73 73 8 . 308 312 10 45 51 8 42 51
137 12 50 9 191 193 11 44 44
ag 13 113 11% 10 61 62 12 29 31 H14» 16
6 14 54 55 11 134 134 13 35 36
15 54 59 12 95 100 1 65 84 1] 81 80
16 51 52 13 2% 10 1 77 76
17 60 60 14 67 70 Hids 12 2 21 26
201 18 18 18 15 36 43 3 54 53
376 16 43 4 1} 149 151 4 17 15
133 Hrds6 1 &9 67 5 22 22
138 H: 4,9 2 175 176
354 0 267 260 3 48 51 H»5.0
400 il 50 27 1 170 162 .4 99 94
391 2 40 3g 2 131 138 5 103 103 1 178 169
230 3 154 149 3 139 133 [3 40 2 25 18
85 4 126 112 4 150 140 7 12 g 3 444 438
108 5 165 148 5 85 74 8 57 54 4 720 709
42 [3 28 29 6 157 152 ] 54 56 5 213 202
100 7 74 67 7 101 100 10 24 27 6 53 56
178 8 214 210 8 70 80 11 42 49 7 268 248
113 9 125 124 9 133 133 12 15 11 8 98 95
80 10 147 146 10 16 11 13 16 21 9 180 164
33 1 73 &9 11 33 28 - 10 161 158
59 12 118 118 12 50 50 H14s13 11 12%
24 13 128 128 13 73 73 12 155 159
14 15 21 14 17 18 1 59 63 13 21 16
15 56 51 15 22 23 2 106 115 14 60 61
16 65 62 16 33 34 3 45 43 15 19 21
731 17 74 79 4 97 107 16 38 39
502 ) [ 34 36 17 66 &5
11 141 133 8 109 112 8 175 185 1} 63 61
12 185 186 g 77 80 ] <0 94 1 76 74
1 13 43 a7 10 144 147 10 55 55 2 102 105
14 163 167 11 126 125 11 76 77 3 51 51
15 61 59 12 47 a8 12 29 28 4 74 80
16 21 23 13 668 74 13 43 a2 5 88 92
393 17 33 33 14 8l 79 14 26 21 6 35 33
408 18 a8 48 15 69 69 15 10 11 7 7% 80
269 16 43 43 8 43 48
144 Hi15:14 . 17 20 20 Hs5110 9 50 47
200 10 48 44
257 1 541 532 HiS» 7 ] 209 210 1 22 18
401 2 169 162 2 161 149
208 3 241 220 o 115 99 3 248 251 He5s 14
200 4 386 378 1 170 170 4 77 90
126 5 192 192 2 77 67 5 212 221 1 43 48
31 6 117 112 3 78 83 & 279 288 2 59 57
112 7 3z 4 93 89 7 100 107 3 61 61
85 8 154 152 5 109 129 8 25 23 4 22 23
84 g 94 3 22 121 ] 76 82 5 11% 6
183 10 331 339 7 340 350 10 47 51 6 48 43
35 11 56 8 171 172 11 56 57 7 10 7
66 12 120 3 g 139 138 12 20 25 B8 53 52
20 13 21 21 10 114 116 13 38 a1 9 36 38
45 14 74 72 1 a7 100 14 36 43
15 68 [ 12 113 117 HyBs 15
16 a1 92 13 a1 a5 HeBy 11
17 43 44 14 78 75 ‘ o] 76 76
67 18 22 22 15 36 43 4} 147 148 1 16 15
328 16 25 26 1 275 286 2 36 4]
280 Hi5»5 2 a5 99 3 36 36
459 M58 3 165 169 4 35 31
354 1} 727 696 4 112 118 5 45 a8
276 1 452 438 1 173 175 5 55 57 [ CTl 91
83 2 356 350 2 65 69 6 86 82 7 57 56
199 3 199 181 3 265 259 7 103 112
239 4 250 236 4 310 306 8 52 50 H1651 16
66 3 61 50 5 176 172 9 53 56
22 6 178 161 6 &9 71 10 16 15 1 23
186 7 59 55 7 214 213 11 47 48 2 9 50
g7 8 79 84 8 163 167 12 26 26 3 44 39
119 g 33 42 9 B4 a4 13 51 54
74 10 g2 5] 10 155 158 He6:0
73 11 123 123 11 157 168 Hy By 12
[ 12 268 274 12 115 114 0 194 194
17 13 13K 6 13 55 57 1 84 94 1 368 374
14 73 69 14 47 48 2 79 82 2 185 164
15 65 62 15 27 31 3 185 159 3 112 106
16 28 34 16 60 60 4 66 73 4 565 530
357 ¢ 17 19 14 5 152 155 5 402 383
427 Hi5.8 & 25 24 6 354 asi
708 H15:6 7 &8 70 7 74 63
148 1] 188 198 8 45 42 8 €6 93
423 1 179 170 1 285 286 9 82 85 9 230 227
369 2 39 42 2 300 303 10 41 41 10 138 142
264 3 281 270 3 197 205 11 4) 42 11 12 2
118 4 140 148 4 92 a2 12 55 50 12 53 61
139 5 112 108 5 165 170 13 125 124
157 & 78 74 6 122 121 Hr»5e13 14 199 202
215 7 122 124 7 100 103
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6 39 38 S 81 a1 5 36 32 11 41 35
7 92 97 10 36 36 & 52 58 12 8s a7
69 8 81 80 11 75 70 7 39 37 13 30 31
117 8 106 165 i2 & 53 8 11* 6 4 12% 16
85 10 S0 13 43 42 S 43 48 15 37 43
70 11 48 43 14 27 27 10 13 15 16 23 24
88 12 33 36
18 i3 83 89 H»8,9 Hs8»13 Hi9:2 -
15 14 28 24
30 15 31 40 1 102 97 1 20 16 1 79 o1
60 16 18 ie 2 s 89 2 s9 59 2 113 117
79 3 150 151 3 15 15 3 28 21
5 H»8:6 4 a3 82 4 53 56 4 176 il
5 62 65 5 52 54 5 265 269
0 76 69 3] 14 14 6 28 29 6 218 222
1 131 123 ? 127 129 7 21 21 7 105 92
231 2 174 177 8 73 75 -] 17 13 8 86 8
53 3 68 68 g g7 102 9 206 206
289 4 83 81 10 24 27 H:8.14 10 34 31
i28 S 107 116 11 88 89 11 26 24
133 6 108 100 12 74 72 ] 89 87 12 59 58
203 7 95 95 13 10% 11 . 1 14 7 13 46 42
92 8 98 101 2 37 41 14 28 29
78 ] 75 77 H+8,10 3 43 42 15 43 52
163 10 69 74 4 27 22 16 22 25
110 11 64 64 0 158 1589 S 12 14
133 12 78 82 1 110 112 6 ax ] H19»3
35 13 43 45 2 144 155
36 14 27 29 k] 25 25 H,9.0 o 31 33
51 15 82 S0 4 35 32 1 15 16
63 5 58 60 1 16 & 2 111 113
44 Hs8,7 6 12% 7 2 100 83 3 85 97
7. 107 108 3 sg a2 4 24 17
1 86 B84 8 23 22 4 182 180 5 B2 80
2 70 72 9 75 81 5 213 208 6 103 a2
436 3 4 a3 10 22 26 6 15 12 7 61 64
122 4 55 59 11 21 18 7 276 281 8 162 155
87 5 92 90 12 o= 8 8 12% 11 S 86 82
72 5 48 48 ] 13% 3 10 a6 [0
33 7 71 59 Hs8»11 10 24 24 11 127 135
89 8 111 114 11 38 38 12 29 36
189 9 23 26 1 144 138 12 30 28 i3 o8 103
51 10 21 18 2 65 61 13 50 45 14 36 as
71 11 37 37 3 39 338 i4 37 38 15 32 32
165 12 19 15 4 82 97 i5 10% 3 16 51 55
26 13 58 57 5 85 88 i6 15 15
70 14 52 48 6 38 38 HsS.4
13 i5 31 32 7 76 77 Hs951
41 8 51 51 1 186 186
23 H:8,8 9 34 37 0 282 288 2 &0 61
30 10 22 21 1 72 67 3 43 33
82 0 178 188 11 37 37 2 223 219 4 58 62
1 7 74 3 151 153 5 43 43
2 79 76 HeBr12 4 145 144 6 107 108
3 27 35 S 187 185 7 108 111
104 4 58 58 ] 108 110 6 118 118 8 83 - 84
187 5 84 81 1 20 15 7 138 148 9 30 32
35 6 38 36 2 57 58 8 24 27 10 112 116
102 7 39 43 3 18 18 9 30 27 11 61 63
208 8 56 87 4 3 23 i9 102 107
H»9,8 H19,12 11 42 33 H» 10,5
12 30 28 N
72 1 46 36 1 &3 70 13 32 32 1 129 132
72 2 65 61 2 22 21 14 12 15 2 147 147
38 3 37 42 3 28 31 15 23 24 3 103 100
22 4 157 157 4 35 36 4 226 230
5 72 66 5 249 as H» 10,2 5 78 as
] 33 35 6 34 36 6 85 a3
7 91 as 7 10% 5 o 261 264 7 78 80
121 8 81 81 8 35 35 1 148 143 8 46 61
46 8 69 74 9 19 24 2 126 129 -] 52 55
116 10 47 47 3 186 183 10 44 50
203 11 16 22 Hs8,13 4 80 75 11 57 66
113 12 74 71 5 173 163 12 64 67
32 13 43 42 0 79 78 2] 203 205 13 42 45
120 1 53 55 7 34 29 14 gx 11
38 H,9,9 2 55 58 8 147 141
78 3 33 29 9 125 129 Hs10+5
23 1] 158 156 4 a3 45 10 128 128 -
a4 1 24 17 5 26 25 11 86 87 c 47 39
48 2 33 32 6 38 40 12 104 107 1 44 36
26 3 47 51 7 20 i8 13 48 2 45 53
23 4 54 62 14 67 67 3 75 88
62 5 12% 8 H»9,14 15 2 ., 21 4 208 201
26 & o2 S 135 136
7 113 116 1 39 36 Hr10,3 6 168 178
8 83 87 2 22 24 7 36 33
b S 15 18 3 11 18 1 101 89 8 17 21
41 10 11% 11 2 265 243 9 85 86
139 11 30 27 H+10,0 3 58 59 10 25 22
113 12 34 3B 4 136 133 11 38 45
82 o} 183 195 5 134 132 12 40 36
71 H:9,10 1 38 540 ] 40 28 13 10% 11
27 2 120 121 7 117 118 14 19 23
65 1 108 106 3 144 142 8 160 158
128 2 80 -l 4 117 118 9 55 56 H+ 10,7
87 3 56 56 5 188 184 10 130 132
71 4 73 84 5 210 208 11 89 94 1 147 156
70 5 15 16 7 150 156 12 74 79 2 7% 80
40 6 51 51 8 12% 5 13 75 7% 3 77 78
29 ? 20 24 °] 21 18 14 24 21 4 110 122
46 8 24 24 10 89 91 15 7 69 5 66 64
] 34 31 11 104 100 ) 109 114
10 74 78 12 30 36 H» 10,4 7 145 150
11 36 35 13 38 35 8 105 107
95 14 39 47 4] 229 221 9 25 29
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APPENDIX V

Tables of obsérved and calculated structure factors

for 5,11-dibenzyltribenzolb, f,7101,5,91triazacyclo-

dodecine-6(5H) ,12(114) ,18(17H)-trione

bata Format:

