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Tee solvolytic mechanisms for the pair of bicyclo[ 3, 2, I™octan-3-yl
tosylates (I and 2) have been investigated in buffered acetic and formic
acids, and in some aqueous alcoholic mixtures. The rate constants, and
o< and ?—gi kinetic isotone effects were measured, and the products were

analysed,

a /[ * 0Tg
@) @)

The o<-effects are fairly high (1.16-1.20) and not very solvent
dependent, and are therefore compatible with a mechanism involving little
solvent nucleophilic participation. Thep-d© effects are very high
(1.93-2.?y) for both isomers, suggesting that participation by these
neighbouring carbon-hydrogen bonds is involved in the ionization of
these compounds. A non-chair transition state is proposed for the exo
tosylate (2), in parallel with results for many other cyclic systems with
(initially) ecuatorial leaving groups.

The product analyses for both isomers show predominant inversion of
configuration, and varying amounts of rearranged products. The similarity
in the rearranged products, and in their relative proportions from both
tosylatos suggests that a common non-classical carboniur.i ion intervenes in
the rearranged product forming steps from both diastereoisonars. This
ion appears to be similar to that implicated in the solvolysis of trnns-
bicyclo£ 3, 2, 1 Joctan-2-yl derivatives.

The hypothesis that nucleophilic participation by solvent or by
neighbouring groups or bonds occurs in most solvolysis reactions is made, andj

allows a new interpretation of some recant literature results.
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CHaPfiR i. m rODI'CTICi

Solvolysis reactions cover a large area of organic ciemintry, and
yet understanding of their detailed mechanisms remains incomplete.
Investigations in this field havo been fruitful, and have led to the
development of r-any new concex>ts which have application in many other
areas of study, e.g. 3" and 3,2 terminology, carbonium ions, solvent
parameters and non-classical ions. Recently another experimental method
has been irora widely employed for the study of solvolysis reactions, the
measurement of secondary deuterium kinetic isotope effects. The theory
and application 0" these isotope affects in solvolysis have been the
subject of reviews?GJThey have been shown to be very useful tools for
evaluating solvent and neighbouring group participation.

Jn the present work, secondary deuterium isotops effects ha/e been
used in the study of the. solvolysis of the isomeric bicyclop 3, ?, 1J-
ontan—-3-yl tceylatoe. Tliis system was chosen for study since it allows
comparison of the characteristics involved in solvolysis cf compounds with
axial or equatorial leaving group«. It provides an important mod_ification
to the 4-t-butylcyclohexyl system which has been studied by Shinerl,’znd by
"biting _q They showed that p-hydrogen participation was important in the
solvolysis of both the cis and trans isomers, with the tranc derivative
reactin " through a twist conformation-to obtain the optimum stereochemistry
for participation.

In thbs bicyclic system the ethane bridge imposes a severe restriction

on the cyclohexane ring, and models suggest that twist forms are precluded.



Therefore only the ground state ..? the ondo toeylate (1) haa n suitable
arrangement of two of "treA —hyurogisus fox* participation. The exo

tosylate (2) might he expected to react by a different solvolysis

) @
mechanism, possibly one involving extensive nucleophilic partt[i)cipation.
The products of ncstolysis reported by Jofford and co-v/orker;. ware in
«¢remit with this hypothesis. However no re~eran. cd products ware
noted fro-i acetolysis of either tosylate, whereas . parison with the
4-t-butylcyolohexyl system suggested thc.t same rearrangement might occur
for the endo tosylete. The results of Lehel and / saell for acetolysis
of exo - and endo - bioyolof 3» 2, 1 Joot-v-sn-3-yl toaylato showed many
similaritiet with the 4-t-bvtyic.clohexyl system,and therefore the
behaviour of the bicyclop 3, 2, 1Joctr.n-3-yl derivatives appeared to be
anomalous. It represents an important type of cyclic compounds, and
therefore a detailed investigation of the kinetics aid products of
solvolysis was undertaken. It has been stressed that to describe a
solvolysis mechanism, as many methods as possible should bo used to study
the reactions:.lz Tho aolvolyoiu rates, Ine o= and kinetic isotope

offocts, and the products have boon detrained for a wide range of solvent

systems.

The classification of solvolysis mechanisms, the experimental methods,
includin Kinetic isotope effects, used in their determination, and

important literature results for cyclic nytons are disouss."d in Chapter 2.



The preparation of the bicyclic tosylates and their labelled derivative«:,
measurement of the deuteriun incorporation, ana the solvents nsec are
outlined in Chapter 3« Who kinetic procedure and results, are described
in Chanter d, and are compared with relevant literature data. Chapter 5

presents the product analyses, and compares the results for acetolysis with

©
those of Jefford and co-workers. A reaction scheme is described for the
solvolysis of these bicyclic tosylates. Participation by solvent and by

neighbouring groups or bonds ic discussed in Chapter ¢, arid a new inter-
pretation of gone literature results is suggestod. The preparation of

all compounds and solvents used, tho various tests of stability to reaction
conditions, calibration of tho g.l.c. detector, nO the analysis methods
are described fully in Chapter 7« "The rate constants, <~ and p-d® isotope
effects aro all given in- the first part of the appendix, while complete
figures for "he product analyses are tabulated iu V;» second part of the

appendix



cruiTJda 2 SOLVOLTSIS IEC: AJIS3
2.1 Cln;sifrication of mec’n¢ 2l:3

During tbs 1930"a, Hugh 3, Ingold and co-v/orcers showed that
r —oloohilic substitution reactions could ha otaractovi sod by two g«neral
mechanistic pathways. In one of those, breaking of the bond to the
leaving group occurred concurrently with formation of the bond to the

attacking nucleophile.

r 1

N: + R-X N meeeR™-%X > N-R + X

They termed this cne-step reaction typo S, (substitution, nucleophilic,
bimolecular). As the nucleophile has to approach tho molecule from the
rear, complete inversion of configuration occurs giving inverted substitution
product. In tho second type of mechanism, tho bond to tho leaving group is
broken in a slow, rate-determing step, before the bond to tho nucleophiio

is formed. The reaction therefore proceeds through an intermediate

oarbonium ion. The intemodiate then reacts rapidly with tho attacking

nucleophile to give the product.

R - X slow > p+ + )(‘
N r-n
This pathway was described as S.,1 (substitution, nucleophilic,
unimolecular), and was expected to yield both retained and inverted
substitution products since the nucleophile could approach from either
side of tho planar intermediate. Free energy diagrams for these two

neohanistas nra shown in Figure 2.1.






The S,.1 mechanism at first encountered considerable opposition on

However it was argued that thi_sI would be compensated by the energy of

i
solvation of the ions produced. The ability of the solvent to provide
sufficient stabilisation for the ions is thus a major factor in determining
whether a reaction will follow an Sl mechanism. For a given substrate
undergoing an Sj,l mechanism the rate of solvolysis will vary with solvent,
depending on the ability of each solvent to solvate the ions, or more
“‘accurately, to stabilize the transition state leadiiig to these ions.
This ability has been described quantitatively by Grunv/ald and V/instein as
«;he ionising power Y, obtained from the rate constant of solvolysis, k,
of t-butyl chloride in a solvent, relative to its rate constant of solvolysis,

k , in 80?. aq. ethanol (a reference solvent for which Y was chosen to be
o

zero)

t-Sutu 1 chloride was chosen as a standard as it was expected to undergo

uninolecular solvolysis in all solvents.

Solvents also differ in their abilities to attack electron-deficient

carbon, or to displace a leaving group. This parameter is termed

iff
as a reference substrate, and CO? aq. ethanol as reference solvent.

The values of Y and N for a given solvent then provide a guido as to

whether that, solvent will favour bimolecular or unimolocular solvolysio

for a given substrato.



The mechanism followed, by a given substrate will also depend, on the

Thus tertiary substrates generally react by Sjjl mechanisms, while primary
compounds follow an 3..2 pathway. liquation 2.3 allows a parameter r_to be
assigned to a given substrate, reflecting its sensitivity to solvent
o Y
ionising power.

log k/kO =eY 2.3
Tertiary substrates ivo m values that aw close to unity, while lower
Values (~ 0.2) are obtained for primary compounds. The values obtained
for secondary substrates often lie In between these two limits, showin that
the dependence for such substrates on ionising power is not characteristic
of that for a clear 31 or an §j,2 mechanism.

It has been suggested that S,,I and S,,2 represent two r.edchari.-_tio
extremes and that most compounds react by mechanisms that are intermediate
to these limiting types.j6 Confusion can arise as to whether a substrate
reacts by a single hybrid mechanism, or by a mixture of 3,4 and S,f2
mechanisms. The classification, introduced by ,"instein end co#vknkon:
describes reactions as being nucleophilic (IT) if the activated complex in
the rate-determining step has a covalent interaction between the incoming
ruolooohilc and the substrate, and limiting (hi..) if there was no se,.,

interaction. The transition state is envisaged as a resonance hybrid of

three canonical forms:

N RrR-x < N=r x F>N-p, X
(1) Q@) (©)



and varying contributions from those forma lead to a range of possible

Thij classification thus includes the concept of a niorgod

IS 3
bp Docrirg and Z"-iss, and bp StieitFploer, also suggests a range df.

mechanism, unliV.o the earlier rlughos—-Ingold sy3ten. The approach developed
" 16

mechanisMS. This "structural hypothesis® considers that two principal
solvation sites are involved) one for the inoordng nucleophile or solvent

molecule| and one for the leaving group.

Formation of A is rate-determining} A can then lose X to give
the product of inverted configuration, or X can bo replaced to give 3,

which can load to inverted or retained produot. This approach allows a

It was suggested by Hamnett that ion-pairs night bo involved in the



concomitant with solvolysis, out at a faster rate than ran bs accounted
d

mp by fn.! cnrixX. 2y A secnr* * yolvir; 4= 2
ion-pair, which can be captured by added inert salts, lias also been eugge—teg0
A total ion-pair scheme involves three possible types of electron-d- "icient
species occurrin , in solvolysis reactions, all of hioh can in principle
undergo nucleophilic attack by solvent, return to starting material,
elimination, or rearranger ant.

The existence of 1on—pairs in solvents of low dielectric constant has
ebeen used to explain anomalies in the conductance prO%Trties of dilute salt
solutions in such solvents (acetic acid, acetone etc.). It is not
unreasonable then to consider the possibility of snob species occurring in
solvolyeis in the» Ha. iver Pt hai b n s sgested that solvolyses
of all compounds, even of primary substrates, occur /ia ion—-p’irc in all
solvents.2 2 One primary system investigated in order to prove this hypothesis
was the p-methoxyboncyl system. This is a very favourable choice, as it
provides a carbonlum ion of higher stability than ia common for primary
compounds. Primary compounds v.ith no special stabilising influences
prosably react by nucleophilic mechanisms with considerable covalent
intoraction between the substrate and the attacking group. rovever for

s*ce»d«ry and tevilary substrates, ion-pairs probably occur as intermediates

in many cases.

2.2 i “xperimantnl deterr,.invtion of ;cc "-nsm
In solvolysis reactions, the determination of the mechanism for a

given substrate is complex. As the solvent is always present in large

EXCESS, the reaction always appears to follow first order kinetics, whether



tho ilochanisn is unimolocular or liimulecular.

s cl?.~" j21,0vlnn ™ dMii.nr/t20i of* ive
stereochemistry of the products would indicate whether hond-n _king ana
bond-breaking wore concurrent. However cDeplete inversion i3 conrr:r in
reactions which in other respect»appear to involve a two-sty process.“
This sen be rationalised using the structural hypothesis approaoh, by
considering that the mechanism is not *otally limiting, by postulating
ion-pair intermediates, or by one side of thi 1 t mediate being shielded
by the continued presence of tho leaving group. In some c.sos the
amount of rotaired product (that formed with retention of configuration)
is unusually large; this can be due to epiiaerisation of starting material,
or to participation by a neighbouring —group?w Assignment, of a mechanism
solely by the stereochemistry of the products can therefore be erroneous.

In some cases the cethods used to determine a mechanism may ca’ice a
d;irv.-o of mechanism to occur. This is possible when the effect of added
nucleophiles or salts is studied. The results of Johistar.i et al. for the
solwol"."si3 of substituted benzyl chlorides illustrate that while in the
absence of nucleophiles a unimolecular process occurs, as various nucleophile
are added, the bimolooulsr mechanism becomes important. Altering the ionic
strength of the medium, b;, the addition of salts or nuclcop..ties, can a.
cause a variation in the uec "aniem.

In the 2-norbornyl system, the high oxo to ondo rate ratio was cited as
evidence for neighbouring group participation in the s-.lvolysis of the «to

derivative** However it has been suggested that the solvolyoie rate of the

oxo derivative is normal, and that the endo isomer reacts very slowly because



11
27
of unusual storie factors. Comparison with a "standard” e.vsten can
t -  be imsle ding. irly, v t nga itet i Gt *ay pi“oviu»
ambiguous information about a ¢lvon substrate, since the mediantcm ray
alter as p subetituent is changed.

For substrates where neighbourin® group participation is thought to
enhance the solvolyso rates, the difficulty lies in deciding whether the
experimental rates are fastoi® than normal. The Schleyer-Foote approach
allows an estimate of the unassisted, rate constant to be made. The model
“considers the effects of changes iIn bond-angle and torsional strain, non-
botided interactions, and polar effects on going from tee ground state to
the transition state. For compounds reacting with assistance to ionization
from neighbouring groups, the calculated relative rate constant (relative
to cyclohexyl tosylate) is smaller than the experimental value. This
method is fairly successful, but should always he applied with care. An

increase in solvolysis rate could be due to other factors which have not

been considered, such as a decrease in ion-pair return.

Determination of a solvolysis mechanism is therefore a complex process,
and the use of as many probes as possible is advisable. Generally then, a
thoroujii study of the kinetics and a careful analysis of tue produces is

necessary, as a single piece of information can be open to several inter-

pretations.

2.3 Secondary deuterium isotope ofj"ecte

Primary kinetic isotope effects are of limited usefulness in solvolysis

reactions, ns a result of the very small also of heavy-aton isotope effects.



Thus ethanolysis of 1-pbonyl-l-ororaocethane (C’\HJrCHSrCHs) ¢:ives an observed
Zo 0

o4 STV A A % 'w'_r'_n+ ﬂ—: \/.—12/,13 — "1 nr\<C
effect-; ere usually s.-aller than primary effects, an the bond t> the isotope
is only perturbed, not broken. However since isotope effects are related
to isotopic mass ratios, they are largest when hydrogen isotopos are used.
Secondary deuterium isotope effects therefore, though srgall, are measurable,
involving rate retardations of up to 30/ por deuterium. The effects are
much s "alter than when non-isotopic substituents aro used, but ere of great
Value since the potential energy surface for the reaction is not altered by

isotopic substitution, whereas any other substituent changes the surface com-

pletely.

The theory used to formulate primary isotope effects, based on
transition-state theory, has been applied to secondary isotope effects
with some succesél.'?’a However the difficulty in describing the geometry and
the force constants for the transition state results in a very empirical
approach being used, both in calculating the isotope effects, and in
rationalising experimental results.

Vor hydrogen isotopos, the difference inzero-point energies between
C-P and C-D vibrations largely dotorvnc the r .to oiioct3. Tie origin
of a normal 1) isotope effect is illustrat d in Figure 2.2. Tie
sano potential energy curves aro involved for both isotopes, only
the energy levels aro different. If th- force constant decreases on going

frora the ground state to the transition state, the potential energy curve

*90C , .aliower, the eno .. 1>vals bocoa olosor t gether and hence tho



FiCure 2.2

Jresentation the S eseoint m o oe-

norrjr',1 secondary deuterium i'etopo e u-0

The rjotential energy curves 'epresent the G (or C— H) vibrations

i i level™
in the "round and transition states. The difference in energy

has hoen «castrated to show MoYe dearly the dif'orenee in acti vation

energies.
fc> f~ £ dia) > ") P KjAD> 7

where T is the force constant fa ig t.e activation energy, and

the rate constant
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activation energy for thi deuteriian-oubetitut >d compound m coedi thi

YN8 eet—na comX'0'.mde -Thus 1c, ic +.1.v . W oe e 1 wWA &

normal isotops affect is observed.

