PREFACE

Interest in the conformations of cyclic systems
with more than six atoms in the ring became considerable
when the difficulties of synthesis of such compounde, and
thelr abnormal reactions, were reported. However, the
classical methods of conformational analysis, which were
used to solve many problems associated with six-membered

rings, have not been applied as extensively in larger

rings end have yielded only very 1im!ted information, The
present work describes the application of some more recent

technigues, involving nuclesr magnetic resonance spectros=
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copy (HeMeRe), to studies of conformations in seven- and ‘.l
elght-membered rings. Hew evidence supporting the crown

conformation of cyclo8ctane is presented.

e AT i e e TR R A K

The author wishes to thank his research director,
Dre FedoLe Anet, for his guidance and encouragement, and in
; particular for his timely suggestions which led to the
combination of several recently developed techniques in this }
worke Thanks are also due to Dr. Anet fop operating the
NeMoRe spectrometer, to Mrs. S. Osgerby for preparing
2,2,6,6-tetradeuterio-h-deuterozycyclohexanone, and to
5 fellow research workers for helpful discussions end assistance,
; The kind assistance of two research chemists of the

dational Research Council of Canade is gratefully acknowledged.

[V



SERIPINA

- i1 =

Dr. F.P, Loasing carried out the mass spectrographlc analysis.

Dre LoCo Loitch supplied the sample of deuterated cyclohexane.
This work was made possible by financial assistance

from the National Resesrch Council of Caneda, in the form of

scholarships for the years 1961«62 and 1962«63.




o 111 -

TABLE OF CONIENTS

Page
PREFACE . i
LIST OF TAELES, v
LIST OF PIGURES. vi
ABSTRACT, viil
INTRODUCTION
(a) General, 1
(b) The Seven=Membared Ring. 5
(e) 'The EighteMembered Ring. 8
(d) Some Relevant N.M.R. Techniques. 13
(e) Applications of N.M«R. to Conformational
Analysis. 20
PART I+ = A STUDY OF CYCIOHEPTYL ACETATE
EXPERIMENTAL 26
4
RESULTS 30
DISCUSSION 10
4 "
g‘ PART IY¢ « RING INVERSION IN CYCLOOGTANE
§ —
; EXPERIMENTAL
% A. Synthesis, Ls
Be N.MeRe Studles. 19




B~ s AT

s o BV 2205 et S A T N 055 Bk Sl

Page
RESULTS
(a) The Massively Deuterated Cyclo8ctane, 52
(b) The Diimide Reduction Procucte 6t
(¢) Moment Analysis. 66
DISCUSSION
(a) Ring Inversion. 69
(b) The Conformation of Cyclo8ctane, 61
(c) Conclusion. . 9
CLAIMS TO ORIGINAL RESEARCH. 96
BIBLIOGRAPHY . 98



Table

II

II1

IV

VI

VII

VIJI

IX

XI

LIST OF TABLES

Analysis of a=Proton Decoupled Speotra of
the Deuterated Cycloheptyl Acetate XV,
Analysis of the Low Pield (X) Multiplets

of XV.

Calculation of an(ABbMultiplet of ¥V atH5°

(AB)2 Multiplets of XV,

Analysis of the Spectrum of the Deuterated
Cycloheptyl Acetate XV,

CycloBctane Inversion Rates from
Separation of Maxlma.

Cyclolctane Inversion Rates from Line
Broadening.

Reaction Parameters by Least Squares
Analysis.

Moment Analysis of Cyclohexane and
Cyclo8ctane.

Geminel Coupling in Massively Deuterated
CycloBetane,

Kinetic Data of Ring Inversion in Cycloe

hexane and Cyclo8ctane,

36

39

36

57

60

68

76

93



b
Te

8,

9.

10.

11.

12.

LIST OF FIGURES

Solvolysis of the S=t=butyleyclo=

Setyl tosylates.

The Karplus relationshlip.

Cycloheptyl acetate spectra.

The high field multiplet of deuterated
cycloheptyl acetate (209),

The high=field multiplet of deuterated
cyoloheptyl acetate (-9S°).

The X multiplet of an (AB)2X spactrum,
The synthesis of 3,3,4,4,5,5,6,6,=0cta~
deuteriocycloheptyl acetate.

Changes in the sigmal shape of
masgively deuterated cycloBetane

near Tc‘

Cyclo8ctane at -135°,

Temperature dependenco of the inverslon
rate constant, %3: ’

Masgsively deuterated cyclodctane, at
-18°%,

The cyclodetane formed by diimide

roduction, at -1350.

11
1
3

3

33
35

ok

62

&5

65



15,

16

The synthesis of deuterated cyclo=
8ctane,

Proposed conformations of cycloe
Botane.

Diimide reduction of deuterated
1,5=cycloctadiene.

The oyclodctane conformations, showing
the dihedral angles between cis

vicinel nrotonsa

Page

15

82

85

87



i
EX
i
p
bd
k)
z
B
o
&
¢
1
r
B
<
1
i

SRASES i

e s

- vill -

ABSTRACT

Part I

In order to obtain coupling constants in a gevene
membered ring, 3,3,4,4,5,5,6,6=0ctadeuteriocycloheptyl acetate
was prepared in several stepa from 2,2,6,6-tetradeuterioel=
deuteroxycyclohexanone, available from a previous investigation,
The N.MeRe spectrum of the acetate showed no "freezing out" of
conformational isomers dovn to -110°, Analysis of the (AB)ZX
spectrum at 20° and at -95° indicated an unexpected variation
of the pgeminal HeH coupling constant, JAB’ with temperature,

as woell as variation of the vicinal couplings.

Part 11

Massively deuterated 1,5-cyclofctudiene was prepared
from hexadeuteriosl,3-butadiens by acetophenone- catalysed
photolysis to give a mixture of diéers, followed by |
pyrolysis of this mixture at 1900. Chromntographic
goparation of the 1,5~-cyclolictadiene and catalytic reduction
of this compound with deuterium gas ylelded a masslvely
deutercted cyclodctane containing larze proportions of the
desired mono=~ and dieprotonated compounds, CBHD15 and C8H2D1h'
Proton magnetic resonance spectra of this product, in vinyl
chloride with deuteriun spin decoupling, were obtained between

~50° and -1&80. At -135° two sharp linecs, of relative chemical



shift 18,8 c.p.s., wers obtained. These became broader at
higher temperatures, coalesced at -111,5°%, and finelly
gave g single sharp line. The sigal shapes allowed
caleulation of rates of the inversion process between -101°
and «119%, ‘the sctivation energy of thils process was found
to be T.] kcals/mole, the free energy of activation,
841 keal./mole, and the entropy of sobtivatlon, ollob 9eute
Diimide reduction of fully deuterated 1,5«cyclo-
8ctudiens ylelded & cyclobietane containing two palrs of
protons, each pair in a gisg vicinal relationship, at the
1,2 and 5,0 positions. The proton spscirum ot ~135° showed
an additional small splitiing, tut was otherwlse quite similar
to the spectrum of maseively deuterated oyclodetanse The
spectrum was interpreted, using the iarplus relationship,
as ovidence favouring the erowa conformetion.
Yo significant udditionsl results were obtained

from an analysis of cycloBcetane by svsctral momentee



INTRODUCTION

a) genersl

The term "conformation" denotes a unique gpatial
arrangement of the atoma in e given configuration. In oyclioe
structures, the mmber of possible stable conformetions is
geverely limited, making an analysis to determine which are
present relatively easy. Such analysis can be of great
value, since it has beon found that physical aid chemioal
properties are related to preferred molecular conformations.

The first significant studies in this direction
dealt with the cyclohexano ringe It had long been recognized
that this ring oould exist, with no appreciable distortion
of bond lengths or bond angles, in elther of two conformations,
tho chair (I) or the boat (1I)s After 1940, evidence in favour
of the chair form accumulated from geveral different methods
of investigationj the decreaged stability of the boat was
ascribed to strong non-bonded interactions of_eclipsed
substituentas Electron diffraction studiee by lagsell and
cosvorkers (1) demonstrated the different properties of the
two distinet substituent positions, axial snd eguatorial, of
the chair form (H‘ end Hy in I}, Interconversion between chair
conformations was found to have an aotivation energy too small
to allow the isolation of the separate conformational 1somers.
Extensive studies, notably by Barton and co=workers, on fused

sixemembered rings confirmed and extended the work on simple






systems. In some cages, ring fusion prevented interconversion
of oonformers and allowed comparison of the behaviour of &
gubstituent in a pursly axlal or purely equatorial conformation.
Prom similar considerations, a systematic chemistry of fused
cyclonexane systems was built up (2, 3, 1)} this replaced the
empirical rules that had previously been developed to explain
the observed reactivities and préduots in such systems. The
most stable conformation is generslly that in which the
largest number of rings are in the chair form, and the largest
nunmber of substituents occupy equatorial positions. Rates of
reaction of ring substituents are often highly dependent on
conformation, because of certein spatial relationships
necessary to form the transition atate.

Exceptions to the usuel rules aré lmownj in such
sages the abnormal conformation can be explained by spacial
structural features of the molecula. An example is {rangel,3-
di«tebutyloyclohexane, which oxists in the boat form (5).

The chair form would have an axial tebutyl group, with resultant
very large steric repulsion between thls group and the exial
nydrogens, This destablligation of tha chair causes a boat
structure to be the most stablej the strong interactlons
petween eclipsed vicinal hydrogens in the regular boat (II) can
be decreased in a twisted boat form (11a).

Attempts to determine the conformations of larger
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rings are more recent, although interest in the subject
developed early as a result of attempts to explain the
difficulties in synthesis of these compounds. The larger
rings pose problems quite unlike those encountered in sixe
membered systems, The geven-membered ring, and especially
the "medium" rings of eight to twelve members, have large
strein energles vhen compared to the corresponding straighte
ohain species (6). The ease with shich the medium rings
undergo transanmler reactions (7) further demonstrates
the presence of abnormsl offects in these ringsj substltuents
on opposite sides appear to he crowded olose together. These
rings cannot exist in an esgentially strainefree conformation,
as cyclohexane cane. The stable conformations are those in
which the strain energy is minimized. A sharp energy minimum,
corresponding to one definite spatial arrangement, is not
necessarily presents instead, the minimum could correspond
to a 1imited range of conformations, free to interconvert
by pseudorotation. Interpretation of such systems 18
difficult, The use of molecular models does not yield much
{nformation since non-bonded repulsions cannot easily be
represented.

Other difficulties arise. The number of possible
conformations increases greatly with increasing ring size,
Hendrickson congidered four poasible conformationsin his

calculations on cycloheptane (8)s Also, in a given conformation
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there may be several types of substituents. Hendrickson

has oaleulated that cycloheptane in its rost gtable conformation
contains seven diatinet substituent positions (8,9)s Fortunately,
cyolodotane 1s believed to be much less complex. In yet larger
rings, however, the number of possibilities vastly inoreases.
Although conformational analysis is highly significant vhen
applied to most oyclle compounds, it loses its spesial usefulness
{n very large rings which are almost as flexible as the
corresponding open=chain compounds. Analysis of such systems

has not yet been attempted.

Some information concerning the conformations of
gaturated sevene and eipghtemembered ring systems has been
obtained by classical shemical methods. Now, new techniques
are available which allow knowledge 1naccessible by olassical
methods to be obtaineds One of these, nuclear magnetlec resonance
spectroscopy (Ne¥eRe), has wide scope and is quite easy to
applye NeMeRe procedures pelovant to the present study are

discussed in a separate section.

b) The Seven=Membered Ring

The seven=membered ring can be considered in the
1icht of recent calculations by Hendrickson on the conformational
stabilitloﬁ of cycloheptane (8) and eimple derivatives (9).
In these, the most detailed which have been reported, geni=

empirical expressions were used to relate the effects of all




known geometric variables to energy. Since good agresment
with experimental results was obtained in caloulations on
cyclopentene and oyclohexane, it is reasonable to assume the
validity of caleuletions, by the same method, on cycloe
heptane. 7he ring was found to exist in two conformetionsl -
families, based vn III and IV, analogous to the chair and
boat forms of cyclohexans. The chair is of lower energy.
Both hhvo serious axial HeH interactions, whick are minimized
in the corresponding more stable twistechair (V) and twiste
boat (VI) forms., Many difierent substituent positlons exist}
there are two main types, analogous to axial and sguatoriel
in cyclohexane. Bond angles are slightly distorted. Even
with bulky substituents at low temperatures, no "freezing-
out" of conformational isomers 1s expected because of very
low energy barriers to pseudorotation.