K L

H 1DxlFo] 10x[Fcl

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked ..... *

,,,,,,
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87 85 2 11 g 11 42 42 11 37 3g 4 25 25
16 25 3 a0 a5 12 174 182 5 127 124
154 163 4 gx 7 He7+-9 13 16 12 6 14 19
223 225 5 84 92 7 81 60
101 89 6 43 38 1 5 21 Hi74=5 8 47 29
13 7 -7 11 16 2 166 164 9 103 a7
59 57 3 176 169 1 124 109 10 269 272
128 137 Hs7s-13 4 34 20 2 9% 8 11 21 20
101 108 - 5 151 149 3 62 48 12 112 128
g5 102 1 37 42 6 150 148 4 €8 74 13 51 71
2 ox o 7 65 56 5 354 355 14 43 49
Hi6112 3 78 a2 8 77 87 6 38 38
4 145 141 9 22 21 7 47 46 Hi7s-1
56 54 5 52 49 10 137 137 8 140 133
20 28 6 48 59 11 g% 7 9 81 87 1 122 100
163 164 7 22 27 12 105 128 10 10% ] 2 100 104
189 201 ] 60 70 11 72 70 3 217 206
10 10 9 8% 5 Hs7:~8 12 169 177 4 87 80
105 103 13 52 53 5 128 125
70 68 Hs7e-12 1 81 76 14 79 94 6 37
9% 15 2 51 46 7 66 60
43 2 1 11 3 3 212 209 Hi7s—4 [} 1? 18
2 38 43 4 29 29 9 13 12
HiB3113 3 40 38 5 133 125 1 156 164 10 13 2
4 67 60 6 164 167 2 a8 g 11 41 49
41 26 5 23 26 7 102 g8 3 173 157 12 27 18
85 a5 6 113 114 8 g% 3 4 237 207 13 70 72
15 2 7 g [ 9 75 80 5 413 379 14 ox 5
166 175 ] 51 53 10 173 189 6 135 118
55 62 ES 28 20 11 10 16 7 174 166 H17:0
50 56 10 58 56 12 86 97 8 234
78 85 13 54 56 9 184 174 1 194 188
64 72 Hi7s-11 10 138 139 2 133 120
He7s=7 11 171 168 3 136 130
Hs6:14 1 124 138 12 3g 19 4 224 201
2 122 129 1 108 108 13 40 43 5 53
11 22 3 222 225 2 35 39 14 g 18 6 247 234
ox 9 4 43 59 3 183 178 7 52 43
53 56 5 20 17 4 12 Hy74=3 ] 36 31
26 47 6 22 13 5 63 80 E] 192 190
57 53 7 19 27 6 a3 7% 1 113 104 10 65 69
47 53 8 19 14 7 309 309 2 106 11 19 17
9 32 43 8 36 36 3 68 72 12 81 74
H161 15 10 31 34 9 139 137 4 404 377 13 82 106
11 24 20 10 10% 0 5 32 5 14 18 26
51 61 11 103 108 & 75 58
83 80 12 27 16 7 101 89
37 39 13 25 23 -] 46 52
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He7st 6 145 138 0 200 198 6 83 a8 3 117 108
7 a4 34 1 107 a8 7 a7 44 4 g 93
290 283 -] 13 5 2 70 57 5 37 49
266 261 2 203 200 3 118 118 He7013 6 17 24
581 556 16 125 135 4 37 30 7 57 60
200 187 11 174 181 5 202 200 0 a3 24 ] 45 a8
40 S0 12 123 135 6 251 254 1 78 a8 ] 57 61
255 255 13 44 41 7 % 75 2 1? 14 10 16 5
112 102 -] 10% 2 3 33 34
39 30 He7+5 9 .. 25 25 4 81 89 HsBs—10
0 27 10 80 77 5 84 94
a7 eg 0 187 163 11 109 118 6 44 52 1 88 66
a5 97 1 288 282 2 122 121
118 117 2 25 27 He7,9 He7414 3 281 267
17 3 339 320 4 54 62
85 81 4 110 93 0 11 15 0 15 20 5 157 154
Fol a5 5 19 6 1 168 166 1 35 42 6 136 147
3 6 147 148 2 227 224 2 29 28 7 164 160
Hi7s2 7 11x 4 3 47 47 3 40 39 -] 57 70
B 76 7”7 4 128 126 4 73 71 8 30 26
327 301 ] 105 118 5 101 99 10 9x 3
475 442 10 180 201 6 123 121 H17515 11 47 47
185 190 11 65 60 7 a8 42
208 277 12 68 a5 8 267 278 1] 64 63 HeB s
08 477 13 45 35 8 16 18 1 ox 14
114 109 10 15 20 1 114 118
26 4 Hs716 HeBs-14 2 30 45
69 51 H+7510 3 260 253
a5 &0 1] 274 . 250 1 61 64 4 179 181
%6 1 17 11 1] 112 11 2 13 5 5 10% 3
219 216 2 * 38 1 40 43 3 20 19 6 199 214
116 129 3 169 163 2 13 5 4 40 37 7 200 204
20 86 4 81 09 3 113 101 [3 80 7 8 10% 7
100 111 5 54 * 4 30 5 8 149 161
6 344 348 5 190 189 HiBs—13 10 42 49
Hs7+3 7 281 282 6 170 170 11 10 7
8 62 67 7 188 204 1 80 €5
587 584 9 152 142 8 120 124 2 32 31 HeB.-8
aag 376 10 141 180 9 122 133 3 15 5
60 47 11 20 14 4 ox 17 1 40
168 164 12 10 6 Hs7,11 5 87 ag 2 104 102
15 8 6 24 31 3 28 32
58 42 He7s7 o o% ? 7 37 a3 4 135 127
a2 35 1 55 52 5 11% 7
186 181 0 2 62 65 HsBs—12 6 169 174
190 184 1 231 231 3 10% 6 7 . 139 153
56 49 2 24 19 4 51 51 1 24 26 8 11% 5
80 65 3 176 170 5 a1 31 2 172 189 g 108 113
62 57 4 28 37 6 74 82 3 77 77 10 72 a2
34 42 5 284 293 7 15 11 4 64 73 11 100 a9
10 7 6 12% 10 e ag 36 5 20 8 12 100
7 283 283 6 29 22
Hi7:4 ] 56 62 Hs7,12 7 117 116 HiBy-7
9 22 24 8 77 80
433 419 10 40 45 0 31 a7 g 15 18 1 42 42
134 126 11 17 18 1 96 107 2 102 106
57 58 12 25 18 2 51 53 HiBe~11 3 36 26
2 21 3 15 9 4 31 29
242 228 H»748 4 73 76 1 57 67 5 58 €2
17 12 [3 13 16 2 169 171
HeBe=7 Hs8,-3 10 205 200 F 141 124 0 12% 7
11 22 17 3 125 108 1 197 194
94 99 1 331 327 12 168 175 4 111 113 2 120 122
11 8 2 81 13 38 44 5 51 53 3 55 49
167 164 3 273 247 6 134 136 4 287 291
118 127 4 63 48 HiBs1 7 17 14 5 24 15
73 86 5 83 81 B 66 72 ] 182 184
74 72 6 171 150 0 66 87 9 52 54 7 ag 84
34 35 7 248 240 1 180 165 10 59 61 8 217 232
8 11x 12 2 126 117 11 29 28 9 ox
HyB1-6 g 293 280 3 144 1356 12 44 = 10 71 71
10 22 15 4 233 225
81 74 11 153 152 5 60 60 Hy845 H18,9
a8 88 12 9% 11 6 o1
182 181 13 14 9 7 96 110 5} 23 22 0 56 55
220 214 8 18 13 1 82 85 1 53 55
262 259 HeBy—2 2 25 2 2 20 5 2 119 114
39 38 . 10 108 109 3 243 242 3 190 182
a1 81 1 41 29 11 65 61 4 85 4 77 78
62 62 2 161 160 12 42 42 5 144 143 5 191 208
260 273 3 35 29 13 53 62 6 238 235 6 54 53
17 33 4 100 96 ? 118 118 7 75 76
116 127 5 67 67 Hi802 8 184 180 8 106 114
44 41 6 394 381 ] 19 11 E -8 50
22 14 7 223 221 0 268 255 10 58 56
e 30 19 1 157 131 11 e6 97 Ha8:10
HiBe-5 N ] 227 236 2 27¢ 254 12 29 as
10 a5 94 3 31 16 , 2} 26 24
72 70 11 47 40 4 80 76 Hs816 1 125 125
20 12 12 41 41 5 199 199 2 74 77
70 61 13 43 56 6 18 0 310 304 3 54 40
145 140 7 118 111 1 61 53 4 25 a0
160 154 HeBy=1 8 147 152 2, 116 116 5 49 52
209 194 9 63 50 3 15 12 6 g% 5
142 137 1 340 327 10 29 26 4 139 133 7 gx 6
65 60 2 161 149 11 37 43 5 54 61 8 24 18
38 43 3 117 101 12 26 18 6 275 272 8 11 6
166 170 4 99 a8 13 26 22 7 50 57
a3 a0 5 70 57 e 63 65 HeBy 11
138 140 6 32 29 HeBs3 ] 44 54
54 7 110 106 10 15 12 2} 194 193
8 51 49 [3} 200 270 11 24 19 1 €0 55
HiBr—4 9 10x 13 1 120 129 2 61 62
10 88 2 34 22 Hi8,7 3 61 €5
89 91 11 126 121 3 217 213 4 21 20
66 68 12 80 a3 4 108 103 0 114 100 5 g% 14
222 208 13 70 67 5 62 61 1 153 148 6 108 115
271 254 6 204 198 2 87 81 7 60 65
12 10 H38,0 7 13 3 259 263 9 1 [}
- 89 a2 8 22 17 4 114 120
78 78 0 28 35 g 84 83 5 240 250 Hs8, 12
76 76 1 95 101 10 138 134 6 89 80
125 119 2 71 60 11 183 194 7 71 71 0 65 72
122 133 3 11 10 12 117 124 8 62 59 1 2l 1
104 110 4 11 3 13 26 25 g 71 62 2 82 86
32 5 5 28 16 10 16 12 3 65 &3
46 48 6 100 92 Hi8:4 11 46 51 4 10 1
7 12 9 5 17 11
8 %6 48 [3} 430 427 H:8.:8 6 32 40
<] 77 81 1 119 115
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APPENDIX VI

“ Tables of observed and calculated structure factors

for 5,11-61methyltribenzo[b,f}j][1,5,9]triazacyclo—

dodecine~6(5H4) ,12(117) ,18(17H)-trione

Data Format:
H L

K 16x[Fo| 10x|Fc|

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked .e... *
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-

0:%.0 10 128 ° 142 7:K:0 10 20 32

3 &2 s8 .,
11 34 30 4 66 67
158 169 12 9 8 0 40 39 11+K.0 5 19 14
680 716 13 a7 3c 1 23 24 6 58 57
353 357 14 9 11 2 27 27 1] 26 20 7 12 12
104 108 15 20 21 3 63 56 * 1 32 as 8 15 17
16 - 17 4 22 18 2 66 64 E 23, 24
63 65 4,K:0 5 47 45 3 19 20
41 <5 6 2 45 4 53 56 ~30:Ks 1
o] 163 166 7 79 81 5 42 44
1:Ke0 1 210 213 8 93 89 5 21 22 1} 41 42
2 131 126 ] 51 51 7 28 27 1 145 149
121 121 3 168 154 10 43 43 - 34 30 2 143 144
408 449 4 276 266 11 12 13 9 28 28 3 70 59
326 341 s 216 202 12 16 17 4 66 63
292 230 6 57 54 13 53 50 12,Ks0 5 74 73
472 476 7 81 79 6 39 36
85 86 8 142 140 8K 1] 7% 2 7 28 24
249 249 9 128 128 1 13 12 8 35 a3
185 183 10 104 108 o 7= 1 2 20 18 9 41 42
45 52 11 54 52 1 22 25 3 30 26 10 16 17
70 €6 12 31 35 .2 24 30 4 37 37
76 77 13 33 43 3 0 87 5 38 32 -8.K,1
24 25 14 16 .16 4 35 33 6 42 38
66 71 . s 39 41 7 19 17 1] 72 67
7% 6 5.K:0 6 <5 50 1 89 85
&% 4 7 76 79 13,K,0 2 62 64
33 33 o 79 78 8 46 49 3 100 103
1 111 108 [<] 58 61 1] 8 6 4 85 86
2:K0 2 174 173 1o 15 15 1 38 31 5 54 51
3 174 174 11 6% 8 2 40 33 6 75 79
20 33 4 76 75 12 27 27 3 35 30 7 ag 33
13 17 5 142 138 - 4 34 29 8 41 a8
188 183 5. 22 18 9,Ks0 s 46 39 ] 31 3g
539 559 7 187 183 10 14 14
194 194 8 106 109 0 37 34 ~131Ks1 11 15 17
293 293 ] 75 78 1 174 178
158 158 10 100 103 2 120 1189 1] 11 6 —8.Ks 1
176 174 11 89 a3 3 39 34 1 32 30
26 22 12 22 24 4 62 61 2 18 19 [¢] 11 9
10 97 13 21 22 5 18 17 3 28 24 1 31 28
14 150 14 16 16 6 33 31, 4 28 24 2 42 44
120 127 7 44 48 5 38 35 3 34 42
63 71 6+Ks0 8 16 15 4 23 24
11 16 9 26 28 —12,Ks1 5 50 56
s 15 o 59 50 10 30 30 6 58 57
7 4 1 168 160 11 &% 3 1} 25 30 7 67 71
2 81 66 1 15 10 -] 114 116
3:Ks0 3 94 83 10,Ks0 2 26 27 9 61 63
4 118 111 3 33 37 10 28 30
254 270 5 1031 103 o 48 41 4 32 31 14 13 14
291 296 6 67 69 1 89 84 5 38 3g 12 34 34
163 167 7 g2 g2 2 6 % [ 35 33
174 170 ] 40 43 3 &5 60 7 20 18 —7sKael
253 247 S 88 8s 4 83 80 :
185 188 10 47 51 5 s8 74 —11.Ks1 o 100 89
&6 64 18 10 10 5 14 17 1 173 172
32 20 12 14 15 7 35 33 1] 61 58 2 88 90
104 101 13 13 17 8 37 38 1 " 68 70 3 9 14
52 &7 -] 43 43 2 180 175
=71k, 1 . 10 128 133 . 14 28 27 3:1Ksl 4 38 40
11 124 130 . 15 40 as 5 44 40
105 108 12 16 18 1] 123 132 6 34 34
18 24 13 21 19 BsKs1 1 305 318 7 121 128
63 67 14 32 28 2 188 197 8 35 41
0 ' g4 o] 506 505 3 448 442 ] 113 123
48 50 —3.K» 1 1 284 286 4 299 298 10 31 31
55 55 2 588 599 5 282 272 11 37 ag
59 64 0 601 624 3 281 274 ] 84 73 12 14 12
25 27 1 477 486 4 181 187 7 184 176 13 14 13
13 11 2 230 289 5 278 266 8 90 89
18 15 3 163 170 5 367 342 9 202 201 74K 1
4 68 64 7 26 35 10 121 128
6Kl 5 226 217 8 177 174 11 78 a1 0 111 110
6 118 113 9 87 a0 12 50 55 1 136 134
70 64 7 73 75 10 80 83 13 11 7 2 22 23
139 137 8 63 60 11 38 44 14 22 24 3 116 111
34 38 9 48 49 12 26 28 4 115 109
202 200 10 =T 94 13 28 25 41Ks1 5 19 24
59 63__ 11 50 49 14 29 3s 6 43 a0
148 150 12 16 18 15 32 31 3} 276 279 7 79 85
50 50 13 16 18 1 196 196 8 37 .. 38
133 140 14 18 18 1.Ks 1 2 161 155 -9 E) 77
100 108 15 14 13 3 361 354 10 48 52
68 70 o 374 418 4 339 329 11 12 15
a7 S8 ~24Ks1 1 129 126 5 81 78 12 34 36
47 50 2 94 93 [ 64 63
10 13 o g51E 1127 3 78 77 7 166 167 8:Ky1
32 33 1 486 504 4 267 266 8 177 174
2 190 175 5 108 112 g 56 56 v 146 146
T 3 55 45 6 160 .. 146 10 61 61 1 8s 90
4° 70 60 7 137 130 11 65 71 2 84 S7
132 129 5 39 33 8 g9 100 12 18 16 3 98 102
224 229 6 197 182 S 81 85 13 3% . 36 4 a7 33
111 114 7 130 118 10 144 144 14 [53 9 5 24 26
189 197 8 69 78 11 47 44 6 38 39
86 101 ] 73 69 12 55 57 51Kl 7 14 21
73 74 10 as 37 13 51 55 8 15 18
62 66 13 107 113 14 31 36 0 310 315 9 45 54
26 23 12 47 51 15 14 18 1 264 258 10 15 13
50 51 13 3z 34 . 2 83 | 76 1 7 7
68 65 14 22 21 24K} 3 78 71 12 15 18
44 5 15 16 16 4 104 101
54 54 0 422 458 5 102 96 94Ks1
27 24 ~11K»! 1 369 380 [ 39 35
o8 Q 2 187 192 7 159 163 4] 76 72
21 21 (1] 23 14 3 378 372 8 57 56 1 S0 a0
1 704 750 4 318 302 S 122 127 2 20 17
—44Ks 1 2 23% 237 5 316 303 10 61 65 3 111 113
3 215 206 6 89 85 11 64 66 4 55 56
B84 79 4 303 297 7 131 129 12 45 47 5 92 98
205 187 5 197 183 8 158 157 13 34 33 6 a2 50
152 155 6 144 144 ] 15 12 14 22 22 7 54 55
116 118 7 58 63 10 153 157 8 16 3
108 100 8 56 54 11 78 81 B4Ksl 9 38 41
91 95 9 6 a2 12 38 4 10 6t 3
86 as 10 48 50 13 18 18 o] 25 24 1 18 18
26 25 1 27 25 14 ] ] 1 37 38
6 45 12 16 23 15 21 23 2 22 26
83 94 13 10 13 3 60 58



QOONAV AL~

-

(- RN RV RN AT ERY o ]

