
Conformation of Aminals Derived from 

Arylamines and Methanal

by

David Adam

A Thesis Submitted for the Degree of 

Master of Science

Department of Chemistry 

University of Glasgow

ervisors: Prof. N.W.Isaacs and Dr. P.H. McCabe



ProQuest Number: 13815554

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 13815554

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



l o i n -
C y - j i



Sum m ary

In this thesis, the poly-condensation, which takes place between formaldehyde and ary- 

lamine under basic conditions, is studied by establishing the structures of the 2:1 adducts 

(34) and (36) and the cyclic 3:3 adducts (32), (41), (43) and (45) by X-ray crystal struc­

ture analysis and spectroscopic methods.

The presence of electron-withdrawing substituents ortho or para to the amino group of the 

arylamine promotes, in some cases, term ination of the poly-condensation at the 2:1 adduct 

stage but the potential stereochemical blocking effect of an electron-donating substituent 

on the arylamine ortho position does not hinder the formation of higher adducts. The 

further poly-condensation observed of certain 2:1 adducts bearing electron- withdrawing 

substituents are interpreted as the result of variations in the nitrogen atom  basicity, po­

larity and solubility. Reaction of those arylamines, which above gave 2:1 adducts, with 

dimethyl sulphoxide/ phosphorus pentoxide did not yield cyclic 3:3 adducts.

The 2:1 adducts isolated show tha t in the solid state N,N bis-(2-trifluoromethylphenyl)- 

diaminomethane (36) adopts a skewed conformation around both N -CH2 bonds.The N - 

CH2 bond is rotated out of the plane of the adjacent phenyl ring to a small extent. The 

bond angles in the chain linking the phenyl groups are distinctly greater than te trahe­

dral.The N -CH 2 are longer than the N-C(aryl) bonds, similar values for N-C(aryl) bonds 

have been observed in N,N-dialkylanilines with electron-withdrawing substituents on the 

phenyl rings. In the trifluoromethyl groups the F -C -F  angles are all smaller than te tra ­

hedral. The short H ...F distance between the H atoms on N(A) and N(B) and the F 

atoms of the adjacent CF3 may represent intramolecular hydrogen bonding since there is 

no intermolecular hydrogen bonding.

The cyclic 3:3 adducts isolated all adopt the twin-chair conformation with the substituents 

in the aae conformation. The N-C(axial) bonds in the o-OMe and p-OMe compounds 

are bent outwards by 15-24° from the ideal chair conformer , reducing the interactions



between the axial aryl groups.The orientations of the aryl groups about the N-C(aryl) 

bonds reflect the increased steric requirements when the aryl group is changed from p- 

to o-methoxyphenyl. The packing of the o-substituted molecules in the unit cell is rather 

more compact than  tha t of the p-substituted molecules.

The cyclic 3:3 adduct from 4-nitroaniline , formed by the reaction of the la tter with 

dimethyl sulphoxide/pentoxide, crystallised from pyridine as a 1:1 inclusion compound in 

which the 1,3 ,5-triazacyclohexane ring exists in a twist-boat conformation and the unit 

cell contained four molecules of l,3,5,tri(p-nitrophenyl)-l,3,5 triazacyclohexane and four 

molecules of pyridine. The pyridine molecules occupy open-ended spiral channels. The 

N-C(aryl) bonds from the triazacyclohexane nucleus in the p-nitrophenyl compound are 

tilted at 21 .2 , 29.5 and 3.3(3)° to the CH2-N-CH2 planes at N (l), N(3) and N(5), respec­

tively, so tha t the arrangement of N-C bonds is coplanar at only one of the N atoms, 

N(5). These out-of-plane angles are, nevertheless, smaller than the angles in other triaza- 

cyclohexanes. Though the conformation departs a little from the ideal twist-boat form, 

presumably in response to crystal packing requirements a substituted twist cyclohexane 

shows a similar skewing. Because the unsolvated cyclic 3:3 adduct from 4-nitroaniline 

gave only poor crystals , its solid-state conformation was not available for comparison. 

A ttem pts to prepare other solvates of the cyclic 3:3 adduct have so far been unsuccessful. 

Based on the above evidence for the formation of 2:1 and 3:3 arylamine- formaldehyde 

poly-condensed structures, together with other work in this laboratory on cyclic 3:3 

adducts and the reported isolation of 1:1, cyclic 2:2 and cyclic 4:4 products, a specu­

lative mechanism is proposed for the stepwise poly-condensation of formaldehyde and 

arylamine involving nucleophilic additions to aldehyde, imine and imnium double bonds.



ACKNOWLEDGEMENTS

I would like to thank my supervisors Prof. Neil Isaacs and Dr. Peter M cCabe for their 

help, encouragem ent and expert guidance throughout the three years of my project.

I am  grateful to Dr. Chris Fram pton for his assistance in using the Enraf-Nonius CAD4 

diffractomers and for advice on the SHELX and SHELXS com puter programs.

I acknowledge the invaluable analytical service provided by the technical staff of the 

C hem istry D epartm ent, Glasgow University and the support of the members of the crys­

tallography group during my project.



C ontents

List of Tables ii

List of Figures iv

List of Compounds vi

Chapter 1 Introduction 1

Chapter 2 General Experimental 14

Chapter 3 Condensations of 4-Nitroaniline with

Formaldehyde and with Dimethylsulphoxide—

Phosphorus Pentoxide 18

Chapter 4 Diaminomethanes from Condensations of

Formaldehyde with 4-Acetyl-, 4-Metoxycarbonyl- 

and 2-Trifluoromethyl- Anilines 32

Chapter 5 1,3,5-Triazacyclohexanes from Condensations

of Formaldehyde with 4-Benzoyl-, 4-Cyano- and 

3-Trifluromethyl- Anilines 44

Chapter 6 1,3,5-Triazacyclohexanes from Condensation

of Formaldehyde with 2- and 4-Methoxyanilines 50

Conclusion 61

References 73

Appendix A 

Appendix B

1



List of Tables

1. The changes in the occupation of the axial and equatorial sites of tribenzyl com­

pound (9 ) as the tem perature is varied.

2 . Conformational details of o, m, and p-fluorophenyl (10,11,12) and the o and p- 

chlorophenyl compounds (13,15).

3. The conformation and geometry of tetram ers (17,18 and 19).

4. Structural characteristics of the eight membered ring tetram er (16) and of the trim er

(3 ).

5. Torsional angles (°) in twist-boat six-membered ring

6 . Fractional coordinates for the inclusion compound (22) between l,3,5-Tri-(p- 

nitrophenyl)-l,3,5-triazazcyclohexane and pyridine

7. Bond lengths for the inclusion compound (22) between l,3,5-Tri-(p-nitrophenyl) 

-1,3,5-triazazcyclohexane and pyridine

8 . Bond angles for the inclusion compound (22) between l,3,5-Tri-(p-nitrophenyl) - 

1,3,5-triazazcyclohexane and pyridine

9. Results of attem pts to form other inclusion compounds.

10. Fractional coordinates for N ,N-bis-(4-methoxycarbonylphenyl) diaminomethane 

(34)

11. Bond lengths for N ,N-bis-(4-methoxycarbonylphenyl) diaminomethane (34)

12 . Bond angles for N,N-bis-(4-methoxycarbonylphenyl) diaminomethane (34)

13. Fractional coordinates for N,N-bis-(2-trifluorom ethylphenyl) diaminomethane (36)



14. Bond lengths for N,N-bis-(2-trifluoromethylphenyl) diaminomethane (36)

15. Bond angles for N,N-bis-(2-trifluorom ethylphenyl) diaminomethane (36)

16. Geometry comparisions between N,N-bis-(aryl)-diaminomethanes and N,N- 

dialkylanilines

17. Fractional coordinates for l,3,5-tri-(4-cyanophenyl)-l,3,5-triazacyclohexane (41)

18. Bond lengths for l,3,5-tri-(4-cyanophenyl)-l,3,5-triazacyclohexane (41)

19. Bond angles for l,3,5-tri-(4-cyanophenyl)-l,3,5-triazacyclohexane (41)

20. Fractional coordinates for l,3 ,5-tri-(2-m ethoxyphenyl)-l,3,5-triazacyclohexane 

(43)

21. Bond lengths for l,3,5-tri-(2-m ethoxyphenyl)-l,3,5-triazacyclohexane (43)

22. Bond angles for l,3,5-tri-(2-m ethoxyphenyl)-l,3,5-triazacyclohexane (43)

23. Fractional coordinates for l,3 ,5-tri-(4-m ethoxyphenyl)-l,3,5-triazacyclohexane 

(45)

24. Bond lengths for l,3 ,5-tri-(4-m ethoxyphenyl)-l,3,5-triazacyclohexane (45)

25. Bond angles for l,3,5-tri-(4-m ethoxyphenyl)-l,3,5-triazacyclohexane (45)

26. Conformational details of the o and p-methoxy compounds (43 and 45)

3



List o f Figures

1 . aaa Conformation of a triazacyclohexane ring

2. aae Conformation of a triazacyclohexane ring

3. aee Conformation of a triazacyclohexane ring

4. eee Conformation of a triazacyclohexane ring

5. Tetrameric unit of tetram er (18)

6 . Twisted chair conformation of a tetram er

7. Twisted crown conformation of a tetram er

8 . Ortep drawing of the inclusion compound between 1,3,5- Tri-(p-nitrophenyl)-l,3,5- 

triazazcyclohexane and pyridine (22)

9. Crystal packing for the inclusion compound between 1,3,5- Tri-(p-nitrophenyl)-l,3,5- 

triazazcyclohexane and pyridine (22)

10. Ortep drawing for N,N,-bis(4-methoxycarbonyl)-diaminomethane (34)

11. Ortep drawing for N,N bis-(2-trifluoromethylphenyl)-diaminomethane (36)

12. Ortep drawing for l,3,5-tri-(2-methoxyphenyl)-l,3,5-triazacyclohexane (43)

13. Ortep drawing for l,3,5-tri-(4-methoxyphenyl)-l,3,5-triazacyclohexane (45)

14. 1H N.M.R. spectrum  of l,3 ,5-tri-(4-nitrophenyl) -1,3,5-triazacyclohexane (20)

15. N.M.R. spectrum  of N ,N -bis-(4-nitrophenyl) diaminomethane (21)

16. XH N.M.R. spectrum  of N ,N-bis-(4-acetylphenyl) diaminomethane (32)

17. 1H N.M.R. spectrum  of N ,N-bis-(4-methoxycarbonylphenyl) diaminomethane (34)



18. 1H N.M.R. spectrum  of l,3 ,5-tri-(3-trifluorom ethylphenyl)-l,3 ,5- triazacyclohex­

ane (40)

19. 1H N.M.R. spectrum  of l,3,5-tri-(4-cyanophenyl)-l,3,5-triazacyclohexane (41)

20. 1H N.M.R. spectrum  of l,3,5-tri-(4-benzoylphenyl)-l,3,5-triazacyclohexane (42)

21. JH N.M.R. spectrum  of l,3,5-tri-(2-m ethoxyphenyl)-l,3,5-triazacyclohexane (43)

22. 1H N.M.R. spectrum  of l,3,5-tri-(4-m ethoxyphenyl)-l,3,5-triazacyclohexane (45)

5



Com pound List

1. N-Methyleneaniline

2. Cyclic dimer ( 1 ,3-Diphenyl-1,3-diazacyclobutane )

3. Cyclic trim er ( 1,3 ,5-Triphenyl-1,3 ,5-triazacyclohexane )

4. N-methylene-2,6-di-isopropylaniline

5. Polyoxymethylene

6 . 2 ,6-di-isoproplyaniline

7. Cyclic trim ers , i.e l , 3 ,5-Triaryl-l,3 ,5-triazacyclohexanes

8 . 1,3,5-Trimethyl-1,3,5-triazacyclohexane

9. l,3,5-Tribenzyl-l,3,5-triazacyclohexane

10. 1,3 ,5-Tri-( o-fluorophenyl)-1,3,5-triazacyclohexane

11. 1,3,5-Tri- (m-fluorophenyl)-1,3,5-triazacyclohexane

12. 1,3,5- Tri- (p-fluoropheny 1) -1,3,5-1 ri az acy clohexane

13. 1,3,5-Tri- (o-chlorophenyl)-1,3,5-triazacyclohexane

14. l,3,5-Tri-(m- chloropheny 1) -1,3,5- tri azacy clohexane

15. 1,3,5-Tri-(p-chlorophenyl)-1,3,5-triazacyclohexane

16. Cyclic tetram er ( l,3,5,7-tetraphenyl-l,3,5,7-tetraazacyclooctane )

17. NO2 tetram er

18. Ph tetram er

6



19. EMeCO tetram er

20. 1,3 ,5-Tri-(4-nitrophenyl)-1,3,5-triazacyclohexane

21. N,N-bis-(4-nitrophenyl)-diaminomethane

22. l,3,5-Tri-(4-nitrophenyl)-l,3,5-triazacyclohexane:pyridine (1:1) inclusion compound

23. Cyclohexane-1,4-dione

24. N,N-dimethylaniline

25. p-nitro-N,N-dimethylaniline

26. 1,3,5-Triacetyl-1,3,5-triazacyclohexane

27. Humulene nitrosite

28. 3,3,6,6-Tetramethyl-l,2,4,5-tetrathiane

29. Hexakis (p-t-butylphenylthiomethyl) benzene

30. 1,3-Dihydroxymethyl-5-t-butylcy clohexane

31. 1,3,5-Tri-(4-acetylphenyl)-l,3,5-triazacyclohexane

32. N,N-bis(4-acetylphenyl) diaminomethane

33. 1,3,5-Tri-(4-methoxycarbonylphenyl)-l,3,5-triazacyclohexane

34. N,N,-bis(4-methoxycarbonylphenyl)-diaminomethane

35. 1,3,5-Tri-(2-trifluoromethylphenyl)-l,3,5-triazacyclohexane

36. N,N bis-(2-trifluoromethylphenyl)-diaminomethane

37. 4-Dimethylaminoazobenzene-2-carboxylic acid

38. 4-Dimethylamino-3-nitrocinnamic acid

7



39. N,N-di-n-propyl-2,6-dinitro 4 chloroaniline

40. 1,3,5-Tri-(3-trifluoromethylphenyl)-1,3,5-triazacyclohexane

41. 1,3,5-Tri-(4-cyanophenyl)-1,3,5-triazacyclohexane

42. 1,3,5-Tri-(4-benzoylphenyl)-l, 3,5-triazacyclohexane

43. 1,3,5-Tri-(2-methoxyphenyl)-l,3,5-triazacyclohexane

44. 1,3,5-Tri-(3-methoxyphenyl)-l,3,5-triazacyclohexane

45. 1,3,5-Tri-(4-methoxyphenyl)-l,3,5-triazacyclohexane

46. 1,3,5-Triphenyl-1,3,5-triazacyclohexane

47. 1,3,5-Tricyclohexyl-1,3,5-triazacyclohexane

48. p-Fluoroaniline

8



F O R M U L A E

T riazacy c lo h ex an es

R

3 R =  C6H5 8 R = CH3

10 R =  o-C6H4F 11 R = m-CgH4F

12 R =  p-C6H4F 13 R =  o-C6H4C1

15 R =  p-C6H4Cl 20 R =  p-C6H4N 0 2

26 R =  OCH3 31 R =  p-C6H4COCH

33 R =  />-C6H4COOCH3 35 R = o-C6H4CF3

40 R =  m-C6H4CF3 41 R =  />-C6H4CN

42 R =  p-C6H4COPh 43 R =  o-C6H40 C H 3

44 R =  m-C6H4OCH3 45 R =  p-C6H4OCH3

IX



D iam in om eth an es

K n H

21 R =  p-C6H4N 0 2 

32 R =  p-C6H4COCH3 

34 R =  p-C6H4COOCH3 

36 R =  o-C6H4CF3

10



Chapter 1 

Introduction

1



N-M ethyleneaniline (1) is an elusive compound. Although a patent claimed its prepara­

tion in the pure crystalline state the misidentification is now all too obvious: the substrate 

obtained was the now well established cyclic trimer (3), which can be obtained under a 

variety of experim ental conditions from aqueous formaldehyde or paraformaldehyde and 

aniline and there is also the possibiltiy of a cyclic dimer (2) being formed form this reac­

tion. There is some indication tha t both (1) and (2) might exist in equilibrium with (3). 

N-M ethyleneaniline (1) usefulness may be limited because of its instability, but could be 

a reactive synthon if formed in situ  by e.g. the pvrolylic degradation of (3).

Ph
CH^.

CH-. /  \
7  u  -  S —

P h - N = O h .  P h - N  M - P h  H* \ /
'Cr-T.N — 0 * 1  .

I Z  /

The first free monomeric N-methylene aromatic amine stable under normal conditions 

in the solid or liquid state and authenicated by analytical and spectroscopic data 

is N-methylene-2,6-di-isopropylaniline (4) ( Verardo , Cauci & Giumanini , 1985 ). 

This was prepared by heating equimolar amounts of polyoxymethylene (5) and 2,6-di- 

isopropylaniline (6).

c h 2

!!
n h 2 n

P r ' ^ > P r l  F r ‘
+  HCCHjO^OH ---------- *•

1 -
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The cyclic trim ers (7) , i.e l,3,5-Triaryl-l,3,5-triazacyclohexanes were first prepared 

more than a century ago (Wellington & Tollens 1885 ) but their conformations have 

only recently been investigated. X-ray investigations of 1,3,5-triaryl derivatives of 1,3,5- 

triazacyclohexane have consistently found the expected chair conformation with pyrami­

dal arrangem ent of bonds at N atoms (Giumanini,Verardo, Randaccio, Bresciani-Pahor & 

Traldi, 1985; Zangrando, Poggi, Giumanini & Verardo, 1987; Giumanini, Verardo, Zan- 

grando & Lassiani, 1987;Sim 1987; Bouchemma. McCabe & Sim, 1988, 1989, 1990.).

In the chair conformation four patterns of substituent orientations at the hetero atom 

have to be considered aaa , aae , aee , tee where a — axial and e =  equatorial (see 

Fig 1,2,3 and 4). Each of these conformations has 1-3-di axial interactions involving the 

lone pair of electrons and /or the substituents on the N atoms and the aae appears to be 

preferred.

a,cl, e-

e , e , < x

Figs 1,2,3 and  4
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The conformation of 1,3,5-trialkyl-1,3,5-triazacyclohexanes in solution have been in­

vestigated by dipole moment and NMR spectroscopy methods, the former approach sug­

gesting varying amounts of aae , aee , eee conformers (Jones, Katritzky &; Snarey 1970 ; 

Duke, Jones, Katritzky, Scatterwood & Riddell 1973 ) but subsequent and 13C NMR 

studies of the trim ethyl compound (8 ) at various tem peratures were interpreted in terms 

of a predominant aee conformer ( Bushweller, Lourandos &; Brunelle 1974 ; Baker, Fer­

guson, Katritzky, Patel h  Rahimi-Rastgoo 1978 ).

The tribenzyl compound (9) has been studied by X-ray crystallography at several tem ­

peratures ( Sim 1987). On lowering the tem perature of the crystal the cell dimensions 

and cell volume changed smoothly with no indication of phase change; the (3 angle of 

the monoclinic cell, for example, increased from 109.0° at 293K to 116.5° at 127K . The 

crystal structure at 127K, the lowest tem perature investigated proved to be ordered with 

a single conformer aae present. At 250K only traces of other conformations were present, 

whereas at 268K the disorder was pronounced with significant populations of the axial 

and equatorial sites at each nitrogen atom (Table 1 ). The changes in the occupation of 

the axial and equatorial sites as the tem perature is altered establish tha t the nitrogen 

inversion is occurring in the solid at room tem perature and immediately below. It is not 

possible to specify the precise m ixture of molecular conformers (aaa , aae , eea , eee ) 

present at higher tem peratures, but if it is assumed that eee and aaa can be disregarded 

because of repulsion between axial substituents in the la tter and lone pairs of electrons 

in the former, the tem perature- dependent molecular process is eaa ^  eea then the con­

formational composition can be seen in (Table 1) below.
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Table 1

The changes in the occupation of the axial and equatorial sites of tribenzyl 

com pound (9) as the tem perature is varied.

TEM PER A TU R E % eaa %  eea

293 K 54 46

268 K 74 26

250 K 92 8

127 K 100 0
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In order to study the conformational response to varying steric requirements in 1,3,5- 

triary l-1,3,5-triazacyclohexanes the o, m, and p-fluorophenyl (10,11,12) and the o- and 

p-chlorophenyl compounds (13,15 ) were prepared and their molecular geometries exam­

ined by X-ray diffraction ( Bouchemma, McCabe h  Sim ).

In the solid state, the p-fluoro compound (12) exists in the aae conformation and has 

the equatorial aromatic ring in the ideal perpendicular orientation, the angle between the 

arom atic ring and the sym m etry plane of the triazacyclohexane ring being 90°. In the 

m-fluoro compound (11) ( aae conformation), the appropriate angle is 54.7° and, in the 

o-fluoro compound (12) (aae conformation), it is 22.5°. The change in orientation of the 

substitu ted  phenyl ring clearly mirrors the increasing steric requirements as the aryl group 

is changed from p- to m- to o-fluorophenyl. The effect on the axial aryl groups is less 

pronounced though there is an indication of steric effects since the orientation changes 

from 61-65° in the p- and m-fluorophenyl compounds to 44-46° in the o-fluorophenyl 

compound.

The N atoms are distinctly pyramidal in character and the N-C(aryl) bonds are inclined 

to the appropriate CH2-N -C H 2 planes at 32.6-48.5° (Table 2). The largest out-of-plane 

angle 48.5°, is for the equatorial o-fluorophenyl group which is close to the parallel orien­

tation , i.e. with the smallest lone-pair-7r-orbital overlap.

In the triazacyclohexane ring of (10),(11) and (12) the torsion angles around the C-N 

bonds are in the range 52.7-59.5, mean 56.5°. The CH2-N -C H 2 bond lengths are 1.443- 

1.479 , mean 1.460A similar to those in the tribenzyl compound (9) which are 1.445-1.480, 

m ean 1.463A. The CH2-N -C H 2 angles are 108.2-110.7, mean 109.7° and the N -CH 2-N  

angles are 110.5- 113.0, mean 111.9°.

In the related group of tri(chlorophenyl)-1,3,5 triazacyclohexanes (13),(14 ) and (15) the 

m-compound (14) has not been reported , and the o-chloro (13)and the p-chloro (15) both 

exist in the aae conformation in the solid state. In the p-chlorophenyl compound (15) 

the  angle between the equatorial arom atic ring and the symmetry plane of the triazacy-

6



clohexane is 90° and in this conformation there is maximium overlap between the N(3) 

lone pair and the ir orbitals of the aromatic ring. In the o-chlorophenyl compound, in 

contrast, the equatorial aromatic ring lies in the symmetry plane of the molecule so th a t 

there is no overlap between the N(3) lone pair and the ir orbitals of the aromatic ring. 

The change in orientation can be a ttribu tted  to the severe overcrowding tha t would arise 

for the Cl atom  if the  o-chlorophenyl compound (13) adopted the orientation of the p- 

chlorophenyl compound. The substituent position also affects the axial aryl groups since 

the orientation angle 9 changes from 68.1° in the p-chlorophenyl compound to  44.2° in 

the o-chlorophenyl compound in accord with the o- and p-fluorophenyl compounds.

The N atoms are distinctly pyramidal in character, the N-C(aryl) bonds being inclined to 

the CH2-N -C H 2 planes at 32.3-48.9 °. The out-of -plane angle in a tetrahedral arrange­

ment of bonds is 54.7° and out-of-plane angles of 32.3- 35.3° indicate the N -C(axial) 

bonds in the o- and p-chlorophenyl compounds are bent outwards by 19-22° from the 

positions in an ideal chair conformation.

7



Table 2

C o n fo rm a tio n a l d e ta ils  of o, m, an d  p -flu o ro p h en y l (1 0 ) ,(1 1 ) a n d  (12) an d  th e  

o a n d  p -ch lo ro p h en y l co m p o u n d s  (13) and  (15). %

eN

N

Na 
b

0 is the angle between planes dagj and agh ijk l 

7 is the angle between bond a -g  and plane fab 

(  is the angle between bond a -g  and plane ghijk l

on 7 (°) C ( ° )

o-Fluoro N(5) equatorial 22.5 48.5 0.9

(10) N (l) axial 45.7 35.9 5.4

N(3) axial 44.1 33.7 5.6

m-Fluoro N (l) equatorial 54.7 32.6 4.8

( i i ) N(3) axial 64.3 36.7 2.1

N(5) axial 65.3 37.4 2.9

p-Fluoro N (l) equatorial 90.0 36.9 4.6

(12) N(3) axial 61.3 37.4 2.2

N(5) axial 61.3 37.4 2.2

o-Chloro N(3) equatorial 0.0 48.9 0.0

(13) N (l) axial 44.2 35.3 4.1

p-Chloro N(3) equatorial 90.0 35.5 6.5

(15) N(1) axial 68.1 32.3 5.2
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The cyclic te tram er (17) of an N-methyieneaniline was first isolated in 1963 ( Cady 

Larsen & Cromer, 1963) and since then other two tetram ers (18, 19) have been reported 

(Giumanini, Gei, Randaccio & Zangrando, 1987; Choi, Abel, Dickens & Stewart, 1973). 

A prim ary indication of the tetram eric structure of (16) was obtained from positive ion 

electron impact mass spectrometry at 70 eV, the spectrum  exhibited a weak but distinct 

peak m /e  420 for the molecular ion. Similar observations were made for number of ring 

substituted derivatives (Table 3). The X-ray diffraction study of (18) showed tha t the 

crystals are built up of discrete tetram eric units one of which is shown (Fig 5). The 

molecule is centrosymmetric being arranged about a crystallographic inversion centre.

i p  7
o c

F ig  5
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The N-phenyl eight m embered ring has a twisted chair-like conformation (see Fig 6 ) 

with four sym m etry independent torsion angles about the N*(2)-C(l), C (l)-N (l) , N (l) -  

C(2) and C(2)-N(2) bonds of -38.5, 113.8 -108.0 and 29.7° respectively.The N-acetyl (19) 

eight membered ring exists as a twist crown conformation (see Fig 7).

Table 3

The conform ation and geom etry of tetram ers (17),(18) and (19). The bond  

angles (°) and bond lengths (A) are mean values.

R CONFORM ATIO N L N L C C -N N -R

17a n o 2 crown 122(2 ) 112(2) 1.45(1) 1.36(1)

17b n o 2 chair 118.8(4) 111.9(4) 1.453(6) 1.364(5)

17c n o 2 crown 115(1) 112(1) 1.47(2) 1.37(2)

17d n o 2 crown 121.0(3) 112.7(4) 1.450(6) 1.372(5)

17e n o 2 crown 121.8(3) 115.8(4) 1.455(4) 1.370(4)

18 Ph chair 118.3(3) 109.5(3) 1.452(5) 1.391(5)

19 EMeCO crown 117.5(1) 113.9(1) 1.457(2) 1.366(2)

17a a-form  (Cady Larsen Sz Cromer, 1963).

17b /?-form (Choi Sz Boutin, 1970).

17c <$-form (Cobbledick Sz Small, 1974).

17d a -adduct with DMF (Haller, Rheingold Sz Brill, 1983). 

17e /?-adduct with DMF (Cobbledick Sz Small, 1975).

18 (Giumanini, Gei, Randaccio Sz Zangrando, 1987).

19 (Choi, Abel, Dickens Sz Stewart, 1973).
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The cyclic tetram ers ( Table 3 ) exhibit two types of conformations the twisted chair 

or twisted crown (Figs 6 and 7).The cyclic tetram ers could also exhibit a boat-like con­

formation but there has been no such conformations reported.

F ig  6 : T w is ted  C h a ir, s ide  view

CO

Q a  %N O C

Fig  7: T w is ted  C row n, s ide  view



Some structural characteristics of the eight membered ring tetram er (16) and of the 

trim er (3) are compared in Table 4 . The tetram er shows slightly shorter N -P h  bonds 

(1.391(5)A), whereas the mean endocylic bond lengths are equal within experimental er­

ror. The difference in the N -Ph distance could be related to the significant widening of 

the endocyclic angles especially those a t the N atoms.

Table 4

Structural characteristics of the eight m em bered ring tetram er (16) and of 

the trim er (3). The bond angles (°) and bond lengths (A) are mean values.