Chemical methods have indicated the flexible nature
of this ring. For example, both the cis- and the trans-1,2-
cycloheptanediols emsily form cyclic ketals, whereas only the
cig=1,2-07clchexanediol can form the ketal under the same
conditions (10)s Recently, Huffman and Zngle studled the
deamination of the cis= and trans-2-aminoecycloheptanols (11).
The product distributlons were explained by assuming
flexibility of the ringj this was necessary to satisfy the



e

=
<l

I<l|
<

=|
=
=




known steric roquimonh of the deanination reaction, The
present study of cyclcheptyl asetate was carrisd out as an
atteapt to ascertain the conformations present, and the
degree of ring flexibility, in this ecycloheptane derivative,

o) ZThe Eight-Nembered Ring

No caleulations similar in detall or relisbility
to those on cyoloheptane have been earried out on an eighte
membered system, Tho three conformations of cyclofctane which
have been seriously considered are the crown (VII), tub (VIII),
and chair (IX), Of these, only the crown appears to be free
of the most serious strains due to large diaxial and eclipsed
viocinal non<bonded interactions., However, repulsive none
bonded interactions can in some cases be minimized by
deformation or skewing to yield modified structures which are
energetically more favourable, Calculationa performed by
Allinger, based on rotational energy barriers, favoured the
sltowed crown form (12)s A more detailed treatment by Pauncs
and Gingberg indicated that the crown was the regular form of
lowest energy, but predicted that angular deformation in the
chair would yield a more stable formj the effects of skewing
were not considered (13), Neither method of calculation
congidered all the relevant variables,

Most conclusions based on experimental work have

favoured the crown or skewed crown conformation, Infrared

i!.'
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studies have been carried outs Chiurdoglu and co=workers
investigated the methylene sclssoring frequenciesj their
results indivated the skewed orown structure (14). Bellls

and Slowinskl studied the infrared and Raman spectra in

great detail} in one region of the spectrum, the observed
lines were not consistent with the theoretical spsotrum of

the crown form (15), They proposed the tub conformation as

the most probable, but did not execlude a distorted orown

form. Both invintigationu indicated that a single conformation
vas present., An electron diffraction study was inconclusive)

the orown form was the most compatible with the results, but

it was not possible to exclude a mixture of rotational

f{somers containing a high proportion of the crown (16)« An
Xeray diffraction investigation of the closely rolatod‘
azacycloBctane hydrobromide indicated a skewed crown structure
(17).

There is strong chemical evidence that a crown
conformation is involved in the reactions of substituted
cycloBctanes. Cope and co=workers have demonstrated both
1,5 and 1,3 concerted hydride shifts in cycloSctene oxide
(18). These results are difficult to explain on the basis of
any conformation other than the erown., Allinger and Hu
carried out a catalytic equilibration study on the ¢is and
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trang Lecnars of 1,3-dtmsthyloyclobotans (19). ' The isomers
were :found to have similar stabilities. This roqult‘ excluded
the tub conformation bacause in this forn the sis isomer would
be mush less stable than the fraug, as & roauit of one methyl
group being in a highly hindered axial position. The
solvolysis of the gise and m-s-‘g-butyloyelgdctyl tosylates
1s readily interpreted in terms of a erown structure (20).

The proposed reastion sequence ig shown in Fige 1o The different
product ratios obtained from the ¢is end trans isomers (XIIs
XIII ratios of L1l and 112, respectively) suggest that &
oompetitive path, nvolving elimination of the t_oayl group
with anchimeric assistance from the C5 hydrogen, a8 in X,

1s possible in the cla isomers A gimilar {ntermediate 1is

not formed in the case of the trans lsomer XI because the

geometry 18 unfavourable, The reasoning rests on the

assuuption, amply verified m~ gix-membered rings, that the

steric interactions of the tebutyl group are go large that
only the conformstion in which this group is equatorial can
be present in significant smount (21)e The conformation proposed

i{s not the regular erown but a tstretched! or t gewed! crowvd

in vhich there are three similar but distinet types of carbon
atoms, and henge three types each of axial and equatorial

gubstituents. This complication does not seriously affect the

reasoning involveds
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Figure 1, Solvolysis of the S-E-butylcycloaotyl tosylates.
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The information available concerning the conformations
of sightemembered ketones has recently been re=interpreted
in terms of orown structures (22)., Thus the orown appears
to be wsll established as the dominant conformation in eighte

membered ring systems.

d) Some Relevant N.H.R. Technigues

The introduction of nuclear magnetic resonance
gpeotroscopy (N.M.R.) allowed a more direct approach to some
conformational problems. Hany reviews of N.M.R. are available
(23-26), Rarly in its application to organie chemistry, o
Lemieux and coeworkers showed that the chemlcal shifts of
substituents in polysubstituted six-membered rings depended
on their sonformational positions, and further, that the
magnitude of the coupling of vicinal protons depended on the
conformational relationship between them (27)« These
empirical conclusions wore very soon applied in the deternmination
of configurations (20,29). Karplus supplied a theorstical
basis for the variations of coupling constants by approximate
valence bond calculations of electron=coupled spin interactions
(30)s The magnitude of the vicinal coupling was found to very
with dihedral angle as in Plg. 23 good agreement with the
experimental data was obtained. Suitable model éompoundg,
yielding coupling constants for a wide range of dihedral

angles, further support the relationship (31,32).
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In early wrk, configurations were dstermined by
application‘or the accepted rules of conrogggggggglﬂatabillty
in the interpretation of N.¥,R, spectra. The converse,
conformational analysis of compounds of known configuration,
also appears feasibles From the observed coupling constants,
dihedral angles may be estimated in favdurable casosy this
can greatly reduce the mumber of possible conformationsg and
simplify analysis. Unfortunately, applieation of this method
is limited to systems in which vieinal coupling constants can
be determineds This requires a relatively simple N.M.R.
spectrum, either first order, in which coupling constants may
be obtained directly, or consisting of simple patterns of
strongly coupled multiplets, in vhich case analysis is more
difficult but still possible. Many sugar derivatives are
suitable becauss relatively few protons, often well chemically
shifted from each other, are nresent on the ring, Simpler
alicyclic compounds, such as the saturated hydrocarbons and
thelr mono= and disubstituted derivatives, are less suitable,
Fewer peaks are obtalned in the speotra, but strong coupling
among many proions of simllar chemical shift ylelds very
complex spectra which cannot be analysed. Use of the Karplus
relationship in such cases requires a device for simplification
of the spectra.

The work of Lemieux and coe~workers opened a second
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possible approach to conformational analysis. Axial and
squatorial substituents were found to give rise to signals
chemically shifted from each other. If similap agparate
resonands could be detected in simpler systems, the
“proportions of conformers present could be determined by the
relative areas of the peaks, However, rapid intereonversion
between conformers at room temperature has been found to
average the signalsj to observe them separately, it has been
necessary to slow down the rate process.

Another possible approach to the study of
conformation s the determination of the rates of interchange
of the stable forms, Classical methods of chemical kinetios,
depending on a net chemical change in a system over a period
of time, are not applicables A kinetic approsch did not o
becoms practicable until the development of methods for the
study of processes involving no permanent chemical change.
One such method, quite easy to apply, makes use of NeM«R.
spectra end depends on the observed shape of the signals
obtained from nuclel, on sites chemically shifted from each
other, which are undergoing mutual exchange. Signal shape
changes with exchanpge rate, in a regular fashion, if the mean
lifetimes of nuclel on the sites are of the order of
magnitude of the inverse frequency separation which would

be obgerved between the peaks in the absence of an exchange
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process, If the rate of exchange 1s much greater than this,
le0s, if the 1ifetime on a site is amall, the sigmals are
averaged together to give a single line. On the other hand,
if the rate of exchange is much less, the separate signals
appear, with their normal chemical shifts and any fine
structure expeoted due to spinespin interactions. The
theoretical considerations and early applications have been
reviswed ((23), Ch. 10, 1)} & new review will be available
shortly (33).

The ohanges in signal shape are related to rates by
mathematical treatments similar to that of Gutowsky and Salka
(34). The rate process involved can be intermolecular, 0efle
proton exchange betwaen an acid and water, or intramolecular,
o.ge rotation about a bonds The first investigation of an intrae-
molecular process, by Gutowaky and Holm, proved the existence of
restricted rotation about the central C«N bond of dimethylamides,
and provided kinetic data on the process (35). Many similar
rate investigations have been successful. 0f special interest
are the additional methods of obtalning kinetic data from the
spectrum, developed by Piette and Anderson (36) and by
Loewenstein and Meiboom (37,38)s The relative merits of these
methods in the present investigetion will be discusseds A more
genaral but quite complex method of analysis, applicable to
complex spinecoupled chemical shift multiplets, has recently
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been put forward (39), Other methods, not applicabls in the
present investigation, have been epplied. One of thess
utilizes the coalescence of spinegpin doublets rather than
chenieal shift doublets (4O0,41)s More specialized procedures
make use of quadrupole interactions (42) or the presence of
paramagnetic speocies (43). N.M.R. has also been used as a
device in classioal kinetic anslysis, to observe slower
exchange processes by the use of an isotopieally enriched
materialj changes in peak intensities can be observed over e
perdod of time (4, 4S),

Ring inversion appesrs well suited to kinetic
analysis by N.M.Re If the ususl range of relative chemical.
shifts is present,the mean lifetimes which can be meagured
are quite short, of the order of 10° to 10°¥ secondss Early
evidence (1) indicated a rapid rate process in the cycloe
hexane rings Axial and equatorial substituents, which intere
convert in the ring inversion process, have different chemieal
shifts, Thus the fundamental requirements for an N.M.R.
investigation of rates are fulfilled. In mono=gubstituted
compounds, the aeproton is the most suitable for investigation
since it is usually well chemically shifted from all other
protons. However, early investigations ylelded only a.single
broad peak for this proton, Interconversion is rapid at room
temparatire and averages the signalej the broadening results

from ccmplex unresolved couvlinz patterns in each of the two



signals which are averaged, It has proved possible, by the
development of techniques for obtaining spectra at very low
temperatures (36), to resolve the signal into its axial and
equatorial componenis. These, however, consisted of brosd
bands of unresolved multiplets, and did not allow the
determination of accurate rate date. Unfortunately, kinetlc
analysis, 1ike analysis based on the Karplus relationship,
{s severely linited by requirements for simple spectra.

The limitations described have led to great interest

in techniques leading to simplified spectra. One such
technique, double irradiation, is effective only when applled
to & nusleus well chemically shifted from its nelghbours;
hence it has not been important in the study of the strongly
coupled systems in queation. On the other hand, technigues

of deuteration which have recently been developed are very
useful, These rest on the fact that deuterium is "¢pansparent”
in the proton magnetic resonance spectrums The only obgerved
effects are small coupling and quadrupolo’ Interactions with
nearby protons, which normally ceuse only & broadening of these
proton signals. Even these gmell effecte 6an be removed by
double irradiation at the deuterium resenance frequencys Thvs
a compound is avallable which, although it is essentially the
same chemically as the nonedeuterated compound, has &

simplified N.M.R. spectrum. An early application was the




practioe of using nzo as & solvent for compounds contalning
acidic protonsj the easy replacement of these protons by
dsuterium simplified the spectra. The related device of
inclusion of deuterium in éertain known positions in a

molecule as part of its synthesis, in order to obtain asimpler
spectra, has been applied in conformational analysis.

Examples will be diascusseds An additional, different deuteration
progedure has been reported by Tiers and cosworkers (L46)s Aro-
mafic spectra were simplified by random replacement of hydrogen
by deuterium until 75-95% of deuterium was present. Most of

the residual protons were surrounded by deuterium, and hence
ware coupled only to deuterium. The proton spectra: showed

only the amall splittings and line broadening characteristic ‘
of proton~deuterium interactions and hence allowed the
determination of the true chemical shift values. In the

absence of deuterium thege ccmpounds yleld highly complex
gpectras This thesls deseribes the first application of this
nassive deuteration method to conformatfonal analysis, in
conjunction with spin decoupling of the deutsriun to yleld

sharp singlets for the residual protons.

8) applications of N.M.R. to Conformational Analysis

Extensive studies of ring conformations by N.M.R.

have been carried out in the six-membered geries, Some
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examples involving simple cyclohexane derivatives can
i1lustrate the scope of the msthods available.

The proportions of axial and equatorial conformers
in cyclohexyl bromide were estimated from the chemfcal shift
of the a=proton resonanse (7). The cis- and trans=l-f-
butyl compounds were synthesised to yleld chemioal shift
values for the aeprotons of the "pure" conformers (21)s
Proportions of conformers in the simple bromide wore ontimated
by assuming an averaging of the "pupe" chemical shifts, Monoe
and dihalogenated cyclohéxnnns have also been examined at low
temperatures to allow direct observation of separate axial
and equatorial resonances as broad bends (48,49,87). The
spectrum of one dibalogenated compound was slmplified by
deuteration adjacent to an e=proton to yleld geparate sharp
singlets for the conformers at low temperature (50). Generally
the halogens showed only & slight preference for squatorisl
positionsj in some dihalogenated compounds & diaxial form ls
more stable. |

necause the relative chemical shift between the
g=proton's axial and equatoriel conformers {s quite small in
cyclohexanol and its esters, & good separation of aeproton
signals was not obtained at low temperatures. Analysis of
the acetate might prove feasible gince at low temperatures
the acetate peak should separate into axial and equatorial

componentss A similar case in a more complex system has been
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reported (51). Until now, however, detailed study of cyclo-
nexanol and its esters has required selective deuteration

of the ring. In this laboratory, Anet synthesised

3,3 140405 ,5°hexadeuteriooyslohexanol and its acetate; the
remaining ring protons ylelded welleresolved (AB)ax patterns,
slightly broadened by coupling with deuterium (52)s Analysis
by ooupling constants was carried out. Synthesia of the
corresponding ois and trans pentadeuterated l=f-butyleyclohex~
anols supplied models for the 'pure! axial and equatorial
hydroxyl conformers. Coupling constants in these were much
ap expected from the Karplus pelationshipj these were related
to the coupling constents in the simple alcohol to yleld an
estimate of the proportion of conformers, The acotato was
analysed from the separate axial and equatorial ceproton
ragonances which could be distinguished at «110%, Caloulation
of the room temperature squilibrium wes based on the observed
low temperature coupling constanis. The first part of the
present work ie an attempt to extend this remoto deuteration
technique to the analogous goven=membered alcohol.