Streitv/eiser attempted to calculate the (Xr-Oeuterium kinetic is-Vvi.gs
effect (oi-kie) in a limiting eolvolysii reao.tion, using m aldehyde a
model to estimate_the parameters for the carbon-hydrogen bond in the
transition state. from this approach ho concluded that tao main ci.se Oi
«<the isotope effect lay in the change in that vibration of the 0 - H bond
in the ground state, which became the out-of-plane bendi vibration in
the transition state for ionization. an «-kio of 1.3" \n\n obtained.
Acetolysis of cyclopentyl tooylato yielded mi cppermontal v. 1'"S oj 3.—p}
this lower figure was suggested to be due to the effect of the leaving
group on the potential energy curve at the transition state. A value of
1.00 for the bimoleoular displacement of isopropyl bromide bj sodium ethcadde 31
uas then rationalised ns being the result of restriction of tlie out-cf-plur.e
tending by both the leaving group and the inooi ing nucleophil , an«....
little change in the force constant occurs.

The main weakness or Streitwoiser®s approach is his assumption that
tfouse modes of vibration o.kor than those identified as carbon-hydrogen
stretching or bending modes, are isotope-insonsitivo. Xu oor-o cases
vibrations are very strongly coupled, and hence deuterium substitution can
affect other vibrational modes, which should therefore bo considered when
the isotope effect is calculated.

It has been suggested that secondary isotope effects are due to



differences in anharmonicity. “fhile this could produce an icotops effect,
it in gv-aeraxly thought to os a minor factor, il that i .o, suloa ma -x
explained in terms of harmonic oscillations.S

Streitweiaer"s postulate that isotope effects close to unity would
occur in tiraolecular solvelyses and that higher effects would to obo-rvud
in unimolecular solvolyuos is in agreement with experimental results. Over
the past 20 years the <x~:i3s for many more systems hav. he n measured.

For primary systems 3uch as methyl -ad ethyl t(?.seylate the «(-effects are very
low, and even inverse < D) in some cases. Thus very little change
in force constant occurs on going from ground state to transition state.
This has been interpreted as involving a transition state which is as
crowded as the ground state, following-Strsitwoiser'a approach, or as the
result of only snail changes in the hybridisation f the central «arson
atom. Care must be taken in describing an isotope offset as being due to
storic reasons, to distinguish between harmonic sterio icotopa effects (due
to differences in steric factors between the ground state and the tr-oslv.on
state) and anharmonic effeRs (a C - b bond which is slightly shorter on
average than a C - Il bond).

As the stability of the carboniiua ion vhioh would he produced in
solvolyji» inoreasoa, the nuuleuphiliu uharaot-.r Of lire Mechanism decreases,
and higher oi-effects are observed (Table 2.1.". The o<lcio for the
2-adatnantyl system liss been suggest ;d to bo a > Ximuia value for secondary
arenesulphonates, and to be oharacteristio of a I/ itin - mechanis! E_'Ihe
ot-uffoct is dependent on the loaviii,- .roup, thou-:" no significant variation

is observed between different arenosulphonatc-3.  However a leaving chloride



Table 2.1

Secondary o(~deuteriuu isotope effects for sic solvolysis ro?etionr at 25°0

Substrate Solvent kA\
Hethyl tosylate h20 0.954
I'thyl tosylate “o 1.018
Isopropyl tosylate h20 1.134
2- bui.yl brooylats 70T 1.165
3- pentyl brogylate 7CcT 1-179
2-adaman ,yl tresviato 70T 1.225
Benzyl brosylate SoT 1.159

(@) per oi-durtorium
7CT is 76y 2, 2, 2-trifluoroethanol - 30/ .ater

COT is 00/ 2, 2, 2-trifluoroetbanol - 2C; water



croup gives much smaller effects, and the maximum value for a limiting
mechanism of a chloride is suggested

rethyl, ethyl, and bensyl arenesulplonates, the mechanism is expected

to become less nucleophilic in character, and the «.-effects increase.
Similarly as the substituents in the benzene ring of benzyl brosylate

are varied, the «-effects change, with an electron- ithdra®./ing substituent
giving a lower o<-hie, iIn agreement <;ith theory. For a given substrate,

as the solvent nucleophiliclty is decreased, the «-hie increases,
illustrating tfcs change to a les nucleophilic mechanism. Thus for
isopropyl tosylate, as tue shllegnt is varied from $0' ag,. ethanol to
trifluoroaootic acid, the o<-kie increases from 1-003 to 1.22 (see Table 2.2).
The o(-kie therefore appears to be very sensitive to variations in the extent
of solvent nucleophilic participation.

The «-effect also appears to be reduced if neighbouring group par-
ticipation occurs. Solvolysis of ~-mothoxy-1-pentyl brosylate proceeds
with n-participation, and «-deutoration c uses no rate retardation. This
is interpreted as being duo to restriction of the bending vibration in the
transition state by the neighbouring oxygen atom, in an analogous fashion
to the reduction of the isotope effect by a solvent molecule in a nucleophili

solvolyr.is reaction.

Substitution of deuterium in a p-position can also significantly lower
the rata of eolvolysio. It is found that nucleophilic solvolysos give

fairly email B-isotope effects but that as tbo vechanisra approaches limiting

S
character the effects increase. For oxample in isopropyl BOlvolyse i, the






p-fl-j effects increase from 1.130 to 1.46 as the solvent is changed from
90" ag. ethanol to trifluoracetio acid (see fable 2.2). The p-offocta
are cocnonly a cribed to hypercor.jugative stabilisation of the developing
positive charge on the adjacent carbon atom. The ne*™! for hyperconjugation
is greatest when the substrate reacts by a limiting mechanism and significant
positive charge develops, and fence the p-icetope effects are largest for
limitin. solvolyses.

?lyperconjugation is most effective when tie carbon-hydrogen bond is
terms ce-; lanar to the developing p-orbi i-td, and hence p -effects are
strongly dependent on conformation, and ace maximal for a trans co-v.lanar

arrangement of the fi-hydrogen ane the lenvirn group.

2.4 dolvoly.-js -.f mO'H opclohom-1 Oeriv itjyes

In cyclohexyl systems, substituents may be either axial or equatorial.
In cyclohexane itself, these are rapidly intorconvertad by ring inversion
and hence the properties associated with these two individual configurations
cannot easily be compared. . t-butyl group has bean used as a second sub-
stituent to raise to barrier to ring inversion for cyclohexyl tosylatos.
Tie 4-t-butylcyclohexyl tosylates provide an isomeric pair whioh it was
thought would allow the different properties of axial and equatorial
tosylatos in solvolysis reactions to bo investigated.

The rates of solvolysis were first measured by I/inotein, wto foundl
L v, ratios of between 3 and 5, depending on solvent. This very
ois” trans
small difference ho suggested precluded p-Uydrogen assistance to cleavage

of the carbon-tosylate bond, since a suitable orientation of the p-hydrogens



exist-d only for the c'a touylate. “r.ro recently Shiner and Jewett
investigated the ftf"ect if deuter ition if the p— u jlion on thi
solvolyuis in 507" ag. ethanol. They used conductometric method of
measuring the rates, that is claimed to have a precision of 0.1, . iroir
results are shown in Table 2.3« The «"effects are f irlj hi jh, sh( :
that the sslvolysio melanism involves only slight solvent nucleophilic
participation. For the ci~ hrosplatO, the effect of a single, axial
A-deuteriu on | rate is > tionall; lar je. The value of 1.436 in
ter. times larger than the lat iric isotop; offoctl predicted by hartoll.
For ccr.:"arison the fi-d, isotope effect in the solvolyois of isopropyl
brosylate was only 1.189 (Table 2."). The isotope effect when the p-
deuterium i a equa lorial is muoh smalleb, 1.096. T e very large confox
national isotope effect was ascribed to hydrogen participation. However
the tr ns V.rosylete also gives a very high isotope effect which depends on
orientation. Tnis is incompatible with a transition state where the
cvwelohx-T" ro rire: has a chair conformation. Only in il twist conxormation
cr. the tocylate group and the p-hydrogon (both formerly equatorial) adopt
pseudo-axial orien iti< :a, and 1ive ri & to these isotope effects. Te
isotope effects have therefore shown that hydrogen participation is important
Jur "both wnej.*g.

Tne nroductn of nootolysis of thouo compounds wore investigated in detail
by V,Tiltig and oo~ r rsq (Table 2.4)« R« «rang d produots compatible wi th
p-rvfro -on migration are observed for both isomers, showing that the product-

forming stops a7 also simil- r for hot" isomers*
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It might have boon considered that the free energy difference bet’, 1-on
the chair fern and the t..I>>t conformation would bo no high that the total
activation energy for solvolysis of the trans isoeier would be much greater
than for the cfFa tosylatc . It in probably couooneated Ly the twist
conformation having a much lower solvolysis activation energy than that
of the cis tosylatee Recant results suggest that in another system the

twist conformation is extremely reactive.

The t-butyl group therefore provides an insufficient restriction cn the
flexibility of the cycle’,-roas. T .s fcicyclof 3> 2, 1 Joctane Sheleton re-
arsse its a roro seriously constrained cyclohoxyl ..ysten, in which models
eu.-.-ost twist forme arc precluded. “rodvet analyses for acotolysin and
rfi™ ot’-analysis were published >y ch'fcr(ljO ..d Jacldsch respectively.

The latter j-.ond bicyclo[ 3, 2, 1-~Joct-2-one and inverted, unrearrangod
alcohols and ethers as :ho only products} r.o rearranged products were
reported, in contrast to Whiting"s resul i3 for the 4 t-butylcycloh xyl
to.slates.S Jefford™s results for tolyeig of the bicyclic tosylatoo -
include an additional difference in that while the exo tO3jlate g ve a solo
mubstitution product, that of inverted configuration, the endo tosylate gave
sinil™ r accounts of both. .nv stud ‘a "'<«a\noa swi>. i.t.ion drkuo .qgi -,
no i*oarrange«ant was reported. These results suggested that the more severe
reutriotion on the flexibility of the ring had led to very different solvoljs
r johanisru for tinrs exo and ondo iaousw. 1"ore recent results on the similar
bioyclojl: 3,2,1 a\oct-S—en-B—yl systen‘l‘ slewed strong resemblances with the

Its for tha j-t-butylcyclohexyl derivatives, end thus oither the



bicycle [ 3, 2, Ij octan-3-yl system was a spa”ir.l case, or ths product
analyses were incorrect. The next chapters describe a detailed study of
the solvolyaio of o::.0- and endo- bicyclefSB» 2, 1 loctan-3-yl tosylates
.ith particular emphasis on the measurement of the secondary deuterium
kinetic isotope effects, and analysis of the products.

Several solvent system:-, have been uood to determine c"wuiyao in
meohaiiism as the ionising power and nuoleophilioity of the solvent are

varied.



CHAPTER 3. FR3PARATIV1 1"1THOD3

3*1 Conaral preparative scheme

The basic procedure for the preparation of the isomeric
bic.yclof 3> 2, 1] octan-3-ols was developed by Jefford and co-workers,
and by KraU3.ﬂ7 The bicyclo|{ 3, 2, 1Joctan-3-yl sxelcton was obtained by
the addition of dichlorocarbene to norbornene followed by opening of the
cyclopropane ring (Figure 3*1). Various methods of generating the carbons
have been described in the Iiteraturelf8 in this work two of these were
employed. Tho first, that used by Jefford and co-workers used ethyl
trichloroacetate as tho carbene precursor, sodium methoxide as the baon,
and pentane as the solvent. This method gave a rather low yield (ca. F;.i)
of oxo- 3,4~diohlorobicyclof 3, 2, 1Joct-2-ene. A more convenient method
is that described by Kraus, which makes use of a phase-transfer catalyst.
Chloroform was used both as the carbono precursor and ac the solvent, ar.d
50p aqueous eodium hydroxide was used as the base. Those two reagents were
stirred at 0°C with norbornene and tridodeoylmethylararaonium bromide, and the
product was extracted into chloroform. Fractional distillation under reduced
pressure gave a 64¥ yield of the adduct, whoso spectral characteristics
agreed with literature valuesEC' Reduction of ar( ethers'l solution nf tho
ad :uot with lithium aluminium hydride yielded 3-chlovobicycle [ 3,2,1 j oct2-eri”..
This was hydrolysed to bic; clo[ 3, 2, 1] octan-3-one by stirring the vinylic
chloride in ice-cold concentrated sulphuric aciu, then cautiously pouring tho
mixture onto ice. This method c-"uced considerable charring which was reduced

when the chloride wan added in an inert solvent, such as tetrahydrofuran. The
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product was extracted into ether, but it was difficult to isolate the ketone
xi0z iatii traces of ether« A voiy concentrated, ethereal solution of
the product therefore was placed in a sublimation apparatus, and was
Magnetically stirred during sublimation. A waxy, white,crystalline solid
whose i.r. spectrum showed an intense band at 1715 cid”™ was obtained. The
yield for this reaction was not very reproducible.

The Icetono war. reduced by several methods. Catalytic hydrogonatj.cn
gave a product which was shown by g.l.c. to be a ”0:1 mixture of endo- and
exo- bi(:yclojr 3, 2, 1 Joctan-3-ols, in agreement with the results of Krau:ls".7
Lithium aluminium hydride reduction of the ketone yielded a 2:1 mixture of
exo and endo alcohols, while sodium horohydride reduction gave approximately
equal amounts of the alcohols. The latter method was the most convenient
and gay3 the highest yield. The alcohols were easily separated by column
chromatography, with the endo alcohol being the first eluted. A high recovery
(>90?) resulted on the separation and purification of the alcohols. Kach
was shown by g.l.c. to contain less than 0.1? of its diastereoisomer, and
loss than 1? of any other detected impurity. It was important to have the
alcohols pure, since the purity of the tosylates was le3a easy to demonstrate.

The assignment of configuration for these alcohols has been made by

O, LSAT
several other workers, anu the physical auu spectral properties of the alcohols
prepared by the above methods allowed for easy identification of the exo and
endo alcohols.

The tosylates were prepared from the alcohols and p-toluenesulphonyl
chloride in the minimum quantity of pyridine at 0 C. The tony later, were

precipitated by the addition of water, and after being thoroughly dried, wero



desiccator at -15 C until rsquired.

3*2 Frepara*ion of deuterium-1p.i“-jllad deriv itivos
Theot-deuterated alcohols were prepared by the reduction of
bicycle[ 3, 2, 1j octan-3-ona with either sodiuni borodeuteride or lithium
aluminium doutaride. The mixture of oxo and ondo alcohols were separated
by oolur.in chromatography, the pure alcohols were sublimed, and converted to
the tosylates following the same methods as for the non-deuterated compounds.
Bicyclo[ 3, 2, I] ectun-3-o:io - 2, 2, 4, 4 -d™ was prepared by heating
under reflux the non-douterated ketone and weakly basic deuterium oxide,
with a small amount of acetonefgg being added to increase the solubility
of the ketone in the aqucou3 solution. A strictly anhydrous work-up
procedure was used. The n.m.r. spectrum showed that the signal s.t'Y - 7*7,
which integrated for 4 protons in the non-deuterated ketone, was absent,
indicating a very high incorporation of deuterium <at positions 2 a)id 4= The
douteratod ketone was immediately reduced with lithium aluminium hydride to
give a 2:1 mixture of oxo and endo tetradenteratod alcohols. Those were

separated by column chromatography, sublimed, and converted to the tosylates

as usual.