OVAUN-O

VaWN=O o WO

N

DY el
AN OOONOVALUNN-O

Smmdmw..hum»-o

e el
HWN -

CONONALN-O

48 -+ S0 o 11 15

104K 1 3 2 114 113 8 71 66
4 18 20 11 34 33 3 48 9 93 80
126 121 5 20 19 12 . 8 6 4 1] 96 10 58 57
210 111 6 12 12 5 87 79 11 13 15
40 41 7 5% 2 ~7:K 12 6 130 128 12 47 52
84 86 , 7 103 7 13 50 53
29 31 ~11:K12 0 30 24 8 32 31 14 15 12
47 51 : 1 75 70 9 80 79
9 7 :] 72 71 2 245 246 10 67 68 K2
27 28 1 54 51 3 66 66 11 123 123 .
7 & 2 124 122 4 28 29 12 22 21 o 145 147
21 21 3 g 78 5 81 86 13 9 7 1 271 265
4 67 66 6 180 197 14 27 28 2 264 . 258
20Ked 5 25 24 7 38 3 89 85
6 32 29 8 70 72 ~31Ks2 4 33 39
™ 6 7 31 28 ] 58 62 5 127 121
18 22 8 18 22 10 66 65 0 172 169 6 215 206
32 32 a 11 8 11 a8 54 1 295 279 7 36 38
7% & 12 29 29 2 188 181 8 64 60
24 22 -10:Ks2 13 15 17 3 166 164 -] 119 118
10 11 4 142 135 10 86 85
21 20 0 12 17 ~61Ky2 5 73 76 11 23 21
16 14 1 28 30 6 74 72 12 53 53
30 27 2 %6 43 0 171 168 7 150 140 13 8 8
3 41 © 41 3 132 128 8 96 91 14 27 30
12:Ks1 4 "3 30 2 183 186 ] 41 37
5 40 44 3 204 203 10 61 62 14Ke2
18 13 & 34 33 4 80 77 11 65 66
18 19 7 25 27 5 122 125 12 43 43 1} 146 151
10 10 8 68 68 6 118 117 13 3 35 1 117 116
18 17 ] 23 25 7 51 52 14 23 22 2 255 253
8 6 10 15 16 8 47 46 3 28 a2
‘14 14 S 172 172 —24K,2 4 255 as50
41 38 -9,K,2 10 43 37 5 a1 78
: 11 51 52 1] 616 583 3 41 32
13:K1 . 0 %6 40 12 41 42 1 689 697 7 46 48
1 86 86 13 29 25 2 114 118 8 110 113
20 17 2 46 % 3 124 125 9 38 37
6 7 3 63 &5 53K 2 4 77 68 10 158 157
6 3 4 3g 33 5 245 236 13 63
24 3 5 58 61 2] 50 54 6 118° 114 12 76 79
» 6 63 60 1 103 99 7 47 47 13 26 27
—14,%,2 7 21 pt-} 2 26 32 8 107 105 14 38 39
8 35 39 3 82 78 s - 80 &0
5 5 g 48 48 4 64 59 10 44 44 2:Ke2
10 &% 8 5 77 73 11 38 37
~13.X,2 11 & ) 6 53 57 12 28 27 0 ~ 260 262
7 47 42 13 83 55 1 91 91
18 20 ~8,Ks2 8 73 73 14 8% 3 2 153 146
32 32 ] 8 94 3 121 123
30 29 g 136 128 10 50 52 ~1sKs2 4 288 257
&% 4 1 112 115 11 70 &9 5 42 36
40 42 2 95 101 12 40 39 [} 888 855 6 68 63
18 18 3 138 142 13 29 28 1 - 630E 640 7 102 108
4 86 86 14 24 26 2 455 465 8 124 117
—12,%,2 5 71 73 : 3 154 151 ] 121 124
. 6 136 138 "—4,K 52 4 267 256 10 152 148
7% 7 7 103 106 5 126 128 11 41 40
32 33 8 63 &7 0 86 96 6 154 196 12 42 44
58 60 8 30 31 1 120 108 7 238 226
2,K.2 o 246 250 10+Ks2 8 30 27 11 22 26
1 67 &9 > 12 49 49
33 35 2 23 18 0 43 -10+Ks3
15 16 3 132 134 1 7% 5 —5+Ks3
4 75 &6 2 40 42 [} 70 66
3,K2 5 50 47 3 40 40 1 28 28 ¢} 77 69
) 40 s | 4 14 17 2 64 61 1 3g 45
103 103 7 78 82 : b5 34 30 3 52 . 49 2 73 71
240 232 8 9 2 6 10 10 4 37 34 3 25 25
174 158 g 32 36 7 14 17 5 11 14 4 42 39
84 a3 10 18 21 8 24 17 6 43 44 s 62 56
39 40 11 33 35 7 25 28 & 66 69
110, 111 12 15 18 11:K12 . 8 64 65 7 13 11
104 . 99 ! ] 22 18 8 27 22
94 95 71%,2 | © 24 24 10 18 18 9 86 81
120 120 1 23 24 10 64 59
54 58 o 70 71 2 11 13 -91Ks3 11 121 118
134 135 1 208 214 3 28 23 12 48 44
B89 81 2 103 103 4 19 21 0 73 78 13 26 25
23 25__ 3 154 156 5 23 19 3 30 27
37 38 4 ] 4 | 8 10 7 2 51 51 ~51Ks3
24 23 5 25 24 | 7 23 22 3 38 37
& 54 59 4 20 26 o 87 50
44K»2 7 81 85 124Ks2 5 67 66 1 36 21
8 15 15 6 82 86 2 124 119
82 86 8 53 54 1] 7 4 7 31 34 3 &4 51
43 10 34 35 1 29 24 8 68 66 4 14 6
154 135 11 18 17 2 22 17 9 18 18 5 93 92
64 60 12 20 23 3 11 9 10 6% 1 ) 35 34
a7 a1 4 44 41 11 8 4 7 48 46
24 18 . 8:K,2 8 a4 45
a5 44 ) ~13:K»3 -81K.3 9 7% 71
143 - 145 1] 125 126 i0 61 57
B1 83 1 57 56 1] 13 1 0 84 a4 11 58 59
120 120 2 0 a7 1 9 10 1 56 53 12 24 22
g9 102 3 75 76 2 50 52 2 a8 85 13 23 24
37 35 4 43 47 3 58 54 3 47 46
28 33 5 56 &0 4 16 21 4 65 67 —4,X,3
10 9 & 97 101 5 47 55
35 36 7 27 31 ~12:Ks3 . & 33 32 ¢} 23, 13
8 70 73 7 37 | 38 1 846 626
5,K2 9 29 29 1] 6% 6 8 113 116 2 168 170
10 13 8 1 35 35 9 64 67 3 272 266
105 103 11 ] 10 2 40 38 10 35 36 4 63 60
82 76 3 18 16 11 g 9 S 121 114
101 101 94Ks2 4 55 57 12 33 2e 6 58 54
74 67 k4 20 a3 k4 123 116
144 143 0 64 67 6 20 17 ~7+K+3 8 47 38
25 27 1 84 78 7 14 13 9 60 60
18 20 2 57 56 a 111 108 10 37 37
169 169 3 a5 41 ~11:K+3 3 <} 94 11 a2 39
77 73 4 21 16 2 32 30 12 36 35
38 35 5 .54 58 1] 37 35 3 69 75 13 16 1?7
29 27 6 32 36 1 27 28 4 77 - 75
16 18 7 ] 10 2 44 44 5 52 43 ~3.K3
40 38 8 16 13 3 39 35 6 41 45
a6 49 g 22 24 4 52 52 7 26 22 1} 112 55
10 18 20 5 15 18 8 46 47 1 99 100
B61Ks2 6 12 12 9 28 24 2 187 183
7 30 30 10 25 23 3 219 214
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33 26 4,Ks3 10 15 16 7 g
123 123 11 17 14 ) 13 12
83 81 +] " 67 72 6 8 10
77 77 1 . 109 108 8sKa3
32 34 2 184 178 —11+Ks4
32 31 3 42 45 o 89 85
33 34 4 103 97 , 1 a3 85 0 7% 8
5 116 117 2 83 79 1 30 32
13K43 6 45 42 3 106 1067 2 18 23
7 7] 7] 4 28 26 3 26 24
24 18 8 187 187 5 12 17 4 15 15
145 132 9 78 76 6 12 12 5 14 12
118 108 10 40 3B 7 6% 8 6 15 15
116 118 11 15 16 8 14 11 7 27 27
79 74 12 21 24 9 27 25
123 121 13 28 28 10 18 19 ~10¢Ks 4
61 58
35 38 5,Ks3 9:K43 0 58 B2
54 57 . 1 18 22
109 107 o] 54 56 o 52 50 2 42 41
168 166 1 52 48 1 25 22 3 35 37
54 53 2 85 81 2 8 14 4 41 44
48 46 3 47 46 3 67 64 5 16 13
33 34 4 56 57 4 55 53 6 30 32
32 31 5 26 25 5 15 14 7 38 38
. 6 87 a9 6 18 21 8 47 49
2+K:3 7 BS 66 7 21 22 [°] 21 22
' 8 104 111 8 18 16
98 99 46 48 -3:K»4
226 214 10 19 19 104K+3
331 ° 315 11 18 18 1] 42 48
102 83 12 36 39 1} 7% 4 1 54 58
218 212 1 37 36 2 47 47
109 106 6+K13 2 34 31 3 44 42
75 70 3 22 24 4 34 40
160 158 0 ] 11 4 15 12 5 18 18
o1 87 1 108 114 5 18 20 6 34 36
49 45 2 a1 85 6 15 12 7 50 51
61 62 3 139 1492 | 7 24 21 8 52 £5
78 75 4 60 59 ] 25 26
20 23 5 59 61 11,K,3 10 26 28
27 28 5 53 64
7 47 48 o 12 11 ~8iKe 4
3.K.3 8 64 71 1 31 28
9 23 26 2 12 13 o €9 69
65 57 10 23 21 3 40 35 1 59 50
178 179 11 21 23 4 28 24 2 108 114
110 102 3 46 50
120 114 L TaKse3 -13,K»4 4 36 39
257 246 . 5 23 32
145 136 0 121 120 o 5% 1 6 72 74
43 40 1 100 86 i 18 16 7 51 57
127 118 2 71 67 2 10 10 8 23 21
182 179 3 100 102 [} 33 36
52 47 4 62 62 -12+K1 4 10 27 26
85 83 5 62 66 11 55 57
28 20 6 22 20 1] 10 7
23 23 7 64 65 1 15 10
28 29 8 12 15 2 56 57
g 49 56 3 .4 41
17 20 4 110 107 41K+ 4 1 53 48
-] 12 5 58 65 2 28 28
6 34 34 0 70 70 3 -] 13
~3:K44 7 30 28 1 48 57 4 49 47
8 8% 2 55 62 5 43 47
165 118 9 144 143 3 53 55 6 13 13
343 337 10 47 48 4 a7 89 7 15 8
124 132 11 43 37 5 75 74 8 33 30
70 70 12 35 33 [ 49 48
41 45 13 & 3 7 74 76 K4
50 52 8 33 36
34 33 15K 4 9 20 21 o 6% 4
102 28 10 34 34 1 16 13
38 36 1] 28 25 11 16 17 2 39 36
51 50 1 26 20 3 15 7
43 38 2 72 63 S54K»4 4 26 23
] 8 3 202 189 . 5 14 11
3g a6 4 108 114 0 15 19 & -] 6
14 14 5 71 72 1 114 115
& 112 108 2 190 196 10:K: 4
~24Ks4 7 42 41 3 71 73
8 131 130 4 97 100 o 33 28
3] 66 9 43 42 5 61 64 1 15 13
119 123 10 40 42 6 75 73 2 45 38
92 103 11 36 39 7 30 23 3 2¢ 25
25 20 12 34 34 8 10 15 4 44 39
20 18 13 5x 4 9 45 48
45 45 10 8 6 ~12:K+5
64 65 2,54 11 41 A4
93 94 o] 12 ]
18 18 o 42 45 61K>4 1 8 8
S0 a5 1 8 g 2 22 26
15 13 2 186 179 1} 14 15 3 11 13
70 69 3 111 118 1 175 178
B [:] 4 44 41 2 190 188 ~113Ks5
27 26 5 43 51 3 177 - 181
6 95 . 88 4 33 33 1} &% 8
-1:K:4 7 114 115 5 &0 65 1 34 30
-] 140 140 * 6 &7 66 2 19 18
101 101 9 83 80 7 41 38 3 18 20
55 56 10 65 61 -] 23 25 4 9 9
114 115 11 13 12 ] 7 5 5 28 30
15 18 12 45 47 10 29 + 26 6 10 10
21 20
88 86 3K 4 TeKs 4 ~103K¢5
63 61
88 82 1] 51 54 ¢} 121 116 o 36 40
55 54 1 57 61 1 127 125 1 10 16
96 a0 2 42 32 2 44 46 2 52 53
49 48 3 60 56 3 57 53 3 10 11
72 68 4 88 88 4 61 59 4 21 25
57 55 5 14 20 5 49 43 5 49 54
18 16 6 130 128 6 11 10 6 10 10
7 67 68 7 51 62 v 24 23
0:Ks4 8 136 132 8 36 37
9 32 30 g 17 17 -8,K.5
124 131 10 15 20
128 115 11 £} 8 8rK>4 o 8 5
117 115 12 23 26 1 53 52
130 128 0 45 46
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S APPENDIX VII