4 different selective deuteration approach was
utilized by Lewin and Winstein (53). In a serles of gls-
and133595-2,2ﬁ,6-tetradeuterio-h—alkylcyclohexanols, the
1=proton sigmal appeared as & sharp singlets le-Proton
chem$cal shift data from the cis= and trans=l=t-butyl model

compounds were applied in the estimation of proportions of
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conformers in,tho series, This adjacent deuteration
technique has also been used, by Réeves and co=workers, in
a lov temperature study of cyclohexyl esters (54), Sharp
a=proton ginglotl. corresponding to the two conformers, were
used to estimate proportions of conformersj rate analyeis
appears feasible but was not attempted,

A fow sixemembered heterocycles have been
investigated successfully (55,56,57), one by the use of &
deuteration technigue (56), However, detalled information
has not been obtained from N.MeRe spectra of alkyleyclohexanes
(58)s The ae-proton i1g not appreclably chemically shifted
from nearby protons and cannot be cbserved geparately. A
recent study of methyleyclohexane by ultrasonic relaxation
{ndicates that, although it cannot be investigated by NeMeRe)
a similar process of repld intepconversion between conformers
is taking place (59).

Thus N.M.R, studles have supported the bellef that
conformers of simple gix-membered rings {nterconvert readilye.
Kingtic analysis has yielded activation energies of the order
of 10 keale/mole for the processe In most cases the expected
preference of bulky substituents for equatorial positions
nas been observed. One 1imitation to the extension of
conformational analysis by NJH.R, 18 the aifficully of

synthesis of many of the deuterated compounds vhich are
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conformers ln‘thn series. This adjacent deuteration
technique has also been used, by Riovos and co=workers, in
a lov temperature study of cyclohexyl estors (54), Sharp
ge=proton gingletl. corresponding to the two conformers, were
used to estimate proportions of conformersj rate analyels
appears feasible but was not attempteds |

A fow sixemembered heterocycles have been
investigated successfully (55,56,57), one by the use of a
deuteration technique (56), However, detailed information
has not been obtained from N,M.R. spectra of alkyleyclohexanes
(58)s Tne a-proton 1s not appreciably chemiocslly shifted
from nearby protons and cannot be observed geparately. A
recent study of methyleyclohexane by ultrasonic relaxation
{ndicates that, although it cannot ve investigated by NeMoRey
a similar process of rapid intepconveraion between conformers
1s taking place (59).

Thus N.M.R. atudles have supported the belief that
conformers of simple gix-membered rings {nteprconvert readily.
Ki{netic analysis has yielded ectivation enerpgies of the order
of 10 kcals/mole for the processs In most cases the expected
preference of bulky substituents for equetorial positions
nas been observed. One limitation to the extension of
conformational analysis by N.MeRe is the difficulty of
synthesis of many of the deuterated compounds which are
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conformers ln'tho aerioa.v This adjacent deuteration
technique has also been used, by Réeves and co=workers, in
a lov temperature study of cyclohexyl esters (54), Sharp
a=proton qinglotn, corresponding to the two conformers, were
used to estimate proportions of conformersj rate analysis
appears feasible but was not attempted.

A few sixemembersd heterocycies have been
{nvestigated suocessfully (55,56,57), one by the use of &
deuteration technique (56). However, detalled information
has not been obtained from N.M.R. spectra of alkyleyclohexanes
(58)s The a=proton is not appreciably chemically shifted
from nearby protons and cannot be observed separately. A
recent study of methylcyclohexane by ultrasonic relaxation
indicates that, although it cannot be investigated by NeMeRe,
a aimilar procsss of rapid interconversion between conformers
18 taking place (59).

Thue N.M.R., studies have supported the bellief that
conformers of simple six-membered rinps interconvert readily.
Kinetic analysis has yielded activation energies of the order
of 10 keal./mole for the process. In most cases the expected
preference of bulky substituents for equatorial positions
hes been obgserved, One limitation to the extension of
conformational analysis by NJM.R, is the difficulty of
synthesis of many of the deuterated compounds vhich are
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required to obtain useful spectra.

Cyclohexane, the parent compound of the aixe-membered
geries, is of special interest, Having only two kinds of
substituents, it 1s less complex than its derivatives.
However, as in its simple derivatives, analysis of the
spectrum has been hampered by strong coupling among the
many protons of similar chemical shift. The room temporature
speotrum conalsts of a single sharp line, in accord with the
expected rapid interconversion of chair conformers. Jensen
and co-workers reported that separate axial and equatorial
resonances oould be identified below «66° (60)s A rough
doublet was obtained, but further smsller spinespin inter-
actions gave rise to a very complex, incompletely resolved
pattern. Beoause of the complexity, only an approximate rate
determination, based on the coalescence temperature Te' was
attempted, Harris and Sheppard carried out measurements of
1ine widths near the fast exchange limit as e basis for
caloulationsy a straight line Arrhenius plot was obtained (61).
Piers obtained similar results by the same method in his
investigation of the closely related perfluorocyclohexane,
CePro (62). A very clear coslescence pattern has been observed
in the fluorine resonsnce spectrum of 1,1-difluorocyclohexane
(63).

The approximations involved in the kinetic analysis
of cyclohexane cast doubt on the results, ILven approximate

analysis depended on the presence of only small apparent
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couplings in the system, wich sllowed the signal to be
congidered as arising from a simple chamical shift doublet,
There have baen few applications to sonformational
analysis in the medium rings, Harrls and Sheppard (61)
reported broadening of the gingle peak of eycloatane below
0100°, but no resolution into components down to -113°. The
present work shovs that a simple rate process, similar o
that in cyclohexane, sccursj however, the coupling pattern
15 less favourable and does not allow even an approximate
rate analysis, Deuteration is necessary to obtein simple
spectra, Allinger end Greenberg (20) obteined shemioal shift
valuss of the leprotons in the gis~ and trans-isomers of the
lj» and SetebutyleycloBotyl acid phthalates. Thase were
{nterpreted in terms of the crown sonformationy the isomers "
in shich the l-proton would be axial were found to yleld
signals for this proton which were sonaiderably shemioally
shifted to higher field, These pelative shemical shif%s
of axial and equatorial l=protons (0,32 T in the 5« and
N2 7  In the l=g-butyl compounds} are in aesord with the
results of studies on syclohexans depivatives, in which axial
ring hydrogens were found to occur at nigher fleld. Additional
studies have involved unsaturated aizht~ and nineemembered

ringsy they are nov directly related to ths present

tnvestigation (6l,65)



A STUDY OF CYCLOHEPTYL ACETATE
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EXPERIMENTAL

2,2,6,6-Totradeugario:h-acetogzcxclohegtnnone

2,2,6,6=tetradeuterio=ij~deuteroxycyclohexanone
(XIV) (5.3 go, avallable from a previous investigation) was
acetylated with acetic anhydfido (17.2 ml,) and sodium
acetate (0436 g¢). Reduced pressure distillation ylelded
640 g» (80%) of the l=acetoxy compound (bp. 78+80°/1mun, ) «
This vas added, under anhydrous conditione, to boron trifluoride
etherate (3.5 g) 1n ether (125 ml.) in a one-liter three-
necked flask under nitrogen. An ethereal solutlion of diazo=
methane, prepared from Nen!troso=Nemethylurea and dried 30
minutes over potassium hydroxide pellets, was added until
V.P.C. analysis by peak areas (Pye Argon Chromatograph,
Versamid column (F and 4., Scientific Corporation), 135°)
ghowed 7L of the seven-membered analogue in the reaction
mixture, along with 7% of unreacted starting material and
15% of analogous eightemembered compound. Approximately
300 mole per cent of dlazomethane was required. Reduced
pressure fractionation of the mixture did not yleld pure
fractiona} the best fraction (1.7 gy beps 9194°/1mm, . §
90% of the desired sevone-memberad compound)was used in the

following stepe
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3,3Ig.g.s,5,6,6-0otadouterioozolohggtanol

The above mixture of tetradeuterated ketoacetates
(147 ge) was refluxed two hours with sodium carbonate (1s7 g4)
and deuterium oxide {11 ml.)} most of the deuterium oxide
was distilled off, to yleld chiefly 2,2,6,6,7,7=hexadeuterio=| -
deutéroxyeyclohsptanone, of 974 theoroticai deuterations To
this, & deuterated mixtuio,prepurod by exchange with deuterium
oxide, of hydrasine hydrochloride (348.g4), sodium hydroxide
(2.5 ge), and diethylene glycol (L ml.), vas added, After two
hours of reflux the mixture wes distilled at 230°. Both the
distillate and the residue were extracted with ether, driqd
over Mgsou. and the ether removed. Yield of distillate,
0¢b g, contalning 93% of the goven-membared alcohol by VeP.Ce
analysis. Yield of residue, 0.3 ge) containing 96% of the
goven-membered alcohol.

The residue and distillate were purified by
preparative V.P.Ce (carbow&x;.130°). The identity of the
deuterated cycloheptanol was confirmaed since 1t had the same
retention time es an authentle non-deuterated sample, Yleld,

0.3 po Of 3,3,&,&,5,5,6,6-0otadouteriocycloheptanol.

3,3,ggﬁ,sls,6,6-octadeuter1ocxclohaptxl acetate

The deuterated cycloheptanol (0.08 g.) wes acetylated
by reflux with acetic anhydride (04l ge) in pyridine (1 mle)s
Carbon tetrachloride (5 ml,) was then addedj tho solution was
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washed with 104 HCl, 10% Nuﬂco3. and with water until neutral,
and dried over magnesiun sulphate. Most of the carbon tetra-
chloride was removed under reduced pressurej the remaining
liquid was transferred directly to an N.M.Re sample tube, and
carbon disulphide added.

Integration of N.M.R. pesk areas showed the presence
of an excess of 2,0 protons per molecule over the theoretical}

thus the introduction of deuterium was acoomplished with

only 65% isotopic purity.

NeM.Ro

The N.M.Re. spectra were obtained on & Varian Vel302
60 Hc./sec.high resolution spectrumeter, with approximately
1% of tetramethylsilane as an internal standard, cqlibratlonn
were carried out by the usual side=band modulation technique.
4 deuterium spin decoupler, manufactured by N.M.R. Specialties,
was usede Integration of peak areas was cerried out with
a Varian model V 3521 Integrator. Simultaneous irradlation
of the lowefield multiplet was carried out, using the Varlan
Integrator, by the double afde band method of Freeman and
whiffen (66)s The device for obtaining low gemple temperatures
1g described in Part II of this thesls.

Spectra at 20° and -95° were obtained in approximately
10% solution in carbon disulphide, Analyses to determine

coupling constants and chemical shifts were carried out
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coupling constents and chemical shifts were carried out
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independently on each of three deuterium decoupled spectra
at 20° and at =95°,



RESULTS

NsMoRs spectrz of none-deuterated and 3,3,l,l,5,5,6,6«
octadeuterated cycloheptyl acetate are shown in Fig, 3, Even
the lnprotdn of the non-deuterated compound gave rise to only
a broad unresolved band, while in the dauterated compound (XV)
considerable fine structure appeared. At both 20° and -95°,
the low field (leproton) multiplet of XV showed resolution
into triplets of a triplet, as expacted for the X proton of
an(AB)zx pattern. There was no indication of a "freexing-out®
of conformational lsomers ot =95°, The high £1eld part of
the spectrum shanged considerably with temperature, but all
the expected peaks were not resolved.