3.3 Dotor .ination of the dantoriu.n incorporation

Routine n.m.r. s owed that a high percentage incorporation of deuterium
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in ohe appropriate positions of the alcohols and tosylates had been achieved*
However, as the isotope effects which to be rensured are smsllj it Was
desirable to know the accurate percentage incorporation.

Samples of the monodeuterated alcohols, acetates and olefin, along with
samples of the non-deuteratod compounds were sent to the Thysioo—chemical
measurements unit at Harwell for isotope-abundance measurements, using
combined g.-l.c. and mass spectrometry. For such measurements to be accurate,
there must be no loos of deuterium in t3;e instrument. The occurrence of an
@t1) peal: in the spectrum of the non-deuterated sample could be duo to 1033
of a hydrogen atom which is replaced by deuterium in the labelled compound.
IT the rates of loss of protium and deuterium are different, then the mass
spectra are not comparable. Therefore ideally a compound should give an
intense parent-ion peak,and a negligible (G..-D+ peak. Also, (i:+DH pocucs,
due to ion-molecule collisions often occur with polar molecules,and lead to
inaccurate heavy-isotope incorporation measurements.

“ike alcohols were found to be unsuitable for accurate measurements since
the intensity of the parent-ion peal: was too low. Consequently they were
converted to the corresponding trinetliylsilyl ethers. These compounds gave
a large, (M-D)+ peak, which suggests that lost; of label ir. the spectrometer
could be a complication. Calculations "™'re carried cut using the intense
(@1 15)+ peak (loss of a methyl group), and indicated a doutoriuu incorporation
varying from 88.6 - 89.8, depending on the sample. This js surprisingly
low, since there is no obvious process by which protiun could be introduced
to the opposition to this extent.

The tetradouteratud alcohols wero also analysed as the trimothylsilyl



data for these are shown below:-

oH
i
-3 0p rSIlz "G
5 70 isle) 5
-/""-oh 8 %0 2

Tae isomers wero prepared simultaneously from the same pirecursor,and were
subjected to a common work-up procedure. It is therefore difficult to
explain the apparent difference in deuterium incorporation.

The results for both the mono- and totradeuterated samples can be
rationalised If the fragmentation patterns are different for deuteratad
and non-deuterated samples. The presence of an (§:-I+ paak suggests that
this is a possible explanation of the low values for tho deuterium
incorporation.

endo-3lcyclop 3 2, 1Joctan-3-yl acetate and its oi-deutersted
derivative gave spectra which were even less suitable for accurate analysts,
and only a very approximate value of 85" deuterium incorporation at the
opposition "/s obtained.

It was"desirable to prepare a derivative that would give an intense parent-
ion peak. cxo-Bicyelof 3» 2, 1 ~octan-3-yl-3-d* tooylate was boated in the
acotolysis nodium for at least 10 half-lives. The products were extracted
into pentane, and tho olefin fraction was separated from tba »estates by column
chromatography on alumina. The olefin in pentane was sent for mass-spectral
analysis, and was found to give an intense parent-ion peak,and very small

G--D+ . ¢ i)+ peaks. A value of"99c deuterium incorporation at

carbon-3 was obtained.

—--—-— —  etati.
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In order to check thi3 value an n.n.r. spectrum of

fOn-bjcyclo[ 3j 2. 3 Joct@n3 %332 VAS Ta 3w 7. JrHD
O™ thi3 department on a Perkin-Dimer R32 90°"Hz spectrometer. A protium
incorporation at carbon-3 of 10ji would have been easily observable, but
it proved impossible to detect any resonance due to an o(-proton. An
upper limit of oa. 2y is placed on Hie protium content at carbon-3,and
hence this corroborates the mass-spectral analysis of the olefin,and chows
that of the trimethylsilyl derivatives to be incorrect.

Combined g.l.c. and mass spectrometry on the trimethylsilyl ethers
of the o(-deuterated 4-t-butylcyclohexanols gave a deuterium incorporation
of 9%6-977;". In this case therefore the ethers give suitable mass spectra
and it is concluded that the suitability of the fragmentation patterns of
trir,et"ylailyl ethers for isotope-abundance measurements varies with

alkyl structure.

3.4 Preparation of compounds for standards

Whitings results for the solvolyses of the 4-t-butylcyclohexyl
::.renosulpho>.ates suggested that hydride-ohift products could occur in the
solvolyses of bicyclop 3> 2, 1 Joctan-3~yl tosylates. It was therefore
necessary to prepare the two bicyclo[3, 2, I] ocian-2-ols. In addition
Gocring and his co-workers have 3nhown that skeletal rearrangement from tho
trpjto-bicyclop 3, 2, 1J ootan-2-yl system to uicyclo[ 2, 2, 2J octan-2-yl

3
derivatives may occur.

Catalytic hydrogenation of bicyclo [ 3, 2, 1J octan-2-one yielded

approximately equal amounts of els- and trans- bicyclo[ 3 2, 1] octan-2-yl



acetates alone with a snail amount of hicyclop 2, 2, 2Joctan-2-yl acetate.
THELS ia thought to ho ©IF to __n?qﬁloj_g Q, Qj':l._-_ o -
the commercial ketone. The .acetates were reduced by lithium aluminium
hydride to the alcohols which were partly separated by column ebremategraphy
on alumina. Samples of trans-bicyclej 3, 2, 1] octan-2-ol containing 4;f

of the cds alcohol, and cis-blcyclo[~ 3, 2, ij octan-2-ol containing 1.' of
the trans alcohol were used to obtain i. :. and n.m.r. spectra,and approximate
molting points, which allowed assignment of configuration by comparison with
literature values. Bicyclo” 2, 2, 2 Joctan-2-ol and bicyclef 2, 2, 23-

oct-2-ene wore kindly supplied by Sr. H. haskill.

The acetates were prepared by heating under reflux the corresponding
alcohols,, acetic anhydride and pyridine. A3 they were only required for
g-l.c. standards, these preparations were carried out on a small scale, and

the products were stored as ether solutions until required.

The formates wore prepared by mixing the alcohol and an excess of
formic-acetic mixed anhydride. The solution was left to stand for about
1 week, then made alkaline,and extracted with ether. The formates prepared
by this method contained up to j\ of the correspond!:: : acetates, but this

not a complication since the acetates and formates were easily resolvable

by g-l.c.

The otbyl others wore prepared by heating under reflux the alcohols,

silver oxide, and a large excess of ethyl iodide. The mixture was extracted



v.ith ether,and percolated down a column of dry alumina. "The product was

eluted with diethyl ether, and stored in solution.

3icyclop 3j 2, 1 |oct-2-ene was prepared by sodium-induced dechlorination

of 3-Ciilorobicyclop 3, 2, 1J oct-2-ono after the method. of Gasainan end PapeTrI
The product Was extracted into pentane, and most of the solvent was removed
by fractional distillation. The last traces of solvent proved very
difficult to remove, as the olefin was very volatile. The residual
solution was percolated down a column of silica gel impregnated with silver
nitrate, with pentane being used to elute the olefin. This procedure
removed cone of the tetrahydrofurai and t-butanol, but preparative g.l.c.
was necessary to isolate the olefin from the last traces of these impurities.
Sublimation then yjelded a waxy, white, crystalline solid whose malting
point and spectra agreed with literature values. Several other methods
of preparation were attempted, including the Banford-Stevens reaction of tha
tocyl hydranone of the ketone with methyl lithium (@, yield by g.-1.0.),
lithium-induced dechlorination of 3-ohlorobicyclof 3, 2, 1j oot-2-one (ca.po;”
conversion of starting material to olefin by g.l.c.), and treatment of
oxo- 3, 4-dichlorobicyclop 3, 2, 1J oct-2-one with sodium in liquid ammonia

(better than QOT reaction of starting material.). Wwv;r">"" in ro ?r1:? "as

it possible to isolate, the olefin in reasonable .yield -without preparative

g-l.c. being necessary.

3.5 Test of tZMl stability of the product- to the solvelysis media and tho

work-up procedure

Two of the acetates, trana-bloyolof 3, 2, 1 joctan-2-yl acetato and



bicyclo]” 2, 2, 2] ociun-2-yl acetate, and bicyclef 3, 2, 1] oct-2-ene were
heated at >0°0 in the aocatolysis raivji3; -=2i inv? fom-itps 90
bicycle[ 3, 2, 13 oct-2-ene were treated with the forinoly3is medium at
25°C for 10 half-lives of exo-bicyclo[_ 3, 2, 1] octan-3-yl toaylate.
Vithin tio limits of detection, no rearrangement was observed for any
formate or acetate, and no addition to the olefin or rearrangement of the

olefin occurred.

As the analysis of the alcohols by g.l.c. is much simpler than that
of the acetates or formates, the products of acetolysis and fomolysis
were reduced by lithiuu aluminium hydride to convert the substitution
products to alcohols. This process was shovm to convert the acetates and
formates cleanly to the corresponding alcohols, without any detectable

rearrangement. Bicyclop 3, 2, 13oct-2-ene was also shown to ho unchanged

by this procedure.

3.6 Calibration of the detector

Ihe products were analysed by g.-l.c. and were not isolated. It was
therefore necessary to employ an internal, inert standard, and to calibrate
tho flame-ionisation detector to the products so that absolute percentage
yield.3 could bo quoted. This ensures that all tho major products have been
observed. The molar response factors of the detector to bicyclof 3, 2, 13~
oct-2-ene and to two of the isomeric alcohols were determined by analysing
standard solutions of the compound and a hydrocarbon standard. Because of

tho large difference in retention time between the olefins and tho alcohols,



Ceparato hydrocarbon standards were used.

A molar response factor was calculated for the ethyl ethers.

Mien the solvolyses for the product analyses were carried out, known
amounts of both hydrocarbon standards w*re added when the solvolysis
solutions were prepared, and were used to determine the percentage yield

of oach product.

3.7 Preparation T the /-t-butyicyclohoxyl p-tolu.nesulplio-rvteo

- The ofc-kinetic isotope effocto for the d-t-butylcyclohexyl tosylat&3
wore required in 50?7 aqueous ethanol, as a check on the solvolytic procedure,
and in buffered acetic acid for comparison with the bicyclop 3, 2, ljoctan-
3-yl tosylatos.

The aor. keicial mixture of c¢js- and trans-d-t-butylcyclohexanols was
separated by column chromatography on alumina, with the cis alcohol being
eluted first. The alcohols were sublimed and converted to the corresponding
tooylateo as usual.

In order to prepare the labelled compounds, the oomr.orcial alcohol
mixture was oxidised to A-t-butylcyclohexanor.e by I'rs P.H. IcAdam of this
department. Sodium borodeutorido reduction of the ketone gave a 3*1 mixture
0" trails to cis o<-deuteratod alcohol which was separated by column

chromatography . Tho alcohols were sublined and converted to the tosylates

as usual.



CHAPTER 4 KTr3Tic3s P ' i ¢ ¢ ad rasiiits

4e1 The choice of solvents

The solvents used covered a wide range of solvent parameters. The
ionising power (YY) and nucleophilic!ty ) of each solvent arc shown in
Tabic 4.1. The use of acetic and formic acids, which have the same
nucleophilioity, allows the effect of ionising power to be determined.
Acetic acid and 94" agq. ethanol have very similar Y-values but vory
different nucleophilieities, and allow the effect of nucleop’ilioity to
be studied. A range of aqueous ethanol mixtures, which are tho most
common solvent systems used in recent measurements of isotope effects, have
been used. A leas nuclseé)(‘ahilic aqueous alcoholic mixture, 97/~ ag-

2, 2, 2-trifluoroethanol, was also used for comparison with recent results
o,si

for other systems.

4 _2 Procedure

Generally a stock solution of the solvent mixture was prepared, and a
small amount was withdrawn to dissolve the tosylate required (2~5mg) for
each run. A stock solution of the tosylate in the solvolysis medium wac
not prepared, because of the instability of the tosylatos. The low
solubility of the tosylates in 50," ag. othanol required that a slightly
different method be used. A stock solution of JO', uqg. ethanol was not
wrep&redj iInstead an appropriate amount of the tosylate was dissolved in
a known volume of spectroscopic ethanol, and an equal volume of water (or

aqueous borax) was :,dded. IVoah solutions were prepared for each run as

usual .
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. s
-in adaptation oi“ tilo spectrophotometric method of Swain and Korean

was used to measure the rates of too vnacbQjio* A Unicom SJgOG G-xi"iu2
with an SPpOg programme controller, and a thermostatted coll compartment
was used« The temperature of the coll compartment was controlled up a
water bath fitted wit .a circulating pump and a Grant contact thermometer.
The temperature variation during c run was shown to be less than 0.1°C.

Fresh solutions were made up for each run; protium and deuterium
compounds were run concurrently to reduce the effects of <,ill temper ture
variations between runs. Typically, three 1 a* »atoned silica colls
fitted with P.T.F.U. stoppers wore filled with solvent in the first coll,
an approximately ODC"; solution of the non-doutoratod tosylate in the
solvolysis medium in the second, and a similar solution with the deuwium-
labelled tosylate in the third. These ware placed in the twermustatv-ad
coll compartments, end allowed to come tc thermal equilibriui.! (about 2
minutes). The wavelength chosen "as usually 272 ran, at which value all
tho solvents bad low absorbances, and the absorbance of the solvent-
containing cell was then sot at zero. The absorbances of oil three cells
Viera then recorded at this wavelength at chosen time intervals by use of
the programme controller. By repeatedly timing a large muter of cycles
of ¢licesuruliiont* Ox abnoxnonces, ouo =Inj.lu.iujowi-Xxu time wus ostii @f.u

* C.oio. The maximum error in absorbance was about 1,”.

The reactions wore followed for not Jess than 5 half-lives. The
First order rate constants wore cv lusted from about dO points by a
computer program using a non-lincar minimisation routine written by

Dr. H.L. Tranter of this department. The standard deviation of the

friMmilol
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rate constant for an individual run Tas always less than * 0.5/ (with
the exception of some runs involving tegra-deuterated tosylates, v.hers
it was about I/, duo to the large rate retardations involved) showing
that good first order kinetics wore followed. The runs were Xx"epoated
about six times, and a rate ratio "/&s quoted for each pair of nrotium
and deuterium compounds. The mean rate ratio-was o Ic-luted irr the
individual rate ratios, and the standard

fom;ulas
X

2
1

fa2)
<
2 g

a-| a-1

It was usually less than * Ih.
(The standard error is defined to have 2/3 confidence limits)
Too isotope effects have not oocn corrected for the deuterium

incorporation being slightly less than 100, .

4.3 Checkon the kinetic r-.tl-rt

In order to check that the isotope effects measured wore not being
affected .ty any bias in the spectrophotometer, sax runs wore performed
in 50/ ag. ethanol with the non-deutorated tosylate in both cell positions.
This gave a rate ratio of 1.00 + 0.01, showing that within experimental

error there is no bias in the procedure.

Tho v><-kinetio isotope effects for the 4-t-butylcyclohexyl tosylates

in 50/ ag. ethanol were measured for comparison with those measured by

1,.B
Chinor and Jewett for t-o corresponding brosylateo by a very precise
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ar<l”.-_otaretrio . -j_hod* (Tr.e use-of tosylates instead of brosylatos
leot the O«-deuterium 1 ioto] effeot ~)S For the »la to ylate
a value of 1.200 - 0.0c7 was obtained., which compares well with 1.202 i O.C il
quoted by Shiner and Jewett, while for the trans tosylate 1.16 * 0.01 .as

obtained in agreenent with the literature value of 1.172 * 0.001.

