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Abstract
This thesis is primarily concerned with demonstrating bond eclipsing and 

its consequences in simple saturated compounds using dynamic nuclear 

magnetic resonance spectroscopy and molecular mechanics calculations. I 

report the three-fold equilibria in cyclic aza/poly-aza compounds and two-fold 

rotational equilibria in trialkylamines.

The dynamic stereochemistry of a range of N-neopentyl piperidines with 

eclipsed N-CH2 Bu^ bonds is compared with that of the corresponding N- 

ethylpiperidines, with gauche N-CH2 Me bonds. The relative importance of ring 

inversion, exocyclic bond rotation and nitrogen inversion is elucidated, barriers 

of these processes are discussed and reported with the help of Molecular 

Mechanics calculations.

The effect of including cis equatorial methyl groups at the 2 and 6 

positions of the piperidine ring was investigated, and examples of bonds which 

can adopt either eclipsed or staggered conformation are demonstrated. 

Dynamic studies are reported for poly-aza compounds i.e. N,N’-dineopentyl- 

hexahydropyrimidine and Tris(neopentyl)-1,3,5-triazane which has been 

shown by X-ray diffraction study to have one axial and two equatorial neopentyl 

groups with eclipsing in both axial and equatorial exocyclic N-CH2 bonds.

A dynamic NMR study of a range of acyclic N,N-dialkylneopentylamines 

supported by Molecular Mechanics calculations, showed that eclipsed 

conformations are encountered for N-CH2 Bu^ bond which has a high one-fold 

rotational barrier, with more branched alkyl groups it was shown that the bond 

adopts an intermediate between staggered and eclipsed.

Lastly a detailed dynamic NMR investigation with Molecular Mechanics 

calculations has been carried out on the protonated derivatives of these cyclic 

and trialkylamines with the information obtained from vicinal H-N+-C-H 

coupling and one bond carbon-proton coupling, conformation of bonds were 

established.
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Abberviations and Acronyms
Adamantyl

Angstrom
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Tert-butyl

Deuteriated chloroform 

Deuteriated methylene chloride.

Deuteriated acetone 

Chlorodifluoromethane 

Dichorofluoromethane 

Complex multiplet 

Celcius

Carbon 13 NMR 

Doublet

Dynamic Nuclear Magnetic Resonance

Doublet of doublets

Doublet of complex multiplets

Ethyl

Equatorial

Fast atom bombardment mass spectroscopy

Proton NMR

Hertz

Change in Enthalpy

Change in Experimental free energy

Change in Gibb's free energy

Change in Barrier at coalescing temperature

Vicinal coupling

Equilibrium constant
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Abbreviations and Acronyms

Np Neopentyl

NMR Nuclear Magnetic Resonance

•N Nitrogen inversion

M e4 Si Tetramethylsilane

Me Methyl

m.p. Melting point

MHz Megahertz

iPr iso propyl

Ph Phenyl

ppm Parts per million

° Degrees

q of cm Quartet of complex multiplets

q Quartet

'R Ring inversion

rot Bond rotation

R Gas constant

s Singlet

sep Septet

s br Broad singlet

AS° Change in Entropy

T Temperature in Kelvin

t br Broad triplet

t Triplet
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1.1 Eclipsing in General

The ground-state conformation for saturated bonds which minimises the 

steric energy of most simple organic molecules, is the standard staggered 

conformation e.g. ethane 1 with the H-C-C-H dihedral angle of 60° and 180°. As 

bulky substituents groups replace hydrogen bonded to the carbons, the above 

conditions may no longer be obeyed due to the bond rotating away from being 

perfectly staggered to minimise its energy. Thus if two bulky substituents are 

added to the molecule, so as to make them gauche to one another 2, then their 

dihedral angle will become greater than 60° as they rotate away from each other.

Staggered 1
3-dimensional image o f ethane 1 

R

R

H

Gauche 2 Skewed 3

The rotation of the substituents away from each other may result in a 

skewed minimum energy conformation like 3. If the rotation is carried on, an 

eclipsed or near eclipsed conformation 4 is achieved. Such a conformation is 

usually unlikely since the bulky R groups are eclipsing other atoms along the 

central bond, but this eclipsing might not be unfavourable if the interaction 

between the substituents R are great and especially, if the atoms eclipsed are 

hydrogen atoms or lone pairs.

Eclipsed Conformations for Simple Saturated Bonds
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This argument can be said to be purely academic, since the two bulky 

substituents will continue to move from each other until an anti conformation 5 is 

achieved, however if another bulky group is added then the logical reasoning 

applied in the previous cases becomes more critical, and the plausibility of the 

eclipsed ground-state conformation increases. As the groups , r 2 and r 3 of 

a 1,1,2-trisubstituted ethane R"! CH^Hb—-CHCr2r 3 become increasingly 

demanding of space, conformations 6 and 7 are unlikely to be highly populated 

due to the gauche interactions between substituents, whereas, conformation 8 

in which the only disadvantage is the 3 eclipsing interactions with the hydrogen 

atoms, might be the low energy point.

Near Eclipsed 4 A n ti 5

A known trisubstituted compound"! 1,1,2-tri-fe/t-butyl ethane has on the 

basis of molecular mechanics calculations and coupling constant measurements 

been shown to prefer a nearly eclipsed ground state conformation 9. Perfect 

eclipsing with three torsion angles each of 0° is not to be expected due to other 

distortions in the molecule. Thus the H-C-H and Bu^-C-Bu^ projections in 9 will 

be less than and greater than 120° respectively.

It has recently been d e m o n s t r a te d " !mainly from X-ray crystallographic 

studies of solid state structures or from molecular mechanics calculations of gas- 

phase structures and associated NMR measurements that a common stereotype

Eclipsed Conformations for Simple Saturated Bonds
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for a preferred eclipsed conformation of saturated carbon-X bonds (X=CH2, NH, 

O) is an equatorial or axial X-R substituent on a six membered ring with 

equatorial substitution in the 2- and 6- position 10. The Newman projections 11 

and 12 respectively show how the equatorial substituents A and B drive the 

group R to eclipse the hydrogen.

H ,XR

While eclipsing has also been reported in totally different situations'»^

model 1 0  is a special case of a more general s te re o ty p e ^  "G,8 fo r eclipsing for 

the X-Y bond in R'^X-—YR 2r3 (Y=CH, N, O etc.) where groups R are sterically 

demanding.

1.2 Conformational Analysis of Saturated Six-membered N-Heterocyclic 

Compounds

Saturated six-membered N-heterocyclic rings of which piperidine is the 

parent are commonly encountered in various branches of chemistry. This 

includes piperidine derivatives and polyheterocyclic systems in which the ring 

methylene groups can be substituted by alkyl or functional groups or replaced by 

an additional heteroatom (mainly nitrogen, oxygen or sulphur)

Cyclohexane-like rings adopt various non-planar conformations, mainly 

chair, but occasionally boat and twist c o n fo rm a tio n s ^  and interconversion 

between chair conformations takes place rapidly at room temperature. 

Conformational analysis based mainly on nuclear magnetic resonance (NMR) 

spectroscopy is therefore necessary for any full understanding of the structure of 

six-membered rings.

The geometry around nitrogen is pyramidal with one unshared electron 

pair. Such a pyramidal arrangement may exist in two forms undergoing fast

Eclipsed Conformations for Simple Saturated Bonds
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interconversion by passing through a planar transition state in which the central 

nitrogen atom is apparently sp2 hybridised (figurel.1). N-heterocyclic six- 

membered rings are thus both conformationally and configurationally mobile. In 

most cases, fast interconversion processes change one molecule into its 

companion structure at equilibrium.

Figure 1.1

Pyramidal Nitrogen Inversion

Pyramidal atomic inversion is a well-documented topic^O-12 but there are 

some particularly interesting aspects when the nitrogen is incorporated in a ring 

with its geometric constraints, and the possibility of two inversion processes: 1 

nitrogen inversion ('N) and 2, ring inversion or reversal ( 'R ). In five-membered 

on the one hand , and seven-membered and higher systems on the other hand, 

ring flexibility leads to a large number of possible conformations in fast mutual 

interconversion through pseudo-rotation processes. As a result, all these rings 

are characterised by ring reversal processes that can usually be distinguished 

from nitrogen inversion since the latter process is clearly slower than the 

former^. On the other hand, in six-membered aza-heterocycles the rate of ring 

reversal will usually be slower than that of nitrogen inversion, see scheme 1.1.

Eclipsed Conformations for Simple Saturated Bonds
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scheme 1.1

Ring and Nitrogen inversion in piperidine derivatives

It should be noted that, when the set of equatorial and axial substituents 

are not identical, then starting from a given conformation (A), the two processes 

•n or 'r , result in two different conformers, (B) and (0) respectively. If we 

perform a sequence of two non-identical processes (i.e. 'n then 'r, or 'r then 'n) 

then we obtain a fourth different conformer (D).

Conformational kinetic data may be derived by consideration of the 

scheme(1.2)9

scheme 1.2

CN)

Ki2 :
(1)

(*R ) K i 3

(2)

1

K31

K21

K34

K42 K24 ----------(’ R)

4̂3 •

('N )

Conformational rate constants in piperidine derivatives

Eclipsed Conformations for Simple Saturated Bonds



Chapter 1___________________ Introduction__________________________16

Barriers to ring reversal are about 10-12 kcal/mol for six-membered 

rings'! 3, while nitrogen inversion barriers for trialkylamines are 5-8 kcal/mol 14. 

This means that the rate constants using NMR line shape methods are usually 

obtained for ring reversal at moderately low temperature (typically between -20 

and -60“C) and individual nitrogen inversion rates at lower temperature (typically 

between -100 and -150°C).

The stereodynamics of a wide range of six-membered A/-heterocyclic 

compounds has been studied over the last few years^^'^O largely by observing 

the temperature dependence of NMR spectra, which helps in the understanding 

of the interconversion of specific conformations. It has to be noted that 

interconversions involve a combination of ring inversion or reversal, nitrogen 

inversion and importantly for this work, rotation about exocyclic bonds. This last 

point arises because on nitrogen inversion, with no rotation, a staggered bond 

with torsion angles of 60° and 180° becomes a bond with torsion angles of 120° 

and 0° i.e. eclipsed. NMR methods may allow study of these processes and 

measurement of their barriers.

A/-neopentyl-4-ferf-butylpiperidine 13 was shown by Forsyth31 to exist 

predominantly eclipsed at the exocyclic N-CH2 bond, based on evidence 

obtained from molecular mechanics calculations and coupling constant 

measurements, this structure is redolent of structure 10 above, but here the 

equatorial substituents flanking the eclipsed bonds are hydrogen atoms. The 

conformation of 13 is analogous to that we obtained for fe/t-butoxycyclohexane 

14 in which the ferf-butyl finds that the two flanking equatorial hydrogens are 

once again sufficient to produce eclipsing16 of the exocyclic C-0 bond.

Bu'

Bu'

Eclipsed Conformations for Simple Saturated Bonds
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We had been considering m e th o x y c y c lo h e x a n e s ^ ^  with none to four 

adjacent methyl substituents (see table 1.1) and some simple acyclic methyl 

secondary alkyl ethers and had shown a correlation between the three-bond 

coupling constant of the methine proton with the methoxy carbon and the

conformation of the HC O bond defined by 0, the torsion angle

as suggested by molecular mechanics calculations MM333,34 see figure 1.2.

R̂

' h

R'̂
( )

OMe ring - ^ r i n g

R:=H or Me

Eclipsed Conformations for Simple Saturated Bonds
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Table 1.1

Experimental vicinal ‘•^q -O-Q-Ih coupling constants (J/Hz) and MM3-calculated 

optimum carbon-oxygen bond conformation for methoxycyclohexanes and other

Compound and Substituents 0 ^ n J/Hz

Equatorial methoxycyclohexane

none 46.0 3 .7b

eq 2-Me 40.4 4 .7a

ax 2-Me 44.6 4.ia,b

2,2-Me2 37.3 5.5

eq,ax 2,6-Me2 41.2 4.3a.b

eq,eq 2,6-Me2 0.0 7 .3a

eq 2,2,6-Me3 0.7 7.3

2,2,6,6-Me4 0.4 7.5

eq 4-But-2,2,6,6-Me4 0.3 7.7

Axial methoxycyclohexanes

none 41.9 3 .7 b

eq 2-Me 40.7 4.ia,b

eq 4-Bu^ 41.5 3.9

eq,eq 2,6-Me2 0.2 7 .3a,b

Acyclic methyl ethers

(Me)2 CH- 46.6 3.9

(Et)2CH- 46.6 4.6a

'Pr2 CH- 1.8 7.6a

3 ref^2. ^ The coupling for a mixture of two chair conformations with the methoxy-group equatorial or axial.

1.3 Techniques There are a number of techniques available for the 

elucidation of conformations of bonds, however we restrict ourselves to three,

Eclipsed Conformations for Simple Saturated Bonds
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namely Nuclear Magnetic Resonance Methods, Molecular Mechanics 

Calculations and Crystal Struture Determination.

1.3.1 Nuclear Magnetic Resonance Methods

a)Dynamic NMR (DNMR)

Very broadly, simple averaged spectra are seen when the interconversion 

of two conformations is fast on the NMR time scale whereas more complex 

individual spectra are seen when the process is slow on the NMR time scale. 

________________Figure 1.3_______________

AG BA

I

AG'

A
Reaction co-ordinate

The above figure 1.3 depicts the energy profile to be expected for a 

molecule interconverting between two states A and B (of unequal energy) via a 

single transition state. The position of the equilibrium at a particular temperature 

T is determined by AG°, the free energy difference for the process:

[ b ]
AG =-RTIn"

[A]

and is obtainable directly from an NMR spectrum under conditions of slow 

exchange on the NMR timescale^S by integration of the NMR peaks

Eclipsed Conformations for Simple Saturated Bonds
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corresponding to A and B. The rate of the interconversion of A to B is given by 

k which is related to AG* in accordance with the Eyring equation^G

exp(-AG *^^ )

Kb = Boltzmann’s constant

h = Planck’s constant

f = Transmission coefficient

R= Gas constant

T= Absolute temperature

or AG*c=RT{23.76 + In Tc - In Kc} kcal/mol

The rate constant kc of a chemical exchange process at the coalescence 

temperature Tc for two exchanging NMR signals V a and V b is given by37

kc =
'2

AT)=difference in frequency

enabling AG*c to be readily determined by observation of the lineshape of two 

coalescing signals. A complete theory of NMR lineshapes allows the calculation 

of signal appearance for any rate constant for exchange, and so by matching 

exchange-modified spectra to calculated spectra, rate constants can be obtained 

at a series of temperatures.

b)Coupling Constants

In confirming the calculated conformation of a simple 1,1,2-trisubstituted 

ethane, (see scheme 1.3) the NMR spectrum of the compound is useful. It 

should be possible to measure two coupling constants J a -c  and J b-c , which are 

equal if R2 = R3. The sum of these coupling constants gives an indication of the 

degree of eclipsing. When the conformation is near staggered as in scheme 3, 

the sum of the coupling should be about 14.2Hz. However, in tri-ferf-butyl 

e th a n ew h ich  is a good model for an eclipsed conformation the sum of the 

coupling constant is only 7.2Hz (J a -c = J b-c = 3 .6 H z ). Table 1.2 shows the value 

for a range of acyclic alkanes^ which have conformations ranging from totally 

eclipsed to well-staggered, with the sum of the coupling constants.

Eclipsed Conformations for Simple Saturated Bonds
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The instability of the staggered conformations of R‘*CH2CHR2r 3 is due 

to parallel-1,3-interactions, so for most marked eclipsing, a fair degree of 

branching in R \ R2 and R3 is desirable. If R2 and R^ are only moderately space- 

demanding, but are inflexible, a sizeable group R̂  may prefer to eclipse a 

hydrogen atom, as a means of distancing itself from R2 and R -̂ If R2 and R3 

are part of a ring system eclipsing is more likely because there is less scope for 

distortion than in an acyclic system.

Schemel .3

Table 1.2 vicinal proton-proton coupling constants (Hz) in acyclic alkanes
R1CAHB-CHCR2R3

R1 R2 R3 jA -C JB-c I J

f-Bu f-Bu t-Bu 3.6 3.6 7.2

Me f-Bu f-Bu 3.7 3.7 7.4

Me Et f-Bu 3.3 6.5 9.8

f-Pentyl Me Me 5.1 5.1 10.2

Me /-Pr /-Pr 5.1 5.1 10.2

f-Bu Me /-Pr 8.8 1.7 10.5

f-Bu Me Me 5.3 5.3 10.6

f-Bu Me CHgBu-f 7.1 3.7 10.8

Eclipsed Conformations for Simple Saturated Bonds
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Me /-Pr t-Bu 4.2 7.0 11.2

Me Et /-Pr 4.8 6.6 11.4

/-Pr Me Me 7.1 7.1 14.2

Karplus derived theoretically^Q the relationship between three-bond 

vicinal coupling constants (3J) and the dihedral angle (0), and for various kinds 

of bonds and substituents A,B and 0  vary.

Karplus equations

Jvic=Acos20+Bcos0+C 

Figure 1.4

lOr

(Hz)

20 40 60 80 100 120 140 160 180
<!>

It is clear from figure 1.4 that will be largest, when the vicinal protons 

are antiperiplanar (staggered), slightly smaller when they are cis co-planar 

(eclipsed) and around zero when the protons are at right angles. It is interesting 

to note that coupling will be about 3-4 Hz both when torsion angle are

Eclipsed Conformations for Simple Saturated Bonds
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60'(staggered) and 120°(eclipsed) so some care in interpretation is necessary. 

The same kind of torsion angle dependence is to be expected for a ^H-C-C-^^Q 

and for a system 39,40

1.3.2 Molecular Mechanics Calculations

Over the past twenty years or so, molecular mechanics has developed 

into a powerful standard method for computing conformational energies and 

elucidating conformational preferences among the rotational isomers of a 

molecule and such calculations have the following b a s is ^ . It is assumed that, 

beyond the bonding energy, any particular structure and conformation has a 

steric energy, made up of several components depending on how greatly 

various molecular parameters differ from their ideal values, the potential 

functions are parametrized to give a realistic force field, and then the co

ordinates of each atom are varied in turn iteratively until the total/final steric 

energy of the molecule reaches a minimum. Any desired local minimum can in 

principle be located by variation of the input structure. In all but the simplest 

molecules, there is not enough space for every bond length, bond angle, etc. to 

have ideal values. So there is a component of the total strain energy due to 

distortion of each of these geometric features. These components and their 

magnitudes are calculated and listed individually and correspond quite closely to 

the factors that the organic chemist expects to be important. There are 

contributions to the energy due to bond lengthening or shortening 

(compression), bond angles opening or closing (bending), the dihedral 

arrangement of the six bonds at either end of a given carbon-carbon or carbon- 

nitrogen bond (torsion), the Van der Waal interactions of atoms at both ends of 

the bond, to which are added longer range attractive and repulsive Van der 

Waals interactions. Finally, there are some usually small contributions from 

combinations of distortions, stretch-bend, bend-bend, torsion-stretch and 

torsion-bend, which have some physical reality. One important point that must 

be considered, is what aspects of the molecular structure are important when 

judging how a calculated structure matches the known experimental structure.

Eclipsed Conformations for Simple Saturated Bonds



Chapter 1____________________Introduction__________________________ M

Clearly, calculated bond lengths, bond angles and dihedral angles should match 

well, when these are known. Allinger and c o -w o rk e rs ^ 7 ,1 8 ^  whose molecular 

program MM3 we use have placed emphasis on matching calculated and 

experimental heat of formation, and infra red vibrational frequencies. Allinger’s 

MM2 program which is the basis of the MMX^I calculations we sometimes 

report places more emphasis on matching experimental heats of formations than 

infra-red vibrations.

1.3.3 Crystal Structure Determination

The diffraction pattern of X-rays after passing through a single crystal 

gives static structural information on the conformation, in addition to details such 

as bond lengths, bond angles and interatomic distances, and also the  

intermolecular disposition of the molecules. A fundamental limitation of the X-ray 

method is that it is only applicable to the crystalline state, and that the 

geometrical results obtained from it may be distorted by specific interactions in 

the crystal lattice. Thus the conformation of a molecule in the crystal may not be 

the same as the dominant one in solution or in the gas phase. One example is 

3,3:6,6-bis(penta-m ethylene)-s-tetrathiane1542^ which has the central ring a 

chair conformation in the crystal, but exists as a 1:4 mixture of chair and twist 

conformation in solution. More than one conformation may be populated in 

solution while only one, not always the most favoured is normally found in the 

crystal.

s —s

s —s

1.4 Stereodynamics of Cyclic Poly-aza Compounds

As long as nitrogen atoms are not adjacent to each other, it is possible to 

divide all conformers into two sets in fast equilibrium through nitrogen inversion, 

connected together by rather slower ring reversal (inversion). An example is 

given by hexahydropyrimidines (1,3-diazacyclohexanes) see scheme 1.4 which 

Eclipsed Conformations for Simple Saturated Bonds
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may exist under two sets of conformers 1 and 2 which are equivalent but with 

axial and equatorial hydrogen interconverted.

Scheme 1.4

The relative proportion of each conformer may vary widely within each 

set, for example 1,3 diaxial conformer (aa) is expected to have a very low 

contribution. Nitrogen inversion barriers refer to one conformational equilibrium 

ee=ea.

Much work has been done on hexahydropyrimidines and hexahydro- 

1,3,5-triazines by Riddell et aK^ which reached its culmination when Katritzky et 

al^4 carried out variable temperature NMR studies to elucidate the 

conformational equilibria and energies of 1,3 dimethyl hexahydropyrimidine 16.

1,3 dimethyl hexahydropyrimidine

The spectrum of the dimethyl compound 16 at 36°C displayed four

sharp lines as expected for the equilibrating system. On lowering the

temperature these signals first broaden and then resharpen. Maximum

broadening occurs at -120°C and at lower temperature additional small peaks

appear to higher field of the main signals, it was concluded that the four line set

of intense signals must correspond to the diequatorial conformer (ee), while the 
Eclipsed Conformations for Simple Saturated Bonds
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minor set of six lines was assigned to (ae). The diaxial conformers are expected 

to be of high energy and therefore the low temperature spectrum can only

reasonably be attributed to (1ee) and (1ea/ae). It is worth noting that signal 

splitting on 1 NIVIR does not occur until both ring inversion and nitrogen 

inversion are slow on the NMR timescale, so the barrier measured AG*c= 7.2 

kcal/mol is due to nitrogen inversion. A dynamic process with a higher barrier 

AG*c=11.3 kcal/mol is observed in the proton NMR and is assigned to ring 

inversion.

Symmetrical hexahydro-1,3,5-triazines can be divided along the same 

lines into two enantiomeric sets separated by ring inversion see scheme 1.5. 

Each set contains eight conformers separated by ring inversion, namely one 

triequatorial (eee) one triaxial (aaa) conformation, three monoaxial-diequatorial 

(eea, eae, aee) c o n fo r m a t io n s 4 5 ,4 6  and three diaxial monoequatorial 

conformations. Seven of the eight conformers have axial repulsions involving 

substituents and/or lone pair electrons on the nitrogen atoms..

scheme 1.5
GGG  (e e a )^  — (eaa)^ . (eae)^r (aae)^T' "  (aee)=F^ (a e a )^ ^  (aaa)

I n  I n  I n  ^n  I n  ^n  I n

1r

(a a a )t= ^ (a a e )*^ = ^ (a e e )1 ^ ^ ^ (a e a )*::;i^  (e e a )*^  (eaa)tp±^(eae)=!^(eee)' 
^N ^N ^N ^N I n  ^N I n

conformational processes in symmetrical hexahydro-1,3,5-triazines

In fact, it has been shown that monoaxial-diequatorial conformer should 

predominate as the result of the interplay of the anomeric effect and 

unfavourable syn-axial interactions. Nitrogen inversion within each set of 

interconverts the eight conformers. A/,A/',A/'-tris(benzyl)-1,3,5-triazane 17^7 is 

known to exhibit a single conformation eaa in the solid state below ca 250K. 

Several 1,3,5-trialkyl derivatives have been investigated in solution by NMR 

spectroscopy and dipole-moment measurement, the results interpreted in terms 

of the eee conformer (Farmer & Hamer^^, Gutowsky & T e m u ss i^Q , Lehn,
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Riddell, Price & Sutherland^O), the eea conformer (Bushweller, Lourandos & 

Brunelle^G, Baker, Ferguson, Katritzky, Patel & Rahimi-Rastgoo^S) and varying 

amounts of the eee, eea and eaa conformers (Duke, Jones, Katritzky, 

Scattergood & Riddell^l). No evidence (apart from not totally convincing dipole 

moments measurements) exist for conformations other than the eee or eea in 

solution.

I will report through X-ray diffraction s t u d i e s ^ Z  that N , N ' , N ”- 

tris(neopentyl)-1,3,5-triazane 18 in the crystal has one axial and two equatorial 

neopentyl groups with eclipsing of both axial and equatorial exocyclic N-CH2 

bonds. In solution at about -130°C both ring inversion and nitrogen inversion are 

slow on the NMR time scale and 91% of the molecules adopt that structure (aee) 

while 9% adopt the all-equatorial arrangement (eee). This will be fully reported 

in chapter 3, but we will now look a little more closely at earlier work on triazane 

stereodynamics.

Bu^-HoC CHo-Bu

As with hexahydropyrimidines a complete study of such systems 

emerged only with the advent of dynamic NMR spectroscopy. Katritzky et 

a |4 5  were able (using variable temperature proton and carbon 13 dynamic NMR 

spectroscopy) to show the inversion barriers and preferred conformations of 

hexahydro-1,3,5-triazane derivatives (where R = methyl , ethyl and isopropyl) 

and some closely related compounds. This work also looked at the effect of 

increasing the size of the alkyl substituent on the hexahydro-1,3,5-triazane 

system.

The room temperature NMR spectrum displayed a single peak for the 

ring methylene proton in the cases of each triazane investigated, characteristic
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signals were observed for each N-substituent. Reduction in temperature 

resulted initially in the formation of an AB quartet for the ring methylene protons 

in each case.

Table 1.3
1H NMR coalescence data and energies for ring inversion the N-alkyl triaza-

series

Ring inversion Av/Hz J/Hz Tc/K AG^/kcal mol"1

methyl 90.0 9.9 264 12.8

ethyl 108 251 11.4

isopropyl 92 232 11.0

f-butyl- 120 219 10.2

At this stage the lack of change in the signal of the substituent group R 

was thought to be due to the slowing of ring inversion while nitrogen inversion 

remained fast. On lowering the temperature further, only the trimethyl 

compound displayed prominent decoalescence behaviour, the other compounds 

showed peaks broadening at temperatures approaching -150°C, but this could 

be attributed to the freezing out or relaxation effects rather than coalescence.

Ring inversion barriers determined for each compound using the Eyring 

equation (table 1.3) were in good agreement with previously quoted results^G 

that increasing substituent size resulted in lowered nitrogen inversion barriers. 

The NMR studies on the series of hexahydro-1,3,5-triazane, in which 

N,N’,N” -tris(methyl)-1,3,5-triazane 19 was included, confirmed that the findings 

of Bushweller et a|46 were consistent with this. At room temperature single 

peaks for the ring carbon atoms were observed, together with expected signals 

for the substituent group. NMR spectroscopy does not reveal changes as 

ring inversion is slowed because the carbon atom remained magnetically 

equivalent owing to nitrogen inversion.

When nitrogen inversion is also slowed changes occur in the spectrum. 

The greater chemical shift differences in NMR spectroscopy as compared 

with 1H NMR reveal nitrogen inversion coalescence phenomena for these
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doublet. The trimethyl compound confirmed the  ̂H NMR results and the methyl 

and methylene carbon atom peaks both split into two peaks of relative intensity 

2:1 peaks. It was f o u n d ^ S  that the barrier for the f-butyl compound so low as to 

be inaccessible even by nMR. The Eyring equation was applied and 

showed the correlation between increase in substituent size and lowering of the 

barrier to nitrogen inversion (table 1.4).

table 1.4

Cyclohexane Av/Hz Tc/K AG^c/kcalmol""*
methyl 37.7 148 7.15

130.8 157 7.21
ethyl 112.2 143 6.80
isopropyl 171.1 133 5.99

1.5 Stereodynamics of Triaikylamine Compounds

The stereodynamics of a wide range of trialkylamines has been studied 

over the last thirty year^6-30 largely by observing the temperature dependence 

of NMR spectra. While it is advisable to discuss changes in the NMR in terms of 

the interconversion of specific conformations, this interconversion involves a 

combination of inversion of the configuration at the nitrogen centre and rotation 

about the carbon-nitrogen bonds and in favourable conditions the NMR method 

may allow a separate study of both these processes and a measurement of two 

(or more than two) distinct barriers.

Up to now however, in all cases but one^S where both barriers could be 

measured 23,27,30,35,36 the rotation barrier has been found to be smaller than 

that for inversion. The exception is N,N-diisobutyl-2,4-dimethyl-3-pentylamine 

23^3 in which a barrier of 9.4 kcal/mol for the rotation about the dimethylpentyl to 

nitrogen bond and a lower barrier of 7.9 kcal/mol to nitrogen inversion/rotation 

was found.
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CH CH

In a triaikylamine of the type RCHgNR'R", the N-methylene protons are 

diastereotopic in any nonplanar conformer but become equivalent via nitrogen 

inversion and accompanying rotation. Forsyth et a|54  ̂established that the NMR 

invisible processes in the more symmetrical RCH2 N(R)2  amine can be revealed 

through NMR isotope shifts, if the methylene is monodeuteriated to create a 

chiral centre that makes the R  ̂ groups diastereotopic when N-inversion is slow, 

while Lunazzi et a|25 showed that the same process could become NMR visible 

in the presence of a chiral shift reagent

A barrier of 8.2 kcal/mol for inversion in N,N-dimethyl-1 -pentanamine- 7-dy 

2 4 5 2  was found through complete DNMR line-shape analysis of the /V-methyl 

signals, which contracts with the barrier of 9.5 kcal/mol for the exchange process 

in A/,A/-diethyl-neopentylamine. The latter high barrier, can be explained by 

inversion of a conformation that has a nearly eclipsing neopentyl group to a 

conformation that has a high barrier for the rotation necessary to complete the 

exchange process.

Eclipsed Conformations for Simple Saturated Bonds



Chapter 1 Introduction 31

CHD

Me*

n-Bu n-Bu n-Bu
inv-rg t

slower
MeMe Me* Me

CHD

t-Bu f-But-Bu

Et*
rotationinversion

Et* faster slower |- 

Et*

1.6 Aim of the Present Work

Eclipsed C-N bonds are a new discovery and it was thought that, the 

classical studies of nitrogen inversion, bond rotation and ring inversion might 

reveal novel aspects in such compounds. This work set out to investigate the 

three-fold equilibria in cyclic aza/poly-aza compounds and the two-fold rotational 

equilibria in triaikylamine of an eclipsed rather than a staggered conformation for 

one of the bonds at the nitrogen centre bond. The experimental results are 

supported with results obtained from molecular mechanics calculations. The 

following chapters 2-7 detail the results of the present research.
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2.1 Introduction

Much interest has been shown in saturated bonds which prefer to 

adopt eclipsed conformations^-8,32,52,55 jp particular A/,A/’,A/'-tris(neopentyl)-

1 ,3,5-triazane50 18 and tert-butoxycyclohexane^^ 14  where the exocyclic C-

N and 0 -0  bonds are eclipsed. This work endeavours to investigate what effect 

an eclipsed exocyclic N-C bond would have on the 3 fold equilibria i.e. 

nitrogen inversion, ring inversion and rotation about the exocyclic bond.

Eclipsed bonds are generally to be associated with a relatively high 

rotational b a rr ie r5 ,5 4  and if other conformations of the bonds are not populated, 

this barrier cannot be measured by usual dynamic NMR methods, this limitation 

is not subjected to amines with eclipsed N-C bonds since they exist in two 

equivalent conformations. Scheme 2.1 shows the ground state conformation I 

of 25 neopentylpiperidine with the substituent equatorial and the exocyclic 

CH2 R bond eclipsed. Interconversion involves a combination of ring inversion, 

nitrogen inversion and more importantly rotation of exocyclic bonds with an 

equivalent form V which can take place in any order.

Scheme 2.1 I I I

Rot Rot

V I I I
. - j  I ^

IV
Rot

Rot

V I I
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Dynamic NMR is suitable for studying these processes (for II, I I I  and IV) 

if the barriers and populations are high enough to be measured. In keeping 

with this eclipsing postulate, Forsyth et a|31 reported an eclipsed geometry for 

the side chain in 1-neopentyl-4-ferf-butyl piperidine 13, their calculations for 13 

suggested a 3.5 kcal/mol preference for the eclipsed conformation over the syn 

form, a point which we will demonstrate by direct experimental measurement.