The 1nability to observe the (AB)QX pattern in the
high field mltiplet of XV was the result ol severel faotors.
The acetate peak intertfered with part of the multiplet.
Coupling aud quadrupols 1ntapgctions of the Beppotons with
adjacent deutarium broadened the signals and preventad foe
resolngion of some closely spaced lines, 3Sipnels due Lo the
lappe nroportion of isotoplc impurity, shown tu be pressnt
in the remote methylene groups, appeared in the same region
of the spectrum; analysis was complicated by the necessity of
determining which of the observed peaks were pari of the
(AB)ZX pattern.
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It was not possible to eliminate the interference
of the acetate peak or the lsotoplc {mpurity peaks. towever,
double irrediation at the deuterium resonance froquency
eliminoted the interactions with deuterium and allowed
cesolution of additional lines. The dsuterlum decoupled
spactra showed conslderable changes between 20° and -95°
{Fig. La, 5a)3 both were aufficiently well resolved to
permit analyels of the (AB)ZX pattern, in splte of interference
from the isotople impurlty peaks which decreased the accursacy
of the resulis,

deeause of uncertalnties in peak apsipnments in
the alph flold multiplets, an tndopendent analysis was desired.
This proved nossible by a gecond slmplification of the
spectrun, Simultanecus 1ppadiation of the low-field {a=proton)
nultiplet, wille observiny tho Jeuteriun decoupled hirh
£101d portion of tho spactrum, yielded an A3 pattern for
the tuo noneeauivalent Beppotons A ond 3 (#re ho, Be)e
fhese pabterng, wilile pocopalzatlo, wore sarionsly dlatorted
by tiac isotople fmpur! by, thich caused tho two contral peals
to be of unequal Intensitye vne of tha outer poaks was
covored by the acetato peais hecause of the interference Irom
unpelnted sipnals, calculotions from those spoetra yiolded only

pourh estimates of JAE and VAF‘ The cstlaates, however, were

aseful 1n analysin: tho {4} X matterns aineo they indicated

¢
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Figure 4. The deuterium decoupled hiph fleld multiplet of
the deuterated cycloheptyl acetate XV (20°).

a) observed
b) calculated
¢) with additional c-proton decoupling.
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the size of the spacings to be expected in the (AB)ZX quartets.
Thess approximate values of JAB changed greatly with

temperaturs (Table I).

Tabls 1

Analysis of a~Proton Decoupled Spectra
of the Deuterated Cycloheptyl Acetate XV,

20° ~95°
J}\B (00?&80) 146 12,6
VAB (le;so) 11.8 1708

The (AB),X pattern can be analysed eaally; it is
vary similap to the welleknown ADX pattern for which @
slaple solution 1s posgivle (67)s dixing of states occurs
anly batween 4 and B protong bonded to the same carbon aton,
tpig gives rise Lo an X mulniplet which lg made up of wwo
sombined multinlote of the ABY came, as shown la ®lg, b, The
neb essuly te Hha watispn of shyese 11211 relolets as in fliedh,
n rhe oresent ¢ase, although these triplets overlapped; sl
the 1laes could oe identifisds The informetion wvbsalned rrom
the X multiplets is shown in Table 1f. Huch wors nrecise
neasurenents were ovtuined at -95° than at 200; the rapgon for

the low precision at 20° 15 not knouns
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Taple IT
Analysie of the Low Field (X) Hultiplets
of X0
20° ~95°
A L6epess) 7.5 ¥ 0.5 7,87 ¥ 0.2
B (‘ﬂopoﬂl) h.a? ! Ooh 5902 : 04}
i“ﬁx + JBx] {GopoBa) 122209 128 %g.
Dy =D, | {eapess) b fod 13 Fo.2

The analysls of the AB purt of an 133)21 speotum
ta ldentionl to the analyels of the AL pert of an ABX« The
progedurs outlined by Wiberg and Nist (67) was followed.
Some poak saparations equal to J.. were submergad by the large
acetate peak] howsver, since this spacinp ooccurs four times in
Ar 4it multiplet, quite accurate velues of JAB were vbtainod.
At extraneous pesk dus to lsotople impurity could be identifled;
sttampte to include 1t ir the (AB)ZX caleulations ylelded
coupling constants obviously in error, The assignmont of a
gpsctrum at -950 1y ghown in Table 1II, AJuite good agreement
o1 calculated sad observed prak spacings was obtsined at this
tewperaturs. dowever, due to the dlstortions caused by lsotopic
upurity, uo attempt wes made to correlase calculated and
observed intensitlies. Observed intensities appeared to be of
epproximately the correct mapanitude. The resulte obtained

from analysis of spectra at both 20° and -95° are shown in



*wmdugruds Jeed LHAIVBQO PUF PRINTUOTEY L0 R (ILUHOBIDEID a8yl JO SonIBA 83nIosqe

- - ~ 0
*Hedts Q QY = HAYy, segegen %8 = &wﬁ Cemrdes DY = M#ﬁ “ergeden [T = m¢h swoxy
Hearl sj3zujedsw Lq uUePPIY q
weod sSnNoeUVBJIIXS -
53
MG P E2- M 26T
L]
e ?°0 < ve- o - EesT ¢ )
‘ . 2% 6 ; i n
i8°% : i I af ; M L Les0t
“ } vz
* w(2°€0T)
o~ o HeY Y2
o b 1 a8 0 - : 33°00T
el ¢] vz Tz
] 451 G2 + f1*g6
0-0 Tt f Ty
9¢*1 5% w FAIEY €°06
9°0 8%y 9°9 ]
et T AL R AR FAS A
) WQO .N.m.ﬂw ¢ m.&;
qE~G 012+ 2°9.
AiW-.\qu,.u mt%iglcw MMW’*.@’HN\.\H 1% ..u M.Oudalo,v AOWO&A.B
Lapaaanruy @hvﬂm&mh@nw% sdq (oeds wozy *srde-o} M eglent: Jo IJugowds woxy *s°deo)

1. 1-1ed ywad YO EAVS TS maed gxeed

*ZFA POAZOEBQD

aE X6 O TIRTNOLRY




« 1B -

detall in Table IV} the average walues of chemicel shifts

and coupling conatante are show in table V. Wneress chemical
shifes di¢ not change appreciebly with temperature, the
soupling consbants wars guite etrongly temperatura-dependent,
The caleuleted speetrs {Fig. b, 5b) wers pathar simllar

in appespsnes} some of the changss with wemperature in the

obgerved spsctra Ware gaused by the spectral behaviowr of
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Table IV
(AB)2 Mutiplets of XV

i
20° 95°
A P C ' o
poak BLE 180 BLh 762 e T5eb
pos’ tlons 81449 8149 845 83¢7 8ot 83.5
{Capess 9243 89,0  91.9 90.3 90,1 90.3
from By 93T 9642 98y 985 9749
4,80 100 98,7 100,8 1008 1022  100.5

{102,8)%  (101.2)(103.2)  (103.3) (104.2) =
107.1 105.8 108.2 105.7 1069  105.8
(1219)  (120.0)(122.2)  119,2 12,1 118,85

JAB (c.p.s.) 10.5 1049 11,1 1’401 13.7 1309
By Bl 86 Ta2 6.0 bbb
JBX " 308 3.6 5.0 7.0 8.2 806
VAB " 170% 18;8 17.1 1646 190).!. 18.6
V‘“ig (7‘“) 8.21 8.23 8021 8021 8018 8021
W UT) RS0 Bk B9 B9 850 853
discrapancyb

(OQPQSn) 503 343 603 1.9 240 hoz
8

axtraneous peaks are bracketed,

b total dlscrepancy between calculated and observed peak

spacings in a multiplet.




DISCUSSION

The difficulties involved in the analysis of N.M.R.
speotra of simple alleyolic sompounds have been dlacussed.
In the eyclohexene series, ths complex apeetra have.in some
oases been simplified by deutevration techniques. One of
these, the remote deuteration technique daveloped by Anet (52)
in this laboratory, appears sultable for axtension to larger
ringas It allows the determination of vicinel and geminal
coupling constants, Provided that coupling constants of the
pure conformers can be determined, alther by "freszing out"
of the conformers or by the use of suitable model compounds,
the dihedral angles may be eatimated using the Karplus
relationship., DBecause 3,3,,4,5,5,6,6=0ctadeuteriocycloheptyl
acotate (XV) did not underpzo a "freezing out" of conformers
down to -1100, no conformantionsl anelysis was attempteds This
result, nowever, confims the recent salculations of
Hendrickson (9) which indlcated algh [lexibility of cycloe
heptane rings even in the presence of bwlky substituents. A
more limlted investigation of XV was carried outj the aspectra
at 20° and -95° were analysed to detormine chemical shifts
and coupling constants.

XV was gynthesized from 2,2,6,6-tetredeutericels
Asuteroxycyclohexanone (XIV), available from Anet's previous
Investigation (52), as showm in Plgz. 7. XIV had been

synthesized from quinlitol by mono=-acetylation, chromium
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Figure 7. The synthesls of 3,3,4,4,5,5,6,6-0ctadeuterio-
cycloheptyl acetate,
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tploxide oxtdation of the rematalng hydroxyl geoup, and
deutaplae exchanss ¢ to hhe cerhoayl aroup.

I most cages, remoie denteration s mors difficult
thap adjasent dauteratlion batause sxehangs of hydrogsn for
deutariuny 1 aoet readily cmmweias aut adiscant %o & auifabie
fupetisenal group, 10 She Hreant ynthasls, however, She
DL uBENCE IF ¢ K8tous NAGLINk 4k 5 gucond funetlongl group
16 the bepogition or the aix-seobered ¢log nade possibis a
alapls reaecloe sagquante, M kebone sllowed DAse-cRTALYRe
deuserdus eyoangs o e v, anc rlug snlargement Wi8h dlsgo-
asthaae te vive & syelonbptane dorivativs., after the c&mpla%ioﬁ
oF thess orocedirss, the ketone sould se pamaved by 1 HoLIT-
slahner peduchion usine deuternies eeagents; tnis ylalded eyele-
asotRanl Witk the desirac patterr of dauseriu wabstltuniog,

fhe plus enluppemont was cpeeies b sowt sonveniantls
ay promethene 1 che opasence of goror spifluanlas (60,
Jowaver Ghe ingaptlon of 4 wathyleme ceoup o T o KQTYRe Oy
sanealorn wink dlagometi;mae far cfe Tohareny A1Aadyantose et
abe oure oroduet, rasulting Trow lusertion av o aingle asthylene
vooup, 1s ot spgalned.  dhis indgial senduet i ingalf
pencnive towarde dlagomethane ano ylaldy 2ivper nMOIGks. B
the present ring snlarpsmont resction, fharetors, = aixburs of
tha 8ila, seven, onu 8 Gi=memeared compounds was obteined; this
was not sasily separated, olfieKighner peduetion war parried

né

out aireesly vn *he aixtree} the alcobais abtalaer conls
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separated by opreparative vapour phase chronatography.

fhe low isotopis wupity {655 deuteration) obtained
wag fot Inherent in the method, hut probably rasulted frow
Inguteiciant deuteration of the reasents used in the YWolffs
fishnar reduotion. I aplbe oF the 10w lsobopie pwity,
anaiysis of onw {AEBQK gpestrun of XV was possibie., The
inacsurasisey {nvolvad, nowaver, were considerable. Fupthes
gudias, dlovolviog ¢ seriss of compounds of higbar 1sotopie
s iy, would d& desipabls to conlimm the rasiss, The
pragene work shoald o0 sonsidersd as weeely « sreliminavy
inwartlzation lote souplioe o seven-nanbared rings.

The #aeiation of 7, , 6he cominal U8 eoupline constent,

AL
WGk CamOspaAtiice why wapoorted by Gdspandsnt eslgalavions op

e ApEstes 4 odel tamersturs,  The volves of §,. at s

AL
cdozl - GeNpAra R s agErasd e w1thio JWf seb.d., dhile the
mmac walue a1 J&h . W98% g 100 s, apgar theg the neeb
mlue ar 20%,  gpausr the waricuion of Y e Witk Gamperabipe
feoavsidaranie lapear frape Bhe agpasiaantal apenr, the
AITAEY AL 06 MIFACAOY A& ceaLilg. The paanlt ix o Interest
Lo ot et of fnaorstical fpeatmants ot gemiaai coupling
cGrbahs 0% uSousky and comworkers (69,70). (4 aas beer

Jiseowgrac that chate ¢aleulations (K9} ape Haged am wn

Lnoaereet 8xpragelon ror angular dependence of ths souplins

sevgtant,  i{owavep, they are orobatly forrect Ir cheir

1
H
,3
4

cogor.o
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orediction {70} that zeminal noupling should not be temporaiure-
dependent as & result of sontributiona from axeited vibrational
gtates due to {«H bending. The temporature=~dapendent affect
observed in cycloheptyl ncevate ig probably ths result of special
proporties of the seven-membersd ring.

The marked temperaturs dependencs of the yieinal
soupling constants JAX and JBX {Table V) i# alsc interssting,
and provides an additionei indisation of woneunl affects 1b
thie system. Although the values of JAX and ’BX are lesk
accurste then the JAB values, the changes with legparature
oxcead the astlmated sxperimental srror.