Tables of observed and calculated structure factors

for 4,10,16-trimethyltribenzold,f,57101,5,91trithia-

cyclododecine-6,12,18~-trione

Data Format:
K L

H 10<[F | 10x|F |

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked ..... *
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Hi0s-18 ., . 8 473 459 12 110 110 12 396 362 12 17 10
10 58 45 13 35 34 13 801 613 13 532 545
1 149 21 11 15% 3 14 186 213 14 63 60 14 171 178
2 200 200 12 88 87 15 311 346 15 350 362 i5 212 224
3 19 13 13 310 306 16 311 343 16 181 176 16 245 253
4 119 115 14 419 423 17 123 136 17 105 118 17 160 156
5 53 55 i5 a3 18 18 133 149 18 204 212 18 162 172
6 178 185 16 247 246 19 38 51 19 50 48 18 82 89
7 182 185 17 425 423 20 67 72 20 59 55 20 213 215
8 35 35 18 241 245 21 28 31 a1 137 143 21 53 58
g 280 a72 19 144 141 22 7?7 75 22 126 123 22 221 229
10 57 60 . 20 37 27 :
11 132 129 H:0s—8 Hi0s—4 H:0,0
- 12 i5 7 Hi(Q,—12
13 73 71 1 112 ag 1 805 794 1 121 163
14 82 . B85 1 82 74 2 187 215 2 B27E 796 2 956E 1066
15 60 58 2 220 215 3 821 818 3 1420E 18603 3 988 1065
16 57 &3 3 177 182 4 667 690 4 873 850 4 321 318
4 a7y 257 5 533 1399 5 870 872 5 580 554
Hi0s~=16 5 32 47 6 416 453 ] 579 659 6 553 537
6 334 316 7 177 183 7 515 508 7 541 513
1 93 a0 7 94 117 8 149 169 8 186 194 8 187 159
2 43 a7 8 49 S 131 75 9 43 44 s 370 382
3 25 24 8 244 233 10 457 459 10 165 148 10 508 5014
4 68 59 10 22 9 11 208 175 11 658 670 i1 211 235
5 60 61 11 31 37 12 . 16% 2 12 88 a2 12 133 140
. 6 50 43 12 a3 84 13 233 233 13 905 945 i3 284 282
7 328 326 13 68 76 14 16% 16 14 345 360 14 320 324
8 187 187 14 121 117 15 224 235 15 72 71 15 177 181
8 456 453 15 178 174 16 192 197 16 439 448 16 410 422
10 59 71 16 277 263 17 119 117 17 208 221 17 21% 8
11 129 128 17 306 307 18 96 95 18 222 237 18 86 83
12 15 7 18 183 182 19 65 70 19 32 8 19 130 137
i3 270, 288 19 41 36 a0 208 214 20 83 88 20 213 213
14 132 141 20 13% 21 140 163 21 17 13 21 65 66
15 150 146 ai 236 237 aa a3 110 22 189 194
16 238 247 . Hs0,2
17 a34 240 Hy0s-10 Hy0» =6 Hs0s 2
18 112 110 . 0 1602E 2047
3 111 120 1 125 126 1 173 209 1 256 252
H:10s=19 2 180 152 2 1050 1090 2 1234t 1429 2 181 167
3 220 211 3 S09 925 3 458 452 3 38 43
1 394 394 4 a71 485 4 333 388 4 690 861 4 11856 1312
2 48 5 523 530 5 218 241 5 365 353 5 532 545
3 4] 40 6 508 518 6 466 455 6 4449 426 6 297 254
4 58 57 7 211 aag 7 258 a27 7 281 269 7 1438 1487
5 168 164 8 245 244 8 449 447 8 265 265 8 242 266
6 183 176 g 42 46 8 187 154 g 424 431 s 588 536
i 7 384 386 10 115 112 10 208 211 10 86 73 10 575 575
8 92 gs i1+ 57 72 11 663 663 11 457 438
Hs0,2 12 26 29 2 256 272 s 19 19 5 176, 179
13 - 113 118 3 222 225 10 49 52 6 138 134
11 320 325 i4q 62 72 4 382 413 11 35 35 7 135 130
12 138 132 15 244 261 5 190 186 i2 71 74 8 39 3g
13 24 a3 16 148 151 6 404 416 13 101 108 9 73 70
14 34 35 17 256 268 7 €6 % - 10 &9 72
15 a7 49 18 86 84 8 43 53 Hs1,-18 11 125 121
16 17 28 s 81 85 12 156 144
17 169 170 H:0.8 10 38 40 1 94 97 13 53 50
18 189 181 11 148 155 2 15 7 14 77 60
18 123 123 o 204 232 12 50 50 3 94 S0 18 160 151
20 264 265 1 73 81 4 231 227 16 54
. 2 130 155 Hs0s14 5 105 105 17 103 105
Hy0y 4 3 a7 73 6 172 168 i8 50 ag
q 418 435 o 368 368 7 47 48
o 64 96 5 387 385 1 13) 131 8 30 38 Hel,-15
1 711 716 -6 201 219 2 140 134 g g1 88
2 445 470 7 376 378 3 194 202 10 a1 28 1 48 48
3 865 900 8 294 307 4 a73 289 11 75 74 2 172 175
4 132 104 El 4g 13 5 82 83 12 85 85 3 64 65
5 75 70 10 42 45 6 193 198 13 89 88 4 115 115
6 564 569 11 455 506 7 102 a8 14 180 167 5 35 32
7 6567 571 12 40 39 =] 86 7% 15 55 42 & 16% 18
8 525 545 T 13 106 106 g a7 89 4 7 71 &7
s 710 740 14 80 87 Hil,=17 8 185 184
10 125 120 15 161 181 H,0,16 ) 15% 8
11 157 158 16 32 25 . 3 26 31 10 70 70
12 134 147 o 117 113 2 BS 88 11 100 101
13 19 16 Hs0s 10 1 a5 50 3 3g 36 12 27 27
14 56 61 2 287 289 4 24 22 13 50 41
15 180 199 a 380 385 3 50 53 5 32 38 14 146 147
16 137 141 1 17 3 4 210 ai1 ] 22 27 15 79 77
17 126 121 a 411 481 5 24 21 7 121 126 16 134 133
18 123 121 3 147 170 6 138 127 8 40 30 17 52 52
19 148 151 4 670E 811 . 9 26 - 20 18 42 44
5 160 184 Hs0,18 10 75 78 19 12% 14
Hs0.6 6 311 357 11 21 .22
7 187 232 o a3s 236 12 58 5g Hyss—14
o 280 308 8 150 168 - 1 41 38 13 19 21
1 199 172 g 45 47 2 169 164 14 82 81 1 393 400
2 241 228 10 77 a1 15 31 29 2 94 91
3 283 262 11 46 56 Hsls~19 16 71 80 3 531 534
4 1001 1002 12 44 59 17 35 36 4 168 164
5 180 210 13 133 154 2 89 97 5 1189 127
6 268 297 14 12% 15 3 38 44 H»1,-16 =3 27 23
7 373 434 4 29 33 7 sa a7
8 386 377 Hs0s12 5 56 54 1 61 63 8 a1 76
8 288 237 6 14 11 2 82 60 g 43 43
10 151 157 o 278 283 7 80 85 3 294 298 10 284 204
11 230 234 1 122 117 8 13 7 4 193 182
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H1146 3 47 Hs1s12 4 30 30 9 193 188
4 108 130 5 67 - 65 10 16 13
18 39 37 5 34 35 o 200 195 6 69 67 11 188 185
6 116 127 1 383 385 7 44 42 12, 114 110
Hi1,7 7 92 a1 2 482 488 8 70 72 13 39 40
8 35 26 3 41 43 14 13% 3
o 160 182 9 74 77 4 163 155 H+1:16
1 117 138 10 159 157 5 33 30 Hs2:-17
2 20 16 11 63 65 6 25 22 o 42 39
3 157 162 12 80 84 7 212 204 1 49 50 1 51
4 218 214 13 79 84 8 277 258 2 18 15 2 132 135
s 170 179 14 22 12 9 80" 68 3 70 66 3 68 65
. 6 14% 11 15 22 26 10 233 215 4 37 39 4 312 309
7 35 44 11 135 123 - 5 132 128 5 59 59
8 67 63 Hy1s10 12 43 39 6 110 102 6 gg ag
9 16% . 11 7 150 146
10 83 74 o} 56 62 Hetsl3 Hi1s17 8 15% 7
11 38 27 1 455 475 9 122 122
12 155 152 2 275 297 s} 39 36 0 68 70 10 41 39
13 82 82 3 228 255 1 68 63 1 75 78 11 37 35
14 56 59 - 4 251 282 2 3g 36 2 14 2 12 77 75
15 13% 8 5 123 146 3 59 61 3 34 35 13 18 12
16 33 36 6 47 46 4 69 67 4 iax 6 14 24 26
17 22 33 7 25 24 5 198 192 15 64 62
8 213 220 6 71 61 Hs1:18 16 a7 107
Hi1.8 8 58 52 7 41 30
. 10 305 318 8 77 73 o} 107 108 He2,—16
s} 114 129 11 18 18 9 14% 11 1 23 18
1 693 824 12 183 205 10 23 11 1 114 109
2 o8 111 13 .. 28 24 11 46 38 Hi2,:-19 2 142 143
2 364 367 14 20 19 3 249 246
4 30 15 Hels14 4 25 26 4 107 110
5 131 126 Hi1s11 5 53 54 s 206 206
6 124 , 123 s} 167 “171 6 50 55 6 64 54
7 23 3 0 251 250 1 114 116 7 66 66 7 235 238
B8 179 174 1 148 148 2 68 62 8 40 8 949 91
- 125 118 2 122 133 3 15% 3 9 184 186 9 115 100
10 329 308 3 242 236 4 56 58 10 18 13 10 22 28
131 124 129 4 142 159 5 100 100 11 117 119 11 125 130
12 36 306 5 112 128 & 8g 76 12 138 138
13 18 23 & 161 176 ? 191 180 Hs2,-18 12 62 61
14 144 166 7 96 116 8 228 208 14 123 131
15 52 55 8 42 45 9 173 163 1 43 41 15 49 50
16 1o% 10 9 128 139 2 14% 15 16 47 53
ic 118 140 Hils15 3 26 27 17 110 106
H11,8 11 85 77 4 37 42 18 181 162
12 40 38 0 210 208 5 ag a2
o 235 227 13 106 100 1 g8 85 6 14 4 Hs2,-15
. 1 157 168 2 16% 6 7 27 8
2 15 28 . 3 26 20 8 19% 7 1 8l 75
Hs2s=15 6 146 145 g 131 127 11 287 327 11 220 198
7 246 241 10 32 22 12 237 230 12 41 34
2 267 259 8 158 154 11 17% 17 13 202 205 13 323 320
3 43 53 9 a7 84 12 154 181 14 255 254 14 ag g5
I} 4 243 231 10 71 73 i3 14% 15 15 168 175 15 253 253
< 5 79 77 11 138 132 14 120 131 16 86 81 16 36 31
=7 6 51 49 12 48 51 15 141 154 17 131 138 17 172 176
7 139 133 13 200 183 16 95 108 - 18 50 51 18 177 182
8 133 130 14 70 74 17 45 4g 18 28 31 19 56 57
9 16% 9 15 125 121 -18 13 7 20 65 67 20 100 102
10 117 113 16 67 58 18 35 44 21 82 85 21 153 155
11 244 237 17 18 4 20 15 21 22 61 66 22 185 188
12 132 125 18 66 60 21 19 21
13 16% 4 18 76 80 H32,-8 Hi2,-6
14 5g - 6] ..20 &5 68 H12+-10
15 29 28 1 108 84 1 256 225
16 64 6a Hy2,-12 1 33 26 2 344 347 2 2394 332
17 14 6 2 115 108 3 536 504 3 576 541
18 128 128 1 154 156 3 17 15 4 186 206 4 175 216
18 49 2 170 153 4 297 294 5 136 88 5 533 603
3 72 86 5 501 459 6 338 377 & 93 101
H:2s-14 4 295 287 6 317 313 7 366 387 7 420 386
5 391 378 7 637 625 B8 47 42 B8 186 184
1 58 56 6 219 224 8 8g 64 g 323 301 g 185 181
2 100 101 7 358 343 9 43 47 10 199 187 10 210 206
3 150 150 8 401 3g7 10 118 "146 11 15% 9 11 289 294
4 194 188 a 308 297 11 175 181 12 162 171 12 37 32
.5 233 241 10 365 355 12 _ 15% 3 13 599 596 13 507 507
6 247 251 11 410 402 13 T 224 a57 14 &8 56 14 32 326
7 203 197 12 339 330 14 17 10 15 323 322 15 182 182
8 2717 277 13 g2 80 15 302 331 16 178 183 16 152 164
9 171 163 14 2499 243 16 57 71 17 15% a 17 22 16
10 128 123 15 223 206 17 36 28 18 g7 102 18 123 126
11 118 114 16 204 202 i8 32 30 19 B85 81 18 36 37
12 152 148 17 g7 88 18 47 54 20 133 141 20 24 igo
13 23 24 18 117 110 20 43 %6 21 14 * 14 21 149 144
14 96 a6 19 14% is 21 53 60 22 45 44 22 174 171
15 181 183 20 63 53
16 86 a2 21 55 &0 H+2:-9 He2s=7 Hs24-5
17 146 137 )
18 200 184 Hs24-11 1 14 10 1 523 499 1 485 469 |
19 36 33 2 37 24 2 574 539 2 818 812
1 15% 4 3 41 50 3 287 312 3 281 301
Hs23=13 2 172 165 4 297 277 4 602 585 4 283 284
3 72 84 5 221 193 5 56 41 -} 61 67
1 75 78 4 132 140 6 270 266 6 404 425 & 278 264
2 136 130 5 340 343 7 279 268 7 56 44 7 87 ag
3 123 125 6 157 165 8 a7 34 8 145 112 8 143 140
4 38 6 7 3349 322 g 197 253 8 152 154 9 240 324
5 311 308 8 a4 80 10 26 21 10
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8 301 271 10 394 381 10 242 224 12 84 - 74
9 158 156 11 498 . 498 11 504 436 13 195 181
48 10 35 34 12 58 51 12 373 366 14 37 23
126 11 468 482 13 214 205 13 230 235 15 14% 8
76 12 126 122 14 69 80 14 53 50 16 59 49
154 13 161 155 15 297 308 15 278 280 17 63 64
44 14 84 84 16 71 &6 16 156 155 18 165 163
184 15 114 121 17 15 & 17 55 58 18 76 76
39 16 122 120 18 29 26 18 €@© as
49 17 36 32 19 66 77 19 B0 65 H12s4
a4 18 76 76 20 79 80 20 82 82
30 19 44 51 21 24 25 e] 579 583
42 20 13x 7 Hi12,2 1 523 499
3 21 40 45 Hs250 2 388 370
B84 o 800 912 3 230 205
Hi2,-2 0 637 847 1 452 450 4 168 157
1 600 582 2 490 481 5 208 197
1 853 827 2 113 69 3 389 373 6 347 362
233 2 1802 2000 3 148 131 4 124 108 7 62 59
1124 3 257 189 4 447 416 5 148 153 8 227 232
735 4 828 791 5 498 489 6 263 275 9 385 384
849 5 544 509 & 58 48 7 252 248 10 111 101
176 & 500 " 472 7 305 278 8 224 217 11 56 50
555 7 623 583 8 69 g 457 455 12 166 166
330 8 72 70 8 827 831 10 101 81 13 72 61
416 9 214 231 10 . 276 272 11 687 694 14 26 15
176 10 75 81 11 1029 1038 12 85 81 15 50 43
270 11 778 783 12 114 121 13 28 28 16 107 105
422 12 85 82 13 88 82 14 328 313 17 215 209
28 13 190 183 14 230 226 15 37 39 18 238 231
4494 14 186 191 15 15% 12 16 21 15 19 151 154
207 15 117 122 16 71 79 17 172 172
g7 16 62 70 17 95 8g 18 139 126 Hs2:5
50 17 37 34 18 29 - 23 19 131 136
163 18 14% 5 19 163 167 20 177 175 5} 43 21
19 ig 24 23 20 180 173 1 557 538
53 20 151 143 21 37 40 H12,3 2 310 305
38 21 55 59 3 246 236
123 A He241 a 121 104 4 134 124
259 Hi2s=1 1 236 212 5 265 268
0 237 194 2 335 335 & 180 184
1 452 424 1 186 187 3 164 160 7 184 188
2 874 833 2 251 235 4 277 281 8 253 246
31 3 106 88 3 489 491 5 46 42 ] 120 121
653 4 705 651 4 86 71 & 38 29 10 60 47
587 5 351 343 5 278 267 7 81 97 11 132 128
1316 6 385 357 & 264 349 8 276 263 12 56 58
206 7 168 163 7 327 286 9 229 232 13 &5 66
733 8 393 387 8 20 6 10 530 512 14 a1 36
136 9 . 441 436 ] 321 330 11 313 317
0 15 4 11 18 8 Hi2,14 6 85 79
1 201 223 12 73 69 7 35 39
85 2 359 375 13 157 142 e] 29 24 8 63 61
74 3 139 150 14 11% 14 1 188 199 8 45 41
53 4 768 771 2 428 426 10 13% 13
108 5 254 265 Hi2s11 3 111 108 11 12 1
6 624 634 4 178 170 12 17 14
7 147 139 0 50 43 5 30 28
8 109 104 1 163 155 6 49 45 Hs3s—17
417 9 121 113 2 153 152 7 41 45
] 10 69 72 3 113 105 8 78 71 1 41 37
242 31 71 52 4 16% 12 9 31 35 2 155 i57
154 12 27 18 5 221 224 3 a0 so
250 13 77 71 & 37 41 Hs2+15 4 51 52
g7 14 19 17 7 a1 87 5 150 151
587 15 162 167 8 3g 37 2} 138 138 6 63 54
368 .Y - 35 30 9 157 146 1 121 117 7 71 75
204 10 37 34 2 204 201 8 87 84
277 H»2:8 11 64 59 3 35 33 9 28 24
118 12 25 22 4 174 165 10 16 20
54 o 17 18 13 61 59 5 14 18 11 71 68
67 1 122 103 & 13x 5 12 a7 a3
58 2 318 324 Hi2:12 7 12 3 13 77 68
42 3 239 247 14 185 186
82 4 37 32 D 23 16 Hs2,16 4 15 128 134
123 5 313 318 1 164 161 .
144 & 276 275 2 152 350 Q 133 127 Hs3:-16
7 118 118 3 22 4 1 24 21
R 8 185 166 4 36 14 2 272 275 1 25 28
9 18 14 5 165 166 3 14x% 3 2 91 86
122 10 28 40 & 154 148 4 75 70 3 &3 86
408 11 13% 6 7 23 16 5 2% 6 4 97 86
87 12 62 62 8 26 26 5 15% 4
45 13 28 30 ] 14x 3 He2,17 6 150 153
214 14 11 9 10 148 143 . 7 26 25
433 15 148 138 11 68 66 [1} 208 212 g 15% 8
226 1 26 23 9 60 64
110 Hs2+10 Hi12:13 2 154 ‘147 10 17 14
491 3 82 77 11 41 94
113 a 36 25 a 162 158 12 84 8g
ap 1 80 86 1 45 40 H»2+18 13 55 &4
30 2 55 50 2 274 272 14 257 258
26 3 51 52 3 5 ag a 237 236 15 187 180
58 4 375 383 4 33 36 16 22 23
44 5 352 353 5 42 35 Hi3:,-18 . :
48 & 1494 152 B 115 111 H13,-15
33 7 g2 78 7 58 51 2 18 10
8 184 182 8 45 50 3 13 4 1 72 69
] 110 110 9 21 23 4 105 101
10 48 38 10 12% 8 5 13% 8
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Hi3:6 2 73 80 1 217 21, 1 38 6 88 93
3 148 163 2 135 132 2 13 _ 4 7 213 211
13 16% & 4 44 43 3 52 51 3 71 68 B 40
14 88 87 5 106 102 3 16% 10 4 12% 2 9 156 153
15 52 47 8 357 372 5 16 9 10 135 135
16 89 a4 7 154 157 6 26 24 He3s 17 11 59 59
a 86 81 7 102 90 12 15% 3
Hi3e7 9 45 45 8 113 106 0 185 155 13 184 180
10 186 181 - 70 66 1 136 132 14 14% 5
o 372 377 11 79 78 10 148 139 2 40 41 15 a1 45
1 544 563 12 138 142 11 47 47 16 151 158
2 107 1086 13 64 53 Hodsm17
3 269 275 14 100 - g5 He3:13 Hid,-14
4 100 96 1 12% 1
5 247 252 Hi3410 o 213 207 2 2 . 29 1 138 132
6 214 209 1 198 201 3 83 82 2 61 61
7 17% 4 0 141 142 2 53 4 67 74 3 110 116
8 284 ° 283 1 186 190 3 172 173 5 66 68 4 51 52
s 16% 14 2 58 62 4 36 28 6 164 170 5 14 8
10 135 131 3 174 180 5 148 146 .7 180 1s8 5 148 152
11 32 35 4 41 42 6 - 137 130 8 34 36 7 13 105
12 234 227 5 203 208 7 20 11 g =208 210 8 64 61
13 105 100 6 295 287 8 138 136 10 68 68 s 205 198