In the gauche conformation two enantiomeric structures would exist, and 

interconversion between the three possible conformers should be a rapid 

process with an energy barrier low enough (<5 kcal/mol) to be under the limit of 

detection by usual dynamic NMR methods^G as shown in scheme 2.2. For the 

purposes of the present work the compounds (25-34) in table 2.1 were 

synthesized and studied by Nuclear Magnetic Resonance Spectroscopy and 

Molecular Mechanics Calculations. Substituents CFI2 R are either neopentyl 

25-28 and 33, which should produce an eclipsed exocyclic N-CHg bond, or 

ethyl 29-32 and 34, to give compounds with normal staggered exocyclic N- 

CFI2 bonds for comparison. NAIkyl pyrrolidines 33,34 are included in this work 

due to low barrier to pseudorotation^ which means that the ring can be 

considered as planar on the NMR timescale and the difference between axial 

and equatorial disappears, so the only processes which are NMR visible are 

nitrogen inversion and N-CFI2 bond rotation. Likewise, the piperidones 26,30 

are expected to have much lower ring inversion barriers than the piperidines 

25,29 in the same way that cyclohexanone ring inversion barrier57 of 4.0 

kcal/mol is much less than that of cyclohexane 10.3 kca l/m o|58,59  and the 3,3 

dimethyl piperidine 28,32 should have insignificant population of conformation

with the N-alkyl group axial Scheme 2.2

2Ç2A 2B
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table 2.1

Compound

2 5 ,2 9

2 6 ,3 0

2 7 ,3 1

2 8 ,3 2

3 3 ,3 4

25.26.27.28.33 CH2 R=neopentyl

29.30.31.32.34 CH2 R=ethyl

2.2 Molecular Mechanics Calculations

Molecular mechanics calculations for compounds 25-34 will now be 

reported in detail in the following sections 1 to 6 , with all possible 

conformations explored. In all cases rotations about the exocyclic bond 

through 360“ were performed in order to find potential minima. Stable 

conformations within 2.7 kcal/mol of the most stable will normally be considered 

as they correspond to at least 1% population at room temperature ( and much 

less at lower temperatures), as a signal from 1% population is an optimistic 

minimum for what is observable in the NMR at low temperature.

Molecular mechanics calculations gives us enthalpy differences ARo, but 

since we have no way of knowing the entropy differences AS° we assume it is 

equal to zero and this reduces the equation

AG°= ARo- TAS° 

to AGO = ARo .
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For each compound the absolute value of the computed Final steric 

energy is reported for the most stable conformation for reference purposes.

1) Neopentyl piperidine 25. Neopentyl piperidone 26 and its ketal 27

Molecular mechanics calculations of 25, 26 and 27 are discussed here, 

the rotational conformation of the exocyclic bond is defined by the torsion angle 

0Lp=(Lp-N-C-C) which gives the dihedral angle of the lone pair with respect to 

the exocyclic bond

Table 2.2 Molecular mechanics calculation (M M 3)33 ,34  Qf Neopentyl piperidine 
Final steric energy of the most stable conformation is 21 .9165  {18.11) kcal/mol

eclipsed-equatorial 25A eclipsed-axial 2 5 8 anti-equatoria l 25C

Relative Energy 0.0(0 .0}3 2 .1 2 (2 .2 4 } 3 .57(3 .05}

Lp-N-C-Bu^ dihedral angle^ ± 1 .7 “ ±9.3" ± 1 7 0 .9 “

Compression 1.0130 1.0419 1.0525

Bending 1.5570 2 .4 98 6 6 .2149

Bend-Bend^ -0 .1148 -0 .1602 -0.2081

Stretch-Bend 0 .1662 0 .2152 0 .2908

Van der W aals

1,4 Energy 11.6636 11.1787 10.3682

O ther 0 .1187 0 .6 17 8 1.5731

Torsional 7 .6308 8 .7 58 5 6 .2843

Torsion-Stretch'^ -0 .1183 -0 .1 1 7 3 -0 .0552

Note:
MMX^^ values in parenthesis
Angles in degrees. For eclipsed-equatorial and eclipsed-axial neopentyl groups dihedral angles 
reported from the quaternary carbon nearly eclipsing the lone pair and for anti-equatorial 
antiperiplanar to the lone pair.
The negative sign indicates stabilisation rather than strain

r Bu'

eclipsed-equatorial eclipsed-axial anti-equatorial
Bu'

25A 25B 25C

For all the neopentyl piperidine derivatives there are three different

conformations, eclipsed-equatorial, eclipsed-anti and anti-equatorial to be

considered, the anti axial always being too high in energy. No gauche 
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minimum was located. There are two conformations likely to be populated, the 

eclipsed-equatorial 25A (0 L p = ± 1 .7°) and the eclipsed-axial 25B (0 L p = ± 9 .3 °  a 

double minimum), the former is calculated to be more stable by about 2 .12  

kcal/mol. The other plausible conformation, anti-equatorial 25C is 3 .5 7 (3 .0 5 }  

kcal/mol less stable.

Table 2.2 shows the calculated enthalpies for neopentyl piperidine, 

which includes the contribution to the total enthalpy of the three isomers. It is 

worth noting that no minima for the anti-axial position nor for the gauche 

equatorial or axial positions were located. The latter might be attributed to the 

gauche minima being displaced to coincide at the eclipsed position. 

Populations at room temperature may therefore be calculated (via AG° = 

-RTInKeq) to be 97.3% of eclipsed-equatorial 25A, and 2.7% of eclipsed-axial 

25B by MM3, while MMX values suggest 97.8% of 25A and 2.2% of 25B.

Table 2.3 shows the conformational minima for the neopentyl piperidone 

26 and its ketal 27. The various contributions to the final steric energy such as 

shown for 25 in table 2.2 have not been included.

Table 2.3

Substituted Neopentyl 
piperidone and 4 ketal 

derivatives

final steric 
energy of most 

stable 
conformation

relative final steric 
energy of eclipsed- 

equatorial 
conformation and 

torsion angle

eclipsed axial anti equatorial

O

CH2Bû

36.65 {18.22} 
kcal/mol

0.00 {0 .0} 
kcal/mol 

(0Lp=±13.4°)

2.13 {2.41} 
kcal/mol 

(0Lp=±15.6°)

3.53 {3.17} 
kcal/mol 

(0Lp=±171.4“)

I------1

^  27
CH2Bû

22.08 {24.37} 
kcal/mol

0.00 {0.0} 
kcal/mol 

(0Lp=±16.O“)

1.98 {2.44} 
kcal/mol 

(0Lp=±9.5“)

3.68 {2.96} 
kcal/mol 

(0Lp=±172.T)
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Molecular mechanics calculations for these compounds show that the 

most stable conformation is the eclipsed-equatorial. The anti-equatorial 

conformations for 26 and 27 were calculated to be least stable by 3.53(3.17} 

and 3.68(2.98} respectively and the calculated enthalpies by MM3 for 26 

suggest 97.3% of eclipsed-equatorial 26A and 2.7% of eclipsed-axial 26B at 

room temperature, for 27, 96.6% of eclipsed-equatorial 27A, and 3.4% of 

eclipsed-axial 278 would exist at room temperature. MMX values predict at 

room temperature that 26 will be composed of 98.3% of 26A and 1.7% 268 

and that 27 will be composed of 96.6% of 27A and 3.4% 278 respectively.

Table 2.4 Molecular mechanics calculation of Neopentyl-3,3-dim ethyl piperidine

Final steric energy (M M 3)^^-^^ of the most stable conformation is 25 .4132 (18 .92 } kcal/mol

eclipsed-equatorial 28A

Lp-N-C-Bu^ dihedral angle ±15.8"

Compression 1.4360

Bending 1.7651

Bend-Bend -0.0911

Stretch-Bend 0 .2 17 3

Van der W aals

1,4 Energy 13 .4220

O ther 1 .0089

Torsional 7 .7 66 2

Torsion-Stretch -0.1081

Relative Energy 0 .00

eclipsed-equatorial

28A

Three conformational minima were located i.e. eclipsed-equatorial 28A, 

eclipsed-axial 288 and anti-equatorial 28C, the eclipsed-equatorial 28A 

(0Lp=+15.8“ and its diastereomer) conformation was calculated to be more 

stable than the anti-equatorial by 3.67(2.90} kcal/mol.
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The difference in enthalpy by MM3 and MMX suggests that more than 

99% of the molecules would prefer the eclipsed-equatorial conformation at 

room temperature. No minimum was located for the axial anti conformation.

3) Ethyl piperidine 29. EthvI piperidone 30 and its ketal 31

Table 2.5 Molecular mechanics calculation A/-ethyl piperidine
Final steric energy of the most stable conformation is 14 .8155 {11.65} kcal/mol

gauche-equatorial 29A anti-equatorial 29B gauche-axial 29C

Relative Energy 0.00{0.00}3 0 .76 (0 .86 } 2 .25 (2 .43 }

Lp-N-C-CHg dihedral angle‘s ±51.3" ±179.2° ±53.0"

Compression 0 .5529 0 .4 72 3 0 .5606

Bending 1.2296 2.2311 2 .2 24 6

Bend-Bend -0 .0597 -0 .1319 -0 .1166

Stretch-Bend 0 .1218 0 .1399 0 .1652

Van der W aals

1,4 Energy 8 .7257 8 .2233 8 .2535

O ther 0 .5314 0 .4 12 9 0 .9345

Torsional 3 .7264 4 .2432 5 .0664

Torsion-Stretch -0 .0126 -0 .0117 -0 .0225

Note:
MMX"^^ values in parenthesis
Angles in degrees. For gauche-equatorial and gauche-axial ethyl groups dihedral angles reported 
from the exocyclic CHg group gauche to the lone pair and for anti-equatorial and anti-axial 
antiperiplanar to the lone pair.

9  ,  ( r “ -

gauche-equatorial anti-equatorial
C H 3

gauche-axial

29A 29B 29C

Six relevant conformational minima for N-ethyl piperidine were located,

of four types. These include two gauche-equatorial e.g. 29A (0L p =+51.3° and

its enantiomer) and an anti-equatorial 29B (0 L p = ±1 7 9 .2 °) which is calculated

to be less stable by 0 .76 (0 .86} kcal/mol. For the axial-configuration, two

gauche-axial e.g. 29C (0Lp=+53.O ° and its enantiom er) and anti-axial 29D

(0L p = ±179 .8 °) not shown, were located and these were calculated to be less

stable than 29A by 2.25(2.43} and 5.55(6.10} kcal/mol respectively.
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No minima were detected for the eclipsed-equatorial and eclipsed-axial 

conformation, in contrast to neopentyl piperidine where no gauche minima 

were located. /V-ethylpiperidine can therefore be calculated (via AG° = 

-RTInKeq) to be composed of 86.9% of gauche-equatorial 29A, 12.0% of anti- 

equatorial 29B and 1.1% of gauche-axial 29C at room temperature by MM3 

calculations while MMX values predict 8 8 .6% of 29A, 9.9% of 29B and 1.5% 

29C at the same temperature.

Table 2.6 shows the minimum energy for the N-ethyl piperidone 30 and 

its ketal derivative 31.

Table 2.6
substituted Ethyl 
piperidone and 4- 

ketal 
derivatives

O

^  30
CH2CH3

A X

X
N̂  31
CH2CH3

final steric energy 
of most stable 
conformation

14.99 {12.1} 
kcal/mol

29.51 {26.43} 
kcal/mol

relative final 
steric energy of 

gauche-equatorial 
conformation and 

torsion angle
0.00 {0 .00}

0 .00{0 .00}

anti-equatorial

0.765 {0.80} 
kcal/mol 

(0Lp=±178.9-)

0.765 {0.81} 
kcal/mol 

(0Lp=±178.9”)

gauche-axial

1.954 {2.67} 
kcal/mol 

(0Lp=±51.9°)

2.292 {2.35} 
kcal/mol 

(0Lp=±51.5")

Here molecular mechanics calculations suggest the gauche-equatorial 

conformation is the most stable and the differences in the calculated enthalpies 

by MM3 calculations for 30 indicate 85.6% of gauche-equatorial 30A, 11 .2 % of 

anti-equatorial 3GB and 3.2% of gauche-axial 30C at room temperature, for 

31 8 6 .8 % of gauche-equatorial 31 A, 11.3% of anti-equatorial 31B and 1.9% 

of gauche-axial 31C would exist at room temperature. While MMX predicts at 

room temperature that 30 will be composed of 88.1% of 30A, 10.8% of 30B 

and 1 .0 % 30C and 31 will be composed of 87.5% of 31 A, 10.6% of 31B and 

1.9% 31C respectively.
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4) 1-ethyl-3.3-dimethvl piperidine 32

Table 2.7 Molecular mechanics calculation (M M 3)^^ ’^^ of 1-ethyl-3,3-dim ethyl piperidine in 
kcal/mol
Final steric energy of the most stable conformation is 18 .4350(13.89} kcal/mol

gauche-equatorial 3 2 A  anti-equatorial 32B

Relative Energy 0 .00 (0 .00 ) 0 .79 (0 .85 }

Lp-N-C-CHg dihedral angle® ±51.0" ±178.8"

Compression 0 .9023 0 .8 30 3

Bending 1.4100 2 .3 77 9

Bend-Bend -0 .0673 -0 .1358

Stretch-Bend 0.1591 0 .1 78 5

Van der W aals

1,4 Energy 10.4690 9 .9 72 5

O ther 1.0931 0 .9849

Torsional 4 .4885 5 .0372

Torsion-Stretch -0 .0197 -0 .0192

MeMe

Me'

anti-equatorialgauche-equatorial

32A 32B

Five conformational minima were located. For the equatorial 

conformations two gauche-equatorial 32A (0Lp=+51.O ° and its diastereomer) 

and anti-equatorial 32B (0 L p = ± 1 78.8°) were identified, with the gauche 

conformation being more stable by 0 .7 9 (0 .8 5 } kcal/mol. For the axial 

conformations two diastereomeric conformations were calculated, locating the 

methyl of the ethyl group on either side of the lone pair, i.e. the gauche-axial 

conformation 32C not shown (0L p = -41 .7 ° and -1-56.8°), and this was calculated 

to be less stable by 5.04(6.70} kcal/mol. No eclipsed minima were perceived in 

either set of conformations, the difference in enthalpy by MM3 suggests that 

8 8 .4 %  of the molecules would prefer conformation 32A and 1 1 . 6 %  

conformation 32B at room temperature, while MMX values suggest 89.4%  of 

32A and 10.6%  of 32B at the same temperature.
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5) 1-neopentvl pyrrolidine 33

Table 2.8 Molecular mechanics calculation (M M 3)^^ ’^^ of 1-neopentyl pyrrolidine in kcal/mol 
Final steric energy of the most stable conformation is 31 .5487(20 .6} kcal/mol

eclipsed-(equatorial/axial) 33 A

Lp-N-C-Bu^ dihedral angle® ±0.0°

Compression 1.2123

Bending 6 .5399

Bend-Bend 0.1881

Stretch-Bend -0 .1258

Van der W aals

1,4 Energy 8 .5338

Other 0 .0649

Torsional 15.5995

Torsion-Stretch -0 .4639

Note:
Angles in degrees. For eclipsed neopentyl groups dihedral angles reported from the quaternary 
carbon eclipses the lone pair and for anti-equatorial antiperiplanar to the lone pair.

7L^C(CH3)3

eclipsed-(equatorial/axial)

33A

Rotation through 360° about the exocyclic bond led to two 

conformational minima eclipsed and anti with the eclipsed 33A (0Lp=±O.O°) 

being more stable by 3.13(8.15} kcal/mol. The difference in enthalpy by MM3 

and MMX programs indicates that 99.99% of the molecule would prefer 

conformation 33A at room temperature.

6 ) 1-ethyl pyrrolidine 34

Table 2.9 Molecular mechanics calculation (M M 3)^^ ’^^ of 1-ethyl pyrrolidine 
in kcal/mol

Final steric energy of the most stable conformation is 23 .8486  {9.58} kcal/mol

gauche-(equatorial/axial) 34A

0 .00(0 .00}

±53.55°

0 .7218

5 .8482

anti-equatorial 34B

1.48(0 .75}

±179.75°

0 .7 26 2

7 .3013

Relative Energy 

Lp-N-C-CHg dihedral angle® 

Compression 

Bending
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Bend-Bend 0.2015 0.1781

Stretch-Bend -0.1843 -0 .1 4 9 0

Van der W aals

1,4 Energy 5 .6520 5 .0770

Other 0 .0875 0 .3122

Torsional 11.8919 12.2657

Torsion-Stretch -0 .3700 -0 .3 8 7 7

^ ^ 0r \ Q

eclipsed-(equatorial/axial) anti-equatorial

34A 34B

Three conformational minima, two gauche e.g. 34A (0L p =+53.5° and its 

enantiomer) and anti 34B (0Lp=±179.7°) were identified by rotation of the 

exocyclic N-CH2 -R bond with the gauche being more stable by 1.47(0.75} 

kcal/mol, here no minimum was located for an eclipsed conformation. The 

difference in enthalpy by MM3 suggests that 96.0% of the molecules would 

prefer the 3 4 A and 4.0% the 3 4 B at room temperature, while the 

corresponding MMX values predict 87.7% of 34A and 12.3% of 34B at room 

temperature.

Final note on Molecular Mechanics Calculations

Both programs MM333.34  and MMX^^ suggest that for all the neopentyl 

piperidine derivatives whether in the axial or equatorial configuration, the 

eclipsed rotational conformation is the most stable, while for the ethyl piperidine 

derivatives the gauche and anti conformation are stable for the equatorial 

configuration. This last statement is in good agreement with the experimental 

observations of Forsyth et a p l ,60 However, he expressed caution that while 

experimental evidence for a single conformation is strong for e.g. eclipsed- 

equatorial A/-neopentyl-4-ferf-butylpiperidine 13, it does not unequivocally 

establish the structure as eclipsed as opposed to anti.
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The barrier to rotation about the exocyclic A/-CH2 bonds were calculated 

using the dihedral drive option in the MM3 program for the A/-CH2 But bond in 

25-28 and 33, barriers of about 10.0 kcal/mol are suggested for rotation from 

the tert-butyl eclipsing the lone pair conformation to the anti-conformation by 

way of the tert-butyl eclipsing the ring conformation. In contrast for the N- 

CH2 Me bond in 29-32 and 34, smaller barriers of about 2.5kcal/mol were 

calculated for methyl groups rotating from +gauche through to the lone pair to 

-guache and about 5.0 kcal/mol for methyl groups rotating from gauche to anti.

2.3 Rate Processes

Reference barriers for the three processes are of important significance 

when discussing the results of the set of compounds 25-34, which divides in 

two, the /V-neopentyl series in which the N-CH2 -R bonds are eclipsed and the 

/V-ethyl series in which these bonds are staggered. The ring inversion barrier 

has been measured for /V-methyl piperidine®"! as 11.8 kcal/mol and the axial 

conformation is less stable than the equatorial by 2.7 kcal/mol®^ using 

enriched "!®C for the /V-Me group and this represented less than 1% for the 

axial conformation. Nothing is known of the axial/equatorial equilibrium for N- 

ethyl or /V-neopentylpiperidine, nitrogen inversion barriers for /V-methyl 

piperidine®® and /V-methyl pyrrolidine®^ have been reported to be 6.0 and 8.0 

kcal/mol respectively. Studies®®»®® on /V-methyl-4-piperidone suggest that the 

barrier to nitrogen inversion is between 8.0 and 8 .6  kcal/mol. Lower barriers for 

straightforward nitrogen inversion are expected for bulkier alkyl groups4®,49

Barriers to rotation about the nitrogen-ethyl bonds determined by

dynamic NMR have been reported. When the bond is staggered^®»®® barriers

of 5-6 kcal/mol were measured, but when eclipsed®, as in /V-ethyl-2,2,6,6-

tetramethyl piperidine, a barrier of 10 kcal/mol was measured. Equally notable

is that of /V,/V-diethyl neopentylamine®4 .®T which is eclipsed with a rotational

barrier of 6.0 kcal/mol. If the three processes are independent of each other,

the interconversion of I and V will follow a path along three successive edges 
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of the cube in scheme 2.1. If two of these processes combine into a single 

process as suggested for /V-ferf-butyldimethylamine"! ^ a pathway diagonally 

across one face of the cube results. This does not exclude a small measure of 

one process like nitrogen inversion flattening thus making another process i.e. 

rotation about the exocyclic bond more accessible, this would be represented 

by inwardly curved rather than straight lines for the sides of the cube.

2.4 Dynamic Nuclear Magnetic Resonance Results

The H and spectra of each of the compounds 25-34 are 

temperature-dependent, showing splitting of signals as the temperature is 

lowered. Two sets of changes are observed in the NMR spectra of 25-27, 

while for 28-34 only one change is observed, but some of the changes are 

clearer and more directly usable than others. These NMR spectral changes for 

each compound are summarised in tables 2.10 H) and 2.11 O ^ C )  

respectively.

Table 2.10 Chemical shifts (400MHz) of compounds 25-34 at various temperature (ppm from IVIe^Si

in CCI2D2/CHF2CI/CHCIF2)_________________________________________________________________________

Compound T/'C_________________________________ Observed Signals

NCH2Bu^ C(CHs)3 CH2 (2 ,6) CH2(3,5) CH2(4)
2 5 +25 1.89 0.76 2.34 1.42 1.28

-130 1.88 0.74 2.67;2.01 1.41 1.55:0.98
NCH2Bu^ C(CH3)3 CH2 (2 ,6) CH2(3,5)

2 6 +25 2.11 0.82 2.28 2.75
-120 2.09 0.80 2.40;2.22 2.91:2.61

NCH2Bu^ C(CHa)3 CH2 (2 ,6) CH2(3,5) ^CH2(3,4)
2 7 +25 2.08 0.89 2.61 1.68 3.82

-120 2.06 0.87 2.69:2.39 1.68:1.51 3.80
NCH2 BU* C(CHa)3 C(CHa)2 CH2 (2 ) CH2(4) CH2(5) CH2 (6)

2 8 +25 1.85 0.75 0.84 2.14 2.27 1.45 1.04
-120 1.83 0.72 0.99:0.72 2.25:2.47 2.65:1.92 1.62:1.27 1.19:0.89

NCH2CH3 CHa CH2 (2 ,6) CH2(3,5) CH2(4)
2 9 +25 2.22 0.93 2.24 1.46 1.33

-120 2.21 0.91 2.84:1.54 140:1.38 1.06:1.63
NCH2CH3 CHa CH2 (2 ,6) CH2(3,5)

3 0 +25 2.42 1.03 2.32 2.62
-120 2.45 1.08 2.40,2.02 3.06,2.16

NCH2CH3 CHa CH2 (2 ,6 ) CH2(3,5) '"CH2(3,4)
31 +25 2.45 1.10 2.52 1.75 3.94

-120 2.30 1.09 2.81:1.94 1.75,1.60 3.85
NCH2CH3 CHa C(CHa)2 CH2 (2 ) CH2(4) CH2(5) CH2 (6 )

3 2 +25 2.20 0.93 0.84 2.21 1.91 1.49 1.13
-120 2.22 0.91 0.82:0.71 2.75:1.55 2.41,1.24 1.47 1.39,0.91

NCH2Bu^ C(CHa)3 CH2(2,5) CH2(3,4)
3 3 +25 2.30 0.89 2.64 1.78

-120 2.25 0.89 3.01:2.98 1.72
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NCH2CH3 CH3 CH2(2,5) CH2(3,4)
3 4 +25 2.48 0.98 2.40 1.65

-120 2.28 0.98 2 .88 ;1.68 1.60

Table 2.11 Chemical shifts (100.6MHz) of compounds 25-34 at various temperature (ppm from

Me^Si in CCI2D2/CHF2CI/CHCIF2)

Compound T/°C Observed Signals

NCH2Bû C(CH3)3 C(CH3)3 C(2 ,6 ) C(3,5) C(4)
2 5 +25 72.0 34.1 28.2 58.2 27.4 25.0

97% -120 70.5 32.1 27.0 57.0 25.5 22.8
3% -120 63.0 33.0 a 53.4 19.9 24.1

NCH2But C(CH3)3 C(CH3)3 C(2 ,6 ) C(3.5) C(4)
2 6 +25 69.4 34.0 28.0 56.8 42.2 212

53% -145 67.8 33.0^ 27.5 55.2 42.0 213.8
47% -145 62.5 33.0^ 27.0 53.1 38.5 213.3

NCH2Bû C(CH3)3 C(CH3)3 C(2 ,6 ) C(3,5) ^(4) ^C(3,4)
27 +20 69.5 32.4 27.1 53.9 35.1 107 64.0

91.7% -120 72.0 33.2 26.8 56.0 35.5 106.5 66 .8 :66.6
8.3% -120 65.2 33.4 c 53.0 29.6 c c

NCH2 Bû C(CH3)3 C(Ch3)3 C(CH3)2 C(CH3)2 C2 C4 C5 Ce
28 +25 71.5 34.5 28.7 32.9 28.0 70.3 24.5 38.4 58.6

-80 71.0 34.2 28.1 32.3 32.4:25.0 70.1 24.2 38.2 58.6
NCH2CH3 CH3 C(2 .6 ) C(3,5) C(4)

29 +25 53.8 12.5 55.0 27.0 25.5
-130 52.8 12.0 53.7 25.2 24.0

NCH2CH3 CH3 C(2 ,6 ) C(3,5) C(4)
30 +25 52.0 13.0 53.4 41.9 210.5

-120 51.8 13.0 53.8 41.5 212.0
NCH2CH3 CH3 C(2 ,6) C(3,5) C(4) ^C(3,4)

31 +25 52.8 12.9 52.0 35.9 108.2 64.5
-120 51.9 12.4 50.9 34.4 107.2 64.4:64.2

NCH2CH3 CH3 C(CH3)2 C(CH3)2 C2 C4 C5 Ce
32 +25 53.8 12.8 28.2 31.8 66.9 23.5 38.7 55.5

-120 52.7 12.0 30.1 30.5 64.5 22.1 36.8 55.0
NCH2NP C(CH3)3 C(CH3)3 C(2,5) C(3,4)

33 +25 69.0 32.0 28.3 56.7 23.0
-120 69.2 32.1 28.5 56.8 23.0

NCH2CH3 CH3 C(2,5) C(3,4)
34 +25 50.1 13.2 53.5 23.0

-120 50.0 14.0 54.0 23.0
^ Signal for the tert butyl methyl group of the minor isomer could not be distinguished and are presumably 
overlapped by the major isomer signal. ^ The  ̂ NMR at -140° C this signal is unusually broad at the lowest 
temperature observed in a manner quite in keeping with rotation about the tert-butyl-CH2 N bond becoming
slow on the NMR time scale. ^ Signals for tert-butyl methyl group, C4 and  ̂C(3_4)for the minor isomer couid 
not be distinguished and are presumably overlapped by the major isomer signal.

The  ̂H NMR spectra of 25, 27 and 28 show broadening of signals from 

the protons on the rings below ca -20°C and eventually splitting below ca -60°C 

to give two equal multiplets. On decoupling at the frequency of the protons at 

the 3 and 5 positions, the signal of the protons at the 2 and 6 positions 

becomes a singlet at room temperature and a AB quartet at ca -80°. There are 

no corresponding changes in the  ̂ NMR spectrum which could be 

associated with this process except for the doubling of the geminal dimethyl
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singlet for 28 and the methylenedioxy singlet in 27. Very similar pattern can be 

observed for the corresponding /V-ethyl analogues 29, 31 and 32. In each 

case interconversion of structures like I and V  has become slow on the NMR 

timescale, full lineshape analysis of fitting calculated and experimental spectra 

suggest a barrier ranging from 10.8 kcal/mol for this process. The size of the 

barrier is similar to that observed for N-methyl piperidine ring inversion.

Compounds 25 and 27 but not 28, show additional broadening in the 

proton NMR as the temperature is further lowered. Apart from lines sharpening, 

the precise nature of the changes cannot be assigned with any degree of 

certainty due to multiple overlap of signals, however the corresponding 

changes in the n m r are apparent. The signals broaden and split 

below ~-110°C and then resharpen at ca -130°C with a major and a minor set of 

signals, see figures 2.1 and 2.2 respectively. The spectrum for 25 by 

integration of signals corresponds to 97% and 3% indicating that the minor 

structure is less stable at -120°C by 1.04 kcal/mol, while for 27 the populations 

are 92% and 8 % establishing that the minor structure is 0.72 kcal/mol less 

stable at -120°C.

MM3 and MMX calculations suggest that the second set of signals

comes from the conformations I I I  and V II with the neopentyl group axial

eclipsed and not from the anti-conformations I I  and V I, in scheme 2.1, in each

case interconversion of structures like I and V II and V  and I I I  has become slow

on the NMR timescale, the absence of a second observed conformational

process for 28 strengthens the argument for the neopentyl group being axial as

the second conformation for 25 and 26. The N-ethyl analogues 29, 31 and 32

do not show a second conformational process even at very low accessible

temperatures. This difference in conformational behaviour between the series

can be explained by two factors separately, or together, firstly relative instability

of the axial conformations of the N-ethyl series compared with that of N-

neopentyl axial, secondly nitrogen inversion barriers in both series must be

slow on the NMR timescale, however bond rotation barriers are considerably 

Eclipsed Conformations for Simple Saturated Bonds



Chapter 2 Stereodynamics of N-Heterocyclic Compounds_______^

different in the two series. The similar nitrogen inversion barriers for both the N- 

alkyl pyrrolidines supports this argument. Since the interconversion requires 

both nitrogen inversion and bond rotation, the latter explanations for high bond 

rotation barriers for neopentylamines fits well. Axial substituents cause upfield 

shifts68 for the ring carbons and since the minor signals for the ring carbons 

are upfield from the major signals, this agrees with the assumption that minor 

conformation is axial.

The reported axial/equatorial energy difference for N-methyl piperidine 

favours the first explanation which suggests that the relative instability of the N- 

ethyl series compared with that of N-neopentyl series may be responsible for 

the conformational differences. It has been sh ow n4 5 ,4 9  that increasing the 

substituent size increases the tendency to planarity of the nitrogen atom and 

hence reduces the axial/equatorial difference. This therefore means that for N- 

neopentyl piperidine 25 the axial/equatorial energy difference would be lower 

than for A/-ethyl piperidine 29. Calculations, however, suggest that these 

compounds should have similar axial/equatorial difference see table 2 .12 .

table 2.12

........... compound............. observedScat/moi) r« X (l(c a i? m o l)

2 5 -  '1 . 0 4  ̂ 2.29

0.075 :  ■ 2.13 2.41

2 7 0.72 ' 1.98 3 .00

3 0 a S l i 2.25 , 2.43

N-methyl piperidine - 2 :7 : ' - '  1 2 .3 0 : : 2 .52

^ minor signal not observable

This latter explanation highlights the relatively poor agreement between 

the experimental and calculated conformational energy differences, in 

particular for the neopentyl series, and results for the piperidone 26 reinforces 

this. Two set of changes occur in the NMR spectra at temperatures lower than 

that for 25 and 27. In the 1 H NMR spectra peaks broaden at ca -50°C 

indicating that the interconversion of structures like I  and V in scheme 2.1 has
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become slow on the NMR timescale. Decoupling at the 3 and 5 position 

reduces the 2 and 6 signal to a singlet at room temperature which at -50°C, 

appears as an AB quartet (2J~ 12 Hz). Full lineshape treatment suggest a 

barrier of 8.58 kcal/mol for this process similar to that observed for N-methyl-4- 

piperidone nitrogen inversion's,66 no corresponding change was observed 

in the spectrum. The N-ethyl analogue 30 shows the same process. On 

lowering the temperature further a second process is seen in both the  ̂H and 

13c NMR of 26 with the latter clearly showing two set of signals at ca -140°C of 

relative intensity 57:43 see figure 2.3. This indicates two structures for 26 with 

a relative energy of 0.075 kcal/mol at -140°C.

Full lineshape treatment indicates a barrier of 6.30 kcal/mol for this 

process. The ethyl analogue 30 does not show this second process. However 

it is interesting to point out the unique feature obtained from the spectra of 26 at 

low temperature, where all the signals show upfield movement at lower 

temperature. It is clear that at room temperature, the chemical shifts correspond 

approximately to the major conformational isomer and this seems to indicate 

that 26 has a large percentage of the equatorial eclipsed conformation at 

ambient temperature. Calculations, however, suggest an energy difference of 

2.13(2.41} kcal/mol.

Table 2.13 for compounds 28-34 shows their associated barriers for 

these processes determined by lineshape analysis

Table 2.13
Dynamic Barriers (A G kcal/moh to Conformational Processes.Rina inversion. Nitrogen inversion/N-CHo-But 
bond rotation

— .....W — —
26 %  '

,  27 b!61
28 11.64 ~

' : h 29 11.50 IIB l ii ii i i i i i i ï i i i i i i i l
j 30 8.60

31 . 11.42
32

: : 8.05 
7.55
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Figure 2.1

The "1^0 spectrum of 25 at ambient temperature (1), bottom, and at -120°C (2) 

top showing signals of the minor conformer

Am bien t

r I I I I I I I I ! I I I I 1 I ! i I ; 1I I I I : I‘ i 1
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Figure 2.2

The "'^C spectrum of 27 at ambient temperature (1), bottom, and at -120°C (2) 

top showing signals of the minor conformer

Bu'
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Figure 2.3

The 13c spectrum of 26 at ambient temperature (1), bottom, and at -120°C (2) 

top showing signals of the minor conformer
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2.5 Discussion

A consideration of the conformational cube of scheme 2.1 which applies 

to 25-32 shows that when any one of the three processes, ring inversion, 

nitrogen inversion and N-CH2 -R bond rotation becomes slow on the NMR 

timescale, interconversion of the equivalent forms I and V become slow and 

the geminal groups on the ring become non-equivalent, and more generally, 

any molecule is restricted to one face of the cube or the opposite face. When 

two successive set of changes are observed on the NMR timescale, 

interconversion of I or V with some second minor conformation has become 

slow i.e. any molecule restricted to one edge of the cube. MM3 and MMX 

calculations suggest that the second set of signals comes from conformations 

I I I  and V I I  with the neopentyl groups axial-eclipsed rather than the anti

conformations about the N-CH2 bond I I  and V I i.e. scheme 2.1. The 

magnitude of the barriers to this second process determined by complete 

lineshape treatment suggests that nitrogen inversion has become slow on the 

NMR timescale. The fact that for 28 no second signal can be observed, 

strengthens the assignment of the N-neopentyl being axial as the second 

conformation for 25 and 27.