Tne o(-kin.3tic isotope effects in stie agueous alcoholic mixtures were
measured without the presence of a buffer* To determine whether this would
inflvonoe the rate ratio, the result for coo-bic..ale” 3, 2, 1Jootan-3-yl
tosylate in 'jO' ag. ethanol mre d t : . 3 both in the pra je and ahsenoe

of a borax buffer. Mean »C-isotopo effects of 1.1J8 + 0.000 usd 1.183 * 0.006

respectively wore obtained. Therefore vithin i._perir..ental error the lack of I

a buffer in aqueous ethanol does riot affect the isotope effect.

Because of tire difficulties in propar®.ne V  tnlvolysia solutions,
the or-rori in 0™ _-n. oth .nol are prob"bly the largest for all the solvent
systems used* Three ind el lent aan v "liee of the o<riscto k e ifeot were
obtain..! for the ondo tosylate. On the SP500 values of 1.214 - 0.007 (aeon

of 7 runs) and 1.166 - C.005 (mean of 5 runs) wore obtained, and a value of

* 0.003 (moan of 5 runs) was obtained on a 111 ford 2400 spectrophotometer. !
Those isotope offsets aro in raasonable ayraeiuent, but snipped thui. the ovtoiij

in this solvent system am slightly hiyher than the computed values.

Tlieae oliecks on the Hnetio method have therefore shown that there is

no bias iIn the procedure, that literature results can bo reproduced, and



that tho use of tho standard error .ives a good estimate of the error

4<1 Rates of aolvolys:h

Tho rates of solvolysio of
c.re shown in Table 4*2. The temperatures have been chosen to give con-
veniently measured rate constants.

The rates of acetoly;fs of botn tosylates are sli®itly faster than

those measured by Jefford, since in tho present case a high concentration

a9, XH
cetolysis with that of cyclohexyl tooylate using the Schloyer-Foote equa+ion

in coiiron I the relative rate has been calculated from Foote"s equation ,

and only takes into account the bond anglo strain, while those in column 11
include a torn for the relief of non-bonded strain. It can be scon that
v/hile the former method underostiiiat.es the rate constants, the latter

provides overestimates. The calculations do not allow for possible flattening
of the six-membered ring. Such an effect would docre."".ge the non-bonded
repulsions, but would require that a tern bs included for torsional strain,
cinco tho staggering of adjacent groups would. become loss perfect. If all
throe types of strain are taken into account, tho calculated rates of
acetolysiy v/ould be very close to the observed, values, and hence tho rates

appear to be normal. The bieyclof 3, 2, 1'"]Joctan-3-yl tosylates react



Formic acid

Acetic acid

97f: ag. Trifluoroethanol
90y ag. 3thand

80/ ag. Ethanol 5.12 £ 0.0(5 (5>0)

I+

98, ag. Ethanol 4.90 + 0.0p (70.1)

(a) containing 0.15- sodium formate
() containing 0.15A potassium acetate

(©) buffered with 0.0035!. borax for the exo isomer and 0.009%; for the

ondo isomer.



Table 4.3

Calculation of acetolysia rater; using the Schleycr-Tootl u-niation

Tosylate \Y

Qo

3714

iA zA 1714

(a) 30s Tof.58

(GIi-TS) strain
heal/mole

1.8

3.8

log,.,

1.11

2.15

k

10°10 krel

ealed.

| 11
0.66 1.45
0.66 2.92

(b) using Jefford"s values for unbuffered acetolysis at 25°C, relative

to acetolysis of cycloiisxyl tosylate



faster than the 4-t-butylcyclohexyl toaylatea presumably because of
higher torsion .l strain, ad. of more serious non-bonded strain in the

{.-round 3tatos of the bicyclic tosylates.

The solvolysis rates in different solvents vary with ionising power
in a manner expected for a mechanism involving a more polar transition
state than ground state. Thus t le formolysis rates are considerably
greater than the rates of acetolysis, anu in the aqueous ethanol mixtures,
the fastest, rate is observed in 50/ Al- ethanol,and the slowest -in 9°g
ag. ethanol.

omor by factors
ag. ethanol at
j-on-3-ol is more
The free energy
difference is probably slightly higher for the saturated analogvs where
the six-"omberod ring will be moro puckered. Tnis difference would give
rioe to the rate ratios obtained,suggesting that these are predominantly

ground state effects, as in the case of the 4-t-butyioycloboxyl derivatives.

Sohle™er has suggested some criteria to test the sensitivity of a
system to solvent nvcleophilicity. The iinstein-Grunwald »-value of a
compound may be calculated, and is found to be between 0.2 and 0.4 for
compounds reacting with considerable solvent nucleophilic participation,

whilo it is close to unity for tertiary systems reacting by limiting
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mechanisms. For endo- bicyclo [3} 2, 1 ]Joctan-3-yl tosylate sn m-vulue of
0.54 at 60 @ can (0 calciliated from 8.wl.y3is rates in 6ujJ and yop ag-
etharol,./" ile for the exo tosylate a value of 0.45 “4 70° is obtained.
These values will he higher at 25°. end thus indicate that these comrounds
lie on the borderline between nucleophilic and limiting mechanisms. A
second probe is the ratio of the rate constants for a given compound in
98/ sg. ethanol and acetic acid, where the ionising power is constant. If
a compound reacts with solvent n _oleophilic participation then this ratio
will be greater than unity, since 9; aq. ethanol is more nucleophilic than
acetic acid. Thus the ratio is 7.8 for isopropyl tosylato,mid 4.3 for
cyclohexyl tosylate,=bile it is reduced to 0.16 for the tertiary l-ada”.antyl
system. For exo- and endo- bicyclo[“3, 2, IJoctan-3-yl tosylates the
ratios are 0.46 and 1.09 respectively (using Jefford*s rate constants for
unbuffered acetolysiéK%. Both of these criteria t erefore suggest tnat
less solvent nucleophilic participation occurs in the solvolysen of these
compounds than for c:clohexyl tosylate.

For 2-adamantyl tosylate, an m-value of 0,91, and a rate ratio in agueous
alcohol and acetic acid of 0.13 were obtained. Sclileyer has suggested that
this compound i-aactu without any solvent or neighbouring group participation,
and hence can be used as a standard, for secondary systems%w? The variation
with solvent of the ratio of the. rate constant for a given substrate to that
for 2-adauantyl tosylate then demonstrates the dependence of that substrate
on solvent nucleophilioity. This tost is most effective if the rate ratio
in trifluoroacetio cid, often described as a limiting solvent, is known.

Higher rate ratios in other solvents tnen suggest that nucleophilic
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participation occurs in those solvents. As it is difficult to measure
ratos accurately in trifluoroaoctic acid, formic acid has been used. The
ratios are shown in “Table 4*4 with the values for isopropyl tosylato for
comparison. The 2-udaraantyl system reacts the slowest of these I >ur
tosylatos. Por isopropyl tosylate the rate ratio increases by a factor
of 40 when the solvent is changed from formic, acid to 80" ag. ethanol.
Por the bicyclo[”3] 2, 1 Joctan-3-yl tosylates the ratios increase by 103S
than 0 factor of three. Therefore the dependence on solvent nucleophiliclty
is les;, for these compounds than for isopropyl tosylate.

All throe criteria indicate that while some solvent nucleophilic
participation occurs, it is less important than for simple secondary

systems. The mechanisms for both tosylates appear to be very similar.

4.5 <~iretic isotop.”; effects
The ©akinetic isotope effects for exo- nd endo- bicyclo[ j, 2, 1]

octan-3-yl tosylates in various solvents are shown in Table 4,5. o<-Isotopo
effects are known to be slightly temperature dependent, and docivase by about
0.01 for a 20° rise in temperature. IT allowance is made for temperature
differences, then the values for the exo tosylate are all within 1" of 1.20
at 2p°C. A change of solvent from the very weakly nucleophilic formic and
acetic acids to the comparatively nucleophilic aqueous alcohol mixtures does
not decrease the c<-i30tops effect. The results are very similar for the
endo tosylata. If allowance is made for the temperature differences, an
ofisotope effect of 1.19 * 0.01 at 25°C is obtained, except in formic acid

and Z'r aq. ethanol. The error in formolysi3 i3 rather high, and hence the






Table 4.5

o~—Kinotic 18010p¢ effects for exo- *nd ondo- bio;klacC3, ?, 1] octan-3-yl

tosvlates
Solvent
a A |/ 6 (10
Fomiic Acid 1.20 = 0.01 (24.8) 1.17 + 0.01 (24.8)
feetic Acla P 1.163 + 0.008 (70.6) 1169 t 0.008 (60.6)
97/ sg» Triflueroetlianol 1.203 ~ 0.007 (41.4) 1.188 t 0.006 (41.4)
50/ 2q. Ethanol 0 1.198 + 0.008 (36.0) 1.186 * 0.003 (24.8)
COr ag. Ethanol 1.173 + 0.007 (59-0) 1.177 + 0.009 (55.0)
98/ ag. Ethanol 1.183 * 0.007 (70.1) 1.141 + 0.002 (60.4)

(@ containin"® 0.15” .sodium formate
() containing 0.15 " potassium acetato

(©) buffered -.1th 0.0035" "borax for the exo iaorjer and 0.0C% for the
endo isomer



actual value could well lie iIn the range noted for the other solvents.
However in 9&< nq. ethanol the standard error is small, and the lower
of-isotope effect is significant. As this solvent mixture has the highest
nucleophilicity of all those studied, +ho lower ot-effoct is possibly due to

increased solvent nucleophilic participation.

"ite results of Jefford for the acetolysis of these tosylates could
have been interpreted in ter,I3 of different solvolysis mechanises for the
exo end endo compounds, with the exo tosylate reacting hy a more nucleophilic
mechanism. The present results show that this is not the case since the
oi-offacts for the exo tosylate are at least as hich, as for the endo tosylule,
and show little variation with solvent. However the values aro below 1.23
which was obtained for the oolvolyaes of 2—adaroa_r;t)gli tosylate, and was

ia,

suggested to he the value for a limiting mechanism. The lower effects cun
13 rationalised in terms of some solvent nucleophilic participation, though
this cannot he extensive, u.id as tier'® is little variation of the effect with

solvent, the extent of participation must ho similar in all the solvent

mixtures studied, with the. possible exception of the endo tooylr.ta in -

aq. ethanol.
nil

In Chapter 2, it was mentioned that participation hy a neighbouring
to
-"roup could reduce the "N-effect. ?br the endo tosylate there are suitably
oriented p-hydrogens which could participate, hut there are too few literature!

examples to conclude whether such participation roducon the e<-effect. To

help to determine whether such participation occurs, the p-deuterium isotope

effects wore measured.
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A.6 fel-inotio isotope effects
R —nyu~ogeil pa/t"Lciputi\:in VWHS oh " i by f ii;ii et* tilm tw oCOul*

during the solvolysis of both 4-t-butylcyclohexyl brosylate;. Exceptionally
large rate retardations were observed when all fourB-positions were
substituted with deuterium. Feaaureraent of individual j}-isotope effects
iji these and in other systems showed that the magnitude of the jj-cffoct
depended significantly on the relative orientations of the p-deuteriwi and
the leaving croup, with a maximum effect being observed when a trails
co-planar arrangement occurs For trans-d-t-butyloyclohexyl brosylato, i
the B-isotopo effects suggested that a non-chair t—j sition state intervenedr

For the hicyolo [ 3, 2, 1 Jootan-3-yl derivatives in chair oonfurinations ,
the p-hydrogens are suitably oriented only for the endo tosylate. Uodels
suggest that the ethane bridge reduces the flexibility of the ring, and
hence the exo tosyl&to cannot adopt the twist arrangement which occurred for
«tri ns-4-t-butylcyclohexyl brosylate. Tnus though p-hydrogen participation
could be predicted to occur in the solvolysis of the endo tosylato, it
appeared to be unfavourable for the oxc tosylate in the ground state

conformation. The results of replacing all four p-positions with deuterium

are shown in Table 4*6

S
The temperature dependence of p-effects is complex. In some cases,

6o
ouch as isopropyl tosylato, the effects appear to bo temperature independent,
but usually the effects decrease slightly as the temper»turo is increased.

As the temperature dependence of the effects for the bioyclo[3, 2, [Joctan-3-y I

tosylatoo to not kno\m, the values should only bo compared when the temperature 1



p-yeuterlun isotopo

tosai atea

Solvent

Formio Aoid 1
Acetio Acid O
'iCff. Stbanol ~

ng. Bthanol

Tabie /i.06

effects for Ra- and endo- bicvclof 3»2,1 Joetar~3-"-1

2.36
2.14
2.1Q
1.93

+

+

ao

0.02 (36.0)
0-03 (70.5)
0.02 (46.6)
0.03 (69.8)

(@) for tetra-deuterc.tion of tho ji-Tcsitionr.

(b) contai«>ng O.15" sodica forniate

(o) oontaining 0.19 poti

(d) containing 0.00?" bora:

tate

N OTo

ao

2.75 i 0.05 (28.3)

+

2.43 + 0.03 (61.4)
2.58 + o.c? (30.0)
2.23 i 0.02 (60.0)

+
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difference is fairly snail. The values in formic acid can be compared

«<ith those in if, ag. ethanol, and those in acetic acid with those in %/

agq. ethanol. The values for both tosylates are very high. For comparison,
isopropyl toeylate gave ai\—d, effect of 1.55 in hydrolysistowrliile

t-butyl chloride gave ap-d» effect of 2.39 in y(v ag. ethanol. The isotope
effects in the poorly nucleophilic acid solvents are higher than those in
the aqueous ethanol mixtures (comparing pairs at similar temperatures).
Shiner has suggested that R-isotopo effects are more indicative of slight
changes in mechanism than tha «(—effectss, and in the present case the p-effect-
do suggest slight changes in mechanism as the nucleophilic!lty of the solvent
varies. They therefore suggest that the o"-effecto aro lower than 1.23 at
least in part due to some solvent nucleophilic participation. However,

the magnitude of the B-effects suggests that hydrogen participation also
OCCUrs. It is surprising that the j5-affects for the exo tosylate are
noarlv as high as those for the ondo isomer. The strong conformational
dependence of hydrogen participation therefore is very strong evi.de.ice

that the exo tosylate reacts through a transition state where the sjx-
memhored ring adopts a non-chair conformation, probably a rather flattened
boat. Though the difference in free energy botwoon the chair and boat
conformations will probably he greater in this system than in eyclohnxyl

tosylato™® the barrier for ring flip from the chair to the boat will bo

lower for the bicyclie system, since tho ethane bridge flattens the

[
cyclohexane ring.

Whiting has pointed out that reactions through high-energy confomern



are not precluded by the "'."instoin-Holness aquatic

klrl’ + k 2n >
(whore k is the overall rate constant, numbers 1, 2 etc. refer to
different conformors of the seoie compound, is the rate constant
for reaction through conforner T, and is the mole fraction in
conformation 1, etc.) since while may bo very much greater than
m, may be much higher than k~. For tha e tosylate, the rate
constant for rop.ctlon through the higher energy boat form should be
much higher than from ;ho choir» for two reasons. Firstly the departure
of the leaving group will reduce staric strain in a similar way as for
the endo tosylate (see section 1.4), and secondly two 6-hydrogens and
the tosylate group have a trans co-planar arrangement which allows the
R-hydrogen3 to participate in the breaking of tha c irbon-tosylate bond.
Therefore though " t« n”~” kN t» kohnir)and reaction through
a boat conformation, flattened somewhat to reduce non-bonded strain, is
feasible, arid would account for the high p-d. isotope effects.