The temperature dependence of fthe woupling sonstants
s eycloheptyl acetate somld be e 6 aipniiicantly different
spoportions of conformers 4t the LWo temperatures studled. n
aost syeloheptans derivatives, aeveral sonformers of similar
spepsy should oa oresent (9), Jecavse nf'the gmall energy
Jifferences i ths eonformers, thair oroportions ip. the
syuilibrium mixture coula change sonsiderably over the temper-
ature range involved. This would result in different averaped
ynlues of she iihedral angles, and nence different vicinal
zouplings, at the twe temperatures. Also the gonformations
could have different degroes of bond angle deformatlony thus

the reminal couplings, highly dependsnt on bond anple (69),

wanla a
W VA A W

4
-

2ocause of the number of possible conformations in
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sycloheptane derivatives, 1t is difficult to deduce anything
about the pure conformerss Tn a fuged sevensmembored aystem,
some svidence has been presented indicating that sxial ring
aydrogens abgorv at higher fiald thar the corresponding
aquatorial onea {71), sut oo similer cesults 1o simple systems
have veen reported, The oresent study at -95° appearse to support
this relationship., At %piz remperature tha S-proton &, «hich
absorbed at highqzv field, soupled mope strongly with the
amroton, f. Aa}gae @yciohexana gystem, the Karplus celatione
ship sugwests that thig strong coupling resulted Crom the
oredominance of riclual dlaxial relationshipsj this would
indicate what the axial daproton absorbed At higher flelds
Hdowever, at 209 the higher tielo deproton (%) coupled less
stronsly thar the Lower tiele Beprotor (4), The oredeminance

of & d4ifferent conformer At 20° could axplain this chanpe, but

she system is toe complex, and the available tnformation too

iimited, #»0 allow definite eouclusions.

3 The oresent {nvesrtimation does ot definitely
' sstariish any relationship oetween sonforuaiional posftion
3 and chemical shift of »ing protous ir fhy sevensmembered ring.

"ne variations of coupling constante with temperature are,
nowever, in accord with the oredicted exlstence of several
sonformations of sfwilnr ciergy in cycloheptane derivatives.
an extensio. of tuls work to other derivntives and other

semperatures would be of interest and mirht lead to a novel

approach to the study ol conformations in sovonsnenberead

systense

2 ek 2 5 A e e e s £ 00 b e et AR
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EXPRRIMENTAL

A+ Synthesis
Thermal isomerization of transel,2-divinyleyclobutane

SRR
.

Trans-1,2-divinyleylobutane (beps 109=110%, pure

by V.P.C. analysis) was prepared by acetophenone=-catalysed
ohotodimerization of butadiene (72), followed by fractional
djstillation. Pyrolysis of a portion (0410 g¢) in s sealse
tube at 200° for 12 hours under nitrogen ylelded s CB product
consisting of approximately equal smounts of 1,5~cyclobcta~
dlene and lj=vinylcyclohexene, along with a smell amount of
polymer. Hone of the starting material remained., Analysis
was carried out by vapour phase chromatography (V4PuGy) 88
deseribed in the following section, Similar pyrolysis at
145° gave a similar product ratio, but only 507 of the starting
naterlal had reacted after 12 hoursy 85¢ had reactes after

12 hours.

T4P.C, anelysis of butadiene dimers

A qu/%i;g%atograph with en Aplezon enlisn
operating ot 60° was used in the analysls of Cq dlalering,
The conditions ylelded suitablo retention times, avoe sreuter
than 20 minutes, The four peaks involved were identifiamo
easily. The 4-vinyleyclohexene poak was conflrwed oy
comparlson with an authentic sample (Mathoson toleman ¢ac wall),

The two neaks of similar retention times, duo v e gige 200
} ] ————
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trangel,2-divinyleyclobutanes Tormad in the photochemicsl
vreaction of butadione {72}, sould be characterized by the
bshaviour of the choboshenical peaction alzture on reflux at
120°, One peak {the trang) remained unchanged while the
ather {the glg} wes replaced by « new peak of considerably
longer retention time. Thiz was in accord with the reported
{{3) {somerization of ths els isomer to 1,5=cyclobstadiens,
and allowed identivigabion 27 the 1,5ecycloletadiene nesk ae
well as both of the gla- aud tpansel,2~divinyleyclobutane

neaks.

Hexadeuterioel ,s=outadiens (7li,75;

socium iodide {(1g.) end suprie cnloride (6.1 n.,
srystallized rron deussriume srlde 6o exehangy the water of
hydration) wers dissolved i deuferium oxide (47 2., 99.7%).
Mo z0lution wap addee o6 & wizours ot dey dloxane {300 ml.)
ana #ine auet (130 .., Mahert o » one~liter three~necked
fagl aquipoed W14 aechaunice) stireer, dropuing iunnel,
qua reflux coaaenser. [he mixture wpg cafluxed 1/2 hour, und
the apparatus flughec witp nitrogen for o few minutes.
Jezachloro=l,3~butadiana {47} g., soatman, opactical grade)
was added dropwise, over l=1/¢2 hours, %o waintaln a moderate
reflux. "he gas evolved was collacted in a trap cooled by

tiquid nitrosen. The spent rasetion mixture was flushed withb
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% glow gbrearn of aitropen, The seuds oroduet {7 ml.) wae

¢ elsar, colourless iguid av «10%,

Photodimerization {72}

fhe srude baxadsuterio=i, i=butadions was dletilisc
direetly lobo » quarts vooe, Asetophenone {1.% a1l.) and &
small srystal of nydeoguinoie Were added) the saixturs wae
sonled to ~?&0, flugnad wish dpy altposen, sda sealad,
feadiation oy S¢ nowrs wint w Jdagovis yps o A0 Wbk .Y,
lanp ylaided:

(o) afwsede gvotoess {0 mled, noiline range 100~160°,

Torel, anndieie ahowar savepsl demponsanty, the ehief unes
selug bhe trange snd gigel,s=diviaglgvelnbotaces, in an
approxinately H11 pavisn.,

I} appemctad sahapial (¢ al.) or soiituy colnt aear Du.
By (afie e MG, anadyals, oo aeierial wag s olxturs of

olafinis ang acetylenic aigponantsy,

fel u geliow oolyaar,

thermal [gomeyrizatiois

The dimex (reciivn descrlbed abovs wak pyralysed
wnder altropen In e gealac tube st 1900 for L7 hoursy VPG
analysis of the product lndicated che -resence of g mixture
of 1,5=cyclobetadione and h-vinyleyclohexene in approximetely
squal amounts, ag well as geveral minor components which were

aot investigated. The deulorated L,5-cycloletadiene was




s
s
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separated by preparatlve vepour phage chrometography
{di1g06ecyl phthalate, 140°) and purifisd by bulb-to
oulb distillation, A further V,P.C. analysic showed only
tne desired single pvak. (1eld U.15g.§ the {airared
apeetrum showed CeD absorption at 2005, 2140, 2190 and
2250 ome "L,

feduction with deuterium gas

Adam's catalyst (04067 g} wag added %o the
deuterated 1,5-cycloBetadiene {015 ue). the mixburs was
degassed in & vecuum line aud deuterium gas was introduced.

Ap excess oressurs of A p.sld. of deuterium gag was malatained
for 12 noups, with shaking of the sampls tubss. The oroduct
wus dried with sodiwn shavings anc distilled under high

cacuum to yleld deuternted cycloBetans (0409 2ele  The
iafrared spectrur showed no oleilnle ‘=l abgorntion, Heas
gpectrograpnic analysie indd cated the tollowlu: composition:
GRD16’ 3949 % daﬁnlg, halh} ﬁﬂﬂ2ﬂlu‘ 16.1%;08H3D13, 5e29%3
“aﬁupxu* 2v21h

an independent determimpeiun vl Hhé peresntage o7 hydrogen
way carriec out by lategratinn of ihe drozoR nginetice
regonance signals Gomparison witt a ataudare golution of

snlorodibromometnane indicated the oresence of 0.8 & Ja3

protons per molecules
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Didmide reduction of devisrated 1,5=cyclolctadiene

Deutorstad 1,5weycloBesadiens (0,08 «.), prtolnene-
sulphonylhydrazine (0,99 ., Aldrich), and dfglyme (1.6 nl.)
were refluzed together for oue hourj s brown discoloration
appearad and a solid separated. Garbon disulphide {5 mi.)
and water {5 ml.) were added; the solld dissolved agein. The
sarbon disulphide laver wag seperebed, weshed with 5% AC,

54 Na0i, and with wageor watil neutral, and dried over magnesium
gulphate, Bulb=iowtulb distillatian yielded spproximately
i wl. of elear, soloriess Liquid, which was irensferred directly
g an 1,8, sawple tnbey wnsd ¢ the garbon disulphide was

ghen comoves v u glow abpeam ot 4py nitrogen,

By NeMeits Studles

A11 aroton meyuwtie pasonancs spectra wers obtalined
o & dardan (ehi0F 0 oda,/gee, ndsteragolution VLR, spectro-
aster. Aporokismbely 1 ol tetpsusthylsllane {ToeSe) unE upad
an an loteprol staaingd,  lalibpesiion w0 ebersine chonical
ghifte wo- sapetes oui B3 hne ugtal sldes-band nodulation

pochnioue, o ieniiy ewdivied cwndedups sas spplled bo toe
: 3. N . e TR S t L’% . P At by o

gpeetrn ugsed Lo swiy dai@elavions.  The o gatallilte of The

Loidate peok {59s1 Cepasie (200 Voity5e b aoonpred ab wlishidy

aicher field then &the gyeLnfetone spackyun. hip was gac,

adony with a slde-~dand 3% Llousy P1ald, Tor calibpasion, M
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atrength of the aaln #1485, peak wns oo zreah, relative
to the weak GBHD1§ sipnal, th allow accurate calibration
from it. Double irrsdistion at the deuterlum resonance
frequency was carried cut by means of & sple decovpler
manufactured by ¥.M.R. 3pecialtles,

4 low temperature doviee gimilay to shab deseribad
by Plette and 4nderson {35) was usac bo ool the apinnine
sumple tube to the vequired temperatura. An elsctric current
was passed through a heating slement in a large Dewar f£1lled
with l1lquid nitrogen, and the svolved old nitropen z2s was
directed throuph » jacket around the spinning sample Hubs,
The tamnperature of the sample could be varled by adjustment
of the current in the heating element. 4 soppsreconstentan
thermocoupls, checked at the freeging polut of soluene (-95°)
and found to be accurate bto within 10, wag placsd inside
the Jjacket and used to monitor ths gempls tamnepsbims,
Corrections for the diffsrence betwann the uoniboraes
temperature and the trus aamnle Lemmaeresivee wore Jetapalnes
by placing a second thormocéuple directly In 3 ssmple Hube
containing only solvent.

Approximate values o0& the truvgverss ralaxation
time T2 were cstlmated from the decay snvelopa of the T.H.3.
peak, observed on the oacilloscope, at wariocus Lempsratures.
Very accurate T2 values, Snch 2E Aie ahbaipod by the use of

a fast=response (Sanborn) pacordar, were not required in the
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nethods of oaleculation uged In this worke

411 of the oyclodetens spectra used as a basis for
rate celculations were obiained 1n approximately 10% solution
in vinyl chloride, This solvend remained Llgvid at a
gurticiently low bempewrabure 55 2llow the GTrae low temperature
gpectrum Lo be recorded, itven ah very low Lemperatures
cycloBotene was gqnita soluble in vinyl chloride, and yleldad
a asolution of low viscosity. OGyclohexane spectra were
obtained in 10% solution in carbon dlsulphide.

The moment wothac of spectral anslysis was applied
to non~deuterataed cyclohexane and ayclobetane, The low
tenperature spactra, at ~100° and,-IBSG, regpoctively, were
taken under sspecially sareful sontrol of conditions to insure
g pure absorpiion mode, AmMeIONSOUE rield, and linear sweep.
Special care was beken to abiairn correct intensitles by
aetting the radic~frequency onwer well below ite saturation
value., Intensities were doterwmined Trom & millimeter erid
guperimposed on thu speeiruf. 3ix spoetra of each compound
wore treatedj on each, Irom 4O to 90 readings of Intenslty,
spaced 1 mm, apart, were obirined. in T,BsMe 650 Computer,
programmed to caleulate nomenss and used previously for s
aimilar calculation in this laboratory (76), was used for

the calculation.