Tetramer Trimer

Bond lengths

N-C 1.452(5) 1.458(3)

N -Ph 1.391(5) 1.410 (4)

A ngles

L N 118.3(3) 109.5(3)

L C 113.6(3) 111.5(3)
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Saturated heterocyclic compounds are of great interest because they offer a variety of 

possibilities for study of the effect of non-bonding electrons on the ring conformations by 

X-ray crystal structure analysis. Two such effects, the anomeric effect and rabbit-ear ef­

fect, are recoginised in structural chemistry. The anomeric effect is the greater preference 

of an electronegative substituent group for the axial position when it is located adjacent 

to a heteroatom  in a ring than when it is located elsewhere. This effect has been reported 

in six-membered heterocyclics containing oxygen and sulphur where the electronegative 

group is alkoxyl or halogen (Eliel k  Giza, 1968 ).

The rabbit-ear effect leads to a disfavouring of conformations in which unshared electron 

pairs on non-adjacent hetero atoms are parallel or syn-axial (Hutchins, Kopp k  Eliel 

1968 ). For example it has been shown that 1,3,5- triazacyclohexanes exist in the aae 

conformation in the solid state (Giumanini,Verado, Randaccio, Bresciani-Pahar k  Traldi, 

1985 : Bouchemma, McCabe k  Sim, 1988.). The preference for this conformation is a 

consequence of the rabbit-ear effect through which the aee confomation is disfavoured 

because of 1,3 dipolar alignment of the N lone pairs.

In this project it was proposed to extend the work of Bouchemma, McCabe and Sim by 

examining the effect on the arylamine/formadehyde condensation reaction of placing elec­

tron withdrawing substituents e.g NO2 on the aromatic amine component. The structures 

of all products are to be established as far as possible by chemical/spectrocopic analysis 

and where appropriate by X-ray crystal structure analysis. In the case of six-membered 

ring products,the X-ray analysis would provide information on the axial-equatorial pref­

erence of the nitrogen lone pairs when they are, at least potentially, delocalised.
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Chapter 2 

General Experim ental
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Formalin was of concentration 37-39 % ( w/w ) and absolute ethanol was 99.8 % . Ben­

zene and toluene were both dried over sodium wire . Methanol was dried by the addition 

of a few grams of magnesium turnings and iodine to 100 ml of methanol. The m ixture was 

refluxed until the colour of iodine disappeared , then a further 600-800 ml of m ethanol 

added. The m ixture was refluxed for 2 hours and the methanol distilled off . Dimethyl 

sulphoxide was dried with molecular sieves type 4A , by passage through a column of 

fresh 4A sieves , then distilled under reduced pressure. The distilled dimethyl sulphoxide 

was stored over molecular sieves type 4A in an amber bottle . Pyridine was distilled and 

stored over potassium hydroxide pellets . Tetrahydrofuran was dried over sodium wire. 

The tetrahydrofuran was tested for peroxides using Merckoquant peroxide test strips and 

then distilled , under a flow of nitrogen , through a 30 cm vigreux column . All other 

solvents used were of A nalaR  grade.
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Analysis

M e ltin g  p o in ts

All melting points were recorded on a Reichert hotstage apparatus and are uncorrected. 

N M R

NMR spectra were recorded at 90 MHz on a Perkin-Elm er R32 spectrometer and at 

200 MHz on Bruker AM and W P 200 SY instruments. The spectra were recorded in 

CDCI3 solutions , unless otherwise stated. Chemical shifts are expressed in parts per 

million ( 8 ) downfield from tetram ethylsilane as internal reference .

M ass  s p e c tra

Mass spectra were run on a VG upgraded Kratos MS 12 .

IR

IR spectra were recorded on Perkin-Elm er 580 and 983 spectrometers as KBr discs. The 

peaks of m edium to high intensity are reported as umax in reciprocal centimetres .
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Crystallographic Experimental

D ata were collected on Enraf-Nonius CAD4 diffractometers at room tem perature using 

Cu-K a and M o-Ka radiation.

Cell dimensions were derived from least-squares analysis of the setting angles of 25 

reflections. During data collection two reference reflections were monitored periodically 

to check for any significant variation in intensity. The crystal structures were elucidated 

by the direct phasing program MITHRIL (Gilmore 1984 ). H atoms were located in differ­

ence Fourier synthesis. Full-matrix least-squares calculations were carried out on F  with 

anisotropic therm al parameters for all non-H atoms and isotropic for H atoms. Fourier, 

least-squares,geometry and ORTEP calculations were performed with the GX package of 

programs (Mallinson k, Muir, 1985 ). Scattering factors were obtained from International 

Tables for X-ray Crystallography 

( 1974).

For compound (41) the structure was solved by direct methods using SHELXS86 

(Sheldrick 1986) and refined by full-matrix least-squares with SHELX76 (Sheldrick 1976).
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Chapter 3 

C ondensations o f 4-N itroaniline

w ith  Form aldehyde and w ith
/

D im ethylsulphoxide—Phosphorus

Pentoxide
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The difference in enthalpy between the chair and twist-boat conformers of cyclohex- 

ane is in excess of 20 kJm ol-1 ( Hendrickson, 1961 ; Allinger , Hirsch, Miller, Tyminski 

k  Van-Catledge, W ilberg k  Boyd, 1972 ; Komornicki k  Mclvor Jr. 1973 ; Squillacote, 

Sheridan , Chapm an k  Anet, 1975 ) and at normal tem peratures the twist-boat form is 

confined to substituted cyclohexanes in which syn-axial interactions in the chair form are 

relieved by conformational conversion to the twist-boat form. The differential is lowered 

appreciably by introduction of the carbonyl group and various derivatives of cyclohex- 

ane have been shown to exist in the twist-boat form (Eliel, Allinger, Angyal k  Morrison, 

1965). The twist-boat conformation is predominant in cyclohexane-l,4-dione (23) and has 

been studied in the crystal structures of derivatives of this compound (Groth k  Hassel, 

1964,1965 ; Mossel k  Romers, 1964 ; Groth, 1968 ).

The conversion of cyclohexane to cyclohexanone involves the replacement of a tetrahedral 

sp3 C atom  by a trigonal sp2 C atom and this raises the question of whether a twist- 

boat 1,3,5-triaryl-1,3,5-triazacyclohexane can be obtained if the N atoms have a coplanar, 

rather than a pyram idal, arrangem ent of bonds. Since the N atom in N,N-dimethylaniline 

(24) has a pyramidal bonding pattern  (Cervellati, Borgo k  Lister, 1982 ) whereas the cor­

responding atom  in p-nitro-N,N-dimethylaniline (25) has a coplanar arrangement of bonds 

(Mak k  Trotter, 1965.), the compound 1,3,5-tri-(p-nitrophenyl) 1,3,5-triazacyclohexane 

(20) was thus selected for X-ray crystallographic analysis.

The condensation of 4-nitroaniline and formaldehyde gave, after 4 hours at room tem pera­

ture, a yellow precipitate of the 2:1 adduct (21). The structure of the product (21) was es­

tablished by its mirco-analytical data consistent with the molecular formula C13H12N4O4, 

and the melting point (229-230°) which is close to the literature value (230-232°) of the 

2:1 condensation product (21) not the cyclic 3:3 product as expected. The IR spectrum  

of (21) shows the NH absorption at 3420 cm-1 . The NH signal in the *H NMR spectrum  

appeared as a singlet at 6 2.55 and the methylene protons as a sharp singlet at 6 4.7.

The reaction was carried out again changing the reaction conditions, firstly an increase in
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reaction tim e and secondly an increase in reaction tem perature but both of these reactions 

proved to be ineffective as both reactions again give the 2:1 condensation product (21). 

Compound (21) was recrystallised from acetone:ethanol (1:1) to give rod-like crystals. 

The surface of these rod-like crystals became cloudy when removed from the solvent and 

because of this factor the crystals were mounted in a sealed quartz glass capillary in the 

presence of a small amount of solvent mixture. This is done by placing a th in  strip of filter 

paper soaked in the solvent m ixture in the sealed end of the capillary and the crystal, 

m ounted on a glass fibre, is sealed in the other end with glue. The rod-like crystals in the 

presence of solvent showed very weak diffraction with the diffractometer set to the highest 

possible energy settings 55 KV 28mA, insufficent data were collected to allow the crystal 

structure of this compound to be determined. In the absence of solvent the crystals gave 

no diffraction at all.
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The possibilty existed th a t the insolubility of the 2:1 adduct (21) caused precipitation 

and prevented further condensation. In an attem pt to hold (21) at least partly in solution 

4-Nitroaniline and formalin were stirred in the more polar solvent tetrahydrofuran for 4 

hours at room tem perature in the presence of base ( potassium hydroxide ) but again the 

product was the 2:1 condensation adduct (21) and not the 3:3 cyclic product.

Since only the 2:1 adduct (21) could be obtained from the aniline- formaldehyde condensa­

tion, the cyclic trim er 1,3,5-tri-(4-nitrophenyl)-l,3,5-triazacyclohexane (20) was obtained 

by the m ethod of Molfatt (Lerch h  Moffatt, 1971) by adding phosphorus pentoxide to 

anhydrous dimethyl sulphoxide with stirring and cooling in ice. After 15 minutes 4- 

nitroaniline was added and the resulting clear solution was stirred for 48 hours during 

which tim e a solid separated. The mixture was diluted with dry methanol, filtered and 

the residue recrystallised from pyridine to give (20) as yellow needles with a melting point 

(279-281°) which was slighty lower than the literature value (286-287°). The mircoan- 

alytical data of the crystals corresponds to the molecular formula C2iH isN 60 6  and had 

satisfactory spectroscopic characteristics. The aromatic proton resonances in 1H NMR 

appeared at 8 7.21 and 8.09 and the ring methylene protons as a sharp singlet at 8 5.35. 

There are five distinct absorptions in the 13C NMR at 8 138.88 and 153.35 due to arom atic 

quaternary carbons, 111.76 and 128.19 due to aromatic m ethine carbons and 51.02 due 

to aliphatic methylene carbons.

The insolubility of the compound (20) made its crystallisation from most common sol­

vents very difficult. Slow crystallisation from pyridine, in a desiccator over silca gel for 

six weeks gave deep yellow prisms (22), with melting point (290-291°). The mircoanay- 

litical da ta  allowed us to assign the prisms as a 1:1 solvate C2iHi8N606:C6HsN. The 1H 

NMR absorptions were similar to those of (20) accompanied by pyridine resonances. The 

arom atic resonances appeared at 8 7.18 and 8.10, partly obscured by pyridine resonances 

at 8 7.36, 8.16 and 8.57. The ring methylene protons appeared as a singlet at 8  5.33.

The crystal faces of the inclusion compound became cloudy on standing suggesting slow
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loss of included solvent.

A crystal ( 0.3 x 0.4 x 0.4 m m  ) of (22) was mounted on the Enraf-Nonius CAD4 diffrac­

tom eter with Mo K a  radiation for crystal structure analysis. The cell dimensions were 

derived from the least-squares analysis of the setting of 25 independent reflections. 5022 

reflections were surveyed in the range 0 1.5-25.0° and 3026 satisified the criterion I >  

2.5cr(I). Two reference reflections monitored periodically showed no significant variation 

in intensity over the period of collection.

The crystal structure was elucidated by the the direct phasing program MITHRIL 

(Gilmore 1984). After prelim inary least-squares adjustments of the co-ordinates and 

anisotropic therm al param eters of the C, N and 0  atoms,the H atoms were located in dif­

ference Fourier synthesis and subsquently included in the least-squares calculations with 

isotropic therm al param eters. Initially all non-H atoms of the pyridine were treated as 

C ; inspection of the therm al parameters and location of the 5 H atoms unambiguously 

identifed the N atom  and established that the pyridine molecule has an ordered orien­

tation. Refinement of the occupation param eter for the pyridine molecule converged at 

0.985(3) , indicating essentially complete occupation of the solvent site. The weighting 

scheme used was w =  1/<t2( |F 0|). The refinement converged at R =  0.039 , R^ =  0.050. 

The x-ray structure analysis showed that in the inclusion compound (22) between 1,3,5- 

Tri-(p-nitrophenyl)-l,3,5-triazazcyclohexane and pyridine, the triazacyclohexane exists in 

the tw ist-boat conformation and the unit cell contained four molecules of l,3,5,tri(p- 

nitrophenyl)-l,3,5 triazacyclohexane and four molecules of pyridine. The pyridine 

molecules occupy open-ended spiral channels. In the pyridine molecule the N-C bonds , 

1.300, 1.312(5)A are a little  shorter than the C-C bonds, 1.327-1.430(6), mean 1.368A. 

Though the conformation departs a little from the ideal twist-boat form (Table 5), pre­

sumably in response to crystal packing requirements a substituted twist cyclohexane shows 

a similar skewing (Table 5). The twist-boat conformation of cyclohexane is flexible, there 

is pseudorotation through a sequence of tw ist-boat and boat forms with only small differ­
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ences in energy and the torsional angles are easily altered ( Hendricksen,1961 ; P ickett Sz 

Strauss, 1970 ; Graaf, Baas Sz Veen, 1980 ).

Although the finding of the twist-boat conformation was not unexpected, the argum ent 

about coplanar and pyram idal bonding patterns tha t led us to examine the p-nitrophenyl 

derivative must be regarded as dubious. 1,3,5- Triacetyl-1,3,5-triazacyclohexane (26) has 

coplanar bonds at the N atoms but the molecule adopts a chair conformation in the 

crystal (Choi, Santro Sz Marinkas, 1975 ). Moreover the N-C(aryl) bonds from the triaza­

cyclohexane nucleus in the p-nitrophenyl compound are tilted at 21.2, 29.5 and 3.3(3)° 

to the CH2-N-CH2 planes at N (l), N(3) and N(5), respectively, so that the arrangem ent 

of N-C bonds is coplanar at only one of the N atoms, N(5). These out-of-plane angles 

are, nevertheless, smaller than the angles in other triazacyclohexanes, e.g. 32.6-48.5(4)° 

in the o- , m- , and p-fluorophenyl compounds(10), (11) and (12)(Bouchemma, McCabe 

&; Sim, 1989 ).

The conformation found in a solid is not necessarily the predominant conformation of a 

set of molecules in solution or in the vapour phase. Unambiguous examples of pack­

ing forces influencing molecular conformation occur in polymorphic forms of crystals 

(Truter, 1983 ); two crystalline forms of humulene nitrosite (27), for example contain 

distinctly different conformers. (Khan, MacAlpine, Porte Sz Sim, 1983 ). Moreover in­

corporation of an inclusion compound may cause a molecule to adopt a conformation 

th a t differs from the minimum-energy conformation because of the host-guest interac­

tions. (Freer, Gilmore, MacNicol Sz Wilson, 1980 ). The compound 3,3,6,6-tetramethyl-

1,2,4,5- tetrath iane (28), for example crystallizes in the twist-boat conformation (Korp, 

Bernal, W atkins Sz Fronczek, 1981 ) whereas the inclusion compound it forms with hex- 

akis (p-t-butylphenylthiom ethyl) benzene (29) contains the chair conformation (MacNicol 

Sz Murphy, 1981 ) and calculations by molecular mechanics indicate tha t the chair form 

is less stable than the tw ist-boat form by 3kJ mol-1 (Allinger, Hickey Sz Kao, 1976 

). The adoption of the tw ist-boat conformation by the l,3,5-tri-(p-nitrophenyl)-l,3,5-
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triazacyclohexane molecule in the pyridine inclusion compound may represent another 

example of a response to host-guest interactions and crystal packing forces. An X-ray 

study of the unsolvated m aterial would throw light on this m atter but unfortunately the 

insolubility of compound (20) in most common solvents precluded its crystallisation from 

these solvents.

The exocyclic N-C(aryl) bonds from the triazacyclohexane ring have lengths 1.356, 1.382, 

and 1.400(2)A, with the shortest bond associated with the smallest N-C(aryl) out-of-plane 

angle (3.3°) and the longest bond associated with the largest out-of-plane angle (29.5°). 

The correlation is connected with the quinonoid character of a p-nitroaniline fragment 

decreasing as the bonding pattern  at N(amino) becomes more pyramidal. The N-C(aryl) 

bonds in the o- , m-, and p-fluorophenyl compounds are generally a little larger 1.398- 

1.427(3), mean 1.416 A, in agreement with the larger N-C(aryl) out-of-plane angles in these 

compounds. The N-CH2 bond lengths in the triazacyclohexane nucleus 1.442-1.474(3), 

mean 1.461 A are very similar to these in the o-, m-, and p-fluorophenyl compounds, 1.443- 

1.479(4), mean 1.460A (Bouchemma, McCabe &; Sim, 1989 ). The CH2-N-CH2 angles are 

110.6-112.5(2)° and the N-CH2-N angles are 108.3-108.9(2)° whereas in the o-, m- and 

p-fluorophenyl compounds the corresponding angles are CH2-N-CH2 108.2-110.7(3)° and 

N-CH2-N 110.5-113.0(3)°.

Atomic co-ordinates are listed in T ab le  6, molecular dimensions in T ab les  7 a n d  8, and 

the torsion angles tha t define the conformation of the triazacyclohexane ring in T ab le  5. 

F ig u re  8 drawn with ORTEP (Johnson, 1965.) illustrates the molecular geometry.The 

therm al ellipsoids of the C and N atoms are drawn at the 50% probability level and H 

atoms are represented by spheres of radius 0.1 A and F ig u re  9 illustrates the packing of 

molecules in the unit cell, viewed along the b axis.
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O rtep drawing of the inclusion compound between 1,3,5- Tri-(p-nitrophenyl)-l,3,5- 

triazazcyclohexane and pyridine (22) with the thermal ellipsoids of the C and N 

atom s are drawn at the 50% probability level and H atoms are represented by 

spheres of radius 0.1 A.



Crystal packing for the inclusion compound between 

1,3,5-tri-(4-nitrophenyl)-1,3,5-triazacyclohexane 

and pyridine (22) viewed along the b axis.

Fig 9



Table 5

Torsional angles (°) in tw ist-boat six-membered rings

Column A  contains results for l,3,5-tri-(p-nitrophenyl)-l,3,5- triazacyclohexane (22) 

Column B  contains results for l,3-dihydroxymethyl-5-t- butylcyclohexane (30)

(Van Koningsveld, 1981 )

Column C contains results for ideal twist-boat cyclohexane (Bucourt Sz Hainaut, 1965 )

B O N D A B C

1-2 -25.3(2) -20.2 -31

2-3 -41.3(2) -38.8 -31

3-4 70.3(2) 62.2 65

4-5 -27.7(2) -22.6 -31

5-6 -35.8(2) -38.1 -31

6-1 66.0(2) 61.1 65
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Several experim ents were set up using compound (20) in an attem pt to obtain crystals 

of inclusion compounds using solvents of similar size to pyridine under the same condi­

tions. The results are given below in Table 9:

Table 9

R esu lts of a ttem p ts to form other inclusion com pounds.

SOLVENT TIM E RESULTS

Benzene 8 weeks no crystals

Toluene 6 weeks no crystals

Collidine

(Trimethylpyridine)

6 weeks tiny needles

Lutidine

(Dimethylpyridine)

6 weeks no crystals

The tiny needle-like crystals obtained from collidine became cloudy about half an hour 

after removal from the solvent suggesting a loss of included solvent. The mircoanalytical 

data of the needles corresponded to the theoretical molecular formula C21H18N6O6 of un­

solvated (20) (Found : C , 56.08 ; H , 4.12 ; N , 18.72.C2iH 18N 60 6 requires C , 56.00 

,H , 4.02 ; N , 18.65 ). It was noted, however tha t the crystal faces became fogged on 

standing and the crystals in th a t condition gave poor diffraction. As was found effective 

with pyridine, the crystals were m ounted in a quartz glass capillary in the presence of a 

small amount of collidine but in this case they showed no diffraction.
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Synthesis of l,3 ,5 -T ri-(4-n itrop h en yl)-triazacycloh exan e (20).

Phosphorus pentoxide ( 3.60 g ) was added with stirring and cooling in ice to anhydrous 

dimethyl sulphoxide ( 15 ml ).After 15 minutes, 4-nitroaniline ( 2.76 g , 20 mmol ) was 

added and the resulting clear solution was stirred for 48 hours during which tim e a solid 

separated . The m ixture was diluted with dry methanol , filtered and the residue ( 1.29 

g : 43 % ) recrystallised from pyridine to give ( 16 ) as yellow needles m.p. 279-280°C ( 

lit. decomposition 286-287°C ). These crystals were unsolvated ( Found : C , 56.11 ; H , 

4.11 ; N , 18.82. C 21H 18N 60 6 requires C , 56.00 ,H , 4.02 ; N , 18.65 % ) ; m /z  300 , 150 

, 120 , 104 , 92 and 77 ; Xmax ( DMSO) 356 nm ; umax 1596 , 1509 , 1330 , 1233 , 950 and 

835 cm -1 ; 8h  (d6 - DMSO , 90 MHz ) 5.35 (s , CH2) , 7.21 and 8.09 (d , J  =  9 Hz , Ar 

) in the area ratio of 1:1:1 ;8c (d6 - DMSO , 50.3 MHz ) 51.0 ( CH2) , 111.8 and 128.2 ( 

Ar CH ), 138.9 and 153.4 ( Ar CN ).

S y n th es is  o f N ,N -b is - (4 - n i t ro p h e n y l) -d ia m in o m e th a n e  (21).

4-Nitroaniline ( 2.07 g , 15 mmol ) and formalin ( 3 ml ) were stirred in dry te trahy­

drofuran ( 30 ml ) for 4 hours at room tem perature . The yellow precipitate was filtered 

off and dried to yield ( 1 7 ) ( 0 . 9 5 g : 4 5 % ) .  Recrystallisation from ethanol : acetone 

( 1 : 1 )  gave needles m.p. 229-230°C ( lit. 230-232°C ) ( Found : C , 54.23 ; H , 4.13 ; 

N , 19.67. C i3H i2N 40 4  requires C , 54.16 ,H , 4.16 ; N , 19.44 % ) ; m /z  150 , 138 , 120 

, 108 , 92 , 77 and 65 ; umax 3420 (NH) , 1600 , 1528 , 1495 , 1320 , 1300 , 1260 , 1140 

1120 , 1095 , 1040 , 830 and 755 cm ’ 1 ;
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Synthesis of 1 ,3 ,5 -tr i- (4 -n itr o p h e n y l) - l ,3 ,5-triazacyclohexane 

ipyridine (1:1) inclusion com pound (22).

Slow crystallisation of (20 ) ( 6 weeks ) from anhydrous pyridine in a desiccator, over 

silca gel gave the 1:1 pyridine inclusion compound (22) as deep yellow prisms, m.p. (de­

comp.) 290-291° ; (Found C , 58.84 ; H , 4.10 ; N , 18.41. C 2iH 18N 60 6.C 5H 5N  requires 

C , 58.97 ; H , 4.38 N , 18.52% ) ; SH (d6-DMSO ) 5.33 (6H , s ; CH2 ) , 7.18 (6H , d 

, J =  10 Hz ; Ar) and 8.10 ( ca. 6H , d , J an 10 Hz ; Ar ) partly obscured by pyridine 

resonances at 6 7.36 ( ca. 2H , ) , 8.16 ( ca. 1H ) and 8.57 ( 2H ).
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C rystallographic data of the (1:1) inclusion compound between

1,3 ,5—tr i-(4 —n itro p h en y l)-l,3,5—triazacyclohexane:pyridine (22).

C 2 iH i8N 60 6.C 5H 5N  i Mr =  529.57 , m onoclinic, P 2 i/n  , a = 9.848(3) , 6 =  10.636(3), 

c =  23.216(4)A , /? =  93.110(20)° , V  =  2428(2)A3 , Z  = A , D ^  = 1.449 g cm -3 , A(Mo 

K_a) =  0.7107A , n =  0.12 mm - 1 , £  (000) =  1104 , T  =  293 K , R  =  0.039 for 3026 

independent reflections.

Crystal dimensions 0.3 x 0.4 x 0.4 mm . Enraf-Nonius CAD4 diffractometer , Mo K a  

radiation . Cell dimensions from setting angles of 25 independent reflections with 9 

10.7-16.5° .Intensities of 5022 reflections surveyed in range 6 1.5-25.0° ; scan width 0.9° 

+  0.14° tan  9 ; max. scan tim e 120 sec. ; h 0 —* 11 , k 0 —» 12 / -27 —> 27 ; 309 

pairs of equivalent reflections with Rint — 0.024 ; 3026 independent reflections with 7 > 

2.50(7). Two reference reflections monitored periodically showed no significant variation 

in intensity. No absorption correction. Structure determined by direct phasing using 

MITHRIL. H atoms located in difference Fourier synthesis. Full-matrix least-squares 

calculations on F_ with anisotropic therm al parameters for C , N and 0  atoms and isotropic 

for H atoms. Initially all non-H atoms of the pyridine were treated as C ; inspection of 

the therm al param eters and location of the 5 H atoms unambiguously identifed the N 

atom and established th a t the pyridine molecule has an ordered orientation. Refinement 

of the occupation param eter for the pyridine molecule converged at 0.985(3) , indicating 

essentially complete occupation of the solvent site. Least-squares convergance at R  =  

0.039 , R w = 0.050 , S_ 2.42 for 446 parameters , A /cr  < 0 .1  , w = 1/<t2 ( |F 0|). Final A p 

max 0.32 , min -0.16 eA-3 .
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Chapter 4 

D iam inom ethanes from  

C ondensations o f Form aldehyde 

w ith  4-A cetyl-, 4-M etoxycarbonyl- 

and 2-Trifluoromethyl- Anilines
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In C hapter 3, the formation of a 2:1 diaminomethane adduct (21) in the poly­

condensation of formaldehyde and 4-nitroaniline was described. Such adducts have not 

been hitherto  reported. In this Chapter evidance is presented for the generation of di- 

aminomethanes from condensations of formaldehyde with 4-acetyl-, 4-methoxycarbonyl- 

and 2-trifluoromethyl- anilines.

In an a ttem pt to synthesise 1,3 ,5-tri-(4-acetylphenyl)-l,3,5-triazacyclohexane (31) 4- 

aminoacetophenone was stirred and heated for 2 hours in a oil bath (tem perature slowly 

raised from 120°C to 130°) with paraformaldehyde in toluene and the azeotropic removal 

of water. The resulting precipitate when recrystallised from ethyl acetate gave (32) as 

very fine needles. The product of this reaction (32) was established by its mircoanalytical 

data consistent with the molecular formula C17H18N2O2 as the 2:1 condensation product 

not the cyclic 3:3 product as expected. The I.R. spectrum  shows a strong absorption peak 

at 3360 cm -1  corresponding to N-H. The 1H NMR gave four peaks ; a singlet at 8 2.41 

due to CH3 , a triplet at 8 4.82 due to CH2 with a coupling constant 6Hz and also an AB 

system at 8 6.77 and 7.78 due to aromatic hydrogens with a coupling constant 8Hz.

A series of crystallisation trials using a wide range of solvents and solvent mixtures have 

been carried out on this compound but so far have not resulted in obtaining a crystal 

of suitable size or diffracting power to enable us to solve the crystal structure of this 

compound.

In an attem pt to synthesise 1,3,5-tri-(4-methoxycarbonylphenyl)-l,3,5-triazacyclohexane 

(33), m ethyl 4-aminobenzoate was stirred with formalin in dry tetrahydrofuran for 4 hours 

. The resulting fine white suspension was transfered to a centrifuge tube and spun for 2 

hours and the supernatant tetrahydrofuran was drawn off with a Pasteur pipette and the 

residue taken up in hot ethyl acetate, (34) collected on cooling and when recrystallised 

from chloroform gave small hexagonal crystals . The product of this reaction (34) was 

established by its m ircoanalytical data consistent with the molecular formula C17H18N2O4 

as the 2:1 condensation product not the cyclic 3:3 product as expected.
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A crystal ( 0.20 x 0.20 x 0.10 mm ) of (34) was mounted on the Enraf-Nonius CAD4 

diffractometer with Cu K a  radiation for crystal structure analysis. The cell dimensions 

were derived from the least-squares analysis of the setting of 25 independant reflections. 

1644 reflections were surveyed in the range 0 1.0-70.0° and 1003 satisified the criterion I 

>  2.5cr(I).Two reference reflections monitored periodically showed no significant variation 

in intensity over the period of collection.