14 172 167 7 298 283 ] 53 52 11 25 24 10 188 184
15 67 56 8 235 219 12 31 37 11 24 10
15 101 93 s 159 156 Hi3,14 : 12 44 51
10 159 149 . Hidi-16 13 48 48
H:3.8 11 18 18 o 18 24 14 15% 2
12 -130 128 1 178 173 1 171 170 15 38 32
0 137 141 13 124 108 2 68 70 2 33 39 16 46 52
1 400 415 3 23 20 3 18 12 17 104 a9
2 174 176 Hs3.11 4 1B1 154 4 14% 1
3 237 247 5 92 85 5 130 136 Hed,~13
4 118 122 o 286 284 6 51 51 & 105 102
5 74 69 1 226 240 7 .82 . B85 7 57 61 1 15% 11
6 438 * 440 2 26 20 8 120 109 8 61 63 2 110 101
7 126 118 3 69 70 =] 112 103 3 18x 11
8 136 132 4 23 27 H:3:15 10 61 52 4 38 54
8 28 5 104 104 : 11 84 75 5 76 55
10 274 254 6 83 77 0 112 104 12 137 137 6 109 108
11 67 76 7 16% 5 1 76 75 13 64 65 7 116 113
12 248 240 8 259 248 2 31 26 14 84 81 8 180 185
13 118 109 9 51 3 177 169 8 187 182
14 36 38 10 178 175 4 23 13 Hids—16 10 8s a3
15 18 23 13 40 41 5 13% 9 11 18- 15
12 63 80 6 64 54 1 54 53 12 78 75
Hi3.9 2 64 61 13 72 73
H13,12 Hi3:16 3 49 51 4 22 126
o 27 5 4 137 137 15 43 42
1 308 318 ] 26 - 25 ] 46 48 5 86 88
Hed:—13 Heds =10 4 287 293 8 101 95 12 56 84
5 258 254 8 68 66 13 196 186
6 212 216 1 53 a5 6 150 150 10 205 209 14 287 304
17 141 145 2 118 116 7 752 749 11 107 108 15 38 35
18 98 98 3 325 324 8 178 175 12 200 194 16 34 38
4 273 272 g a5 377 13 95 s1 17 64 53
Hid:-12 5 31 16 10 261 259 14 177 192 18 44 48
5 133 137 1 24 11 15 70 &4 19 8g 86
1 285 2g2 7 86 77 12 247 245 16 209 220 20 40 37
2 25 15 8 322 318 13 174 173 17 55 68
3 18 36 8 22 7 14 76 80 18 14% 10 Hi4,-3
4 209 213 3 130 122 15 69 61 18 35 100
5 a7 103 i1 62 55 16 163 159 20 12 1 1 41 41
6 51 46 12 168 163 17 14% 18 2 390 398
7 157 162 i3 93 96 18 71 70 Hidis 3 119 117
8 98 29 14 20 12 19 12% 8 4 180 153
9 135 126 --15 151 141 20 40 40 1 35 49 5 214 198
10 196 101 16 117 114 2 347 352 6 62 50
11 52 53 17 14% 3 Hide=7 3 21 30 7 305 301
12 126 120 18 130 121 4 358 355 8 28 15
13 126 127 19 74 78 1 103 114 5 313 302 9 75 36
14 118 117 - 2 218 234 8 607 600 10 41 36
158 171 166 Hi4: -9 3 288 257 7 178 168 11 274 274
16 66 65 - . 4 408 415 a 50 44 12 132 143
17 125 118 1 183 190 5 38 a5 9 166 148 13 413 424
18 100 82 2 216 229 6 368 353 i 17 117 14 39 39
: 3 543 543 7 73 .79 11 301 296 15 154 153
Hids—11 4 264 263 8 89 88 1210 106 16 87 88
. 5 240 237 9 32 354 13 378 397 17 48 47
1 184 193 & 132 128 10 136 138 14 172 182 18 g5 102
2 102 107 7 111 108 11 115 110 15 152 160 18 12% 1
3 223 215 8 502 4gg 12 132 132 6 136 144 20 37 36
4 247 246 ) 31 25 13 260 250 17 15% 5
5 266 258 10 306 302 14 75 74 18 30 24 Hid,-2
6 154 142 11 16% 3 1 127 123 19 95 g
7 88 94 12 16% 5 16 28 24 20 11x 10 1 ez 221
8 22 21 13 112 106 17 16 17 . 2 221 224
s 178 173 14 74 &8 18 32 33 Hi4:—4 3 307 317
10 29 242 15 208 210 19 60 66 4 52 32
11 163 16 110 105 20 1% 0 1 242 232 5 540 510
12 143 147 17 75 71 2 402 334 6 g2 a3
13 18 16 18 13% 9 Hid:-6 3 283 284 7 170 157
14 134 136 19 79 83 4 174 161 8 306 308
15 125 126 20 21 12 1 22 224 5 131 134 9 178 182
6 170 159 2 a7l 480 5 62 5 10 as 98
17 177 194 H) 4,8 3 137 137 7 37 16 11 381 353
18 19 17 4 78 88 8 63 50 10 g8 g8
19 68 73 1 374 366 5 643 544 g 18g 176 11 351 363
2 386 358 6 120 129 10 327 316 12 85 94
3 74 59 7 408 398 11 123 130 13 229 224
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HiBs =7 19 88 89 4 149 157 12 75 73 . Hs5:3
T 5 158 1497 13 158 149
15 63 68 H:5,~4 6 174 164 14 a9 26 o] 124 125
16 13 1 7 31 10 15 22 22 1 222 220
17 115 114 1 145 13% 8 183 185 16 71 73 2 160 166
18 86 104 2 44 51 S 213 222 17 62 58 3 434 446
19 163 154 3 121 111 10 53 59 i8 19 18 4 282 288
4 280 2838 11 55 54 5 325 331
H35:-6 & 608 605 12 238 261 H»S,1 6 186 i82
6 150 148 i3 86 85 7 120 120
1 52 49 7 117 116 14 50 55 o 38 32 8 44 49
2 166 166 8 105 i01 15 176 180 1 133 129 S 291 288
3 63 67 ] 80 84 16 160 162 2 62 67 10 197 ies
. 4 321 320 10 114 113 17 133 128 3 643 649 11 56 52
5 300 298 11 174 173 18 54 54 4 56 32 12 233 224
6 106 100 12 165 171 5 498 490 i3 78 82
7 238 - 231 13 33 30 HiSa-1 6 66 73 14 188 186
8 S3 87 14 57 53 7 114 103 15 14 17
a 48 38 15 210 217 1 133 124 . 8 16% 18 16 94 s7
10 202 i88 16 186 184 2 152 143 S a1 83
11 263 264 17 65 58 3 26 23 10 65 65 H:5s4
12 69 65 i8 12% 11 4 181 180 11 77 74
13 55 57 19 110 116 5 344 340 12 104 86 o] 260 268
14 27 12 6 161 158 13 45 338 1 S0 a9
15 3g 51 Hs&,—3 7 208 210 14 208 209 2 279 292
16 108 a8 8 73 71 15 30 25 3 15
17 83 88 1 53 52 S 7 16% 18 16 172 173 4 143 145
¢ 18 186 185 2 163 148 10 32 17 17 39 42 5 180 iss
18 100 101 3 189 181 11 37 43 6 133 133
4 16 13 12 34 38 Hi5,2 7 iB* 21
HiS,-5 5 115 124 13 1238 132 8 108 105
6 254 253 14 235 231 o 158 157 S 376 362
1 76 73 7 186 173 15 83 76 1 440 452 10 lie 112
2 21 17 8 265 250 i6 .i88 . 190 2 422 431 11 229 220
3 185 » 182 ] 36 32 17 105 104 3 348 361 12 85 83
4 32 33 10 61 55 18 40 37 4 54 45 13 48 43
5 128 128 11 25 26 4 186 174 14 145 151
] iss 19% 12 22 12 H»Ss0 6 423 42Q 15 166 164
7 194 193 13 32 38 7 155 152
8 286 285 14 78 78 1 227 214 8 179 170 H:5:5
] 24 10 15 15% 11 2 422 420 -] 38 34
10 185 184 16 157 153 3 476 472 10 218 220 Q 54 61
11 76 85 17 170 165 4 232 223 1t 210 185 1 193 198
12 145 156 18 6% 61 5 30 29 12 30 26 2 248 245
13 105 106 ] 306 314 13 175 172 3 303 326
14 134 137 Hi5s—2 7 238 231 14 34 22 4 23 14
15 94 1a3 8 268 267 15 150 144 & 163 173
16 119 111 1 40 28 ] 8s 85 16 12% 14 6 92 79
17 177 172 2 256 259 10 128 137 17 28 25 7 123 124
- 18 50 % 3 216 212 11 32 28
Hs5+5 2 181 178 7 -49 51 11 80 73 14 15 2
3 71 79 8 83 77 15 188 208
8 113 103 4 338 340 k] 71 73 Hs61-13
S 44 38 5 17% 17 . Hs6s~10
10 42 45 6 84 103 Hs5»12 1 58 64
11 17 7 188 187 2 49 49 1 35 37
12 178 172 8 85 84 2} 142 150 3 60 59 2 132 138
13 18 17 8 100 82 1 55 59 4 56 62 3 85 82
14 186 186 i0 53 43 2 114 11Q & 153 158 4 40
15 51 56 11 15 13 3 83 84 6 S4 a8 5 14% 4
12 12% 12 4 31 34 7 187 192 6 B0 83
Hr5,6 5 120 108 8 19 16 7 7% 72
H+5,8 ] 128 124 S 118 116 8 242 251
0 240 240 7 1686 183 10 50 49 S 254 254
1 59 75 1} 61 69 . 11 28 27 10 31 33
2 26 23 1 326 342 Hs5,13 12 =) 92 1l 166 166
3 62 58 2 .72 82 13 12% 8 12 262 271
4 1456 142 -3 24956 256 o 83 88 13 48 5
5 65 62 4 15K 7 1 15 10 HsBr 12 14 145 152
6 215 224 5 37 35 2 86 81 1% 87 85
7 382 370 6 15% 3 3 42 43 3 74 74
8 106 102 7 79 74 4 25 24 2 143 152 Hs6:-9
S 338 331 8 135 130 5 i8 16 3 91 ag
10 i8 7 9 60 67 6 24 22 4 128 132 1 87 =1]
11 14 6 Toaa 200 181 5 175 175 2 40 37
12 176 168 13 74 74 Hs5514 6 15K 8 3 17 14
13 130 128 7 54 62 4 116 113
14 44 43 . Hs5» 10 1] 62 62 8 144 145 5 145 144
i 1 14% 17 S 104 =1 &6 17 g
H3s5,7 ] 55 52 2 33 30 10 218 218 7 101 87
N 1 94 94 3 = a5 11 132 130 8 16K 16
2} 35 15 2 236 230 4 21 18 12 g2 96 -] 120 118
1 340 345 3 18 13 13 107 103 10 56 57
2 a7 40 4 158 166 Hs54+15 14 117 124 11 50 48
3 345 356 5 16% & . 12 110 114
4 35 38 &6 61 598 . 0 64 62 He6>-11 - 13 186 188
5 184 187 7 102 93 1 50 48 14 75 77
6 162 156 8 65 62 1 16 .« 14 15 153 156
7 161 180 S 79 78 Hs6:-14 2 16 23 16 55 51
8 227 229 10 26 17 3 16 15
9 28 27 1 113 102 4 96 a4 H»6,-8
10 51 5 Hi»5s11 2 91 a4 5 148 152
11 36 38 3 13% 16 6 128 131 1 263 269
12 165 163 2} 55 63 4 108 11s 7 155 154 2 54 56
13 54 58 1 178 179 5 92 89 8 106 103 3 140 i3a
2 45 47 3 66 62 9 34 48 4 132 132
H15:8 3 16% 2 7 40 41 10 84 103 5 19 19
4 66 67 8 31 29 11 58 60 6 S8 26
1} 75 87 5 14% 2 ] a2 S4 12 190 204 7 a7 <3
1] 223 242 6 69 65 10 196 145 13 195 204
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37 35 34 7 84 88 *° 16 44 52 7 110 115
8 88 85 8 87 83
H16r-5 9 98 o8 Hs6:0 -] 134 127
10 16% S 10 49 39
1 248 251 i1 234 241 1} 129 136 11 82 85
2 452 455 12 15% 1 3492 346 12 187 187
3 974 479 13 260 268 2 232 224 13 85 83
4 268 261 14 71 71 3 178 185 14 79 83
5 31 27 15 13% 11 49 85 86 i5 68 87
5 128 123 16 71 80 s 107 113
7 156 152 17 22 26 6 204 202 HeBs3
8 32 27 . 7 41 356
<] 43 91 Hi162—2 8 289 292 ] 108 107
10 82 95 -] 16% 7 1 57 55
1 144 137 1 54 57 10 &8 61 2 107 90
12 27 33 2 167 157 =11 152 151 3 32 31
13 178 178 3 351 359 12 215 214 4 24 S
14 52 51 4 29 25 13 65 67 5 20 20
15 153 162 5 210 206 14 53 50 -] 1gs 195
16 128 141 6 116 113 15 50 S1 7 63 63
17 11 17 7 258 259 15 28 3a 8 52
8 298 306 9 211 201
HsB:-4 | S 171 181 H:651 10 41
10 127 126 11 222 2356
1 358 364 11 79 87 0 378 383 12 151 147
2 23 20 12 128 135 1 385 410 13 121 119
3 415 417 13 - 87 72 2 35 34 14 87 84
4 260 257 14 133 135 3 118 120
5 504 s01 15 72 74 4 20 10 H+6:4
6 188 196 16 29 25 - 176 172
7 204 200 6 21 20 0 114 ii8
-] 168 172 HsBr=1 7 46 45 1 175 181
S a3 82 a8 69 66 2 122 121
10 156 157 1 231 228 8 91 88 3 18 7
11 17 16 2 172 172 10 107 112 49 213 213
12 43 55 3 188 183 11 199 194 s 151 153
13 856 a3 4 33 34 12 27 33 ] 156 159
14 128 146 E] 50 45 13 77 79 7 18 12
15 13x 13 6 17K 8 14 12x% -3 8 68 70
15 i6 8 7 92 28 1% 17 22 <] 83 89
17 11% 2 8 26 9 10 37 31
9 175 173 Hi5+2 11 127 124
HsB5,-3 10 16% 4 12 149 180
11 211 205 ] 58 57 13 17 19
1 240 244 12 &3 61 1 235 247 14 59 52
2 471 472 13 114 114 2 106 106
3 410 402 14 110 125 3 118 129 H15:5
4 119 112 15 28 26 4 82 83
5 115 117 15 44 52 s 46 39 1] 107 112
5, 4 39 1s 28 26 =] 337 340
~
1 17 23 2 160 162 7 154 157 10 175 175
2 168 165 3 60 61 8 68 61 13 42 37
3 188 208 49 13% 8 8 15% 1589 12 48 60
4 173 175 5 15 13 10 26 34 13 13 11
5 104 101 11 14% 12 14 12 S
6 25 16 H: 6,13 12 12% 2
7 35 37 Hi7:-6
8 146 138 o] 44 45 He¢7+-8
S 122 118 1 16 10 1 35 34
0 61 56 2 143 140 1 140 139 2 218 225
3 11% 2 72 72 3 42 42
Hs549 3 20 14 4 44 41
Hy5114 4 89 85 5 &6 73
0 58 63 5 26 20 & 111 106
1 163 178 [} 61 62 6 45 a5 7 116 1i9
2 ’ 48 7 179 183 8 i8 4
3 202 213 Hs71-12 8 156 169 9 32 28
4 130 123 9 48 40 10 60 62
s 26 32 1 41 44 10 198 212 11 151 156
& 78 84 2 29 24 11 15 10 12 i3 15
7 104 106 3 19 i8 12 97 110 13 23 22
8 35 32 4 184 185 13 70 69 14 126 126
=) 114 123 5 13%
B 125 134 Hs7:,—8 ’ Hs7s~5
Hs5:10 7 130 129
8 84 87 1 15% 15 1 23 18
0 -74 66 9 145 149 2 219 220 2 224 230
1 172 181 3 97 104 3 200 200
2 178 172 Hi7s-11 4 238 241 4 50 44
3 80 79 s 103 108 s 148 150
4 201 208 1 90 98 6 127 127 & 58 58
s 61 862 2 a9 92 7 247 250 7 79 74
) S9 95 3 75 79 8 56 49 8 183 183
7 36 33 4 72 68 9 33 30 9 23 29
8 126 125 5 37 33 10 15% 11 10 167 171
6 14% 11 152 154 11 19 11 ?
HiBs 11 ? 110 117 12 143 41 12 25 22
. 8 69 &7 13 80 84 13 31 35
] 15% 17 -] 82 77 14 81 83
1 154 171 10 119 118 He7:=7
2 164 166 11 a3 88 H:7s—4
3 124 131 1 75 &8
4 132 131 H:7+-10 2 173 176 1 129 134
g 14% i8 3 101 117 2 16% 16
B 144 143 1 43 449 4 38 33 3 114 125
2 102 a7 5 28 28 4 219 224
Hi6s12 3 54 54 6 15% 4 5 153 150
4 131 128 7 168 166 < 122 123
0 83 82 5 23 18 ¢} 93 89 7 06 90
1 133 135 B 19 is 9 26 24
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5 232 243 4 36 41 7 40 38 He7,10
6 146 148 5 72 60 8 49 55 N
36 7 17% 1 6 55 58 9 88 79 o 81 77
110 B 105 106 7 180 192 10 12% 7 1 155 165
128 El 87 84 8 B85 68 2 205 208
Q5 10 63 68 9 19 7 H1756 3 38 44
60 11 16 12 1Q 106 i1aQ 4 140 148
47 12 28 a5 11 267 267 ] 252 263
as i3 13 4 12 57 56 1 15K 2 Hi7»11
14 133 133 2 59 58
H»7+3 3 16% iB 13 16
H+7,0 . 4 104 a7 1 21 12
83 Q 107 112 5 35 26 24 24
€9 1 198 202 1 145 150 ] 105 105
168 2 80 85 2 73 72 7 20 24 HsBs -9
130 3 126 129 3 152 156 8 13 13
117 4 149 154 4 133 133 8 126 123 1 82 88
40 5 18% -2 5 a1 27 2 a4 104
110 6 7% 12 ] 115 117 Hs7»7 3 67 71
202 7 288 288 7 25 29 4 26 27
60 8 118 122 B 15% 16 0 118 124 5 - 21 19
23 S 251 264 9 14% 6 1 208 213 5 . b 18
65 10 96 86 10 16 2 53 50 !
30 11 145 141 11 110 117 3 205 224 HiB»—8
1 12 148 160 12 Q6 =13 4 84 B2
80 13 268 274 . 5 100 106 1 108 116
H37,4 6 42 2 45 43
He7»1 7 13% 2 3 67 638
8] 79 B1 8 34 32 4 75 80
a57 o 91 92 1 20 11 5 77 85
B& 1 198 204 2 115 123 H»758 6 51 47
248 2 18 11 3 20 13 7 131 135
281 3 87 o9 4 112 105 0 36 34 B8 36 38
306 4 68 64 S 17% - 1 20 16
132 5 143 148 8 175 175 2 103 96 H385~7
113 6 222 226 7 a0 a7 3 15K 5
192 7 119 124 B 56 5a 4 213 214 1 117 117
284 B 137 146 g 165 162 5 71 89 2 80 75
138 S 15% 2 10 36 37 6 12% 4 3 13% ]
6 10 14% 4 11 51 48 7 201 201 4 56 58
i00 11 55 52 5 111 118
101 12 143 138 H»755 H»7,9 6 24 23
68 13 110 117 7 108 104
o 161 161 0 48 53 B 23 22
H»7,2 1 73 67 1 152 161 E] 68 70
2 53 63 2 51 52
i85 ¢] 44 47 3 178 is1 3 134 140
240 1 18 7 4 158 164 4 14% 3
177 2 173 177 5 73 71 5 59 56
30 3. 24 23 6 117 113 13 24 26
2 200 208 4 23 22 6 183 168 H,B8:8
3 202 207 5 15% ] 7 44 33
76 4 22 28 6 118 118 8 155 164 0 32 32
136 S 130 136 7 74 75 1 82 a7
67 B 71 73 =] 92 84 H:854 2 13% 4
61 7 85 a3 ] 60 63
33 8 7 S5 10 32 34 o 38 39 Hs8:-3
106 S 49 S7 1 146 148
138 10 191 204 He851 2 18 14 1 13% 7
29 3 47 49
11 H,B8,-2 8] 133 135 4 o8 101 H»3s-2
180 1 B5 o8 S 14% B
1 173 184 2 45 51 6 1494 143 1 52 bl
2 46 43 3 96 S9 7 22 20 2 85 84
3 235 247 4 2 22 3 35 36
105 4 37 40 S 17 21 Hs815
82 - 78 77 6 105 86 H»Gs~1
50 B 27 25 7 15X 12 ¢] 126 135
41 7 28 30 B 173 176 1 141 150 1 220 237
210 8 121 124 g a2 82 2 14% 3 2 132 137
56 =] 14% 8 3 47 56 3 iB3 165
155 10 52 56 H:Bs2 4 839 82
E] S 22 15 H)9:0
36 Hi8y~1 [¢] 126 130 6 163 165
225 1 180 i85 o1 124 138
1 163 162 2 82 o4 H)8+6 2 156 173
2 106 108 3 143 152 3 15 13
3 128 125 4 17 21 ¢] s7 57
t14 4 75 78 S 31 26 1 40 41 H»G1 1
S 5 86 104 B 144 140 2 71 71
106 6 22 20 7 S8 53 3 63 66 o 11 119
33 7 70 68 8 2b 23 4 114 118 1 82 981
123 8 1496 139 ] 46 43 5 13% 2 143 150
28 -] 65 64
40 10 113 116 . He8»3 Hi8>7 - H»S»2
118
&2 Hs8.0 [s] 171 177 0 23 +o22 0 31 26
127 1 S4 99 1 14% 24, 1 89 7
o 47 2 82 84 2 SO a3
1 153 154 3 78 B3 3 93 a3
2 41 35 4 66 57 4 131 135
124 3 156 159 5 79 81
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APPENDIX VIII