In conclusion some solvent nucleophilic participation probably oc :urs
for both tosylatos. The m-vuluea are intermediate between those for
nucleophilic and limiting ruohanisma, the ratios -pjA~ntoh H*°
very low for secondary systems, and the variation of the ratios of the
rate constants to 2-adamantyl tosylate over a range of solvents is slight.
The e<-i»otope effects are high andb.ow little dependence on solvent,
thou h the p-d< iootopo effects do docro se slightly as the nucloophilicity

of the solvent is increased. Tho eitent of se” solvent participation



however cannot he very great, as all thcoo robes do suggest a mechanism
that is close to hoing limiting.

Tie similarity in the extent of solvent nucleophilic participation

that the exo tosylute reacts through a transition state in which the
cyclohexane ring adopts a host conform _tien. Thus the approach of a
solvent molecule in seriously hindered by _he ethane bridge in the case
of the exo tosylate if it reacts through a chair conformation. However
in the boat con nation d pproaoh beo i uoh easier, and more
similar to that in the case of t e endo tosylate.

Tho high p~d 1isotope effects for both tosylatcs point to participation
by the B-hydrogens in the breaking; of tho oarbon-to3ylate bond. Shiner
et al. have shown that this is normally strongly dependant on the relative
orient: tions of the p-hydrogens .ad the leaving grou;?;nd hence t c effects
are unlikely to bo cumulative in the present case. It is therefore
-orobably incorrect to conclude that beezuse the p-d isotope effects
are lower for the exo tosylate than for the endo, that less participation

occurs for tho former. The results do not provide any clear indication

of what form such participation takes. It is possible that only



Some movement of the fi-hydrogen3 to give a hydrogen-bridged ion,
perhaps unsymmotricul, could ho..ever occur. Bridging by a hetero-atom
reduces the oi-ieotope effect significantly\iO but it is controversial
whether participation by a neighbouring carbon-hydrogen er-bond conic

S
also contribute to the reduction of the «-offset.

4«7 «-hluotic isotope effects for c;u- and fr ns - ,-t-butylcyolo' aryl
toor, lutes
The «-effects far solvalyses of the brosylatea had been measured
very accurately in ¥fr ag. ethanol by Shiner and Jewett. It via felt
that it would be useful to determine the «-effects in at least one other
solvent system to compare the variation with solvent v."ith that for the
The solvent chosen va tic i.eid,

for which product analyses have been reported, and which was also used in

in 50," ag. et .aol were reinvestigated in the present work by the

IT tEnperature differences are allowed for, then the «-isotope effects
are seen to bo similar in both solvents. The rate ratios relative to
2-aduv.antyl tosylato do not show the increase with solvent nucleophilicity
that is observed for isopropyl tosylates,*? though the temperature dependence

of the rate ratios is not known. In theso reepoote the tosylates behave

in a similar fashion to the bicyc?o[3, 2, 1 Joctan-3-yl derivatives.



TaWe 4*7

"to Constants Gild c4~kl110lxu xS01CAD &f fOot =for ul.-—-lid

tr?ns-4-t-fcutylc.rclohexyl tos;/lat03

OTs

Bu.
Solvent kH x 10" Ic. x 10J

(sec- )

pO- an. Ethanol 44.8 206 + 0.4 1.200 + 0.007 4*55 * 0.08 1.16 + 0.01
*Acetic Acid a 79.6 188 = 2 1.17~ £ 0.004 7.92 + 0.3 1.13 £ 0.01

@ containing 0.151 potassiun acetate

Table 4.8

Conpari son of the rates of gclvolysio for cis- and tj*ns---

t—butylcyclohexyl tosylatea 'viti: 2-ad&'.r.art;:l tov. lato

Solvent KiPr/ 2-ada Koks® 2-ada ~trans™i-ada
9" aq. Ethanol  20.C (2p°C) 154 (45°) 3.40 (45°C)
Acetio Acid 12.6 (2p°0) 16.1 (80°n) 6,77 (80°C)

(@) oee ref. 59

h. TeML/M M MELJ
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However the two systems differ in that while the exo- and endo-

bicycloj” 35 2, 1/ octan-3-yl tosylates gave o<.-tsotope effects which

are very close, the trims tooylate in the 4-t-butylcyclohexyl system

gives a significantly lower value than the cis tooylate in both solvents.
This result is difficult to rationalise. Shinerihas shown that the trans
derivative reacts probably through a twist conformation in which storio
effects are likely to be similar to those for the cis tosylato, and hence
the o<-offoct cannot be lowered by severe storic factors. The extent 0?
p-hydroger participation is indicated by the @ -isotop:- effects (see Tablel.
to bo less for the trails than for the cis tosylate, and hence the lo-\er
©(-effect for tne trans tooylate cannot bo due to more hydrogen participation.
It soeil3 therefore that the solvolysis of the trans tosylate must involve
more solvent nucleophilic participation. T-o0 product analysis shoned, that
a higher ratio of inverted to retained product was obtained for «he trans
tosylato, 50 compared to 10, suggesting that the intermediate in this case
is more susceptible to nucleophilic attach than that in tho solvolysis of
the cis tosylato. It is therefore possible that in the ionisation step,
tho transition states preceding such intermediates a]so differ in their
susceptibility to solvent attack, possibly due to steric differences between

the twist and chair eonforners. Therefore probably a lower ©(-effect i3

ohsoi”cd since the inecliénism io rsore nucleophilic*
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CH.E'{ 5 ANALYSIS OF FRODUC™E3

5.1 Introduction

Four solvent systems in which the <Xx- and R- isotope effects had
been determined, were used for analyses of the products. -icetic acid was
chosen to allow comparisons to be made with the results of Jefford et al.
for the bicycleT 3, 2, 1J octan-3-yl tosylates, and with those of Label
and w:itiné;for related systems. Formic acid and aq. ethanol v.ere
used to allow the effects of ionising power and nuoleophilioity respectively
to be determined by comparison with acetic acid. $0, ag. ethanol was
chosen as a second aqueous ethanol mixture, having a similar nucloophilicity
to 99m ag. etnanol, bit a much higher ionising power. It was also used
by Wiiting for the 4-t-butylcyolohexyl derivatives. Tri fluoroacetic acid
has a very low nucleophilioity and a very high ionising rower and would
have been an interesting solvent for a product analysis, lu# it was not
used since it has been reported that oven with a high buffer concentration,
considerable addition of _he acid to olefins occurs.ld

All the probable reaction products were prepared and shown to be stable
to the solvelysis conditions and the work-up procedure. The acetates and
formates wore first reduced to the correspond:*,e;. alcohols, while the
hydrocarbons and others were analysed directly by g.l.c. Details of the
tests of stability, and the g.l.c. conditions are given in chapter 7.
Calibration of the flamo-ionisation detoctor, and the use of internal, inert,

hydrocarbon standards allowed absolute yields and hence a total recovery to
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bo quieted without isolation of the products.

5*2 Acetolysig

The products of the ucetolyois of the ext) and endo tosylates are shovm
in Tr.blo 5.1, vith the results of Jefford et al?nshown in brackets for
comparison.

There are many differences between the present results and those of
Jefford. Firstly a much higher yield of bicycloL 3 2, 1] oct-2-one is
observed, about 707/ compared to around 40/* In the present analysis,
the amount of olefin was determined directly after the extraction cf the
products, before the acetates were reduced to the alcohols. A separate
hydrocarbon standard was used for the g.l.o. analysis of the olefin,and
the total recovery of the products of acatolysis varied from JC-10S/,
while in Jefford"s analysis no standards were used and a large amount of
solvent was removed before g.l.c. analysis. It is therefore likely that O
lower yield of olefin was obtained in Ins analysis duo to lose of olefin
during the evaporation of the solvent, and that this was not detected due
to the absence of internal standards.

Secondly, in the present analysis tho unroarranged substitution
product fro,a both ioaylales is predominantly inverted, vmile doffora
reported a large amount (21 .5/) of retained product from the acotolysis
of the endo tosylate. Also, significant percentages of rearranged
substitution products are observed from both tosylates, while Jofford

reported no rearrangement in either case. These differences are probably
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due to improved analytic .! methods in the present analysis, where

NO! SCOT columns were used instead of the earlier snort,packed columns.

Also, tho products were not analysed as the acetates, whose resolution

is difficult, oven on wall-coated capillary colums, but as the corresponding
alcohols, which are much easier to resolve.

The unrearranged substitution product iron both tosylates is
predominantly inverted, with retention to inversion ratios of 0.011 and
0.048 being observed for tho osq and endo tosylatss respectively. Less
J5:an 112 of retained product is obtained froii either tosylato, in contrast
to Jefford"u earlier results, but in accordance with the vs, nits of Hhiting
for the 4-t-butylcyc™io],”."Xyl brosylatesrl (see Table 2.4), and of Lebeln for
t o bicyclo[ 3, 1 J oot-6-en-3-: 1 tosylates. These are all secondary
systems which would not be expected to yield very stable carboniuu ions,

R, - LI7 be shielded on one side by the counter ions.
Tho substitution products are therefore predominantly inverted.

V itin”""o product analyses from the 4-t-butylcyclohsxyl brosylates
surgeoted that some rearrangement t> the bicyolo[3, 1Jootan-2-"1 syetei
iidA".t be expected fro tho bicyclo[3, 2, 1 "Joctan-3-yl tosylates. In
medition, (Jeering 1
bicycle£3, 2. 1]1
by a 2,2 carbon so:
tonylata* There
nl pit be expected *

> 2> 29 octan-2-;



The occurrence of rearranged products from the acetolysis of both
tosvlates Was easily observed by g.l.c. rioH the ondo tosylate a total
of 14~ rearrangjad product is observed, comprising nearly half of tie total
substitution product. This is partly a result of the low nucleon!’lieity
o."" the solvent, which allovw/s rearrangement to occur before collapse of
the intermediate with a solvent molecule. A smaller amount, 41% io
obtained fron the exo tosylate, suggesting that in this case rearrangement
ie less favourable relative to unroarranged substitution. The rearranged
product from each tosylate is composed of the same three acetates in very
similar relative amounts. Significant amounts of trano-blcyolof 3, 2, I]-
octan-2-yl acetate (la) and bioyclo[ 2, 2, 2] ootan-2-yl acetate (2a), but
only traces of cio-bicyclo[ 3, 2, 1] ootan-2-yl acetate (3a) are observed.
These proportions arc comparable to those obtained by hoering in solvolyses

of the tosylates Ib and 2b, though in those s-stems more 2a and less la was

3
reported.
ALIX
X
la, x * OAo 2a, x = OAo 3a, x = CAc
b, x = ors b, x » CTs

In the oolvolysas of the 4-t-butylcycionexyl brosylatos, ""Mting
noted that the stereochemistry of the rearranged product dopendod on that
of the starting tosylate. Thus cis-4-t-butyleyclohexyl broeylate (4a)
iTal0 trans-3-t-butylcyclohexyl acotato (pa) as the major rearranged

substitution product,while the trans broeylato (4b) g=ve predominantly
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9Ga — 0

obtained from the elimination prod-.
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the cirs acetate (ib).
X

"Bn- Bu.

4 a, X-0Ts, Y»II 5a X - (c, Y=H

b, X »H, Y =0Ts b, X ~ K, Y = CAc

H iver, th i rranj jitution kh ots from the acetolyses of the
bicyolof 3. 1 jootan-3-yl tosylates do not siow a Imil ir si ireocl oraical
pattern. Time the aaira products occur in tho same relative amounts fro:
both the wxo and endo tor,plates. Comparison with iting"s results >euld
have suggested that 3a al uld lav th maj > n -T¥ n id .roduot fr n
solvolysis of the e.io tosylate, whereas the relative amount of 3a to la and
2a (ii20) ian it li ficantly lar meth n fro d iendo tisylate (1t22).
“fre occur: nee of similar products from two different routes has boon
explained in the literature by poatulatin t at the same non-classical .in
at 3

intervenes in both reactions. Soaring has suggested that tec solvelyses of

the bioyclo-octyl tosylatea Ib and 20 lead to the same non-classical ion (6):

& is7

The resent results are in accordance with rearrangement from both bicycle-
rs g, IJootan-3-yl to lateal 1lingto c ti i 6, thou m it lay not be tha
First-formed ion. Rearrangement could lead initially to classical cations,
but the low yield of the acetate 3a requires that tha lifetimes of such ions
bo short, and at rapid conversion to the non-classical ion iinst occur.
Further evidence for rearrany-"i.ient leadin®; to a non-classical ion is

ot. The olefin yield comprises nearly

mMtA « »<



(0;- of the solvolysis products from both tosylatos* and is composed only

- bicyoloj] 3, 2, 1 oct-2-ene; a limit of loss than 0.3 can ba placed
on the occurrence of bicyclo® 2, 2, 2 Jloct-?-ene. Thus the interned!" te

%= ,ich ¢,-hes bicyclo £ 2, 2, 2J octan-2-yl acetate shows an overwhelming
prsierence for substitution as opposed to elimination. (Q..parison with
Goeringls results suggests that a i.--ecinB of 2' bicyclef 3> 2, 1J oct-2-one
could be due to elimination :"ron the rearranged carbonitm ion.) In the
literature, it is commonly found tnat eolvolysis reactions involving
non-classical ions give low yields of elimination product;? For example,
Goering observed less than I$p elimination in the acotolyses of Ib and 2b, wit!
the olefin being predominantly bicyclo[ 3, 2, 1 Joct-2-ene. In addition,
the exo-2-norbornyl derivatives, which are postulated to solvolyse through a-
non-classical ion, /;ve le/ yields of olefin.

Therefore, in the present work the occurrence of the same rearranged
products from both tosylates, the low yields of cic-bioyolo[ 3, 2, 1] octan-2-yl
acetate, and the absence of bicyclof 2, 2, 2"]oct-2-ene are strong evidence
for rearrangement to the 2-po3ition loading to a non-classical carbonium ion.

This is in contrast with the results for the 4-t-butylcyclohoxyl brosylates

which could be interpreted in terms of classical cations.

3>3 The variation of the mrufiret. anrlysin with solvent

Summaries of the product analyses for exo- and or,do- bicyclo[ 3, 2, I]
octan-3-yl tonylates in all four solvent systems aro shown in tables 5-2,
.»3 and The products can be divided into three groups, the elimination

mToduct, the unrearranged substitution product, and the rearrangement products.



Table 5.2

Analysis of the produoto fron endo- bicyclo jj3, 2, 1 joot-n-3-yl

p—tolv,cnosul  onal3

Formic .Acid a Acetic Acid » 5% fo. ‘tbanol <" ke . Ithanol4
25 60°C 36°C 60

46.1 68.8 63.4 56.5
0.7 0.8 - 0.6
7R 15.9 16.6 5.6 36.5
19.5 8.0 0.5 1.0
16.7 52 0.5 0.6
1.2 0.6 - -
0.4 C.l
ng ~OH 24.6 4.4
3.1 0.3
oH 1.8 0.1
0.2 -

(@ containing 0.150 sodium formate
() containing 0.15 potasaiull acetate

(c) containing 0.017. >orax
(d) containing 0.0;;, 1,4-di.a«»Moyolo[2, 2, 2] octane

-ee] 14 tkriAuum * ~«Jfs<c OMM  Mn - -n 1
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Tr.o processes by which thoso products are forced compete with one another,

and the relative amounts of each product vary with solvent.

In formolyois the yields of olefin from both tosylates are reduced
by about A« compared to those observed in acotr.lysis. Tnis is a result
of the greater polarity of formic acid, and of the lower temperature used,
both of which tend to reduce elimination relative to substitution.