The crystal structure was elucidated by the the direct phasing program MITHRIL 

(Gilmore 1984). After preliminary least-squares adjustments of the co-ordinates and 

anisotropic therm al param eters of the C, N and 0  atom s,the H atoms were located in dif­

ference Fourier synthesis and subsquently included in the least-squares calculations with 

isotropic therm al param eters. The weighting scheme used was w =  exp(FA sin2# /A2 ) /  o2 

(F0). The calculations converged at R =  0.055 , R^, =  0.069. Atom C (l) lies on a crystallo- 

graphic two-fold axis of symmetry. In the solid state N,N,-bis(4-methoxycarbonylphenyl)- 

diaminomethane (34) adopts a skewed conformation around both N -CH 2 bonds.The 

C (2 )-N ( l) -C (l) -N (l’) torsion angle is -77.2°(3). and 63.3°(4). The bond angles in the 

chain linking the phenyl groups are distinctly greater than tetrahedral 124.2°(2) at N (l) 

, 113.9°(3) at C (l).

The N -C H 2 bond 1.450(4) is 0.08A longer than the N-C(aryl) bonds 1.370(4). Atomic 

co-ordinates are listed in (Table 10) and molecular dimensions in (Tables 11 and 12). 

(Figure 10) drawn with ORTEP (Johnson, 1965.) illustrates the molecular geometry.The 

therm al ellipsoids of the C and N atoms are drawn at the 50% probability level and H 

atoms are represented by spheres of radius 0.1 A.
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In an a ttem pt to synthesise l,3,5-tri-(2-trifluoromethylphenyl) -1,3,5-triazacyclohexane 

(35) paraformaldehyde was added portion wise to a solution of 2-aminobenzotrifluoride in 

benzene at 98° C over a period of 40 minutes with azeotropic removal of water. At the end 

of the addition a clear solution was obtained. It was kept for an additional 30 minutes at 

98° C. Complete solvent removal under vacuum in an oil bath at 70° C gave an oil which 

solidified at ambient tem perature to colourless needles, which were recrystallised from 

hexane to gave (36). The product of this reaction (36) was established by its mircoan- 

alytical data  consistent with the molecular formula C15H12F6N2 as the 2:1 condensation 

product not the cyclic 3:3 product as expected. The mass spectrum gave the molecular ion 

at m /z  =  333 and the I.R. spectrum  showed a N-H stretching absorption at 3480 cm-1 . 

A crystal ( 0.25 x 0.37 x 0.55 mm ) of (36) was mounted on the Enraf-Nonius CAD4 

diffractometer with Mo K a  radiation for crystal structure analysis. The cell dimensions 

were derived from the least-squares analysis of the setting of 25 independent reflections. 

3651 reflections were surveyed in the range 6 1.5-27.0° and 1604 satisified the criterion I 

>  2.5cr(I).Two reference reflections monitored periodically showed no significant variation 

in intensity over the period of collection.

The crystal structure was elucidated by the the direct phasing program MITHRIL 

(Gilmore 1984). After preliminary least-squares adjustments of the co-ordinates and 

anisotropic therm al param eters of the C, N and F atom s,the H atoms were located in 

difference Fourier synthesis and subsquently included in the least-squares calculations 

with isotropic therm al param eters. The weighting scheme used was w =  1/<72(|F 0|). 

The calculations converged at R =  0.048 , R^ =  0.070. In the solid state N,N bis-(2- 

trifluoromethylphenyl)-diaminom ethane (36) adopts a skewed conformation around both 

N -CH 2 bonds.The C(1A )-N (A )-C(8)-N (B) and C(1B)-N (B)-C(8)-N (A ) torsion angles 

are 63.5°(4) and 63.3°(4).The N -CH 2 bond is rotated out of the plane of the adjacent 

phenyl ring to a small extent, the C(6A)-C(1A)-N(A)-C(8) and C (6B )-C (1B )-N (B )- 

C(8) torsion angles are 8.2°(4) and 6.5°(4). The bond angles in the chain linking the
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phenyl groups are distinctly greater than tetrahedral 123.1°(4) at N(A) , 113.6°(3) at 

C (8 ) and 124.9°(4) at N(B).

The N -C H 2 bonds 1.459(6) and 1.439(6)A are 0.07A longer than the N -C(aryl) bonds 

1.372(4) and 1.374(4)A. Similar values for N-C(aryl) bonds have been observed in N ,N - 

dialkylanilines with electron withdrawing substituents on the phenyl rings e.g. 1.362A 

in 4-dimethylaminoazobenzene-2-carboxylic acid (37) (Moreiras, Solens, Solens, Mirav- 

itlles, Germain &; Declercq, 1980), 1.358A in 4-dimethylamino-3~nitrocinnamic acid (38) 

(Huber, 1985), 1.368A in N,N-di-n-propyl-2,6-dinitro 4 chloroaniline (39) (Towns, Brown, 

Teller & Giam, 1974).

In the trifluoromethyl groups the F -C -F  angles are all smaller than tetrahedral 105.2° (4)- 

106.4°(4) mean 105.7° The C -F  bond lengths are 1.318(5)—1.337(6) mean 1.330A.

The short H ...F distance between the H atoms on N(A) and N(B) and the F atoms of 

the adjacent CF3 are H(NA)...F(1A) 2.36(3), H(NA)...F(2A) 2.35(4) , H(NB)...F(1B) 

2.58(3) and H(NB)...F(2B) 2.31 (3)A. These contacts may represent intramolecular hy­

drogen bonding since there is no intermolecular hydrogen bonding.

Atomic co-ordinates are listed in (T ab le  13) and molecular dimensions in (T ab les  14 

a n d  15).

(F ig u re  1 1 ) drawn with ORTEP (Johnson, 1965.) illustrates the molecular geometry.The 

therm al ellipsoids of the C and N atoms are drawn at the 50% probability level and H 

atoms are represented by spheres of radius 0.1 A.
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O rtep  drawing for N,N bis-(2-trifluoromethylphenyi)-diaminomethane (36) w ith the 

therm al ellipsoids of the Cv F and N atoms are drawn at the 50% probability level 

and H atom s axe represented by spheres of radius 0.1 A

P/Gr  1/
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Table 16

G eom etry  com parisions betw een  N ,N -b is-(ary l)-d iam in om eth an es and

N ,N -d ia lk y la n ilin e s

>

In N,N-bis-(aryl)-diaminomethanes K ' =  H

A B C D E

Bond a-d 1.362 1.358 1.368 1.372 1.370

Bond c-a 1.470 1.454 1.477 1.459 1.450

Bond b-a 1.460 1.455 1.452 0.94 0.90

Zbad 121.5 119.5 121.2 113.5 113.9

Zcad 119.7 123.1 120.0 123.1 124.2

Bond lengths in A  and angles in (°).
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Column A 4-dimethylaminoazobenzene-2-carboxylic acid (37) (Moreiras, Solens, Solens, 

Miravitlles, Germain & Declercq, 1980)

Column B  4-dimethlyamino-3-nitrocinnamic acid (38) (Huber, 1985)

Column C N,N-di-n-propyl-2,6-dinitro 4 chloroaniline (39) (Towns, Brown, Teller & Giam, 

1974).

Column D  N,N-bis-(2-trifluoromethylphenyl)-diaminomethane (36)

Column E  N,N-bis(4methoxycarbonylphenyl-)-diaminomethane. (34)

Synthesis of N ,N -b is(4 -acety lp h en yl) diam inom ethane (32).

4-Aminoacetophenone ( 2.70 g , 20 mmol )was stirred and heated for 2 hours ( bath 

tem perature slowly raised from 120°C to 130° ) with paraformaldehyde ( 0.63 g , 21 mmol 

) in toluene ( 25 m l ) with azeotropic removal of water , using a Dean and Stark apparatus. 

The resulting precipitate was filtered , washed with diethyl ether and recrystallised from 

ethyl acetate to yield (32) as very fine needles ( 2.49 g : 28 % ) m.p. 198°C . ( Found : 

C , 71.51 ; H , 6.60 ; N , 9.40. C 17H 18N 20 2 requires C , 72.32 ; H , 6.43 ; N , 9.92 % ) ; 

m /z  147 , 135 , 132 , 120 , 104 , 92 and 77 ; vmax 3360 , 1660 , 1590 , 1572 , 1530 , 1361 

, 1321 , 1265 , 1173 , 1145 , 952 , 820 and 558 cm ’ 1 ; SH (d6 - Acetone , 200 MHz ) 2.40 

(s , CH3) , 4.82 (t , CH2) , 6.77 and 7.78 (m , Ar ).

Synthesis of N ,N -b is(4-m ethoxycarbonylphenyl) diam inom ethane (34).

M ethyl 4-aminobenzoate ( 7.56 g , 50mmol ) was stirred with formalin ( 10 m l ) in dry 

tetrahydrofuran ( 40 m l ) for 4 hours . The resulting fine white suspension was transferred 

to a centrifuge tube and spun for 2 hours and the supernatant tetrahydrofuran was drawn

40



off with a Pasteur p ipette and the residue dissolved in hot ethyl acetate, (34) collected 

on cooling and recrystallised from chloroform gave small hexagonal crystals . ( Found : 

C , 64.95 ; H , 5.77 ; N , 8.75. C 17H 18N 20 4 requires C , 64.96 ,H , 5.77 ; N , 8.91 % ) 

; Vmax 3380 (NH) , 1695 , 1600 , 1530 , 1430 , 1320 , 1290 , 1260 , 1175 , 1110 and 770 

cm -1 ;

Synthesis of N ,N ^bis-(2-trifluorom ethylphenyl) diam inom ethane (36).

To a solution of 2-aminobenzotrifluoride ( 3.23 g , 20 mmol ) in benzene (20 ml ) at 

98°C paraformaldehyde ( 0.65 g , 22 mmol ) was added portion wise over a period of 40 

minutes with azeotropic removal of water , using a Dean and Stark apparatus. At the end 

of the addition a clear solution was obtained. It was kept for an additional 30 minutes at 

98°C . Complete solvent removal under vacuum in an oil bath at 70°C gave an oil which 

solidified at ambient tem perature to colourless needles , which were recrystallised from 

hexane to yield (36) (3.27 g : 94 % ) m.p. 106-108°C. ( Found : C , 53.80 ; H , 3.65 ; N 

, 8.30. C 15H 12F 6N 2 requires C , 53.89 ,H , 3.62 ; N , 8.38 % ) ; m /z  334 , 174 , 162 , 161 

, and 145 ; vmax 3480 ( NH ) , 3010 , 1612 , 1585 , 1470 , 1327 , 1270 , 1164 , 1105 and 

1031 cm " 1 ; SH 4.78 (t , 2H , NH ) , 4.88 (d , 2H , CH2) and 6.65-7.60 (m , 8H , Ar )
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C rystallographic data of N ,N -(4-m ethoxycarbonylphenyl) diam inom ethane  

(34).

C1TH lsN 20 4 , Mr =  314.34 , monoclinic , /2 /c  , a  =  14.0245(11) , b  =  7.7864(6), c 

= 15.3572(18)A , p  =  113.00(1)° , V  =  1543.7(3)A3 , Z  =  i , D J, =  1.352 g cm~3 , A(Cu 

K a )  =  1-5418 A , i t  =  7.64 cm , F  (000) = 664 , T  =  293 K , R  =  0.055 for 1003

independent reflections.

Crystal dimensions 0.2 x 0.2 x 0.1 mm . Enraf-Nonius CAD4 diffractometer , Cu K a  

radiation . Cell dimensions from setting angles of 25 independent reflections with #

10.0-33.8°. Intensities of 1644 reflections collected in range # 1.0-70.0° ; scan width 

0.9° +  0.14° tan# ; max. scan time 120 sec. ; A. 0 —► 17 , 0 —>• 9 / -18 —> 18 ; 6

pairs of equivalent reflections with Rint =  0.017 ; 1003 independent reflections with 7 > 

2.50(7). Two reference reflections monitored periodically showed no significant variation 

in intensity. No absorption correction. Structure determined by direct phasing using 

MITHRIL. H atoms located in difference Fourier synthesis. Full-matrix least-squares 

calculations on F_ with anisotropic therm al parameters for C , N and 0  atoms and isotropic 

for H atoms. Least-squares convergance at R  = 0.055 , R w = 0.069 , 5  3.43 for 168 

param eters = exp(FA sin2# /A2 ) / <r2 (F 0 )

Crystallographic data of N ,N -(2-trifluorom ethylphenyl)-d iam inom ethane  

(36).

C 15H 12N 2F 6 , Mr =  334.29 , monoclinic , C 2 /c  , a =  20.018(3) , b =  4.942(2), c =  

30.497(3)A , 0  = 106.18(1)° , V  = 2909(1)A3 , Z  =  8 , D* = 1.527 g cm ' 3 , A(Mo K a )  

=  0.71069 A , ft =  0.16 mm - 1 , £  (000) =  1360 , T  =  293 K , E  =  0.048 for 1604 

independent reflections.

Crystal dimensions 0.25 x 0.37 x 0.55 mm . Enraf-Nonius CAD4 diffractometer , Mo
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Kct  radiation . Cell dimensions from setting angles of 25 independent reflections with 

9 12.07-20.0° .Intensities of 3651 reflections collected in range 6 1.5-27.0° ; scan width 

0.8° +  0.25° tan  0 ; max. scan tim e 100 sec. ] h O  —> 25 , & 0 —> 6  / -39 —► 39 ; 1604 

independent reflections with 7 >  2.50(7). Two reference reflections monitored periodically 

showed no significant variation in intensity. Correction applied for Lorentz-polarisation 

effects, assuming an ideally imperfect monochromator crystal.Structure determ ined by 

direct phasing using MITHRIL.H atoms located in difference Fourier synthesis. Full- 

m atrix least-squares calculations on F_ with anisotropic thermal parameters for C , N and 

F atoms and isotropic for H atoms. Least-squares convergance at R  = 0.048 , R w = 0.071 

, S  3.29 for 257 param eters ,A/<r <  0.1 , w = 1/<72( |F 0|). Final A p max 0.20 , min -0.21 

eA"3.

43



Chapter 5

1,3,5-Triazacyclohexanes from  

Condensations of Formaldehyde 

with 4-Benzoyl-, 4-Cyano- and  

3-Trifluoromethyl- Anilines
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In previous Chapters, the anilines which condensed with formaldehyde to yield 2:1 di­

am inom ethane adducts all bore electron-withdrwing substituents. This Chapter describes 

the form ation of cyclic 3:3 adducts ( 1 ,3 ,5-triazacyclohexanes )from the poly-condensation 

of formaldehyde with anilines which also bear electron-withdrawing substituents.

1.3.5-Tri-(3-trifluoromethylphenyl)-l,3,5-triazacyclohexane (40) was synthesised by re- 

fluxing 3-aminobenzotrifluoride and paraformaldehyde in dried benzene in an oil bath  

at 90°C for 4 hours with the azeotropic removal of water. The remaining benzene was 

removed under vacuum and the resulting oil solidified on standing. The solid when re­

crystallised from petroleum  ether( 60-80°C ) : hexane (1:1) gave (40) as colourless needles, 

melting point 68-70 °C which gave microanalytical figures consistent with the molecular 

formula C24H18N3F9.

A series of crystallisation trials using a wide range of solvents and solvent mixtures have 

been carried out on this compound but so far have not resulted in obtaining a crystal 

of suitable size or diffracting power to enable us to solve the crystal structure of this 

compound.

1.3.5-Tri-(4-cyanophenyl)-l,3,5-triazacyclohexane (41) was synthesised by stirring and 

heating for 2 hours (bath tem perature slowly raised from 150°C to 160°C ) 4- 

aminobenzonitrile with paraformaldehyde in toluene with azeotropic removal of water. 

The reaction solution was cooled and the resulting precipitate when recrystallised from 

ethyl acetate gave (41) as well formed needles, melting point 261°C , which gave microan­

alytical figures consistent with the molecular formula C24H i8N6 . The NMR gave three 

peaks , a m ethylene singlet at 8 5.19 , and two doublets at 8 7.19 and 7.61 corresponding 

to the arom atic protons. The infra-red spectrum showed an absorption at 2225 cm -1 due 

to a carbon-nitrogen triple bond. In common with the other triazacyclohexyl compounds 

, the mass spectrum  failed to show a molecular ion peak but gave an intense ion peak at 

m /z  =  130 arising from the complete cleavage of the aminal ring.

The structure was solved by direct methods using SHELXS86 and refined by full-m atrix

45



least-squares on the anisotropic therm al parameters for C and N atoms and isotropically 

for H atoms using SHELX76.The least-squares calculations converged at R =  0.137. The 

high R-factor for this compound is due to the quality of the data. There were a large 

num ber of weak reflections and there were only 2111 independent reflections with I > 

2.50(1). A low tem perature data  collection on this crystal in the future may give a better 

data set and allow refinement to carried out to give a lower R-factor.

From the imperfect data l,3,5-Tri-(4-cyanophenyl)-l,3,5-triazacyclohexane (41) was seen 

to exist in the chair conformation Atomic co-ordinates are listed in Table 17 and molec­

ular dimensions in Tables 18 and 19.

l,3,5-tri-(4-benzoylphenyl)-l,3,5-triazacyclohexane (42) was synthesised by stirring and 

heating for 2 hours (bath tem perature slowly raised from 160°C to 170°C ) 4- 

Aminobenzophenone with paraformaldehyde in toluene with azeotropic removal of water 

using a Dean and Stark apparatus . The resulting precipitate when recrystallised from 

pyridine : hexane ( 1 : 1 ) gave (42). The microanalytical figures were consistent with 

molecular formula C42H33N3O3. The NMR showed a methylene signal at 8 5.20 , a 

doublet at 8 6.9 which is part of an AB system: with a coupling constant 9Hz and also a 

large m ultiplet at 8 7.6 incorporating the other doublet of the AB system both of these 

peaks are due to aromatic protons. The main peak in the I.R. spectrum is at 1640 cm -1 

corresponding to C = 0  stretching frequency.

The recrystallisation of this compound from n-Hexane gave very thin clear needles.These 

needles were mounted in on the end of glass fibre but showed very weak diffraction when 

mounted on the CAD4 diffractometer thus proving not to be suitable for x-ray crystal 

structural analysis.

A further series of crystallisation trials using a wide range of solvents and solvent mix­

tures have been carried out on this compound but so far have not resulted in obtaining a 

crystal of suitable size or diffracting power to enable us to solve the crystal structure of 

this compound.
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Synthesis of l,3 ,5 -tri(3 -triflu orm eth ylp h en yl)-l,3 ,5 -triazacyclohexane

(40).

3-Aminobenzotrifluoride ( 4.83 g , 30 mmol ) and paraformaldehyde ( 0.94 g , 31.3 

mmol) were refluxed in dried benzene ( 30 ml ) in an oil bath at 90°C for 4 hours with 

the azeotropic removal of water using an Dean and Stark apparatus . The remaining 

benzene was removed under vacuum and the resulting oil ( 4.93 g ) solidified on standing 

.The solid was crystallised from petroleum ether ( 60-80°C ) : hexane (1:1) to give (40) 

as colourless needles ( 3.5 g : 67 %) m.p. 68-70 °C .( Found : G , 55.39 ; H , 3.32 ; N , 

8.10. C 24H 18N 3F 9 requires C , 55.41 ; H , 3.49 ; N , 8.09 % ) ; m /z  519 , 346 , 173 ; vmax 

1608 , 1491 , 1447 , 1441 , 1371 , 1341 , 1323 , 1226 , 1160 , 1112 , 999 , 948 , 801 and 

558 cm - 1 ; SH( 200 MHz ) 4.96 (s , 6H CH2) , 7.2-7.45 (m , 12H , Ar ).

Synthesis of l,3 ,5 -tr i-(4 -cy a n o p h en y l)-l,3 ,5 -tr ia za cy clo h ex a n e (41).

4-Aminobenzonitrile ( 2.36 g , 20 mmol )was stirred and heated for 2 hours (bath tem ­

perature slowly raised from 150°C to 160°C ) with paraformaldehyde ( 0.63 g , 21mmol ) 

in toluene ( 25 m l ) with azeotropic removal of water , using a Dean and Stark apparatus 

until condensation of water ceased . The reaction solution was cooled and the resulting 

precipitate was filtered , washed with diethyl ether and recrystallised from ethyl acetate 

to yield (41) ( 2.31 g : 29.6 % ) m.p. 261° . ( Found : C , 71.88 ; H , 4.77 ; N , 21.72. 

C 24H 18N 6 requires C ,73.84 , H , 4.61 ; N , 21.53 % ) ; m /z  130 , 129 , 118 , 102 , 91 and 

76 ; vmax 2225 , 1605 , 1510 , 1395 , 1320 , 1240 , 1170 , 935 , 825 and 545 cm " 1 ; SH (d6 

- DMSO , 200 MHz ) 5.19 (s , CH2) , 7.19 and 7.61 (d , Ar ).
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Synthesis of l,3 ,5 -tr i-(4 -b en zo y lp h en y l)-l,3 ,5 -tr ia za cy c lo h ex a n e  ( 42 ).

4-Aminobenzophenone ( 2.95 g , 15 mmol ) was stirred and heated for 2 hours (bath 

tem perature slowly raised from 160°C to 170°C ) with paraformaldehyde ( 0.48 g , 16 

mmol ) in toluene ( 25 ml ) with azeotropic removal of water using a Dean and Stark 

apparatus . The resulting precipitate was filtered , washed with diethyl ether, dried under 

vacuum and recrystallised from pyridine : hexane ( 1 : 1 ) to yield (42) ( 2.71 g : 29.0 % 

) m.p. 170°C .( Found : C , 79.85 ; H , 5.52 ; N , 6.89 . C 42H 33N 3O 3 requires C , 80.38 

,H , 5.26 ; N , 6.69 % ) ; m /z  209 , 197 , 132 , 120 , 105 and 77 ; v max 1645 , 1590 , 1575 

, 1554 , 1516 , 1315 , 1285 , 1268 , 1150 , 838 , 744 and 700 cm" 1 ; SH (d6 - DMSO , 200 

MHz ) 5.20 (s , CH2) , 6.90 and 7.60 (m , Ar ).
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Crystallographic data of

l,3 ,5 -tr i-(4 -cy a n o p h en y l)-l,3 ,5 -tr ia za cy c lo h ex a n e  (41).

C 24H 18N 6 , Mr =  390 , monoclinic , P ^ / c  , a = 25.5836(2) ,b =  20.2530(2), c =  

7.8805(1)A , V  =4073(1)A 3 ,Z  =  8 , D* =  1.273 g cm ' 3 , A(Mo K a )  =  0.71069 A 

, /i =  0.74 mm _1 , F_ (000) =  1632 , T  =  293 K , R  =  0.137 for 2111 independent 

reflections.

Crystal dimensions 0.10 x 0.15 x 0.20 mm . Enraf-Nonius CAD4 diffractometer, Mo K a  

radiation . Cell dimensions from setting angles of 25 independent reflections with 9 17.0- 

25.0° . Intensities of 2443 reflections surveyed in range 0 2.0-27.0° ; scan width 1.1° +  

0.20° tan  9 ; max. scan tim e 30 sec. ; h 0 8 , k 0 —> 2 1 /  -26 —> 26 ; 2111 inde­

pendent reflections with /  >  2.50(7). Two reference reflections monitored periodically 

showed no significant decline in intensity over the period of collection. The structure was 

solved by direct methods using SHELXS86 and refined by full-matrix least-squares on F_ 

with anisotropic therm al param eters for C and N atoms and isotropic for H atoms with 

SHELX76. Least-squares convergence at R  = 0.137.
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Chapter 6

1,3,5-Triazacyclohexanes from  

Condensation of Formaldehyde with  

2- and 4-Methoxyanilines
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The condensations of formaldehyde with 2-, 3- and 4-anisidines were undertaken to 

study the effect of bulky, electron-donating substituents on (i) the course of the poly­

condensation reaction between formaldehyde and arylamines, and (ii) the conformation 

of the six-membered ring products (1,3,5-triazacyclohexanes ) formed.

The ortho and para derivatives were prepared as described below but an attem pt to 

prepare l,3,5-tri-(3-methoxyphenyl)-l,3,5-triazacyclohexane (44) by stirring 3-anisidine 

in ethanol for 4 hours at room tem perature with paraformaldehyde resulting in a black 

ta r being formed from which the desired product could not be isolated. The reaction 

was carried out again changing the reaction parameters, firstly an increase in reaction 

time, secondly an increase in reaction tem perature and a combination of both previous 

factors resulted again in forming a black tar like substance from which the product could 

not be isolated. In the future it might be worth attem pting to synthesise l,3,5-tri-(3- 

methoxyphenyl)-l,3,5-triazacyclohexane (44) by adding phosphorus pentoxide to anhy­

drous dimethyl sulphoxide with stirring and cooling in ice. After 15 minutes 3-anisidine 

added and the resulting clear solution stirred for 48 hours during which tim e the above 

product may be separated. This is the method that proved sucessful in synthesising the 

cyclic (3:3) compound (20) as described previously.

l,3,5-Tri-(2-methoxyphenyl)-l,3,5-triazacyclohexane (43) was synthesised by stirring 2- 

anisidine for 3 hours at 46° in an oil bath with paraformaldehyde in xylene containing 

0.05g of sodium hydroxide. The xylene was removed under vacuum using an oil pum p and 

the residue when recrystallised from acetone gave (43) as needles melting point 166-168°C 

which gave microanalytical figures consistent with the molecular formula C24H27N3O3. 

The XH NMR showed a sharp methoxy singlet at 6 3.82 and a methylene reasonace at 8 

4.86. The mass spectra showed no molecular ion but the peak of highest mass at m /z  =  

135 was assigned to [ CH3OC6H4NCH2 ]+ ( M /3 ).

A crystal ( 0.17 x 0.33 x 0.50 mm ) of (43) was mounted on the Enraf-Nonius CAD4 

diffractometer with Mo K a  radiation for crystal structure analysis. The cell dimensions
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were derived from the least-squares analysis of the setting of 25 independent reflections. 

5280 reflections were surveyed in the range 0 1.5-28.5° and 3691 satisified the criterion I

>  2.5cr(I).Two reference reflections monitored periodically showed 2% decline in intensity 

over the period of collection.

The crystal structure was solved by the the direct phasing program MITHRIL (Gilmore

1984). After preliminary least-squares adjustments of the co-ordinates and anisotropic 

therm al param eters of the C, N and 0  atoms,the H atoms were located in difference 

Fourier synthesis and subsquently included in the least-squares calculations with isotropic 

therm al param eters. The weighting scheme used was w = 1/<t2(|F 0|). The calculations 

converged at R =  0.038 , R^ =  0.050.

l,3,5-tri-(4-methoxyphenyl)-l,3,5-triazacyclohexane (45) was synthesised by adding for­

malin with stirring to a solution of 4-anisidine in ethanol at room tem perature for one 

hour . The resulting precipitate when recrystallised from ethanol gave (45) as needles 

melting point 133°C which gave microanalytical figures consistent with the molecular for­

mula C24H27N3O3. The *H NMR showed a sharp methoxy singlet at 8 3.82 and methylene 

reasonace at 8 4.66. The arom atic resonances appear as an AB double doublet ( J =  9Hz 

). The mass spectra showed no molecular ion but the peak of highest mass at m /z  =  135 

was assigned to [ CH3OC6H4NCH2 ]+ ( M /3 ).

A crystal ( 0.10 x 0.35 x 0.35 mm ) of (45) was mounted on the Enraf-Nonius CAD4 

diffractometer with Cu K a  radiation for crystal structure analysis. The cell dimensions 

were derived from the least-squares analysis of the setting of 25 independent reflections. 

2443 reflections were surveyed in the range 0 2.0-72.0° and 2111 satisified the criterion I

> 2.5<j(I). Two reference reflections monitored periodically showed 1% decline in intensity 

over the period of collection.

The crystal structure was elucidated by the the direct phasing program MITHRIL 

(Gilmore 1984). After preliminary least-squares adjustments of the co-ordinates and 

anisotropic therm al param eters of the C, N and 0  atom s,the H atoms were located in dif-
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ference Fourier synthesis and subsquently included in the least-squares calculations with 

isotropic therm al param eters. The weighting scheme used was w =  l/cr2( |F 0|). The cal­

culations converged at R =  0.027 , =  0.036.

Figures 12 and 13 drawn with ORTEP ( Johnson 1965 ), show the molecular structures. 

Conformational details of the molecules are listed in Tables 20-25 .Both molecules 

adopt the aae chair conformation, with diaxial repulsion between aryl groups pre­

ferred to tha t of lone pairs of electrons. A like result was obtained for 1,3,5-triphenyl-

1.3 .5-triazacyclohexane (46) (Giumanini,Verado, Randaccio, Bresciani-Pahar k  Traldi,

1985).The alternative eea chair conformation has been found in the crystal structure of

1.3.5- tricyclohexyl-l,3,5-triazacyclohexane (47), in accord with the greater steric require­

ments of the cyclohexyl group (Bouchemma, McCabe k  Sim 1988 ).