The N-ethyl analogues 29, 31 and 32 do not show a second dynamic 

process, and this suggest that the rate determining step in the low temperature 

process in the neopentyl series is rotation about the N-CH2 R bond, for which 

the barrier is expected to be significantly different in the two series.

If the calculated axial/equatorial enthalpy difference of 2.25(2.43}

kcal/mol for 29 is to be believed then at ca -120°C there will be about 0 .1% of

the axial conformation and this would explain the absence of the axial

conformation for the ethyl series. This latter explanation exposes the moderate

agreement between the experimental and calculated conformational energy

differences for the neopentyl series and suggests shortcomings of the

calculations. This is further fortified by results obtained for 26 for which the

second sets of changes take place in the NMR spectra at much lower 
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temperature than 25 with relative population of 53:47 at -140°C. This suggests 

that the calculated enthalpy difference between eclipsed and axial 

conformations of 2.13(2.41} kcal/mol is much larger than that of the 

experimental. .

On decoupling the protons at the 3 and 4 positions of the pyrrolidine ring, 

the signals for the 2 and 5 positions become a singlet at room temperature and 

at -80°C become an AB quartet. No corresponding changes which could be 

associated with this process can be observed in the ^^0  NMR. At lower 

temperatures no further dynamic process could be observed. The size of the 

barrier is similar to that obtained for N-methyl pyrrolidine^^ suggesting, 

nitrogen inversion is slow on the NMR timescale. A different scheme e.g. 2.3 

shown below would apply for 33 and 34. Here two process i.e. nitrogen 

inversion and bond rotation may become slow on the NMR timescale

Scheme 2.3

IV

Rot Rot

I I I

Barriers around 11.0 kcal/mol can be assigned to ring inversion of a

saturated piperidine ring, and the absence of such barriers in the piperidones

confirms this. Rotation about the N-ethyl bond should not have a barrier greater

than 6 kcal/mol nor should piperidone ring inversion, so the barriers of 7.6

kcal/mol for 30, 33 and 34 are assigned to nitrogen inversion.

Pure nitrogen inversion of N-neopentyl compounds are not expected to

have a higher barrier than this 7.6 kcal/mol value for the equivalent N-ethyl 
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compounds. Furthermore, N-CH2 Bu  ̂ bond rotation may reasonably have a 

barrier as high as the 9.5 kcal/mol va lue54 ,67  for the A/,A/-diethyl neopentyl 

amine, so processes with barriers of about 8 kcal/mol observed in 25, 26 and 

27 can be attributed to rotation about the bond. The barrier of about 6.0  

kcal/mol for the second process observed for 26 is ring inversion and why this 

process is observed in 26 and not in 30 may be due to non bonded 

interactions of the neopentyl group with the piperidone ring, leading to a rise in 

the transition state energy.

The question arises as to the second process observed in the dynamic 

NMR of these compounds. It is fairly easy to say what the second most stable 

conformation of each compound is following the calculations, so the second 

process is interconversion of the most stable with the second most stable 

conformation. The third most stable conformation is so high in energy that it is 

not observed, but the third process may or may not be slow. Thus when we see 

a minor conformation at very low temperatures, and remember that nitrogen 

inversion and neopentyl rotation barriers are both expected to have values 

between 7.5 and 9.5 kcal/mol, we may have stopped both processes although 

we do not see two minor sets of signals.

2.6 Experimental

All the tertiary amines 25-34 were prepared according to a general 

méthodes which is reduction of the corresponding amide using lithium 

aluminium hydride. The synthetic route for the preparation of the various N- 

alkyl-piperidine are outlined in scheme 2.4

scheme 2.4

R - C - C I ----- LiAlH4  ---------------------------------

Pyridine   J  O EtzO, N^,
0°C 18h 0°C, 18h
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Preparation of 25 and 29

a) Piperidine (0.095mol), pyridine (7.7ml, 0.095mol) and chloroform 

(75ml) were mixed and after the solution was chilled at 0°C, (0.095 mol) {acetyl 

chloride for ethyl and pivaloyl chloride for neopentyl} was carefully added 

dropwise. After refluxing for 18h a white precipitate had formed, the mixture 

was cooled to room temperature and water (50ml) was added. The organic 

layer was extracted with diethyl ether using (3x50ml) portions and dried with 

magnesium sulphate. The solvent was distilled under reduced pressure to 

afford the crude product which was utilised for the next step 13.72g, 85% yield 

for 25 and 10.34g, 85% yield for 29.

b)To a suspension of lithium aluminium hydride (UAIH4 ) (4.7g 122mmol) 

in diethyl ether (150ml), chilled to 0 °C under nitrogen, the product from step a 

was added. The suspension was stirred overnight (18h), the mixture was then 

cooled to room temperature and water (2 0 ml) added dropwise until 

effervescence subsided forming a white precipitate, which was filtered off. The 

organic layer was extracted several times with diethyl ether using (3x50ml) 

portions, dried and concentrated to yield the crude product, which was purified 

by distillation under reduced pressure.

/V-neopentyl piperidine 25 (colourless liquid )

Yield 11.8 g (0.078mol) 80% 

b.p 70-72°C/0.6 mm

Ĥ-NMR (CDCI3 , ppm, 400MHz) Ô 0.75 (s, 9H) 1.27 (c m, 2H) 1.43 (sep J =

5.26 Hz, 4H) 1.91 (s, 2H) 2.34 (t, J = 7.1 Hz, 4H)

13Ç-NMR (CDCI3 . ppm, 100MHz) Ô 25.1 ( C 4 )  27.4 (C3&5) 28.5 (C(CH3)3) 34.1 

(C(CH3)3) 58.1 (C2&6) 71.4 (CH2C(CH3)3)

Elemental Analysis Found C,77.04; H,13.94; N,8.93 C10H21N requires 

C,77.41; H,13.55; N,9.03.

FAB-MS.m/z 156(MH+, 100%), 84(M+-72 14.8%)
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A/-ethyl piperidine 29 (colourless liquid )

Yield 8 .6g (0.076mol) 80% 

b.p 120-122"C I i t 6 9  b.p 1 a r c .

1H-NMR (CDCI3 , ppm, 400MHz) § 0.93 ( t ,  J = 7.2Hz 3H) 1.33 (c m, 2H) 1.46 

(sep, J = 5.26 Hz, 4H) 2.22 (q J = 7.2Hz, 2H) 2.40 (br, 4H)

13ÇJJMR (CDCI3, ppm, 100MHz) 5 12.7 (CH2GH3) 25.5 ( C 4 )  27.0 (C3&5) 53.8 

(ÇH2CH3) 55.0 (C2&6)

Elemental Analysis Found C,73.94; H,13.18; N,11.83 C7H15N requires 

0,74.31; H,13.34; N,12.29.

FAB-MS.m/z 114(MH+, 100%) 84(M+-30, 4.3%)

Preparation of 28 and 32

Compounds 28 and 32 were prepared using the procedure previously 

outlined above, where 3,3-dimethyl-piperidine was used instead of piperidine. 

Step (a) produced the corresponding amide with yields 12.23g, 65% for 28 

and 12.59g, 86% for 32, which were reduced using the procedure outlined in 

step (b) to give the crude products which were subsequently distilled under 

reduced pressure to give pure products.

A/-neopentyl-3.3-dimethyl piperidine 28 (colourless liquid)

Yield 10.3g (0.056mol) 59% 

b.p 88-90°C/0.45 mm

1H-NMR (CDGI3 , ppm, 400MHz) Ô 0.75 (s, 9H) 0.84 (s, 6 H) 1.02 (t J = 7.1 Hz, 

2H) 1.44 (c m, 2H) 1.84 (s, 2H) 2.02 (s br,2H) 2.27(t br, 2H).

13Ç-NMR (CDGI3 , ppm, 100MHz) Ô 24.5 ( G 4 )  28.0 (G(CH3)2) 28.5 (G(CH3)3) 

32.9 (C(GH3)2) 34.5 (C(GH3)3) 58.5 (Gg) 70.4 (Gg) 71.6 (CH2G(GH3)3) 

Elemental Analysis Found 0,78.23; H,14.17; N,7.50 G12H25N requires 

0,78.68; H,13.70; N,7.61.

FAB-MS.m/z 184(MH+, 100%) 126(M+-58, 8.3%)
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A/-ethvl.-3.3-dimethyl piperidine 32 (colourless liquid)

Yield 10.7g (0.076mol) 80% 

b.p 80-82°C/0.3mm

1H-NMR (CDCI3 , ppm, 400MHz) Ô 0.83 (s, 6 H) 0.93 (t, J = 7.1Hz 3H) 1.13 (t, J 

= 5.1Hz, 2 H) 1.89 (m, J = 5.2Hz, 2H) 1.91 (br, 2H) 2.20 (br, 2H) 2.20 (q J 

= 7.3Hz 2 H)

13C-NMR (CDCI3 , ppm, 100MHz) Ô 12.8 (CH2Ç H 3) 23.5 ( C 4 )  28.5 (C (C H 3)2)

31.5 (C(CH3)2) 38.7 (C5) 53.8 (ÇH 2C H 3) 55.5 (Ce) 6 8 .0  (Cg)

Elemental Analysis Found 0,76.25; H,13.89; N,9.82; C9H19N requires 

0,76.61; H,13.52; N,9.87.

FAB-MS.m/z 142(MH+, 100%) 114(M+-28, 7.2%)

Preparation of 27 and 31

Compounds 27 and 31 were prepared using the same procedure 

outline for the above, where 1,4-dioxa-8-azaspiro[4,5}-decane was used 

instead of piperidine. Step (a) produced the corresponding amide with yields 

20.57g, 95% for 27 and 8.34g, 47% for 31, which were reduced using the 

procedure outlined in step (b) to give the crude products which were 

subsequently distilled under reduced pressure to give pure products.

A/-neopentyl-4-ketal-piperidone 27 (white solid)

Yield 17.8g (0.084mol) 8 8 % 

m.p 45°0

1H-NMR (ODOI3 , ppm, 400MHz) Ô 0.78 (s, 9H) 1.69 (t, J = 5.8Hz, 4H) 2.08 (s,

2H) 2.60 (t, J = 5.8Hz, 4H) 3.82 (s, 4H)

13C-NMR (ODOI3 , ppm, 100MHz) Ô 27.0 (0 (CH3)3) 32.8 (C(0 H3)3) 35.1 (O3&5)

54.0 (O2&6) 64.0 (IO 3&4) 69.1 (CH20(0H3)3) 107.2 ( O 4 )

Elemental Analysis Found 0,67.56; H,11.03; N,6.56 O12H23NO2

requires 0,67.61; H,10.84; N,6.61.

FAB-MS.m/z 214(MH+. 100%) 156(M+-58, 44.1%)
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A/-ethvl-4-ketal-piperidone 31 (colourless liquid)

Yield 6.5g (0.038mol) 40% 

b.p 90-92'C/0.3mm

1H-NMR (CDCI3 , ppm, 400MHz) Ô 1.10 (t, J = 7.2 Hz, 3H) 1.75 (t, J = 5.2Hz,

4H) 2.45 (q, J = 7.4Hz, 2H) 2.55 (br4H) 3.95 (s, 4H)

13C-NMR (CDCI3 , ppm, 100MHz) Ô 13.0 (CH2ÇH3) 35.0 (C3&5) 51.8 (C2&6)

52.2 (ÇH2CH3) 64 4 (IC3&4) 108 (C4)

Elemental Analysis Found 0,62.52; H,10.24; N,8.21 G9H17NO2 

requires 0,63.18; H,9.88; N,8.19.

FAB-MS.m/z 172(MH+, 100%) 156(M+-16, 41.1%)

Preparation of 26 and 30

A/-alkyl piperidones 26 and 30, were prepared by acid hydrolysis of the 

(eta! groups of 27 and 31 to ketone using the procedure below___________

H.O , 12h

HCl 30% 
acetone q

5g of the ketal was added to a mixture of water (50ml), 30% HOI solution 

(10ml) and Analar acetone (10ml), and refluxed for 12h. After the mixture was 

allow to cool to room temperature, 1M NaOH (50ml) was added slowly and the 

product was extracted with diethyl ether as above. The extracts were 

combined, dried and concentrated to yield the crude product which was purified 

by column chromatography using 95% pentane, 5% ethyl acetate as the eluting 

solvent.
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A/-neopentvl-4-pip6ridone 26 fpale yellow oil)

Yield 1.9g (0 .012mol) 50%

1H-NMR (CDCI3 , ppm, 400MHz) 6 0.84 (s, 9H) 2.30 (s, 2H) 2.81 (t J = 5.3 Hz, 

4H) 2.34 (t, J = 5.3 Hz, 4H)

13C -N M R  (C D C I3 , ppm, 100MHz) 5 28.0 (C (£ H 3)3) 33.8 (£ (C H 3)3) 41.9  (C 3&5) 

56 1 (C2&6) 68.5 (£ H 2C (C H 3)3) 210 (C4)

Elemental Analysis Found 0,70.59; H,11.52; N,8.10 C10H19NO 

requires 0,71.01; H,11.24; N,8.28.

FAB-MS.m/z 170(MH+, 39.6%) 168(M+-2, 47.6%) 112(M+-56, 26.8%) 43(M+- 

69, 100%)

/V-ethyl-4-DlDeridone 30  /colourless liquid )

Yield 1 47a (0.0116mol)40%

b.p 76-80'0/33mm llt^O b.p 75'0/15mm

m-NMR (ODOI3 , ppm, 400MHz) S 1.10 (t, J = 7.2Hz 3H) 2.32 (t, J = 5.2 Hz,

4H) 2.42 (q, J = 7.4Hz, 2H) 2.62 (t, J = 5.2 Hz, 4H)

13C-NMR (ODOI3 , ppm, 1 00MHz) 5 13.0 (OH2GH3) 41.9 (O3&5) 52.0 

(ÇH2OH3) 53.2 (O2&6) 210  (O4)

Elemental Analysis Found C,65.85; H,10.32; N.9.46 C7H13NO requires 

C,66.14; H.10.23; N,11.03.

FAB-MS.m/z .128(MH+, 100%) 98(M+-30, 4.3%)

Preparation of 33 and 34

Compounds 33 and 34 were prepared using the procedure outlined 

above for the preparation of tertiary amines, by reduction of the corresponding 

amide using lithium aluminium hydride, but using pyrrolidine instead of 

piperidine. Step (a) produced the corresponding amides with yields 10.37g, 

70% for 33 and 8.05g, 75% for 34, which were reduced using the procedure
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outlined in step (b) to give the crude products which was subsequently distilled 

under reduced pressure to give pure products.

A/-necpentyl pyrrolidine 33 tcolourless oil)

Yield 8.7g (0.062mol)65% 

b.p 108-110'C

1H-NMR (CDCI3 , ppm, 400MHz) Ô 0.96 (s, 9H) 1.78 (c m, 2H) 2.31 (s, 2H) 2.64 

(c m 2H)

13C-NMR tCDCI.q. ppm, 100MHz) § 23.0 (C3&4) 28.5 (C(£H3)3) 32.0 (C(CH3)3) 

56.8 (£H2C(CH3)3) 69.4 (C2&5)

Elemental Analysis Found 0,74.55; H,13.27; N,9.68; C9H19N requires 

0,76.60; H, 13.48; N,9.92.

FAB-MS.m/z 142(MH+, 100%) 84(M+-58, 16.8%)

A/-ethvl-ovrrolidine 34 (Pale vellow liquid!

Yield 6 .6 g (0.067mol) 70% 

b.p 100-102'0

Ĥ-NMR (ODOI3 , ppm, 400MHz) Ô 0.98 (t, J = 7.4Hz, 3H) 1.89 (c m, 2H) 2.61 

(q, J = 7.4Hz, 2H) 2.61 (c m 2H)

13C-NMR (ODOI3 , ppm, 1 00MHz) S 13.3 (OH2 CH3 ) 23.0 (O3&4)

4 9 .9 .(CH2 0 H3 ) 53.8 (O2&5)

Elemental Analysis Found 0,72.72; H,13.13; N,14.14; O6H13N requires 

0,73.40; H,12.78; N,13.82.

FAB-MS.m/z 1 00 (MH+, 100%) 72(M+-28, 32.2%)
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3.1 Introduction

Most recently, indirect NMR evidence and molecular mechanics 

calculations have suggested that -YR2r3 jn the eclipsing stereotype R"'X- 

YR 2r3 can be a simple unsubstituted six membered ring, as in N-neopentyl 

piperidine 13 and tert-butoxy-cyclohexane 14 where the relevant exocyclic 

bonds are found to be e c lip sed 3 2 ,5 4  This arises from a combination of two 

reasons: firstly, the relative shortness of the three C-N or two 0 -0  bonds whch 

means that equatorial hydrogen atoms are sufficient to sterically crowd the tert- 

butyl groups and so push them towards eclipsing see scheme 3.1, and 

secondly the relatively low 0 -0  and 0-N bond preference to be staggered.

scheme 3.1

H Bu’

The stereodynamics of cyclic poly-aza compounds are slightly different. 

We will discuss hexahydropyrimidines (1,3-diazacyclohexanes) and triazanes 

(1 ,3,5-triazacyclohexane). The anti conformations are always calculated to be 

of high relative energy (> 4 kcal/mol) so for this chapter, OH2 -N bond rotation 

will always be included in a single nitrogen inversion/rotation process. As long 

as nitrogen atoms are not adjacent to one another, conformers can be divided 

into two sets in relatively fast internal equilibrium through nitrogen 

inversion/rotation, connected together by slower ring inversion. A scheme
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depicting the dynamic process for A/,A/-dialkyl hexahydropyrimidines is shown 

below incorporating ring inversion and two separate nitrogen/rotation 

processes. These may exist as two sets of conformers which are equivalent, 

but with axial and equatorial hydrogen interconverted. These two enantiomeric 

sets separated by ring inversion contain four conformations which differ from 

the location of the N-alkyl groups namely one diequatorial (ee) two mono- 

equatorial mono-axial (ae,ea) and one diaxial (aa).

scheme 3.2

Q

R (ea) ,

(ea)* R

Symmetrical trialkyl hexahydro-1 ,3,5-triazanes can likewise be divided 

into two enantiomeric sets separated by ring inversions (scheme 3.3). Each 

contains eight conformations namely one tri-equatorial (eee) one tri-axial (aaa) 

three mono-axial-di-equatorial (eea, eae, aee) and three di-axial mono- 

equatorial conformations (eaa, eae, aee). Dynamic NMR studies have been 

carried out on a number of hexahydropyrimidines and triazanes, notably 1,3- 

dimethyl h e xa h yd ro p y rim id in e s4 3 ,4 4 ,7 1 -7 3 ^  and A/,A/’,A/”-tris(methyl)-1,3,5- 

hexahydro-triazane 43-46 ,49
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Scheme 3.3
eee ^  (eea) ~  — (e a a ):;;=  

In In În
(eae):

In
(aae):^F=^ (aee)=p^ ( a e a ) ^  (aaa)

In

(aaa)̂ ^=± (̂aae)*:̂ ==±z(aee)1:;;=±:: (aea)t ,  (eea)^— (eaa)=^^ (eae)!^(eee)^ 
În  ^n In  In  În  ^n

partial set of conformational processes in symmetrical hexahydro-1,3,5-triazines

Compounds 18 and 35 (figure 3.1) were synthesised by condensation 

of appropriate amines with formaldehyde and studied by nuclear magnetic 

resonance spectroscopy and by molecular mechanics calculations.

figure 3.1

CHoBu'
35

3.2 Molecular Mechanics Calculations

Molecular mechanics calculations for compounds 18 and 35 will now be 

reported in detail with all reasonable chair conformations examined, since 

calculations of twist conformations confirm that they are too high in energy to be 

worth considering. Conformations within 2.7 kcal/mol of the most stable will be 

considered as they represent at least 1% at room temperature.
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1)A/.A/-dineopentvl-hexahydropyrimidine 35

As stated in chapter 2, the torsion angles 0Lp=(Lp-N-C-C) refer to the 

lone pair with the relevant CHgBu^ bond.

Table 3.1 Molecular mechanics calculation (M M 3)^^ ’^^of A/,A/'dineopentyl-hexahydropyrimidine in 
kcal/mol
Final steric energy^^-^^ of the most stable conformation is 33 .8126(28 .43}^  kcal/mol

eclipsed-ee eclipsed-ea

Relative Energy 0.0 {0 .0 ) 1 .22(2 .85}^

Lp-N-C-Bu^ dihedral angle‘s ± 1 1 .4 M 6 .4 - ± 2 0 .7 ',1 0 .0 '

Compression 1.8188 1.8438

Bending 2.9708 3 .6012

Bend-Bend^ -0 .1642 -0 .1849

Stretch-Bend 0 .3126 0 .3469

Van der Waals

1,4 Energy 16.9713 16.7757

Other 0 .9152 1.1585

Torsional 11 .1899 11.6918

Torsion-Stretch'^ -0 .2018 -0 .1997

Note:
values in parenthesis

Angles in degrees. For eclipsed-equatorial and eclipsed-axial neopentyl groups dihedral angles 
reported from the quaternary carbon nearly eclipsing the lone p a ir .
The negative sign indicates stabilisation rather than strain

Bu'

Bu'

ee ea

35A 35B

There are three conformations likely to be populated ee 3 5 A 

(0Lp=±11.4°, 16.4°) and two degenerate ea conformations 35 B 

(0Lp=±2O.7°(eq), 10.0°(ax)}, the former is calculated to be more stable by 1.22 

Kcal/mol. The population of each isomer is therefore calculated (via AG° = 

-RTInKeq) to be composed of 82% of 35A and 9% of each of the degenerate 

conformers of 35B at room temperature by MM3, while the corresponding MMX 

values suggest 35 will be composed of 99.2% of 35A and 0.4% of each of the
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degenerate conformers of 35B at room temperature. The aa conformations are 

calculated to be less stable by 5.40(5.27} kcal/mol.

2) A/.A/^A/"-tris(neopentyh-1 ■3.5hexahydro-triazane 18

Table 3.2 Molecular mechanics calculation of A/,A/’,A/”-Tris(neopentyl)-1,3,5-hexahydro-triazane in 
kcal/mol
Final steric energy^^’^^ of the most stable conformation is 4 3 .8069  (36.85)kcal/m ol

eclipsed-eee eclipsed-eea

Relative Energy 0.0 (1 .00} 0.22(0 .0}

Lp-N-C-Bu^ dihedral angle® ± 1 .0 M .5 ° ,3 .6 ° + 10 .0" ,-18 .2 ',-19 .2"

Compression 2 .2 53 3 2 .4813

Bending 4 .9905 4.5171

Bend-Bend -0 .3 7 3 4 -0.2901

Stretch-Bend 0 .3964 0 .4 50 3

Van der W aals

1,4 Energy 21 .5552 22 .0425

O ther 0.1581 0 .3123

Torsional 15 .4533 14.8266

Torsion-Stretch -0 .3104 -0 .3227

Note:
Angles in degrees. For eclipsed-equatorial and eclipsed-axial neopentyl groups dihedral angles 
reported from the quaternary carbon nearly eclipsing the lone pair and for anti-equatorial 
antiperiplanar to the lone pair.

Bu'

Bu'
Bu'

eee

Bu'

eea

18A 18B

C alculations suggest that the eee conform ation 1 8 A 

(0Lp=±1.0°,1.5°,3.6°) is marginally more stable than the three degenerate eea 

18B (0Lp=-f1O.O°(eq),-18.2°(eq),-19.2°(ax)) Conformation, by 0.21 Kcal/mol. The 

difference in enthalpy by MM3 suggest that 45.0% of the molecules would 

prefer the all (eee) conformation and 18.3% the degenerate (eea) 

conformations at room temperature, while MMX suggest 5.8% of the molecules 

would prefer the all (eee) conformation and 31.4% the degenerate (eea)
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conformations at room temperature. The eaa and aaa conformations were 

calculated to be 2.79(2.75} and 5.14(3.44} kcal/mol less stable respectively.

Final note on molecular mechanics calculations

Both programs MM3 and MMX suggest eclipsed conformations, whether 

in the axial or equatorial configuration for both 18 and 35, and agree on the 

(ee) conformation as the most stable for 35. They differ on the most stable 

conformation for 18, while agreeing that of the eight possible conformations the 

(aee) and (eee) conformations are the two most stable conformations. The aa 

conformation for 35, the degenerate eaa and the aaa conformations for 18 

were calculated by both programs and were found to be unstable. Barriers to 

rotation about the N-CH2 -Bu^ bonds in 18 and 35 were calculated using the 

dihedral drive option in the MM3 program and a barrier of 10.0 kcal/mol was 

suggested for rotation of the tert-butyl eclipsing the lone pair through the tert- 

butyl eclipsing the ring conformation.

3.3 Rate Processes

Dynamic NMR determinations of barriers to ring inversion and nitrogen 

inversion/rotation in several hexahydropyrimidines and hexahydro-1,3,5- 

triazanes have been reported 44-46,49,50

A barrier of 11.3 k c a l / m o | 4 4 , 7 3  for ring inversion of N,N-dimethyl-

hexahydropyrimidine has been measured. Nitrogen inversion however

remained fast at the lowest temperature attained^"!. A barrier < 6.7 kcal/mo|73

has been estimated for nitrogen inversion. A free energy difference of 0.656

kcal/mol was calculated between ea/ee c o n f o r m a t i o n s 4 4 , 7 3  a t  room

temperature. This might be extrapolated to suggest that there is about 11% of

the ea conformation at -150°C. For A /,A /',A /''- tr is (m e th y l)-1 ,3 ,5 -

triazane46,50Barriers of 13.2 kcal/mol and 7.2 kcal/mol were measured for ring

and nitrogen inversion respectively. Further studies^O carried out on N,N’,N ”-

tris(methyl)-1,3,5-triazane and other derivatives, suggested that since the NMR 
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signals associated with N-alkyl substituents are not temperature dependent, the 

observed rate process may best be described as the interconversion of two 

equivalent chair conformations in which fast nitrogen inversion leads to time- 

averaged signals for the N-alkyl groups between axial and equatorial positions. 

A/,A/'A/"-tris(benzyl)-1,3,5-triazane 17^7 has been shown to exist as an eaa 

conformation in the solid state below ca 250K, but at higher temperatures a 

disordered conformational equilibrium exists between the eaa=eea conformers. 

It was further s h o w n 4 2 - 4 4 ,4 9  that a decrease would be expected in the size of 

both the ring and nitrogen inversion barriers with increasing substituent size 

due to the raising of the ground state energy and an increasing flattening 

tendency of the nitrogen atom.

3.4 Dynamic Nuclear Magnetic Resonance Results

The 1H and spectra of our neopentyl compounds 35 and 18 are 

temperature-dependent and show signal splitting as the temperature is 

lowered. Two sets of changes are observed in the NMR spectra of both 

compounds, and these changes are summarised in tables 3.3 H) and 3.4 

O^C) respectively.

Table 3.3 Chemical shifts (400MHz) of compounds 18^ and 35^ at various temperature (ppm from 

Me4Si in CCI2D2/CHF2CI/CHCIF2)__________________________________________________________________

Compound T/'C_________________________________ Observed Signals________________________________
NCH2C(CH3)3 C(CHs)3 CH2(2) CH2(4,6) CH2(5)

35 +20 2.0 0.78 3.13 2.48 1.49
ea 52% -120 c 0.80 3.30,3.20 2.65,1.94 1.45,1.15
ee 48% -120 c 0.80 3.48,2.48 2.83,2.79 2.2,1.71

NCH2C(CH3)3 C{CH3)3 CH2 (ring)
1 8 +25 2.12 0.87 3.32
eea 90% -126 2.69,1.67 0.80,0.82 2.68,3.61

3.08,3.36
eee 9% -126 1.61 d 2.60,3.56

Table 3.4 ^^C Chemical shifts (100.6MHz) of compounds 18 and 35 at various temperature (ppm from 

Me^Si in CCI2D2/CHF2CI/CHCIF2)__________________________________________________________________

Compound T/'C
NCH2Bû  C(CH3)3 C(CH3)3 0(2) 0(4,6) C(5)

3 5 +20 67.3 34.1 28.1 80.8 56.1 25.1
ea 52% -120 66.1,63.9 33.2,32.9 27.3,27.0 77.8 55.2,52.8 21.3
ee 48% -120 67.7 33.7 27.3 81.5 56.2 25.6
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NCH2 Bû  C(CH3 ) 3  C(CH3 ) 3  C(ring)
1 8 +20 65.1 34.4 28.1 79.7
eea 90% -126 64.7,62.5 33.3,33.2 26.7,27.0 81.0,77.0
eee 9% -126 65.1__________ 33.5 d.  76.5______________________________________

^ At -120°C groups have three signals at the chemical shifts quoted with fractional intensity 0.30, 0.61 and 
0.09, respectively. ^ At -126°C groups have three signals at the chemical shifts quoted with fractional 
intensity 0.48,0.26 and 0.26, respectively. ^Signal for NCH2C(CH3)3 could not be distinguished in the  ̂H
NMR due to multiple overlap of signals. ^  Signals for the tert-methyl group of the minor isomer could not be 
distinguished and are presumably overlapped by the major isomer signal.

The room temperature 1H NMR spectrum of A/,A/'-dineopentyl- 

hexahydropyrimidine 35 comprises a fe/Y-butyl singlet and a methylene singlet 

for the neopentyl, and a triplet, multiplet and a methylene singlet for the 

hexahydropyrimidine ring. Below ca -20°C the ring signals broaden, and split 

below ca -40°C to give two multiplets, the ring methylene proton at the 2 

position becomes an AB quartet (J=10.2Hz at 6 3.25) at ca -50°C. Full 

lineshape analysis suggests a barrier of 11.6 kcal/mol for this process. No 

corresponding change in the NMR spectrum can be associated with this 

process.

Below ca -110°C all the signals in the "*H spectrum broaden and at lower

temperatures, all signals sharpen again, giving apparently two sets of signals.

There are some uncertainties in the assignment of the 1H NMR spectrum (see

table 3.3) due to multiple overlap of signals. However, corresponding changes

can be observed more clearly in the spectrum where all the signals

broaden and split below ca -110°C. The n m R spectrum at -120°C (see

figure 3.1) shows the following changes. Two types of structures co-exist with

relative populations 48% ee (diequatorial) and 52% ea(equatorial/axial) and

their interconversion by nitrogen inversion and /V-neopentyl bond rotation is

slow on the NMR timescale. The assignments in table 3.4 of the spectrum

are based on the fact that an axial substituent at position 1 causes upfield

shifts®® for the ring carbons at position 3 owing to steric effects, since these

carbons are now antiperiplanar to the lone pair. Assignments are based on a

comparison with the spectrum of /V,/V-dimethyl-hexahydropyrimidine which has

a population44 of 8 8 % ee and 12% ea. The increase in ea conformation for 35

reflects earlier indications that a neopentyl group is more willing to locate axial 
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than a methyl group. Complete lineshape analysis suggest that this represents 

slowing of a process with a barrier of 7.10 kcal/mol.

A/./V'.A/'-Trisfneopentyh-1.3.5-triazane 18 A dynamic NMR study shows 

that two different conformations are present in solution. In the proton NMR 

below ca -30°C the ring methylene proton signal splits to an AB quartet (J=10 

Hz at Ô 3.11) with no associated changes in the NMR Full line-shape 

analysis suggests a barrier of 11.0 kcal/mol.

Below ca -100°C all the proton and carbon-13 signals broaden and split 

into 2:1 pairs of signals, but below ca -120°C additional weak signals of about 

9% of the total intensity become apparent. The nMR spectrum at -126°C 

see figure 3.2 shows these changes clearly, full lineshape analysis suggests a 

barrier of 6.4 kcal/mol. The chemical shifts for the major isomer fit with 

those in the NMR of the solid state where X-ray crystallography has shown that 

the molecules adopt the (aee) conformation. For the second conformation all 

the NMR signals are singlets except the AB quartet for protons of ring 

methylene groups, which fits with a more symmetrical structure for the minor 

conformation, namely one having all the three neopentyl groups equatorial.