Tables of observed and calculated structure factors

for 1,7,13—trimethyttribenzo[b,f;j][1,5,9]trithia-

cyclododecine-6,12,18-trione

Data Format:
H K

L 10<[F | 10x|F |

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked .seeee *
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Pt
00l 053sL 14 151 149 7 475 452 5 147 147
15 247 237 8 48 52 6 114 110
13556 1686 1 812 811 16 35 25 9 138 127 7 540 544
123 ag 2 765 776 17 29 30 10 186 183 8 368 379
63 66 3 172 152 18 89 20 11 148 154 9 353 355
258 224 4 1163 1138 19 172 166 12 188 194 10 172 164
300 205 5 848 ‘ 13 72 71 11 40 40
17 7 6 301 290 0+64L 14 270 273 12 113 116
60 53 7 856 853 15 116 110 13 25 23
143 142 8 345 336 0 252 286 16 104 106 14 92 a3
58 56 9 26 35 1 130 123 17 140 134 15 71 73
16 17 10 245 258 2 21 21 18 44 43 16 21 22
11 380 391 3 307 293
0s1,L 12 21 18 4 235 232 0.,8,L 0s12,L
13 178 176 5 68 78
339 335 14 126 129 6 333 338 1 351 370 0 342 340
741 748 15 103 301 7 526 519 2 28 a7 1 63 57
641 638 16 276 276 8 24 38 3 392 402 2 17 7
42 31 17 124 118 9 88 73 4 240 52 3 58 60
535 540 18 177 171 10 162 159 5 61 56 4 5 106
399 412 19 98 101 11 169 168 6 67 60 5 73 72
144 132 12 287 278 7 240 232 6 203 208
1006, 1019 054t 13 354 352 8 110 108 7 2eg 289
25 19 14 261 252 9 329 341 8 164 164
359 350 0 474 484 15 158 153 10 88 88 9 203 206
214 206 -1 178 177 16 90 87 11 202 197 10 16% 5
44 41 2 1000 290 17 37 38 12 16% 12 11 52 4g
160 154 3 202 309 18 13% 5 13 15% 5 12 17 21
189 195 4 401 _ 397 19 58 61 14 79 73 13 115 115
23 23 5 586 573 15 88 91 14 106 111
189 180 & 409 393 0,754 16 105 102 15 119 122
33 31 7 225 225 17 13
21 14 8 51 45 1 108 101 0+13,L
52 51 9 124 125 2 138 136 0+10,L
66 70 10 a7s 373 3 34 27 1 166 176
11 44 51 4 55 26 0 433 419 2 15% 6
05258 12 236 233 5 139 142 1 15% 18 3 68 66
13 67 70 6 109 116 2 27 257 4 191 204
1098E 1331 14 16% 8 7 321 307 3 71 70 5 309 313
454 453 15 20 17 8 88 98 4 129 126 65 298 307
1124, 1162 16 32 35 9 184 - 152 5 115 108 7 183 183
819 841 17 87 83 10 33 36 6 155 151 8 38 34
128 126 ig 35 42 11 16> 21 7 205 201 S 16 a
314 302 19 24 24 12 222 221 8 244 241 10 15% 6
143 147 13 122 117 g 150 140 11 15% 15
285 283 08,1 14 164 165 10 20 14 12 42 42
432 436 . 15 287 287 11 206 185 13 14% 3
486 499 1 62 65 16 156 152 12 68 65 14 17 16
31 38 2 376 378 17 14% 1g 13 50 4a
185 187 3 310 311 18 52 a2 14 15 3 0s14,L
196 183 4 886 899 . 15 84 74
59 50 5 79 72 0,8.L 16 73 81 0 251 250
25 21 6 146 148 17 124 124 1 32 26
74 70 7 56 55 o 328 336 2 52 56
32 28 8 175 152 1 260 254 Osllal 3 101 o8
36 37 9 154 ° 154 2 203 188 4 80 74
a0 g9 10, 40 36 3 29 @R 1 a1 21 5 183 183
40 36 11 o5 94 4 o8 93 2 103 107 6 156 155
12 130 137 5 1056 a8 3 . 302 303 7 161 158
13 220 21 6 isx 24 4~ 213 214 8 82 82
ISTHE 0s19sL 6 333 331 1,551 13 183 184
7 213 183 14 109 112
133 126 1 62 70 8 259 261 0 533 542 15 a7 o8
111 105 2 57 60 g 371 367 1 581 578 16 81 75
19 17 3 23 17 10 192 187 2 554 538 17 79 81
132 134 4 11% 2 11 16 13 3 870 872 18 a7 92
81 85 12 122 111 4 .400 397
1.0,L 13 103 a6 5 181 184 1.8.L
01150 14 130 122 6 - 242 335
1 589 576 15 177 179 7 408 410 o 55 57
116 120 2 854 848 16 29 32 8 250 245 1 171 159
338 340 3 260 256 17 139 141 g 372 364 2 284 301
84 84 4 523 526 18 79 82 10 271 268 3 263 268
180 179 5 83 80 13 108 110 11 144 147 4 201 286
56 57 6 477 488 12 77 74 5 153 148
45 52 7 17 22 1,30 13 288 283 6 170 171
58 64 8 66 88 14 35 34 7 265 259
14% 10 g 257 262 0 77 76 15 133 128 8 564 570
17 19 10 297 290 1 217 214 16 54 52 9 117 111
105 107 11 313 309 2 542 539 17 51 51 10 314 318
15 16 ~— 12 279 281 3 523 519 18 55 57 11 225 223
35 35 13 126 125 4 418 415 19 18 22 12 150 155
- 14 123 121 5 239 234 13 109 107
0:165L 15 53 52 6 362 368 1,658 14 R 88
15 16% 7 7 248 237 15 83 84
94 a3 17 ag 96 8 169 152 0 226 226 16 86 85
112 108 18 21 25 g 151 155 1 708 712 17 94 s
85 83 19 26 36 10 205 213 2 370 357 18 ag 51
157 159 11 227 219 3 543 535
110 110 1+l 12 332 342 4 335 326 1+84L
29 27 13 188 180 5 631 628
94 96 0 109 109 14 82 87 6 260 257 o 700 703
17 10 1 405 389 15 158 156 7 285 285 1 362 369
75 71 2 878 886 16 78 78 8 200 203 2 104 107
70 72 3 633 636 17 113 113 g 157 148 3 526 537
152 147 4 78 64 18 24 22 10 347 335 4 167 156
57 ' 59 5 505 488 19 89 86 11 239 234 5 304 309
6 264 248 12 82 85 6 221 223
0:17sL 7 273 264 1s4sL 13 116 116 7 132 140
8 198 183 14 175 173 8 176 172
86 a1 g 279 278 0 407 401 15 134 129 9 37 35
76 67 10 157 147 1 973 1000 16 172 172 10 71 58
144 139 11 228 230 2 1153 1175 17 110 112 11 214 218
124 125 12 258 260 3 a3e a3l 18 43 42 12 116 116
144 146 13 170 172 4 a7 266 13 43 45
121 112 14 286 288 5 815 804 1.7,L 14 56 52
156 155 15 31 27 6 408 403 15 80 73
14 7 16 151 150 7 444 445 o0 es2 667 16 es a1
13 10 17 94 a0 8 a1 89 1 113 114 17 60 62
18 18 20 g 154 166 2 660 644
0:18,L 1 a1 26 10 62 56 3 100 88 1:10,L
11 ag 96 4 2392 281
200 196 1.2:L 12 243 239 5 194 196 0 340 347
76 71 13 198 198 6 520 507 1 349 351
92 a7 0 620 531 14 65 57 7 410 412 2 229 236
a3 8s 3 556 548 15 104 104 8 214 211 3 260 262
28 28 2 714 710 16 164 168 g 464 463 4 79 79
97 100 3 1202 1204 17 154 149 10 308 304
62 64 4 617 810 18 138 133 11 159 153
138 145 5 607 601 19 95 95 12 132 129
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APPENDIX IX