The N atoms have pyramidal geometery with the N-C (aryl) bonds inclined at 30.8- 

44.9(2)° to their CH2-N -C H 2 planes. For comparison , microwave spectroscopy studies 

indicate that the out-of-plane angle of the N-C (aryl) bond is 37.5-42.2° in aniline ( 

Larsen , Hansen k  Nicolaisin 1976 : Lister, Tyler , Hog k  Larsen 1974. ), 27.0 ° in 

N,N-dimethylaniline (24) ( Cervellati, Borgo k  Lister 1982 ) and 46.4° in p-fluoroaniline 

(48) ( Hastie, Lister, McNeil k  Tyler 1970). The N atoms in aliphatic amines are asso­

ciated with larger out-of- plane angles than N atoms in aromatic amines and the N-C 

out-of-plane angles in l,3,5-tricyclohexyl-l,3,5-triazacyclohexane (47) are 46.1-52.2(2)° ( 

Bouchemma, McCabe k  Sim 1988 ). The out-of-plane angles in a tetrahedral arrange­

ment of bonds is 54.7° and the N-C(axial) bonds in the o-OMe and p-OMe compounds 

are consequently bent outwards by 15-24° from the ideal chair conformer , reducing the 

interactions between the axial aryl groups.

The orientations of the aryl groups about the N-C (aryl) bonds reflect the increased steric 

requirements when the aryl group is changed from p- to o- methoxyphenyl.

The angle (Table 26 ) for the p-OMe is in the range 62.4- 63.6(3)°, indicating th a t the 

dihedral angle between the N lone-pair crbital and the aromatic 7r -orbitals is ca 28-26°,
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whereas in the o-OMe compound is 32.8 - 40.0° and the lone-pair/7r-orbital dihedral angle 

is increased to 57-50 . In the absence of steric effects the lone-pair/7r-orbital dihedral 

angle would be expected to be 0° to provide maximum overlap.

The N atoms deviate from the phenyl planes by 0.036-0.160(3) A and the O atoms deviate 

by 0.004-0.079(3) A giving out-of-plane angles of 1.4-6.3(3), mean 4.4° for the C(aryl)-N  

bonds and 0.2-3.3(3) , mean 1.1° for the C (ary l)-0  bonds. MO calculations for aniline 

give a non-planar equilibrum geometry with the C(aryl)-N  bond inclined at 2 .4° to the 

arom atic plane (Niu h  Boggs, 1984 ).

The packing of the o-substituted molecules in the unit cell is rather more compact than 

th a t of the p-substituted molecules, since V /Z for the o-OMe compound is 520A and 

V /Z  for the p-OMe compound is 539A. Similar results were obtained for the o- and p- 

fluorophenyl and the o- and p- chlorophenyl compounds.
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Table 26

C o n fo rm a tio n a l d e ta ils  o f th e  o an d  p -m eth o x y  co m p o u n d s  (43 an d  45)

0 is the angle between planes dag j and agh ijk l 

7 is the angle between bond a -g  and plane fab 

C is the angle between bond a -g  and plane ghijk l

9 7 c

o-OMe N(3) equatorial 40.0(3) 44.9(3) 3.7(3)

(43) N (l) axial 38.4 30.8 5.3

N(5) axial 3.28 35.5 6.0

p-OMe N(3) equatorial 63.3(3) 43.1(3) 3.5(3)

(45) N (l) axial 63.6 35.0 6.5

N(5) axial 62.4 39.5 1.4
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Synthesis of l,3 ,5 -tr i-(2 -m eth o x y p h en y l)-l,3 ,5 -tr ia za cy c lo h ex a n e  ( 43).

2-Anisidine ( 6.16 g , 50 mmol ) was stirred for 3 hours at 46° in an oil bath with 

paraformaldehyde ( 1.58 , 52.5 mmol ) in xylene( 30 ml) containing 0.05g of sodium 

hydroxide . The xylene was removed under vacuum using an oil pump and the residue 

recrystallised from acetone to give (43)( 5.94 g : 88 % ) as needles m.p. 166-168°C . ( 

Found : C , 71.17 ; H , 6.79 ; N , 10.35. C 24H 27N 30 3  requires C , 71.08 , H , 6.71 ; N , 

10.36 % ) ; m /z  135 , 134 , 121 , 107 , 92 and 77 ; umax ( KBr ) 3000 , 2838 , 1595 , 1500

, 1465 , 1454 , 1196 1175 , 1112 , 1030 , 1000 , 940 and 770 cm " 1 ; SH 3.82 (s , 9H CH3)

, 4.86 (6H , s , CH2) , 6.67-7.00 (12H , m , Ar ) .

S y n th e s is  o f l ,3 ,5 - t r i - (4 - m e th o x y p h e n y l) - l ,3 ,5 - t r ia z a c y c lo h e x a n e  ( 45).

Formalin ( 8 ml ) was added with stirring to a solution of 4-anisidine (6.18 g , 50 

mmol) in ethanol ( 20 ml ) at room tem perature and stirring continued for one hour . 

The resulting precipitate was filtered and dried to yield (45 ) ( 4.88 g : 72 % ) which 

recrystallised from ethanol to give needles m.p. 133°C ( Found : C , 70.99 ; H , 6.85 ; N 

, 10.25 . C 24H 27N 30 3 requires C , 71.08 , H , 6.71 ; N , 10.36 % ) ; m /z  135 , 134 , 107 

and 92 ; v max 2957 , 2835 , 1510 , 1246 , 1185 , 1157 , 1036 , 987 , 940 and 825 cm " 1 ; SH

3.72 (9H , s , CH3) , 4.66 ( 6H , s , CH2 ) and 7.00 ( 6H , d , Ar ) .

Crystallographic data of

1,3 ,5 -tr i-(2 -m eth o x y p h en y l)-l,3 ,5 -tr ia za cy c lo h ex a n e  (43).

C24H 27N 30 3 , Mr =  405.53 , triclinic , P I  , a  =  8.582(2) ,6 =8.996(2), c =  15.357(3)A ,

58



a  =  94.90(1) , /? =  93.27(1) , 7  =  117.59(1)° , V  =1040A3 , Z  = 2 , D* =  1-29 g cm 3 , 

A(Mo K a )  = 0.71069 A , n  =  0.09 mm , F  (000) =  432 , T  = 293 K , R  =  0.038 for 

3691 independent reflections.

Crystal dimensions 0.17 x 0.33 x 0.50 mm . Enraf-Nonius CAD4 diffractometer , Mo K a  

radiation . Cell dimensions from setting angles of 25 independent reflections with 0 12.00- 

17.0° .Intensities of 5280 reflections surveyed in range 9 1.5-28.5° ; scan width 0.9° +  0.35° 

tan 9 ; max. scan tim e 120 sec. ; h 0 —► 11 , k  -12 —> -12 / -20 —> 20 ; 3691 independent 

reflections with /  >  2.50<r(I). Two reference reflections monitored periodically showed a 

decline of 2% over the period of collection. Correction applied for Lorentz-polarisation 

effects, assuming an ideally imperfect monochromator crystal.Structure determined by di­

rect phasing using MITHRIL.H atoms located in difference Fourier synthesis. Full-matrix 

least-squares calculations on F_ with anisotropic thermal parameters for C and N atoms 

and isotropic for H atoms. Least-squares convergance at R  =  0.038 , R w = 0.050 , 5  2.23 

for 380 parameters ,A/cr < 0.3 , w = l/cr2( |F 0|). Final A p max 0.19 , min -0.21 eA-3 .

C ry s ta llo g ra p h ic  d a ta  o f

l ,3 ,5 - t r i - (4 - m e th o x y p h e n y l) - l ,3 ,5 - t r ia z a c y c lo h e x a n e  (45).

C 24H 27N 3O 3 , Mr =  405.53 , orthorhombic , Pca2i , a = 15.518(2) ,6 =16.427(2), c =  

8.460(1)A , V  =2157(1)A3 , Z =  4 , D* =  1.25 g cm" 3 , A(Cu K a )  =  01.5418 A , /i =  

0.68 mm -1 , F  (000) =  864 , T_ =  293 K , R  =  0.027 for 2111 independent reflections. 

Crystal dimensions 0.10 x 0.35 x 0.35 mm . Enraf-Nonius CAD4 diffractometer , Cu 

K a  radiation . Cell dimensions from setting angles of 25 independent reflections with 0

17.00-25.0° .Intensities of 2443 reflections surveyed in range 9 2.0-72.0° ; scan w idth 1.1° 

-f 0.20° tan 0 ; max. scan tim e 120 sec. ; A 0 —> 1 9 , F 0 —> 2 0 / 0 —>10;  2111 independent 

reflections with /  >  2.50(cr(I). Two reference reflections monitored periodically showed a 

decline of 1% over the period of collection. Correction applied for Lorentz-polarisation
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effects, assuming an ideally imperfect monochromator crystal.Structure determined by 

direct phasing using MITHRIL.H atoms located in difference Fourier synthesis. Full- 

m atrix least-squares calculations on F_ with anisotropic therm al parameters for C and N 

atoms and isotropic for H atoms. Least-squares convergance at R  = 0.027 , R w =  0.036 

, S_ 1.88 for 379 param eters ,A/<r <  0.3 , w = 1/<t2( |F 0|). Final A p max 0.11 , min -0.11 

e A -3.
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Conclusion
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A stepwise specu la tive  mechanism for the poly-condensation of formaldehyde with 

arylamines is proposed in Scheme 1. This proposal is based on verification of the structures 

of certain of the poly-condensed products e.g. the 2:2 and 3:3 adducts described in this 

thesis and in that of A. Bouchemma and the 1:1, cyclic 2:2 and cyclic 4:4 adducts described 

elsewhere.

In Step 1 of Scheme 1, the nucleophlic attack of the amine nitrogen lone pair of (i) on the 

formaldehyde carbonyl carbon (addition) followed by proton transfer and elimination of 

water from the hydroxyamine (ii) produces the imines (iii) as detailed in Scheme 2.
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In the current work and in other formaldehyde-amine condensations carried out in this 

laboratory , these 1:1 condensation products have been found to be unstable and have 

not been isolated. This finding contrasts with the reported synthesis of N-methylene-2,6- 

di-isopropylaniline (4) ( Verardo , Cauci & Giumanini , 1985 ), further condensation of 

which was stereochemically hindered by the presence of the bulky isopropyl substituents 

on the ortho positions.

The imines (iii) undergo a spontaneous nucleophilic addition reaction in basic conditions 

(Step 2 : Scheme 1 ) of a second arylamine molecule to give the 2:1 condensation products, 

the diaminomethanes (iv). A proposed mechanism for this step is set out of in Scheme 3.
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The 2:1 adducts (iv) have not been reported but we have proved tha t the poly­

condensation proceeds via such compounds by having isolated three 2:1 adducts in crys­

talline form. One other 2:1 adduct (iv) had been previously isolated in this laboratory 

and it was considered essential to verify this finding in the current work. In examining 

the structural features which could have led to the formation of the stable 2:1 adducts we 

note th a t each amine employed bears an electron withdrawing substituent on the ortho 

or para position of the phenyl ring. The resulting electron delocalisation as exemplified 

in Scheme 4 considerably reduces the nucleophilicity of the nitrogen lone pair.
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The reduced nucleophilicity of the nitrogen atom of adducts considerably reduces the 

ra te  of potential reaction with a second molecule of formaldehyde. The high polarity 

leads to precipitation from reaction solution as a result of lowering of solubility and the 

creation of strong lattice forces. Both effects thus disfavour further condensation. These 

effects will vary with structure and it is to be expected that not all arylamines with elec­

tron withdrawing substituents on ortho or para positions will automatically term inate the 

poly-condensation at the 2:1 adduct stage. In fact, the reaction between formaldehyde and 

4-aminobenzonitrile does not give a 2:1 adduct but leads to a higher poly-condensation 

product. The possibility tha t the further condensation of the 2:1 adduct was being pre­

vented by steric hindrance of a substituent ortho to the aromatic amino group was consid­

ered. The reaction of 2-anisidine with formaldehyde was undertaken and compared with 

that of 4-anisidine. Both of these reactions lead to a higher poly-condensation product 

than the 2:1 adduct thus indicating tha t steric hindrance is not the major contributory 

factor to the formation of the 2:1 adducts.

In most arylamine-formaldehyde condensations the 2:1 adducts (iv) react ( Step3 : Scheme 

1 ) with a second molecule of formaldehyde (nucleophilic addition - elimination) as in 

Scheme 5 to form the iminium salts (v), as acyclic 2:2 adducts, the isolation of which 

have not been reported.
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The unstable 2:2 adducts (v) can react either by intramolecular condensation between 

the amino-nitrogen lone pair and the iminium carbon atom ( addition ) as in ( Step 4 

: Scheme 1), the proposed mechanism shown in Scheme 6 or by intermolecular reaction 

with a further arylamine molecule as in ( Step 5 : Scheme 1), the proposed mechanism 

shown in Scheme 7.

Cyclic 2:2 adducts (vi) have been reported ( Verardo , Cauci h  G ium anini, 1985), whereas 

the acyclic 3:2 (vii) adducts have never been isolated.
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In most arylamine-formaldehyde condensations the 3:2 adducts (vii) react with a fur­

ther molecule of formaldehyde to form the iminium salts (viii), the isolation of which has 

not been reported. The iminium salt (viii) can react either by intramolecular conden­

sation between the amino-nitrogen lone pair and the iminium carbon atom to form the 

stable cyclic 3:3 adducts (ix) which have been isolated in this project and also previously 

in this laboratory ( Bouchemma, McCabe k  Sim, 1988, 1989, 1990.) or by intermolecular 

reaction with a further arylamine molecule to form the 4:3 unstable adduct (x) which has 

not been isolated. This 4:3 adduct can in turn  react with a further molecule of formalde­

hyde ( Scheme 1 ) to form an unstable salt (xi)(4:4 adduct) which can cyclise as above 

to form ( Scheme 1 ) the stable 4:4 adducts (xii) the isolation of which has been reported 

( Cady Larsen k  Cromer, 1963; Giumanini, Gei, Randaccio k  Zangrando, 1987; Choi, 

Abel, Dickens k  Stewart, 1973).

In principle, the stepwise addition of arylamine and formaldehyde can continue from the 

acyclic 4:4 adducts (xi) but the higher poly-condensation products have not been charac­

terised. It is noteworthy tha t the arylamine- formaldehyde condensations frequently yield 

intractable polymer accompanying isolable products.
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X-ray investigations of 1,3,5-triaryl derivatives of 1,3,5-triazacyclohexane have consis­

tently  found the expected chair conformation with pyramidal arrangement of bonds at 

N atoms. The formation of the inclusion compound between 1,3,5- Tri-(p-nitrophenyl) 

-1,3,5-triazazcyclohexane and pyridine (18) has made it possible to isolate and examine 

the alternative tw ist-boat conformation.The conformation departs a little  from the ideal 

tw ist-boat form presumably in response to crystal packing requirements. The incorpora­

tion of pyridine may also cause the molecule to adopt a conformation th a t differs from 

the minimum-energy conformation because of the host-guest interactions.

The formation of the inclusion compound between l,3,5-tri-(p-nitrophenyl)-l,3,5- 

triazazcyclohexane and pyridine is the first reported instance of inclusion in the 

1,3,5-triazacyclohexane class of compound. Since the method of synthesis of 1,3,5- 

triazacyclohexanes offers a wide variability of substituents , this could represent an 

appropriate series of compounds for future study as potential inclusion hosts. 1,3,5- 

triazacyclohexanes may be used in future to form inclusion compounds by crystallisation 

from solvents of differing polarity and shape.The selective trapping of guest molecules by 

inclusion lattices offers a wide variety of uses e.g. in separation, purification and con­

trolled release. The formation of these new inclusion compounds will help the general 

understanding of host sym m etry and inclusion behaviour. For chiral hosts, it could be 

possible to generate chiral cages which will offer the posssibility of enantiomeric selection 

from racemic guests.
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Table 6

Fractional coordinates for the inclusion com pound between
l,3 ,5-Tri-(p-nitrophenyl)- l,3 ,5-tr iazazcyclohexane and pyridine (22)

x y z

C(B) 0 . 7 2 9 8 ( 3 ) 0 . 6 3 2 7 ( 3 ) - 0 . 2 0 6 6 ( 1 )
C(C) 0 . 8 6 3 2 ( 4 ) 0 . 6 5 3 0 ( 5 ) - 0 . 2 0 8 5 ( 1 )
C(D) 0 . 9 4 8 8 ( 4 ) 0 . 5 5 6 6 ( 5 ) - 0 . 2 0 5 9 ( 1 )
C(E) 0 . 8 9 9 5 ( 4 ) 0 . 4 3 6 1 ( 5 ) - 0 . 1 9 9 8 ( 1 )
C(F) 0 . 7 5 5 4 ( 3 ) 0 . 4 2 5 0 ( 4 ) - 0 . 1 9 6 5 ( 1 )
C(2) 0 . 5 5 1 7 ( 3 ) 0 . 2 6 2 4 ( 2 ) 0 . 0 0 9 3 ( 1 )
C(4) 0 . 6 7 5 3 ( 2 ) 0 . 1 5 1 1 ( 2 ) 0 . 0 8 4 7 ( 1 )
C(6) 0 . 5 6 8 8 ( 2 ) 0 . 3 5 1 6 ( 2 ) 0 . 1 0 5 5 ( 1 )
C(7) 0 . 6 9 2 0 9 ( 1 9 ) 0 . 4 5 3 5 9 ( 1 7 ) 0 . 0 2 8 8 5 ( 8 )
C(8) 0 . 7 7 8 2 ( 2 ) 0 . 5 1 8 0 ( 2 ) 0 . 0 6 8 6 ( 1 )
C(9) 0 . 8 7 4 0 ( 2 ) 0 . 6 0 1 4 ( 2 ) 0 . 0 5 1 0 ( 1 )
C(10) 0 . 8 8 5 8 ( 2 ) 0 . 6 2 1 5 ( 2 ) - 0 . 0 0 7 2 ( 1 )
C ( l l ) 0 . 8 0 2 4 ( 2 ) 0 . 5 6 0 8 ( 2 ) - 0 . 0 4 7 6 ( 1 )
C(12) 0 . 7 0 6 0 ( 2 ) 0 . 4 7 8 0 ( 2 ) - 0 . 0 3 0 2 ( 1 )
C(13) 0 . 4 3 5 4 3 ( 1 9 ) 0 . 0 9 7 1 7 ( 1 7 ) 0 . 0 6 3 8 3 ( 8 )
C(14) 0 . 4 2 7 9 ( 2 ) 0 . 0 4 4 9 ( 2 ) 0 . 1 1 8 8 ( 1 )
C(15) 0 . 3 0 8 6 ( 2 ) - 0 . 0 0 7 2 ( 2 ) 0 . 1 3 5 6 ( 1 )
C(16) 0 . 1 9 5 9 ( 2 ) - 0 . 0 0 7 0 ( 2 ) 0 . 0 9 8 6 ( 1 )
C(17) 0 . 2 0 0 3 ( 2 ) 0 . 0 4 2 0 ( 2 ) 0 . 0 4 3 7 ( 1 )
C(18) 0 . 3 1 9 4 ( 2 ) 0 . 0 9 3 1 ( 2 ) 0 . 0 2 6 8 ( 1 )
C(19) 0 . 7 0 8 7 2 ( 1 9 ) 0 . 2 4 4 3 6 ( 1 7 ) 0 . 1 8 3 5 2 ( 7 )
C(20) 0 . 6 5 8 3 ( 2 ) 0 . 3 2 2 4 ( 2 ) 0 . 2 2 6 5 ( 1 )
C(21) 0 . 7 1 4 9 ( 2 ) 0 . 3 2 0 1 ( 2 ) 0 . 2 8 1 6 ( 1 )
C(22) 0 . 8 2 1 4 5 ( 1 9 ) 0 . 2 3 8 6 9 ( 1 7 ) 0 . 2 9 5 8 0 ( 7 )
C(23) 0 . 8 7 0 5 ( 2 ) 0 . 1 5 7 6 ( 2 ) 0 . 2 5 5 1 ( 1 )
C (24) 0 . 8 1 4 9 4 ( 1 9 ) 0 . 1 6 0 4 2 ( 1 8 ) 0 . 1 9 9 5 2 ( 8 )
N(A) 0 . 6 7 4 5 ( 2 ) 0 . 5 2 1 7 ( 3 ) - 0 . 2 0 0 4 ( 1 )
N ( l ) 0 . 5 9 3 2 3 ( 1 7 ) 0 . 3 7 0 8 7 ( 1 5 ) 0 . 0 4 5 4 1 ( 6 )
N(3) 0 . 5 5 6 2 8 ( 1 6 ) 0 . 1 4 9 7 4 ( 1 4 ) 0 . 0 4 5 7 1 ( 6 )
NC5) 0 . 6 5 7 3 9 ( 1 7 ) 0 . 2 4 9 9 3 ( 1 4 ) 0 . 1 2 8 1 8 ( 6 )
N (25) 0 . 9 9 1 0 2 ( 1 9 ) 0 . 7 0 5 8 4 ( 1 7 ) - 0 . 0 2 6 4 6 ( 9 )
NC26) 0 . 0 6 8 2 ( 2 ) - 0 . 0 5 5 3 ( 2 ) 0 . 1 1 7 9 ( 1 )
N(27) 0 . 8 8 3 0 2 ( 1 8 ) 0 . 2 4 0 7 2 ( 1 6 ) 0 . 3 5 3 5 0 ( 7 )
0 (2 8 ) 0 . 9 9 9 6 5 ( 1 9 ) 0 . 7 2 2 6 6 ( 1 6 ) - 0 . 0 7 8 3 7 ( 8 )
0 (2 9 ) 1 .0 6 7 3 2 (1 8 ) 0 . 7 5 5 4 6 ( 1 6 ) 0 . 0 1 0 0 5 ( 8 )
0 (3 0 ) - 0 . 0 3 6 4 1 ( 1 7 ) - 0 . 0 3 8 4 1 ( 1 7 ) 0 . 0 8 9 2 7 ( 7 )
0 (31 ) 0 . 0 7 0 5 ( 2 ) - 0 . 1 1 1 1 ( 3 ) 0 . 1 6 3 4 ( 1 )
0 (3 2 ) 0 . 8 4 2 8 1 ( 1 8 ) 0 . 3 1 8 6 1 ( 1 5 ) 0 . 3 8 7 9 5 ( 6 )
0 (3 3 ) 0 . 9 7 3 5 1 ( 1 8 ) 0 . 1 6 4 3 9 ( 1 6 ) 0 . 3 6 6 6 3 ( 6 )
H(B) 0 . 6 4 7 ( 5 ) 0 . 7 1 7 ( 4 ) - 0 . 2 1 0 ( 2 )
H(C) 0 . 9 0 6 ( 5 ) 0 . 7 4 5 ( 4 ) - 0 . 2 0 8 ( 2 )
H(D) 1 . 0 3 3 ( 4 ) 0 . 5 5 8 ( 4 ) - 0 . 2 0 3 ( 2 )
H(E) 0 . 9 1 3 ( 3 ) 0 . 3 6 1 ( 2 ) - 0 . 1 9 5 ( 1 )
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H(F) 0 . 7 1 7 ( 3 )
H(2A) 0 . 6 1 1 ( 2 )
H(2B) 0 . 4 6 2 ( 2 )
H(4A) 0 . 6 8 6 6 ( 1 8 )
H(4B) 0 . 7 5 5 ( 2 )
H(6A) 0 . 5 8 6 1 ( 1 9 )
H(6B) 0 . 4 7 1 ( 2 )
H(8) 0 . 7 7 5 8 ( 1 9 )
H(9) 0 . 9 3 2 ( 2 )
H ( l l )  0 . 8 1 4 ( 2 )
H(12) 0 . 6 4 9 ( 2 )
H(14) 0 . 5 0 1 ( 2 )
H(15) 0 . 3 0 0 ( 2 )
H(17) 0 . 1 2 3 ( 2 )
H(18) 0 . 3 2 2 ( 2 )
H(20) 0 . 5 8 3 ( 2 )
H(21) 0 . 6 7 7 2 ( 1 9 )
H(23) 0 . 9 4 5 ( 2 )
H(24) 0 . 8 5 1 4 ( 1 8 )

3 5 6 ( 3 ) - 0 . 1 9 3 ( 1 )
2 4 9 ( 2 ) - 0 . 0 2 1 ( 1 )
2 7 8 ( 2 ) - 0 . 0 0 5 ( 1 )
0 7 2 0 ( 1 8 ) 0 . 1 0 3 7 ( 7 )
170(2 ) 0 . 0 6 2 ( 1 )
4 3 0 8 ( 1 8 ) 0 . 1 2 8 2 ( 8 )
3 3 0 ( 2 ) 0 . 1 0 9 ( 1 )
4 9 9 2 (1 6 ) 0 . 1 0 8 2 ( 9 )
6 4 3 ( 2 ) 0 . 0 7 9 ( 1 )
5 7 2 ( 2 ) - 0 . 0 8 8 ( 1 )
4 3 7 ( 2 ) - 0 . 0 5 9 ( 1 )
0 4 6 ( 2 ) 0 . 1 4 6 ( 1 )
0 3 7 ( 2 ) 0 . 1 7 3 ( 1 )
0 3 5 ( 2 ) 0 . 0 1 9 ( 1 )
121(2 ) - 0 . 0 1 0 ( 1 )
3 7 5 ( 2 ) 0 . 2 1 6 ( 1 )
3 7 2 4 (1 6 ) 0 . 3 1 0 4 ( 8 )
0 9 8 ( 2 ) 0 . 2 6 4 ( 1 )
106 5(16) 0 . 1 7 2 1 ( 7 )

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Table 7

Bond lengths for the inclusion com pound between l,3,5*Tri-(p-nitrophenyl)
-1,3,5-triazazcyclohexane and  pyridine (22)

C(B) - C(C) 1 . 3 3 4 ( 6 ) C(B) - N(A) 1 . 3 1 2 ( 5 )
C(B) - H(B) 1 . 2 1 ( 5 ) c ( c )  - C(D) 1 . 3 2 7 ( 7 )
c ( c )  - H(C) 1 . 0 7 ( 5 ) C(D) - C(E) 1 . 3 8 0 ( 7 )
CCD) - H(D) 0 . 8 3 ( 5 ) C(E) - C(F) 1 . 4 3 0 ( 6 )
C(E) - H(E) 0 . 8 2 ( 3 ) C(F) - N(A) 1 . 3 0 0 ( 5 )
C(F) - H(F) 0 . 8 3 ( 3 ) C(2) - N ( l ) 1 . 4 7 1 ( 3 )
C(2) - N(3) 1 . 4 6 5 ( 3 ) C(2) - H(2A) 0 . 9 5 ( 3 )
C(2) - H(2B) 0 . 9 5 ( 3 ) C(4) - N(3) 1 . 4 4 2 ( 3 )
C(4) - N(5) 1 . 4 7 4 ( 3 ) C(4) - H(4A) 0 . 9 5 ( 2 )
C(4) - H(4B) 0 . 9 9 ( 2 ) C(6) - N (1) 1 . 4 4 3 ( 3 )
C(6) - N(5) 1 .4 6 9 ( 3 ) C(6) - H(6A) 1 . 0 0 4 ( 1 9 )
C(6) - H(6B) 1 . 0 0 ( 2 ) C(7) - C(8) 1 . 3 9 9 ( 3 )
C(7) - C(12) 1 .4 0 8 ( 3 ) C(7) - N (1) 1 . 3 8 2 ( 3 )
C(8) - C(9) 1 . 3 7 3 ( 4 ) C(8) - H(8) 0 . 9 4 ( 2 )
C(9) - C(10) 1 . 3 8 0 ( 4 ) C(9) - H(9) 0 . 9 6 ( 3 )
C(10) - C ( l l ) 1 . 3 7 4 ( 4 ) C(10)  - N(25) 1 . 4 5 9 ( 3 )
C ( l l )  - C(12) 1 . 3 7 2 ( 4 ) C ( l l )  - H (11) 0 . 9 5 ( 3 )
C(12) - H(12) 0 . 9 6 ( 3 ) C(13) - C(14) 1 . 3 9 8 ( 3 )
C(13) - C(18) 1 . 3 9 3 ( 3 ) C(13) - N (3) 1 . 4 0 0 ( 3 )
C(14) - C(15) 1 . 3 7 5 ( 4 ) C(14) - H(14) 0 . 9 3 ( 3 )
C(15) - C(16) 1 . 3 6 7 ( 4 ) C(15)  - H(15) 0 . 9 3 ( 3 )
C(16) - C(17) 1 . 3 7 9 ( 3 ) C(16) - N(26) 1 . 4 5 2 ( 3 )
C(17) - C( 18) 1 . 3 6 9 ( 3 ) C(17) - H(17) 0 . 9 3 ( 3 )
C(18) - H (18) 0 . 9 0 3 ( 1 9 ) C(19) - C(20) 1 . 4 0 9 ( 3 )
C(19) - C(24) 1 . 4 1 0 ( 3 ) C(19) - N(5) 1 . 3 5 6 ( 3 )
C(20) - C(21) 1 . 3 6 8 ( 3 ) C(20) - H(20) 0 . 9 5 ( 2 )
C(21) - C(22) 1 . 3 8 6 ( 3 ) C(21) - H (21) 0 . 9 5 8 ( 1 8 )
C(22) - C(23) 1 . 3 8 6 ( 3 ) C(22) - N(27) 1 . 4 4 0 ( 3 )
C(23) - C(24) 1 . 3 7 5 ( 3 ) C(23) - H(23) 0 . 9 8 ( 3 )
C(24) - H(24) 0 . 9 4 3 ( 1 7 ) N(25) - 0 (2 8 ) 1 . 2 2 6 ( 3 )
N(25) - 0 (2 9 ) 1 . 2 2 2 ( 3 ) N(26)  - 0 (3 0 ) 1 . 2 0 8 ( 3 )
N(26)  - 0 (3 1 ) 1 . 2 1 1 ( 4 ) N(27) - 0 (3 2 ) 1 . 2 3 2 ( 3 )
N(27)  - 0 (3 3 ) 1 . 2 3 2 ( 3 )
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Table 8