Barriers of the high temperature process in both 18 and 35 can be 

assigned confidently to ring inversion by comparison with barriers obtained for 

A/,A/-dimethyl-hexahydropyrimidine and A/,A/',A/’ -tris(methyl)-1,3,5-triazane and 

barriers of the low temperature process can be assigned to a single nitrogen 

inversion/N-CH2 -R bond rotation process, table 3.5 shows the associated 

barriers for these processes determined by full lineshape analysis.

table 3.5
compound ring inversion 1 nitrogen inversion/bond

fkcal/moll . rotation [kcal/mol]
3 5 11.6
1 8 11.0 ' 6.4
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Figure 3.1

The 13c spectrum of 35 at -120°C showing signals of the second conformer

and at ambient temperature
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Figure 3.2

The spectrum of 18 at -120°C showing signals of the minor conformer

and at ambient temperature
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3.5 Discussion

Consideration of the conformational schemes 3.2 and 3.3 shows that when

ring inversion becomes slow, two set of equivalent conformers exist on the

NMR timescale and the geminal groups on the ring become non-equivalent. If

the second process i.e. nitrogen inversion followed by rotation, becomes slow 
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the substituent orientation can be postulated as (ee), (ea) and (aa) in the case 

of A/,A/-dialkylhexahydropyrimidine and (eee), (eea), (eaa) and (aaa) for hexa- 

hydro-1,3,5-triazane. However, conformations with two or more axial neopentyl 

groups for both compounds are not expected to be populated because of high 

steric interaction. MM3 calculations suggest that for 35 and 18 the second set 

of signals emanates from the ea and eea conformations respectively. The 

comparison of results obtained with the MMX program see table 3.6, is 

interesting.

table 3.6
Relative energy (kcal/m ol) of conformations of 3 5  and 18  determ ined by low- 

temperature NMR, MM3 and MMX calculations___________________________________________

: — r .......................... : : .................
.  a-*»;

 )   . .  . . .  . . . .

: 0.21 0.00

18/eee_________ 0.35  O.OO  IJ O ______________

Both programs agree that for 35 the (ee) and (ea) conformations and for 

18 the (aee) and (eee) conformations are the two most stable and all have 

nearly eclipsed exocyclic N-CH2 bonds whether axial or equatorial. The two 

programs disagree however in the case of 18 as to which of the two 

conformation is the more stable. MM3 suggesting that the (eee) conformation is 

the most stable by 0.21 kcal/mol, while MMX suggests (aee) is more stable by

1.00 kcal/mol. Experimentally, dynamic NMR shows 9% (eee) and 30.3% of 

each of three degenerate (aee) conformations at -126°C. AG°exp is 0.35 

kcal/mol favouring the aee conformation.

The programs agree for 35 that the (ee) conformation is the more stable, 

but by 1.22 kcal/mol (MM3) and by 2.35 kcal/mol (MMX). Experimentally 

dynamic NMR shows 48% (ee) and 26% of each of two degenerate (ae) 

conformations at -1 20°C. AG°exp is 0.186 kcal/mol favouring the ee 

conformation.

This shows a rather poor agreement between programs and between 

calculated and experimental energy differences, that cannot plausibly be
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attributed to entropy differences between conformations. The treatment of the 

ione-pair may be the origin of this disagreement, MMX program treats the lone- 

pair as a pseudo-atom and so includes in particular, lone-pair-N-C-C and lone- 

pair-N-C-H torsional terms. MM3 has no such term and so attempts to 

incorporate any conformational preferences a Ione-pair might be perceived to 

have, in the C-N-C-G and C-N-C-H torsional terms. Both programs predict 

minima which confront lone pairs with eclipsing neopentyl groups, a state quite 

distant from any ground state used to parametrize amine calculations. The 

discrepancy between the experimental and MM3 calculated conformational 

equilibria may thus reflect this problem, but the calculations do provide 

satisfactory support for eclipsing. Table 3.7 reveal some pertinent data for 18 

and 35. The crystal structure of the trineopentyl derivative 18 (figure 3.3) is 

shown to have one axial and two equatorial neopentyl groups with eclipsing of 

both axial and equatorial exocyclic N-CH2 bonds. A very interesting feature of 

the structure of 18 is the torsion angles about the exocyclic N-0 bonds, for both 

the axial and equatorial neopentyl groups the Cring-N-C-Haipha and Cnng-N-C- 

Bû aipha are close to 0 ° and 120°, respectively.

Table 3.7. Selected Structural Parameters Determined by X-ray Diffraction Study of 

Crystalline 18 and by MM3 Calculations on 18 and 35.
Torsional angles (deg) observed MM3

(aee) conformation 18
Cring'N'^-^'rt 4.6, 12.4 13.4, 22.6
Cring'N'^^C-H -5.8, -2.9 

-0.8,6.4
3.4, -6.0 
4.0,-6.4

Cring'N'^-^^-au^
Cring‘N"®QC-Bu^

115.3,-119.3
117.3,-120.0 
122.1,-114.9

101.6,-133.8
116.0,-117.9
116.3,-118.7

(eee) conformation 18
Cring'N'^pC-H a 6 .0 ,-5 .6 

4.8, -6.6 
-1.2,-12.5

Crlng"N'®*7C-Bu^ a -116.7,116.4
-117.2,115.5
-122.5,110.4

(ae) conformation 35 MM3 (ee)confoimation 35MM3
16.5, 5.1

Cring'N'^OC-H -19.4, -27.5 8.1, 17.6 
-14.0, -23.0

Cfing'l^'^^^'au^ -106.6, 126.2

Cring‘N'®Qf^‘au^ -139.3, 97.5 128.9, -106.2 
-134.3, 101.5

^ This conformation is not found in the crystal.
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Figure 3.3

X-ray crystal structure of N,N’,N”-tris(neopentyl)-1,3,5hexahydro-triazane 18
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3.6 Experimental

Preparation of A/.AZ-dineopentylhexahydropyrimidine 35

77

1,3-dineopentyl-1,3-hexahydropyrimidine 35 was synthesised by the 

condensation of the appropriate amine with formaldehyde.

a) Propylenediamine (5.34ml, 0.064mol), pyridine (10.34ml, 0.128 mol) 

and chloroform (75ml) were mixed and the solution was cooled to 0°C before 

adding pivaloyl chloride (15.68ml, 0.124 mol) dropwise. After refluxing for 18h 

a white precipitate had formed, the mixture was cooled to room temperature 

and water (50ml) was added. The organic layer was extracted with diethyl 

ether using (3x50ml) portions, and dried with magnesium sulphate. The 

solvent was distilled under reduced pressure to afford the crude product which 

was utiliized for the next step.

b) To a suspension of lithium aluminium hydride (LiAIH4 ) (4.7g 

122mmol) in diethyl ether (150ml), chilled at 0 °C under nitrogen, the product 

from step a (13g 0.054 mol) was added. The suspension was refluxed 

overnight (18h), the mixture was then cooled to room temperature and water 

(2 0 ml) added dropwise until effervescence subsided, forming a white 

precipitate which was filtered off. The organic layer was extracted several times 

with diethyl ether using (3x50ml) portions, dried and concentrated to yield the 

crude product, which was purified by distillation under reduced pressure.

c)The 1,3-dineopentyl-propylene diamine (11g, 0.051 mol) obtained from

b was r e f l u x e d ^ 4  with paraformaldehyde (2.5g), in ethanol (40ml) and

methanol (10ml) for 3h, the mixture was cooled to room temperature and

neutralised with 1M hydrochloric acid (2 0 ml) and then concentrated by distilling

off the ethanol and methanol and allowing to cool. Excess solid potassium 
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hydroxide (10g, 0.178mol) was added. The organic layer was extracted with 

diethyl ether using (3x50ml) portions and dried with magnesium sulphate. The 

solvent was distilled to give the crude product which was subsequently purified 

by column chromatography using 90% petroleum spirit (b.p 40-60°C}, 5% ethyl 

acetate as the eluting solvent. This afforded the pure product as a colourless 

oil (10.7g, 50%)

/V./V-dineopentylhexahydropyrimidine (Colourless oil )

Yield 10.7g, (0.047mol) 50%

Ĥ-NMR (CDCI3 . ppm, 400MHz) Ô 0.78 (s, 9H) 2.01 (s, 2H) 3.13 (s, 2H)

2.48 (t, J = 7.1 Hz 4H) 1.49 (m, 2H)

13Ç-NMR (CDCI3 , ppm, 100MHz) Ô 28.1 (C(CH3)3) 34.1 (C(CH3)3) 80.8 (C2)

67.3 (CH2C(CH3)3) 56.1 (C 4 & 6 )  25.1 ( C 5 )

Elemental Analysis Found 0,74.59; H,13.56; N,12.43 C14H30N2 requires 

0,74.34; H,13.45; N,12.39.

FAB-MS.m/z 226(MH+.7.86%1 149(M+-77, 12.03%) 125(M+-101, 16.26%) 

111(M+-115, 29.88%)

Preparation of N.N'.N"-tris(neopentyh-1 .3.5-triazane 18

CHgBu'

N ,N ',N "-tris(neopenty l)-1 ,3 ,5-triazane 18 was prepared by the 

condensation of neopentylamine (8.3g, 0.095mol) and excess aqueous 

formaldehyde (1 0ml) at 0 ° 0  the mixture was left for 2 h and dehydrated 

overnight with sodium hydroxide (5g, 0.125mol) until a portion of the alkali
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added remained undissolved. The product was isolated by sublimation as a 

colourless crystalline solid (5.6g, 2 0%, mp. 76°C).

$-tris(neopentyn-1.3.5-triazine (Colourless crystals )

Yield 5.6g, (0.019mol) 20% 

m.p 76°C

^H-NMR (CDCI3 , ppm, 400MHz) Ô 0.87 (s, 9H) 2.12 (s, 2H) 3.32 (s, 2H) 

13Ç-NMR (CDCI3 , ppm, 1 00MHz) Ô 28.1 (C(CH3)3) 34.4 (£(CH3)3) 79.7 (Cnng)

65.1 (CH2C(CH3)3)

Elemental Analysis Found 0,72.85; H,13.31; N,14.24 C18H39N3 requires 

0,72.72; H,13.13; N,14.14.

FAB-MS.m/z 297(MH+.2.24%1 265(M+-32, 16.47%) 100(M+-197, 100%) 

Crystal data orthohombic Pbn2i ,a=10.002(2)Â, b=11.633(2)Â, c=18.066(2) 

Â, y=2102Â3, Mf=297.26, Z=4 ,dcaic=0.94g/cm3, F(000)=672, X(Mo 

Ka)=0.71073 Â, p(Mo Ka)=0.52 cm ^
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4.1 Introduction

It has been suggested by molecular mechanics calculations and 

demonstrated by NMR coupling constant evidence that the conformation of the 

ring to oxygen bond in 1-methoxy-2 ,6 -dimethylcyclohexane and other 

methoxycyclohexanes with equatorial methyl substituents in both the 2 - and 6 -

positions, is ec
H Me

MeMe

36

Methyl ethers R^CH-OCHg with relatively large substituents R“* and 

r2  provide further e x a m p le s 2 > 5 ,3 2  This arises because if the bond were 

staggered, there are particularly strong interactions between substituents at 

opposite ends of this bond since carbon-oxygen bonds ( - 1 . 4 1 Â )  are shorter 

than carbon-carbon bonds ( - 1 . 5 1 Â ) .  The nitrogen-carbon bond ( - 1 . 4 7 Â )  is 

also shorter than the carbon-carbon bond, this suggested, that if we had 

equatorial substituents at the 2 and 6 positions of 25 and 29, the tendency for 

eclipsing of the ethyl compound might occur similar to that in 25 without methyl 

groups. The stereodynamical consequences of the inclusion of methyl groups 

trans to the exocyclic bond are two-fold, firstly ring inversion is improbable 

because the population of conformations with the 2 and 6 methyl groups axial 

becomes unlikely, and secondly there now remains a combination of two 

different processes namely nitrogen inversion and N-CH2 -R bond rotation, 

which can take place in any order.

Scheme 4.1 shows half of the conformational cube that shows these 

possibilities, the other half with axial methyl groups having been removed. If 

the barriers are high enough, dynamic NMR would be suitable for studying the 

two processes. It remains to be shown which of these processes is rate
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determining in the interconversion. As earlier discussed in chapter 2, nitrogen 

inversion for the neopentyl compound 25 is immediately followed by N-CHg 

bond rotation in the N-neopentyl series and it was then concluded that bond 

rotation is the rate determining step. In the N-ethyl compound 29 however, 

although no process is seen in the NMR, it is nitrogen inversion that is expected 

to be the rate determining step.

scheme 4.1

M e M e

M eM e

RotationRotation

M eM e

M e M e

I I IIV

The introduction of the flanking methyl groups increases rotational 

barriers. Conformer I with all substituents equatorial and the exocyclic N-GH2 

bond eclipsed can nitrogen invert or bond rotate to conformera I I  and IV  

respectively, however the latter is more likely to be the high barrier process and 

this would then be followed by N-inversion to give conformer III. If either IV  or 

I I I  is significantly populated, a separate set of NMR signals will be seen at low 

temperatures when interconversion with I is slow on the NMR timescale.

scheme 4.2

M e 37 = R = CHgMe

38 = R = CH2Bû

39 = R = CHgAd
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Substituted piperidines 37, 38 and 39 were synthesised by reduction of 

the corresponding amide with lithium aluminium hydride, while the ether 36 

was synthesised using the standard Williamson ether synthesis. To further 

investigate this eclipsing phenomenon, these compounds were studied by 

dynamic NMR spectroscopy and by molecular mechanics calculations.

4.2 Molecular Mechanics Calculations

Molecular mechanics calculations for compounds 36, 37, 38 and 39 

will now be reported in detail with all reasonable chair conformation minima 

examined. As stated in Chapter 2 stable conformations that are within 2.7 

kcal/mol of the most stable will be considered, as they represent at least 1% at 

room temperature and much less than 1% at lower temperatures.

1) c/s-1-methoxv-2.6-dimethylcyclohexane 36

Table 4.1 Molecular mechanics calculation (MM3)^^’^^ of cis 1-methoxy-2 ,6-dimethyl
cyclohexane.
Final steric energy of the most stable conformation is 16.4534(15.37}^ kcal/mol

eclipsed-equatorial 36A anti-equatorial 36B

Relative Energy (kcal/mol) O.O(O.O) 1.33(0.78)3

H-C-O-CH3 dihedral angle‘s ±0 .0 ' ±179.9'

Compression 0.8169 0.8096

Bending 1.2458 3.4990

Bend-Bend'^ -0.0429 -0.0013

Stretch-Bend 0.0951 0.1688

Van der Waals

1,4 Energy 9.8226 9.1790

Other 0.0717 1.3768

Torsional 4.5151 2.7636

Torsion-Stretch'^ -0.0672 -0.0047

Note:
® MMX^^ values in parenthesis
 ̂ Angles in degrees. For eclipsed-equatorial Methoxy groups dihedral angles reported from the

exocyclic Methoxy carbon nearly eclipsing the proton at the 1 position and for anti-equatorial 
antiperiplanar to the proton.
The negative sign indicates stabilisation rather than strain
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M eM e
M e

M eM e

M e

36A 36B

Two conformational minima were located 36A (0Lp=±O.O°) and 36B 

(0Lp=±179.9°) the former is calculated to be more stable by 1.33(0.78} 

kcal/mol. The population of isomers is therefore calculated (via AG° =-RTInKeq) 

to be 90.8% of 36A and 9.2% of 36B at room temperature for MM3, while the 

corresponding MMX values are 78.8% of 36A and 21.2% of 36B. No gauche 

minimum was located.

21 A/-ethvl-2.6 -dimethyl piperidine 37

Table 4.2 Molecular mechanics calculation (M M 3)^ ^ A 4  of N-ethyl-2,6-dim ethyl piperidine 
Final steric energy of the most stable conformation is 33 .8126  {17.1} kcal/mol

eclipsed-equatorial 37A anti-equatorial 1 37B eclipsed-axial 3 7 C

Relative Energy (kcal/mol) 1.08(2 .79} 0 .00(0 .00} 1.26(4 .89}

Lp-N-C-CHg dihedral angle® ± 1 .4 5 “ ± 1 7 9 “ ± 6 .2 “

Compression 1.4886 1.3268 1.1129

Bending 2 .6686 3.3171 4 .0 30 8

Bend-Bend -0 .0846 -0 .1090 -0 .1218

Stretch-Bend 0 .2986 0 .3457 0 .3338

Van der Waals

1,4 Energy 11.4133 10.7791 10.7468

O ther 2 .0450 2 .7190 1.9509

Torsional 8 .2286 5.7118 9 .3999

Torsion-Stretch -0 .1544 -0.0251 -0 .1383

Note:
Angles in degrees. In M M 3 calculations, the lone pair is assumed to be located on the external 
bisector of the C 2 -N -C 6 angle in the Newman projection.

Me

M eM e M eMe

M eM e M e

Me

37A 37B 3 7 0
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Four conformational minima were located, however two conformations 

are likely to be populated 37A (0Lp=±1.45°) and 37B (0Lp=±179°) and it is 

striking that it is the anti conformation not the eclipsed that is calculated to be 

most stable by 1.08(2.79} kcal/mol. The population of each isomer is therefore 

calculated (via AG° =-RTInKeq) to be composed of 78.2% of 37B, 12.4% of 

37A and 9.4% of 370 at room temperature for MMS, while the corresponding 

MMX values suggest 99.9% of 37B. The anti-axial conformation 37D not 

shown was calculated less stable by 5.9(6.2} kcal/mol.

3)A/-neopentyl-2.6-dimethvl piperidine 38

Table 4.3 Molecular mechanics calculation (M M 3)^ ^ A 4  of N-neopentyl-2,6-dim ethyl piperidine 
Final steric energy of the most stable conformation is 34 .8766(26 .04} kcal/mol

eclipsed-equatorial 38A anti-equatorial 3 8 8 eclipsed-axial 38C

Relative Energy (kcal/mol) 0 .0 (0 .00 } 1 .26(0 .78} 1.08(1 .01}

Lp-N-C-Bu^ dihedral angle® ± 0 .2 ” ± 1 7 6 .4 ” ± 0 .3 ”

Compression 2 .7535 2 .2823 2 .2046

Bending 4 .4749 8 .2697 5 .9359

Bend-Bend -0 .0313 -0 .1038 -0 .0114

Stretch-Bend 0 .5318 0 .6470 0.5661

Van der Waals

1,4 Energy 14.1997 12.9573 13.4832

Other 4 .3034 4.6182 3 .8540

Torsional 8 .7650 7 .5683 10.0778

Torsion-Stretch -0.1831 -0 .1039 -0 .1762

Note:
Angles in degrees. For eclipsed-equatorial and eclipsed-axial neopentyl groups dihedral angles 
reported from the quaternary carbon nearly eclipsing the lone pair and for anti-equatorial
antiperiplanar to the lone pair.

Bu

M eM e M eBu

M eM e M e

Bu

38C38A 38B

Three important conformational minima were located, with the eclipsed-

equatorial 38A (0Lp=±O.2°) 1.08(1.01} kcal/mol more stable than the eclipsed 
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axial 380 (0Lp=±O.3°) and 1.26(0.78} kcal/mol more stable than the anti- 

equatorial 38B (0Lp=±176.4°). This difference in enthalpy by MM3 

calculations suggests that 87.7% of the molecules would prefer the eclipsed- 

equatorial conformation, 7.0% the eclipsed-axial and 5.3% the anti-equatorial 

conformations at room temperature. No minima were located for the anti-axial 

or gauche conformations. MMX calculations indicate that 69.3% of the 

molecules would prefer the eclipsed-equatorial conformation, 17.8% the anti- 

equatorial and 12.9% the eclipsed-axial conformations at room temperature.

41A/-adamantylmethyl-2.6-dimethyl piperidine 39

Table 4.4 Molecular mechanics calculation of N-adamantylm ethyl-2,6-dimethyl
piperidine
Final steric energy of the most stable conformation is 51 .505035(41 .8} kcal/mol

eclipsed-equatorial 39A anti-equatorial 39B eclipsed-axial 39C

Relative Energy (kcal/mol) 0 .0 (1 .14} 1.64(0 .0} 0 .98 (2 .33 }

Lp-N-C-Ad dihedral angle® ± 0 .5 “ ± 1 7 8 .3 “ ± 0 .3 5 “

Compression 3 .5520 3 .0655 2 .9618

Bending 4 .7515 9.4972 6.2081

Bend-Bend 0.0371 -0 .0869 0 .0 14 4

Stretch-Bend 0 .4532 0 .6044 0 .4816

Van der Waals

1,4 Energy 24 .3974 22.9231 23 .6650

Other 3 .1514 3 .7664 2 .7025

Torsional 15 .3624 13.4324 16.6325

Torsion-Stretch -0 .2015 -0 .0574 -0 .1895

Note:
Angles in degrees. For eclipsed-equatorial and eclipsed-axial adamantyl groups dihedral angles 
reported from the quaternary carbon nearly eclipsing the lone pair and for anti-equatorial
antiperiplanar to the lone pair.

Ad

M eM e Ad

M eM e M e

Ad

39A 39B 39C

As before three conformational minima were located, with eclipsed-

equatorial 39A (0Lp=±O.O°) the most stable. The anti-equatorial 3 9 B 
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(0Lp=±178.3°) is less stable by 1.64 kcal/mol, while the eclipsed-axial 380  

(0Lp=±O.35°) conformation is less stable by 0.98 kcal/mol. Again no minima 

were located for the anti-axial conformation or for the gauche conformations. 

This difference in enthalpy by MM3 suggest that 89% of the molecules would 

prefer the eclipsed-equatorial conformation, 8 % the eclipsed-axial and 2.9% 

the anti-equatorial conformations at room temperature, while the corresponding 

MMX calculations suggest 11.8% of the molecules would prefer 39A, 86.4% 

38B and 1.8% 390 at room temperature.

Final note on molecular mechanics calculations

Molecular mechanics calculations MM3 for all apart from 37 suggest that 

the eclipsed-equatorial conformation is the more stable, however the MMX 

program while agreeing on the structure of conformational minima predicts 

different relative energies, suggesting instead that the equatorial-anti 

conformation is the most stable for both 37 and 39. Barriers to Rotation The 

dihedral drive option in the MM3 was used to calculate barriers to rotation 

which are expressed as changes in enthalpy between the eclipsed-equatorial 

ground state and the eclipsed transition state for rotation. Barriers of 

approximately 10.0 and 12.5 kcal/mol were suggested for 38, 39 and 7.4 

kcal/mol for 37, while for the methoxy compound 36 a barrier of 8.4 kcal/mol 

was predicted.

4.3 Rate Processes

Dynamic NMR determined barriers to nitrogen inversion and bond 

rotation have been reported for a wide range of cyclic and acyclic amines. Most 

relevant are nitrogen inversion barriers for N-ethyl pyrrolidine 7.5 kcal/mol, 

compared to that of N-neopentyl piperidine and N-neopentyl pyrrolidine 

barriers of 7.6 and 8.0 kcal/mol respectively reported in chapter 2 ^ 6 . Recent 

studies show that increasing steric congestion around a nitrogen atom leads to
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lower barriers to nitrogen inversion's^ but potentially to higher rotational 

barriers.

Barriers to rotation about the nitrogen-ethyl bonds have been reported 

by dynamic NMR, when the bond is s tag g e red ^  6,30 barriers of 5-6 kcal/mol 

were measured, but when eclipsed^ as in N-ethyl-2,2,6 ,6 -tetramethyl 

piperidine a barrier of 10.0 kcal/mol was measured. Equally notable is the N- 

CHg-But rotational barrier of 9.5 kcal/mol for N,N-diethyl neopentylamine^^, a 

barrier which we measured about the same time.

A free energy difference of 1.9 kcal/m ol^7 was found to exist between 

the equatorial and axial methyl groups in the 1 ,2 ,2 ,6 -tetramethyl-piperidine with 

equatorial methyl groups at the 6 position, this may be extrapolated to suggest 

1 .1% of the axial conformation at -60°C.

4.4 Dynamic Nuclear Magnetic Resonance results

The  ̂H and NMR spectra of the N-ethyl derivative 37, the N- 

neopentyl derivative 38 and the N-adamantylmethyl 39 of 2,6-dimethyl 

piperidine are temperature-dependent, showing splitting of signals as the 

sample temperature is lowered, two sets of changes being observed. Once 

again some changes are clearer and more directly usable than others, but all 

changes are summarised in tables 4.5 (^H) and 4.6 (^^c).

Table 4.5 Chemical shifts (400MHz) of compounds 36, 37, 38 and 39 at various temperature (ppm 

from Me4Si in CCI2D2/CHF2CI/CHCIF2)_______________________________________________________

Compound T/'C OCH3 CH(2 .6) CH2f4) CH2f3.5) C(CH3)2 CH(1)
3 6 +20 3.41 1.72 a 1.49 1.04 2.32

87% -135 3.38 1.70 b 1.48 1.02 2.30
13% -135 c c c c c c

NCH2CH3 NCH2CH3 CH(2 ,6) CH2(4) CH2(3,5) C(CH3)2
3 7 +20 2.77 0.78 2.32 1.14 1.42 0.96

97% -120 2.70 0.70 2.28 1.12 1.48 0.90
3% -120 c c c c c c

NCH2 But C(CH3)3 CH(2 ,6) CH2(4) CH2(3,5) C(CH3)2
3 8 +20 2.14 0.75 2.75 1.29 1.56 0.94

61.7% -115 1.95 0.78 2.65 1.12 1.50 0.85
27.6% -115 2.12 0.62 2.75 0.95 1.25 0.79
10.7% -115 c c c c c c

NCH2Ad CH(Ad) CH2 (Ad) CH(2 ,6) CH2(4) CH2(3,5) C(CH3)2
3 9 +20 2.18 2.02 1.56,1.75 2.83 1.42 1.69 1.09

91.4% -110 2.00 1.92 1.62,1.70 2.82 1.28 b 1.02
5.6% -110 2.15 c c 2.48 c c 1.09
3.0% -110 c 2.03 c c c c 0.94
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Table 4.6 Chemical shifts (100.6MHz) of compounds 36, 37, 38 and 39 at various temperature 

(ppm from Me^Si in CCI2D2/CHF2CI/CHCIF2)

Compound T/'C OCH3 C(CH3)2 CH(2 ,6) C(4) C(3.5) C(1)
36 +20 58.5 18.3 38.1 25.2 34.2 91.3

87% -120 61.6 17.9 38.5 24.4 33.0 90.6
13% -120 47.5 14.5 31.6 c c 85.9

NCH2CH3 NCH2CH3 C(Ch3)2 CH(2 ,6) C(4) C(3,5)
37 +20 40.6 6.3 20.3 54.1 24.5 35.1

97% -120 39.8 3.4 20.3 52.0 24.2 34.8
3% -120 48.2 14.1 21.7 58.8 c 23.0

NCH2 But C(CH3)3 C(CH3)3 C(3,5) CH(2,6) C(4) C(CH3)2
38 +20 64.2 34.2 28.1 31.5 56.2 16.5 19.2

61.6% -115 51.6 31.9 30.0 26.4 59.6 25.9 22.9
27.6% -115 62.2 35.1 27.5 31.9 52.6 13.8 17.2
10.7% -115 64.2 32.2 30.2 36.1 61.8 c 24.8

NCH2Ad Cq(Ad) CH(Ad) CH2 (Ad) ^ (3 .5 ) ^'^(2 ,6) C(4 ) C(CH3)2
39 +20 63.5 35.5 28.8 41.7,37.5 30.6 55.2 17.4 19.5

91.4% -110 53.8 33.1 28.8 42.0,36.8 26.1 59.5 25.6 22.9
5.6% -110 61.8 c 28.6 40.5,37.2 32.3 53.4 13.5 16.8
3.0% -110 c c 27.1 41.3,35.8 32.0 62.1 21.0 24.5

% H 2 (4) signal could not be distinguished due to multiple overlap ^Signals for the major isomer could not be 
assigned in the NMR because of multiple overlap of signals ^Signals for the minor isomer could not be 
distinguished in both the and ^^0 NMR and are presumably overlapped by the major isomer.

The NMR spectra at ca -40°C for 37, 38 and 39 show broadening for 

the protons on the ring at the 2 and 6 positions and the exocyclic substituents, 

but signals sharpen up at -70°C. Over this same temperature range 

compounds 38 and 39 show additional broadening of the signals of the 

equatorial methyl group at the 2 and 6 positions which splits into a major and 

minor signal. However, the spectrum for 37 shows clearer changes that 

can be associated with this process. With the exception of C3 &5 , C4  and 

C(CH3 ), signals broaden ca -40°C, and sharpen up by -80°C where no minor 

set of signals can be distinguished.

This first process in the N-ethyl derivative is presumed to represent a 

very unsymmetrical equilibrium, the minor conformer of which is never resolved 

in the spectrum, but which is shown by lineshape fitting to have a barrier of 10.3 

kcal/mol. With 38 and 39, however, minor signals can be identified. This can 

be associated with the interconversion of structures like I and I I I  in scheme 4.1 

being slow on the NMR timescale, and full lineshape analysis suggest barriers 

of 10.8 and 11.2 kcal/mol for this process respectively. On lowering the 

temperature further a second process is observed in both the 1H and NMR 

for compounds 37, 38 and 39 with the NMR clearly showing the nature of 
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signals (see figure 4.1 and 4.2 respectively). The signals broaden and 

split below -110°C, the spectrum for 37 resharpens to a major and minor signal 

corresponding to 97% anti-equatorial and 3% axial eclipsed indicating that the 

minor structure is less stable at -120°C by 1.06 kcal/mol. Spectra for 38 and 

39 resharpen to a major and two minor signals with relative population and 

assignments to be discussed later of 61.7% axial-eclipsed, 27.6% equatorial- 

eclipsed and 10.7% anti-equatorial for 38, while for 39 there is 91.4% axial- 

eclipsed, 5.6% equatorial-eclipsed and 3.0% anti-equatorial. This suggests 

that the interconversion of structures like III and IV  in scheme 4.1 has become 

slow on the NMR timescale. Full lineshape analysis suggest values of 9.98, 

9.75, 9.68 kcal/mol for this lower barrier in 37, 38 and 39 respectively. Table 

4.7 shows the complete set of barriers for the processes determined by full 

lineshape analysis for these compounds.

table 4.7
Compound Nitrogen Inversion/ 

Rotation [kcal/mol]
Rotation [kcal/mol]

36 8.24

37 9.98 10.3

38 9.75 10.8

39 9.68 11.2

From scheme 4.1 the first process envisaged to be slow on the NMR 

timescale is the interconversion of I and IV, with II and III. The absence of a 

“second” conformer in 37 at intermediate temperature need not raise 

scepticism. In contrast, in 38 and 39, a second signal is observed in both the 

proton and the carbon-13 NMR spectra at intermediate temperatures, the 

assignment of this major conformation as being axial-eclipsed fits well with the 

upfield shifts of the 3,5 ring carbon signals in the 1%  spectra.

This difference in conformational behaviour between 37 and 38/39 is

not in fact great and probably reflects increased ground state energy for the

equatorial conformations of 38/39 so that the axial conformation is now

measurably populated. Studies^^ have shown a marked shift in the

equilibrium to the N-axial conformer when the N-substituent is flanked by two 
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equatorial c/s-2,6-methyl groups, as a result of compression of the N-equatorial 

conformer. This causes the C2&6 signals to resonate upfield compared to 

piperidine derivatives without equatorial c/s-2,6-methyl's.

Calculated and experimental axial/equatorial energy difference is shown 

in table 4.8 below.

table 4.8

 axial/equatorial energy difference determined by DNMR ,M M 3 and MMX calculations

Oompomd" :  4"̂  ;  CM Observed (fecat/mol) "  MM3 (kcaVmol) ~ : -MMX (kcal/mol)

3 7 a : V.'' '■'xs'; -.y r: 3 .25: ...............................

M. A ■»" > A

1 .7 0
^ minor signal not observable

The third set of signals observed in 38 and 39 is suggested by MM3 

calculations to originate from the anti-equatorial conformation. From scheme

4.1 the second process becoming slow on the NMR timescale is concluded to 

be the interconversion of I and IV. The axial-anti conformation II would not be 

populated due to the high steric interactions in having the substituents over the 

piperidine ring. The “third” very low temperature set of signals in 37 is believed 

to be the eclipsed-axial conformation based on the absence of a second 

conformational process in the N-ethyl analogous 29, 31 and 32 (see chapter 

2) whose staggered exocyclic bonds'! 6,30 are not flanked by two equatorial 

substituents at the 2 and 6 positions which would influence the shift in 

equilibrium towards the N-axial conformer.

This eclipsed-anti/staggered equilibrium has not been observed before 

in a simple organic compound. For the N-0 bond^S however, the inherent 

preference in the parent NHgOH is for a trans conformation, and there is also a 

minimum at the c/s-conformation although the free energy difference between 

both conformations is ca lcu la ted^G b to be > 4 kcal/mol in favour of the trans- 

conformer. However, the trimethyl and NO-dimethyl derivatives were shown to
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have a free energy difference of only 0.6 kcal/mol by electron diffraction 

experiments, so staggered and eclipsed conformations are in equilibrium.

This lead us to investigate the possibility of this unique process occurring 

in 36 as this possibility was previously overlooked32. Rotational barriers of 

several H 3 C -O  bonds has been reported e.g. methanol of 1.07 kcal/m o|33 and 

the only dynamic NMR study is of chloromethyl methyl ether where the C IC H 2 - 

O C H 3  rotational barrier is 4 .2  kcal/mol^^ Scheme 4 .3  shows the dynamic 

process involved for 36.

scheme 4.3

Me

Me

Me Rotation Me

Me
Me

As stated earlier ring inversion is implausible because this will lead to all 

the substituents being axial, therefore the only dynamic process conceivable is 

rotation about the exocyclic bond. One set of changes occurs in both the proton 

and carbon-13 NMR, the 1H NMR of 36 shows broadening of the protons on 

the ring at the 2 and 6 positions and the exocyclic substituents at ca -70°C and 

two sets of signals are seen at 110°C indicating that the interconversion of 

structures like I and I I  in scheme 4.3 has become slow on the NMR timescale. 