Q
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RESULTS

{&) The Massively Deuterated CycloBctane
e cyclo8ctane, "Gaﬂbls“, preparsd by messive

deuteration, ylolded a single broad paak at roum temperature
{n carbon disulphids and at -500 in vinyl chloride. This
became quite sharp when double frradistion wee applied at
the deuterium resonaace {ragusncy of about 9.2 Mc./s8C. Ag
the temperature was lowared balow «1009, the sharp line
broadened and separsted into two distinct peaks {¥iz. 8), the
ghapes of which eorrespopded to bhe simplest exchange process
in which two sites exist , with equel populations and lifetinmes,
and no spinespin coupling 1s oresent, Tho coalescence
tamperature was ~111,5° £ 0,8% 4t =135° the two peaks were
quite sharp {Fiz. 9=(3)) and no further separation occurred at
lower temperaturss, The chemical snlfs difference was
10,8 £ 001 Geresaj ths poaks ncenrred at 5.l and 8,72 on the
T scale. The low tewpepatups spectrua of non-deutorated
oycloBetane 1s showr in fige 9=(1)s The triplst, in which:
the two smell sstellite peaits are separabed by 29.0 i Ol
CaDeBe, dOOB DOt COrrespond Lo any wall=known stronely coupled
systems

Chemicel silfta were nepliplbly dependent on

temporature or golvent. The centre nf the gpectrun of



- 83 -

LAR

(a)-101.5°¢ (b)-109.3°C  {¢)-HLi°C

k Vi

(d)-n3.7°c -117.4°C (f)-124.0°C

Pipure 8. Changes in the signal shape of massively
deuterated cycloBctane near T,.
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CBEDIS in vinyl ohloride wae shifted sligntly te higher
f1e1d at «148° (8.56 T7) than ot -50% (8,32 7). Spoctra
obtained in vinyl chlorlde, carbon disulphide and
difluorodichloromethane at a glven teiperatiurs wers
essentielly ldentical, exeopt within a {eow degresg or dhe
temperature at which oither golvent or solute eryshallizsd.
This indicates that the rate ueoncess obgerved is purely intra-
molecular and is noi ai'fected aignificantly by the solvent.
A1l the proton magnetic resonance spectrs of CgﬂD15 were quite
weak (Fig. 8 shows the high nolse lsvel) as a resuli of the mall
porcentare of hydropen present in the moleenls sud the necespiby
of workins in dllute solution,

At temperatures below the coalesceuce btenvsratirs Tc’
rates were calculates by fhe aethod of Gutousky and Holm (3%).
This 1s based on weasurenant of the gepsration of the peak
naxima near coalsgoeuce, Jhe pelevant aguation ln the present
pinple case, eosuning uesllslble dlpole-dinole pronfonlng, s

R 3 M 1]
PN v 2]’ ’

in whichs Y (Gejze8a) 18 the 0dDRorved peak separaiion

v, . {¢epese) Le the veaw separatior at slow

46
sxehaune (1.8., the true chemical shivt)
¢ T 1s the WUfatime of a proton on elther site

ir ths nolecule,
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T™e resulte are summarized fn Table YT, ‘mtowsky anc dole
developed a epaphical wethod of determinioy copreciiona oy TQ;
thig was found to be sultable for the present snelysis., 3incs
L, Has aptimated to he 0,21 pse. in the temperaiburs range
iavolved, the corrections te log ﬁ%p wore snall snd wers sgiimatad
Adrectly from #ig, 3 of refevence (35)s These sorrections were
plotted againat 103/?, the best straight 1lne was drawn, and the
corrections actually used in Table VI were determined from thia
1ine, The measurement of peak seperations very near Tc
Lovolved lerpe erpovg heceuse hers the hich noise lavel mede 1%
A1ffieuls to locete the naxima acenpately,

Abovs Tc' kinetic avalyales wor begad on the width
at helf-haignt of the wingle spoad line. The squniiong
1avolved weps develauad by futowsiy snd dola (38} dat wers not
applied 16 phelr pste dstepndnnsions, T4 che opadoot alaple

s axpeassion Ly

gaae, with e wasriessiop v lapess Y,

D

Sl 172
D S e e b j (]
=it " VAT‘,“'“ L Ve, Ve A

in abdch 2V {eegene) le ihe hang width si haliepeishi,  this
aquation ix slse avpliesble dngedietaly delow Pc' 40d was
applied te a Tew gpsebin 1n this ceplon uhieh Ald not show s
clean seopuration or vsake hecauss nf the aiph aolse lovel, T?

o , o .
wag estimstar L NG Dl gea. 46 ~1000 and 0432 sec. at

b
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-108%, the corractions roqulrad for these TE valueg wepre
quite amall but extrewely d1f7icult to caloulats, 2
graphieal wethod could be developed, but in this oase fhe
tollowlog complex exprossion, s modification of squatlon
{10=21) of raforence {23), was used:

[{1+ ’f)"’/rfz) P+ 9R]

vo= e i3]
e+ JE
T 2.1 2y .1
ip which P u“fi‘:‘é - u o+ E VA!S’ I T;n .
2 feas
(al % - TW-
K = i - -;i‘el:—zy
£
¥ g thas fovenalty of absorei’ots

W is the freguency (rediudg/see.) relaiive to ap
upisztoe 4t the baond ceubps

v, lg lo padiang/sec.

Al
. 4 . . . ’
applicatioe af egquatioo Y Lowds i egpéion b, & gouertic in ] H ’
- v v ¢
L W Al T £, ab L
! t'f‘i’fi":+ml+'/'}ﬁ*“ﬁ“j+ﬁ?:
e c e Y., o
¢ 2 ) —
2 YT TR TR, PR
' . LAB W Ab T2 A
7[‘!'1-9.[“4}\'6 +,2W+Aun~’dp}+7!q+2ﬁ‘+d)}
oy 02 o ' v, Y Y2
e ¢ Z Pt
1 el
+ -«—-5 + W
‘u?}“ -
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Zquation b reduces to equation 2 if %E = 0, Pecause of

the difffculty of calculations involving equation i, solutions
were obtained at only two temperatures. Approximate correctione
for the remaining temperetures were obtalned by intrapolation,
The correction factors, (log ?%)eq. L " (log 217)%. 59

were plotted against 103/T; & third point corresponding to Tc
was 1ncluded, at which the correction was assumed to be
negligible. A curve passing through the three points was

used to estimate corrections for spectra taken at the remaining

temperatures. The rate data calculated by the line broadening
method are shown in Table VII.
A further rate determination was possible at T,
3 where, for infinite Tz,
§ | ‘
- 2
- T= g, (5]
| m vﬂB
1

'his yielded a rate constant’(?%F) of 149 gec -, louever,

the observed coalescence temperature,-lll.so, ghown In the
arphenius plot (Fige 10) s not the temperature which would be
obgerved if T2 were in fact infinlte., The true Tc for

3 infinite T2 wag estimated from the Arrhenius olot to be -110%
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The Arrhenius plot, including all the rate data,
ylslded 2 zood straight line (Fig. 10)s As expected from the
difficulties in measurement, rates detormined by mexima
gseparations very near T,, are seen to be less accurate, 4
loast aquares analysis was oarried out to yleld values of
the Arrhenius activation energy E‘ and the frequency factor
i, according to the equation

k = z%p = Ae

Tor comparison, separate least squares analyses were carried

-8 /RT
f (6]

out on the values obtalned from line broadening, and those
obtained from maxima separations well helow Tc‘ Ags shown

in Table VIII, the two methods agreed quite well.

Table VIII

Reaction Parameters by Least Squares Analxa@n

all line maxima
data broadening separation
$lope «1,687 =1,612 «1,638
Ea(kcal./mole) T2 7:38 T.73
log A 11.97 11.52 11.97
A (sec™t) 8.0x10™ 3.3x10t 9.2x10%

Thus the Arrhenius activation enercy 1s 7.72 : 0430 kcals/mole,

11 1

and the frequency factor 1s 8 x 10" sece” The free enersy

of activation, AFf, was calculated to be 0.15 % 0.30 xeals/mole,
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from Ryring's equation (77),

k = K%@e'wf/m ’ (7]

at the coalescénce temperature, 110, The transmissfon
coefficlent, K, was assumed to be unity. The enthalpy of
aetivation, AH#, was To40 ¥ 0430 keal./mole, and the entropy
of sctivation was =46 % 3.5 ewus The valuss of AF’ and Aaﬁ
assune & simple rate process, not involving & stable Intermediate.
1f, however, & steble intermediste exists, a statlstical
correcticn to these values is required (56). The modifled
calculation, involving a transmission coefficlent of one«half,
yields a AF" of 7.92 keale/moleo, and a As" of =342 8slts

Spectre at -1hﬂ°, the lowest temporature attainable
in vinyl chloride solution, showed additional fine structure
{n the form of two very small peaks, within the major peaks
and separated from them by 5.7 ¥ 047 cepese (Figs 11)s This
indicates the presence of an AR coupling pattern in e small
proportion of the moleoules;‘tho pdditional smaller peaks
outside the major peaks could be swamped by the hirh noise
level. The spacing corresponds to a coupling constant of
20 ¥ 5 cupese

A preliminary investigatlon was carrled out, for
comparison, on a sample of deuterated cyclohexane supplled
by trs G.C» Leltchs Similar behaviour was observed, The low

temperature spectrum (-100°) consisted of two sharp singlets
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Nk .

Figure 11, Massively deuterated cycloBetane at -148°,

2.85C.p5 -

H—

Flgure 12. The cyclo8ctane formed by diimide reduction,
at "].350 .
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separated by 28.6 £ 0.1 cepes. However, the proportion of
hydrogen present as 1sotopic impurity was too low to allow
calculation of rate datas In the region of coalescence, the

broadened 1ines were barely distingulshable above the noises

(b) The Diimide Reduction Product

The deuterium decoupled low temperature spectmm
of the cyolofstane obtained by diimide reduction 1s shown
in Fpr. 12, The signal was quite weak, despite the presence
of approximately five protons per molecule, because only a
gmall amount of the compound was preparedj & very dilute
golution was used. However, the spectrum 1s adequate to
yiold the desired Information. A small splitting of
240l : O} Cepese 1s apparent in the low field peaks This
15 obscured in the hizh fleld peakj however, a similar degree
of broadening in this pesk indlcates unresolved fine structurs.
chemical shifts of the two maln pesks were the same as those
obtained from CBHD15' Fipe 12 clearly indlcates the absence

of any larpe coupling between non-equivalent nrotons.

(e) Moment Analysls

In the case of both chair cyelohexane and crown
cycloictane, the equatlons for the reduced second, third,
and fourth moments, l.¢., these moments taken from an orlgin

where the first moment is gero, reduce to the relatlvely



&
)

gimple forma

(vmi,)2
M =
2 n
Mj " 2 2 2
M = M+ H,(T -+ 27 )
L 2 2 gen els

whore Jgem {s the geminal coupling constant, Jcia 1s the
cis vieinal coupling constant and 1,3 coupling is agsumed
to be neplipiblo. These are easlly derived from equations
(6=89), (6=90) and (6=91) of reference (23)s They allow
the caleulation of the relative chemlcal shift of the two
gubstituent positvions, and the root mean square of the

coupling conatants between noneequivalent protons, &s follows?

by = 2uY? (8]

2 2
Toen * 234, °© -’i—ﬁ;— {91

The computed values for M2, M3 and Mh’ and the corresponding

2 241/2
values for Vv, and [Jgem + 2 Jcis ] / , ape shown in

Taple IX. Large errors are evident. The results show &
dlsbinet trond with sweop rato the lower the sweep rate, the
2]1/2
8

gmallap vAﬁ end [Jgemz + 2 Jci become., Values of the

third moment, MB, are not prouped about the theoretical

zoro value.
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DISCUSSION

(a) Ring Inversion
Dotalled caloulations have indicated that cyclo=

heptane and most of its derivatives should be cabable of
undergoing rapid interconversion among conformers evan at
low temperatures (8,9)j the first pert of this thesis
supports these results tn the case of cycloheptyl acetates
There has been little reason to assume that a similar
flexibility would be present In the oightemembered ring.

In this ring system kinetic analysis by N.M.R. has been
attempted only on cycloBetane {tgelfs Harris and Sheppard (61)
obtained only a broadened single band at their lowest
tenmperature, -113°. An extrapolation of the 1ine broadening
process, assuming a rolative chemical shift between two sites
gimilar to that obgerved in cyclohexans, led these authors

to estimate & coalescence temperature of -1630, an enthalpy
of activation of 2.6 keals/mole, and an entropy of activation
of =30 e.u. for the exchange broadening process. This would
indlcate a ring flexibility gimilar to that of cycloheptane.
liowever, Meiboom, from his moasurements of the transverse
relaxation time Ta, supgested that two separate 1line=
broadening processes exlsted, poth with similar activation

enorgles of about B wcals/mole (78), The present work was
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underteken as an attempt to olarify these contradictory
findinge.

It soon became apparent that cyclodctans 1tgelf
could yleld only very limited information. Investigation
in vinyl chloride solvent at lower temperatures then those
attained by Harris end Sheppard showed resolution into &
triplet in which tho peaks hed unusual relative intensities
(Fige 9-(1)) and which remained unchanged below =135°, Clearly,
ginee no further changes ecourred at lower temperatures, the
entire temperature range in which the rete process affected
the appearance ol the spectrum was obgarved, The triplet
obtained below =135° was, therefors, the true low temperature N
spectrun of cyelodctanes

The broad signal obtained shows that at these
temperatures all the protons are not equivalent. Since the
gpectrum does not show geparate resonances of chomically
different protons, strong coupling must be present among them,
The signel shape doos not correspond to one of the known,
rolatively simple multiplet patierns erising from strons couplings
mhig lg the expected result, since mixing of states among
large numbers of stronply coupled protons normelly rives rise
to extremely complex resonance absorption patterns (52,58)
In tho ananlorous compound cyclohexane, = fortuitous similarity
of the complex pattern to a brosdened doublet mede posgible 4n

approximate analysis (60,61), the results of which, however,
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of
are/ doubtful value. In the present case of cycloBctane, the
abgence of any simple pattern 1g not surprising, since any
resemblance to a simple patiern would be coincidentel.