Bond angles for the inclusion com pound between l,3 ,5-Tri-(p-nitrophenyl)
-1,3,5-triazazcyclohexane and pyridine (22)

c C)-C(B)-N(A) 124 .3 4) C(C)-C(B)-H(B) 1 2 2 .5 22)
N A)-C(B)-H(B) 113 .2 22) C(B)-C(C)-C(D) 119 .9 5)
C B)-C(C)-H(C) 12 2.6 25) C(D)-C(C)-H(C) 1 17 .2 25)
C C)-C(D)-C(E) 119 .7 4) C(C)-C(D)-H(D) 12 8 .2 30)
C E)-C(D)-H(D) 111 .5 30) C(D)-C(E)-C(F) 11 6 .0 4)
C D)-C(E)-H(E) 150.1 19) C(F)-C(E)-H(E) 9 3 . 7 18)
c E)-C(F)-N(A) 122.5 4) C(E)-C(F)-H(F) 12 2 .3 21)
N A)-C(F)-H(F) 115.2 20) N ( l ) - C ( 2 ) - N ( 3 ) 10 8 .3 2)
N 1)- C(2 )- H(2A ) 112.2 14) N (1 ) -C (2)-H (2 B) 1 0 7 .3 13)
N 3) - C (2 ) - H ( 2 A ) 107.3 13) N(3) -C (2 )-H (2 B) 11 0 .5 13)
H 2A )-C(2) -H(2B ) 111 .2 19) N ( 3 ) -C ( 4 ) - N ( 5 ) 10 8 .3 2)
N 3) - C (4 ) - H ( 4 A ) 11 0 .6 11) N(3 ) -C (4 )-H (4 B) 107.6 11)
N 5) - C (4 ) - H ( 4 A ) 109 .2 11) N(5) -C (4)-H(4B) 11 0 .8 11)
H 4A)-C(4)-H(4B) 11 0.4 16) N ( l ) - C ( 6 ) - N ( 5 ) 10 8 .9 2)
N 1)- C(6 )- H(6A) 110 .9 11) N(1 ) -C (6)-H(6B) 109 .3 10)
N 5)- C (6 ) -H ( 6 A ) 110 .4 11) N(5 ) -C (6)-H(6B) 110 .9 11)
H 6A)-C(6)-H(6B) 106 .4 15) C ( 8 ) - C ( 7 ) - C ( 1 2 ) 11 7 .6 2)
C 8 ) - C ( 7 ) - N ( l ) 122.6 2) C(12)-C(7)-NC1) 11 9 .7 2)
C 7 ) - C ( 8 ) - C ( 9 ) 121.5 3) C ( 7 ) - C ( 8 ) - H ( 8 ) 119 .6 12)
C 9 ) - C ( 8 ) - H ( 8 ) 118.8 12) C (8 ) -C ( 9 ) -C ( 1 0 ) 11 9 .2 3)
C 8 ) - C ( 9 ) - H ( 9 ) 11 9 .4 14) C (1 0 ) - C ( 9 ) -H ( 9 ) 1 2 1 .4 14)
C 9 ) - C ( 1 0 ) - C ( l l ) 121.2 2) C ( 9 ) -C ( 1 0 ) - N ( 2 5 ) 11 9 .6 2)
C 1 1 ) - C ( 1 0 ) - N (2 5 ) 119 .2 2) C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 11 9 .8 3)
C 1 0 ) -C (1 1 ) - H ( 1 1 ) 120 .7 13) C ( 1 2 ) - C ( l l ) - H ( l l ) 11 9 .5 13)
C 7 ) - C ( 1 2 ) - C ( l l ) 120.8 2) C (7 ) -C ( 1 2 ) - H (1 2 ) 121 .0 13)
C 1 1 ) - C (1 2 ) - H (1 2 ) 118.2 13) C (1 4 ) - C ( 1 3 ) - C ( 1 8 ) 118 .0 2)
C 1 4 ) - C (1 3 ) - N ( 3 ) 121.4 2) C( 1 8 ) - C ( 1 3 ) -N (3) 12 0 .6 2)
C 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 2 0 . 5 2) C ( 1 3 ) -C (1 4 ) -H (1 4 ) 1 2 2 .2 14)
C 1 5 ) - C ( 1 4 ) -H(14) 117.2 14) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 1 9 .8 3)
C 1 4 ) - C (1 5 ) - H (1 5 ) 121 .3 15) C (1 6 ) -C (1 5 ) -H (1 5 ) 11 8 .7 15)
C 1 5 ) - C ( 1 6 ) - C (1 7 ) 121.1 3) C ( 1 5 ) - C ( 1 6 ) - N ( 2 6 ) 1 1 9 .5 2)
C 1 7 ) - C ( 1 6 ) - N ( 2 6 ) 11 9.4 2) C ( 1 6 ) - C ( 1 7 ) - C ( 1 8 ) 1 19 .0 2)
C 1 6 ) -C (1 7 ) - H ( 1 7 ) 118.1 14) C (1 8 ) -C ( 1 7 ) -H (1 7 ) 122 .8 14)
C 1 3 ) - C ( 1 8 ) - C (1 7 ) 121 .5 2) C (1 3 ) - C ( 1 8 ) -H ( 1 8 ) 1 20 .4 13)
C 1 7 ) -C (1 8 ) - H ( 1 8 ) 118 .0 13) C (2 0 ) - C ( 1 9 ) -C ( 2 4 ) 118.1 2)
C 2 0 ) —C C1 9 ) -N(5) 121.2 2) C (2 4 ) - C ( 1 9 ) -N ( 5 ) 12 0 .7 2)
C 1 9 ) - C (2 0 ) -C (2 1 ) 120 .7 2) C (1 9 ) -C ( 2 0 ) - H ( 2 0 ) 118 .0 12)
C 2 1 ) - C (2 0 ) - H ( 2 0 ) 121.2 12) C ( 2 0 ) - C ( 2 1 ) - C ( 2 2 ) 119.9 2)
C 2 0 ) - C (2 1 ) - H ( 2 1 ) 119 .2 11) C (2 2 ) -C ( 2 1 ) - H ( 2 1 ) 1 2 0 .9 11)
C 2 1 ) - C ( 2 2 ) - C ( 2 3 ) 121 .0 2) C ( 2 1 ) -C ( 2 2 ) - N ( 2 7 ) 119.1 2)
c 2 3 ) - C ( 2 2 ) - N ( 2 7 ) 119 .9 2) C ( 2 2 ) - C ( 2 3 ) -C ( 2 4 ) 1 1 9 .4 2)
c 2 2 ) - C ( 2 3 ) - H ( 2 3 ) 122.8 12) C (2 4 ) -C ( 2 3 ) -H ( 2 3 ) 1 1 7 .9 12)
c 1 9 ) - C ( 2 4 ) - C (2 3 ) 120.9 2) C (1 9 ) - C ( 2 4 ) -H ( 2 4 ) 1 2 0 .8 11)
c 2 3 ) -C ( 24)-H (2 4) 118 .3 11) C(B)-N(A)-C(F) 117 .6 3)
c 2 ) - N ( l ) - C ( 6 ) 112 .5 2) C ( 2 ) - N ( l ) - C ( 7 ) 121 .3 2)
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C ( 6 ) - N ( l ) - C ( 7 ) 1 2 1 . 1 ( 2 ) C ( 2 ) - N ( 3 ) -C(4) 1 1 0 . 6 ( 2 )
C ( 2 ) - N ( 3 ) - C ( 1 3 ) 1 2 0 . 0 ( 2 ) C ( 4 ) - N ( 3 ) - C ( 1 3 ) 1 1 9 . 4 ( 2 )
C ( 4 ) - N ( 5 ) - C ( 6 ) 1 1 1 . 7 ( 2 ) C ( 4 ) - N ( 5 ) - C ( 1 9 ) 1 2 4 . 4 ( 2 )
C ( 6 ) - N ( 5 ) - C ( 1 9 ) 1 2 3 . 8 ( 2 ) C ( 1 0 ) - N ( 2 5 ) - 0 ( 2 8 ) 1 1 8 . 6 ( 2 )
C ( 1 0 ) - N ( 2 5 ) - 0 ( 2 9 ) 1 1 8 . 3 ( 2 ) 0 ( 2 8 ) -N ( 2 5 ) - 0 ( 2 9 ) 1 2 3 . 1 ( 2 )
C ( 1 6 ) - N ( 2 6 ) - 0 ( 3 0 ) 1 2 0 . 3 ( 2 ) C ( 1 6 ) -N ( 2 6 ) - 0 ( 3 1 ) 1 1 7 . 9 ( 3 )
0 ( 3 0 ) -N ( 2 6 ) - 0 ( 3 1 ) 1 2 1 . 8 ( 3 ) C (2 2 ) - N ( 2 7 ) - 0 ( 3 2 ) 1 1 8 . 7 ( 2 )
C ( 2 2 ) - N ( 2 7 ) - 0 ( 3 3 ) 1 1 8 . 9 ( 2 ) 0 ( 3 2 ) -N ( 2 7 ) - 0 ( 3 3 ) 1 2 2 . 4 ( 2 )
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Table 10

Fractional coordinates for N ,N -b is-(4 -m ethoxycarbonylpheny l)  d iam inom ethane (34)

x y z

C ( l ) 0 .2 5 0 0 - 0 . 3 0 4 7 ( 5 ) 0 .0 0 0 0
C(2) 0 . 2 4 9 8 7 ( 1 9 ) - 0 . 1 2 2 1 2 ( 3 0 ) 0 . 1 3 3 3 1 ( 1 5 )

C(3) 0 . 3 5 7 2 ( 2 ) - 0 . 1 0 0 1 ( 3 ) 0 . 1 7 2 1 ( 2 )
C(4) 0 .4 0 4 4 5 ( 1 9 ) - 0 . 0 1 4 0 8 ( 3 7 ) 0 . 2 5 6 8 6 ( 1 6 )
C(5) 0 . 3 4 7 9 4 ( 1 9 ) 0 .0 4 7 8 0 ( 3 1 ) 0 . 3 0 6 1 6 ( 1 6 )
C(6) 0 . 2 4 0 9 ( 2 ) 0 . 0 2 5 3 ( 3 ) 0 . 2 6 7 7 ( 2 )
C(7) 0 . 1 9 2 7 4 ( 1 9 ) - 0 . 0 5 5 8 1 ( 3 2 ) 0 . 1 8 2 3 4 ( 1 7 )
C(8) 0 .4 0 2 7 6 ( 1 9 ) 0 . 1 3 7 0 6 ( 3 2 ) 0 . 3 9 7 3 6 ( 1 7 )
C(9) 0 . 3 9 0 3 ( 2 ) 0 . 2 6 1 0 ( 4 ) 0 . 5 3 1 9 ( 2 )
0 ( 1 ) 0 . 3 4 2 4 6 ( 1 4 ) 0 .1 7 1 2 1 ( 2 6 ) 0 .4 4 3 4 3 ( 1 1 )
0 ( 2 ) 0 .4 9 3 2 5 ( 1 5 ) 0 .1 7 4 6 2 ( 3 1 ) 0 . 4 2 7 4 9 ( 1 4 )
N ( l ) 0 .1 9 9 1 7 ( 1 6 ) - 0 . 2 0 3 1 5 ( 2 9 ) 0 . 0 4 8 5 0 ( 1 4 )
H(C1) 0 . 1 8 6 ( 2 ) - 0 . 3 7 4 ( 4 ) - 0 . 0 4 3 ( 2 )
H(N1) 0 . 1 3 2 ( 2 ) - 0 . 2 2 3 ( 4 ) 0 . 0 3 5 ( 2 )
H(C3) 0 . 4 0 0 ( 2 ) - 0 . 1 3 3 ( 3 ) 0 . 1 4 2 ( 2 )
H(C4) 0 . 4 7 8 5 ( 1 9 ) 0 . 0 0 0 3 ( 3 7 ) 0 . 2 7 7 9 ( 1 7 )
H(C6) 0 . 1 9 5 6 ( 1 8 ) 0 . 0 6 5 7 ( 3 4 ) 0 . 2 9 9 2 ( 1 6 )
H(C7) 0 . 1 1 6 ( 2 ) - 0 . 0 7 2 ( 4 ) 0 . 1 5 8 ( 2 )
H(C9A) 0 . 3 3 8 ( 3 ) 0 . 2 5 5 ( 5 ) 0 . 5 6 1 ( 2 )
H(C9B) 0 . 4 5 6 ( 2 ) 0 . 2 0 4 ( 4 ) 0 . 5 6 9 ( 2 )
H(C9C) 0 . 4 2 1 ( 3 ) 0 . 3 7 9 ( 4 ) 0 . 5 2 4 ( 2 )
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Table 11

Bond lengths for N ,N -bis-(4-m ethoxycarbonyli)henyl) d iam inom ethane  (34)

C ( l )  - N ( l ) 1 . 4 5 0 ( 4 ) c ( i )  - H(C1) 1 . 0 3 ( 4 )
C(2) - C(3) 1 .3 9 6 ( 4 ) C(2) - C(7) 1 . 3 9 5 ( 4 )
C(2) - NCD 1 . 3 7 0 ( 4 ) C(3) - C(4) 1 . 3 8 2 ( 4 )
C(3) - HCC3) 0 . 9 2 ( 3 ) C(4) - C(5) 1 . 3 7 9 ( 4 )
C(4) - H(C4) 0 . 9 7 ( 3 ) C(5) - C(6) 1 . 3 9 2 ( 4 )
C(5) - C(8) 1 .4 8 1 ( 4 ) C(6) - C(7) 1 . 3 7 1 ( 4 )
C(6) - H(C6) 0 . 9 9 ( 3 ) C(7) - H(C7) 0 . 9 9 ( 3 )
C(8) - 0 ( 1 ) 1 . 3 2 4 ( 3 ) C(8) - 0 (2 ) 1 . 2 0 5 ( 4 )
C(9) - 0 ( 1 ) 1 . 4 4 0 ( 4 ) C(9) - H(C9A) 1 . 0 0 ( 4 )
C(9) - H(C9B) 0 . 9 8 ( 4 ) C(9) - H(C9C) 1 . 0 4 ( 4 )
N ( l )  - H(N1) 0 . 9 0 ( 3 )

Table 12

Bond angles for N ,N-bis-(4-m ethoxyc.arbonyli>hcnyl) diam inom ethane (34)

N ( l ) - C ( l ) - N ( l ’ ) 1 1 3 . 9 ( 3 ) N (1)-C(1 )-H (C1) 9 7 . 5 ( 1 7 )
N ( 1 ) - C ( 1 ) - H ( C 1 ’ ) 1 1 6 . 0 ( 1 7 ) H(C1) -C(1) -H(C1’ ) 1 1 7 . 1 ( 2 5 )
C ( 3 ) - C ( 2 ) - C ( 7 ) 1 1 8 . 4 ( 3 ) C ( 3 ) - C ( 2 ) - N ( l ) 1 2 2 . 3 ( 3 )
C ( 7 ) - C ( 2 ) - N ( 1) 1 1 9 . 3 ( 3 ) C ( 2 ) - C ( 3 ) - C ( 4 ) 1 2 0 . 1 ( 3 )
C(2) -C (3 )-H (C 3) 1 2 3 . 6 (1 7 ) C (4 )-C(3 )-H (C3) 1 1 6 . 2 ( 1 7 )
C ( 3 ) - C ( 4 ) - C ( 5 ) 1 2 1 . 3 ( 3 ) C(3 )-C(4)-H(C4) 1 1 5 . 4 ( 1 6 )
C(5) -C (4 )-H (C 4) 1 2 3 . 3 (1 6 ) C ( 4 ) - C ( 5 ) - C ( 6 ) 1 1 8 . 6 ( 3 )
C ( 4 ) - C ( 5 ) - C ( 8 ) 1 1 9 . 1 ( 3 ) C (6 ) -C (5 )~ C (8 ) 1 2 2 . 4 ( 3 )
C ( 5 ) - C ( 6 ) - C ( 7 ) 1 2 0 . 7 ( 3 ) C(5)-C(6 )-H (C6) 1 2 3 . 0 ( 1 4 )
C(7 ) -C (6 )-H (C 6) 1 1 6 . 3 ( 1 4 ) C ( 2 ) -C ( 7 ) -C ( 6 ) 1 2 0 . 9 ( 3 )
C (2 ) -C (7 )-H (C 7) 1 2 0 . 7 ( 1 5 ) C(6) -C (7)-H(C 7) 1 1 8 . 4 ( 1 5 )
C ( 5 ) - C ( 8 ) - 0 ( l ) 1 1 3 . 3 ( 3 ) C ( 5 ) - C ( 8 ) - 0 ( 2 ) 1 2 3 . 8 ( 3 )

0 »-*• w 1 O 00 V—/ 1 o rs to 1 2 2 . 9 ( 3 ) 0(1 )-C(9)-H(C9A ) 1 0 4 . 2 ( 2 0 )
0 (1 ) -C (9 ) -H (C 9B ) 1 0 8 . 0 ( 1 9 ) 0 (1 )-C(9)-H(C9C ) 1 1 2 . 3 ( 1 9 )
H(C9A)-C(9)-H(C9B) 1 1 4 . 0 ( 2 8 ) H(C9A)-C(9)-H(C9C) 1 2 0 , 7 ( 3 0 )
H(C9B)-C(9)-H(C9C) 9 7 . 3 ( 2 8 ) C ( 8 ) - 0 ( l ) - C ( 9 ) 1 1 6 . 3 ( 3 )
C (1 ) -N (1 )-H (N 1) 1 1 8 . 1 ( 1 8 ) C ( l ) - N ( l ) - C ( 2 ) 1 2 4 . 2 ( 2 )
C (2 ) -N (1 )-H (N 1) 1 1 3 . 9 (1 7 )

A -8



Table 13

Fractional coordinates for N ,N -bis-(2- tr ifh iorophenyl)  d iam inom ethane (36)

x y z

C(8) 0 . 7 5 0 4 ( 3 ) 0 . 4 6 4 9 ( 6 ) 0 . 6 2 6 2 ( 2 )
C(1A) 0 .6 5 6 8 1 ( 1 5 ) 0 .7 9 5 0 3 ( 5 4 ) 0 . 6 2 6 4 5 ( 1 0 )
C(2A) 0 .6 2 4 7 0 ( 1 8 ) 0 .9 7 2 6 2 ( 5 8 ) 0 . 6 5 0 0 3 ( 1 3 )
C(3A) 0 .5 7 2 0 5 ( 1 8 ) 1 .1 4 4 5 4 (7 2 ) 0 . 6 2 6 4 5 ( 1 0 )
C(4A) 0 . 5 5 0 7 ( 2 ) 1 . 1 4 3 3 ( 8 ) 0 . 5 7 9 4 ( 1 )
C(5A) 0 . 5 8 1 4 ( 2 ) 0 . 9 6 9 5 ( 8 ) 0 . 5 5 5 8 ( 1 )
C(6A) 0 .6 3 3 3 7 ( 1 9 ) 0 .7 9 8 4 8 ( 7 2 ) 0 . 5 7 8 9 2 ( 1 2 )
C(7A) 0 . 6 4 6 4 ( 2 ) 0 . 9 8 3 3 ( 7 ) 0 . 7 0 0 7 ( 2 )
C(1B) 0 . 8 4 3 4 9 ( 1 5 ) 0 .7 9 5 9 0 ( 5 7 ) 0 . 6 2 4 7 6 ( 1 1 )
C(2B) 0 . 8 7 5 3 ( 2 ) 0 . 9 6 7 5 ( 6 ) 0 . 6 0 0 3 ( 1 )
C(3B) 0 . 9 2 7 3 7 ( 1 9 ) 1 .1 4 3 9 9 (6 9 ) 0 . 6 2 2 3 6 ( 1 4 )
C(4B) 0 . 9 4 9 3 ( 2 ) 1 . 1 5 3 8 ( 8 ) 0 . 6 6 9 4 ( 2 )
C(5B) 0 . 9 1 9 1 ( 2 ) 0 . 9 8 4 1 ( 8 ) 0 . 6 9 3 4 ( 2 )
C(6B) 0 .8 6 7 4 7 ( 1 8 ) 0 .8 1 1 6 7 ( 7 5 ) 0 . 6 7 2 4 0 ( 1 2 )
C(7B) 0 . 8 5 2 0 ( 3 ) 0 . 9 6 6 3 ( 8 ) 0 . 5 4 9 5 ( 2 )
N(A) 0 .7 0 9 2 8 ( 1 4 ) 0 . 6 2 6 0 1 ( 5 3 ) 0 . 6 4 9 2 0 ( 1 0 )
N(B) 0 . 7 9 0 7 2 ( 1 4 ) .0 .6236 9( 54 ) 0 . 6 0 3 3 7 ( 1 0 )
F(1A) 0 . 7 1 0 7 6 ( 1 4 ) 1 .0 6 9 6 7 (5 1 ) 0 . 7 1 7 5 8 ( 8 )
F(2A) 0 .6 4 3 6 3 ( 1 3 ) 0 .7 4 6 2 8 ( 4 4 ) 0 . 7 1 9 9 5 ( 6 )
F(3A) 0 . 6 0 6 1 9 ( 1 5 ) 1 .1 4 5 5 8 (5 3 ) 0 . 7 1 7 2 9 ( 8 )
F(1B) 0 .7 8 6 5 1 ( 1 5 ) 1 . 0 5 1 8 0 (5 7 ) 0 . 5 3 2 8 5 ( 9 )
F(2B) 0 .8 5 3 7 8 ( 1 3 ) 0 . 7 2 3 9 9 ( 4 6 ) 0 . 5 3 1 0 8 ( 7 )
FOB) 0 . 8 9 0 4 2 (1 6 ) 1 .1 2 5 3 1 (5 1 ) 0 . 5 3 0 6 6 ( 8 )
H(81) 0 . 7 8 1 4 ( 1 6 ) 0 . 3 5 3 9 ( 5 9 ) 0 . 6 4 9 7 ( 1 1 )
H(82) 0 . 7 1 8 4 ( 1 7 ) 0 . 3 2 4 7 ( 6 9 ) 0 . 6 0 4 0 ( 1 1 )
H(3A) 0 . 5 5 2 3 ( 1 8 ) 1 . 2 5 7 6 (6 4 ) 0 . 6 4 2 8 ( 1 1 )
H(4A) 0 . 5 1 9 7 ( 1 9 ) 1 .2 4 5 1 ( 5 1 ) 0 . 5 6 5 0 ( 1 1 )
H(5A) 0 . 5 6 4 ( 2 ) 0 . 9 3 7 ( 7 ) 0 . 5 2 2 ( 1 )
H(6A) 0 . 6 5 7 8 ( 1 6 ) 0 . 7 1 6 4 ( 5 8 ) 0 . 5 6 2 7 ( 1 0 )
H(3B) 0 . 9 4 5 2 ( 1 6 ) 1 .2 6 2 4 ( 6 1 ) 0 . 6 0 5 6 ( 1 0 )
H(4B) 0 . 9 8 5 5 ( 1 9 ) 1 .2 7 0 5 ( 7 2 ) 0 . 6 8 6 4 ( 1 2 )
H(5B) 0 . 9 3 4 0 ( 1 8 ) 0 . 9 8 5 8 ( 7 2 ) 0 . 7 2 7 8 ( 1 3 )
H(6B) 0 . 8 4 7 5 ( 1 7 ) 0 . 7 0 7 1 ( 6 3 ) 0 . 6 8 9 8 ( 1 0 )
H(NA) 0 . 7 2 7 ( 2 ) 0 . 6 6 7 ( 7 ) 0 . 6 8 0 ( 1 )
H(NB) 0 . 7 8 0 5 ( 1 6 ) 0 . 6 0 3 8 ( 5 8 ) 0 . 5 7 4 3 ( 1 1 )

A - 9



Table 14

Bond lengths for N ,N -b is-(2 - tr if luoropheny l)  d iam inom ethane (36)

C(8) N(A) 1 . 4 5 9 ( 6 ) C(8) - N(B) 1 . 4 3 9 ( 6 )
C(8) H(81) 0 . 9 7 ( 4 ) C(8) - H(82) 1 . 0 5 ( 4 )
C(1A) - C(2A) 1 . 4 0 2 ( 5 ) C(1A) - C(6A) 1 . 3 9 4 ( 5 )
C(1A) - N(A) 1 . 3 7 2 ( 4 ) C(2A) - C(3A) 1 . 3 9 1 ( 5 )
C(2A) - C(7A) 1 . 4 8 4 ( 6 ) C(3A) - C(4A) 1 . 3 7 7 ( 6 )
C(3A) - H(3A) 0 . 9 1 ( 4 ) C(4A) - C(5A) 1 . 3 7 3 ( 6 )
CC4A) - H(4A) 0 . 8 2 ( 4 ) C(5A) - C(6A) 1 . 3 7 6 ( 6 )
C(5A) - H(5A) 1 . 0 1 ( 5 ) C(6A) - H(6A) 0 . 8 9 ( 3 )
C(7A) - F(1A) 1 . 3 1 8 ( 5 ) C(7A) - F(2A) 1 . 3 2 3 ( 5 )
C(7A) - F(3A) 1 . 3 3 5 ( 5 ) C(1B) - C(2B) 1 . 3 9 8 ( 5 )
C(1B) - C(6B) 1 . 4 0 0 ( 5 ) C(1B) - N(B) 1 . 3 7 4 ( 4 )
C(2B) - C(3B) 1 . 3 8 5 ( 6 ) C(2B) - C(7B) 1 . 4 8 8 ( 7 )
C(3B) - C(4B) 1 . 3 7 8 ( 7 ) COB) - H(3B) 0 . 9 2 ( 4 )
C(4B) - C(5B) 1 . 3 6 5 ( 6 ) C(4B) - H(4B) 0 . 9 6 ( 4 )
C(5B) - C(6B) 1 . 3 5 7 ( 6 ) C(5B) - H(5B) 1 . 0 1 ( 4 )
C(6B) - H(6B) 0 . 9 1 ( 4 ) C(7B) - F ( IB) 1 . 3 3 6 ( 6 )
C(7B) - F(2B) 1 . 3 3 1 ( 5 ) C(7B) - FOB) 1 . 3 3 7 ( 6 )
N(A) H(NA) 0 . 9 4 ( 4 ) N(B) - H(NB) 0 . 8 6 ( 4 )

A - 10



Table 15

Bond angles for N ,N-bis  (2-tr if luorophenyl) d iam inom ethane (36)

C(2A 
C(6A 
C(1A 
C(2A 
C(4A 
C(3A 
C(4A 
C(6A 
C(1A 
C(2A 
C(2A 
F(1A 
C(2B 
C(6B 
C(1B 
C(2B 
C(4B 
COB  
C(4B 
C(6B 
C(1B 
C(2B 
C(2B 
F( IB