However the spectra shows this dynamic process more clearly showing 

two sets of signals of relative intensity 87:13 for all carbons except C4 at ca 

-135°C (see figure 4.3). This indicates two structures for 36 with a free energy 

difference of 0.52(0.78} kcal/mol. Full lineshape treatment suggests a barrier of 

8.24 kcal/mol for this process.

Calculations, however, suggest an enthalpy difference between eclipsed

equatorial and anti-equatorial of 1.33 kcal/mol, much larger than the

experimental. The results obtained for 36 strengthen the argument made for

the third signals as the anti-staggered conformation for 38 and 39. Table 4.9

showing the eclipsed/staggered energy difference determined by low

temperature NMR, MM3 and MMX calculations for 36-39 illustrates the rather 
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poor agreement between calculated and experimental conformational energy 

differences.

The 13Q chemical shift of the OCH3 group at room temperature, once 

corrected for the inherent effect of temperature is quite different from that of the 

eclipsed signals seen at low temperature, implying that there is rather more of 

the anti-conformation at room temperature. The limiting chemical shifts at room 

temperature were taken to be those at low temperature corrected by an 

increase of 1.45ppm, the mean temperature dependence of C4  and C3 & 5  

signals in 36 which do not split at low temperature and thus appear to have the 

same shift in both isomers. Applying this correction to the two signals for OCH3 

at low temperature these signals are calculated to appear at 5=62.1 and 

5=48.0. Thus the averaged signal actually observed at 5 58.5 at room 

temperature reflects 29% of the anti-conformation at room temperature 

indicating a free energy difference of 0.52 kcal/mol. The striking similarity of the 

free energy difference values at such different temperature suggest that the 

enthalpy difference between isomers is about 0.5 kcal/mol, and the entropy is 

close to zero.

NOE experiments on 36 help confirm the eclipsed-equatorial 

conformation as the most stable by pre-irradiating the OCH3 proton signals and 

observing the effect on the methine proton at the 1 position of the ring. This 

revealed an NOE enhancement of 3.5%, suggesting that the NOE must arise 

from I (in scheme 4.3), while there is a significantly smaller NOE of -1% when 

the C-methyl protons are irradiated. This may thus further add to other 

evidence of vicinal "•H-G-O-'^^C vicinal c o u p lin g 3 2  that concludes the proximity 

of the exocyclic methyl to the methine proton at the 1 position see figure 4.4. 

However NOE experiments on 37, 38 and 39 proved inconclusive because 

the signals being investigated at low temperature were obscured by the 

piperidine resonances.
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table 4.9

eclipsed/staggered energy difference determined by DNMR, MM3 and MMX calculations

2 Compound Observed (kcal/mol) MM3 (kcal/mol) MMX (kcal/nnàlîî.

0.52 1.33 0 . 7 8 ;
.  C '

' & % :  3  7 1.06 1.08 2 . 7 9 ^ : , ) . ; - : .

0.55 1.26

1.11  : 1 1.64

Figure 4.1
Dynamic NMR spectrum of the exocyclic CH2 signal for 37 at different

temperatures
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Figure 4.3

Dynamic spectrum of the exocyclic OMe signal for 36 at different

temperatures
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Figure 4.4

Spectrum 1

Spectrum 2

methine proion 

a1 5 position

I/,ethoxy Signal

methine proton 

at 6 position

Spectrum 3

Spectrum 4

! I methine proton 

!l at 6 position

methine proton 

at 6 position

1 . 1 . i i 1 1

2 4

Spectrum 1 : H NM R NOE difference spectrum on pre-irradiation of the methoxy at +20°C
Spectrum 2:  ̂H NM R  region of the methoxy and methine hydrogen at position 6
Spectrum 3: 1H N M R  NO E difference spectrum on pre-irradiation of the equatorial methyl’s at

2 and 6 positions at +20°G  
Spectrum 4:  ̂H NM R region of the methine hydrogen at position 6
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Discussion

Consideration of the conformational cube of scheme 4.1 which applies to 

37-39 shows that when either of the two processes, nitrogen inversion or N- 

GH2 -R bond rotation becomes slow on the NMR timescale, separate sets of 

signals should be seen provided there is a significant population of other 

conformation. The problem is to decide what processes are to be associated 

with the various sets of spectral changes.

The second process observed is suggested by MM3 calculations to be 

the interconversion of I and IV  i.e. pure N-GH2 -R bond rotation becomes slow 

on the NMR timescale, the very repulsions which drive the molecules to prefer 

the eclipsed conformation serve to reinforce the high energy of the rotational 

transition state which is the conformation when R  ̂ eclipses R^ or R^, and so 

give enhanced barriers. For 37, 38 and 39 the interpretation of these spectral 

changes are not immediately clear since the experimentally measured barriers 

to the two observed processes are relatively similar, so that assignment to 

nitrogen inversion or G-N bond rotation is not unequivocal. An alternative way 

to assign signals, made in terms of chemical shifts, is somewhat equivocal, the 

expectation that an axial group substituent is upfield of an equatorial since the 

former is gauche to two G-G bonds and the latter is anti to two G-G bonds is 

confounded in these molecules by the two ring methyl groups which provide 

additional shielding effects whose exact nature cannot be readily determined.

Two points were useful in deciding assignments. The first concerns the

the conformation which predominates at room temperature and its population at

low temperature. The second concerns the results obtained on protonation

(chapter 7). On the assumption that protonation is in s ta n ta n e o u s ^ O .B I ,82 and

not reversible and so leads to fixed configuration of salts, the two sets of signals

for protonated amines represent the relative populations of free amine

conformations. Evidence that protonation is effectively instantaneous^2e-f

relies firstly on the constancy of the product ratio as a function of the

concentration of the acid and secondly on comparisons of protonated results 
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with results from low-temperature NMR methods. For example the free energy

difference AG°for the equlibrium N-Meeq ►N-Meax in conformationally

anchored 1,2,2,6 -tetramethyl piperidine is found to be equal to 1.95+0.1 

kcal/mol (kinetic protonation) and 1 . 9 ± 0 . 2 ( D N M R ) 7 7 .

Protonation of /V-ethyl-2,6 -dimethyl piperidine (see chapter?) leads to 

two diastereomeric salts at room temperature. By decoupling experiments and 

vicinal 3J H-N+-C-H coupling the major signal is assigned to have equatorial 

isomer and the minor signals axial to the axial isomer. The dynamic NMR of the 

salts is considered in chapter 7.

Protonation of /V-neopentyl and /V-adamantylmethyl 2 ,6 -dimethyl 

piperidine also leads to two diastereomeric salts at room temperature, however, 

vicinal coupling contants and decoupling experiments show that the major 

signals belong to axial subsituents on the nitrogen so the A/-alkyl group in the 

amine is predominantly axial.

The two conformational processes possible for 37, 38 and 39, are 

nitrogen inversion and rotation about the exocyclic N-C bond, the higher 

barriers are assigned to rotation about the exocyclic bonds. For 37 the major 

set of signals is assigned to the equatorial conformations and for 38 and 39 

these are assigned to the axial conformations. Both equatorial and axial 

conformations are still interconverting on the NMR timescale by nitrogen 

inversion. The minor signals for 38 and 39 (not observable for 37) which do 

not change except in relative intensity on further cooling are assigned to the 

eclipsed-equatorial conformation, the lower barriers measured are attributed to 

nitrogen inversion in light of known nitrogen inversion barriers in similar 

co m pounds^G , This assignment of signals for 37, 38 and 39 is confirmed 

firstly by the relative chemical shifts criterion that carbon or protons 

antiperiplanar to a lone pair are upfield from similar groups gauche to the lone 

pair. The second confirmation comes from the results obtained from 

protonation (chapter 7) of these compounds which indicate the relative

amounts of equatorial and axial conformations present at room temperature.
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Table 4.9 shows the selected structural parameters determined by MM3 

calculations

table 4.9
Torsion angles R -E thy l 37 R=Neopentyl

3 8
R=Adamantyl- 

methyl 39
Torsion angles R=Methyl 36

Cnng-N-C,,-H 14.3, -0.6 7.1, -6 .0 5.7, -7.6 R"^ring"0'CH3eq 0.0
^ring'N'Cgq-H -4.7 , 7 .9 -4.5, 4 .7 -4.5 , 4 .8 R'Cring’0*CH3anti 179.9

^ring'N'Ceq(antl)'H 58.8, -59 .3 51.6, 60 .8 53.6, -57.2 C-Cring-0-CH3eq 120 ,-120 .3

Cring-N-Cax-R -108.1 , 120.5 -116.2 , 116.8 -116 .2 , 116.9 C-Cring-0-CH3anti -62 .6 , 62 .9

Cring'N-Ceq-R 117.6, -114 .7 119.4, -119 .0 118.9, -119.2

^rinq*N‘Ceq(anti)‘R -64 .6 , 64.4 -73.5 , 64.7 -71.7 , 68.3

The most striking feature is the torsional angle about the exocyclic N-C 

and 0 -0  bonds , for the equatorial groups as in 36 and the equatorial and axial 

groups as in 37, 38 and 39 which, except in the anti/staggered conformations 

are close to 0° and 120° respectively implying that the methyl, tert-butyl or 

adamantyl groups eclipse the lone pair or H-CO bond as befitting.

JOV*

Ball and stick depictions o f idealized eclipsed conformations for ( I ) Adamantyl 
-m ethyl (2 ) Neopentyl (3 ) ethyl 2,6 dimethyl piperidine

MM3 and MMX calculations agree for 36 and 37 that the eclipsed- 

equatorial and anti-equatorial are the preferred conformations. The two set of 

signals emanates from the anti-equatorial and eclipsed-equatorial 

conformations, respectively. For 38 and 39 MM3 predicts the eclipsed- 

equatorial conformation as the most stable and the second and third set of 

signals emanate from eclipsed-axial and eclipsed-anti conformations 

respectively. MMX predicts for 38 and 39 that the eclipsed-equatorial and the 

anti-equatorial are the most stable and the second and third set of signals.
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originate from the anti-equatorial and eclipsed-axial conformations for 38 and 

eclipsed-equatorial and eclipsed-axial conformations for 39.

This disagreement between both programs and experimental, though 

broadly agreeing as to the torsional angles found in each conformation, lies in 

the different way the lone pair is treated in MM3 and MMX, as discussed in 

chapter 3, and may be a reflection of the differences.

4.6 Experimental

Preparation of 1-methoxy-2.6-dimethylcyclohexane 36

This compound was prepared according to the procedure obtained from 

the lite ra tu re 's . To a stirred solution of the 2,6-dimethyl cyclohexanol 

(lOmmol) in anhydrous diethyl ether (15ml) was added sodium hydride (0.96g, 

40mmol) and after formation of the sodium salt was complete (lack of 

effervescence), a solution of iodo-methane (lOOmmol) in anhydrous diethyl 

ether (15ml) was added. The mixture was heated under reflux for 24h. Water 

(2 0 ml) was added, the ether layer separated and the aqueous solution further 

extracted with ether (3x15ml). The combined extracts were concentrated on the 

rotary evaporator to give the crude alkyl ether. More diethyl ether (15ml) and 

magnesium sulphate 7gm were added and the solution filtered and rotary 

evaporated to give the crude product, which was mircodistilled to give the pure 

product (0.52g, 37%)

1-methoxy-2.6-dimethylcyclohexane 36 (pale yellow oil)

Yield 0.52g, 37%

b.p 102°C/17mm (An earlier preparation's of 36 does not report a b.p.but 

shows NMR spectra agreeing with our findings)

1H-NMR (CDCI3 , ppm, 400MHz) Ô 3.41 (s, 3H) 2.32 (t, J = 7.1Hz 1H) 1.72 (m,

2H) 1.46 (c m, 4H) 1.21 (m, 2H) 1.02 (d, J = 7.2Hz 6 H)

13Ç-NMR (CDCI3 , ppm, 1 00MHz) Ô 58.5 ( O Ç H 3 )  18.3 (^(CHa) 24.2 ( C 4 )

S4.2 (C 3 & 5 )  91.3 (CHi) 34.2 (Cz&e)
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Preparation of 37. 38 and 39

a) C/s-2,6 -dimethyl piperidine (Aldrich) (0.095mol), pyridine (7.7ml, 

0.095mol) and chloroform (75ml) were mixed and after the solution was chilled 

at 0°C. The acid chloride {acetyl chloride for ethyl, pivaloyl chloride for 

neopentyl and 1-adamantanecarbonyl chloride for adamantylmethyl} (0.095 

mol) was carefully added dropwise. After refluxing for 18h a white precipitate 

had formed, the mixture was cooled to room temperature and water (50ml) was 

added. The organic layer was extracted with diethyl ether using (3x50ml) 

portions and dried with magnesium sulphate. The solvent was distilled under 

reduced pressure to afford the crude product which was utilized for the next 

step 7.4g for 37, 5.6g for 38 and 15.7g for 39.

b) The product from step a was added to the suspension of lithium 

aluminium hydride (LiAIH4 ) (4.7g 122mmol) in diethyl ether (150ml), chilled at 

0°C under nitrogen. The resulting suspension was refluxed overnight (12h) to 

ensure complete reduction of the carbonyl group. The mixture was then cooled 

to -60°C and water (2 0 ml) added dropwise until effervesence subsided, and the 

white precipitate formed was filtered off. The organic layer was extracted three 

times with diethyl ether using (3x50ml) portions, and the ether extract was dried 

and the solvent removed to yield the crude product, compounds 37 and 38 

were purified by distillation under reduced pressure, while 39 was purified by 

sublimation.

A/-ethyl-2.6 -dimethyl piperidine 37 (pale yellow oil)

Yield 5.36g, 0.038mmol 40% 

b.p 68-70'C/0.85mm Iit84 b.p. 166*C

1H-NMR (CDCI3 , ppm, 400MHz) 8 0.77 (t, J = 7.2Hz 3H) 0.97 (d, J = 7.1 Hz 6 H) 

1.16 (m, 2H) 1.46 (c m, 4H) 2.32 (m, 2H) 2.77 (q, J = 7.2Hz 6 H)

13Ç-NMR (CDCI3 , ppm, 100MHz) 8 6 .2  (CH2CH3) 20.1 (CCCHs) 24.5 (C4)

35.0 (C 3 & 5 )  40.8 ( Ç H 2 C H 3 )  54.2 (C 2 & 6 )
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Elemental Analysis Found 0,76.40; H,13.47; N,9.82 C9H19N requires 

0,76.64; H,13.55; N,9.92 

FAB-MS.m/z 142 (MH+, 100%), 126(MH+-16, 7.41%)

A/-neopentvl-2.6-dimethvl piperidine 38 foaie yellow oih 

Yield 3.48g, 0.018mmoi 20% 

b.p 100-102’0/0.17mm

I H-NIUIR (ODOI3 , ppm, 400MHz) S 0.75 (s, 9H) 0.95 (d, J = 7.1Hz 6 H)

1.31 (m, 4H) 1.56 (c m, 4H) 2.14 (m, 2H) 2.75 (m, 2H)

13C-NMR (ODOI3, ppm, 1 00MHz) 8 16.5 (O4) 19.0 (O3&5) 28.5 (0 H2 0 (CH3)3)

31.5 (0(CH3)) 34.2 (0H2£(0H3)3) 55.4 (Og&e) 63.8 (£H20(0H3)3)

Elemental Analysis Found 0,78.48; H,13.54; N,7.79 O9H19N requires 

0,78.68; H,13.66; N,7.61 

FAB-MS.m/z 184 (MH+, 55%), 126(MH+-58, 10.91%)

/\/-adamantvl-methvi-2.6-dimethvl piperidine 39 1 white crvstall 

Yield 12.39g, 0.045mmoi 50% 

m.p 77"0

1H-NMR (ODOI3 , ppm, 400MHz) 8 1.09 (d, J = 7.1Hz 9H) 1.42 (m, 6H)

1.56 (m, 6H) 1.69 (s, 4H) 1.75 (m, 6H) 2.02 (m, 3H) 2.18 (m, 2H)

2.83(m, 2H)

13C-NMR (0D0I3, ppm, 100MHz) 8 17.5 (O4) 19.5 (O3&5) 41.7, 37.5 (£H2{Ad)) 

28.8 (CH{Ad)) 30.8 (0(0H3)) 55.2 (O2&6) 35.5 (0H2£{Ad)) 63.5 (0H2-Ad) 

Elemental Analysis Found 0,82.60; H,11.90; N,5.28 O18H31N requires 

0,82.73; H,11.88; N,5.36 

FAB-MS.m/z 262 (MH+, 100%), 246(MH+-16, 25.9%)
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5.1 Introduction

Inversion of nitrogen configuration in simple alkylamines always involves 

some rotation about carbon-nitrogen bonds to achieve the energy minimum in 

the new configuration. Some aspect of the molecular structure or spectral 

behaviour may indicate that the high-energy point in the process has a near-to- 

planar nitrogen configuration in which case the nitrogen inversion/rotation 

process is inversion dominated. If the high-energy point is one of rotational 

instability (conventionally with bulky groups eclipsing) the inversion/rotation 

process is rotation dominated. While it is known that inversion in alkylamines 

involves a combination of rotation and inversion processes, it is improbable that 

a molecule will concurrently favour maximum inversion and rotation 

destabilisation.

Eclipsed bonds are generally to be associated with relatively high 

rotational b a r r ie r s ^ ,54,28-30 for the same factors i.e. shorter bonds and 

encumbering groups R, produce these two characteristics. If other 

conformations of the bonds are not populated the barrier is one-fold and hence 

cannot be measured by usual dynamic NMR techniques. Acyclic amines with 

an eclipsed N-C bond are not subject to this restriction as they exist in two 

equivalent configurations and both nitrogen inversion and bond rotation are 

necessary to interconvert these.

scheme 5.1

Nitrogen Inversion

N-CH2 Bond 
Rotation

I I I IV
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Scheme 5.1 shows the conformational diagram for an eclipsed N,N’~ 

dialkyl derivative of neopentylamine with equivalent ground state 

conformations I and IV. Dynamic NMR spectroscopy is suitable for studying 

unsymmetrical examples of type 1 for when interconversion of forms I

and IV  of scheme 5.1 becomes slow on the NMR timescale protons Ha and Mb 

are diastereotopic. In the interconversion of these structures nitrogen inversion 

converts an eclipsed conformation to an anti-one which requires 180° bond 

rotation about the C-N bond to reach the equivalent stable eclipsed 

conformation. If the anti-conformation is significantly populated we can hope to 

observe nitrogen inversion and CH2 -N bond rotation processes at least when 

the rotation barrier is high as may be the case for neopentylamines. If the anti 

is not populated, then all we can hope to see is the I IV  interconversion, 

and so we talk of nitrogen inversion/rotation, rather than of the two processes 

separately, since both processes have to take place. If R  ̂ and r2  are identical, 

interconversion cannot be studied from the signals of the neopentyl groups, but 

from changes in the spectrum of the substituent of a suitable R group. 

Forsyth54 studied a symmetrical case desymmetrising the neopentyl group by 

replacing Ha by a deuterium atom as shown below (seheme 5.2), so that the 

two N-ethyl groups are diastereotopic when the I to IV  interconversion of 

scheme 5.1 is slow.

scheme 5.2
Bu

Bu' Bu'

EÎ2N   Bu

2A 2B 2Ç

The evidence for eclipsing of the N-CH2 bond is usually indirect.

Molecular mechanics calculations MMX^1 and MM333.34 suggest whether the 

bond is eclipsed and in the case of A/,A/',A/”-tris{neopentyl)-triazane, reported in
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chapter 3, direct X-ray crystallographic evidence supported this. Forsyth54 has 

shown eclipsing in compound of type 2 i.e. (R1=R2) from the absence of a 

temperature dependence of the NMR chemical shift of N-CH2 groups 

which suggests a single conformation 2A rather than a mixture of two 

conformations 2B and 20  of different energy. Substituted tertiary acyclic 

amines 40-42 were synthesised by reduction of the corresponding amide by 

lithium aluminium hydride, and studied by dynamic NMR spectroscopy and by 

molecular mechanics calculations.
R'R^NCHjBu* 40 r 1=r2=M6

41 R^=MeR^=Et
42 R^=R2=EI

5.2 Molecular Mechanics Calculations

Molecular mechanics calculations have been carried out to establish the 

range of possible conformations for compounds 40-42. As before all 

conformations less stable by at least 2.7 kcal/mol have not been reported.

1̂  N.AZ-dimethylneopentyl amine 40

Table 5.1 Molecular mechanics calculation of A/,A/-dimethyl neopentyl amine.
Final steric energy of the most stable conformation is 15.6072(13.59}^ kcal/mol

eclipsed 40A

Lp-N-C-C dihedral angle^ ±5.0’

Compression 0.7880

Bending 1.6504

Bend-Bend'^ -0.1288

Stretch-Bend 0.1555

Van der Waals

1,4 Energy 7.1474

Other 0.9464

Torsional 5.1579

Torsion-Stretch'^ -0.1096

Note:
® MMX^^ values in parenthesis

Angles in degrees. For eclipsed neopentyl groups dihedral angles reported from the 
quaternary carbon nearly eclipsing the lone pair on the nitrogen.

° The negative sign indicates stabilisation rather than strain
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Bu'

4 0 A

Two conformational minima were located i.e. and eclipsed and an anti 

conformation. The eclipsed 40A (-5.0° and its enantiomer) was calculated by 

MM3 and MMX programs to be more stable by 5.40(4.00} kcal/mol than the anti 

conformation which implies that more than 99.9% of 40 would exist as 

conformation 40A at room temperature.

2) A/-methyl-A/-ethvlneopentyl amine 41

Table 5.2 Molecular mechanics calculation (MM3)^^'^"^ of A/-methyl-A/-ethyl neopentyl amine.
Final steric energy of the most stable conformation is 18.3604(15.47}kcal/mol

eclipsed 41A eclipsed -g 41B eclipsed a 410

Relative Energy (kcal/mol) 0.00(0.00} 0.01(0.08} 0.64(0.67}

Lp-N-C-Bu* dihedral angle® -f-2.1" -17.1° +5.8°

Lp-N-C-CHa +52.7' -46.8° + 177.1°

Compression 0.9505 1.0334 0.8583

Bending 1.8445 1.9267 2.9158

Bend-Bend -0.1212 -0.0842 -0.1958

Stretch-Bend 0.1900 0.2106 0.2156

Van der Waals

1,4 Energy 8.3581 8.3687 7.7821

Other 1.2962 1.6499 1.2219

Torsional 5.9675 5.3701 6.3066

Torsion-Stretch -0.1251 -0.1049 -0.1049

Note:
Angles in degrees. The two numbers are torsion angles for neopentyl and the ethyl groups 
respectively
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Bu'Bu'

CH. CH

CM

41 A 41 B 41 C

Eclipsedfg^ 41A (2.1°, 52.7°), eclipsed-g 41 B (-17.1°, -46.8°) and 

eclipsed a 410 (5.8°, 177.1°) are considered. The two more stable of these 

have the methyl of the ethyl groups gauche to the lone pair, while 410 with the 

ethyl methyl group anti to the lone pair is slightly less stable. Enthalpy 

differences by MM3 suggest that 45.5% of the molecule would prefer 41 A, 

36.1% 418 and 18.4% 410 at room temperature, while the corresponding 

MMX values predict 47.6% 41 A, 34.4% 418 and 18.0% 410.

3) A/./V-diethylneopentyl amine 42

Table 5.3 Molecular mechanics calculation of A/,/V-diethyl neopentyl amine.
Final steric energy of the most stable conformation is 2 1 ,2754{17.80}kcal/m ol

eclipsed-gf-gf 42A eclipsed-g  a42B ec lipseda-g  420

Relative Energy (kcal/mol) 0 .00(0 .00} 0 .36(0 .13} 0 .87(0 .73}

Lp-N-C-Bu^ dihedral angle® -1 8 .1 ” -8 .5 ” 1 6 .0 ”

Lp-N-C-CHa -4 3 .5 ”,-4 4 .9 ” -4 4 .3 ”,178.2 1 7 3 .2 ”,-4 5 .1 ”

Compression 1.2305 1.0466 1.1441

Bending 2.0661 3 .0968 3 .1 35 5

Bend-Bend -0.0712 -0 .1652 -0 .1 3 8 4

Stretch-Bend 0.2500 0.2641 0 .2 90 3

Van der W aals

1,4 Energy 9.5502 9 .0142 9 .0062

Other 1.9893 1.6975 1.9776

Torsional 6 .3845 6 .7933 6 .8442

Torsion-Stretch -0 .1240 -0.1091 -0 .1 1 3 4

Note:
Angles in degrees. The three numbers are torsion angles for neopentyl, for the right hand ethyl 
and then the left hand ethyl groups respectively.
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Bu' Bu'

CH;
CM;

CH

4 2 A 42B 4 2 0

Twelve conformational minima (including some enantiomers) were 

detected for 42 and six with the anti conformation for neopentyl and the two 

with 1,3 syn parallel methyl groups were excluded as too unstable. The 

eclipsed-g-g conformation 42A (-18.1 -43.5°,-44.9°), the eclipsed-p a 

conformations 42B (-8.5°,-44.3°,178.5°) and the eclipsed a-g 420 (-16.0°, 

173.2°,-45.1°) and their enantiomers which all have an eclipsed NCHgBu^ 

bond were calculated to be the most stable conformations. The eclipsed -g+g 

(0.1°, -52.4°, 45.9°) conformation not shown has the neopentyl being flanked by 

two methyl groups and is calculated to be less stable by 2.80(2.93} kcal/mol. 

The difference in enthalpy by MM3 suggests that 57.5% of the molecules would 

prefer 42A, 27.8% 42B and 14.7 % 420 at room temperature. MMX values 

predict 49.8% 42A, 33.3% 42B and 16.9% 420 at the room temperature.

Final notes on Molecular Mechanics Calculations

Molecular mechanics programs MM333.34 and MMX^1 both agree on 

the eclipsed conformations of the neopentyl groups being the most stable, and 

on the preferred orientation of the other groups. The MM3 dihedral drive option 

leads to a barrier of 8.47 and 8.34 kcal/mol for rotating the N-CHg-Bu^ bonds for 

40 and 41 from the tert-butyl eclipsing the lone pair through the tert-butyl 

eclipsing the methyl. For 41 and 42 barriers of 10.40 and 9.40 kcal/mol were 

calculated for N-CFl2 -Bu^ bond rotating from eclipsing the lone pair through 

eclipsing the ethyl. In contrast for the N-CFl2 -Me bond in 41 and 42, there 

were smaller barriers of 4.34 kcal/mol for the methyl groups rotating from 

+gauche past the lone pair to -gauche. Strikingly the barrier is about 7.35

Eclipsed Conformations for Simple Saturated Bonds



Chapter 5 Stereodynamics of Acyclic Neopentyldialkylamines 111

kcal/mol for rotation from gauche past a methyl or neopentyl group to the 

conformation where the methyl group is anti. Other librational and rotational 

conformations are at least 2.9 kcal/mol less stable than the global minimum

5.3 Rate Processes

In keeping with this high-barriers postulate, Forsyth et al 54 reported a 

barrier of 9.5 kcal/mol for the nitrogen-inversion/rotation process in N,N- 

diethylneopentyl amine 42 as being markedly higher than in simpler amine e.g 

A/,A/-diethylmethyl a m in e 'll of 7.9 kcal/mol, and concluded that the 

interconversion process is rotation dominated. Their calculations for 42 

suggested that several conformations about the N-ethyl bonds are of similar 

energy, a point which we have just conformed by calculation and shall 

demonstrate experimentally.

Earlier studies of rather more crowded acyclic neopentylamines are 

worth n o t in g 2 8 -3 0 ,6 7  |p these compounds, see table 5.4, it was calculated by 

the M M 3  program that the most stable conformation for the molecule is not 

eclipsed but has the nitrogen-CH2 Bu  ̂bond 2 0 ° -3 0 °  from eclipsed. In the case 

of /V-tert-butyl-A/-(-1-adamantylmethyl)benzylamine28 the conformation was 

confirmed by crystal structure determination. Nitrogen inversion/rotation 

barriers of 8.1, 8.9, 9.2 and 9.2 kcal/mol observed for 43-46, respectively, were 

shown to be rotation dominated.

table 5.4

Compound Conformational energy (kcal/mol) Dihedral angle
R1 r 2 Relative Neopentyl

Lp-N-CH2-But
Rt
Lp-N-C-X

r 2
Lp-N-C-X

4 3 Et But 0 .0 0 26 2 2 176

0.67 9 175 175

4 4 iPr IPr 0 .0 0 22.3 73.0 80.2

0.32 49.6 60.0 83.0

2.36 17.2 78.1 -54.0

4 5 CH2 Ph But 0 .0 0 24 33 176

4 6 CH2 Ad CH2 But 0 .0 0 31 32 31
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5.4 Dynamic Nuclear Magnetic Resonance results

The H and NMR spectra of 40 ' i.e. A /,A /-d im e thy l-2 ,2 -

dimethylpropanamine-7-di, 41 A/-methyl-A/-ethylneopentylamine and 42 N,N- 

diethylneopentylamine are temperature-dependent, showing splitting as the 

temperature is lowered
Table 5.5 Chemical shifts (400MHz) of compounds 40, 41 and 42 at various temperature (ppm from 

Me4Si in CCI2 D2/CHF2 CI/CHGIF2 )__________________________________________________________

Compound T/'C Observed Signals
NCH2 But C(CH3)3 (CH3)2

40 +20 2.04 0.91 2.28
-120 1.81 0.85 2.18

40' +20 1.99 0.87 2.25
-120 1.82 0.83 2.15

NCH2 But C(CH3)3 CH3 CH2CH3 CH2CH3
41 +20 2.02 0.81 2.18 2.35 0.92

-150 1,81, 2.26 0.78 2.20 2.20,2.48 0.94

NCH2 But C(CH3)3 (CH2CH3)2 (CH2CH3)2
42 +25 2.14 0.86 2.52 0.97

-150 2.00 0.72 2.65,2.42 0.90

Table 5.6 ^^C Chemical shifts (100.6MHz) of compounds 40, 41 and 42 at various temperature (ppm 

from Me^Si in CCI2 D2 /CHF2 CI/CHCIF2 )__________________ ___________________________________

Compound T/'C Observed Signals
NCH2 But C(Ch3)3 C(CH3)3 (CH3)2

40 +20 72.1 33.9 28.0 49.4
-120 72.2 34.3 28.0 49.8

40' +20 71.9 33.7 27.7 48.7
-120 72.0 33.9 27.7 48.8,48.9

NCH2 But C(CH3)3 C(Ch3)3 CH3 CH2CH3 CH2CH3
41 +20 70.2 33.1 28.2 45.9 55.1 12.1

-150 68.5 33.1 28.5 48.3 55.0 13.5

NCH2Bu^ C(CH3)3 C(CH3)3 (CH2CH3)2 (CH2CH3)2
42 +25 68.2 33.5 28.8 50.5 13.1
-g-g 51% -151 67.4 34.0 28.8 52.5 14.9
-g a 49% -151 63.5 33.0 28.8 48.1,49.1 7.1

/V./V-dimethylneopentylamine 40 This compound has been calculated by 

both molecular mechanics programs MM3 and MMX to have an eclipsed 

conformation along the N-CH2 bond, which implies that the interactions 

between the methyl of the tert-butyl group and a proton is sufficient to disfavour 

the staggered conformations. Since for this compound the protons Ha and Mb 

of scheme 5.1 are equivalent in I and IV , it is not suitable for dynamic NMR 

studies. In the presence of a chiral shift reagent, the structures I and IV  should

Eclipsed Conformations for Simple Saturated Bonds



Chapter 5 Stereodynamics of Acyclic Neopentyldialkylamines 113

be stereoisomeric and a dynamic NMR investigation^^ of N-inversion/rotation 

of the complexes can be carried out^S. Using the Pirkle alcohol (R)-(-)-2,2,2- 

trifluoro-1 -(9-anthryl)ethanol as a chiral shift reagent, however, no splitting of 

the N-methyl groups or the CH2 signals was seen at low temperature. Dynamic 

NMR on a desymmetrised N-CH2 R bond by deuterium substitution proved 

successful. The NMR spectra of A/,A/-dimethyl-2,2-dimethylpropanamine- 

40' show clearer changes, see figure 5.1, the signals for the methyls show 

broadening at ca -90°C and eventually split into a doublet at -120°C. Full 

lineshape analysis suggests a barrier of 8.66 kcal/mol for this process

A/-methyl-A/-ethylneopentylamine 41 Both the and n MR spectra of this 

compound are temperature-dependent, the protons Ha and Hp of the neopentyl 

and ethyl groups become diastereotopic in the proton NMR with a coupling of

10.6 and 11.2 Hz at ca -90°C and -105°C respectively, showing that the N- 

inversion/rotation process interconverting structures I and IV  in scheme 5.1 has 

become slow on the NMR timescale. Full lineshape analysis suggests barriers 

of 8.9 kcal/mol and 7.4 kcal/mol. These changes, as expected, have no 

equivalent in the  ̂ NMR since no two carbon atom have become 

diastereotopic.