A simple cyclobictane spectrun, capeble of being
enalysed at low temperatures, was desired, end could be
obtained by preparation of & partielly deuterated cycloe
Botene, The mono-protonated compound CBHDIB would yleld the
simplest possible spectrums Under double irrediation at the
deuterium resonance frequency, the single proton would be
free of the efiects of couplings In addition, the proton
would be distributed at random over all the substituent sltes
in the molecule., Hence the low temperature proton magnetic
resonance epectrum should contain separate singlets for all
of the chemically different substituent positions present,

and the relative intensities of the sinplets should indicate

the populations of these positions. This {nformation could

A

ve used to indicate the mumber of conformations present, and
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possibly, in addition, to indfcate which of' the proposed

ﬁ conformations were presents If, as was suggested by Melboom!s

: fnvestipation, two separate llne broadening processes were

4

:E presunt, these micht be observed as the coalescence, at different
£

temperaoturos, of two difrerent sets of liness Thus the

3

obgervation of a sin-le nonecoupled proton, which in meny

SRS <7 ‘;.:‘;?'}‘ e S e

molecules could vield no significant {nformat}on, should prove

to ne the source of much pundamental informatlon in this
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hirhly symmetrical glicyclic compound, in which all substituent
positions can become squivalent merely by pseudorotation or &
change of conformation. For this reason, the synthesls of
GBHDIS was undertakens

Nonesubsti tuted elrhtemembered rings can be
obtained in one step from either of two sinple hydrocarhons.
¢ycloBotatetraens can e prepared by hiph pressure treatment
of acetylene in the presence of a guitable catalyst (79).
Butadiene can be reacted, elther oy pyrolysis under conditions
which suppress Diels=Alder dimerization (80) or in the
presence of a sultable catalyst (81), to yield 1,5-cyclos
Botodiene, Tnese methods dld not appear suitable for
preparation of the deuterated elghte-membered ringe Yields
are lowe Deutersted acetylene can be obtained easily, but
the resctlon undér pressure is diffieult to carry out and the
nost suitoble catalysts are difficult to prepare. Deuterated

vutadiene 1s not prepared as cnsily as deuterated acetylene,

and the product is contaminated by other GlL compounds {Th,75)e
% The pyrolyslis of butddione was reported to glve very low
i, yields of 1,5=cyclo8ctadiens. 1he oatalytic method, which
% cave moderate ylelds, tnvolved a dlfficult synthesis of the
i catulyst, end rigorous exclusion of moisture and inpurities.
% Fortunately, a simpler route to the elghte-membered

ring has veen reported recently, as nart of a study by
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Hammond and coeworkers concerning the ultraviolet photolysls
of butadiene in the presence of varlous ketones as
gensitizers (72). The photolysis product was found to
consist of the ¢ls= and trans-1,2-divinyleyclobutanes and
li=vinyleyclohexene, in proportions dependent on the sensitizer
useds It had been reported previously that cigel,2-dlvinyl-
cyclobutane isomerized in good yield to 1,5-cyclobctddiene on
~aflux at 120° (73). However, since the cis- compound was

the minor product (15%) in the photolysis, the overall yield
from butadiene wes still very low. In spite of this, the
procedure appeared to be the most sultable for the small scale
preparation of a deuterated eightemembered ring. Preparation
of & catalyst wes avoideds It was found that the other Ch
compounds, notably vinylacetylene, present as impurities In
the deuterated butadiene did not react appreciably under
ultraviolet irradiation and could easily be removed from the
dimer fraction.

Further investigation led to & new procedure which
allowed the yield of 1,5~cyclo8ctadlene to be greatly increased.
Trang~1,2~divinyleyclobutane, the major product (80%) of
photolysls when acetophenone was used as the gensitlzer, was

found to isomerize at 190° to give 1,5-cvclobctadiene in moderate

yleld. The more drastic conditions required for the isomerization
of the trans, relative to the cis, canbe explained on the basgis

of less favoursble peometry in the trans compound, This
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rearrangenent was competitive with reverslon to butadiene,
as evidenced by ﬁhe pregence of & large amount of ly=vinyle
cyclohexene, the Diels-Alder dimerization product of butadlense,
in the pyrolysis products

By the sbove procedures, sunmarized in Fige 13, it
was possible to prepare fully deuterated 1,5-cyclo8ctadiene
1n moderate yield by a simple synthetic routes The chilefl
remaining problem in synthesls wes reduction to the cyclo~
Betane contalning one protons, The high symmetry of the
molecule supposted the posslibility of avoiding the introduction
of a proton in a specific manners iecause of the lack of diste
inctive substituents, and the rapld interconversion of
conformors at room temperature which was Indicated by the
sherp single line in the 08H16 NeMeRe spectrum, all substituent
positions can, for purposcs of synthesis, be consldered
equivalent. Protons pregent at random in deuterated cyclo=

Sctane would give the same WeifRe slpnal as 1sotoplcnlly pure

C8HD15’ provided that no two protons were closo enough In the

game molecule to causc aprreclaile HeH coupling. T™is 1s the

massive deuteration technique proviously used by Tlors and
co-workers (46) to simplify the spectra of arozatic conpoundsy

These workers cerried out massive deuterztion by replacensnt
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of hydrogen in the final productj in the present study, 1t

was possible to malke use of the nydroren presont es an isotopic



-7 -

Cl Cl
| H Zn,CuCly,Nal. ﬂ‘
Cl Cl D,0,dioxane

¢l Cl

ocetophenone
190°C 80% 15% 5%
~12hours
reflux
~50%y~50% I/ hour
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Figure 13. The synthesls of deuterated cyclo8ctane.
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impurity in "fully deuterated” cycloBetane, Thus, the
prasence of considerable 1sotopic impurity, which is often
a serious problem in syntheses involving deuterium, wap put
to use in the present case. Ixtremely high 1sotopie purity
wap not desired, because tho presence of considerable hydrogen
was necessary to allow a reasonably strong proton resonance
elgnaly this allowed the steps to be carriad out without
special care to maintain the isotople purity,

When the 1,5-cycloBotadiene was reduced directly
to "fully deuterated” cyclootare with deuterium gas, mass
spectrographic enalysis {ndicated the presence of 36% of the
desired compound, 06H015’ as well as 39% of CgDygo ¥ich gave
no proton magnetlc resonsnce signal, The remaining 5%, oyclo=
Bctanes containing more than one proton, made very important
contributions to the spectrum. Since very feﬁ molecules
contained as many as four protons end coupling 15 neglipible
unless the protons are quite close, the expected random
distribution allowed the effects of coupling to appear in only
a small fraction of the sirnal. Teble X 1llustrates that
cemingl coupling should appear in approximately 7:: of the sipnal.
Cis vielnsl coupling should be present in abeut 15% of the
signals Trans vicinal coupling should not be observed 1f the
crown conformation is present because of zero chemical shift

between the trans prolons.
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Rate analysis of sufficient accuracy can be earried
out without considering the effects of coupling, especially
since, as the temperature i1s raised,fine structure due to
spin-spin splitting "averagesout™ before the coalescence of
the singlets corresponding to chemically different sites,

In accord with these expectations, the spectrum at -135o

(Fige 9-(3)) showed no coupling, although it hed separated
into two sharp peaksj below this temperature, no further
separation of the posks could be detested. 'The spectrum at
-1&8°, the lowest tomperature attainable, showed small
additional peaks corresponding to a residual coupling of

20 % 5 copess (Fige 11)s For the purposes of kinetic analysis,
therefore, the massively deuterated cycloBetane can be
congldered to have tho formula CBHDIS'

The simple low temperature spectrum of”caﬂnls"

(Fige %-(3)), consisting of two sharp sinrlets, strongly
sugrestes that only one conformation can be present, aince

all proposed conformations have at least two distinet
substituent positions, Fire 8 shows clearly the simple pattern
of coalescence expected for rapid proton oxchance between two
Bltes of equal populations and lifetimes, Such a pattern
allows calculation of falrly accurate rate data rfor the process
causing ccalescences The only feasible rate procsss in cycloe

8ctanes 1s ring inversion,
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In this rats investigation, the wealmess of the
proton resonance signal was a factor limiting the accuracy
of measurements, The weak slgnal was expected bscause of
the low percentage of protons in the molecule. A second
1initing fector was the detormination of Ta, the transverse
relazation time. T2 18, in effect, a measure of line-
broadening processes caused by magnetic f{ield inhomogenalties
in the sampla, At low temperatures, the most lmportant
gource of inhomopeneities is the slowing of the "tumbling"
of the molscules becauss of high viscosity, with the
resultant failurs of intermolecular perturbations to average
out, Thus at low temperatures '1'2 15 determined by the
viscosity of the solution. The inhomogeneities cause
broadening of all lines in the spectrum, regardless of
wvhether additional broadening due to a rate process is
involved.

In rate calculations, thersfore, T2 must be considered,
1n order to obtaln accurate results from a coalescence pattern
vhich 1s affected by the two independent line broadening
Processes, T2 can be dstor-ined accurately by caleulations
based on the exponential decay envelope of a "sharp” line In
tho spectrum, 1.0+, 8 line which 1s involved in no add!i tional
broadening processj the T.d.S. reference peak is sulteble, A
fast-response { Sanborn) recorder, normally used to observe the

decay envslope (36}, was not avallable in this laborsatoryj
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instead, approximate values of 'I'2 were estimated from the
decay of the T.M.S. peak, as observed on the oscilloacope.
These ostimated values of '1‘2 were sufficiently accurabe

because the low viscosity of the vinyl chloride solution

.resulted in comparitively large T2 values and hence only

slight broadening of "sharp" pesks. Spectra vere measured
at temperatures suitable for the application of those methods
of rate calculation which were the least sensitive to T..

The applicetion of the methods of rate determination
first put forward by Gutowsky and Holm (35) has been desoribed.
In these methods, the chief limltations on accuracy, waak
spectra and approximate values of TZ' had the least effect on
rate caleulations. The high noise level caused serious
tnaccuracies only in the estimation of the coalescence
temperature T,, and 1n the determination of maxima separations
frmedlately below Tc’ Other methods of calculation were less
guitable. Analysis helow Tc' baged on the ratio of the height
of the central minimum to that of the pesk maxima (33), was
adversely affected by the low slrnal -to=noise ratio, Uoth
measurements had to be taken from a poorly definéd base linej
also, estimation of the true positlons of maxima and minima
introduced larpe errors. fThe method developed by Plette
and Anderson (36), baged on ohgervations of line widthe at

the two extremes of very slow and very fast exchanre, is
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eapecially dependent on acourate T2 meagurenents and hence
is very unsultable.

Although rate determinations by the measurement
of band widthe at half-heicht ylelded accurate results, the
method ae applied here 1s unsuitable because of the laborious
caloulations required to include the effests of Tz. A
graphlcal solution, simllar to that used by Takeda and Stejskal
(41) to correct for T, In the collapse of & spin-spin doublet,
would be more suitables These suthors obtained a general
oxpression for the shape of the collapsed sninespin doublet
in terms of only three variables; this made possible the
graphical solution, A similar solution for the case of &
chemical shift doublet 1s possible and would greatly simplify
the rate calewlation: involving band widths.

The stralpht 1ine relationship obtained in the

Arrhenius plot of the rote data (¥ig. 10) allowed a quite
accurste calculatlon of the reaction parametoers, the
sifmificance of uhich will be digscussed furthors Cycloe

Bctane can be discussed on the bnsis of only one conformation

;
b ]

belng present, since we oan ignore the extremely unlikely
poggibility that two different conformations, whose spectra
colnclde, Invert at the ssme rate to yleld the simple

conlescenc: pattorns.

The use of the nethod of massive deuteration to

relnvestirate the results ronorted on cycldhexane ring
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inversion (60,61) suggested itself, As described, & similar
low temperature proton spectrum of two sharp singlets was
obtained from "fully deuterated” cyclohexane. Although there
was not enough isotopic impurity in the sample to vield a
signal strong enough for rate analysls, 1t is obvious that
the method is applioable to thi: compounds It is likely

that the higher homologs of eycloBetene would also be
guitable for treatment by thias method.

(b) The Conformation of CycloBctane
The low temperature spectrum of CBHDIS suggests

that one of the proposed conformations of cyoloBetane is
not present. The three conformetions, the crown (VII), tub
(VIII) and cheir (IX), are re-drswn in Fig. 1k showing the
axial substituents only, for simplicity. Both the crown
and the tub have two distinct substituent positionsj the
chair has four. The orown hes no eclipsed vicinal intere
sctions, while in the tub each substituent is eclipsed
with respect to a substituent on one vicinal oarbon, and
staggered with respect to the subatituents on the others
In each oase there is essentially only one type of axiel
and one type of equatorial substituent position. In the
chair some substituents have eclipsed vicinal interactions
while others do not}j this doubles the total mumber of
distinect substituent positions, Since only two peaks were



crown
tub

chair

Flgure 1l. Proposed conformations of cycloBctane.



obtained in the low temperature H.M.Re spectrum, the
chair conformation can be congldered highly improbable.