C ( 8 ) - N ( B ) 1 1 3 . 6 ( 3 ) N ( A ) - C ( 8 ) - H ( 8 1 ) 1 0 6 . 6
C ( 8 ) - H ( 8 2 ) 1 1 0 . 3 N ( B ) - C ( 8 ) - H ( 8 1 ) 1 0 9 . 6
C ( 8 ) - H ( 8 2 ) 1 1 1 . 9 H ( 8 1 ) - C ( 8 ) - H ( 8 2 ) 1 0 4 . 3

- C (1A)-C( 6A ) 1 1 7 . 1 ( 3 ) C(2A )- C (1A ) -N (A ) 1 2 1 . 4 ( 3 )
-C (1A) -N (A ) 1 2 1 . 5 ( 3 ) C(1A ) -C (2A ) -C (3 A ) 1 2 0 . 6 ( 4 )
-C (2 A )-C (7 A ) 1 2 0 . 9 ( 3 ) C (3 A ) -C (2 A ) -C (7A ) 1 1 8 . 5 ( 4 )
- C (3A)-C( 4A ) 1 2 0 . 5 ( 4 ) C (2 A )-C (3 A )-H (3 A ) 1 1 8 . 3
-C (3A) -H (3A ) 1 2 1 . 2 C (3A ) -C (4A )- C (5A ) 1 1 9 . 6 ( 4 )
-C (4A) -H (4A ) 1 2 1 . 2 C (5 A )-C(4 A) -H (4 A) 1 1 9 . 1
- C (5A)-C( 6A ) 1 2 0 . 2 ( 5 ) C (4A )-C(5 A)-H( 5A) 1 2 4 . 5
-C(5A )-H( 5A ) 1 1 4 . 8 C ( 1A ) -C (6A ) -C (5A ) 1 2 1 . 9 ( 4 )
-C(6A )-H( 6A ) 1 1 9 . 8 C (5A)-C( 6A )-H( 6A ) 1 1 7 . 0
-C ( 7 A ) - F ( 1 A ) 1 1 2 . 9 ( 4 ) C ( 2 A ) -C (7 A ) -F (2 A ) 1 1 3 . 2 ( 3 )
-C (7 A ) - F ( 3 A ) 1 1 2 . 6 ( 4 ) F ( 1 A ) - C ( 7 A ) - F (2 A ) 1 0 5 . 8 ( 4 )
-C ( 7 A ) - F ( 3 A ) 1 0 6 . 4 ( 4 ) F ( 2 A ) - C ( 7 A ) - F (3 A ) 1 0 5 . 2 ( 4 )
-C (1 B ) - C ( 6 B ) 1 1 6 . 5 ( 3 ) C ( 2 B ) - C ( 1 B ) - N ( B ) 1 2 2 . 0 ( 4 )
- C ( 1 B ) -N (B ) 1 2 1 . 6 ( 3 ) C ( 1 B ) - C ( 2 B ) - C ( 3 B ) 1 2 1 . 2 ( 4 )
-C (2 B ) - C ( 7 B ) 1 1 9 . 8 ( 4 ) C ( 3 B ) - C ( 2 B ) - C ( 7 B ) 1 1 9 . 0 ( 4 )
-C (3 B ) - C ( 4 B ) 1 2 0 . 5 ( 4 ) C (2 B ) - C ( 3 B ) - H ( 3 B ) 1 1 9 . 5
-C (3 B ) -H (3 B ) 1 1 9 . 9 C ( 3 B ) - C ( 4 B ) - C ( 5 B ) 1 1 8 . 5 ( 4 )
- C (4 B ) -H (4 B ) 1 2 3 . 9 C (5 B ) - C ( 4 B ) - H ( 4 B ) 1 1 7 . 6
-C (5 B ) - C ( 6 B ) 1 2 1 . 9 ( 4 ) C (4 B ) - C ( 5 B ) - H ( 5 B ) 1 2 0 . 5
-C (5B )- H (5B ) 1 1 7 . 6 C ( 1 B ) - C ( 6 B ) - C ( 5 B ) 1 2 1 . 4 ( 4 )
- C (6 B ) -H (6 B ) 1 1 9 . 5 C (5 B ) - C ( 6 B ) - H ( 6 B ) 1 1 9 . 0
- C ( 7 B ) - F ( 1 B ) 1 1 2 . 5 ( 4 ) C ( 2 B ) - C ( 7 B ) - F ( 2 B ) 1 1 3 . 8 ( 4 )
- C ( 7 B ) - F ( 3 B ) 1 1 3 . 1 ( 4 ) F ( 1 B ) - C ( 7 B ) - F ( 2 B ) 1 0 5 . 4 ( 4 )
- C ( 7 B ) - F ( 3 B ) 1 0 5 . 7 ( 4 ) F ( 2 B ) - C ( 7 B ) - F ( 3 B ) 1 0 5 . 4 ( 4 )

N ( A ) - C d A ) 1 2 3 . 1 ( 4 ) C(8) -N(A )-H( NA ) 1 1 9 . 9
-N(A)-H(NA) 1 1 3 . 5 C ( 8 ) - N ( B ) - C ( 1 B ) 1 2 4 . 9 ( 4 )
N(B)-H(NB) 1 1 5 . 6 C(1B) -N(B)-H(N B) 1 1 9 . 6

A-ll



Table 17

Fractional coordinates for l ,3 ,5 - t r i - (4 -cy an o p h e n y l)- l ,3 ,5 - t r iaz acy c lo h e x a  ne (41)

X y z

c 1A) 0 . 3 2 5 2 11) 0 .4 6 3 0 15) 0 . 0 5 7 7 ( 3 5 )
c 2A) 0 . 3 7 5 8 13) 0 .5 5 5 3 15) 0 . 1 3 1 5 ( 3 8 )
c 3A) 0 . 4 2 2 4 13) 0 .4 6 1 8 17) 0 . 0 7 5 3 ( 3 9 )
c 11A) 0 .3 7 4 8 12) 0 .3615 16) 0 . 0 0 0 9 ( 3 4 )
c 12A) 0 . 4 1 6 3 14) 0 .3 2 6 5 17) - 0 . 0 6 2 2 ( 3 8 )
c 13A) 0 . 4 1 4 6 11) 0 .2 5 5 3 16) - 0 . 0 6 8 1 ( 3 5 )
c 14A) 0 .3 8 1 4 15) 0 .2 2 1 8 14) - 0 . 0 1 4 3 ( 4 0 )
c 15A) 0 .3 3 6 4 16) 0 .2 5 4 3 23) 0 . 0 3 9 4 ( 4 9 )
c 16A) 0 . 3 3 0 2 14) 0 .3 2 2 5 19) 0 . 0 6 2 9 ( 4 4 )
c 17A) 0 .3 7 8 3 16) 0 .1 4 6 6 17) - 0 . 0 1 5 9 ( 3 9 )
c 21A) 0 .3 1 4 8 12) 0 .5 6 2 0 16) - 0 . 1 1 8 5 ( 3 3 )
c 22k) 0 . 3 0 9 9 13) 0 .5 1 6 5 16) - 0 . 2 6 6 4 ( 3 6 )
c 23A) 0 . 3 0 0 9 12) 0 .5453 17) - 0 . 4 3 4 4 ( 3 6 )
c 24A) 0 . 2 9 1 5 12) 0 .6 1 1 7 20) - 0 . 4 4 5 8 ( 3 3 )
c 25A) 0 . 2 9 3 5 13) 0 .6 5 8 9 20) - 0 . 2 7 2 2 ( 4 0 )
c 26A) 0 . 3 0 8 0 12) 0 .6 2 7 0 16) - 0 . 1 3 1 8 ( 3 5 )
c 27A) 0 . 2 9 0 7 14) 0 .6 4 4 9 17) - 0 . 6 1 1 9 ( 3 4 )
c 31A) 0 . 4 3 5 8 12) 0 .5547 16) - 0 . 0 7 4 9 ( 3 8 )
c 32A) 0 . 4 4 3 9 15) 0 .5 1 5 3 17) - 0 . 2 4 1 8 ( 3 9 )
c 33k) 0 . 4 5 0 7 13) 0 .5516 17) - 0 . 4 0 1 5 ( 3 4 )
c 34A) 0 . 4 5 8 2 12) 0 .6 1 5 5 16) - 0 . 4 0 4 6 ( 3 2 )
c 35A) 0 . 4 5 8 0 16) 0 .6 5 3 7 17) - 0 . 2 4 7 1 ( 4 2 )
c 36A) 0 .4 4 5 7 14) 0 .6 2 6 8 17) - 0 . 0 8 7 6 ( 4 0 )
c 37A) 0 . 4 6 5 6 15) 0 .6473 20) - 0 . 5 4 8 8 ( 4 0 )
c IB) 0 . 1 7 5 2 14) 0 .9 5 5 9 16) 0 . 4 3 9 6 ( 4 6 )
c 2B) 0 .1 2 8 1 14) 1.0657 19) 0 . 3 7 0 1 ( 3 8 )
c 3B) 0 . 0 7 9 5 13) 0 .9 5 5 7 17) 0 . 4 1 4 4 ( 4 3 )
c 11B) 0 .1 2 8 1 15) 0 .8 5 6 7 16) 0 . 5 0 6 1 ( 4 1 )
c 12B) 0 .1 6 7 1 12) 0 .8 1 8 8 18) 0 . 4 6 4 2 ( 4 0 )
c 13B) 0 . 1 6 8 6 12) 0 .7 5 3 5 16) 0 . 4 6 1 7 ( 3 3 )
c 14B) 0 . 1 2 8 0 15) 0.7221 16) 0 . 5 1 5 0 ( 3 8 )
c 15B) 0 . 0 7 4 6 16) 0 .7 6 2 8 21) 0 . 5 8 1 6 ( 4 3 )
c 16B) 0 .0 8 1 5 14) 0 .8 2 8 0 18) 0 . 5 7 4 7 ( 4 5 )
c 17B) 0 . 1 2 4 5 19) 0. 6551 18) 0 . 5 1 8 3 ( 4 5 )
c 21B) 0 . 1 8 6 7 13) 1.0536 17) 0 . 6 4 1 3 ( 4 1 )
c 22B) 0 . 1 8 9 9 12) 1 .0230 15) 0 . 7 8 4 4 ( 4 3 )
c 23B) 0 . 2 0 0 3 13) 1 .053 0 18) 0 . 9 2 8 8 ( 4 3 )
c 24B) 0 . 2 0 6 3 14) 1.1201 17) 0 . 9 4 1 8 ( 4 0 )
c 25B) 0 . 2 0 0 9 15) 1 .15 36 16) 0 . 8 2 2 3 ( 3 8 )
c 26B) 0 .1 9 7 1 14) 1.1258 18) 0 . 6 4 5 8 ( 4 4 )
c 27B) 0 . 2 1 8 7 17) 1 .1520 22) 1 . 0 9 3 8 (5 7 )
c 31B) 0 . 0 6 4 3 12) 1 .0593 16) 0 . 6 2 0 8 ( 3 9 )
c 32B) 0 . 0 6 1 9 12) 1 .0216 16) 0 . 7 3 4 6 ( 3 8 )
c 33B) 0 . 0 4 5 4 13) 1 .0463 18) 0 . 8 7 8 8 ( 4 5 )
c 34B) 0 . 0 3 7 5 16) 1 .1154 19) 0 . 8 9 0 8 ( 4 9 )

A - 1 2



c 35B) 0 . 0 4 6 2 ( 1 4 )
c 36B) 0 . 0 5 5 6 ( 1 3 )
c 37B) 0 . 0 2 9 3 ( 1 6 )
N 1A) 0 . 3 7 4 5 ( 9 )
N 2A) 0 . 3 2 4 8 ( 1 1 )
N 3A) 0 . 4 2 1 7 ( 1 0 )
N 11A) 0 . 3 7 7 8 ( 1 6 )
N 22A) 0 . 2 8 1 5 ( 1 2 )
N 33A) 0 . 4 8 0 5 ( 1 6 )
N IB) 0 . 1 2 8 6 ( 1 1 )
N 2B) 0 . 1 7 2 2 ( 1 0 )
N 3B) 0 . 0 7 8 0 ( 1 1 )
N U B ) 0 . 1 1 9 0 ( 1 6 )
N 22B) 0 . 2 2 3 ( 2 )
N 33B) 0 . 0 2 7 4 ( 1 3 )
H 1A) 0 . 3 1 2 2 4
H 2A) 0 . 2 7 9 3 3
H 3A) 0 . 3 4 5 0 8
H 4A) 0 . 3 9 7 6 8
H 5A) 0 . 4 6 1 3 8
H 6A) 0 . 4 3 1 1 7
H 7A) 0 . 4 6 4 6 0
H 8A) 0 . 4 3 6 5 0
H 9A) 0 . 4 2 9 3 3
H 10A) 0 . 3 1 1 3 0
H 11A) 0 . 2 9 9 4 8
H 12A) 0 . 3 0 7 3 9
H 13A) 0 . 3 4 7 7 5
H 14A) 0 . 2 8 9 9 2
H 15A) 0 . 4 4 2 1 2
H 16A) 0 . 4 3 6 2 2
H 17A) 0 . 4 2 8 0 9
H 18A) 0 . 4 5 5 7 6
H IB) 0 . 1 9 8 9 4
H 2B) 0 . 2 1 1 3 0
H 3B) 0 . 0 8 2 8 7
H 4B) 0 . 1 6 6 2 3
H 5B) 0 . 0 5 2 5 6
H 6B) 0 . 0 8 6 6 6
H 7B) 0 . 2 0 2 0 1
H 8B) 0 . 1 8 9 9 9
H 10B) 0 . 0 5 7 6 2
H 11B) 0 . 1 7 5 1 7
H 12B) 0 . 2 1 9 8 6
H 13B) 0 . 1 8 7 3 2
H 14B) 0 . 1 9 9 8 7
H 15B) 0 . 0 8 7 6 9
H 16B) 0 . 0 5 2 6 4
H 17B) 0 . 0 3 9 0 5
H 18B) 0 . 0 5 2 6 0

1 5 6 6 ( 1 8 ) 0 . 7 5 5 7 ( 4 1 )
1 2 6 1 ( 1 7 ) 0 . 6 1 8 4 ( 4 0 )
1 4 9 4 ( 1 8 ) 1 . 0 7 3 2 ( 4 4 )
4 3 0 7 ( 1 1 ) - 0 . 0 0 0 9 ( 2 8 )
5 2 9 9 ( 1 3 ) 0 . 0 3 6 2 ( 3 1 )
5 3 3 4 ( 1 3 ) 0 . 0 6 0 4 ( 2 8 )
0 8 5 5 ( 1 6 ) - 0 . 0 1 8 2 ( 4 1 )
6 7 5 3 ( 1 7 ) - 0 . 7 2 7 1 ( 3 1 )
6 6 6 6 ( 1 9 ) - 0 . 6 8 2 4 ( 3 8 )
9 2 5 3 ( 1 4 ) 0 . 5 0 1 0 ( 3 5 )
0 3 2 0 ( 1 3 ) 0 . 4 5 6 3 ( 3 2 )
0 2 7 1 ( 1 4 ) 0 . 4 3 9 3 ( 3 3 )
6 0 0 8 ( 1 5 ) 0 . 5 2 9 8 ( 3 8 )
1 7 1 ( 2 ) 1 . 2 5 4 ( 5 )
1 7 7 4 ( 1 7 ) 1 . 1 9 0 7 ( 3 7 )
43639 0 . 2 2 9 9 5
43173 - 0 . 0 4 5 9 4
56846 0 . 3 5 4 1 7
63180 - 0 . 0 1 7 7 8
41759 0 . 0 6 7 6 3
50 822 0 . 0 5 3 0 7
35 520 0 . 1 6 1 1 3
24923 0 . 0 6 0 6 2
17790 0 . 0 8 0 7 1
21713 0 . 1 9 4 8 7
46425 - 0 . 3 1 8 5 1
5378 3 - 0 . 5 7 8 7 4
7220 3 - 0 . 0 3 7 6 4
68775 - 0 . 2 2 2 2 9
4715 4 - 0 . 2 8 0 0 3
53314 - 0 . 4 6 7 2 0
64659 - 0 . 5 1 9 6 3
67343 - 0 . 2 7 0 4 7
93522 0 . 4 9 7 0 6
04768 0 . 4 0 6 4 9
04411 0 . 2 1 0 0 7
12762 0 . 3 6 3 0 1
94756 0 . 4 7 5 5 3
95502 0 . 2 6 0 8 2
8 4 772 0 . 4 8 4 3 2
72636 0 . 4 8 9 4 5
73404 0 . 6 5 2 8 6
97467 0 . 7 2 1 4 7
03230 0 . 9 4 8 7 9
12255 0 . 8 8 8 9 6
22277 0 . 9 3 6 7 9
96525 0 . 7 5 5 1 9
04669 1 . 1 9 7 8 8
14812 0 . 9 7 6 1 5
21690 0 . 7 3 2 9 1

1
1
1
0
0
0
0
0
0
0
1
1
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
0
0
0
0
0
0
1
1
1
0
1
1
1
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Table 18

Bond lengths for l ,3 ,5 -tr i-(4 -c .yanopheny l)- l ,3 ,5 - tr iazacyc.lohexane (41)

C(1A) - N(1A) 1 . 5 2 ( 4 )
C(2A) - N(2A) 1 . 5 5 ( 5 )
C(3A) - N(1A) 1 . 4 7 ( 5 )
C(3A) - H(6A) 0 . 9 9 ( 4 )
C(11A - C(16A) 1 . 5 0 ( 5 )
C(12A - C(13A) 1 . 4 4 ( 5 )
C(13A - H(8A) 1 . 1 3 ( 3 )
C(14A - C(17A) 1 . 5 3 ( 5 )
C(17A - N(11A) 1 . 2 4 ( 5 )
C(21A - C(26A) 1 . 3 3 ( 5 )
C(22A - C(23A) 1 . 4 5 ( 5 )
C(23A - C(24A) 1 . 3 7 ( 6 )
C(24A - C(25A) 1 . 6 7 ( 5 )
C(25A - C(26A) 1 . 3 1 ( 5 )
C(27A - N(22A) 1 . 1 1 ( 5 )
C(31A - C(36A) 1 . 4 9 ( 5 )
C(32A - C(33A) 1 . 4 8 ( 5 )
C(33A - C(34A) 1 . 3 1 ( 5 )
C(34A - C(35A) 1 . 4 6 ( 5 )
C(35A - C(36A) 1 . 4 2 ( 5 )
C(37A - NC33A) 1 . 2 1 ( 5 )
C(1B) - N ( IB) 1 . 4 6 ( 5 )
C(1B) - H(1B) 0 . 8 4 ( 4 )
C(2B) - N(3B) 1 . 6 3 ( 5 )
C(3B) - NOB) 1 . 4 6 ( 5 )
COB) - HOB) 1 . 2 4 ( 4 )
C(11B - C(16B) 1 . 4 6 ( 6 )
C(12B - C(13B) 1 . 3 2 ( 5 )
C( 13B - C(14B) 1 . 3 1 ( 5 )
C(14B - C(17B) 1 . 3 6 ( 5 )
C(15B - H(10B) 0 . 9 4 ( 4 )
C(21B - C(22B) 1 . 2 8 ( 5 )
C(21B - N(2B) 1 . 5 4 ( 5 )
C(22B - H(11B) 1 . 1 5 ( 4 )
C(23B - H(12B) 0 . 6 6 ( 4 )
C(24B - C(27B) 1 . 3 8 ( 6 )
C(25B - C(26B) 1 . 5 0 ( 5 )
C(27B - N(22B) 1 . 3 2 ( 6 )
C(31B - C(36B) 1 . 3 7 ( 5 )
C(32B - C(33B) 1 . 3 4 ( 5 )
C(34B - C(35B) 1 . 3 8 ( 6 )
C(34B - H(17B) 0 . 9 4 ( 4 )
C(35B - H(18B) 1 . 2 5 ( 4 )
C(37B - HC17B) 0 . 8 2 ( 4 )
N(2B) - H(2B) 1 . 1 4 ( 3 )

C(1A) - N(2A) 1 . 3 7 ( 5 )
C(2A) - N(3A) 1 . 4 1 ( 5 )
C(3A) - N(3A) 1 . 4 6 ( 5 )
C(11A - C(12A) 1 . 4 0 ( 5 )
C(11A - N(1A) 1 . 4 0 ( 4 )
C(13A - C(14A) 1 . 1 9 ( 5 )
C(14A - C(15A) 1 . 4 1 ( 6 )
C(15A - C(16A) 1 . 4 0 ( 6 )
C(21A - C(22A) 1 . 4 8 ( 5 )
C(21A - N(2A) 1 . 3 9 ( 4 )
C(22A - H(11A) 1 . 1 6 ( 4 )
C(23A - H(12A) 1 . 1 7 ( 3 )
C(24A - C(27A) 1 . 4 7 ( 5 )
C(25A - H(14A) 0 . 7 1 ( 4 )
C O l A - C(32A) 1 . 5 6 ( 5 )
C(31A - N(3A) 1 . 2 3 ( 4 )
C(32A - H(15A) 0 . 9 4 ( 4 )
C(33A - H(16A) 0 . 7 2 ( 4 )
C(34A - C(37A) 1 . 3 3 ( 5 )
C(35A - H(18A) 0 . 4 4 ( 4 )
C(37A - H( 17A) 1 . 0 0 ( 4 )
C(1B) - N(2B) 1 . 5 5 ( 5 )
C(2B) - N(2B) 1 . 4 5 ( 5 )
C(3B) - N(1B) 1 . 5 2 ( 5 )
C(3B) - H(5B) 0 . 8 8 ( 4 )
C(11B - C(12B) 1 . 3 2 ( 5 )
C(11B - N(1B) 1 . 3 9 ( 5 )
C(12B - H(7B) 1 . 0 7 ( 4 )
C(13B - H(8B) 0 . 8 0 ( 4 )
C(15B - C(16B) 1 . 3 3 ( 6 )
C(17B - N(11B) 1 . 1 1 ( 5 )
C(21B - C(26B) 1 . 4 9 ( 5 )
C(22B - C(23B) 1 . 3 0 ( 5 )
C(23B - C(24B) 1 . 3 7 ( 5 )
C(24B - C(25B) 1 . 1 6 ( 5 )
C(24B - H(13B) 0 . 6 2 ( 4 )
C(25B - H(13B) 0 . 9 0 ( 4 )
C(31B - C(32B) 1 . 1 8 ( 5 )
C(31B - N(3B) 1 . 6 3 ( 5 )
C(33B - C(34B) 1 . 4 2 ( 6 )
C(34B - C(37B) 1 . 6 2 ( 6 )
C(35B - C(36B) 1 . 2 8 ( 5 )
C(37B - N(33B) 1 . 0 9 ( 5 )
N(3A) - H(6A) 0 . 5 7 ( 3 )
HOB) - H(16B) 0 . 7 7 5

A - 14



Table 19

Bond angles for l ,3 ,5 - tr i - (4 -cy an o j)h en y l) - l ,3 ,5 - tr iazacy c lo h ex an e  (41)

N 1 A )-C (1 A )-N (2 A ) 1 1 2 . 9 24) N (2 A ) -C (2 A ) -N (3A ) 1 1 3 . 6 24 )
N 1 A )-C (3 A )-N (3 A ) 1 1 2 . 8 26) N (1A )-C(3 A)-H( 6A) 1 2 2 . 0 30 )
N 3A ) -C (3A )- H (6A ) 1 5 . 4 13) C ( 1 2 A ) -C (1 1 A ) -C (1 6 A ) 1 1 7 . 6 30 )
C 12A ) -C (11A ) -N (1A ) 1 2 0 . 5 28) C (1 6 A )- C (1 1 A ) -N (1 A ) 1 2 1 . 8 2 7)
C 1 1A )- C (12 A ) -C (13A ) 1 1 9 . 8 30) C (1 2 A ) -C (1 3 A )- C (1 4 A ) 1 2 5 . 4 31)
C 1 2 A )-C(1 3A)-H (8 A) 9 3 . 9 24) C (14 A ) -C (13A ) -H (8A ) 8 6 . 6 25 )
c 13A ) -C (1 4 A ) -C (1 5 A ) 1 1 7 . 3 33) C ( 1 3 A ) -C (1 4 A ) -C (1 7 A ) 1 2 7 . 2 3 4 )
c 15 A )-C (1 4 A ) -C (1 7 A ) 1 1 5 . 0 33) C (1 4 A ) -C (1 5 A )- C (1 6 A ) 1 2 6 . 8 3 7 )
c 11 A )-C (1 6 A ) -C (1 5 A ) 1 1 2 . 4 32) C ( 1 4 A ) - C ( 1 7 A ) - N ( U A ) 1 7 7 . 4 41)
c 2 2 A ) -C (2 1 A )- C (2 6 A ) 1 2 3 . 2 26) C (2 2 A ) -C (2 1 A )- N (2 A ) 1 1 3 . 6 28 )
c 2 6 A ) - C (2 1 A ) -N (2 A ) 1 2 3 . 1 27) C (2 1 A ) -C (2 2 A )- C (2 3 A ) 1 1 7 . 9 29 )
c 21 A )-C (2 2 A ) -H (1 1 A ) 1 4 8 . 1 28) C(2 3 A ) -C (2 2 A ) -H (1 1 A ) 9 1 . 5 23 )
c 2 2 A ) -C (2 3 A ) -C (2 4 A ) 1 1 8 . 1 28) C( 2 2 A ) -C (2 3 A )- H (1 2 A ) 1 4 4 . 2 32 )
c 24A )-C (2 3 A )- H (1 2 A ) 9 5 . 7 25) C (2 3 A )- C (2 4 A ) -C (2 5 A ) 1 2 1 . 0 26)
c 2 3 A ) - C (2 4 A ) -C (2 7 A ) 1 2 0 . 0 28) C (2 5 A )- C (2 4 A ) -C (2 7 A ) 1 1 7 . 8 32 )
c 2 4 A ) - C (2 5 A ) -C (2 6 A ) 1 1 3 . 6 32) C ( 24A )- C (25 A ) -H (14 A ) 1 5 7 . 5 41 )
c 2 6 A) -C (25A )- H (14A ) 8 8 . 7 32) C (2 1 A )- C (2 6 A ) -C (2 5 A ) 1 2 5 . 5 3 0 )
c 2 4 A ) - C (2 7 A ) -N (2 2 A ) 1 6 6 . 4 37) C (3 2 A )- C (3 1 A ) -C (3 6 A ) 1 1 4 . 3 26 )
c 3 2 A ) -C (3 1 A ) -N (3 A ) 1 2 8 . 0 30) C (3 6 A ) -C (3 1 A )- N (3 A ) 1 1 7 . 7 28 )
c 3 1 A ) -C (3 2A ) -C (33A ) 1 1 9 . 5 28) C ( 31A )- C (32 A ) -H (15 A ) 1 3 8 . 4 32 )
c 33 A )-C (3 2 A )- H (1 5 A ) 1 0 1 . 7 28) C (3 2 A )- C (3 3 A ) -C (3 4 A ) 1 2 2 . 3 27 )
c 3 2 A )-C (3 3A )-H (1 6A ) 1 0 5 . 6 35) C (34A )- C (33 A ) -H (16 A ) 1 2 4 . 7 36 )
c 3 3 A) -C (3 4 A ) -C (3 5 A ) 1 1 9 . 8 27) C (3 3 A ) -C (3 4 A ) -C (3 7 A ) 1 2 1 . 6 29 )
c 3 5 A) -C (34A ) -C (37 A ) 1 1 8 . 6 32) C (3 4 A )- C (3 5 A ) -C (3 6 A ) 1 2 4 . 1 30 )
c 3 4 A )-C(3 5A )-H( 18 A) 9 7 . 6 49) C(3 6 A ) -C (3 5 A ) -H (1 8 A ) 1 3 2 . 9 58 )
c 3 1 A ) -C (3 6 A ) -C (3 5 A ) 1 1 8 . 9 29) C ( 3 4 A ) -C (3 7 A ) -N (3 3 A ) 1 6 6 . 3 42 )
c 3 4 A ) -C (37A ) -H (17A ) 6 6 . 7 24) N(33A)-C(37A)~H(17A) 1 2 4 . 7 3 8)
N 1 B ) - C (1 B ) -N (2 B ) 1 1 0 . 3 27) N (1 B ) - C ( 1 B ) - H ( 1 B ) 1 0 0 . 7 32 )
N 2 B ) - C ( 1 B ) - H ( 1 B ) 1 1 9 . 1 34) N ( 2 B ) - C ( 2 B ) - N ( 3 B ) 1 0 2 . 9 2 6)
N 1 B ) - C (3 B ) -N (3 B ) 1 1 1 . 7 27) N (1 B ) - C ( 3 B ) - H ( 5 B ) 1 0 9 . 4 31 )
N 1 B )- C (3 B ) -H (6 B ) 1 0 5 . 3 25) N (3 B ) - C ( 3 B ) - H ( 5 B ) 9 4 . 7 2 9)
N 3 B ) - C ( 3 B ) - H ( 6 B ) 9 8 . 6 25) H (5 B ) -C (3 B ) -H (6 B ) 1 3 4 . 8 3 5)
C 1 2 B ) - C ( 1 1 B ) - C ( 1 6 B ) 1 2 0 . 8 31) C ( 1 2 B ) - C ( 1 1 B ) - N ( 1 B ) 1 2 4 . 4 33 )
C 1 6 B )-C(1 1B )~N(1 B) 1 1 4 . 7 31) C ( 1 1 B ) - C ( 1 2 B ) - C ( 1 3 B ) 1 2 7 . 4 3 3)
C 1 1 B ) -C (1 2 B ) -H (7 B ) 1 0 6 . 5 32) C (1 3 B ) - C ( 1 2 B ) - H ( 7 B ) 1 2 1 . 7 3 1)
c 1 2 B ) - C ( 1 3 B ) - C ( 1 4 B ) 1 1 7 . 2 31) C ( 1 2 B ) - C ( 1 3 B ) - H ( 8 B ) 1 3 4 . 9 36)
c 1 4 B ) -C (1 3 B ) -H (8 B ) 9 7 . 0 32) C ( 1 3 B ) - C ( 1 4 B ) - C ( 1 7 B ) 1 2 3 . 0 37 )
c 1 6 B ) - C (1 5 B )- H (1 0 B ) 1 3 5 . 1 41) C ( 1 1 B ) - C ( 1 6 B ) - C ( 1 5 B ) 1 2 1 . 5 34)
c 1 4 B ) - C ( 1 7 B ) - N ( 1 1 B ) 1 7 4 . 8 47) C ( 2 2 B ) - C ( 2 1 B ) - C ( 2 6 B ) 1 1 7 . 0 31)
c 2 2 B ) - C ( 2 1 B ) - N ( 2 B ) 1 3 3 . 6 31) C ( 2 6 B ) - C ( 2 1 B ) - N ( 2 B ) 1 0 9 . 4 27)
c 2 I B ) - C ( 2 2 B ) - C ( 2 3 B ) 1 2 2 . 6 32) C ( 2 1 B ) - C ( 2 2 B ) - H ( 1 1 B ) 9 1 . 9 28 )
c 2 3 B ) - C ( 2 2 B ) - H ( 1 1 B ) 1 4 4 . 8 33) C ( 2 2 B ) - C ( 2 3 B ) - C ( 2 4 B ) 1 2 2 . 9 33 )
c 2 2 B ) - C ( 2 3 B ) - H d 2 B ) 9 1 . 1 37) C (2 4 B ) - C ( 2 3 B ) - H ( 1 2 B ) 1 2 2 . 1 42 )
c 2 3 B ) - C ( 2 4 B ) - C ( 2 5 B ) 1 2 0 . 7 34) C ( 2 3 B ) - C ( 2 4 B ) - C ( 2 7 B ) 1 2 3 . 1 34 )
c 2 3 B ) - C ( 2 4 B ) - H ( 1 3 B ) 8 7 . 1 37) C ( 2 5 B ) - C ( 2 4 B ) - C ( 2 7 B ) 1 1 6 . 1 36 )
c 2 5 B ) - C ( 2 4 B ) - H ( 1 3 B ) 5 0 . 5 30) C ( 2 7 B ) - C ( 2 4 B ) - H ( 1 3 B ) 1 3 2 . 1 46)
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C ( 2 4 B ) - C ( 2 5 B ) - C ( 2 6 B ) 1 2 2 . 1 33) C (2 4 B ) - C ( 2 5 B ) - H ( 1 3 B ) 3 2 . 0 21)
C ( 2 6 B ) - C ( 2 5 B ) - H ( 1 3 B ) 1 0 6 . 0 31) C(21B)-C(26B)**C(25B) 1 1 3 . 0 29)