At lower temperature, ca -120°C, further changes take place and are 

clearer in the NMR spectra. The signals of the tert-butyl methyls, the ethyl 

group and the methyl group all show broadening about -140°C and sharpening 

at lower temperatures (-150°C), which may indicate that rotation about the 

CH2 -tert-butyl bond and CH2 -methyl bond is becoming slow on the NMR 

timescale. We could not take the sample temperature low enough to directly 

observe a minor set of signals but the broadening followed by sharpening 

indicates the slowing of some unbalanced dynamic equilibrium.
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A/.A/-diethvlneopentylamine 42 The  ̂H and nMR spectra of 42 show 

temperature-dependence, and some of these change have been reported 

previously by Forsyth54, On lowering the temperature the CH2 protons of the 

ethyl groups become diastereotopic in the NMR at low temperature showing 

that in the nitrogen inversion/rotation process interconverting structures I and 

IV  in scheme 5.1 has become slow on the NMR timescale, corresponding to a 

barrier of 7.7 kcal/mol by lineshape analysis. No changes can be observed in 

the "*^0 NMR spectra.

At lower temperature, further changes can be seen, in both proton and 

carbon-13 NMR, however the latter shows more clearly the changes (see figure 

5.2). The signals of the methylene and quaternary carbon of the neopentyl 

group split to almost 1:1 doublet, while the signals of the tert-butyl methyls show 

only broadening, which may indicate that rotation about the CH2 -tert-butyl bond 

is becoming slow on the NMR timescale. The ethyl group signals split to give a 

3:1 doublet for the methyl groups and three peaks in the ratio 2:1:1 for the 

methylene carbon groups.

The doubling of the signals for the quaternary carbon of the neopentyl

groups indicates that two conformations of about equal population are present.

On the basis of calculations it is concluded that the neopentyl group is eclipsed

in both conformations, in one of which the ethyl groups are gauche to the lone

pair in the same sense i.e. -g-g 42A. However, there exists an enantiomeric

conformation in which the ethyl groups are gauche in the opposite sense i.e.

+9+9^ (42A' not shown) and interconversion between these conformations is

fast on the NMR timescale as it involves only methyl groups rotating past a lone

pair. In the second type of conformation one methyl group is anti to the lone

pair while the other is gauche i.e. a-g  and a+g  as in 42B  and 42C .

Interconversion of these is slow on the NMR timescale, since it involves methyl

groups rotating past an ethyl or a neopentyl group. The 3:1 doublet observed

for the methyl groups reflects a singlet for the g-g conformation 42A (which has

equivalent methyl groups due to fast interconversion with 42A') which overlaps 
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a  1:1 d o u b l e t  f o r  c o n f o r m a t i o n s  42B a n d  420. T h i s  m e a n s  t h a t  t h e  t w o  s e t s  o f  

e t h y l  g r o u p  s i g n a l s  a r e  g i v e n  b y  a  s i n g l e  m o l e c u l e  o f  t h i s  c o n f o r m a t i o n ,  o n e  f o r  

a n  anti  a n d  o n e  f o r  a  gauche  e t h y l  g r o u p .  T h e  e x p e r i m e n t a l  A G °exp  b e t w e e n  

42A a n d  42B a n d  t h e i r  e n a n t i o m e r s  i s  0 . 0 0 9 7 0  k c a l / m o l ,  b y  i n t e g r a t i o n  o f  

s i g n a l s  c o r r e s p o n d i n g  t o  5 1 %  a n d  4 9 %  a t  - 1 5 1 ° C ,  w h i l e  M M 3  a n d  M M X  

s u g g e s t  a  f r e e  e n e r g y  o f  0 . 3 6  a n d  0 . 1 3  k c a l / m o l  r e s p e c t i v e l y .

F i g u r e  5 .1
D y n a m i c  1 %  N M R  s p e c t r u m  o f  t h e  m e t h y l  s i g n a l  f o r  40» a t  d i f f e r e n t

t e m p e r a t u r e s

CHD

-90"C

I I I I I i I I I I II I I I I I I II
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Figure 5.2

Dynamic **^0 NMR spectrum of 42 at -40°C and at -151°C showing signals of

the second conformer

-40

d e

-151

TTTT I I I I ITTT I I I I I I TTTT T TTT I I I 1 rT 11111 TTTTT 1 TTT TTTI

60 10

5.5 Discussion

The conformational diagram (scheme 5.1) suggests that on inversion, an

eclipsed conformation gives a staggered conformation for the neopentyl group,

with the ferf-butyl anti to the lone pair. This conformation has been shown by

MM3 and MMX to be unstable and not populated enough to be observed.

Hence the neopentyl group has to rotate 180° to regain a stable eclipsed form. 
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This may explain why no dynamic NMR changes can be seen in 40 with the 

chiral reagent, as the only source of asymmetry is the chiral reagent. In 

contrast, in dimethylethylamine^S for which the chiral probe produced dynamic 

changes in the low temperture NMR, the two possible enantiomeric 

conformations are chiral, and so act to reinforce the asymmetry of the chiral shift 

reagent.

The structure of 41 and 42 seem to be modified by the presence of a 

small contribution of a second conformation exchanging rapidly on the NMR 

timescale. At room temperature, however, all the interconversions of scheme

5.1 take place rapidly on the NMR timescale. The process with barriers of 8.66  

and 9.45 kcal/mol on the NMR timescale at -120°C and -100°C for 40' and 41 

respectively is the inversion/rotation process of I IV  becoming slow on the 

NMR timescale. This process is invisible for the neopentyl group in 40, and 42 

due to its symmetry. In 42, however, as a result of the fixing of the nitrogen 

configuration, the ethyl methylene protons become non-equivalent. Since ethyl 

group rotation is still fast on the NMR timescale the neopentyl methylene 

protons remain equivalent as do the methyl protons of the ethyl groups. The 

latter rotation becoming slow on the NMR timescale induces the low 

temperature changes in the NMR spectrum of 42, corresponding to a barrier of

6.0 kcal/mol. The barrier to the corresponding rotation in 41 could not be 

ascertained at the lowest practically accessible temperature, though 

broadening of the methyl and ethyl groups was observed.
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C om pound N-inversion

N-Me N-Et N-Bu^ N-Pr'

Rotation

N -C H 2 Ad N -C H 2 Ph N -C H 2 Bu^

4 0 ' 8 .6 6

4 1 8 .9 a

4 2 9 .5 6 .0

4 3 8.1 6 .0 7 .3

4 4 8 .9 7 .7

4 5 9 .2 6 .8 7.1 5 .9 5

4 6 9 .2 8 .3 8 .7

^ rotation about the N-Et bond were observed to be slowing at the lowest tem perature accessible

Table 5.7 reinforces the idea of a rotation-dominated inversion/rotation 

process for the compounds where the N-CH2 -Bu^ bond is eclipsed or near 

eclipsed. Comparing N-inversion/rotation barriers of 42, 43 and 44, the 

difference in their barriers to N-inversion/rotation is a consequence of the 

relatively unstable ground state conformation of 43 and 44 in relation to 42, 

which is brought about by the increasing size of and r2 .  This is 

compensated by the neopentyl group being midway between staggered and 

eclipsed. As R^ and r2  become bigger the increasing steric congestion 

around the nitrogen atom leads to lower barriers to nitrogen inversion and 

higher rotational b a r r i e r s 4 2 - 4 4 ^  as observed in 43-46. Dynamic NMR 

studies®^ on 46 suggest that, apart from N-inversion/rotation, there is a 

concerted rotation of the bonds which is brought about by the steric 

encumbrance of the groups R.

Both MM3 and MMX are in moderate agreement with the experimental 

results for 40', 41 and 42. The experimental barrier for N-ethyl rotation for 42 

is in moderate agreement with that of 7.35 kcal/mol suggested by MM3. MM3 

predicts a gradual movement away from eclipsing as the sizes of R  ̂ and r 2 

increases, and a crystal structure determination of A/-tert-butyl-A/-(-1- 

adamantylmethyl)benzylamine28 confirms this. The compound 42 represents 

the upper limit to this eclipsing phenomenon for acyclic tertiary amines.
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5.6 Experimental

Compound 40' was a generous gift by Professor L.Lunazzi, University of 

Bologna, Italy.

a) Dialkylamine (Dimethylamine for 40, N-methyl-ethylamine for 41 and 

Diethylamine for 42) (Aldrich) (0.095mol), pyridine (7.7ml, 0.095mol) and 

chloroform (75ml) were mixed and after the solution was chilled at 0°C, pivaloyl 

chloride (0.095 mol) was carefully added dropwise. After refluxing for 18h a 

white precipitate had formed, the mixture was cooled to room temperature and 

water (50ml) was added. The organic layer was extracted with diethyl ether 

using (3x50ml) portions and dried with magnesium sulphate. The solvent was 

distilled under reduced pressure to afford the crude dialkylpivalamide which 

was subsequently utilised for the next step (7.4g, 60% yield for 40, 9.6g 70% 

yield for 41 and 10.7g 72% yield for 42).

b) The product from step a was added to a suspension of lithium 

aluminium hydride (LiAIH4 ) (4.7g 122mmol) in diethyl ether (150ml), chilled at 

0 °C under nitrogen. The resulting suspension was refluxed overnight (12h) to 

ensure complete reduction of the carbonyl group. The mixture was then cooled 

to -10°G and water (2 0 ml) added dropwise until effervescence subsided. The 

white precipitate formed was filtered off, the organic layer was extracted several 

times with diethyl ether using (3x50ml) portions, and the ether extract was dried 

and the solvent removed to yield the crude product. Compound 40 was 

purified by distillation, while 41 and 42 were purified by column 

chromatography using a mixture of 50% ethyl acetate, and 50% 

dichloromethane as eluting solvent.

A/./V-dimethyl-neopentyl amine 40 (pale yellow oih

Yield 5.6g, 0.048mmol 51%

b.p 60-62"C/17mm Iit85 b.p. 95-96"C

1H-NMR (CDCI3 , ppm, 400MHz) 5 0.90 (s, 9H) 2.25 (d, 2H) 2.28 (s, 6 H) 
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13C.NMR (CDCI3 , ppm, 100MHz) § 28.1 (C(GH3)3) 33.9 (C(CH3)3) 49.8 (ÇH3)

72.2 (£H2C(CH3)3)

Elemental Analysis Found 0,72.81; H,15.10; N,12.67 C7H17N requires 

0,73.04; H,14.78; N,12.17 

FAB-MS.m/z 116 (MH+, 10%), 71(M+-45, 100%)

A/-methvl-A/-ethvl-neopentvl amine 41 (pale yellow oih

Yield 7.1 g, O.OSSmmol 57%

b.p 80-82'0/17mm iit86  b.p. 110-118'C

1H-NMR (CDCI3 , ppm, 400MHz) 6 0.81 (s, 9H) 0.93 (1, J = 7.2Hz 3H) 2.09 (s, 

2H) 2.18 (s, 3H) 2.35 (q, J = 7.1Hz 2H)

130-NMR (0 DCi3 , ppm, 100MHz) 5 12.1 (CH2OH3) 28.2 (C(0 H3)3) 33.1 

(0 (CH3)3) 45.9 (OH3) 55.1 (OH2CH3) 72.2 (OH2C(CH3)3)

Elemental Analysis Found 0,75.18; H,15.01; N,9.43 CsHigN requires 

0,74.42; H,14.72; N,10.85 

FAB-MS.m/z 130 (MH+, 17%), 52 (M+-78, 100%)

A/./V-diethvI neooentvl amine 42 /colourless iiquidi 

Yield 9.2g, 0.064mmol 67%

b.p 90-92"C/17mm (An earlier preparation's of 42 does not report a b.p.) 

1H-NMR (CDCI3 , ppm, 400MHz) S 0.86 (s, 9H) 0.97 (t, J = 7.2Hz 3H) 2.14 (s, 

2H) 2.52 (q, J = 7.1Hz 2H)

13C-NMR (CDCI3, ppm, 100MHz) 5 13.1 (CH2OH3) 28.8 (C(OH3)3) 33.5 

(0 (CH3)3) 50.9 (OH2CH3) 67.9 (0 H2 0 (CH3)3)

Elemental Analysis Found 0,75.18; H,15.01; N,9.43 C9H21N requires 

0,75.52; H,14.68; N,9.79 

FAB-MS.m/z 144 (MH+, 100%), 115(M+-30, 14.9%), 98.1(M+-16, 4.9%)
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6.1 Introduction

Our investigations have been expanded to include protonated amines 

(cyclic and acyclic) for the N+-C bond is longer (1.51Â) than the N-C bond, but 

still shorter than 0 -0  bonds. Furthermore, if protonation is instantaneous 

(kinetic p ro to n a tio n )7 7 ,8 0 ,8 1   ̂ separate sets of signals may be obtained for 

diastereomeric salts which reflect the population of axial and equatorial 

conformations of the free amines which exchange rapidly, as shown in scheme 

6.1.

The stereodynamics of a number of cyclic protonated /V-methyl 

piperidinium salts have been investigated using dynamic NMR by Delpuech et 

a i.8 0 ,8 2  and it was concluded that the ring inversion process remains fast at 

low temperatures.

schemes.1

N-inversion/rotation rapid 
on NMR time scale

very fast

not interchanging by 
N-inversion/rotation 

on NMR timescaleI I I I V

Protonation of the cyclic amines removes the possibility of nitrogen 

inversion, such as in scheme 6 .1 , hence the possible dynamic processes are 

now only ring inversion and rotation about the exocyclic bond, see scheme 6 .2 . 

Dynamic NMR is suitable for studying these processes if the barriers are high 

enough, for II  and IV  are different from I in scheme 6.2. All the possible 

conformations in the set I-IV  has an equivalent form in the set V -V III, making 

both sets indistinguishable.
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scheme 6.2

IV

Rot Rot

I I I

V I

Rot

V III

V II

After protonation of acyclic neopentylamines the only process to be 

expected would be rotation about the N+-C bonds and here again each 

conformation will have an enantiomer as shown in scheme 6.3

scheme 6.3

N -C H 2 bond 
Rotation

N -C H 2 bond 
Rotation

I I I IV
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The protonated amines discussed in this chapter are shown in table 6.1.

For all protonated amines reported in this chapter the counter anion is 

trifluoroacetate and we will restrict ourself to talking of protonated amines or 

cations.

table 6.1

Cations

R
47, 51

R

48, 52

Vo

H
I

N t R

49, 53

M e

Me

H

50,54

0
55,56

M e '"
M^

H
I

. N t ,R

57

M e '"
Et*

. N t
58

E t'"
Et"

I
. N t R

59

47,48,49,50,55,57,58,59 CHgR = neopentyl 

51,52,53,54,56 CH2 R = ethyl

6.2 Molecular Mechanics Calculations

Molecular Mechanics calculations will be used to indicate the range of 

possible conformations for cations 47-59, under paragraph headings 1 to 9
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with all possible conformations explored. In each case all conformations within 

2.7 kcal/mol of the most stable have been reported.

Cyclic piperidinium cation derivatives

1̂  /V-neopentvl piperidinium cation 47 /V-neopentyl piperidonium cation 48 

and its ketal cation 49

Table 6.2 Molecular mechanics calculation of A/-neopentyl piperidinium cation.
Final steric energy of the most stable conformation is 26.77(9.06}^ kcal/mol

gauche-equatorial 47A gauche-axial 478 anti-equatorial 47C

Relative Energy 0 .0{0 .0}^ 2.12(0.52} 2.53(5.02}

H-N' '̂-C-Bu  ̂dihedral angle‘s ±31.3* ±33.6" ±169.7"

Compression 1.5013 1.5918 1.5035

Bending 4.1204 4.9013 6.7855

Bend-Bend^ -0.0630 -0.0722 -0.1396

Stretch-Bend 0.5107 0.5714 0.5964

Van der Waals

1,4 Energy 12.8175 12.7221 13.0956

Other 1.9891 2.4999 2.1935

Torsional 5.9095 6.7464 5.0305

Torsion-Stretch*^ -0.0122 -0.0161 -0.0327

Note:
MMX^^ values in parenthesis
Angles in degrees for gauche neopentyl groups in axial and equatorial configurations, dihedral 
angles are reported from the quaternary carbon to the proton on the nitrogen atom and for anti- 
equatorial antiperiplanar to the proton .
The negative sign indicates stabilisation rather than strain

Bu'

Bu'

Bu'gauche-equatorial gauche-axial anti-equatorial

47A 47B 47C

Five conformational minima were located by molecular mechanics 

calculations i.e. the gauche-equatorial 47A (and its enantiomer 0h=±31.1°), 

the gauche-axial 47B (and its enantiomer 0h=±33.6°) and the anti-equatorial 

47C(0h=±169.7° a double minimum). The gauche-equatorial 47A was
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calculated to be the most stable conformation, with the anti-equatorial 47C the 

least stable.

It is worth noting that no minimum was detected for the eclipsed 

conformation in either the axial and equatorial configuration nor for the anti- 

axial conformation. The population of each isomer was calculated (via AG=- 

RTInKeq) to be composed of 96.6% of 47A, 2.7% of 47B and 0.7% of 47C at 

room temperature by MM3 calculations, while the corresponding MMX 

calculations suggest 70.6% of 47A, 29.4% of 47B at room temperature.

Table 6.3 shows the conformational minima for the neopentyl 

piperidonium cation 48 and its ketal 49. The various contributions to the final 

steric energy as shown for 47 in table 6.2 have not been included.

table6.3
Substituted  
neopentyl 

piperidonium and 4 
ketal piperidonium  
cations derivatives

final steric 
energy of most 

stable 
conformation

relative final steric 
energy of gauche- 

equatorial 
conformation and 

torsion angle

gauche-axial anti-equatorial

O 26.81 {16.07} 
kcal/mol

0.00 {0.00} kcal/mol 
(0Lp=±32.2-)

2.38 {0.36} 
kcal/mol 

(0Lp=±179.5‘

2.46 {5.43} 
kcal/mol 

(0Lp=±57.5")

. NH+ 48 

CH2BU*

I I

CH2BU*

41.35 {16.34} 
kcal/mol

0.00 {0.00} kcal/mol 
(0Lp=±3O.9")

2.27 {0.26} 
kcal/mol 

(0Lp=±179.4‘)

2.47 {5.08} 
kcal/mol 

(0Lp=±58.O-)

Molecular mechanics calculations for these protonated amines show 

that the most stable conformation is the gauche-equatorial and the difference in 

enthalpies by MM3 calculations suggests that 48 would exist as 96.7% of 

gauche-equatorial 48A, 1.8% of gauche-axial 48B and 1.5% of anti-equatorial 

48C at room temperature and 49 would be composed of 96.5% of gauche- 

equatorial 49A, 2.1% of gauche-axial 49B and 1.5% of anti-equatorial 49C at
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room temperature. MMX predicts that, at room temperature, 48 will be 

composed of 64.7% of 48A and 35.3% of 48B and 49 will be composed of 

60.8% of 49A and 39.2% of 49B, respectively.

2) /V-neopentyl-3.3-dimethyl piperidinium cation 50

Table 6.4 Molecular mechanics calculation (MM3)^^>^^ of A/-neopentyl-3,3-dimethyl piperidinium 
cation.
Final steric energy of the most stable conformation is 31.52(10.26} kcal/mol

gauche-equatorial 50A anti-equatorial SOB

Relative Energy 0 .0{0 .0) 2.65(2.28}

H-N'^-C-Bu^ dihedral angle -30.2' ±179.1'

Compression 1.9081 1.8700

Bending 6.0380 8.1985

Bend-Bend 0.0541 0.2144

Stretch-Bend 0.6725 0.06769

Van der Waals

1,4 Energy 14.2869 14.6506

Other 2.9070 3.2891

Torsional 5.9095 5.7785

Torsion-Stretch -0.0615 -0.0391

Bu'

anti-equatorial Bu‘gauche-equatorial

5 0A SOB

Five conformational minima were located, the gauche-equatorial 50A 

(and its diastereomer 0h=±3O.2°) and the anti-equatorial SOB (0h=±179.1°) 

conformations were calculated to be the most stable, with the gauche-axial 

conformation much higher in energy.

For the gauche-equatorial conformation two diastereom eric 

conformational minima were calculated, with the neopentyl group on either 

side of the proton (0 h =±3O.2°) (AGdiff=0.09kcal/mol). The gauche-axial 

conformation and its diastereomer were calculated to be less stable by
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5.78(5.35} kcal/mol and, no eclipsed conformational minima in both the axial 

and equatorial configuration and the anti-axial conformation were located. The 

difference in enthalpy by MM3 calculations suggests 99.5% gauche-equatorial 

5 0 A and 0.5% anti-equatorial SOB at room temperature, while the 

corresponding MMX value suggest 99% of 50A and 1% of 508.

3) /V-ethyl piperidinium cation 51 A/-ethyl piperidonium cation 52 and its ketal 

cation 53

Table 6.5 Molecular mechanics calculation of A/-ethyl piperidinium cation.
Final steric energy of the most stable conformation is 16.75(8.01} kcal/mol

gauche-equatorial 51A anti-equatorial 51B gauche-axial 51C

Relative Energy 0 .0(0 .0}® 0.95(0.31} 2.23(0.54}

H-N'^'-C-CHs dihedral angle® ±57.1* ±179.3" ±57.9*

Compression 0.8503 0.8514 0.9339

Bending 2.2873 2.5675 2.7764

Bend-Bend -0.1393 -0.1309 -0.1520

Stretch-Bend 0.3381 0.3525 0.3796

Van der Waals

1,4 Energy 10.1651 10.2348 10.1769

Other 0.7219 0.8698 1.2379

Torsional 2.5318 2.9552 3.6339

Torsion-Stretch -0.0062 -0.0039 -0.0091

Note:
Angles in degree for gauche ethyl groups in axial and equatorial configurations, dihedral angles 
are reported from the ethyl carbon to the proton on the nitrogen atom and for anti-equatorial
antiperiplanar to the proton .

anti-equatorial H3 Cgauche-equatorial gauche-axial

5 1C51 A 51 B

In these N-ethyl salts, conventional staggered conformations are 

favoured. Six conformational minima were found for the N-ethyl-piperidinium 

cation for both the axial and equatorial-ethyl configuration. For the equatorial 

configuration three conformational minima were detected, two gauche- 

equatorial conformations 5 1 A ( 0 h = ± 5 7 .1 ° )  and an anti-equatorial
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conformation 5 1 B ( 0 h = ± 1 7 9 .3 °), which is calculated to be less stable by 

0 .9 5 (0 .3 1 } kcal/mol. For the axial-ethyl configuration three conformational 

minima were located, the anti-axial conformation was calculated to be less 

stable by 8 .5 6 (7 .6 5 }  kcal/mol while the gauche-axial conformations 5 1 C  

(0 H = ± 5 7 .9 ° )  were calculated to be less stable by 2 .2 3 (0 .5 4 } kcal/mol. No 

minima could be found for the eclipsed conformation in both the equatorial and 

axial conformations. The difference in enthalpy by MM3 calculations suggests 

that 89 .2%  of the /V-ethyl piperidinium cations would prefer 51 A, 8 .6%  5 1 8  

and 2 .2 %  5 1 C at room temperature. MMX values propose 5 9 .9 %  of 51 A, 

27 .8%  of 5 1 8  and 2 2 .3%  of 5 1 C would exist at room temperature.

Table 6 .6  shows the conformational minimum for /V-ethyl piperidonium 

cation 52  and its ketal derivative 53.

table6 .6
Substituted ethyl 

piperidonium and 4 
ketal piperidonium 
cations derivatives

final steric 
energy of most 

stable 
conformation

relative final steric 
energy of gauche- 

equatorial 
conformation and 

torsion angle

anti-equatorial gauche-axial

0 16.85 {15.02} 
kcal/mol

0.00 {0 .00} kcal/mol 
(0Lp=±57.r)

0.87 {0.28} 
kcal/mol 

(0Lp=±179.5°)

1.91 {0.32} 
kcal/mol 

(0Lp=±57.5*)

. NH+ 52 

CH2 CH3

31.36 {24.23} 
kcal/mol

0.00 {0 .00} kcal/mol 
(0Lp=±57.9”)

0.95 {0.34} 
kcal/mol 

(0Lp=±179.4"

2.31 {0.39} 
kcal/mol 

(0Lp=±58.O”)

CH2 CH3

Molecular mechanics calculations for 52 and 53 suggest the well- 

staggered gauche-equatorial conformation is the most stable, and the 

enthalpies from MM3 calculations for these cations suggest that for 52, 8 6 .5 % 

exists as gauche-equatorial 52A, 9 .9 %  as the anti-equatorial 528 and 3.6% 

as gauche-axial 52C at room temperature. Cations 53 would be composed
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of, 82.9% of gauche-equatorial 53A, 15.3% of gauche-axial 53B and 1.8% of 

anti-equatorial 53C at room temperature. While MMX predicts that at room 

temperature, 52 will be composed of 55.7% of 52A, 17.4% of 52B and 26.7% 

of 52C. The ketal 53 will be composed of 58.2% of 53A, 16.4% of 53B and 

25.4% of 53C, respectively.

41 /V-ethvl-3.3-dimethyl piperidinium cation 54

Table 6.7 Molecular mechanics calculation of A/-ethvl -3.3-dimethvl Dioeridinium cation. 
Final steric energy of the most stable conformation is 21.55(13.89} kcal/mol

gauche-equatorial 54A anti-equatorial 54B

Relative Energy O.OfO.O) 1.08(0.85}

H-N^-C-CHg dihedral angle -57.9" ±179.6"

Compression 1.2293 1.2443

Bending 3.0302 3.4020

Bend-Bend -0.1207 -0.1069

Stretch-Bend 0.4128 0.4346

Van der Waals

1,4 Energy 11.7423 11.7697

Other 1.6827 1.9221

Torsional 3.5694 3.9602

Torsion-Stretch -0.0163 -0.0147

gauche-equatorial anti-equatorial H3 C

54A 54B

Five conformational minima were identified with the gauche-equatorial 

conformation 54A ( 0 h = -5 7 .9 °) being the most stable conformation, with the 

anti-equatorial conformation 54B ( 0 h = ± 1 7 9 .6 °) being calculated to be the 

second most stable conformation. The gauche-axial conformation was 

calculated to be less stable by 5.22(7.13} kcal/mol. (For the gauche-equatorial
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conformations two diastereomers exist, with ethyl-gauche on either side of the 

proton ( 0 h =57.2°) (AGciiff=0.03kcal/mol)).

Here again, no eclipsed conformations in both the axial or equatorial 

conformations were detected. The difference in enthalpy from MM3 

calculations suggest 92.1% gauche-equatorial 54A and 7.9% anti-equatorial 

54B at room temperature. MMX predict 85.4% gauche-equatorial 54A and 

9.9% anti-equatorial 54B and 4.7% of 54C i.e. gauche-axial at room 

temperature.

5) /V-neopentyl pyrrolidinium cation 55

Table 6.8  Molecular mechanics calculation (MM3)^^’^^ of A/-neopentyl pyrrolidinium cation. 
Final steric energy of the most stable conformation is 29.9671(11.67} kcal/mol

gauche-equatorial 55A

H-N+-C-Bu^ dihedral angle ±58.3"

Compression 1.4240

Bending 6.1012

Bend-Bend 0.0802

Stretch-Bend 0.1757

Van der Waals

1,4 Energy 10.3563

Other 1.4881

Torsional 10.6143

Torsion-Stretch -0.2730

Bû
Bu'

gauche

55C55A 55B

For the pyrrolidinium cations 55 and 56 the ring conformational changes 

(pseudorotation) requires very little energy and is so fast on the NMR timescale 

at all accessible temperatures. That the ring can be as if planar 55A and
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pseudo equatorial 55B and pseudoaxial 55C, which are too short lived to be 

discussed seperately.

Rotation through 360° about the exocyclic bond leads to two kinds of 

conformational minima, gauche 55A (and its enantiomer 0 h = ± 5 8 .3 °) and anti- 

equatorial conformation 55B ( 0 h = ± 1 7 9 .8 °), which is calculated to be less 

stable by 4.32(5.53} kcal/mol, and no eclipsed minimum was identified. The 

difference in enthalpy by MM3 and MMX calculations suggest that 99.9% of N- 

neopentyl piperidinium cations would prefer 55A at room temperature.

6 ) /V-ethvl-pvrrolidinium cation 56

Table 6.9 Molecular mechanics calculation (MM3)^^'^"^ of A/-ethyl pyrrolidinium cation.
Final steric energy of the most stable conformation is 21.1634(9.58} kcal/mol

gauche-equatorial 56A anti-equatorial 56B

Relative Energy 0 .0{0 .0) 1.65(0.75}

H-N^-C-CHg dihedral angle ±56.8“ ±179.6“

Compression 0.8401 0.9006

Bending 3.6181 4.6043

Bend-Bend -0.0567 -0.0061

Stretch-Bend -0.0054 0.0235

Van der Waals

1,4 Energy 7.9095 7.9318

Other 0.1730 0.6518

Torsional 8.9458 8.9806

Torsion-Stretch -0.2608 -0.2757

gauche-(equatorial/axlal) anti-equatorial q |_|̂

56A 56B

Six conform ational m inim a w ere  identified, the gauche 56A (and its 

enantiom er 0 H = ± 5 6 .8 °)a n d  the anti-equatorial 56B ( 0 h = + 179 .6°) w ere  found 

to be the two most stable conform ations and their enthalpy differences from
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MM3 calculations suggest that 97.1% of the molecules would prefer 56A and 

2.9% 56B. MMX on the other hand predicts 87.7% of 56A and 12.3% of 56B 

at room temperature.

Acyclic protonated amines

71 /V./V-dimethylneopentyl ammonium 57

Table 6.10 Molecular mechanics calculation (MM3)^^>^^ of A/,A/-dimethylneopentyl ammonium.
Final steric energy of the most stable conformation is 18.99{5.94}® kcal/mol

gauche 57A

H-N+'C-Bu^ dihedral angle® ±36.2*

Compression 0.7880

Bending 1.6504

Bend-Bend -0.1288

Stretch-Bend 0.1555

Van der Waals

1,4 Energy 7.1474

Other 0.9464

Torsional 5.1579

Torsion-Stretch -0.1096

Note:
® MMX^^ values in parenthesis

Angles in degrees. For gauche neopentyl groups dihedral angles reported from the 
quaternary carbon nearly eclipsing the lone pair on the nitrogen.

H Bu* 
1 /

CH3

\
H

57A

Three conformational minima were located, gauche 57A (and its

enantiomer 0 h =±36.2°) was calculated to be more stable by 5.03(4.54}

kcal/mol than the anti conformation. The enthalpy difference in the MM3 and

MMX calculations suggest that 99.9% of 57 would exist as conformation 57A

and its enantiomer at room temperature.

81A/-methvl-A/-ethvlneoDentvl ammonium 58
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Table 6.11 Molecular mechanics calculation of A/,A/-methvl-ethyl neopentyl ammonium. 
Final steric energy of the most stable conformation is 22.67{7.05}kcal/mol

gauche-g 58A gauche+g 588 gauche a 58C

Relative Energy (kcal/mol) 0 .00(0 .00} 0 .11(0 .10} 0.44(0.24}

H-N+-C-Bu^ dihedral angle® -31.0" -27.9' -33.9°

H-N+-C-CH3 -53.4" +52.2" +180.0°

Compression 1.3903 1.3719 1.3559

Bending 4.1245 4.0894 4.6851

Bend-Bend -0.0492 -0.0628 -0.0242

Stretch-Bend 0.4710 0.4624 0.4838

Van der Waals

1,4 Energy 9.4037 9.4076 9.3347

Other 3.0478 2.8378 3.0155

Torsional 4.3198 4.7105 4.3018

Torsion-Stretch -0.0124 -0.0106 -0.0110

Note:
® Angles in degrees. The two numbers are torsion angles for the neopentyl and ethyl groups

respectively

Bu' Bu'

CH.CM CM

CH.