The unreurranged substitution products in firmolysis show very low
ratios of retention to inversion, similar to the3 in 2 toMysis. Thus
both ®ic exo and ondo tosylatos give rise to predominantly inverted
substitution products, and there is no preference for ero or endo attach
in thi3 oysteia, in contrast to the strong preference for oxo attack which
is di., rved in the 2-norbornyl system. It is a little surprising that the
amount of retained product is not greater in formolysis than Ir> acatol; si ;.
The _“renter ionisin®lpower of formic acid should increase tno lijd4d,...." Ox
the carbeniura ion intermediates,and this is generally thought to increase
tho ratio of retention to inversion. The ratios of retention to inversion
are probably similar because of the similar nuclocphili cities of the two
acids.

The lor or lifetime of the intermediate in fOlmie »cid allows more
rearrangement to occur relative to substitution without rearrangement.

Thus for the exo tooylato the ratio of rearranged to total substitution
product increases from 0.14 in aoetolysio to 0.3 in formoly is. The
percentage of rearrangement product increases fio,, ifr to 17/ Por the ejido
tosylate the ratio increases from 0.44 in aocetolysis to 0.0J in formolysis,

and the percentage of rearranged products increases from 14i* to 37°/- In

-Mm % mtm - »f 1'E



thin case, rearrangement is almost as favourable a process a3 elimination.

The high ionising power and lev-nuclsophilicity of the solvent, which allow
the intermediate to be relatively lore-lived, are the main factors leading
to the high percentages of rearranged products.

The rearranged products observed in formolysis are the sai.o three that
were obtained in acstolysis. It is interesting to note that though the
importance of rearrangement increases markedly,still no rearranged olefin,
bicyclo[ 2, 2, 2 Joct-?-ene, is observed. The rearranged intermediate
shows a very strong preference for substitution relative to elimination.

It has been reported tat the aeetolysos of exo- and endn-
bicyclo[ 3, 2, 1 Joctan-6-yl tosylates gave high yields of the rearranged
trans-bieyclof 3* 2j 1Joctan-2-yl and oicycloj® 2, 2, <Joctan—2-yl aceta.es.
It was postulated that ionisation led to the non-classical ion 7, which
could be converted by hydride shift to the non-classical ion C, which is

the ion thought to be generated by rearrangement fro/ the bicyclo[ 3, 2, 1j

octan-3-yl tosylates.

There are no examples in the literature of ion 6 being converted back
to ion 7, though the solvolysis of bicyclo[ 2, 2, 2]ootan-2~yl brosylate

was reported to give about 1/ of an unidentified compound, which could have



70

37# rearranged products are produced, a licit of loss than 2* can bo placed
on the yield of exo- or endo-bicycle[ 3, 2, 1Joctan-6-yl acetates. It is
probable therefore that ion 6 is core stable than ion 7, and henoo conversion

of 6 to 7 i an unfavourable process.

In B/ aq. ethanol the amount of rearrange! .ent is considerably reduced
for both tosylates relative to the values in acetic an.; forndc acid. The
total percentage of rearranged substitution products is les ; than 1~ for
each tosylats, and the ratio of rearrangement to total eubstitutionhv; been
reduced to 0.027 for the exo tosylate, relative to 0.14 in acetolys-is, and
to 0.014 compared to 0.44 for the nr.d isomer. The ,>ercnntage of unroarr. ngad
substitution has markedly increase i, by 30," for the exo tosylate, and by 2ph .
for the endo tosylate. The yield of bicyclo[ 3, 2, 1] oot-2-en<. ha3 been
reduced for both isomers, by about 30, for tae exo tosylato, and by ?. <ar
the ends tosylate.

The ionising pow/srs of acetic acid and 98/ aqg. ethanol are very similar,
and the s lvolyses were performed at similar temperatures. The major
difference between the two solvent systems is in the higher nucleophilicit;/
of the alcoholic medium. Thus, though the intermediates will be formed at
similar rates in acetic acid and 9" an. ethanol, their rates cf reaction
with solvent will bo much greater in the more nucleophilic aqueous alcohol.
Honoo the lifetimes of the intermediates are reduced and loss rearrangement
occurs. It is interesting to note t at in tho aqueous alcoholic media both
tosylates give similar amounts of rearranged produots, whereas in the acidic

solvents the endo tosylato gave a significantly higher percentage than the
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elimination, and therefore since these processes compete with one another,

the yield of olefin is significantly lower than in acetolysis.

The product analyses in 50, ag. ethanol are very similar to those in
B." ag. et: anol. These two solvents hove similar nucleophilicities, tut
PO;" ag- ethanol has a ouch higher ionisin®; power. Hence ir. this solvent
System the intermediates have more time to rearrange, and about 6. of the
products are rearranged, compared to less than 2 in %, ag. ethanol.

However the ratios of rearrangement to total substitution in 50; ag. ethanol
are lower than in either of the acidic-solvolysis media due to the higher
nuclcophilioity c? the alcoholic solvent.

It is found in both aqueous alcoholic mixtures that the ratio of alcohols
to ethers formed is greater than night have been expected from the molar
ratios of water to ethanol. Thus tho molar ratio of water to etnanol i3
only 0.0o for S5ji aq. ethanol, and yet both tooylates give 0.13 for the ratio
of fficdolr. to ethers. The molar ratio of 5<f£ aq. et .anol is 3.2, while
tho ratio of alcohols to others is 4*6 for the undo tosylate, and y.J for
tia BYo tosvlate. Ac =et.ancl is suggested to have a higher nuclco™"iUcity
than water'd this is tho opposite of what might have boon expected. The
explanation probably lies in the greater solvating power of water, awd.

illustrates that such solvent mixtures are not homogeneous at the molecular

level.

A possible reaction schema for the ondo tosylate which is suggested

»nm m *



by the product analyses in the various solvents, is shown in Figure 5.1.
The rate determining ionisation produces an mterjijuiate A, which has
been represented as an intimate ion-pair. There arc three competing
processes which A can then undergo. If a~-proton is lost, then
ebicyclop 3, 2, 1 Joct-2-ene is formed, while if a solvent molécula is
captured, substitution product results. finally a p -proton may migrate
from the 2-position, and this probably generates a short-lived classical
ion, B. The isionis 1 ltedb; siill ai > 1 of
cis-bicyclof 3, 2, ]]octan-2-yl derivatives in the product analyses, and
from the porcentajes of the trr.ns-bicyclof 3, 2, 1 Joctan-2-yl derivatives
being greater than those of the bicyclo[ 2, 2, 2J octnn-2-yl derivatives
(the cinverse of Goering"s resultg). The classical ion r.yidly rearranges
to the non-classical ion O, which gives most of the roarranged products.
In the acidic solvents rearran yr.vnt from A through B to C is a
favourable process relative to collapse of A vith a solvent molecule. In
the aqueous alcoholic media however, the higher nucleophilicitios of these

mixtures favour reaction cf A vith a solvent molecule, rather than

reerrangenent.

y.0 reaoti >nt otemo ... estad the 5 La bm wn in Pi rure 7=
It is very similar to that proposed for the undo tosylate, but there is one
important difference in that the intoivediate A to suggested to have the
six-membored ring in a boat conformation. In Chapter 4 the 13otopo effects
indicated that the transition strive in the ionisation step was in a boat

conformation, and therefore the possibility of this arrangement persisting in
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the intermediate existed. It wa3"mentioned earlier that r.o preference
for oxo or undo attach was exhibited in solvolysis of the bicgclof j,2,11~
octan-3-yl derivatives» and that inversion predominated in the substitution
process. However» approach of a solvent molecule from the endo side of
the molecule is stsrically hindered by the ethane bridge, and hence
substitution for the exo tosylate might bo expected to be less favourable,
relative to eliruination and rearr-u: '"aut, than for the ends tosylate«
Tie results show that this is not the case, but that substitution is a very
favourable process for the oxo isoner. Thus, in every solvent system, a
higher pcroentr®.ge of uriraarranged substitution product is observed for the

toaylat« than for the endo Isomer (see Table p*i)- " »le ethanol
Cn; of the products arose from unrearrangod substitution. These results
would not have bean expected if the intermediate was in a chair conformation,
but are entirely compatible with a boat conformation. iodols suggest that
this arrangement is more suitable for substitution. Thus compared to the
intermediate in who solvolysis of tiia undo tosylate, .so ion A in *?-_.
shows a proator tendency to capture a solvent molecule, relative to elii “nation
and rearrar.gin-ent.

Hydride shift leads to the classical ion 3, which has also been dr. vh
in a boat conformation, though it possibly inverts to a chair. The ion O
which is produced by rapid rearrangement of ion 3 is identic:/) to that involved

in the solvolysis of the endo tosylate, except as regards the position of the

comtorion.

The trends in the produot analyses are therefore explicable in terns
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of the common solvent parameters. She results suggest reaction schemes

which are very similar for 'both tosylates* There are many similarities

with literature results. Thus in common with the observations of niting
4
for the 4-t-butylcyclohaxyl system and of Label for tho bicycloQ 3»ii»l J-
[

oct-5-en-3-yl derivatives, the substitution product is predominantly inverted.
also occurs» giving produots that are due to hydride shift« In

contrast v.xth the 4-t-butylcyclohexyl system, hydride shift loads in this

system to a non—clussi cal ion, and thus the oxo and enao isomers give the

.ng rearranged products in similar relative amounts. This is In accordance

vith the suggestions of Lebol, and in contrast to tie earlier result's ox
to
Jefford.

_Less olefin is obtained in thi3 system than from tho 4-t-butylcyclohexyl
brosylates (see Tables 5.4 and 2.4) The bicyclic olefin is highly strained,
and hence the energy difference between the transition states for elimination
and substitution from the intermediate, is larger than in the unbridged eyet.m.

-ilimin tion pa therefore a les; favourable procos-, relative to substitution

in the bicyclic system.

«Ufa = a. t .
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1;i3 Hughes-Tngold classification of mechanism Bu,:;jostod that S,,2
reactions would ,ive c»aplote iInversion of configuration, since the bond
to the inconin mnucleophile was formed as the bond to t o leaving; group
was broken. ¢n Srl reaction could jive retained and inverted product, as
the product-fcrsiw,.; step involved attack of the nucleophile on a planar
carbon? «"~i -i intemedi -to. however only systems which can provide very
stable carboniiJ ions jive equal amounts of retained and inverted
substitution prod”’ot. In general tie continued presence of the leaving

. ili tori of ¥ un al s inter ediat», results i m
predonin: nt inversion of configuration. The clas ification scna.e or
" .Tinsteinsujjests that most solvolyses involve some solvent nucleophilic
purtici ution, and hence predominant inversion of configuration is common.

The bicycle[ 3, 2, 1Jootan-3-yl tooylates Oivo high ra-io» o.
inversion to retention ("Table 5*4), similar to those observed in solvolyses
of cir- and trano-4-t-butylcyclohoxyl aronesulphonateo.S Predominant
inversion of conTi;/ ration will occur for i.ost secondary systems, unless a
relatively stable intermediate can be produced, as when an aryl group is

Bting cent ell The 2- >tyl system gave an unusual amount

of retained product, tut this was found to have arisen from racewisation of

Sy
the starting material.

Soivolysic of 2-adawontyl tosylate (1), however, jives net retention
67 Ssbleyer and co-workers rationalised this result in

ii
ter: m 0™ a limitin®; "jlvolyais mechanism. The unusual cyclic jstructure

of confi juration.

ecarsi«! proach \t{y 4Rk, &> 'ted SOIVIIt nucleophilic



participation and hence reduced the .yield of inverted product. . Tarig
reported that acctolys.is gave 0,'j' of a rearranged product, -fuich was
later showmn 1o he exo-4—protoadss;antyl ae:aefr:tte.1E8 He pointed out that the
2-adumenty”l system manifesto two of the throe r suits of neighbouring
group participation, a decrease in the inversion to retention ratio and
the dbservation of rearranged prooucts. Ths Fod.. ait/1 system has a
suitably oriented carbon-carbon «*bond which could parti :lgite in ia
ionisation T the carbon-tosylate bond. He sujested Dat (alesai:z fin
of charge in the transition state for ionisation was not extensive, and
therefore had little affect on the rate, though it could e more inmportant
n the product—forming stop, and account for o product analysis. aocent
papers by Schleyer and co-worker:; confimm teat this ty msof .artici atio.n

@

secondary to a tertiary carboniun ion. Tills driving force is absent

IT 2-adamantyl tosylate reacted without any type of aiciot.ance, a .renter

difference iIn the rates would probably,h? obtained.



The /-t-butylcyclohaxyl brosylntes and the hicycle £ 3» ?> 1J octan-3-yl
tosylatss rtl ,.)Vo unusually high p-d, isotope effects. uiubo are
interpreted us duo to participation by the tivnn ooplanar carbon-"nydrogen
bonds»  The produot analyses s m bydrid Lft fron th< p-p i»l
occurred in all cases, but that there was little retained product. The
rates also appeared to be normal, and therefore evidence of hydrogen

anticipation is only obtained from the high jl-isotopo o: retoe (. a
rearranged products could have be°n produced from hydrogen migration after
tie rate-determining step.) High ~-isotope effects could also be the
effect of bir.olocu]ar elimination process, in which a solvent oolscule

attacked the p-kydrogen as the corbon-tosylate bond was broken.

SOTe "OTs
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This would be a primary isotope effect, which could be of the observ®d
Ko./jiitude. This type of elimination is favoured by a non-polar solvent,
and by a strongly basic nucleophile. The odvolyses of the bicyclic
tosylates did not involve strong nuoleonhilos; the moot favourable
circusstances were obtained in ag. ethanol. In this solvent the

£>d effects wore however the lowest, and the yields of olefin were also
1



lor:. In tbs solvolysjs of cyclopentyl troaylate in 70' ag. ethanol,
p-tetrade .iteration reduced the rate by 471" "aut only reduced tho olefin
fraction toy G'J‘.S Tie correlation between high p-isocope effects and j.-tig>
olofin yields is not therefore a result of a rate-determining nlinir.a»ion
process, tout reflects that tooth hydrogen participation and elimination are
facilitated by a lrans co-planar arrangement of the p-hydrogen and the
loavin - roup. This situation often exists in cyclic syatc a, or can be
achieved by slight changes in conformation. 3teric hindrance to an

incoming solvent nolocule leads to substitution toeing less favourable rulat ’\c

to elimination than for an acyclic compound.

It is probable that many compounds® solvolyse with assistance from
neighbouring groups» or from a suitably®"”aligned bond, xn add. bo. to
possibly so is solvent nuoleophilio partioi ition. lle . dq° -1’
a rev; interpretation of some recent results to be r-ado.

to

(1. Surdto and co-worhors reported that solvolysis of wont.iyl tosylatc

(3) gave predominant retention o coniigur®l.ion*

te LPr OTs

©) @

very low p~d isotope effect of 1.27 was measured in 97;" ag. trifluoroethanol.
Those results are in contrast to those for trans”™-t-butylcyolohezyl brooyl tefc)

where solvolysis in &J. ethanol gave wmedominet lit r i< of

ur . Mi.*i1x. \-IMk **mm - t WNI *1
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coruiteration, s.ni 1 p-dj Opffict pf 2243« 9n".to rationalised those differ-

ences by suggesting that monthyl tosyiate reacts throurfi a chair transition
state, whereas the t-butylcyclohexyl derivative has been shown to react
through a twist transition state.I He concluded that retention of
configuration ar < frail steric hindr o , is 1i lama , ayston.
Ibc&ninati on if models suggests that steric hindrance to solvent in
the nontiiya system is much less severe t an for - o~b o;clo[]3, 2, 1] octan-
3 yl tosyiate and for 2-adi.wityl tosyiate. Tins B is surprising that the
solvolysis of nonthyl tosyiate gives tins highest ratio of retention to
inversion. The hypothesis that som> fora of nucleophilic participation
occurs in r.o-t sTstor/s suggists that nonthyl tocylat -, in coraon with many
cvclio systems with equatorial leaving .roups,- reacts through a non-chair
transition state. Ina &\ .tco >m ti ti \ *»rial
isopropyl arid tosyiate groups could become traps co-; lanar, and tnereforc
ionisation of the oarbon-tosylate bond could be assisted by participation of

the carbon-carbon cr-bond. Such participation would protect the rearside

of tho developing carboniu 1ion, md would lead to t m wdorni ant retention

of configuration.

sv?) simifioant retention of oonttewatlor was also obs;irved in tho

solvol’isis OF the 2-mCthyl-4-t-butylc,,oloh«;l to;;,- -to, 5¢

OTs Ou. -0Ts

©) (



This compound probobly also reacts ihrow/jh a twist transition stawe and
involves participation oy too p-carDon-caroon o-bonrt. The isomeric
compound 6, reacts through a twist conformation with p-kydrocon
partiel nation. The rate is 100 times luster than that of 5 and this
r,;.y august that- participation Toy carton-hydrogen bonds produces more

nnchir;”;rio assistance than that by carbon-carbon bonds.