The spectra of caﬂnlg could not be used to
dlstinpulish betwsen the crowmn and tub conformations. To
obtain additional information, 1t was desired to synthesize
a selectively deuterated cycloBetane In vhich a vicinel
coupling constant could be determined, This would allow 2
diract estimation, by the Karplus relationship, of certain
_ foatures of the joometry of tho molecules The aimplesf
pesults would be obtained in a molacule containing two vicinal
protons, of known stereochemistry, surrounded by deuterium
to oliminate all other coupling.

The pecent development of the chemistry of diimide
was the key to the nravaration of a sultable compounds It
has been shown (82,83) thrt dllmide reduction of olefins
stves exclusively cls addition of hyirogens. The reduction
18 easy to carry outj rood yields were obtalned by utilizing
comnerclally avallable g-toluenesulphonylhydrazino as the
d1imide source {B4). The previously nrepared deutorsted
1,5-cycloBctadiens wan 8 quitable startine materisl, Mild
raduction with deuterfum gas to yiald cvcloBetene, followed
by diimide reduciion to give the géggl,z-diprotonated cyclo=
8ctane, was a possible nrocedurae However, & gynthetic

gtep was eliminated by direct roduction of 1,5=-cycloBotadiene



. By -

with diinide, The desired speotrum should not be adversely
affected becsuse the two groups of cis vicinal protons
introduced into the molecule are offectively isclated from
each other 1f long range coupling is negligible. Besides

the elimination of a synthetic step, a stronger spectrus
should be obtained, since the resulting cyclo8ctane contains
four protons instend of two, in the desired ¢ls vicinal
relatlionship. TMis should also help to submerge the sipnal
from the protons which, present at random as isotoplc impurity,
were ﬁaed previously to obtaln the CBHDIS apsectrums.

The low temperature spesirunm of the diimide reduction
15 svidant} & splitting of only 2.8 6spes. was observed
tn the low f1eld psuls Thus the application of the Karplus
relationship (Fige 2) rules out very small and very large
dihedral angles between nonwequivalent ¢is protons.

It may be noted that the obsorved splitting could
apige in elther of two ways. It aay bo due to gis vicinel
coupling. Also, in a system in which no coupling ls
visible 1t could be caused by the presencs of two distinct
spectes in which the two pairs of cis vieinal protons are
clg or trans to each othors sinco each doubls bond in 1,5«
cyclo8ctadiene should ho reduced indopendently by diimlde,
the psaction product should consist of approximately equle

and
nolar auounts of the two isomers XVI/ XVII (Flge 15).
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Diimide reduction of deuterated 1,5-cyclo=-
Bctediene,
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The splitting could be due to the separate, almost coincldent
spectra of these molacules.

Although the origin of the splitting is not
definitely known, application of the Karplus relatlonship
supports the crown conformation, Fig. 16 shows the dihedral
anples between cis vicinal protons in the various proposed
conformations, as estimated from Drelding models. The crown
conformation is the simplest, since only one angle, of close
to 90°, 18 present.

In the more complex tub and chair conformations,
some cis vicinal protons are eclipsed} however, tho large
couplinp suggested by the zero dihedral angle chould not
appear, since the protons nvolved have identical chemical
shifts, In tho corresponding skewed forms, however, these
protons are no longor ldentical. ey could still be
sufficlontly allko to give only a sinrle pesk. Bven 1f
they were sufficlently chemically shifted to show coupling,
the couplingy pattern would probably be averaced oute
Dreiding models sugrest very rapid interconversion, much more
rapid than the ring inversion vrocess, between protons vhich
differ only as a result of skewln,s This would averace out
the coupling pattorn even well below the coalescence temperature
of the rine inversion process, Thus, 1if elther the tub or

chalr conformations were present, part of the gignal should
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AA R

~ 90° 0
crown
S H
H H
H
H
~0° ~ 140°
H
~ 60° ~60°
fub chair

Figure 16. The cycloBetane conformations, showing the
dihedral angles between cis vicinal protons.
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not show the effects of coupling.

In the chair form, two other cis dihedral angles of
about 1u0° and 60° exist, as well as the angle of 0% These
should give rise to couplings of L7 CeDeSe and 1e3 CeDeBe,
respectively. The resultant spectram should be complex,
because of the presence of several different types of
protons, coupled in verying degrees. Clearly, the chair
conformation can be excluded, sinsce the obgerved spectrum
(Fig. 12) bears no relatfon to the spactrum expected from
this conformation.

In the tub conformation, only two cis dihedral
angles, of about 0° and 60°, are present in equal proportions.
Helf of the signal should thus be a simple chemical shift
doublet showing no coupling and the remainder should show
coupling of l=3 c.pese This would be expscted to yield
elther a broadened doublet or & pattern in which each peak
of the doublet would te split into a closely spaced 1:2:1
triplot. The observed pattern fits these requirements much
better than it fit the requirements for the chair conformation}
the high field pesk could be Interpreted as one of the peaks
of a broadened doublet. However, the low field peak 1s split
into an approximatoly 1:1 doublet. Although the splitting
(248 cepess) 1s sultable for a 60° dihedral anrlo, the expected

contribution of anunsplit signal 1s not In evidence. This
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spoaks against the presence of a.tub conformation, but the
avidence against it is not as strong as the evidence against
the chair conformation.

In the crown conformation, only a gingle coupling,
very small and possibly zero, ghould be present. The
obsepved splitting in the low=field peek (2.8 cepess) 18
quite large to be caused by coupling In the case of an
approximately 90° Gihedral angle. The elternate explsnation
alrendy mentioned, that the splitting might be due to the
presence of two distinet specles, could explain the splitting
i1f the erown conformetion s Indeed pressnte Thue the
observed simple splitiing supports the crown conformation.
However, there is not gufficient evidence to riporously
azclude tho tub conformation. The definite exclusion of the
chair conformation is in accord with previous evidences

Although 1t was possible to use the Karplus
relationship to select the most probable confornation, no
accurate velues of coupllng constants were obtrined, The
larpoest cis vicinal couplingy between nonecquivalent protons
1: not greater than 20 £ 0uL copese, but 1t could be zeroe
If more information concerning the coupling congtants In the
molecule could be obtalned, a more complete analysis would
be possilLle and the conformation could be assigned with greater
cortainty. No values of coupling constents in gaturated

ol htemenbered rincg nave been reported to ate 1t 13 not
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definitely lknown if the Kerplus relationship is accurate in
these systems. Attempts were therefore made to obtain
further information.

| The fine structure present in the spectrum of
'ceﬂnls' at =148° (Fige 11) corresponded to a coupling constant
of 20 % 5 cepe8s in a small proportion of the moleculess This
large value sugcests a geminal coupling (69).

An attempt was made to obtain further information
about coupling constants from analysis by the method of
spectral moments developed by Anderson and McConnell (65).
Moment analysis allows some data to be obtained from complex
gystems in which complete anelysis is not possible, Ita
application, as described, to non=deuterated cyclohexane and
cyclo8etane, assuming the crown conformation of cyclodstane,
led to the results 1n Table IX. The relative chemical shift
values obtained from this method are considerably larger than
those from the magsive deuteration procedure. The average
value for cyclohexane, 3046 Cepese, 18 2,0 Copese lerger,
while the averase for cycloBetane, 23.2 CepeBe, 18 liell CopeBe
larger. The dependence of the results on sweep rate, and
the nonezero values of the third moment KB, indicate that the
moment analysis is of little use in the present invaestigation.
Perhaps the recorder was not operating in the required linear

foshion. No attempt was mado to utilize the values of
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242 J°1'2]1/2 in further sstimations of cycloBotane

coupling conatants,

(c) Conclusion

The evidence presented in this thesis for the
existence of the crown cqnformmtion of cycloBatane 1s in
accord with the results of most previous investigations of
eight membored systemss This form would also be expected
by analogy with cyclohexane, Crown cyclolctane, which has
an alle-staggered arrsngement of substituents, is & much
closer analogue of chair cyclohexane then is chair cycloe-
Botane., The analopy can be illustrated as in XVIII end XIX,
However, becausc of incressed strain in cyclo8ctane, this
analogy is not as pood as it might appear at firstj the
axial 1,3 distances are considerably decreased in cyclobctane
(13). Derivatives of the next higher analogue, cyclodecane,
have been shown to exist in a different conformation (86),
probably because of even less favourable 1,3 dlaxial inter-
actlons in the crown form. However, despite the hezards of
attempting to draw too close a parallel, the similarity of
the proposed stable conformation of cvclodctane to that
of cyclohexane suggests a comparison of the ring inversion
data in the two systems. Teble XI summarises thls dataj

the closely related periluorocyclonexane is Included.
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I chair cyclohexane

IX  crown cyclooctane




Table XI

Kinetio Data of Ring Inversion in Cyclohexane
and Cyclo8ctane

Ty

A A
(eeus)  (kcal/mole) (kcal/mole)  Reference

Cey 79% 9.0 £0.2° 10,6 (61)
Cgfp  -10:2 7.5 & 0.3 9.9 (62)
Ogiyq olo683.5 70l % 043 8.1 thia work

&  +nese values, based on an approximate treatment, may be

seriously in errors | ‘

The similer values of AH# and AF# for the ring
inversion processes in the six~ and eight-membered rings
are additional factors suggesting a similarity in the
nature of the inversion processes in the two ring systems.
this in turn suggests that the conformations arp quite similar,
These results could be considered to favour the crown
conformatione

In the sixemembered rings, the nerative veluss of
the entropy of actlvation, AS#, are of interest, in spite
of the considerable errors involved in their calculations
As suggested by Harris and theppard (61), this indicates &
ripidly defined, highly symmetrical intermediste in the

inversion processe A planar {ntermediate fits these requirements
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much better than the boat intermediate which has often been
assumed, for instance by Jensen and coeworkers (60).

However, this result appears to contradict the recent detailed
caloulations of Hendrickson (8) which indicate that the twlst-
boat (IIa) is the intermediate in ring inversion. His
calculations are probably more relisble then the rate dets,
because of the approximations involved in determining rates
from N.M.Re spectra-. of cyclohexane. The apparent
contradiction 1llustrates the difficulty in attempting to
deduce detailed information from small entropy valuesj these
ware calculated from a difference of two large terms, and
hence large errors are likely. Cyclo8ctane, for which a \
gmaller negative entropy of activation was caleulated, 1s

even mope difficult to analyse. The carbon skelaton has many
more degrees of freedom of internal rotation. Severil
processes of ring {nversion, arlsing from different distortional
modes of vibrattion, are conceivable. The molecule is not
rizid, but appears to be free to interconvert amcng & family
of closely related crown conformationsj in the skewed crown,
as deseribed by Allinrer and co-workers (22), all the carbons
are not quite identicals Drelding models show that this
peeudoretation becomes hishly hindsred at limits where very
strong 1,5-dlaxial interactions occurs In the inversion
prucess the molecule could first f1ip over into another

conformation, in which psoudorotation is freer hecauge trange




anrular interactions are less. A direct inversion of the
ocrown is also possible, Either process might occur with an
entropy @f activation of almost zero.

The appearance of axial ring protons at higher
f1eld in spectra of cyclohexene derivative has been attpibuted
without proof to a small ring current effect (23)s If such
an effect should exist, it might be expected to be less
important in a larger ring. The smaller rolative chemical
ghift between axial and equatorial protons in cycloBetane
(188 ¢ope8s instead of 20.6 cep.ss) might be explained on
this basis. It could also be explained in terms of less
rigidly defined, and hence less distinective, substituent
positions in the elight-membered ring.

There would be 1ittle value in attempting to
draw further conclusiona about the cycloBotane ring system,
based on the iimited information now avalilable. There is
strong evidence that the crown conformation is present and
that the inversion of the crown takes place in cyclo8ctene

wlth an activation enercy of 7.7 kcale/moles
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CLAIMS TO ORIGINAL RESEARCH

An N.M.R. study of cycloheptyl acetate was carried out
by prepsration of the 3,3,h,h,5,5,6,6-ootadautoratod
sompound. Proton speotra of thls compound at 20° and
-95° pevealed a marked temperature dependence of both
the geminal and vicinal coupling constants, while the
chemical shifts did not ;ﬁange significantly with
temperature.

Pyrolysls of jggggyl,2-diviny1cyclobutano was found to
yield moderate amounts of 1,5~cycloBotadiene by a reaction
competitive with dissociation to butadiene.

A method of syntheeis of fully deuterated 1,5=-cyclo=
8ctadiene was developed. Catalytlc reduction of this
compound with deuterium gas ylelded fully deuterated
cyclodctane of fair 1gotopic purity. Dilmide reduction
yielded a tetraprotonated cycloBctane, CBHhDIZ' in
vhich the vicinal protons were ¢is to each othere
Probon magnetic resonance spectra, with deuterium
decoupling, on the isotople impurity in "fully deuterated”
cycloBetane showed coalescence of two geparate sharp
pesks at «111.5% This indicated a rate process
attributable to ring inversion {n a single conformation.

Thermodynamic data were calculated for the process.
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Proton magnetic resonance spectra, with deuterium

decoupling, on the GBHhDIZ formed by diimide reduction
ghowed the absence of any large couplings Application
of the Karplus relationshlp {ndicated the existence of
only the crown conformation in cyclo8ctane, in supnort

of most previous evidence.
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