Tables of observed and calculated structure factors

for 1,3-d5cycLohexyL—1-[N—methyL-N—(N~anthraniLoyl

~N-methylanthraniloyl)anthraniloyll urea

Data Format:
H K

L 10x[F | 10x|F ]

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked cuvee *



- —-— G ameaneeed a -

' : | 319

. ="
3 0,00 0:3sL 12 157 161 3 86 73 0e1sL
13 445 449 4 20 14
2 16%% 1765 1 807 821 14 284 283 5 128 117 1 138 138
4 430 415 2 408 416 15 130 124 -] 71 78 2 80 89
6 186 196 3 713 g92 16 32 25 7 16X 15 3 365 360
128 135 4 340 333 17 48 38 8 188 181 4 18% 17
10 166 160 5 636 650 18 224 233 9 206 201 5 281 273
12 418 410 6 811 818 18 106 111 10 251 252 ] 80 85
14 136 140 7 52 439 20 20 26 11 24 5 7 238 243
18 152 162 8 280 283 12 138 143 8 188 190
18 135 147 8 545 519 0:6,L 13 101 107 ] 80 98
20 61 70 10 274 278 14 227 237 10 62 59
11 60 61 0 1327 1340 15 275 277 11 26 38
[ TN 12 223 228 1 357 16 21% 16 12 50 59
13 52 ] 2 635 616 17 65 58 13 21 16
1 826 989 14 288 205 3 103 94 18 <8 53 14 18% 13
2 102 B9 15 92 o5 4 140 137 15 62 64
3 1650E 1775 16 18% 12 s 230 240 0.84L 16 110 116
4 285 889 17 23 15 6 173 140
5 152 148 18 216 216 7 167 148 1 29 24 0,12,L
& 402 400 19 22 8 26 104 2 235 215 .
7 513 515 20 17x 8 e 145 148 3 138 137 0 27 32
] 45 39 10 418 414 4 197 209 1 81 85
] 246 245 044l 11 161 172 5 219 206 2 19% 19
10 20 12 12 2495 236 6 8 52 3 a5 42
11 218 203 0 178 174 13 182 185 7 80 ag 4 76 73
12 73 73 1 881 903 14 94 103 8 175 172 5 126 131
13 24 23 2 42 28 15 109 104 8 183 202 6 136 134
14 64 64 3 1335 1334 16 358 370 10 98 100 7 20% 7
15 125 126 4 342 -~ 344 17 120 117 11 230 226 8 350 360
16 153 162 5 1079 1051 18 139 149 12 325 330 g 55 67
17 231 234 6 31 17 19 142 148 13 140 147 10 202 208
10 36 32 7 246 237 14 117 119 11 26
19 a2 35 8 734 708 0:7:L 15 106 112 12 19% 12
20 30 31 9 93 86 16 21 19 13 72 80
21 16% 5 10 125 90 1 391 336 17 108 110 14 30
11 31 33 2 15% 8
0+2:L 12 65 63 3 444 422 0,10.L 0,13sL
13 174 172 4 526 506
0 1287 1363 14 251 260 s 43 47 o] 52 53 1 94 B9
1 347 353 15 30 23 6 7 . 83 1 181 171 2 100 107
2 940 ¢ 972 i6 220 223 7 18% 24 2 77 67 3 33 33
3 237 234 17 103 8 iol 108 3 400 406 4 191 195
4 166 169 18 21% 28 9 174 176 4 146 135 5 20% 17
5 588 582 18 63 63 10 108 101 5 18% 15 6 19x% 3
6 390 382 20 34 37 11 32 25 6 222 212 7 26 31
7 720 727 : 12 219 218 7 a2 91 8 76 66
8 40 40 0:5,L 13 294 301 8 165 167 9 198 200
9 680 €66 14 180 182 9 276 280 10 207 203
10 894 883 1 193 181 15 103 112 10 248 255 11 64 62
11 281 276 2 71 54 16 132 139 11 30 a1 12 146 157
12 363 361 3 241 241 17 1491 160 1 89 84 13 53 55
13 63 62 4 146 149 18 165 170 13 92 a7
14 88 93 5 250 240 18 83 [-7] 14 41 0:14sL
15 18% 4 6 53 47 15 112 112
. 16 169 172 7 g4 =~ 82 0.8:L 16 21 21 0 171 180
17 190 202 8. 113 113 17 110 115 1 142 136
18 107 111 g 44 30 0 1168 1146 2 164 172
19 83 78 10 233 227 1 176 173 . 3 22 5
20 52 54 11 84 72 2 517 520 4 9 65
0+1495L -18 53 55 -4 356 341 12 160 167 -16 18% 13
-18 229 230 -3 304 305 13 1514 155 -15 18% 8
5 223 232 -17 31 35 -2 253 246 14 199 180 -14 185 196
6 18% -16 229 234 -1 68 72 15 534 540 -13 212 214
7 85 902 -15 88 a5 0 3 337 16 113 122 -12 45 45
8 93 93 -14 192 183 1 1182 1237 17 47 55 -11 52 48
] 158 166 -13 61 58 2 22 18 110 102 -10 619 615
10 17% -12 412 400 3 1180 1206 19 18% 5 -3 142 138
1 17% 1 -11 22 12 4 20 206 20 63 62 -8 781 755
-10 652 630 5 285 276 -7 109 109
0,15sL -3 407 397 6 565 555 15451 -6 746 736
-8 436 475 7 52 31 -5 104 109
1 100 103 =7 351 355 8 215 210 -20 17 19 -4 208 217
2 122 132 -5 72 64 9 449 447 -19 33 32 -3 28 21
3 143 146 -5 1496 1528 10 470 459 -18 19% 13 -2 103 a8
4 221 232 —-4 644 653 11 17% 17 -17 84 79 -1 87 62
5 125 128 -3 47 47 12 166 154 -16 115 120 ¢] 779 791
6 17% 16 -2 751 777 13 62 57 -15 118 124 1 344 356
7 16% 10 -1 455 477 14 61 60 -14 73 3 2 396 a87
8 85 a0 0 143 141 15 21 19 -13 193 191 3 61 56
E] 56 53 ___. 1 318 311 16 63 60 -12 262 256 4 698 707
2 405 413 17 115 119 -11 302 280 ) 446 437
0,16,L 3 500 490 18 a3 36 -10 274 266 6 183 181
N 4 608 614 19 115 122 -3 82 79 7 330 320
1] 207 221 5 511 522 20 65 71 -8 106 109 8 360 352
1 21 28 6 162 165 -7 160 158 9 26 5
2 115 122 7 537 529 1,300 -5 67 56 10 25 22
3 30 28 8 187 195 -5 59 71 11 167 163
4 26 19 9 121 114 -20 S1 99 -4 125 134 12 146 148
5 119 128 10 80 98 -18 30 27 -3 195 125 13 218 233
) 58 54 11 88 92 -18 103 109 -2 787 604 14 198 207
T2 - 27 27 -17 34 24 -1 324 325 15 256 251
1,0,L . 13 60 53 -16 23 40 0 710 713 16 55 59
14 55 66 -15 137 137 1 320 302 17 19%
-21 71 79 15 19% 5 -14 148 156 2 50 51 18 106 113
-19 149 153 16 88 75 -13 88 80 3 642 646 18 17%
-17 186 187 17 43 53 -12 16% 6 4 846 850
-15 ] 92 18 19% 18 -11 234 232 ) 352 344 1,6sL
-13 156 155 19 64 67 -10 42 30 6 14% 1
~11 286 274 20 74 75 -8 52 52 7 363 336 -19 18% 7
-9 345 316 -8 364 359 8 482 480 -18 19 8
-7 187 196 1.2:L -7 283 283 ) 543 519 -17 49 41
-5 5688 593 ) -6 121 106 10 211 191 -16 56 61
-3 1202 1246 -21 a6 36 -5 484 498 11 130 141 -15 52 a8
-1 575 593 -20 25 26 -4 24 24 12 320 319 -14 19% ]
1 286 313 -19 100 93 -3 70 54 13 122 117 -13 156 157
3 281 208 -18 55 48 -2 856 874 14 141 150 -12 122 121
5 394 391 -17 240 246 -1 85 79 15 104 108 -11 a3 100
7 a7 e3 -16 41 8 0 415 419 16 224 225 -10 282 276
g 148 134 -15 114 125 1 400 418 17 127 126 -8 16% 3
11 60 47 ~14 121 121 2 126 131 18 19% -8 63 50
13 238 243 -13 a3 28 3 335 322 19 100 101 -7 180 160
15 91 -12 382 384 4 547 542 20 317x 1 -6 94
17 197 195 ~13 509 498 5 346 330 -5 468 482
19 38 44 -10 105 126 6 186 198 1:54L -4 14% 10
-8 494 470 7 363 352 -3 162 164
1100 -8 225 215 8 123 118 -20 17% -2 425 411
-7 220 226 9 247 246 -19 9i 100 -1 40 38
-21 41 41 -6 533 519 10 16% 10 -18 16% 26 4] 368 376
-20 17% 5 -5 539 554 11 57 38 -17 118 108
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2 80 106 Hide 7 Heds 10 6 72 71
3 616 594 7 20 21
9 4 141 134 1 70 76 0 208 212 8 22 14
120 5 173 164 2 256 261 1 160 181 ] 11 6
131 6 346 327 3 104 107 2 76 81 10 24 27
117 7 216 208 4 151 149 3 71 69 1 36 a8
120 8 130 127 5 83 82 4 152 156
43 9 102 99 & 179 170 5 133 140 Hyd: 14
53 10 203 195 7 129 125 6 210 200
23 11 183 192 8 209 203 7 59 59 1] 201 204
a3 12 87 83 g 90 100 8 862 62 1 104 107
18 13 20 19 10 184 189 9 26 27 2 73 75
14 70 79 11 202 205 10 67 65 3 58 58
15 100 106 12 21 22 11 37 35 4 53 52
16 58 60 13 66 66 12 59 57 s 3s 43
460 17 11% 10 14 &3 58 13 13 13 & 42 3g
637 18 54 57 15 0 28 14 50 53 7 57 58
41 16 47 48 15 22 27 8 23 22
379 Hy4r5 17 14 13 ] 15 14
32 Hids 31 10 48 a9
276 1 52 65 H14,8
61 2 430 415 1 102 B4 Hed 15
183 3. 78 75 o 170 159 2 145 155
&9 4 200 204 1 224 218 3 203 208 1 &7 68
83 5 223 219 2 213 207 4 146 165 2 68 73
294 6 68 73 3 199 200 5 a7 100 3 41 44
a7 7 306 311 4 89 82 6 67 64 4 17 18
83 B 127 129 5 209 209 7 61 70 5 &3 61
65 9 44 6 225 227 8 80 81 [ 29 24
84 10 110 111 7 155 166 9 70 68 7 14 22
129 11 73 73 8 . 308 312 10 45 51 8 42 51
137 12 50 9 191 193 11 44 44
ag 13 113 11% 10 61 62 12 29 31 H14» 16
6 14 54 55 11 134 134 13 35 36
15 54 59 12 95 100 1 65 84 1] 81 80
16 51 52 13 2% 10 1 77 76
17 60 60 14 67 70 Hids 12 2 21 26
201 18 18 18 15 36 43 3 54 53
376 16 43 4 1} 149 151 4 17 15
133 Hrds6 1 &9 67 5 22 22
138 H: 4,9 2 175 176
354 0 267 260 3 48 51 H»5.0
400 il 50 27 1 170 162 .4 99 94
391 2 40 3g 2 131 138 5 103 103 1 178 169
230 3 154 149 3 139 133 [3 40 2 25 18
85 4 126 112 4 150 140 7 12 g 3 444 438
108 5 165 148 5 85 74 8 57 54 4 720 709
42 [3 28 29 6 157 152 ] 54 56 5 213 202
100 7 74 67 7 101 100 10 24 27 6 53 56
178 8 214 210 8 70 80 11 42 49 7 268 248
113 9 125 124 9 133 133 12 15 11 8 98 95
80 10 147 146 10 16 11 13 16 21 9 180 164
33 1 73 &9 11 33 28 - 10 161 158
59 12 118 118 12 50 50 H14s13 11 12%
24 13 128 128 13 73 73 12 155 159
14 15 21 14 17 18 1 59 63 13 21 16
15 56 51 15 22 23 2 106 115 14 60 61
16 65 62 16 33 34 3 45 43 15 19 21
731 17 74 79 4 97 107 16 38 39
502 ) [ 34 36 17 66 &5
11 141 133 8 109 112 8 175 185 1} 63 61
12 185 186 g 77 80 ] <0 94 1 76 74
1 13 43 a7 10 144 147 10 55 55 2 102 105
14 163 167 11 126 125 11 76 77 3 51 51
15 61 59 12 47 a8 12 29 28 4 74 80
16 21 23 13 668 74 13 43 a2 5 88 92
393 17 33 33 14 8l 79 14 26 21 6 35 33
408 18 a8 48 15 69 69 15 10 11 7 7% 80
269 16 43 43 8 43 48
144 Hi15:14 . 17 20 20 Hs5110 9 50 47
200 10 48 44
257 1 541 532 HiS» 7 ] 209 210 1 22 18
401 2 169 162 2 161 149
208 3 241 220 o 115 99 3 248 251 He5s 14
200 4 386 378 1 170 170 4 77 90
126 5 192 192 2 77 67 5 212 221 1 43 48
31 6 117 112 3 78 83 & 279 288 2 59 57
112 7 3z 4 93 89 7 100 107 3 61 61
85 8 154 152 5 109 129 8 25 23 4 22 23
84 g 94 3 22 121 ] 76 82 5 11% 6
183 10 331 339 7 340 350 10 47 51 6 48 43
35 11 56 8 171 172 11 56 57 7 10 7
66 12 120 3 g 139 138 12 20 25 B8 53 52
20 13 21 21 10 114 116 13 38 a1 9 36 38
45 14 74 72 1 a7 100 14 36 43
15 68 [ 12 113 117 HyBs 15
16 a1 92 13 a1 a5 HeBy 11
17 43 44 14 78 75 ‘ o] 76 76
67 18 22 22 15 36 43 4} 147 148 1 16 15
328 16 25 26 1 275 286 2 36 4]
280 Hi5»5 2 a5 99 3 36 36
459 M58 3 165 169 4 35 31
354 1} 727 696 4 112 118 5 45 a8
276 1 452 438 1 173 175 5 55 57 [ CTl 91
83 2 356 350 2 65 69 6 86 82 7 57 56
199 3 199 181 3 265 259 7 103 112
239 4 250 236 4 310 306 8 52 50 H1651 16
66 3 61 50 5 176 172 9 53 56
22 6 178 161 6 &9 71 10 16 15 1 23
186 7 59 55 7 214 213 11 47 48 2 9 50
g7 8 79 84 8 163 167 12 26 26 3 44 39
119 g 33 42 9 B4 a4 13 51 54
74 10 g2 5] 10 155 158 He6:0
73 11 123 123 11 157 168 Hy By 12
[ 12 268 274 12 115 114 0 194 194
17 13 13K 6 13 55 57 1 84 94 1 368 374
14 73 69 14 47 48 2 79 82 2 185 164
15 65 62 15 27 31 3 185 159 3 112 106
16 28 34 16 60 60 4 66 73 4 565 530
357 ¢ 17 19 14 5 152 155 5 402 383
427 Hi5.8 & 25 24 6 354 asi
708 H15:6 7 &8 70 7 74 63
148 1] 188 198 8 45 42 8 €6 93
423 1 179 170 1 285 286 9 82 85 9 230 227
369 2 39 42 2 300 303 10 41 41 10 138 142
264 3 281 270 3 197 205 11 4) 42 11 12 2
118 4 140 148 4 92 a2 12 55 50 12 53 61
139 5 112 108 5 165 170 13 125 124
157 & 78 74 6 122 121 Hr»5e13 14 199 202
215 7 122 124 7 100 103
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6 39 38 S 81 a1 5 36 32 11 41 35
7 92 97 10 36 36 & 52 58 12 8s a7
69 8 81 80 11 75 70 7 39 37 13 30 31
117 8 106 165 i2 & 53 8 11* 6 4 12% 16
85 10 S0 13 43 42 S 43 48 15 37 43
70 11 48 43 14 27 27 10 13 15 16 23 24
88 12 33 36
18 i3 83 89 H»8,9 Hs8»13 Hi9:2 -
15 14 28 24
30 15 31 40 1 102 97 1 20 16 1 79 o1
60 16 18 ie 2 s 89 2 s9 59 2 113 117
79 3 150 151 3 15 15 3 28 21
5 H»8:6 4 a3 82 4 53 56 4 176 il
5 62 65 5 52 54 5 265 269
0 76 69 3] 14 14 6 28 29 6 218 222
1 131 123 ? 127 129 7 21 21 7 105 92
231 2 174 177 8 73 75 -] 17 13 8 86 8
53 3 68 68 g g7 102 9 206 206
289 4 83 81 10 24 27 H:8.14 10 34 31
i28 S 107 116 11 88 89 11 26 24
133 6 108 100 12 74 72 ] 89 87 12 59 58
203 7 95 95 13 10% 11 . 1 14 7 13 46 42
92 8 98 101 2 37 41 14 28 29
78 ] 75 77 H+8,10 3 43 42 15 43 52
163 10 69 74 4 27 22 16 22 25
110 11 64 64 0 158 1589 S 12 14
133 12 78 82 1 110 112 6 ax ] H19»3
35 13 43 45 2 144 155
36 14 27 29 k] 25 25 H,9.0 o 31 33
51 15 82 S0 4 35 32 1 15 16
63 5 58 60 1 16 & 2 111 113
44 Hs8,7 6 12% 7 2 100 83 3 85 97
7. 107 108 3 sg a2 4 24 17
1 86 B84 8 23 22 4 182 180 5 B2 80
2 70 72 9 75 81 5 213 208 6 103 a2
436 3 4 a3 10 22 26 6 15 12 7 61 64
122 4 55 59 11 21 18 7 276 281 8 162 155
87 5 92 90 12 o= 8 8 12% 11 S 86 82
72 5 48 48 ] 13% 3 10 a6 [0
33 7 71 59 Hs8»11 10 24 24 11 127 135
89 8 111 114 11 38 38 12 29 36
189 9 23 26 1 144 138 12 30 28 i3 o8 103
51 10 21 18 2 65 61 13 50 45 14 36 as
71 11 37 37 3 39 338 i4 37 38 15 32 32
165 12 19 15 4 82 97 i5 10% 3 16 51 55
26 13 58 57 5 85 88 i6 15 15
70 14 52 48 6 38 38 HsS.4
13 i5 31 32 7 76 77 Hs951
41 8 51 51 1 186 186
23 H:8,8 9 34 37 0 282 288 2 &0 61
30 10 22 21 1 72 67 3 43 33
82 0 178 188 11 37 37 2 223 219 4 58 62
1 7 74 3 151 153 5 43 43
2 79 76 HeBr12 4 145 144 6 107 108
3 27 35 S 187 185 7 108 111
104 4 58 58 ] 108 110 6 118 118 8 83 - 84
187 5 84 81 1 20 15 7 138 148 9 30 32
35 6 38 36 2 57 58 8 24 27 10 112 116
102 7 39 43 3 18 18 9 30 27 11 61 63
208 8 56 87 4 3 23 i9 102 107
H»9,8 H19,12 11 42 33 H» 10,5
12 30 28 N
72 1 46 36 1 &3 70 13 32 32 1 129 132
72 2 65 61 2 22 21 14 12 15 2 147 147
38 3 37 42 3 28 31 15 23 24 3 103 100
22 4 157 157 4 35 36 4 226 230
5 72 66 5 249 as H» 10,2 5 78 as
] 33 35 6 34 36 6 85 a3
7 91 as 7 10% 5 o 261 264 7 78 80
121 8 81 81 8 35 35 1 148 143 8 46 61
46 8 69 74 9 19 24 2 126 129 -] 52 55
116 10 47 47 3 186 183 10 44 50
203 11 16 22 Hs8,13 4 80 75 11 57 66
113 12 74 71 5 173 163 12 64 67
32 13 43 42 0 79 78 2] 203 205 13 42 45
120 1 53 55 7 34 29 14 gx 11
38 H,9,9 2 55 58 8 147 141
78 3 33 29 9 125 129 Hs10+5
23 1] 158 156 4 a3 45 10 128 128 -
a4 1 24 17 5 26 25 11 86 87 c 47 39
48 2 33 32 6 38 40 12 104 107 1 44 36
26 3 47 51 7 20 i8 13 48 2 45 53
23 4 54 62 14 67 67 3 75 88
62 5 12% 8 H»9,14 15 2 ., 21 4 208 201
26 & o2 S 135 136
7 113 116 1 39 36 Hr10,3 6 168 178
8 83 87 2 22 24 7 36 33
b S 15 18 3 11 18 1 101 89 8 17 21
41 10 11% 11 2 265 243 9 85 86
139 11 30 27 H+10,0 3 58 59 10 25 22
113 12 34 3B 4 136 133 11 38 45
82 o} 183 195 5 134 132 12 40 36
71 H:9,10 1 38 540 ] 40 28 13 10% 11
27 2 120 121 7 117 118 14 19 23
65 1 108 106 3 144 142 8 160 158
128 2 80 -l 4 117 118 9 55 56 H+ 10,7
87 3 56 56 5 188 184 10 130 132
71 4 73 84 5 210 208 11 89 94 1 147 156
70 5 15 16 7 150 156 12 74 79 2 7% 80
40 6 51 51 8 12% 5 13 75 7% 3 77 78
29 ? 20 24 °] 21 18 14 24 21 4 110 122
46 8 24 24 10 89 91 15 7 69 5 66 64
] 34 31 11 104 100 ) 109 114
10 74 78 12 30 36 H» 10,4 7 145 150
11 36 35 13 38 35 8 105 107
95 14 39 47 4] 229 221 9 25 29
32 H:9,11 15 25 21 1 223 218 10 69 67
86 2 151 153 11 11% 5
83 1] 83 78 H» 1001 3 94 97 12 22 22
53 1 42 42 4 219 220 13 36 35
45 2 87 87 1 53 47 5 38
80 3 37 32 2 246 249 6 82 84 H110,8
138 4 50 47 3 173 166 7 103 a7
28 5 17 17 4 297 295 8 a7 95 ] 147 147
57 6 46 46 5 136 143 ] 181 191 1 67 20
63 ? 13 18 6 172 167 10 36 31 2 129 134
74 8 51 56 7 84 78 11 89 87 3 31 31
32 8 25 26 8 124 123 12 83 86
8 10 65 64 9 108 115 13 51 50
38 10 a3 a8 14 66 85
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APPENDIX X