5 8C5 8A 58B

Six conformational minima were located, gauche-g58A (-31.0°, -53.4°), 

gauche+g 58B (-27.9°,+52.2°) and gauche a 58C (-33.9°,+180.0°) and their 

enantiomers. Conformations having the neopentyl groups antiperiplanar to the 

to the nitrogen proton were calculated to have very high steric energy and 

hence were not deemed appropriate to be included. The two most stable 

conformations both have the ethyl methyl groups gauche to the nitrogen proton 

while the least stable conformation 58C has its ethyl methyl group anti to the 

nitrogen proton. Enthalpy differences from MM3 calculations suggest that 

44.1% of the molecules would prefer 58A, 32.7% 58B and 23.1% 58C at 

room temperature, while the comparable MMX calculation predicts 40.0% of 

58A, 32.0% of 588 and 28.0% of 58C at room temperature.
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9) A/.A/-diethylneopentyl ammonium 59

Table 6.12 Molecular mechanics calculation of A/,A/-diethyl neopentyl ammonium.
Final steric energy of the most stable conformation is 26.70 {7.91}kcal/mol

gauche-g a 59A gauche-g -g 598 gauche+fif a 59C

Relative Energy (kcal/mol) 0 .00(0 .00} 0.36(0.65} 0.87(0.79}

H-N+-C-Bu^ dihedral angle® -31.6” -26.3” 25.1”

H-N+-C-CH3 -58.6”,178.4” -50.4”,-52.6” 48.8”,171.7”

Compression 1.6366 1.6674 1.6472

Bending 5.4275 4.8083 5.1086

Bend-Bend -0.0232 -0.0513 -0.0401

Stretch-Bend 0.6275 0.6097 0.6265

Van der Waals

1,4 Energy 10.5554 10.5836 10.6680

Other 3.6748 3.6424 3.4909

Torsional 4.8133 5.4845 6.1158

Torsion-Stretch -0.0138 -0.0152 -0.0106

Note:
Angles in degrees. The two numbers are torsion angles for neopentyl, for the right hand ethyl and

then the left hand ethyl groups respectively

Bu' Bu'
Bu'

CH;

CH CH

5 9A 59B 5 9 0

Twelve conformational minima were identified, the gauche-g a 59A (- 

31.6°,-58.6°,+178.4°), gauche-g-g 59B (-26.3°,-50.4°,-52.6°) and gauche+g a 

59C (-25.1°,-48.8°,+171.7°) and their enantiomers were calculated to be the 

most stable conformations. The -g+g conformation though higher in energy by 

2.84(2.77} kcal/mol has the neopentyl group eclipsed. MM3 enthalpy 

differences suggest that 57.4% of the molecules would prefer 59A, 27.9% 59B 

and 14.7% 59C at room temperature, whereas the enthalpy differences 

obtained from MMX calculations suggest that 62.7% of the molecules would 

prefer 59A, 20% 59B and 17.3% 59C at room temperature.
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Final note on Molecular Mechanics Calculations

Both programs MM3 and MMX agree on the most stable conformations 

for the cyclic and acyclic protonated amines and in fact agree much better than 

is the case with free amines. For cyclic protonated amines the gauche- 

equatorial conformation in both the neopentyl and ethyl series was calculated 

to be the most stable. MM3 calculations suggest that the relative instability of 

the other cyclic protonated amine conformations is due to the high torsional 

energy brought about by the bending contribution, which is less apparent in the 

case of the acyclic protonated amines as bonds can move further away thereby 

relieving the stress brought to bear by the bending contribution. No eclipsed 

conformational minima were identified in either the cyclic or acyclic protonated 

amines.

Barriers to rotation about the exocyclic bonds were calculated using the 

dihedral drive options in the MM3 program, and this is expressed as changes 

in enthalpy between the gauche-equatorial, gauche exocyclic bonds for the 

cyclic and acyclic protonated amines and the gauche eclipsed transition state 

for rotation.

Barriers to rotation about the exocyclic N-CH2 Bu  ̂ bonds for 47-50 and 

55 were suggested by MM3 to be approximately 9.0 kcal/mol, which 

represents rotating the ferf-butyl from the gauche to the anti conformation. 

Similarly, smaller barriers of 6.7 kcal/mol were recorded for N-CH2 Me bond 

rotation for 51-54 and 56. While for the protonated acyclic amines 57-59 

barriers of 7.43 and 7.25 kcal/mol were suggested for rotating the N+-CH2 -Bu* 

bond for 57 and 58 from the ferf-butyl gauche to the proton on the nitrogen 

through the ferf-butyl eclipsing the methyl, for 58 and 59 barriers of 8.78 and 

9.20 kcal/mol were calculated for the bond rotating from eclipsing the lone pair 

through eclipsing the ethyl.
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6.3 Dynamic Nuclear Magnetic Resonance Results and Rate 

Processes

The 13c spectra of all the cyclic protonated piperidinium derivatives are 

temperature-dependent showing broadening and in some cases splitting as 

the temperature is lowered. Changes are observed in the NMR spectra of 47- 

54, while for 55 and 56 and the acyclic protonated amines 57-59 no dynamic 

process can be observed. These NMR spectral changes are summarised in 

tables 6.13(1 H) and 6.14(13c) respectively.

Table 6.13 Chemical shifts (400MHz) of cations 47-59 at various temperature (ppm from IVIe^Si in 

C3D6 0 /CHF2CI/CHCiF2) with trifluoroacetate anion.__________________________________________________

Compound T/‘C Observed Signals
N+CH2 But C(CH3)3 CH2 (2 ,6 ) CH2(3,5) CH2(4) N+H

4 7 +20 2.95 1.05 3.62,2.98 1.90 1.82,1.55 7.05
-120 3.01 1.15 3.68,2.98 1.91 1.84,1.57 7.07

N+CH2Bu^ C(CH3)3 CH2 (2 ,6 ) CH2(3,5) N+H
4 8 +20 3.10 1.17 3.76,3.34 2.89,2.63 7.40

-120 3.11 1.17 3.76,3.35 2.89,2.64 7.41
N+CH2 But C(CH3)3 CH2 (2 ,6 ) CH2(3,5) '"CH2(3,4) N+H

4 9 +20 3.02 1.10 3.75,3.30 2 .2 2 ,2.00 4.08,4.05 7.38
-120 3.09 1.15 3.79,3.32 2.24,2.10 4.10,4.07 7.40

5 0 +20
-120

N+CH2Bu^
3.05,2.91
3.07,2.93

C(CH3)3 C(CH3)2 CH2(2) CH2(4) CH2(5) CH2(6) N+H
1.11
1.12

1.17,1.05
1.18,1.08

3.30.2.58
3.32.2.59

1.58,1.35
1.59,1.37

2.12.1.78
2.14.1.79

3.71,2.81
3.73,2.87

7.87
7.88

N+CH2CH3 CHa CH2 (2 ,6 ) CH2(3,5) CH2(4) N+H
51 +20 3.04 1.32 3.58,2.64 1.85 1.82,1.42 9.95

-120 3.08 1.35 3.60,2.65 1.85 1.84,1.43 9.97
N+CH2CH3 CHa CH2 (2 ,6 ) CH2(3,5) N+H

5 2 +20 3.35 1.44 3.93,3.50 3.09,2.70 8.60
-120 3.36 1.45 3.94,3.51 3.10,2.71 8.61

N+CH2CH3 CHa CH2 (2 ,6 ) CH2(3,5) ^CH2(3,4) N+H
53 +20 3.20 1.35 3.70,3.01 2.12,1.90 4.03,3.98 8.95

-120 3.23 1.38 3.74,3.05 2.15,1.93 4.08,4.00 8.97
N+CH2CH3 CHa C(CHa)2 CH2 (2 ) CH2 (4 ) CH2 (5 ) CH2 (6 )

5 4 +20 3.20,3.14 1.35 1.12,1.05 3.25,2.48 1.68,1.36 2.09,1.75 3.70,2.61
-120 3.22,3.16 1.38 1.14,1.07 3.27,2.49 1.69,1.37 2.11,1.77 3.73,2.64

N+CH2 But C(CHa)3 CH2(2,5) CH2(3,4) N+H
55 +20 2.97 1.08 2.91,3.92 2.09 9.86

-120 3.00 1.10 3.01,4.10 2.21 9.87
N+CH2CH3 CHa CH2(2,5) CH2(3,4) N+H

5 6 +20 3.23 1.38 2.91,3.83 2.13 9.37
-120 3.30

N+CH2Bu^
1.42
C(CHa)3

3.01,3.95 2.20 
(CHa)2 N+H

9.38

57 +20 3.01 1.13 3.02 8.32
-120 3.04 1.18 3.05 8.34

N+CH2Bu^ C(CHa)3 CHa CH2CH3 CH2CHa N+H
58 +20 3.05, 2.81 0.929 2.95  3.29,3.26 1.39 8.13

-120 a 1.05 3.00 a 1.50 8.15
N+CH2Bu^ C(CHa)3 (CH2CHa)2 (CH2CHa)2 N+H

5 9 +20 2.86 0.929 3.16,3.20 1.35 7.74
-120 3.00 1.12 a 1.45 7.75

N+H
7.79
7.81
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Table 6.14 '•^C Chemical shifts (100.6MHz) of cations 47-59 at various temperature (ppm from Me^SI In 

C3 D6 O/CHF2 CI/CHCIF2 ) with trifluoroacetate anion.____________________________________________

Compound T/°G Observed Signals
N+CHaBu^ C(Ch3)3 C(CH3)3 C(2,6) ‘=(3,5) C(4)

47 +20 69.8 31.9 27.2 57.2 22.5 21.2
90% -100 71.5 31.9 26.9 58.2 23.2 20.9
10% -100 63.5 32.1 25.9 54.5 18.5 21.2

N+CHaBut C(CH3)3 C(CH3)3 C(2,6) C(3,5) C(4)
48 +20 70.2 33.2 27.8 55.0 37.8 211.5

-140 70.4 33.6 30.1 55.0 37.9 211.9
N+CHaBu^ C(CH3)3 C(CH3)3 C(2,6) C(3,5) C(4) 10(3,4)

49 +20 70.5 32.4 27.3 56.1 32.5 103.9 65.0,64.8
91% -100 71.8 32.4 27.2 56.7 33.0 104.0 65.8,65.2

9% -100 64.2 32.8 27.4 53.5 29.2 105.2
N+CHaBut C(CH3)3 C(CH3)3 C(CH3)a C(CH3)a Oa O4 O5 00

50 +20 70.0 31.4 28.4 31.1 29.3,23.4 65.1 19.4 34.2 56.4
-120 70.7 31.8 28.9 31.3 29.4,23.7 65.9 20.1 34.7 56.8

N+CHaCH3 Ch3 C(2,6) C(3,5) C(4)
51 +20 52.3 8.8 53.0 22.7 21.7

-120 52.5 8.9 53.2 22.9 21.8
N+CHaCH3 CH3 C(2,6) C(3,5) C(4)

52 +20 52.7 9.5 51.6 37.4 210.2
-120 52.8 9.4 51.6 37.4 210.3

N+CHaCH3 CH3 C(2,6) C(3,5) C(4) ^C(3,4)
53 +20 52.3 9.1 51.0 32.3 103.4 65.0,64.6

-120 52.5 9.2 51.2 32.5 103.6 65.1,64.7
N+CHaCH3 Ch3 C(CH3)a c(CH3)a Ca 04 Cg Ce

54 +20 52.9 8.8 31.1 29.1,22.8 63.0 19.3 34.8 53.7
-120 53.0 9.2 31.2 30.1,23.2 63.2 20.2 34.9 53.9

N+CHaBu* C(Ch3)3 C(CH3)3 C(2,5) C(3,4)
55 +20 69.5 31.5 27.7 58.2 22.1

-120 70.1
N+CHaCH3

32.0
Ch3

27.9
C(2,5)

59.0
C(3,4)

22.9

56 +20 50.1 10.7 54.1 22.9
-120 51.5

N+CHaBu^
11.1
C(CH3)3

55.2
C(CH3)3

23.1
(CH3)a

57 +20 71.5 31.3 27.6 47.1
-120 72.0 32.4 28.2 49.0

N+CHaBu^ C(CH3)3 C(CH3)3 CH3 CHaCH3 CHaOH3
58 +20 68.3 31.4 27.5 43.9 54.8 8.9

-120 70.2 33.1 28.9 45.6 55.0 10.7
N+CHaBut C(CH3)3 C(CH3)3 (CHaCH3)a (CHaCH3)a

59 +20 66.1 32.6 27.9 49.3 12.3
-120 68.2 33.4 28.9 51.2 13.5

^ signals could not be distinguished

Cyclic protonated amines

The  ̂H NMR spectra of 47-50 do not show clearly signals at low

temperatures, however the corresponding changes in the  ̂ n MR are

apparent (see figure 6.1 and 6 .2 ). Cations 47, 49 and 50 show broadening of

13c signals at ca -2 0 °C and these split below -60°C. Signals for 47 and 49

resharpen into a major and minor sets, corresponding to 90% and 10% for 47

with a free energy difference of 0.76 kcal/mol at -100°C, and for 49 91% and

9% with free energy of 0.80 kcal/mol at -100°C. For 50, no minor set of signals 
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can be detected even at very low accessible temperature. Complete lineshape 

analysis suggests these changes represent slowing of a process with a barrier 

of 9.58, 9.15 and 9.74 kcal/mol respectively.

MM3 and MMX calculations suggest that the second set of signals 

emanates from IV  and V II with the groups axial-gauche, and in each case 

interconversion of structures like I and I I I  or V II and V III  in scheme 6 .2  has 

become slow on the NMR timescale. This interpretation is strengthened by the 

absence of the minor isomer signal in the spectrum of 50. The A/-ethyl 

analogues 51, 53 and 54 show dynamic broadening in the NMR at ca 

-2 0 °C and sharpen at ca -70°C, but for each compound no minor signals could 

be observed at very low temperatures. Lineshape analysis suggests that this 

represents a process with a barrier similar to that of the A/-neopentyl 

analogues. S tu d ie s 6 2 b -d  suggested increased stabilisation of the N-R axial 

conformer in a medium of increasing acidity due to solvation effects and the 

tendency of N-R to be equatorial is still decreased by protonation of the free 

amine. N-methyl piperidinium salt^T" has a free energy of 2.1 kcal/mol when 

compared to 2 .7  kcal/mol for the corresponding free a m in e ® ^  This difference 

in conformational behaviour between both series can be explained by the 

relative instability of the axial conformations of the N-ethyl series compared 

with that of the N-neopentyl series
table 6.15

Axial/equatorial energy difference determined by low temperature NMR.MM3 and MMX calculations

compound__________ obsetved(kcal/mol) M

cation

N-methyl-piperidinium

2.12 0.52

2.38 0.36

2.27 0.26

;
2.37

0 ^ 0
0.78

^ minor signal no observable

This latter explanation amplifies the relatively poor agreement between 

the experimental and calculated conformational energy difference and the 

results for 48 highlight this. This cation shows no effect comparable to 47, 49
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and 50 on lowering the temperature to -1 0 0 °C but, on lowering the 

temperature further ca -120°C the signals show broadening and this is 

attributed to ring inversion being slow on the NMR timescale. This process is 

not observable in the N-ethyl equivalent 52. Full lineshape analysis suggests 

a barrier of 6.05 kcal/mol for this process.

Table 6.16
Dynamic Barriers (A G kcal/moh to Conformational Processes.Ring inversion

Compound Ring Inversion

4 8
4 9
5 0

5 3
5 4

-  S'" w - 9-58 
6.05 
9.15
9.74
10.38
10.54 -

Acyclic protonated amines

Both the 1 H and nMR spectra for 57-59 show no temperature 

dependence at very low temperatures . Molecular mechanics calculations 

MM3 and MMX suggest a gauche conformation along the N-CH2 bond, which 

implies that the interaction between the methyl of the tert butyl groups and the 

other groups are not sufficient to disfavour the staggered conformation.
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Figure 6.1
The 13Q spectrum of 47 at -100°C showing signals of the minor conformer

and at ambient temperature
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Figure 6.2
The 1^0 spectrum of 49 at -100°C showing signals of the minor conformer

and at ambient temperature

C o

nC Bu'

-100°C

A m bien t

I ; I 1 i i i j  I 1 I I I I I I I I I I i I I I I I I

7 : 6 0 :
I I I I I I I

40
I I I I I I I I I I

30 PPM

Eclipsed Conformations for Simple Saturated Bonds



Chapter 6 Stereodynamics of Protonated Cyclic and Acyclic Amines 143

6.4 Discussion

A consideration of the conformational cube of scheme 6 .2  (which applies 

to 47-54) shows that when any one of the two processes namely ring inversion 

and N-CH2 -R bond rotation becomes slow on the NMR timescale, separate 

sets of signals should be seen because interconversion of form I to II- IV  and V 

to V I-V III has become slow.

Both programs MM3 and MMX predict that the first process observed is 

the interconversion of I to III or VIII to VII. Barriers for this process determined 

by lineshape analysis range from 9.15 kcal/mol and the magnitude suggest that 

the ring inversion process is slow on the NMR timescale.

A different scheme 6.4 shown below would apply for 55 and 56, since 

the barrier to ring inversion^ is low and these compounds can be considered 

planar on the NMR timescale, hence the only process comparable would be 

rotation about the exocyclic N+-CH2 -R bond.

scheme 6.4

Rotation

Rotation

I I I IV

Barriers around 11-10 kcal/mol can be assigned to ring inversion of a 

saturated piperidine ring and the absence of such barriers in the piperidones 

and pyrrolidines confirms this. The slowing of a process in 48 is ring inversion 

between equivalent chair forms. The inability to observe bond rotation about 

the exocyclic N+-CH2 -R bond in both 47-54 and more particularly in the 

acyclic protonated amines 57-59, in contrast to the free amines, can be 

attributed to the longer N+-C bonds.
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6.5 Vicinal Coupling and One Bond a Carbon-Proton Coupling

The N+-CH2 R bond in the protonated (cyclic/acyclic) amines have been 

calculated by MM3 and MMX programs to adopt a conformation with R gauche 

to the proton on the nitrogen atom. Vicinal coupling i.e. (H-N+-C-H) and one 

bond carbon-proton coupling of the exocyclic methylene groups should establish 

if this is true.

table 6.18 Coupling constants if1 neopentyl and ethyl amines and their salts
Compound ^jQa-Ha

Hz

protonated equivalent Vicinal
Coupling
constant

 ̂JCa-Ha 
Hz

/ Z z y V " '
128.0

H
4.3 141.1

Q ,

o J - -------V 26

130.1
H

/ ----
48

3.9 141.8

0  ,

< ° 'A ' 27 Vo

129.4
H

49

Vo

4.4 141.7

Me Q 

28
130.4 Me V 3.8,5.9 144.8

Q 132.4
H
1 5.2 140.5

Q
/ " ---- ' N . ^ M e

30

132.6
H

/~ ----- - N t ^ M e

0 ^ ^ ^ 5 2

4.6 144.5

Q
/ —■----

31
Vo

131.6
H

/ " ------
.OyV 53
Vo

5.0 140.8

Me Q
132.4 Me V 5.3,5.2 140.3

33

128.4

55

4.7 141.6

34

131.0

^  56

5.8 142.5
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The vicinal H-N+-C-H coupling for the protonated neopentyl derivatives 

47, 48 and 49 are ~ 4.2Hz, which represents a H-N+-C-R torsion angle of ~ 30° 

and H-N+-C-H torsion angle of 90° and 150°. The protonated ethyl derivatives 

51, 52, 53 and 54 have vicinal 3 j H-N+-C-H coupling of about 5.2Hz, which 

represents a H-N+-C-R torsion angle of ~ 60° and H-N+-C-H torsion angle of 60° 

and 180°.

Compound 50 has diastereotopic exocyclic methylene protons with 

couplings of 3.8Hz and 5.9Hz, which suggest that the two gauche conformation 

about the exocyclic bond are very differently populated. The reason for this may 

be attractive interactions between the ferf-butyl group and the methyls at the 3 

positions, which are too far apart to repel. These attractive interactions are 

relatively insignificant for the ethyl equivalent 54 which has couplings of 5.3Hz 

and 5.2 Hz. MM3 program suggest very small energy difference between the 

two gauche conformations for 50 and 54 while MMX shows no difference.

The protonated pyrrolidines 55 and 56 have higher H-N+-C-H coupling of 

4.7Hz and 5.8Hz respectively which represents a H-N+-C-R torsion angle of ~ 

60°.

table 6.19

Coupling constants in acyclic neopentyl amines Bu^CH2-NR1 r 2 and their salts
Compound 1 J C a -H a  

Hz Np
^ jQ a -H a
Hz

protonated equivalent Coupling
constant
3J

 ̂J C a -H a  
Hz Np

^ J C a -H a  
Hz R^R^

Q ,

w /  40

129.4 132.8
H

w /  57

5.0 141.3 145.4

9  ,

Et* 41

128.1 132.6 Ï

Et* 58

neopentyl
2.9,5.7
ethyl
5.5,4.6

142.6 144.0

9  ,

E f 42

128.7 132.6

Et 59

neopentyl
4.2
ethyl
4.6,4.5

141.7 143.5

9  ,

I p / 44

128.7 135.6 Ï

I p /  60

4.0 141.9 145.5
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? 128.6 128.5
H neopentyl

6 .6 ,4 .7
phenyl
3 .4 ,1 .5

142.5 143.5

46

126.3 126.3
H

62

neopentyl
4.5
adamantyl
4.7

144.3 143.6

T a b l e  6 . 1 9 ,  re s u i ts ^ ô  o b t a i n e d  f o r  t h e  p r o t o n a t e d  s a l t s  o f  N , N- 

d i i s o p r o p y l n e o p e n t y l  a m i n e  44, A / - t e r t - b u t y l - A / - b e n z y l n e o p e n t y l  a m i n e  45 a n d  

A / , A / - d i n e o p e n t y l a d a m a n t y l m e t h y l  a m i n e  46 in  c h a p t e r  5  h a v e  b e e n  r e p r e s e n t e d  

a s  60, 61 a n d  62 r e s p e c t i v e l y .

T h e  v i c i n a l  c o u p l i n g  c o n s t a n t s  H - N + - C - H  o f  a c y c l i c  p r o t o n a t e d  

n e o p e n t y l  a m i n e s  57-62 a r e  ~  4 . 5 H z  w h i c h  r e p r e s e n t s  a  H - N + - C - R  t o r s i o n  a n g l e  

o f  a b o u t  3 0 °  f o r  t h e  t e r t - b u t y l  g r o u p .  T h e  o n e  b o n d  c a r b o n - p r o t o n  c o u p l i n g  o f  

t h e  e x o c y c l i c  m e t h y l e n e  g r o u p s  a r e  o n  a v e r a g e  1 2 8 . 4 H z  a n d  1 3 1 . 0 H z  f o r  c y c l i c  

n e o p e n t y l  a n d  e t h y l  a m i n e s  r e s p e c t i v e l y .  F o r  n e o p e n t y l  a m i n e  a n d  e t h y l  

a m i n e 8 5 _  r e s p e c t i v e l y ,  o n e  b o n d  c o u p l i n g s  o f  1 2 8 . 4 H z  a n d  1 3 3 . 8 H z  w e r e  

m e a s u r e d ,  w h i c h  s u g g e s t s  t h a t  t h e  s u b s t i t u e n t  e f f e c t  o f  h a v i n g  a  f e r f - b u t y l  

i n s t e a d  o f  m e t h y l  is  a b o u t  5 . 4 H z .  T h e  f a c t  t h a t  in  t e r t i a r y  a m i n e s  t h e  d i f f e r e n c e  

in  t h e  a v e r a g e  1 J  c o u p l i n g s  f o r  n e o p e n t y l  a n d  e t h y l ,  2 . 6 H z ,  is  o n l y  h a l f  t h i s  s i z e ,  

c a n  b e  a t t r i b u t e d  t o  a  d i f f e r e n c e  in  c o n f o r m a t i o n  f o r  t h e  N - C  b o n d s  in  t e r t i a r y  

n e o p e n t y l a m i n e s  a n d  e t h y l a m i n e s .  H o w e v e r ,  t h e  p r o t o n a t e d  "I J C a - H a  c o u p l i n g s

o f  1 4 1 . 6 H z  a n d  1 4 3 . 5 H z  a r e  l e s s  s e n s i t i v e  t o  s u b s t i t u e n t  e f f e c t s ,  w h e r e a s  t h e  

1 J C ( x - H ( x  c o u p l i n g  f o r  a c y c l i c  f r e e  a m i n e s  a r e  m o r e  s e n s i t i v e  t o  t h e  o r i e n t a t i o n  o f

t h e  b o n d s  a s  t h e  s i z e  o f  1 R  a n d  2 r  i n c r e a s e s .

6.6 Experimental

T h e  a m m o n i u m  s a l t s  47-59 w e r e  o b t a i n e d  in  a n  N M R  t u b e  b y  a d d i n g  a  

f e w  d r o p s  o f  t r i f l u o r o a c e t i c  a c i d  t o  d i l u t e  C D C I 3  s o l u t i o n s  o f  t h e  c o r r e s p o n d i n g  

c y c l i c  a m i n e s  25-34 a n d  a c y c l i c  a m i n e s  40-42 r e s p e c t i v e l y .
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A/-Neopentvl piperidinium salt 47

1H-NMR (CDCI3 , ppm, 400MHz) 5 1.08 (s, 9H) 1.55 (m, 1H) 1.82 (m, 1H) 1.91 

(m, J = 4.5 Hz, 4H) 2.95 (d, J = 4.3Hz, 2H) 2.98 (q of b m, J -  12Hz, 2H) 

3.62 (d of b m, J -  12Hz, 2H) 7.05 (br, 1H)

13C-NMR (CDCI3 , ppm, 100MHz) 5 21.2 ( C 4 )  22.5 (G3&5) 27.2 (C(£H3)3) 31.9 

(£(CH3)3) 57.2 (C2&6) 69.8 (ÇH2G(CH3)3)

A/-Neopentvl piperidonium salt 48

1H-NMR (GDGI3 , ppm, 400MHz) 5 1.12 (s, 9H) 2.61 (d of b m, J ~ 12Hz, 2H)

3.05 (d of t, J -12 Hz, 2H) 3.25 (d, J = 3.9 Hz, 2H) 3.71 (q of b m, J -  

12Hz 2H) 4.00 (d of b m, J -  12Hz, 2H) 7.40 (br, 1H) 

t3Ç-NMR (GDGI3 , ppm, 100MHz) 8 27.8 (G(£H3)3) 33.2 (£(GH3)3) 37.8 (G3&5)

55.1 (G2&6) 70.2 (£H2G(GH3)3) 210.4 ( G 4 )

Af-Neooentvl ethvlenedioxv piperidinium salt 49

1H-NMR (GDGI3 , ppm, 400MHz) 8 1.10 (s, 9H) 1.98 (d of b m, J -  12Hz, 2H)

2.24 (d of t, J = 12.1 Hz, 5.1 Hz, 2H) 3.04 (d, J = 4.4 Hz, 2H) 3.69 (q of 

b m, J -  12Hz, 2H) 3.71 (d of b m, J -  12Hz, 2H) 4.07 (c m, 4H) 7.38 (br, 

1H)

13Ç.NMR (GDGL3 , ppm, 10OMHz) 8 27.3 (G(£H3)3) 32.4 (£(GH3)3) 32.5 (G3&5)

56.1 (G2&6) 65.0 equatorial,64.8 axia' (IG 3&5) 70.5 (CH2G(GH3)3) 105.1 ( G 4 )

Af-Neooentvl 3.3-dimethvl piperidinium salt 50

t H-NMR (GDGI3 , ppm, 400MHz) 8 1.07 (s, 3H) 1.12 (s, 9H) 1.17 (s, 3H) 1.35 

(d of t J = 12 2Hz, 5.4 Hz, 1H) 1.58 (d of b m, J -  12Hz, 1H) 1.79 (d of 

b m, J -  12Hz, 1H) 2.12 (q of b.m, J -  12Hz, 1H) 2.58 (d of d, J -  12Hz,

12Hz 1H) 2.71 (q of b m, J -  12Hz 1H) 2.86 (d of d, J = 12.4Hz, 5.9Hz,

, 1H) 3.05 (d of d, J = 12.2Hz, 3.8Hz, 1H) 3.30 (d of b m, J -  12Hz, 1H) 

3.70 (d of b m, J -  12Hz, 1H) 7.88 (br, 1H)
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13Ç-NMR (CDCI3 , ppm, 100MHz) S 19.4 ( C 4 )  29.3 equatoriai_23.4

(C(CH3)2) 28.4 (C(£H3)3) 31.1 (Ç(CH3)2) 31.4 (£(CH3)3) 34.3 (C5) 56.6 

(Ce) 65.1 (C2) 70.1 (CH2C{CH3)3)

A/-ethvl P ip erid in iu m  salt 51

1H-NMR (CDCI3 , ppm, 400MHz) 5 1.35 (t, J = 7.2Hz, 3H) 1.42 (m, 1H) 1.82 (m,

1H) 1.85 (m, 4H) 2.65 (m, 2H) 3.07 (d of q, J = 12.1 Hz, 5.2Hz, 2H) 3.55 

(d of b m, J -  12 Hz, 2H) 9.95 (br, 1H)

13C-NMR (CDGI3 , ppm, 100MHz) 8 8.8  (GH2CH3) 21.7 (C4) 22.5 ( C 3&5 ) 52.3 

(GH2CH3 ) 53.0 ( C 2&6)

A/-ethvl piperidonium salt 52

1H-NMR (GDCI3 , ppm, 400MHz) 8 1.35 (t, J = 7.2Hz 3H) 1.91 (d of b m, J -  

12Hz, 2H) 2.12 (d oft, J =12.3Hz, 5.2Hz, 2H) 3.18 (d of q, J = 12.2Hz, 

5.0Hz, 2H) 3.69 (q of b m, J ~ 12Hz 2H) 4.01 (d of b m, J ~ 12Hz, 2H)

8.95 (br, 1H)

13C-NMR (CDCI3 , ppm, 100MHz) 8 9.5 (CH2GH3)3) 37.4 (C 3 & 5 )  51.6 (C2&6)

52.7 (GH2CH3).210.2 (C4)

A/-ethvl ethylenedioxv piperidinium salt 53

1H-NMR (CDCI3 , ppm, 400MHz) 8 1.35 (t, J=7.2Hz 3H) 1.91 (d of b m, J ~

12Hz, 2H) 2.12 (d o ft, J = 12.3 Hz, 5.0 Hz, 2H) 3.07 (q of b m, J ~ 12Hz, 

2H) 3.18(d of q, J = 12.2Hz,5.0Hz 2H) 3.69 (d of b m, J ~ 12Hz, 2H) 4.01 

(cm, 4H) 8.95 (br, 1H)

13C-NMR (CDCI3 , ppm, 100MHz) 8 9.2 (CH2GH3) 32.4 (C3&5) 50.1 (C2&6)

52.3 (GH2GH3)65.0 equatorial^64.6 axial (IC 3&5) 103.4 ( C 4 )

/V-ethyl 3.3-dimethvl piperidinium salt 54

^H-NMR (CDCI3 , ppm, 400MHz) Ô 1.05 (s, 3H) 1.10 (s, 3H) 1.32 (d of t, J = 12

2Hz, 5.4 Hz, 1H) 1.35 (t, J = 7.2Hz, 3H) 1.68 (d of b m, J ~ 12Hz, 1H) 
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2.09 (d of b m, J -  12Hz, 1H) 2.51 (d of d, J -  12Hz, 12Hz 1H) 2.55 (q of 

b m J ~ 12Hz 1H) 2.95 (complex multiplex which simplifies on irradiation 

at the OHs of the ethyl to two signals at 8 3 .12  and 8 3.17 each of which is 

a d of d, J = 12.3 Hz and 5.3Hz ) 3.23 (d of b m, J -  12Hz, 1H) 3.71 (d of 

b m , J ~  12Hz, 1H) 7.79 (br, IN)

13C-NMR (CDCia, ppm, 100MHz) 8 8.8 (CH2ÇH3) 19.5 (C4) 29.1 equatorial,22.8 

=*«I(C(SH3)2) 31.1 (£(CH3)2) 34.8 (C5) 52.9 (£H2CH3) 53.7(06) 63.1 

(C2)

AZ-Neooentvi pyrrolidinium salt 55

1H-NMR (CDCia, ppm, 400MHz) 8 1.05 (s, 9H) 2.05 (m, 4H) 2.98 (d, J = 4.7 

Hz, 2H) 3.95 (m, 2H) 9.95 (br, 1H)

13C-NMR (ODOia, ppm, 100MHz) 822.4 (C3&4) 27.8 (C(£H3)3) 31.8 

(£(CH3)3) 58.9 (C2&5) 69.9 (£H2G(CH3)3)

Af-ethvi pyrrolidinium salt 56

1H-NMR (CDCis, ppm, 400MHz) 8 0.95 (t, J = 6.9Hz, 3H) 2.12 (m, 4H) 2.95 (m, 

2 H) 3.25 (d of q, J = 12.1 Hz, 5.3Hz, 2H) 3.85 (m, 2 H) 9.37 (br, 1H) 

13C-NMR (GDCI3 , ppm, 100MHz) 8 10.7 (GH2£Ha) 22.9 (G 3 & 4 )  50.3 

(£H2CH3) 54.1 (G 2 & 5 )

/V./V-dimethvineooentvi ammonium 57

1H-NMR (GDGI3 , ppm, 400MHz) 8 1.13 (s, 9H) 3.01 (d, J = 5.0Hz, 2 H) 3.03 

(d, J = 5.1Hz, 6 H) 8.32 (br, 1H)

13C-NMR (GDGL3 , ppm, 100MHz) 8 27.6 (G(£H3)3) 31.3 (£(GH3)2) 47.1 

( G ( £ H 3>3)  71.5 ( £ H 2G ( G H 3) 3)

A/.A/-methy-ethvineopentvi ammonium 58

1H-NMR (GDGia, ppm, 400MHz) 8 0.95 (s, 9H) 1.39 (t, J = 7.4Hz, 3H) 2.81 (d

of d, J = 12.3Hz, 5.7Hz, 1H) 2.95 (d, J = 4.5Hz, 3H) 3.02 (d of d J = 
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12.3Hz, 2.9Hz, 1H) 3.25 (complex multiplet which simplifies on 

irradiation at the CH3 signal of the ethyl group to two signals at 6 3.25 

and Ô 3.29 , each of which is a doublet of doublets J= 13.5Hz and 4.3Hz, 

2H) 8.13 (br, 1H)

13C-NMR (CDCI3 , ppm, 100MHz) Ô 8.9 ( C H 2 Ç H 3 )  27.5 ( C ( C H 3 ) 3 )  31.4 

( C ( C H 3)2) 43.9 ( Ç H 3 )  54.8 ( Ç H 2 C H 3 )  68.3 (CH2C(CH3)3)

A/.A/-diethylneopentyl ammonium 59

1H-NMR (CDCI3 , ppm, 400MHz) 6 1.15 (s, 9H) 1.42 (t, J = 7.7Hz, 3H) 2.95 (d 

of d, J = 3.9Hz, 2H) 3.32 (complex multiplet which simplifies on 

irradiation at the CH3 signal to two signals at ô 3.30 and ô 3.38, each of 

which is a doublet of doublets J = 13.5Hz and 4.3Hz, 2H) 7.74 (br, 1H)

13C-NMR (CDCI3 , p p m ,  100MHz) Ô 12.3 ( C H 2 Ç H 3 )  27.9 ( C ( C H 3 ) 3 )  32.6 

( C ( C H 3)2) 49.3 ( Ç H 2 C H 3 )  66.1 ( C H 2 C ( C H 3 ) 3 )
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7.1 Introduction

I h a v e  s h o w n  a b o v e  ( c h a p t e r  4 )  b y  m o l e c u l a r  m e c h a n i c s  c a l c u l a t i o n s  

a n d  d e m o n s t r a t e d  b y  i n d i r e c t  N M R  m e a s u r e m e n t s  t h a t  f l a n k i n g  e q u a t o r i a l  

s u b s t i t u e n t s  a t  t h e  2  a n d  6  p o s i t i o n s  in  N C H g R  s u b s t i t u t e d  p i p e r i d i n e s  a r e  

e n o u g h  t o  i n d u c e  e x o c y c l i c  b o n d  e c l i p s i n g ,  a s  in  3 8 .  K i n e t i c  p r o t o n a t i o n  o f  t h i s  

c l a s s  o f  c o m p o u n d  w i l l  r e s u l t  in  t w o  d i f f e r e n t  o b s e r v a b l e  d i a s t e r e o m e r s ^ ^ <80 

o n e  h a v i n g  a n  a x i a l  s u b s t i t u e n t  a n d  t h e  o t h e r  a n  e q u a t o r i a l  s u b s t i t u e n t ,  a s  

s h o w n  in  s c h e m e  7 . 1 .

s c h e m e  7 .1

Me 9 r 'Me 1

A  Me ----- ^  Me

Nitrogen inversion/
I  N -C H 2-R Bond Rotation I I

protonat proton ition

 ̂ H
w J

Me — --— A  Me

I V I I I

T h e  s t e r e o d y n a m i c  c o n s e q u e n c e s  o f  p r o t o n a t i n g  s u c h  c y c l i c  a m i n e s  is  

t o  r e m o v e  t h e  p o s s i b i l i t y  o f  n i t r o g e n  i n v e r s i o n  a n d  in  a d d i t i o n ,  r i n g  i n v e r s i o n  t o  

g i v e  a  c h a i r  c o n f o r m a t i o n  w i t h  a x i a l  m e t h y l  g r o u p s  w o u l d  b e  h i g h l y  i m p r o b a b l e  

d u e  t o  1 , 3  i n t e r a c t i o n  o f  t h e  a x i a l  m e t h y l  g r o u p s .  T h e  o n l y  l i k e l y  d y n a m i c  

p r o c e s s  is  e x o c y c l i c  b o n d  r o t a t i o n  o f  I V  in  s c h e m e  7 . 2 .  I f  t h e  b a r r i e r s  a r e  h i g h  

e n o u g h ,  d y n a m i c  N M R  w o u l d  b e  s u i t a b l e  f o r  s t u d y i n g  t h i s  p r o c e s s .