C ( 2 4 B ) - C ( 2 7 B ) - N  C22B) 1 6 5 . 6 46) C ( 3 2 B ) - C ( 3 1 B ) - C ( 3 6 B ) 1 2 9 . 1 33 )

C ( 3 2 B ) - C ( 3 1 B ) - N ( 3 B ) 1 1 5 . 6 30) C ( 3 6 B ) - C ( 3 1 B ) - N ( 3 B ) 1 1 5 . 3 27 )

C ( 3 1 B ) - C ( 3 2 B ) - C ( 3 3 B ) 1 1 6 . 1 33) C ( 3 2 B ) - C ( 3 3 B ) - C ( 3 4 B ) 1 1 8 . 7 33 )

C ( 3 3 B ) - C ( 3 4 B ) - C ( 3 5 B ) 1 2 0 . 9 35) C ( 3 3 B ) - C ( 3 4 B ) - C ( 3 7 B ) 1 2 0 . 4 32)

C(3 3 B ) -C (3 4 B ) -H (1 T B ) 1 3 7 . 9 40) C ( 3 5 B ) - C ( 3 4 B ) - C ( 3 7 B ) 1 1 7 . 6 33)
C ( 3 5 B ) - C ( 3 4 B ) - H ( 1 7 B ) 9 7 . 1 34) C ( 3 7 B ) - C ( 3 4 B ) - H ( 1 7 B ) 2 1 . 6 18)

C ( 3 4 B ) - C ( 3 5 B ) - C ( 3 6 B ) 1 1 4 . 1 35) C ( 3 4 B ) - C ( 3 5 B ) - H ( 1 8 B ) 1 3 7 . 0 32 )
C ( 3 6 B ) - C ( 3 5 B ) - H ( 1 8 B ) 1 0 8 . 4 29) C ( 3 1 B ) - C ( 3 6 B ) - C ( 3 5 B ) 1 2 0 . 2 32 )
C ( 3 4 B ) - C ( 3 7 B ) - N ( 3 3 B ) 1 7 2 . 3 41) C (3 4 B ) - C ( 3 7 B ) - H ( 1 7 B ) 2 5 . 1 21)
N ( 3 3 B ) - C ( 3 7 B ) - H ( 1 7 B ) 1 4 7 . 4 48) C( 1A ) -N (1A ) -C (3A ) 1 1 2 . 2 22)

C ( 1 A ) -N (1 A ) -C (1 1 A ) 1 1 5 . 6 23) C (3 A )- N (1 A ) -C (1 1 A ) 1 1 4 . 8 24 )
C (1 A ) -N (2 A ) -C (2 A ) 1 0 5 . 7 24) C ( 1A ) -N (2A ) -C (21 A ) 1 2 4 . 9 26 )

C (2 A ) -N (2 A ) -C (2 1 A ) 1 1 1 . 7 25) C(2 A ) -N (3A ) -C (3A ) 1 0 6 . 8 24)
C (2 A )- N (3 A ) -C (3 1 A ) 1 2 2 . 5 27) C (2A)-N( 3A )-H( 6A ) 1 3 4 . 1 35 )
C (3 A )- N (3 A ) -C (3 1 A ) 1 1 4 . 7 26) C(3 A )-N(3 A)-H (6 A) 2 7 . 4 22 )

C (3 1A )-N (3 A )-H (6 A ) 9 4 . 2 30) C ( 1 B ) - N ( 1 B ) - C ( 3 B ) 1 1 0 . 5 26 )
C ( 1 B ) - N ( 1 B ) - C ( 1 1 B ) 1 1 6 . 4 28) C ( 3 B ) - N ( 1 B ) - C ( 1 1 B ) 1 1 4 . 1 28)
C ( 1 B ) - N ( 2 B ) - C ( 2 B ) 1 1 8 . 1 26) C ( 1 B ) - N ( 2 B ) - C ( 2 1 B ) 1 1 0 . 6 24)
C (1 B ) - N ( 2 B ) - H ( 2 B ) 1 0 1 . 3 22) C ( 2 B ) - N ( 2 B ) - C ( 2 1 B ) 1 1 6 . 1 25)

C (2 B ) - N ( 2 B ) - H ( 2 B ) 1 1 2 . 4 24) C (2 1 B ) - N ( 2 B ) - H ( 2 B ) 9 4 . 9 21)
C ( 2 B ) - N ( 3 B ) - C ( 3 B ) 1 1 3 . 7 26) C ( 2 B ) - N ( 3 B ) - C ( 3 1 B ) 1 0 8 . 8 23)
C ( 3 B ) - N ( 3 B ) - C ( 3 1 B ) 1 2 1 . 5 25) C(3A )-H( 6A )-N(3 A) 1 3 7 . 2 32)
C (2 4 B ) - H ( 1 3 B ) - C ( 2 5 B ) 9 7 . 6 39) C (3 4 B ) - H ( 1 7 B ) - C ( 3 7 B ) 1 3 3 . 3 35)

A - 16



Table 20

Fractional coordinates for l ,3 ,5 - tr i - (2 -m eth o x y p h en y l)- l ,3 ,5 - tr iazac .y c lo h ex  ane (43)

X y z

N ( l ) 0 . 2 5 8 5 3 ( 1 3 ) 0 . 0 8 0 6 0 ( 1 3 ) 0 . 6 8 6 8 4 ( 6 )
N(3) 0 . 3 3 5 4 0 ( 1 3 ) 0 . 1 8 8 7 0 ( 1 3 ) 0 . 8 4 2 4 9 ( 7 )
N(5) 0 . 4 8 2 2 0 ( 1 3 ) 0 . 3 7 2 4 4 ( 1 3 ) 0 . 7 3 4 4 9 ( 7 )
C(2) 0 . 1 9 5 4 6 ( 1 7 ) 0 . 0 7 2 0 6 ( 1 8 ) 0 . 7 7 2 4 4 ( 8 )
C(4 ) 0 . 4 0 9 2 3 ( 1 8 ) 0 . 3 6 0 1 2 ( 1 7 ) 0 . 8 1 7 8 9 ( 9 )
C(6 ) 0 . 3 4 8 2 6 ( 1 7 ) 0 . 2 5 3 3 6 ( 1 6 ) 0 . 6 6 5 0 6 ( 9 )
C(7) 0 . 3 2 2 5 4 ( 1 5 ) - 0 . 0 3 3 5 2 ( 1 5 ) 0 . 6 5 8 2 3 ( 8 )
C(8) 0 . 2 9 5 2 1 ( 1 6 ) - 0 . 0 9 1 3 6 ( 1 6 ) 0 . 5 6 7 7 3 ( 8 )
C(9 ) 0 . 3 4 1 5 ( 2 ) - 0 . 2 1 3 4 ( 2 ) 0 . 5 3 7 6 ( 1 )
C (10) 0 . 4 1 3 4 ( 2 ) - 0 . 2 7 9 8 ( 2 ) 0 . 5 9 6 4 ( 1 )
C ( l l ) 0 . 4 4 1 5 ( 2 ) - 0 . 2 2 3 9 ( 2 ) 0 . 6 8 4 4 ( 1 )
C (12) 0 . 3 9 6 8 6 ( 1 8 ) - 0 . 1 0 0 4 2 ( 1 8 ) 0 . 7 1 5 3 3 ( 1 0 )
C (13) 0 . 2 8 2 1 4 ( 1 7 ) 0 . 1 7 3 5 6 ( 1 9 ) 0 . 9 2 9 1 7 ( 9 )
C(14) 0 . 2 6 6 0 ( 2 ) 0 . 0 3 3 7 ( 2 ) 0 . 9 6 9 5 ( 1 )
C (15) 0 . 2 2 6 4 ( 3 ) 0 . 0 2 0 7 ( 3 ) 1 . 0 5 5 8 ( 1 )
CC16) 0 . 1 9 9 4 ( 3 ) 0 . 1 4 2 8 ( 4 ) 1 . 1 0 1 9 ( 1 )
CC17) 0 . 2 1 0 5 ( 2 ) 0 . 2 7 7 7 ( 3 ) 1 . 0 6 3 8 ( 1 )
C(18 ) 0 . 2 5 2 7 ( 2 ) 0 . 2 9 4 2 ( 3 ) 0 . 9 7 7 1 ( 1 )
C(19 ) 0 . 6 5 7 3 1 ( 1 5 ) 0 . 3 9 2 4 6 ( 1 5 ) 0 . 7 3 5 9 2 ( 8 )
C(20 ) 0 . 7 6 8 0 7 ( 1 6 0 . 4 9 2 7 9 ( 1 5 ) 0 . 6 7 7 2 7 ( 8 )
C(21 ) 0 . 9 4 4 3 1 ( 1 7 ) 0 . 5 2 9 6 8 ( 1 7 ) 0 . 6 8 2 4 4 ( 1 0 )
C(22 ) 1 . 0 1 1 6 4 ( 1 8 ) 0 . 4 6 7 2 2 ( 1 9 ) 0 . 7 4 5 0 7 ( 1 1 )
C(23 ) 0 . 9 0 4 7 7 ( 1 9 0 . 3 6 6 9 2 ( 2 0 ) 0 . 8 0 1 7 8 ( 1 0 )
C(24 ) 0 . 7 2 8 1 9 ( 1 8 ) 0 . 3 2 9 6 1 ( 1 8 ) 0 . 7 9 7 0 4 ( 9 )
CC25) 0 . 1 6 6 2 ( 2 ) - 0 . 0 9 4 7 ( 2 ) 0 . 4 2 5 2 ( 1 )
C (26) 0 . 2 7 8 6 ( 3 ) - 0 . 2 2 8 9 ( 3 ) 0 . 9 5 3 8 ( 1 )
C (27) 0 . 8 0 9 0 ( 2 ) 0 . 6 6 8 7 ( 2 ) 0 . 5 6 4 4 ( 1 )
0(1) 0 . 2 1 7 1 7 ( 1 3 ) - 0 . 0 2 3 5 4 ( 1 2 ) 0 . 5 1 5 1 9 ( 6 )
0 ( 2 ) 0 . 2 9 6 3 0 ( 1 8 ) - 0 . 0 8 0 7 8 ( 1 6 ) 0 . 9 1 9 0 8 ( 7 )
0 ( 3 ) 0 . 6 9 2 8 6 ( 1 2 ) 0 . 5 5 0 5 7 ( 1 3 ) 0 . 6 1 7 1 9 ( 7 )
H(2A) 0 . 1 0 2 ( 2 ) 0 . 1 0 8 ( 2 ) 0 . 7 6 9 ( 1 )
H(2B) 0 . 1 4 6 1 ( 1 8 ) - 0 . 0 4 1 5 ( 1 8 ) 0 . 7 8 6 7 ( 9 )
H(4A) 0 . 4 9 7 3 ( 1 8 ) 0 . 4 3 8 6 0 ( 1 7 ) 0 . 8 6 5 7 ( 9 )
H(4B) 0 . 3 1 9 ( 2 ) 0 . 4 0 1 ( 2 ) 0 . 8 1 0 ( 1 )
H(6A) 0 . 4 0 3 7 ( 1 7 ) 0 . 2 5 3 9 ( 1 6 ) 0 . 6 1 0 5 ( 8 )
H(6B) 0 . 2 5 8 ( 2 ) 0 . 2 9 2 ( 2 ) 0 . 6 5 6 ( 1 )
H(9) 0 . 3 2 1 ( 2 ) - 0 . 2 5 4 ( 2 ) 0 . 4 7 7 ( 1 )
H(10) 0 . 4 4 0 ( 2 0 - 0 . 3 6 5 ( 2 ) 0 . 5 7 6 ( 1 )
H ( l l ) 0 . 4 8 9 ( 2 ) - 0 . 2 6 8 ( 2 ) 0 . 7 2 6 ( 1 )
H(12) 0 . 4 1 4 ( 2 ) - 0 . 0 6 0 ( 2 ) 0 . 7 7 5 ( 1 )
H(15) 0 . 2 1 6 ( 3 ) - 0 . 0 7 5 ( 3 ) 1 . 0 7 8 ( 1 )
H(16) 0 . 1 7 4 ( 3 ) 0 . 1 3 8 ( 3 ) 1 . 1 6 2 ( 2 )
H(17) 0 . 1 8 9 ( 3 ) 0 . 3 6 2 ( 3 ) 1 . 0 9 6 ( 1 )
H(18) 0 . 2 7 0 ( 2 ) 0 . 3 9 5 ( 2 ) 0 . 9 5 3 ( 1 )
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H(21)  1 . 0 2 0 ( 2 )  0 . 5 9 9 ( 2 )  0 . 6 4 5 ( 1
H(22)  1 . 1 3 6 ( 2 )  0 . 4 9 9 ( 2 )  0 . 7 4 9 ( 1
H(23)  0 . 9 5 0 ( 2 )  0 . 3 2 0 ( 2 0  0 . 8 4 5 ( 1
H(24)  0 . 6 5 8 ( 2 )  0 . 2 6 3 ( 2 )  0 . 8 3 8 ( 1
H(25A) 0 . 1 0 0 ( 3 )  - 0 . 0 4 2 ( 3 )  0 . 4 0 1 ( 1
H(25B) 0 . 0 9 2 ( 2 )  - 0 . 2 1 7 ( 3 )  0 . 4 1 9 ( 1
H(25C) 0 . 2 6 6 ( 3 )  - 0 . 0 6 8 ( 3 )  0 . 3 9 5 ( 1
H(26A) 0 . 1 6 0 ( 4 )  - 0 . 2 9 3 ( 3 )  0 . 9 6 8 ( 2
H(26B)  0 . 3 5 5 ( 3 )  - 0 . 1 9 4 ( 3 )  1 . 0 0 7 ( 2
H(26C) 0 . 3 0 3 ( 4 )  - 0 . 2 9 3 ( 3 )  0 . 9 0 4 ( 2
H(27A) 0 . 7 3 8 ( 3 )  0 . 7 0 0 ( 2 )  0 . 5 3 1 ( 1
H(27B)  0 . 8 5 7 ( 3 )  0 . 6 0 8 ( 3 )  0 . 5 2 3 ( 1
H(27C) 0 . 9 0 5 ( 3 )  0 . 7 6 4 ( 3 0  0 . 6 0 1 ( 1

A - 1 8



Table 21

Bond lengths for 1,3,5—tr i—( 2 -m ethoxypheny l) - l ,3 ,5 - tr iazacyclohexane  (43)

N ( l )  - C(2) 1 . 4 4 5 ( 2 ) N ( l )  - C(6) 1 . 4 5 9 ( 2 )
N ( l )  - C(7) 1 . 4 2 2 ( 2 ) N(3 )  - C(2) 1 . 4 8 1 ( 2 )
N( 3 )  - C(4) 1 . 4 6 4 ( 2 ) N(3)  - C(13 ) 1 . 4 2 9 ( 2 )
N(5 )  - C(4) 1 . 4 4 8 ( 2 ) N(5)  - C(6) 1 . 4 6 0 ( 2 )
N(5 )  - C(19 ) 1 . 4 2 7 ( 2 ) C(2)  - H(2A) 0 . 9 9 6 ( 1 6 )
C (2 )  - H(2B) 0 . 9 5 9 ( 1 5 ) C(4)  - H(4A) 0 . 9 8 1 ( 1 4 )
C (4 )  - H(4B) 1 . 0 0 5 ( 1 6 ) C(6)  - H(6A) . 0 . 9 8 7 ( 1 4 )
C(6 )  - H(6B) 0 . 9 9 3 ( 1 5 ) C(7)  - C(8) 1 . 4 0 8 ( 2 )
C(7)  - C(12 ) 1 . 3 8 6 ( 2 ) C(8)  - C(9) 1 . 3 8 4 ( 3 )
C(8 )  - 0 ( 1 ) 1 . 3 6 8 ( 2 ) C(9)  - C(10) 1 . 3 8 6 ( 3 )
C(9 )  - H(9) 0 . 9 4 7 ( 1 7 ) C(10 )  - C ( l l ) 1 . 3 6 8 ( 3 )
C(10 )  - H(10) 0 . 9 2 9 ( 1 9 ) C ( l l )  - C( 12) 1 . 3 9 0 ( 3 )
C ( l l )  - H (1 1 ) 0 . 9 4 8 ( 1 7 ) C(12)  - H(12) 0 . 9 3 0 ( 1 6 )
C (13)  - C(14) 1 . 4 0 3 ( 3 ) C(13)  - C(18) 1 . 3 8 7 ( 3 )
C(14 )  - C(15) 1 . 3 8 8 ( 3 ) C(14)  - 0 ( 2 ) 1 . 3 6 5 ( 3 )
C(15)  - C (16  ) 1 . 3 7 2 ( 4 ) C(15)  - H(15) 0 . 9 2 ( 3 )
C(16 )  - C(17) 1 . 3 5 9 ( 4 ) C ( 16) - H(16) 0 . 9 5 ( 3 )
C(17 )  - C(18) 1 . 4 0 2 ( 3 ) C(17)  - H(17) 0 . 9 7 ( 3 )
C( 18)  - H(18) 0 . 9 6 ( 2 ) C(19)  - C(20) 1 . 4 0 4 ( 2 )
C( 19)  - C(24) 1 . 3 8 4 ( 2 ) C(20)  - C(21) 1 . 3 8 6 ( 2 )
C( 20)  - 0 ( 3 ) 1 . 3 6 5 ( 2 ) C(21)  - C(22) 1 . 3 8 0 ( 3 )
C (21)  - H(21) 0 . 9 3 3 ( 1 7 ) C(22)  - C(23) 1 . 3 6 8 ( 3 )
C( 22)  - H(22) 0 . 9 6 8 ( 1 9 ) C(23)  - C(24) 1 . 3 8 8 ( 2 )
C( 23)  - H(23) 0 . 9 7 3 ( 1 6 ) C(24 )  - H(24) 0 . 9 4 7 ( 1 7 )
C( 25)  - 0 ( 1 ) 1 . 4 2 5 ( 2 ) C(25)  - H(25A) 0 . 9 7 ( 3 )
C( 25)  - H(25B) 0 . 9 7 ( 2 ) C(25)  - H(25C) 0 . 9 4 ( 3 )
C( 26)  - 0 ( 2 ) 1 . 4 2 4 ( 3 ) C(26)  - H(26A) 0 . 9 6 ( 3 )
C (26)  - H(26B) 0 . 9 5 ( 3 ) C(26)  - H(26C) 1 . 0 0 ( 3 ^
C(27)  - 0 ( 3 ) 1 . 4 2 7 ( 3 ) C(27)  - H(27A) 0 . 9 3 0 ( 1 9 )
C(27)  - H(27B) 1 . 0 2 ( 3 ) C(27)  - H(27C) 0 . 9 8 ( 3 )
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Table 22

Bond angles for l,3 ,5-tri-(*2-iiietlioxyphenyl)-T ,3 ,5-triazacyclohexane (43)

C ( 2 ) - N ( l ) - C ( 6 ) 1 1 2 . 4 ( 2 ) C ( 2 ) - N ( l ) - C ( 7 ) 1 1 8 . 4
C ( 6 ) - N ( l ) - C ( 7 ) 1 1 8 . 7 ( 1 ) C ( 2 ) - N ( 3 ) - C ( 4 ) 1 0 8 . 4 ( 2 )
C ( 2 ) - N ( 3 ) - C ( 13) 1 1 4 . 2 ( 2 ) C ( 4 ) - N ( 3 ) - C ( 1 3 ) 1 1 4 . 7 ( 2 )
C ( 4 ) - N ( 5 ) - C ( 6 ) 1 1 0 . 6 ( 1 ) C ( 4 ) - N ( 5 ) - C ( 1 9 ) 1 1 6 . 8 ( 2 )
C ( 6 ) - N ( 5 ) - C ( 1 9 ) 1 1 8 . 4 ( 1 ) N ( l ) - C ( 2 ) - N ( 3 ) 1 1 2 . 6 ( 2 )
N ( 1 ) - C ( 2 ) - H ( 2 A ) 1 0 6 . 8 N ( 1 ) - C ( 2 ) - H ( 2 B ) 1 1 0 . 2
N ( 3 ) - C ( 2 ) - H ( 2 A ) 1 0 7 . 6 N ( 3 ) - C ( 2 ) - H ( 2 B ) 1 1 0 . 0
H ( 2 A ) - C ( 2 ) - H ( 2 B ) 1 0 9 . 6 N ( 3 ) - C ( 4 ) - N ( 5 ) 1 1 2 . 3 ( 2 )
N ( 3 ) - C ( 4 ) - H ( 4 A ) 1 0 8 . 6 N ( 3 ) - C ( 4 ) - H ( 4 B ) 1 1 3 . 3
N ( 5 ) - C ( 4 ) - H ( 4 A ) 1 1 2 . 0 N ( 5 ) - C ( 4 ) - H ( 4 B ) 1 0 5 . 0
H ( 4 A ) - C ( 4 ) - H ( 4 B ) 1 0 5 . 5 N ( l ) - C ( 6 ) - N (5 ) 1 1 3 . 5 ( 2 )
N ( 1 ) - C ( 6 ) - H ( 6 A ) 1 0 9 . 0 N ( 1 ) - C ( 6 ) - H ( 6 B ) 1 0 7 . 9
N ( 5 ) - C ( 6 ) - H ( 6 A ) 1 0 9 . 4 N ( 5 ) - C ( 6 ) - H ( 6 B ) 1 0 7 . 3
H ( 6 A ) - C ( 6 ) - H ( 6 B ) 1 0 9 . 7 N ( l ) - C ( 7 ) - C ( 8 ) 1 1 7 . 8 ( 2 )
N ( l ) - C ( 7 ) - C ( 1 2 ) 1 2 3 . 3 ( 2 ) C ( 8 ) - C ( 7 ) - C ( 1 2 ) 1 1 8 . 7 ( 2 )
C ( 7 ) - C ( 8 ) - C ( 9 ) 1 1 9 . 9 ( 2 ) C ( 7 ) - C ( 8 ) - 0 ( l ) 1 1 5 . 8 ( 2 )
C ( 9 ) - C ( 8 ) - 0 ( l ) 1 2 4 . 3 ( 2 ) C ( 8 ) - C ( 9 ) - C ( 1 0 ) 1 2 0 . 1 ( 2 )
C ( 8 ) - C ( 9 ) - H ( 9 ) 1 2 0 . 0 C ( 1 0 ) - C ( 9 ) - H ( 9 ) 1 1 9 . 8
C ( 9 ) - C ( 1 0 ) - C ( l l ) 1 2 0 . 5 ( 2 ) C ( 9 ) - C ( 1 0 ) - H ( 1 0 ) 1 2 0 . 1
C ( l l ) - C ( 1 0 ) - H ( 1 0 ) 1 1 9 . 4 C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 1 1 9 . 9 ( 2 )
C ( 1 0 ) - C ( l l ) - H ( l l ) 1 2 2 . 1 C ( 1 2 ) - C ( l l ) - H ( l l ) 1 1 8 . 0
C ( 7 ) - C ( 1 2 ) - C ( l l ) 1 2 0 . 9 ( 2 ) C ( 7 ) - C ( 1 2 ) - H ( 1 2 ) 1 1 7 . 3
C ( l l ) - C ( 1 2 ) - H ( 1 2 ) 1 2 1 . 8 N ( 3 ) ~ C ( 1 3 ) - C ( 1 4 ) 1 1 8 . 6 ( 2 )
N ( 3 ) - C ( 1 3 ) - C ( 1 8 ) 1 2 3 . 2 ( 2 ) C ( 1 4 ) - C ( 1 3 ) - C ( 1 8 ) 1 1 8 . 1 ( 2 )
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 2 0 . 2 ( 2 ) C ( 1 3 ) - C ( 1 4 ) - 0 ( 2 ) 1 1 5 . 4 ( 2 )
C ( 1 5 ) - C ( 1 4 ) - 0 ( 2 ) 1 2 4 . 3 ( 2 ) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 0 . 4 ( 3 )
C ( 1 4 ) - C ( 1 5 ) - H ( 1 5 ) 1 1 5 . 5 C ( 1 6 ) - C ( 1 5 ) - H ( 1 5 ) 1 2 4 . 0
C ( 1 5 ) - C ( 1 6 ) - C ( 1 7 ) 1 2 0 . 6 ( 2 ) C ( 1 5 ) - C ( 1 6 ) - H ( 1 6 ) 1 2 2 . 0
C ( 1 7 ) - C ( 1 6 ) - H ( 1 6 ) 1 1 7 . 4 C ( 1 6 ) - C ( 1 7 ) - C ( 1 8 ) 1 1 9 . 9 ( 2 )
C ( 1 6 ) - C ( 1 7 ) - H ( 1 7 ) 1 2 0 . 1 C ( 1 8 ) - C ( 1 7 ) - H ( 1 7 ) 1 2 0 . 0
C ( 1 3 ) - C ( 1 8 ) - C ( 1 7 ) 1 2 0 . 8 ( 2 ) C ( 1 3 ) - C ( 1 8 ) - H ( 1 8 ) 1 1 9 . 9
C ( 1 7 ) - C ( 1 8 ) - H ( 1 8 ) 1 1 9 . 1 N ( 5 ) - C ( 1 9 ) - C ( 2 0 ) 1 1 8 . 4 ( 2 )
N ( 5 ) - C ( 1 9 ) - C ( 2 4 ) 1 2 3 . 2 ( 2 ) C ( 2 0 ) - C ( 1 9 ) - C ( 2 4 ) 1 1 8 . 2 ( 2 )
C ( 1 9 ) - C ( 2 0 ) - C ( 2 1 ) 1 2 0 . 2 ( 2 ) C ( 1 9 ) - C ( 2 0 ) - 0 ( 3 ) 1 1 6 . 5 ( 2 )
C ( 2 1 ) - C ( 2 0 ) - 0 ( 3 ) 1 2 3 . 2 ( 2 ) C ( 2 0 ) - C ( 2 1 ) - C ( 2 2 ) 1 2 0 . 1 ( 2 )
C ( 2 0 ) - C ( 2 1 ) - H ( 2 1 ) 1 2 1 . 2 C ( 2 2 ) - C ( 2 1 ) - H ( 2 1 ) 1 1 8 . 6
C ( 2 1 ) - C ( 2 2 ) - C ( 2 3 ) 1 2 0 . 4 ( 2 ) C ( 2 1 ) - C ( 2 2 ) - H ( 2 2 ) 1 1 8 . 3
C ( 2 3 ) - C ( 2 2 ) - H ( 2 2 ) 1 2 1 . 3 C ( 2 2 ) - C ( 2 3 ) - C ( 2 4 ) 1 1 9 . 8 ( 2 )
C ( 2 2 ) - C ( 2 3 ) - H ( 2 3 ) 1 2 1 . 0 C ( 2 4 ) - C ( 2 3 ) ~ H ( 2 3 ) 1 1 9 . 2
C ( 1 9 ) - C ( 2 4 ) - C ( 2 3 ) 1 2 1 . 2 ( 2 ) C ( 1 9 ) - C ( 2 4 ) - H ( 2 4 ) 1 2 0 . 5
C ( 2 3 ) - C ( 2 4 ) - H ( 2 4 ) 1 1 8 . 2 0 ( 1 ) - C ( 2 5 ) -H(25A) 1 0 5 . 3
0 ( 1 ) - C ( 2 5 ) - H ( 2 5 B ) 1 1 1 . 9 0 ( 1 ) - C ( 2 5 ) - H ( 2 5 C ) 1 1 0 . 9
H ( 2 5 A ) - C ( 2 5 ) - H ( 2 5 B ) 1 0 9 . 9 H ( 2 5 A ) - C ( 2 5 ) - H ( 2 5 C ) 1 0 8 . 9
H ( 2 5 B ) ~ C (2 5 ) - H ( 2 5 C ) 1 0 9 . 8 0 ( 2 ) - C ( 2 6 ) - H ( 2 6 A ) 1 0 9 . 9
0 ( 2 ) - C ( 2 6 ) - H ( 2 6 B ) 1 0 7 . 9 0 ( 2 ) - C ( 2 6 ) -H(26C) 1 0 3 . 6
H ( 2 6 A ) - C ( 2 6 ) - H ( 2 6 B ) 1 0 7 . 2 H ( 2 6 A ) - C ( 2 6 ) - H ( 2 6 C ) 1 1 0 . 3
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H ( 2 6 B ) - C ( 2 6 ) - H ( 2 6 C )  1 1 7 . 7  0 ( 3 ) - C ( 2 7 ) - H ( 2 7 A )  1 0 5 . 2
0 ( 3 ) - C ( 2 7 ) - H ( 2 7 B )  1 0 8 . 7  0 ( 3 ) - C ( 2 7 ) - H ( 2 7 C )  1 1 0 . 2
H ( 2 7 A ) - C ( 2 7 ) - H ( 2 7 B )  1 0 9 . 1  H ( 2 7 A ) - C ( 2 7 ) - H ( 2 7 C )  1 1 2 . 5
H ( 2 7 B ) - C ( 2 7 ) - H ( 2 7 C )  1 1 0 . 9  C ( 8 ) - 0 ( l ) - C ( 2 5 )  1 1 7 . 4 ( 2 )
C ( 1 4 ) - 0 ( 2 ) - C ( 2 6 )  1 1 9 . 3 ( 2 )  C ( 2 0 ) - 0 ( 3 ) - C ( 2 7 )  1 1 6 . 8 ( 2 )
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Table 23