(3)- Acetolysio of optically active l-adamantyluothyloarbinyl tosylate (7)

;-hC an excess of retained product, and neirer = analysis afeer -_.rtial
72
reaction sutested that up to 2ff of the réarrangea product, ¥, vies forced.

-CH,

™ ®

Tins system therefore .robably also reacts with participation by tbo
suitably aliened carbon-carbon ¢T-bond. The of-kinetic isotopo effect in
oy t trffluoroetiianol is only 1.11 — 0.01] much low/or than tbs liTHtin®
value of 1.23 observed for 2-adanantyl tosylatel* Tills oueeests that the

isotope effect ray have boon reduced by ~-participation, as vv.s dss:.v-d
when r-particitation occurred” section 2-3). The «-isotope effect in the
solvolysis of cxo-2-norbomyl brosylate has been roported to bo much lower
thin tmt for the undo isomer. "~Thie is probably due in part to scrambling
of the lubeif but could also be the result of ~-participation. Recent

re-. Its iIn this department for ci”™-bicyc]o[ 3, 2, IJoctan-2-yl - 1»?-"

P9
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t.osylate (9) show that «"-participation does lovw/or the «-effect. A value

or 1.12 was obtained in co> ay. ethanol, which is coi id< *blj low>» than

-OTg

(€))
the c<-effect3 observed for the bicyclo[ 3, 2, 13 octan-3-yl touylatos. The

second deuterium eliminates reduction 0? the effect by scribbling, and hence
the results are compatible with the reduction being due toC-particitation.

M1

@), The solvolysis of pin colyl brosylate ( 0) no<efl ct d

Ve
1.15 in several solvents. 'ﬂl

Me0O C- C - CHS3
OTs

This in lower t,ratﬂot)he limiting value,and tlio p-d-j effect of 1.1? m E
also rather low. Host of the products arc rearranged and have arisen from
migration of a fa-methyl grow. . Tho effect of 1.0.U in 97% "sA
tri fluoroethanol though snail, is positive, t -Pe ¢¢onuu ~ o00.s arc

usually inverse* and hence particij ition of t ocarlj.......... 5

occurs, and lowers the o~effect.

(5). ,, tolj As of 3-methyl-2-butyl brosyl » Ivor p J of
only 1.0?, and r, p-offect of 2.26 for single deutoration on carbon-3.
These suggest that the p-hydrogen on carbon-3 participates in ionisation, and

tho (B-effoot is found to bo fairly lev, 1.17, ~olvon®™ invariant. The
o~effect ay to bo reduced therefor« by .avtioipation- of the o-v-bon-hydrogci 1

bond.



The pentane and li“ht petroleum were washed with concentrated sulphuric
acid, then With aq. sodium hydroxide, ''nd brine. It was then fractionally
distilled fron phosphorus pentoxide. The ethyl acetate used for column
chromatography was redistilled, b.p. 77 C. The diethyl ether required

for the product analyses was redistilled AnalaR other, b.p. 34°0.

The 601"iz nuclear magnetic resonance (n.n.r.) spectra wore run on
either a ?erkin-31mer 1110 or R24 spectrometer using carbon tetrachloride
as solvent and tetrar.athylsilane as an internal standard. The infra-red
(i.r.) speotra were obtained on a Perkin-Elmer 457 grating spectrophotometer
and routine ultra-violet (u.v.) spectra were obtained on a Unicam S_.P. 8000.

Where possible molting points were determined on a Fofler block, but in
some cases, including the alcohols which sublimed on u Kofler blocZ:, the
melting points were determined in soiled capillaries in an oil bath. They
are all uncorrected.

Routine analytical gas-liquid chromatography (g-l.c.) was performed
on a Perkin-SImor FII with 2m by packed columns. Nitrogen wa3 the
carrier gas and a flame-ionization detector was used. A Parian 700 was
v.sed 1 preparative <lece V/itT €10? Xy & column d” caroowajt 20-. on

Chromosorb and a hot—w/ir®© detector*



Preparativa Section

exo - 3} 4-1)iohlorobioyolo 3,2,1]] oct-2-ene

I"ethod A. To a vigorously-ntirrod suspension of norborneno (50g, 0.-7~3 mol)
and froshly-proparcd sodium mctlioxide (119g, 2.1 mol) in dry, redistilled
pantano (300 ml) at - lij°G was added over 3 hours ethyl trichloroacotate,
(268g, 1.4 mol; redistilled, b.p. 56°/8 mm) and the mixtura w/as kept at

-15° for a further 4 hours. Stirring vas continued at room temperature

for 48 hours, then water (400 ml) vas added, the layers were separated,

and the aqueous layer w/as extracted 3 times with light petroleum (b.p. 42-60 /=
Tho combined petrol layers were dried over magnesium sulphate, treated with
activated charcoal, filtered and distilled down* fbe rosinuo was fractionally
distilled to give a colourless liquid (40g, b.p. 80-S/0°/0.1

it.

liethod 3. To a stirred solution of norbor>nene(75g> 0.8 mol) and
tridodecyliaetiiyla.moniura bromide (1.Bg) in chloroform (475<*> 4»ol) at OcC
s added slowly a 50j° aqueous solution of sodium hydroxide (325g of solid
sodium hydroxide). After stirring tho mixture at room temperature for

three days, water (800 ml) was added and the mixture was extraotod 3 tiros
with chloroform. The combined chloroform layers were washed twice with
water, dilute hydrochloric acid, and brine, and dried over magnesium sulphate.
Tho solution was filtered, tho solvent was removed by fractional distillation,
and the brown residuo was fractionally distilled under reduced pressure to

givo a ooloirloso liquid (90g, &, ) b.p. 04-"0 /o.1 mm;



i.r. (liquid Ffilm)1v - 3040(w), 1435, 1305and 740 cm-1;

n.m.r. (CCI._er'I' = 3*87 (<, JarHz; vinyl protons), 5*8" (d, Jw 3Hz$
allyl protons), and 7«35 - 8.CO (mult., CH)5

g. l.c. (&an Carbowax 20”; 160°)i Retention time » 12.3 rain.

3 - Chxorobicyclo [3. 2« 13 oct-?-~nc

Lithium aluminium. hydride (3.04g, 0.03 mol) was added cautiously to

anhydrous ether (100 ml) and the suspension was stirred at 0°C.

o0_- 3, 4 - Dichlorohicycle C3, 2, 1] oct-2-eno (12g, 0.07 mol)

was added slowly, and the mixture was heated under reflux for 40 hours.

After cooling the reaction mixture in ice, wet other then vator were

carefully added,and tho mixture was poured onto ice. The mixture was

acidified,and extracted 3 times with ether. The combined ether layers

were washed with brine, and dried over magnesium sulphate. After being

filtered, the solution was distilled down to remove the other, then the

residue was fractionally distilled wider reduced pressure to give 7*6g

.0 3-chlorobicyclo [3, 2, 1Joct-2-ena as a odourless liquid

h. p. 70 - 71 % m. (lit. 16 - 7(7) /21 nm)|

i.r. (CCl4):V laal. 3000 (W), 104 (m), 1042 (n), and 690 (m) cm“l;
n.m.r. (Cl/Q T- 4.01 (d, 1H, J*7Hz), and 7*1 - 8.8 (rault. I0H);
g-l.c. (2m Carbowax 20:;; 160°)j Hetention time * 2.2 min.

-miomnlo T 3. 2. llootan-3-ono.

To concentrated sulphuric acid (CO ml) at 0 O wu3 added dropwise and with
stirring, a solution of 3-oulorobicyolo 3, 2, I] oct-2-ene (8g, 0.0%4 mol)
in dry totrahydrofuran (15 nl). The solution was stirred at 0°C for 3 hours,

allowed to come to worn temperature ovomight, then was poured onto 300y of

f\im .mentis®



ice. The mixture was made alkaline by the addition of solid sodium
carbonate and qgm sodium hydroxide, then was extracted 3 times with ether*
The combined ether layers were washed with brine and dried over magnesium
sulphate. The solution was filtered, the ether was removed by fractional
distillation and the residue was sublimed at oOL and 20 ma to give Ar (57,*)
of twhite crystalline solid m.p. 127 - 1.30° (lit. 135 - 136 )}7

ir. (CCL,>:Vv ~ = 1715 (*® cnf'5

nw.r. (CClJs"Y = 7-15 (mult.,2b), 7*7 (mult., 4H), and C.3 (mult., 6IDI
g-l.c. (2m Carbowax .., HO®): Retention time = 4-7 min.

Reductions of Bicyclo D3, 2, 1] octjn - 3 - on?

1"ethod A. BicycloC 3 ?> 1Doctan - 3 - one (2g, 0.016 mol) in acetic

acid (50 ml) and concentrated hydrochloric acid (5 ml) was hydrogenated over
platinum oxide (Adams” catalyst) at a pressure of 3 atmospheres for 18 hours.
The solution was then made alkaline with aq. sodium hydroxide and extracted
3 times with ether. The combined ether 1 yors were washed with brine, dried
over magnesium sulphate, and the ether was removed by fractional distillation
The residual solution was added dropwise to a stirred suspension of lithium

aluminium hydride (1.12 g, 0.03 mol) in ether (50 ml) at 0°C and the mixture

was then heated under reflux for 1 hour. The suspension was cooled in ice,
Vo't Tther thor. “vator wore eddod c:.utiouoly? mixture ¥ poured onto
ice, acidified, and extracted 3 times with other. The combined ether layers

,,ere washed ith brine, dried over magnesium sulphate and the. ether was
removed by fractional distillation. The product was shown by g.l.c. to be a
40:1 mixture of endo- and eEQ - bioyolo[ 3, 2, 1]Jootmn - 3 - ole.  Ax-

alcohol was isolated by column chromatography on alumina (100 g] 5/ deactivated



v."ith vator; petrol, ethyl -acetate .and petrol mixtures) end sublimed at 80*
and 4 mm to give 1.3 g (64 n.p. 204-204.5° (lit. 206-206.5);
i.r. (CCI_)«!?]JI()< = 3625 (m), 1100 (s), 1050 (@), 57« (n), and 920 (m) cm"1;

n.m.r. (CCi"):T = 6.0 (nult., 1H), and 7-C-G-7 (riult., 13H).

llethod B. To a stirred suspension of lithium aluminium hydride (0.16 g,
0.004 mol) in ether (20 ml) at 0°C was added dropwise a solution of bicyclo -
[3, 2, 1Joctun-3-ono (0.5 g, 0.004 mol) in ether (10 ml). The mixture

was heated under reflux overnight, then was cooled in ice, and water was
added cautiously. Dilute hydrochloric acid Was added to bring the

solution to pH4, rnd it was then extracted 3 times with ether. The combined
ether layers were washed with brine, dried ovor magnesium sulphate, filtered
and distilled down to give 0.36 g (72; ) of a white crystalline solid. This
was shown by g.l.c. on a 50 foot SCOT Carbowax 20K column (140°C) to bo a

2;1 mixture of e.r— and ojtdc-bicyclo][3, 2, 13octan-3-0l3. The ondO

alcohol had the shorter retention time, 13-5 minutes; that of the ovo
alcohol was 16.6 minutes under identical conditions. The alcohols wore
separated hy column chromatography on alumina (100 g; 5. deactivated with
wator; petrol, ethyl acetate and petrol mixtures) using g.l.c. to monitor
the fractions. The ordo alcohol was elated first (0.15 g, 30,-Jn.p. 204-204.5 )

followed by the exo alcohol (0.21 4"-; m.p. 113.9-134 , li«» 114-135 ).

Uothod C. To a stirred suspension of sodium borohydride (0.6? g, 0.018 mol) in
ethanol (0 ml) was added dropwise a solution of bicyclo 3, 2, 1] ootan-3-ono
(1.97 g, 0.016 mol) in ethanol (30 ml) at room temperature. The mixture

waB maintained at a reflux temperature overnight, then it was cooled and

ag. sodium hydroxide (40 ml; 2I) was added. The solution was heated under

jtfi.t
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reflux for a further two hours, then water (20 m.I) was added, and most of

the ethanol wa,a nonoved tv fractional distillation. The resulting solution
was extracted 3 tines v.ith pentane. The combined pentane layers were washed
with brine, dried over magnesium sulpha* >, and fractionally distilled down to
leave 1.9 g (#&/*) of a white crystalline solid. This was shown by g.l.e.

to be a 1si mixture of the oxo and er-lo elcohols. after column chromatography
and sublimation s in method B,jure endo alcohol (0.9 g, 49. i m.p. 209-206)

and exo alcohol (0.8 g, 40;"j ui.p- 114-H9) wera cbtainod. The foilowing

spectral data were obtained for ew-olcyclo 3, 2, 1 Joctan-3-ol s-

n.m.r. (CCI‘.‘)S i = 6.2 (ult., It)» »3F® (nult., 1w)’

exo-Bicyclo[ 3, 2, 1] oct n3-M ¢~toluenasulphon e
To a solution cf exo-bicyclo[ 3, 2, 1Juctan-3-ol (0.2 g, 0.016 mol~ in dry

pyridine (I ml) at 0°C was added slowly a solution of ¢-toluenesulphonyl

15H)j

ft
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u.v. (AcOH): X =273 nm (£ « 412), X

G3toHi X

26) (. «455)> av-X w262 (C - AT, |

273 am (€ - 482), X = 267 (£. = 540), 262 (£ = 604),

>
1]

257 (£ 488).
endn-Bicyclo[ 3, 2, 1/joctan-3-yl p-toluenesulphonate

The eams metnod of preparation as for the oxo tosylate was used, but
with a different nethod of recrystallisation. The crude tooylate (0.5 g)
Was dissolved in dr;/, redistilled petrol (b.p. 40-6C0) at room temperature,
and the solution was filtered into a pear-shaped flack. Tno flas:: was
stoppered and placed in an acetone bath, the temperature of which was slowly
reduced to - 20°C with solid carbon dioxide. The solution was then seeded
and the temperature w.13 gradually reduced to - TO C. The .etrol was then
withdrawn using a pipette, the crystals were washed with more petrol, the
temperature b ,in ;kept at — TO , and the wasnings were removed by pipovte.
The last traces of solvent were removed by pumping as the bath was slowly
allowed to come to room temperature. EQQQ—Bieyclo [3, 2, lSoctan—3—yIIO
p-toluenesulphonate (0.38g, 76/0 was obtained, m.p. 75-76 0 (lit. 71-73 ).
The following spectral data were rocorded:-
i.r. (UCI4).V jre 1370 (M), 1150 (), 1180 (), and 910 () a.'l:
n.m.r. (CCL )»T- 2.2-2.8 (quartet, 4«), 5*2-5-4 (mult., IH), and 76- -7(n It

wmé}iA

U.V. (AoOH)EX - 273 nm (< - 417)7 X - 267 (<2 - 463), «n<IX - 262 (£ - 431);