T h e  e v i d e n c e  f o r  e c l i p s i n g  o f  t h e  N - C H g - R  b o n d  in  f r e e  a m i n e s  is  u s u a l l y  

i n d i r e c t ,  m o l e c u l a r  m e c h a n i c s  c a l c u l a t i o n s  a n d  M M 3 ^ 3 , 3 4  s u g g e s t  if

t h e  b o n d  is  e c l i p s e d  a n d  in  o n e  c a s e 5 2  X - r a y  c r y s t a l l o g r a p h i c  e v i d e n c e  

s u p p o r t s  t h i s .  In  p r o t o n a t e d  a m i n e s  d i r e c t  v i c i n a l  c o u p l i n g  a c r o s s  t h e  C - N  b o n d  

c a n  b e  u s e d  t o  e s t a b l i s h  w h e t h e r  it is  a c t u a l l y  e c l i p s e d .
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Cations 63, 64 and 65 were obtained by protonation of the 

corresponding amine with trifluoroacetic acid in an NMR tube and were studied 

by Dynamic NMR spectroscopy and by Molecular Mechanics calculations.

IVIe+H _N '~'CH2R 
Me R=Me=63

R=Bu^=64

R=Ad=65

scheme 7.2

Bond Rotation

Me

I I  R

Bond Rotation

MeMe

IV I I I

7.2 Molecular Mechanics Calculations

Molecular mechanics calculations for ions 63, 64 and 65 will now be 

reported in detail with all reasonable conformation minima examined. Those 

that are within 2.7 kcal/mol of the most stable will be considered, as this will 

represent at least 1% of the conformation at room temperature. It should be 

remembered that in each case, the structures I I I  and IV  of scheme 7.2 with the 

axial alkyl groups are in fact diastereoisomers, interconvertible with the first two 

only by deprotonation and rearrangement, but we will consider I - IV  together.
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1)A/-ethyl-2.6-dimethyi piperidinium cation 63

Table 7.1 M olecular m echanics calculation (MM3)^^'^"^ of conformations minim a of A/-ethyl-2 ,6 - 
dimethyl piperdinium cation
Final steric energy of the most stable conformation is 2 5 .8 3 5 4  {11 .27} kcal/mol

anti-eq uatoria l 6 3 A eclipsed-equatoria l 6 3 B eclipsed-axial 63C

Relative Energy (kcal/m ol) 0 .00{0 .42}a 3 .9 2 (0 .0 0 } 5 .2 7 (0 .2 0 }

H -N +-C -C H 3  dihedral angle‘s ± 1 7 9 '9 ±5 .1  • ± 2 3 .8 “

Com pression 1 .8152 1 .8 33 2 1.7731

Bending 4 .5 9 9 5 4 .2 4 6 8 5 .5 5 7 0

Bend-Bend^ -0 .1 3 8 4 -0 .1 7 6 4 -0 .0 3 5 4

Stretch-B end 0 .7 9 8 2 0 .7 6 1 5 0 .8 1 3 2

Van der W aals

1,4 Energy 12 .38 8 2 13 .01 6 2 1 2 .54 8 9 8

O ther 2 .8 5 0 7 2.4191 3 .1 0 9 9

Torsional 3 .5 3 6 9 7.6671 7 .3 6 2 3

Torsion-Stretch*^ -0 .0 1 4 9 -0 .0 0 8 4 -0 .0 1 5 9

Note:
M MX^^ values in parenthesis
Angles in degrees. For eclipsed-equatorial and eclipsed-axial ethyl groups dihedral angles  
reported from the exocyclic methyl group nearly eclipsing the proton on the nitrogen and for anti- 
equatorial antiperiplanar to the proton.
T he  negative signs indicates stabilisation rather than strain

Me

MeMe Me Me

Me MeMe
Me

6 3 063A 63B

Four conformational minima were located, the anti-equatorial 63A  

(0H=±179.9°), the eclipsed-equatorial 63B (0H=±5.1°), eclipsed-axial 630  

(0H=-23.8° and its enantiomer) and the anti-axial 63D (0H=±179.9°), not 

shown and which is calculated to be less stable by 7.48(5.12} kcal/mol. The 

population of each isomer can therefore be calculated (via AG° =-RTInKeq). 

MM3 values suggest 63 to be composed of 99.9% of 63A and 630 at room 

temperature, where as the corresponding MMX values suggest 33.0% and 

67.0% for 63A and 63B respectively. While for 630,100% is suggested for the
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axial configuration at the same temperature. The eclipsed-axial 630 is not 

very eclipsed rather it is half way between eclipsed and gauche.

2)A/-neopentyl-2.6-dimethyl piperidinium cation 64

Table 7.2 M olecular m echanics calculation of conform ational m inim a of A/-neopentyl-
2 ,6 -dim ethyl piperdinium cation
Final steric energy of the most stable conformation is 3 9 .1 3 2 7 (1 5 .0 6 } kcal/mol

anti-equatoria l 6 4 A eclipsed-equatorial 6 4 8 eclipsed-axial 64C

Relative Energy (kcal/mol) 0 .0 (4 .2 6 } 0 .1 0 (0 .4 3 } 1 .4 1 (0 .0 0 }

H-N^-C-Bu^ dihedral angle® ±176*9 ± 0 .1 * ± 0 .2 °

Com pression 2 .8 0 8 7 2 .8 9 2 2 2 .6 2 3 4

Bending 9 .9 9 9 8 7 .6 5 4 7 8 .1 6 1 4

Bend-Bend 0.1891 0 .0 3 1 7 0 .1 0 9 7

Stretch-B end 1.2151 1 .1 28 6 1 .0 89 8

Van der W aals

1 ,4  Energy 15 .05 4 7 14.8401 1 4 .79 2 9

O ther 4 .6 7 3 0 4 .0 1 1 8 3.9441

Torsional 5 .2481 8 .6 8 7 3 9 .8 2 7 2

Torsion-Stretch -0 .0 5 5 9 -0 .0 0 7 4 -0 .0 0 9 0

Note:
Angles in degrees. For eclipsed-equatorial and eclipsed-axial neopentyl groups dihedral angles  
reported from the quaternary carbon nearly eclipsing the proton on the nitrogen atom and for anti-
iquatorial antiperiplanar to the proton.

Bu'

MeMe Me Bu

MeMe
Bu'

6 4 064A 64B

Four minima were identified for 64, anti-equatorial 64A (0Lp=±176.9°), 

eclipsed-equatorial 64B (0Lp=±O.1°), eclipsed-axial 640 (0Lp=±O.2°) and the 

anti-axial 64D (0Lp=±179.9°). The enthalpy differences by MM3 suggest that

54.2 % of the molecules would prefer the anti-equatorial conformation, 45.8% 

the eclipsed-equatorial and 100% the eclipsed-axial configuration at room 

temperature, while MMX predicts 99.9 % for eclipsed-equatorial conformation 

and 100 % for eclipsed-axial at room temperature. The anti-axial conformation 

64D was calculated to be less stable by 11.54(6.78} kcal/mol.
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3)N-adamantylmethyl-2.6-dimethyl piperidinium cation 65

Table 7.3 M olecular mechanics calculation (M M 3)^ ^ ’^^ of conformational m inima of N- 
adam antylm ethy-2 ,6 -dim ethyl piperdinium cation
Final steric energy of the most stable conformation is 5 7 .70 8 3 (3 1 .8 } kcal/mol

anti equatorial 6 5A eclipsed-equatorial 6 5 8 ecllpsed-axlal 65C

Relative Energy (kcal/mol) 0 .0 0 (0 .2 0 } 0 .6 5 (2 .0 3 } 1 .2 2 (0 .0 }

H-N"''-C-Ad dihedral angle® ±179.9" ±0.5" ± 0 .0 "

Com pression 2 .9 6 1 8 3 .5 5 2 0 3 .0 6 5 5

Bending 6.2081 4 .7 5 1 5 9 .4 9 7 2

B end-Bend 0 .0 1 4 4 0.0371 -0 .0 8 6 9

S tretch-B end 0 .4 8 1 6 0 .4 53 2 0 .6 0 4 4

Van der W aals

1,4  Energy 2 3 .6 6 5 0 2 4 .3 9 7 4 22 .9231

O ther 2 .7 0 2 5 3 .1 5 1 4 3 .7 6 6 4

Torsional 1 6 .63 2 5 15 .36 2 4 1 3 .4 3 2 4

Torsion-Stretch -0 .1 8 9 5 -0 .2 0 1 5 -0 .0 5 7 4

Note:
Angles in degrees. For eclipsed-equatorial and eclipsed-axial adam antyl groups dihedral angles  
reported from the quaternary carbon nearly eclipsing the proton on the nitrogen atom and for anti-
equatorial antiperiplanar to the proton.

Ad

MeMe Me Ad

Me MeMe
Ad

6 5 065A 65B

As before four minima were located for 65, anti-equatorial 6 5 A 

(0Lp=±179.9°), eclipsed-equatorial 65B (0Lp=±O.5°), eclipsed-axial 65 0  

(0Lp=±O.O°) and the anti-axial 65D (0Lp=±179.9°). The enthalpy differences 

by MM3 suggest that 75.0 % of the molecules would prefer the anti-equatorial 

65A, 25.0 % the eclipsed-equatorial 65B and 100 % the eclipsed-axial 650 at 

room temperature, while the corresponding MMX values predict 4.4 % for anti- 

equatorial 65A, 95.6 % for eclipsed-equatorial 65B and 100 % for eclipsed- 

axial 6 5 0  at room temperature. The anti-axial conformation 65D was 

calculated to be less stable by 12.54(8.58} kcal/mol.
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Final note on molecular mechanics calculations

While both molecular mechanics programs MM3 and MMX agree on the 

structure of conformational minima, they differ on the most stable conformation 

for all the substituents. In contrast to simpler piperidinium salts no gauche 

conformation was located in either the axial or equatorial conformations.

Barriers to rotation about the exocyclic bond were calculated using the 

dihedral drive options in the MM3 program, which yields the change in enthalpy 

between the eclipsed ground state and the eclipsed transition states for 

rotation. Barriers of approximately 11.2 kcal/mol for 63, 15.5 kcal/mol for 64 

and 20.2 kcal/mol for 65, were predicted.

7.3 Dynamic Nuclear Magnetic Resonance Results and Rate 

Processes

The H and nMR spectra of the N-ethyl derivative 63, the N- 

neopentyl derivative 64 and the N-adamantylmethyl derivative 65 of 2,6 

dimethyl piperidinium cation comprises of two sets of signals for the two 

diastereomers. In each case one of these two sets of signals is temperature- 

dependent, the more intense set of signals for 63 and the less intense set of 

signals for 64 and 65 showing broadening of signals and then sharpening 

again as the sample temperature is lowered. These change are summarised in 

tables 7.4 (^H) and 7.5 (1% ) respectively.

Table 7.4 Chemical shifts (400MHz) of compounds 63, 64 and 65 at various temperature (ppm from 

IVIe^Si in C3D6O/CHF2CI/CHCIF2) with trifluoroacetate anion. _________________________________________

Compound T /°C O bserved Signals

6 3 N+CH2CH3 N+CH2CH3 CH(2,6) CH2(4) CH2(3,5) C(CH3)2 N+H
major eq +20 3.30 1.17 3.15 1.51 1.84,1.65 1.31 7.10
minor ax +20 2.96 a 3.45 a a 1.26 a
major eq -100 3.26 1.12 3.15 1.46 1.84,1.64 1.27 7.09
minor ax -100 2.93 a 3.40 a a 1.24 a

6 4 N+CH2 BU* C(CH3)3 CH(2,6) CH2(4) CH2(3,5) C(CH3)2 N+H
minor eq +20 3.32 1.13 3.34 a a 1.54 a
major ax +20 2.96 1.11 3.70 1.58 1.6-1.8 1.38 7.00
minor eq -100 3.31 1.13 3.34 a a 1.54 a
major ax -100 2.99 1.12 3.68 1.58 1.6-1.8 1.37 7.00

6 5 N+CH2Ad CH(Ad) CH2(Ad) CH(2,6) CH2(4) CH2(3,5) C(CH3)2 N+H
minor eq +20 3.01 a a 3.24 a a 1.54 a
major ax +20 2.60 1.93 1.60,1.67 3.65 1.56 1.70,1.73 1.23 6.60
minor eq -110 3.01 a a 3.24 a a 1.54 a
major ax -110 2.61 1.94 1.60,1.67 3.66 1.56 1.70,1.74 1.24 6.60
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Table 7.5 Chem ical shifts (10 0 .6 M H z) of compounds 63, 64 and 65 at various tem perature (ppm  

from Me^Si in C3 D0 O /C H F 2CI/CHCIF2 ) with trifluoroacetate anion.

Compound T/°C Observed Signals

63 N+CH2CH 3 N+CH2 CH 3 C (CH3)2 C H (2 ,6 ) C (4 ) C (3 ,5 )
major eq +20 42 .3 5.5 18.0 58.3 22 .9 32 .3
minor ax +20 37 .8 14.8 17.2 61.7 b 25.7
major eq -110 41 .2 5 .5 18.0 57.2 2 2 .4 31.9
minor ax -110 3 7 .3 14.8 16.9 61 .0 b 25.0

6 4 N +C H 2 BU* C (C H 3)3 C (C H 3)3 C(C H 3)2 C H (2 ,6 ) C (4) C(3,5)
minor eq +20 b 32 .0 28 .8 20.1 66.1 b b
major ax +20 52 .2 31 .8 29.0 19.1 63 .2 23 .0 26.0
minor eq -115 63 .8 32.0 b 20.2 62.8 b 32.3
major ax -115 51 .4 31 .4 28.5 18.7 63 .8 22.8 25.6

65 N +C H 2Ad Cq(Ad) CH(Ad) CH2 (Ad) C (C h 3 )2 C H (2 ,6 ) C (4) C (3 ,5 )
minor eq +20 67 .3 33 .7 27.8 3 2 .6 ,40 .9 17.5 65 .5 19.9 30.1
major ax +20 54 .5 32 .5 28.0 35 .5 ,41 .2 19.0 64 .5 23 .0 26.2
minor eq -110 67.1 33 .5 27.7 3 2 .5 ,40 .4 17.4 65 .6 19.8 30.2
major ax -110 54.3 32 .4 28.1 35 .7 ,41 .2 19.3 64 .6 23.1 26.3

S ig n a ls  for the major isomer could not be assigned in the  ̂H NMR because of multiple overlap of signals 
^signals for the minor isomer could not be distinguished in ^^C NMR .

Broadening in the  ̂H NMR spectra of 63, 64 and 65 is particularly 

marked at ca -70°C for the protons on the ring at the 2 and 6 positions and the 

exocyclic substituents, however the spectrum shows clearer changes that 

can be associated with this process.

The 13Q spectra of 63, 64 and 65 show broadening at ca -50°C and 

sharpen by about -90°C, the minor conformer at this temperature never 

resolved in the spectrum. This process can only be associated with the 

interconversion of eclipsed and anti-equatorial conformations (like I and II in 

scheme 7.2) being slow on the NMR timescale. Table 7.6 shows the barriers 

for the processes determined by full lineshape analysis for these compounds, 

based on the assumptions that the minor conformation would be between 1 

and 12 ppm from the major conformer for the CH(2,6) signals.

table 7.6
Compound Rotation [kcal/mol]

63 7 .24

64 8 .03

6 5 8 .19

N-ethyl derivative 63 on decoupling of the equatorial methyls at the 2 

and 6 positions were shown to have 84% of the substituent equatorial and 16%
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in the axial position, the reverse was the case for N-neopentyl and N-adamantyl 

methyl derivatives 64 and 65 where the population of the equatorial 

substituent was found to be 8% and 5%, and the axial substituent 92% and 

95% respectively. Studies^^ suggest a marked shift in the equilibrium towards 

the N-axial conformer when the N-substituent is flanked by two equatorial cis- 

2,6-methyl groups as a result of compression of the equatorial exocyclic 

substituents. This difference in conformational behaviour probably reflects the 

increased stabilisation of the axial conformation for 64 and 65 a fact reinforced 

by AG%xp of 1.95 kcal/mol in favour of the N-methyl axial conformation found for

1,2,2,6 tetramethyl piperidinium cation^^ using enriched "l^c.

From scheme 7.2, the only process envisaged to be slow on the NMR 

timescale is the interconversion of I and II, and IV  and I I I ,  however the 

interconversion of the latter (IV to III) would be improbable because having the 

alkyl substituent over the piperidinium ring would be very high in steric energy 

and hence would not be readily populated. Table 7.7 compares calculated and 

experimental axial/equatorial free energy difference for 63-65.

table 7.7

a x ia l/e q u a to ria l e n e rg y  d iffe ren ce  d ete rm in e d  by D N M R  an d  ca lcu la tio ns

Compound Observed (kcal/mol)
"Y

MM3 (kcal/moiy _ : _ MMX (kcal/mol)

,6 3  '  ̂ _  0.98
■■

1.26 0.20

1.41 0.43

' "6  5 -%/7' : < '1:74 

1,2,2,6 tetramethyl \  

Dtpertdinium catfdh ' : 1.95

1.22

1.68
plpiiiio

0.20

0.91
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Figure 7.1
The "130 spectrum of 63 and its diastereomer at different temperatures 

a = Major diastereomer which is the equatorial conformation 
b = Minor diastereomer which is the axial conformation
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Figure 7.2
The 13c spectrum of 64 and its diastereomer at different temperatures 

a = Major diastereomer which is the axial conformation 
b = Minor diastereomer which is the equatorial conformation
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7.4 Discussion

The vicinal H-N+-C-H coupling is diagnostic of the conformation along 

the exocyclic bond for the major and minor geometric isomers for 63, 64 and 

65 see table 7.8

table 7.8
Compound 3

J couolina Hz

6 3 2 .1 , 2.8

6 4 3 .2

6 5 3 .2

The major and minor diastereomers, have been identified from the size 

of the coupling of the N+H proton with the axial protons at C2 and Ce and by 

decoupling experiments, to have equatorial and axial alkyl substituents 

respectively. The vicinal H-N+-C-H couplings in the N+H-CH2CH3 fragment 

for 63 are 2.1Hz and 2.8Hz. The coupling of 2.1Hz represents an average 

coupling between the eclipsed-equatorial 63B (0 h - n ^ -c - h  -120°) and an anti- 

equatorial 63A (0 h - n '^-c - h  -60°) conformera rapidly interconverting at room 

temperature. This averaged coupling represents a bond that is predominately 

anti-periplanar to the proton on the nitrogen atom 63A. The second coupling of 

2.8Hz represents an eclipsed bond 630, where by calculation the H-N+-C-H 

the angle is 140° and 100°.

The vicinal H-N+-C-H coupling for 64 and 65 of 3.2Hz are the same 

for both diastereomers. The major isomers for both 64 and 65 have the N-alkyl 

substituent axial on the piperidinium ring, so undergoing no further 

conformational process. The only process visualised would be rotation of 

eclipsed to anti (I to I I  in scheme 7.2) for the minor isomer, but since the 

population of the second conformer by dynamic NMR is less than 1%, this 

coupling represents a bond that eclipses the proton on nitrogen. The slight 

differences in coupling between 63 and 64/65 can be attributed to substituent 

size and the H-N+-C bond angles.

The one bond carbon-proton coupling of the exocyclic methylene groups 

also impart useful information about the orientation of the exocyclic bonds, as 
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the coupling should be sensitive to any conformational changes. Protonation of 

a free cyclic amines leads to an increase in the one bond carbon-proton 

coupling constant of 12Hz (see table 7.9). The one bond carbon-proton 

coupling show a reduction of ~4Hz on going from ethyl to neopentyl or 

adamantylmethyl derivatives. This difference in coupling may represent the fact 

that a large percentage of the ethyl derivatives have exocyclic bonds that are 

anti-periplanar to the proton or lone pair, in contrast to the neopentyl and 

adamantylmethyl derivatives that have exocyclic bonds eclipsing the proton or 

lone pair in the axial or equatorial positions, or it may be an intrinsic effect due 

to the extra substitution in the neopentyl and adamantylmethyl group.

table 7.9
Compound ^ jQ a -H a

Hz

protonated equivalent ' ' jC a -H a
Hz

H

Me ' 144.4 Me9
N Me

/ - ^ ' “■ ^ '^^M e  3Y
134.0

H

Me '

Z — ^ ^ M e

141.5 M e O  .
N B u' 

~—^ M e  3g
129.7

H

Me ’
Ad

/ --------^ M e

140.5 M e O

. . ^ M e  3Ç
129.6

Table 7.10 shows the selected structural parameters determined by MM3 

calculations

table 7.10
Torsion angles R=Ethyl

6 3
R=Neopentyl

6 4
R=Adamantyl- 

methyl 65

H-N+-Ca,-H 147.8, -95.8 123.8, -123 .5 123.7, -123 .9

H-N+-Ceq-H -117.0 , 127.8 124.5, -124 .3 61.8, -124 .8

H-N"*"-Ceq(an(i)-H -57.2 , 57.3 -58.9, 50.5 -53 .4 , 55.4

H-N+-Cax-R 23.8 0.1 0 .0

H-N+-Ceq-R 5.1 0.1 0 ,5

H‘ N'*’-Ceq(anti)‘R 180.0 176.0 179.9

H-N+-Cax 106.8 107.2 107.2

H-N+-Ceq 108.3 108.6 108.6

H-N"'‘-Cea(anti) 105.7 104.9 104.7
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MM3 calculations suggest that the torsional angle about the exocyclic N- 

0  bonds for the equatorial and axial groups in 63, 64 and 65, except in the 

anti/staggered conformations, have H-N+-C-Haipha and H-N+-C-R diherdral 

angles close to 0° and 120° respectively. This implies that the methyl, tert-butyl 

or adamantyl groups eclipse the proton although the methyl(axiai) in 63 does not 

eclipse wonderfully well.

These rather poor agreements between programs i.e. (MM3 and MMX) 

and experimental energy differences may be attributed to the fact that the 

eclipsed conformation as a ground state is different from what was used to 

parametrize amine and amine salt in the calculations, so discrepancies of the 

experimental results and both sets of calculations may reflect this fact.

7.5 Experimental

The ammonium salts 63-65 were obtained by adding a few drops of 

trifluoroacetic acid to diluted CDCI3 solutions of the corresponding amines 37- 

39 in an NMR tube. They were not isolated and characterised.

/V-ethyl-2.6 -dimethyl piperidinium salt 63

1H-NMR fCDCI.q. ppm, 400MHz) Ô 1.17 (t, J = 7.2Hz, 3H) 1.26 (d, J = 6.7Hz, 

6 H) 1.13 (d,J = 6.9Hz, 6 H) 1.51 (d of b m J~12Hz, 2H) 1.65 (d of b m J~12Hz,

2H) 1.84 (d of b m J-12Hz, 2H) 2.96 (d of d, J = 7.1Hz, 2.8Hz, 2H) 3.15 

(b m, 2H) 3.30 (d of d J = 7.2Hz, 2.1 Hz, 2H) 3.45(b m, 2H)

13Ç-NMR (C D C h . ppm. 1 0 0 MHz) Ô 5.5,14.8 (CH2Ç H 3) 17.2,18.0 (^(CH a)

22.9 (C4) 32.3, 25.7 (C3&5) 42.3, 37.8 (ÇH2C H 3) 58.3, 61.7 (C2&6)

/V-neopentyl-2.6 -dimethyl piperidinium salt 64

1H-NMR (CDCh. ppm, 400MHz) Ô 1.11 (s, 9H) 1.13 (s,9H) 1.45 (d, J = 6.2Hz, 

6 H) 1.54(d, J = 6.3Hz, 6 H) 1.6-1.8 (m, 4H) 2.96(d,J = 3.2Hz, 2H) 3.30(J = 

3.2Hz, 2H) 3.34 (b m, 1H) 3.66 (b m, 2H)
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130-NMR fCPClA. ppm, 100MHz) S 23.0 ( C 4 )  19.1,20.1 (£(CH3)2)26.0 ( C 3 & 5 )  

28.8, 29.9 (GH2C(CH3)3) 31.8, 32.0 (C(CH3)3) 63.2, 66.1 (Cg&e) 55.2 

(CH2C(CH3)3)

A/-adamantvl-methvl-2.6-dimethvl piperidinium salt 65

1H-NMR (CDCI3 , ppm, 400MHz) 8 1.35 (d, J = 6.9Hz 6 H) 1.56 (m, 6 H) 1.55 (d, 

J = 7.0Hz 6 H) 1.62 (d of b m J~12Hz, 6 H) 1.78 (d of b m J-12Hz, 6 H)

2.02 (c m, 2H) 2.58 (d, J = 3.2Hz, 2H) 3.00 (d, J = 3.2Hz, 2H) 3.24 (c m, 

1H) 3.61 (cm 1H)

13C-NMR (CDCI3 , ppm, 100MHz) 8 19.9, 23.0 ( C 4 )  30.1, 26.2 ( C 3 & 5 )  32.6,

35.5, 40.9, 41.2 (CHglAd)) 27.8, 28.0 ( Q H { A d } )  17.5, 19.0 (CiÇHs)) 64.5,

65.5 (C 2 & 6 )  32.5, 33.7 ( C H g Ç l A d ) )  67.3, 54.5 ( C H 2 - A d )
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Conclusion

Eclipsing of N-CH2 bonds in cyclic and acyclic neopentyl amines has 

been demonstrated, but this phenomenon becomes less important in acyclic 

tertiary amines with increased branching of the other alkyl groups.

When eclipsed cyclic and acyclic neopentyl amines are protonated 

eclipsing is no longer the ideal minimum, however cyclic protonated amines 

with flanking substituents at the 2 and 6 positions still exhibit eclipsing.

Eclipsed bonds are associated with a high rotational barrier and for a 

number of compounds a novel equilibrium between eclipsed-equatorial and 

anti-staggered bonds has been established.

Elucidation of the relative importance of ring inversion, nitrogen 

inversion and bond rotation in cyclic amines has been achieved and nitrogen- 

inversion coupled with bond rotation in acyclic amines has been discussed.

General Experimental Considerations

a) General

Microanalysis were carried out by the Microanalytical section of the 

Chemistry Department, University College London.

Mass spectra were recorded on a VG7070H mass spectrometer with 

Finnigan Incos II data system at University College London.

Column Chromatography separations were performed using Merck flash 

silica (200-400 mesh) as the stationary phase.

Melting points were determined using a Reichert melting point apparatus

Molecular Mechanics Calculations MM3 3 3 .3 4  and MMX^I are based on 

MM3 and MM2 force field respectively.

All experiments using moisture-sensitive reagents were carried out 

under an atmosphere of dry-nitrogen. All solvents and reagents were obtained 

from commercial sources and used without further purification. Glassware and 

syringes for moisture-sensitive reactions were dried in an oven at 130°C.
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Reaction temperatures below 0°C were obtained by cooling acetone with solid 

carbon dioxide pellets

b) NMR

i) General

Routine NMR spectra were recorded using a Varian VXR400(400 MHz) 

spectrometer, operating at 400MHz for and 100.6MHz for '•^C.

NMR solutions were approximately 0.1 M. A 5mm, switchable variable 

temperature probe was used for both and  ̂H NMR spectra, the spectra 

being recorded in a pulse Fourier transform mode.

Temperature calibration of NMR samples in a variable temperature 

experiment was effected using a chemical shift thermometer consisting of an 

NMR tube containing neat 2-chlorobutane89.

Tetramethylsilane was used as a reference compound in all cases, and 

chemical shift values given in this work are measured on the S-scale in parts 

per million (ppm).

The samples for the low temperature spectra were prepared by 

connecting the NMR tubes, containing C3 D6 O or CD2 CI2 solutions of the 

compounds to a vacuum line and condensing gaseous (CHF2 CI, CHCI2 F) by 

means of acetone in dry ice. The tubes were subsequently sealed and 

introduced in the pre-cooled probes of the spectrometer equipped with 

standard variable temperature devices. The measured temperatures are 

believed to have errors not exceeding ±3°G.

The lineshape analysis has been carried out by means of a program 

based upon the Bloch equations^G.

ii) Conditions for NOE difference Spectroscopy

NOE difference spectroscopy experiments were carried out on

undegassed sample. A typical difference experiment was performed in the

following manner: a total of 64 on-resonance, 64 off-resonance transients were 
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recorded, a block size of 8 being used with interleaving of the off-resonance 

and on-resonance spectra.

A pre-irradiation time of approximately 6 seconds was used with the 

decoupler being gated off during a 3.5 seconds acquisition period.

iii) Conditions for NMR integration of signals

To minimise the errors associated with the NMR integration of a signal, 

the following precautions were taken.

1) A digital resolution of at least 10 data points/Hz or greater were used.

2) Spectra were essentially noise free, particular care being taken to 

ensure the spectrum was well phased and possessed a flat baseline.

3) The spectra were derived from unweighted FIDS since resolutions 

enhancement functions have the effect of suppressing the intensity of broader 

lines relative to sharper lines.

4) Planimetry rather then electronic integration of a signal was used for 

determining signal intensity.

c) Crystallography

The crystal structure determination was carried out by Dr D.A.Tocher and 

was solved by direct methods and developed by using alternate cycles of least- 

squares refinements and difference-Fourier synthesis. All non-hydrogen atoms 

were refined anisotropically while hydrogens were placed in idealised 

positions (C-H 0.96Â) and assigned common isotropic thermal parameters 

(V=0.08Â2) 2124 reflections (remeasured every 97 scans) showed a 10% of 

intensity during data collection.

Data were corrected for Lorentz and polarisation effects and for crystal 

decay. The 1257 unique data with 1>1.5 a (I) were used, and the final least- 

squares refinement cycle included 189 parameters and did not shift any 

parameter by more than 0.35 times its standard deviation. R=0.0641, Rw= 

0.0687.
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