Fractional coordinates for l ,3 ,5-tr i-(4-n ie tlioxypl]p iiy l)- l ,3 ,5-tr iazacyc .lohexane (45)

X y z

N 1) 0 . 3 7 8 3 4 8) 0 . 1 4 4 1 2 8) 0 . 1 8 2 9 4 ( 5 7 )
C 2) 0 . 3 5 7 2 5 11) 0 . 2 0 9 7 5 11) 0 . 2 8 9 6 9 ( 3 1 )
N 3) 0 . 3 7 7 4 3 9) 0 . 2 9 0 4 9 9) 0 . 2 2 0 9 4 ( 2 7 )
C 4) 0 . 3 3 1 2 9 12) 0 . 2 9 9 1 3 12) 0 . 0 7 0 0 2 ( 3 0 )
N 5) 0 . 3 5 2 4 7 9) 0 . 2 3 4 1 2 10) - 0 . 0 3 9 2 6 ( 2 7 )
C 6) 0 . 3 3 3 0 0 11) 0 . 1 5 5 3 2 12) 0 . 0 3 3 0 7 ( 3 3 )
C 7) 0 . 4 6 4 9 4 10) 0 . 1 1 6 3 2 9) 0 . 1 7 6 5 0 ( 2 8 )
C 8) 0 . 5 3 0 6 0 10) 0 . 1 5 1 2 9 10) 0 . 2 6 3 0 1 ( 2 8 )
C 9) 0 . 6 1 2 7 9 11) 0 . 1 1 6 7 4 11) 0 . 2 6 8 9 6 ( 2 8 )
C 10) 0 . 6 3 0 5 4 11) 0 . 0 4 7 4 0 10) 0 . 1 8 3 1 0 ( 2 7 )
C 11) 0 . 5 6 6 2 9 12) 0 . 0 1 4 0 0 10) 0 . 0 8 8 9 1 ( 2 9 )
C 12) 0 . 4 8 4 6 5 11) 0 . 0 4 7 1 3 9) 0 . 0 8 7 2 7 ( 2 9 )
C 13) 0 . 3 6 8 9 5 10) 0 . 3 5 6 1 4 11) 0 . 3 2 8 2 7 ( 2 9 )
C 14) 0 . 3 1 7 4 1 11) 0 . 4 2 4 1 0 11) 0 . 2 9 9 7 0 ( 3 0 )
C 15) 0 . 3 1 5 6 0 12) 0 . 4 8 8 7 2 11) 0 . 4 0 3 9 2 ( 3 4 )
C 16) 0 . 3 6 4 2 5 10) 0 . 4 8 8 0 1 11) 0 . 5 4 0 1 3 ( 3 3 )
c 17) 0 . 4 1 4 5 5 11) 0 . 4 2 0 7 1 12) 0 . 5 7 1 8 1 ( 2 9 )
c 18) 0 . 4 1 6 8 3 11) 0 . 3 5 6 3 2 11) 0 . 4 6 7 7 8 ( 3 0 )
c 19) 0 . 4 3 3 0 4 11) 0 . 2 3 8 8 0 10) - 0 . 1 1 8 6 5 ( 3 0 )
c 20) 0 . 4 9 4 6 7 12) 0 . 2 9 7 9 9 10) - 0 . 0 8 8 9 1 ( 3 0 )
c 21) 0 . 5 7 0 7 5 12) 0 . 3 0 1 2 2 11) - 0 . 1 7 4 3 9 ( 3 0 )
c 22) 0 . 5 8 7 9 1 13) 0 . 2 4 4 0 2 11) - 0 . 2 8 8 7 9 ( 3 0 )
c 23) 0 . 5 2 7 5 7 14) 0 . 1 8 3 3 8 11) - 0 . 3 1 7 3 0 ( 3 1 )
c 2 4) 0 . 4 5 1 3 3 12) 0 . 1 8 1 7 7 10) - 0 . 2 3 6 1 5 ( 3 0 )
0 25) 0 . 7 0 7 4 6 9) 0 . 0 0 6 6 9 9) 0 . 1 8 3 2 4 ( 2 7 )
0 26) 0 . 3 5 7 2 3 10) 0 . 5 5 5 1 2 9) 0 . 6 3 5 1 6 ( 2 9 )
0 27) 0 . 6 6 1 2 7 12) 0 . 2 4 0 5 8 10) - 0 . 3 8 1 0 3 ( 3 1 )
c 28) 0 . 7 7 5 0 6 14) 0 . 0 4 0 2 9 19) 0 . 2 7 5 2 4 ( 4 3 )
c 29) 0 . 4 1 2 1 ( 2 ) 0 . 5 5 9 9 ( 2 ) 0 . 7 6 8 2 ( 5 )
c 30) 0 . 7 2 5 9 ( 2 ) 0 . 2 9 8 4 ( 3 ) - 0 . 3 5 1 0 ( 5 )
H 2A) 0 . 3 9 0 6 ( 5) 0 . 1 9 8 5 ( 2) 0 . 3 9 0 1 ( 3 1 )
H 2B) 0 . 2 9 0 0 ( 3) 0 . 2 0 8 7 ( 1) 0 . 3 0 5 2 ( 2 8 )
H 4A) 0 . 3 4 6 4 ( 2) 0 . 3 5 4 0 ( 3) 0 . 0 2 2 7 ( 2 9 )
H 4B) 0 . 2 6 8 8 ( 5) 0 . 2 9 5 0 ( 1) 0 . 0 9 1 3 ( 3 2 )
H 6A) 0 . 2 7 1 3 ( 4) 0 . 15 36( 1) 0 . 0 5 6 8 ( 3 1 )
H 6B) 0 . 3 4 6 3 ( 3) 0 . 1 0 9 3 ( 3) - 0 . 0 4 5 2 ( 3 1 )
H 8) 0 . 5 2 0 5 ( 5) 0 . 2 0 0 8 ( 3) 0 . 3 1 1 9 ( 3 0 )
H 9) 0 . 6 5 4 2 ( 3) 0 . 1 4 2 7 ( 2) 0 . 3 3 1 6 ( 3 0 )
H 11) 0 . 5 8 1 6 ( 2) - 0 . 0 3 4 2 ( 2) 0 . 0 3 2 0 ( 2 9 )
H 12) 0 . 4 3 7 9 ( 2) 0 . 0 2 1 7 ( 1) 0 . 0 2 3 3 ( 3 0 )
H 14) 0 . 2 8 4 6 ( 3) 0 . 4 2 5 7 ( 2) 0 . 2 0 6 0 ( 3 3 )
H 15) 0 . 2 7 8 1 ( 3) 0 . 5 3 6 8 ( 1) 0 . 3 8 3 8 ( 3 1 )
H 17) 0 . 4 5 0 6 ( 8) 0 . 4 2 0 1 ( 6) 0 . 6 6 5 0 ( 4 3 )
H 18) 0 . 4 5 2 5 ( 5) 0 . 3 0 7 7 ( 8) 0 . 4 9 4 1 ( 3 2 )
H 20) 0 . 4 8 6 1 ( 3) 0 . 3 3 6 0 ( 3) - 0 . 0 1 2 5 ( 3 1 )
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H(21) 0 . 6 1 2 3 ( 1 5 ) 0 . 3 4 0 6 ( 1 3 ) - 0 . 1 4 8 6 ( 3 2 )
H(23) 0 . 5 4 4 9 ( 1 4 ) 0 . 1 3 7 4 5 ( 1 4 ) - 0 . 3 9 6 5 ( 3 6 )
H(24) 0 . 4 0 9 9 ( 1 4 ) 0 . 1 3 7 3 ( 1 4 ) - 0 . 2 5 7 2 ( 3 3 )
H(28A) 0 . 8 2 3 ( 2 ) 0 . 0 0 2 ( 2 ) 0 . 2 7 1 ( 4 )
H(28B) 0 . 7 5 4 ( 2 ) 0 . 0 4 4 ( 1 ) 0 . 3 8 6 ( 6 )
H(28C) 0 . 7 8 6 4 ( 1 7 ) 0 . 0 9 1 1 ( 1 7 ) 0 . 2 4 3 5 ( 4 5 )
H(29A) 0 . 3 9 2 ( 2 ) 0 . 5 1 1 ( 2 ) 0 . 8 4 3 ( 6 )
H(29B) 0 . 4 7 0 ( 2 ) 0 . 5 5 3 ( 1 ) 0 . 7 4 6 ( 4 )
H(29C) 0 . 4 0 9 2 ( 1 9 ) 0 . 6 1 3 1 ( 1 9 ) 0 . 8 2 4 8 ( 4 5 )
H(30A) 0 . 7 7 3 ( 3 ) 0 . 2 8 3 ( 2 ) - 0 . 4 2 0 ( 6 )
H(30B) 0 . 7 4 8 ( 2 ) 0 . 2 9 0 ( 2 ) - 0 . 2 5 0 ( 5 )
H(30C) 0 . 7 0 5 ( 2 ) 0 . 3 4 8 ( 2 ) - 0 . 3 7 1 ( 6 )
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Table 24

Bond lengths for 1,3,5—tri—(*1 -n ie tl ioxypheny l)-l ,3 ,5 -tr iazacyclohexane (45)

N ( l )  - C(2) 1 . 4 4 4 ( 3 ) N ( l )  - C(6) 1 . 4 6 2 ( 5 )
N ( l )  - C(7) 1 . 4 2 0 ( 2 ) N(3) - C(2) 1 . 4 8 2 ( 3 )
N(3)  - C(4) 1 . 4 7 1 ( 4 ) N(3) - C(13 ) 1 . 4 1 6 ( 3 )
N(5)  - C(4) 1 . 4 5 0 ( 3 ) N(5) - C(6) 1 . 4 6 3 ( 3 )
N(5)  - C (19) 1 . 4 2 1 ( 3 ) C(2)  - H(2A) 1 . 0 1 ( 3 )
C(2)  - H(2B) 1 . 0 5 ( 3 ) C(4)  - H(4A) 1 . 0 1 ( 3 )
C(4)  - H(4B) 0 . 9 9 ( 3 ) C(6) - H(6A) 0 . 9 8 ( 3 )
C(6)  - H(6B) 1 . 0 3 ( 3 ) C(7) - C(8) 1 . 3 8 0 ( 3 )
C(7)  - C(12) 1 . 3 9 8 ( 3 ) C(8)  - C(9) 1 . 3 9 7 ( 3 )
C(8)  - H(8) 0 . 9 3 ( 3 ) C(9)  - C (10 ) 1 . 3 7 9 ( 3 )
C(9)  - H(9) 0 . 9 4 ( 3 ) C(10)  - C ( l l ) 1 . 3 8 9 ( 3 )
C(10)  - 0 ( 2 5 ) 1 . 3 6 8 ( 3 ) C ( U )  - C(12 ) 1 . 3 7 9 ( 3 )
C ( l l )  - H ( l l ) 0 . 9 6 ( 3 ) C (12)  - H(12) 1 . 0 0 ( 3 )
C(13 )  - C(14) 1 . 3 9 4 ( 3 ) C (13)  - 0 ( 1 8 ) 1 . 3 9 5 ( 4 )
C(14)  - C(15) 1 . 3 8 0 ( 4 ) C(14)  - H(14) 0 . 9 4 ( 3 )
C(15)  - C(16) 1 . 3 7 8 ( 4 ) C ( 15) - H (15 ) 1 . 0 0 ( 2 )
C(16)  - C(17) 1 . 3 8 0 ( 3 ) C(16)  - 0 ( 2 6 ) 1 . 3 6 9 ( 3 )
C(17 )  - C(18) 1 . 3 7 6 ( 4 ) C (17)  - H(17) 0 . 9 7 ( 4 )
C(18)  - H(18) 1 . 0 0 ( 3 ) C(19)  - C(20) 1 . 3 8 7 ( 3 )
C(19 )  - C(24) 1 . 3 9 5 ( 3 ) C(20)  - C(21) 1 . 3 8 6 ( 3 )
C(20)  - H(20) 0 . 9 1 ( 3 ) C(21)  - C(22) 1 . 3 7 5 ( 4 )
C(21)  - H(21) 0 . 9 4 ( 3 ) C(22)  - C(23) 1 . 3 8 8 ( 3 )
C(22)  - 0 ( 2 7 ) 1 . 3 8 1 ( 4 ) C(23 )  - C(24) 1 . 3 6 8 ( 4 )
C(23)  - H(23) 1 . 0 4 ( 3 ) C(24 )  - H(24) 0 . 9 9 ( 3 )
C(28 )  - 0 ( 2 5 ) 1 . 4 1 8 ( 4 ) C(28 )  - H(28A) 0 . 9 7 ( 4 )
C(28)  - H(28B) 0 . 9 9 ( 5 ) C(28)  - H(28C) 0 . 8 9 ( 3 )
C(29 )  - 0 ( 2 6 ) 1 . 4 1 3 ( 5 ) C(29 )  - H(29A) 1 . 0 7 ( 5 )
C(29)  - H(29B) 0 . 9 2 ( 4 ) C(29 )  - H(29C) 1 . 0 0 ( 4 )
C(30)  - 0 ( 2 7 ) 1 . 4 0 5 ( 5 ) C(30 )  - H(30A) 0 . 9 6 ( 5 )
C(30)  - H(30B) 0 . 9 3 ( 5 ) C(30)  - H(30C) 0 . 8 9 ( 4 )
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Table 25

Bond angles for l ,3 ,5 - tr i - (4 -m cthoxyp lieny l) - l ,3 ,5 - tr iazacyc .lohexane  (45)

c 2 ) - & 1 O O 1 0 9 . 8 2) C ( 2 ) - N ( l ) - C ( 7 ) 1 1 8 . 6 3)
c 6 ) - N ( l ) - C ( 7 ) 1 1 7 . 6 4) C ( 2 ) - N ( 3 ) - C ( 4 ) 1 0 8 . 9 2)
c 2 ) - N( 3 ) - C ( 13) 1 1 4 . 2 2) C ( 4 ) - N ( 3 ) - C ( 1 3 ) 1 1 6 . 0 2)
c 4 ) - N( 5 ) - C ( 6 ) 1 0 9 . 8 2) C ( 4 ) - N ( 5 ) - C ( 1 9 ) 1 1 7 . 4 2)
c 6 ) - N( 5 ) - C ( 19) 1 1 5 . 3 2) N ( l ) - C ( 2 ) - N ( 3 ) 1 1 2 . 0 3)
N 1 ) - C (2 ) - H (2 A ) 1 0 5 . 9 13) N ( 1 ) - C ( 2 ) - H ( 2 B ) 1 0 6 . 9 12)
N 3 ) - C (2 ) -H (2 A ) 1 1 2 . 6 12) N ( 3 ) - C ( 2 ) - H ( 2 B ) 1 0 5 . 8 11)
H 2A) - C ( 2 ) - H ( 2 B ) 1 1 3 . 6 19) N ( 3 ) - C ( 4 ) - N ( 5 ) 1 1 1 . 8 2)
N 3 ) - C (4 ) -H (4 A ) 1 0 8 . 4 13) N( 3 ) - C ( 4 ) - H ( 4 B ) 1 0 8 . 2 16)
N 5 ) - C (4 ) -H (4 A ) 1 1 0 . 5 14) N ( 5 ) - C ( 4 ) - H ( 4 B ) 1 0 6 . 7 13)
H 4A) - C ( 4 ) - H ( 4 B ) 1 1 1 . 1 16) N ( l ) - C ( 6 ) - N ( 5 ) 1 1 2 . 0 2)
N 1 ) - C ( 6 ) -H (6 A ) 1 0 6 . 8 16) N ( 1 ) - C ( 6 ) - H ( 6 B ) 1 1 1 . 8 14)
N 5 ) - C (6 ) - H (6 A ) 1 0 8 . 3 12) N( 5 ) - C ( 6 ) - H ( 6 B ) 1 0 9 . 9 14)
H 6A) - C ( 6 ) - H ( 6 B ) 1 0 7 . 9 18) N ( l ) - C ( 7 ) - C ( 8 ) 1 2 3 . 0 3)
N 1 ) - C ( 7 ) - C ( 1 2 ) 1 1 9 . 3 2) C ( 8 ) - C ( 7 ) - C ( 1 2 ) 1 1 7 . 6 2)
C 7 ) - C ( 8 ) - C ( 9 ) 1 2 1 . 6 2) C ( 7 ) - C ( 8 ) - H ( 8 ) 1 1 8 . 6 15)
C 9 ) - C ( 8 ) - H ( 8 ) 1 1 9 . 7 15) C ( 8 ) - C ( 9 ) - C ( 1 0 ) 1 1 9 . 9 2)
C 8 ) - C( 9 ) - H (9 ) 1 1 7 . 5 13) C ( 1 0 ) - C ( 9 ) - H ( 9 ) 1 2 2 . 5 13)
C 9 ) - C ( 1 0 ) - C ( U ) 1 1 9 . 0 2) C ( 9 ) - C ( 1 0 ) - 0 ( 2 5 ) 1 2 5 . 3 2)
C 11 - C ( 1 0 ) - 0 ( 2 5 ) 1 1 5 . 7 2) C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 1 2 0 . 6 2)
C 10 - C d l ) - H ( l l ) 1 1 5 . 9 13) C ( 1 2 ) - C ( l l ) - H ( l l ) 1 2 3 . 4 13)
C 7) C( 1 2 ) —C C11) 1 2 1 . 1 3) C ( 7 ) - C ( 1 2 ) - H ( 1 2 ) 1 1 8 . 4 12)
c 11 - C ( 1 2 ) - H ( 1 2 ) 1 2 0 . 5 12) N ( 3 ) - C ( 1 3 ) - C ( 1 4 ) 1 2 3 . 5 2)
N 3) C ( 1 3 ) - C ( 1 8 ) 1 1 9 . 7 2) C ( 1 4 ) - C ( 1 3 ) - C ( 1 8 ) 1 1 6 . 8 2)
C 13 - C ( 1 4 ) - C ( 1 5 ) 1 2 1 .1 30) C ( 1 3 ) - C ( 1 4 ) - H ( 1 4 ) 1 1 8 . 5 13)
C 15 - C ( 1 4 ) - H ( 1 4 ) 1 2 0 . 4 13) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 1 . 1 2)
C 14 - C ( 1 5 ) - H ( 1 5 ) 1 2 0 . 9 15) C ( 1 6 ) - C ( 1 5 ) - H ( 1 5 ) 1 1 8 . 0 15)
C 15 - C ( 1 6 ) - C ( 1 7 ) 1 1 8 . 6 3) C ( 1 5 ) - C ( 1 6 ) - 0 ( 2 6 ) 1 1 6 . 2 2)
C 17 — C( 1 6 ) - 0 ( 2 6 ) 1 2 5 . 2 3) C ( 1 6 ) - C ( 1 7 ) - C ( 1 8 ) 1 2 0 . 4 3)
c 16 - C ( 1 7 ) —H( 1 7 ) 1 1 9 . 6 17) C ( 1 8 ) - C ( 1 7 ) - H ( 1 7 ) 1 1 9 . 9 17)
c 13 - C ( 1 8 ) - C ( 1 7 ) 1 2 1 . 9 2) C ( 1 3 ) - C ( 1 8 ) - H ( 1 8 ) 1 1 8 . 9 16)
c 17 - C ( 1 8 ) —H C18) 1 1 9 . 1 16) N ( 5 ) - C ( 1 9 ) - C ( 2 0 ) 1 2 4 . 0 2)
N 5) C ( 1 9 ) - C ( 2 4 ) 1 1 8 . 6 2) C ( 2 0 ) - C ( 1 9 ) - C ( 2 4 ) 1 1 7 . 4 2)
C 19 - C ( 2 0 ) - C ( 2 1 ) 1 2 1 . 3 2) C ( 1 9 ) - C ( 2 0 ) - H ( 2 0 ) 1 2 0 . 7 14)
C 21 - C ( 2 0 ) - H ( 2 0 ) 1 1 8 . 0 14) C ( 2 0 ) - C ( 2 1 ) - C ( 2 2 ) 1 2 0 . 4 2)
C 20 - C ( 2 1 ) - H ( 2 1 ) 1 1 9 . 3 16 C ( 2 2 ) - C ( 2 1 ) - H ( 2 1 ) 1 2 0 . 1 16)
C 21 - C ( 2 2 ) - C ( 2 3 ) 1 1 8 . 8 2) C ( 2 1 ) - C ( 2 2 ) - 0 ( 2 7 ) 1 2 5 . 8 2)
C 23 - C ( 2 2 ) - 0 ( 2 7 ) 1 1 5 . 4 2) C ( 2 2 ) - C ( 2 3 ) - C ( 2 4 ) 1 2 0 . 7 3)
c 22 - C ( 2 3 ) - H ( 2 3 ) 1 1 7 . 1 13) C ( 2 4 ) - C ( 2 3 ) - H ( 2 3 ) 1 2 2 . 1 13)
c 19 - C ( 2 4 ) - C ( 2 3 ) 1 2 1 . 4 2) 0 ( 1 9 ) - C ( 2 4 ) - H ( 2 4 ) 1 1 9 . 5 15)
c 23 - C ( 2 4 ) - H ( 2 4 ) 1 1 9 . 1 15) 0 ( 2 5 ) - C ( 2 8 ) - H ( 2 8 A ) 1 0 7 . 3 2 0 )
0 25 - C ( 2 8 ) - H ( 2 8 B ) 1 0 7 . 0 22) 0 ( 2 5 ) -C(28) -HC 28C ) 1 1 0 . 1 2 1)
H 2 8 A ) - C ( 2 8 ) - H ( 2 8 B ) 1 0 9 . 4 30) H ( 2 8 A ) - C ( 2 8 ) - H ( 2 8 C ) 1 1 5 . 8 26)
H 2 8 B ) - C ( 2 8 ) - H ( 2 8 C ) 1 0 6 . 9 27 ) 0 ( 2 6 ) - C ( 2 9 ) - H ( 2 9 A ) 1 0 4 . 4 23)
0 26) - C ( 2 9 ) - H ( 2 9 B ) 1 1 4 . 4 23) 0 ( 2 6 ) - C ( 2 9 ) - H ( 2 9 C ) 1 1 3 . 8 20)
H 2 9 A ) - C ( 2 9 ) - H ( 2 9 B ) 1 0 8 . 0 26) H ( 2 9 A ) - C ( 2 9 ) - H ( 2 9 C ) 1 1 1 . 4 32)
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H ( 2 9 B ) - C ( 2 9 ) - H ( 2 9 C )  1 0 4 . 8 ( 2 4 )
0 ( 2 7 ) - C ( 3 0 ) - H ( 3 0 B )  1 0 9 . 4 ( 2 1 )
H ( 3 0 A ) - C ( 3 0 ) - H ( 3 0 B )  1 0 3 . 6 ( 3 8 )
H ( 3 0 B ) - C ( 3 0 ) - H ( 3 0 C )  1 1 6 . 3 ( 3 9 )
C ( 1 6 ) - 0 ( 2 6 ) - C ( 2 9 )  1 1 7 . 7 ( 3 )

0 ( 2 7 ) - C ( 3 0 ) - H ( 3 0 A )  1 0 4 . 6 ( 2 6 )
0 ( 2 7 ) - C ( 3 0 ) -H(30C)  1 0 8 . 5 ( 2 4 )
H ( 3 0 A ) - C ( 3 0 ) - H ( 3 0 C )  1 1 3 . 7 ( 4 0 )
C ( 1 0 ) - 0 ( 2 5 ) - C ( 2 8 )  1 1 7 . 1 ( 2 )
C ( 2 2 ) - 0 ( 2 7 ) - C ( 3 0 )  1 1 7 . 3 ( 3 )
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