Tables of observed and calculated structure factors

for 5,18-dimethyl=5,18-dihydrotribenzold, {,71[1,4]

diazacyclododecine-6,17-dione

>Data Format:
H L
K 10<[F | 10x|F |

Reflections removed for extinction marked .... E

Reflections classed as unobserved marked ..... *
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1 314 324 24 106 108 11 10 11 2 32 28
2 532 572 25 52 12 125 125 3 20 14
60 3 250 243 26 118 122 13 36 32 4 27 24
549 4 348 336 27 187 182 14 192 186 5 154 139
815 5 176 156 28 149 152 15 143 128 & 239 232
852 5 161 168 28 22 23 16 7% 5 7 350 355
266 7 831 944 30 78 85 17 43 46 8 127 122
144 8 355 337 31 74 73 18 7% 7 g 79 79
82 ] 146 146 32 86 ag 19 a6 44 10 76 68
43 10 166 171 33 138 145 20 179 179 11 34 39
276 11 427 388 21 139 139 12 68 75
12 182 182 4,K0 22 20 14 13 71 66
378 13 6% 2 3 19 21 14 28 30
82 14 111 80 o 215 221 24 114 110 1% 5 43
51 15 12 7 1 316 289 25 57 63 16 256 264
52 16 243 232 2 63 52 26 a5 48 17 74 82
a2 17 110 109 3 690 709 27 7% 2 18 65 64
102 18 183 167 4 10 7 28 33 41 18 67 65
79 18 191 181 5 205 266 28 110 111 20 28 29
20 185 177 6 35 20 30 23 2% 21 171 173
21 58 59 7 164 157 31 17 14 22 61 62
a2 176 176 8 311 238 32 22 23 23 32 29
133 23 251 252 9 193 180 24 65 68
872 24 331 333 10 295 276 6sK10 25 127 133
386 25 420 424 11 25 16 26 61 62
204 26 148 145 12 273 256 0 121 100 27 32 34
36 27 123 126 13 75 60 1 217 201 28 24 29
283 a8 222 227 14 156 154 2 82 80 28 194 189
117 2g 16 11 15 9 3 48 18
185 30 18 11 16 27 20 4 70 57 8+Ks0
337 31 21 30 17 99 102 5 127 137
240 32 9 20 18 229 233 6 53 40 1] 26 20
271 33 12 15 19 137 123 7 380 348 1 31 38
& 34 32 32 20 287 277 8 81 88 2 185 175
263 21 47 41 ] 27 11 3 228 227
318 3.Ks0 22 36 38 10 202 275 4 146 146
147 23 39 32 11 108 113 5 112 110
10 1 457 463 24 53 52 12 54 48 6 275 - 272
78 2 420 433 25 214 213 13 130 131 7 203 180
165 3 254 a3 26 88 14 102 95 8 49 49
183 4 278 288 27 102 111 15 111 102 9 218 218
284 . 5 8s1 950 28 30 27 16 158 160 10 71 77
18 6 418 421 29 151 153 17 8% 11 g 12
225 7 32 49 30 108 104 18 136 138 12 88 92
a8 8 189 158 31 38 37 19 327 333 13 18 17
7% 9 128 116 32 86 96 20 11 4 14 80 72
a6 10 81 g1 33 16 20 23 205 206 15 170 187
137 11 320 305 22 363 368 16 83 90
128 12 238 218 5:K10 23 54 50 17 197 201
2 13 253 234 24 121 120 18 82 76
9 14 141 137 1 223 224 25 18 a1 86
97 15 74 78 2 382 373 26 36 38 20 170 174
84 13 145 140 3 338 319 27 128 134 21 85 85
69 17 258 266 4 542 542 28 29 31 22 61 67
20 18 216 182 5 54 68 29 12 15 23 73 74
50 19 44 34 [ 293 272 30 112 115 24 14 17
20 234 234 7 510 508 25 11 11
21 85 8 94 83 7:Ks0 26 16 22
22 107 112 ] 422 406 27 70 78
724 a3 a8 a6 10 33 42 1 18 7
5 52 60 14Ks1 21 163 157 8 14 27
6 102 110 22 184 180 Q 459 432
3494 7 25 21 1 646E 763 23 110 117 10 147 128
178 8 33 a1 2 743E 884 24 55 54 11 217 200
21 9 2g 38 3 10S0E 1367 25 165 163 12 139 129
41 10 11 2 4 301 284 26 158 150 13 161 158
48 11 44 40 5 78 27 133 126 14 279 267
171 12 15 10 [ 9176 1013 28 35 32 15 148 125
56 13 31 32 7 259 28 25 18 16 43 33
13 14 27 27 8 410 416 30 43 57 17 a5
95 15 21 18 9 327 327 31 34 a6 18 190 185
17 15 22 28 10 93 81 32 60 66 18 174 171
g 17 &% 7 11 322 308 33 15 10 20 181 174
2 18 a8 96 12 196 180 21 170 168
89 13 375 361 3K 1 22 227 223
83 12:K»0 14 208 189 23 111 107
10 15 78 79 1 368 368 24 145 145
114 o 88 0 16 55 43 2 215 203 25 110 105
8 1 26 20 17 164 151 3 182 177 26 67 73
51 2 87 87 18 144 128 4 474 477 a7 68 70
73 .. 3 18 15 19 74 75 5 77 68 28 76 76
4 4 54 59 20 117 116 6 580 588 22 64 62
78 5 7% 6 21 73 63 ? 461 459 30 31 33
50 5 11 13 22 110 108 8 357 337 31 64 61
5 kd 6% 0 23 71 68 9 274 a57 32 24 24
22 8 38 47 24 156 151 10 74 78
58 ] -] 14 a5 52 11 333 301 51Ks1
10 10 14 26 212 218 12 168 168
11 128 137 27 212 215 13 135 116 1 307 295
12 13 17 28 46 54 14 267 246 2 440 439
20 13 17 13 29 138 138 15 225 219 3 388 375
158 14 38 37 30 22 19 16 282 289 4 263 248
161 31 68 66 17 126 113 5 154 149
8 13:K,0 32 27 29 18 84 81 6 225 203
275 33 6% 4 18 96 a3 7 215 185
153 1 17 23 34 47 48 20 87 78 8 1494 137
53 2 68 81 23 219 218 9 104 Q9
161 3 25 21 2,K»1 22 257 257 10 311 283
142 4 10 2 23 157 150 11 145 135
11 5 18 16 4] 476 526 24 148 154 12 96 85
70 1 205 187 25 23 21 13 48 48
55 0:Ks1 2 540 568 26 157 160 14 14 13
15 3 594 626 27 83 a1 15 132 132
59 1 784E 804 4 688 729 28 56 58 16 112 110
42 3 594 6548 5 710 747 29 55 53 17 191 185
28 5 547 559 6 217 203 30 82 Q7 18 217 208
31 7 852€ 948 7 148 134 31 108 117 19 190 184
41 9 316 312 8 440 435 32 40 41 20 228 227
18 11 967 1039 ] 267 256 33 54 54 21 75 78
49 13 504 498 10 158 147 a2 8% 5
32 15 280 280 11 492 480 4,K» 1 23 54 48
10 17 183 156 12 86 80 24 63 61
15 19 251 231 13 16 6 0 461 470 25 46 49
21 51 57 14 365 352 1 316 311 26 9 6
23 247 250 15 213 195 2 248 234 27 87 g1
25 108 107 16 201 176 3 226 204 28 57 59
43 a7 174 180 17 128 121 4 128 122 29 32 34
a3 100 103 18 236 231 5 347 314 30 37 38
101 31 17 20 19 315 308 6 432 404
62 a3 151 155 20 184 192 7 187 184
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