(AtOH)s X = 273 (C = 483), X 267 (£ - 552)» X - 262 (t = 615), and

X 1 257 (£ 1 494)*

exo- and endo-3ioyolo[ 3, 2, IJoctan-3-ol-3d1l

These alcohols wore prepared using either sodium borodouterido



deuterium incorporation = 98B%/) °r lithium aluminium deuteride (deuterium
incorporate on > 9" ) to reduce bicycle 3, ?= 1 loctan-3-one. The rcciO-hing
mixture of oxo and ondo alcohols was separated by column chromatography as
for the protium compounds, and the alcohols were finally sublimed. “he
following data were obtained tWando—bicyclof 3, 2, 11 octan-3-ol-3di
K.p.=2C3-204°C;
i.r. (CCI4_.):VmaX. - 3625 (m), 1110 (s), 10;0 (@), and 920 (m) cm"1;
n.m.r. (CCI™\t T* — 7*6-8.8 (mult.).
exo-BicycleT 3> 2, 1 Joetan-3-o0l-3d1 gave the following datas-
et.?. -103.5-109°0;
i.r. (CCId:vVv ,7 = 3620 (ci), 1170 (m), 1035 (s), and 955 (3) cm" 5
n.m.r. (ccIM: 'X = 6.5 (3j Ihy> nd 7%6-9*0 (mult., 12u).
CTO- and ondo- Bicycle [3, 2, 1] ootan-3-yl-jdl jlytolupneeulphonatos

Hie tosylates wera prepared from the dauteratod alcohols using the same
procedure as for tho non-deuterated species. For exo-bicyclo [ 3, 2, 1-]acta
3 yl_3di 2-tasylato (m.p. 79-5-80.4°C) the spectral data were as follov/st-
i.r. (Ccl )-\) = 1375 (s), H90 (s8), 1180 (@), 1100 (m), and 940 (c) cm"
n.m.r. (CC1M)»T= 2.2-2-9 (quartet, 4H), and 7.5-8.6 (mult., 15K);
and for the endo tosylate (m.p. 75-76 C) s~
i.r. (CCl1,):V x - 1375 (s)j 119° (*)* 3160 (s), HOC (5), and 910 (<) u« 1
n.iu.r. (CCl )«T = 2.2-2.8 (quartet, 4h), and 7.6-8.6 (mult., 15d).
BioycloQ 3 2, 1 Joctan-3-one-2, 2, 4, 4-"
Bicycle [3, 2, 1J ootan-3-onc (1.52 g, 0.012 mol), anhydrous sodium

carbonate (0.1 g), acetone-dg (iml) and douteriuu oxide (20 m15 99-8;-

deuterium incorporation) were stirred at a reflux temperature for 40 hour:



The mixture extracted 3 times-with anhydrous ether, dried t\.ie0 over
anhydrous sodium sulphate,and filtered. The solvent ".'&s removed by fractional
distillation,and t a tetradeuteratod lcetone was sublimed at 90°/10 t®»

(1.18k, 76>j a.p. 131-134°)}

i.r. (CCl.):~Vii = 2220-2100 (W), and 1710 (s) cm-1}

HXe
n.m.r. (CC,) i'X ~ 79 (broad band, ), nd C.1-6.7 (mult., 6:1,;
the signal atY - 7*7 V ich integrated for 4 protons in the non-deuteratod

species 10 absent in the n.m.r. spectrum for the deut.er ited ketone,

exo- and erdo-Sicyclop 3, 2, 1]octan-3-ols-2, 2, 4, 4-d,

The tetradeuteratod ketone (&.9hh, 0.007/ mol) v.as reduced v.ith lithium
aluminium hydride (0.3y, 0.0078 mol) and worked up in the usual manner to
give 0.89 (84;® of a 2:1 mixture of exo and undo alcohols respectively. 11
The30 were separated on alumina as usual,and sublimed to give 0.25? (26§V)
of endo-d alcohol (m.p. 202- >02.5°), end 0.47,2 (49k) of exo-d, alcohol
(m.p-. 108-108.5°). The ondo alcohol y.vo the following spectra:-

-1

14y 1hax. 3625 (m), 2200(v), 2100 (w), and 10u5 () cm
n.m.r. (CCL/):"T"= 6.1 (broad s, 1H), and 7*7-9*° (mult., 9*0;
and for tre exo-d™ alcohol
i,y fonl Vv o -3620 @), 2200 (), 2110 @), 1130 (M), 10-0 (ra),
and 940 (o) cm“1}
n.ip.r. (CC1,):"1/,, 6.29 (broad s, 13), and 7.6-G.C (nult., 9 )=

oxo - and endo - Bicyolo{j3, 2, lJoctnn -3-yl- 2, 2, 4, 4 - d*

= toluraonwphon i10s

Those were prepared from the d, alcohols, £-tol::enesulphonyl chloride,



ar.i pyridine, following the same procedure an for tho non douternted
compounds.

The endo - a tosylate (ro.p. 74-75°) gave the following spectra»-
.

i.r. (ccl 4)_337max_ = 2200 (W), 2100 (W), 1300 (), 1190 (s), 11GO (O),
and 90 (s) ad’ ™?

n.m.r. (CCl.):"1*= 2.2-2.8 (quartet, 4K) 6.3 (broad s, Hi), and
7.5-8.8 (mult, 11H);

and the exo - d21 tosylate (m.p. 79-80°)*-

i.r. (CC1) .-V = 2200 (W), 21C0 (W), 1370 Gff), 1190 (s), 1180 (r-)

and 935 (jO cm
n.n.r. (CCl.)sT*» 2.2-2.9 (quartet, 4H) 5*4 (broad s, 111), and
7.4-8.8 (mult., 11H).
TiigycloC 3, 2, 1]Joct-2-ono

To a stirred solution of anhydrous t-butanol (4-7c> °-°6 mol) in
tetrahydrofuran (25 ml; redistilled from lithium aluminium hydride) under
nitrogen was added sodium (29g> 0*12 mol) in small pieces, and the mixture
was brought to a reflux. A solution of 3-chlorobicyclof 3, 2, 1] oct-2-one
(3-, 0.02 mol) in dry totrahydrofuran (10 ml) was added dropwise by means of
a pressure-equalising dropping funnel, and the mixture was maintained at a
reflux temperature for 20 hours. A purple colour developed during this time.
The solution was decanted from the excess of sodium, and methanol was addod
to destroy any further traces. The solution was then poured onto ice,and
extracted 3 times with pentane. The combined pentane layers were washed
with brine, dried over magnesium sulphate and filtered. Most of the solvent

was removed by fractional distillation, and the residual solution was percolat:



down a chromatography column of d;.- 3ilica gel, impregnated with silver
nitrate, with redistilled pentane being used to elute the olefin. The
solution was concentrated by fractional distillation and tho olefin was
isolated by preparative g.l.c. using a column of 1<$> Carbowax 2011 on
Chromo30ro with an oven temperature of 100°C. After sublimation at 40%0
the olefin was obtained as a white crystalline solid (lg, 45%) ra.p. 38-38.5
Ui= 35—38;?) The following spectra wore obtained:-

i.r. (CCl1.):v 3030 (s), 1640 (m), and 685 (e) cm-1;

n.m.r. (CC14):"T = 4~5 (nlt., 2H), and 7*4-8.8 (mult., 1011)j

in agreement with literature values.

Several other methods of preparation were attempted, but while these
were shown by analytic g.l.c. to have produced olefin in good yield, in no
case was It found possible to isolate the olefb without preparative g.l.c.
being used. Isolation was complicated by the low/ molting point of the
compound, its high volatility and its high solubility in organic solvents.
Any small amounts of impurities made sublimation of the olefin very un-
successful . Bicyclo™ 2, 2, 2] oct-2-ene, required for comparison was
kindly supplied by Si-. H. Iaskill.
ois- and tmns - BlcycloP 3, 2, 1 joctan-2-ol

Bicyclo[ 3, 2, 1 Jootan-2-one (0.51g, 0.004 mol; supplied by Smanuel)
in acctio acid (15 ml) and concentrated hydrochloric acid (I ml) was
hydrogenated over platinum oxide (Adams®™ catalyst) at a pressure of
3 atmospheres for 18 hours. The solution was then made alkaline with
aq. sodium hydroxide and extracted 3 times with ether. The combined ether

layers were washed with brine, dried over magnesium sulphate and filtered.

Ik j



Til; soluliun was reduced in volume by fractional distillation, then was
added dropwise tu a stirred suspension of lithium aluminium hydride
(0.24 g, 0.006 mol) in ether at 0°C. The mixture was maintained at a

reflux temperature for 1= hours, then was cooled in ice, and water was

added carefully. The mixture was acidified and extracted 3 times with
ether. The combined ether layers wore washed with aq. sodium carbonate,
brine, and dried over magnesium sulphate and filtered. Removal of tho

ether left a white crystalline solid (0.38g, 73" ) which was shown by g.l.c.
on a 501 SCOT DIGS (diethylene glycol succinate) column (100°) to be a
mixture of three alcohols, 50;" trans-bioyclo[3, 2, I]octan-2-ol (retention
time = 27.4 min), 14"/ bicyclo[ 2, 2, 2 Joctan-2-ol (retention time = 29.4
min), and 36." oic-bicycle[ 3, 2, J*octan-a-ol (retention time = 31.0 min).
The alcohols were p rtially separated by chromatography on alumina to gives
trans-bioyclof 3, 2, 1 Joctan-2-ol (0.0Sfe, 17;"} containing about 4/
bicyclo[ 2, 2, 2 Joctan-2-ol) m.p. 191-192° (lit. 194.2-195*2)?

i.r. (CCl.)Sy~itie = 1015 (0) cm 1;

ciu bicycle3, 2, 1 octan-2-ol (0.077g, containing Ib of the trans

alcohol5 0.033c, 63:;containing 4> trans alcohol)
a

m.p. 173-174° (lit. 174.5-177°))
i.r. (CCl4)sytos * 1065 (s) cm-1;
and 0-12g9 (23, ) of a inixture of alcohols. Bicyclo[ 2, 2, 2 Joctan-2-ol

was kindly supplied by hr. H. laskill,and after sublimation had m.p.
r?
216-216.5° (lit. 216-217 )=
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cis- and trnns-4-t-Butyleyelohesanol

The mixture of alcohols obtained comrercially (dsianuel; a 2:1 mixture
of trans to cis alcohols) was separated on alumina (130,33 of 't deactivated
alumina to 2g alcohol; petrol and ethyl acetate-petrol mixtures). The
cis alcohol was eluted Ffirst, and after sublimation at 80°/4mm had m.p.
78-78.5° (lit. 81—82°;/Xand gave the following datas-
i.r. (CCl14):Vr;a> = 3620 (m), 1370 (s), 1030 (s), 1010 (s), ard 955 (@) cm“1;
n.m.r. (CC1,):T" = 6.0 (broad s, ih), and 8.05-9.15 (mult., 19H);
g.l.c. (501 SOOT Carbowax 20:; 100 ): Retention time = 8.2 min.
The trans alcohol had m.p. 76-77° (lit. 78-79°);
i.r. (CCl.)sV ,. = 3620 (m), 1355 (s), 1065 (s), 1040 (n), and 980 (m) cm-1
n.m.r. (CGl.) : - 6.6 (broad band, IK), and 7*6-9*15 (mult., 19h);
g-l.c. (80" SCOT Carbowax 20.7; 160°): Retention time = 9*7 min.
It was shown by g.l.c. that each alcohol contained less than 0.7/~ of its
diastereoisomer.
cis- and trans-*4-t-3utylcyclohcxyl jytolnenesulp”cn-tcs

To a solution of ols-4-t-butyloyclohcxanol (0.16g, 0.001 uol) in dry
pyridine (1 ml) at 0°C, wae added slowly a solution of ~-toluenesulphonyl
chloride (0.29g, 0.0015 mol) in pyridine (2 ml), and the solution was kept
at 0° for three days. Water (30 ml) was added dropv."ise and the resulting
white precipitate was filtered off and washed well with ice-cold water.
The crude tosylato was dried in a desiccator to give 0.21g (66;"). It was
rocrystallized at -70°C following the procedure already described to give
0.151? (B0r) of a white cryst.-llino solid,

m.p. 74.5-75°° (lit* 79-80 );
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i.r. (CCl4):)7max< = 1370 (m), 1190 (s), 1175 (s), 910 (@), and 675 (m) cm“l;
n.u.r. (CC1.):T” » 2.2-2.9 (quartst, 4«), 5-3 (mult., in) and 7.5-9.2
(mult., 21H).

For the trans tosylate a yield of 6. was obtained, m.p. 88-85°C
(lit. 89.4-90°)?
i.r. (CCI™ipj”™ - 1370 (s), 1190 (s), 1160 (s), and 950 (s) cm-1;
n.m.r. (CC1 ):T = 2.2-2-9 (quartet, 4F.), and 7*6-9.2 (mult., 22«)}
sharp singleto at"T= 7*6 and T = 9*2 within tho multiplct cculd ho assigned
«to the methyl and t-hutyl ¢;groups respectively.
4-t-Butylcyclohexanone

This was kindly propared by hrs P.H. k*cAdam from 4-t-butylcyclo: exanol
following the method of Brown and Gars7.8 It was recrystallized from pentane,
and had m.p. 46-47° (lit. 47*5—48.5°).;-X

ir. (CCL)iv o = 1720 (3) onl.

cis— and trans-4-t-3utylcyclohcxanol-1-dj

A solution of 4-t-hutylcyolohoxanono (Q-8;;, 0.065 mol) in ethanol (5Qnl)
was added dropwise »0 a stirred sus; insion of 1jdium 1 rid (O.i g,
0.02 mol} 1isotopic purity > 98)c) in ethanol (80 ml). Tho mixture was
heated under reflux for 48 hours, then cooled, and sodium hydroxide
solution (2°; 100ml) was added. The mixture was heated under reflux for a
further 3 hours, then most of tbs ethanol was removed by distillation. The
remaining solution was saturated with solid sodium chloride,and extracted
3 tines with pentane. Tho combined pentane layers wore washed with brine,

dried over magnesium sulphate, and filtered, and the solvent was removed
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by fractional diStiiiE>t;0il to "iYO Q# (or/ \ nT o y/boto crystalline Solid;
This was shown by g.-1.o. to bo a 3:1 mixture of trans to ois alcohol. The
two alcohols were separated by column chromatography following the same
method as :or the non-douterat.ed species. The first eluted was the cla
alcohol (2.3s, 23/ overall) m.p. 78-78.5°;

i.r. (CC1.):V _ v> = 3620 (m), 2130 (w), 1365 (s), and 1190 (s) cm-1.

The trans alcohol (?.1g, 71; overall) had m.p. 76-77°,

iro (CCIPtV = 3620 (1), 2100 (), 1365 (s), 1120 (S), and 1080 (S) cvidk

X*
'p-o and trana -/j.-t-Butylcyclobexyl-1-dj n-tcluenesulp/onates

The tosylatos were prepared from the deuterated alcohols following

the same method as for the non-d-mteratod compounds. Tile ois tosylate

had m.p. 73.5-74.5°;

i.r. icc!l‘]'vmax - 1370 (s), 1190 (s), 1175 (@), 91° and 675 (3) cm'"1;

while the trar.c tosylate (m.p. 87-88 ) gave5-

i.r. (CGI4.):V - 1370 (s), 1190 (s), 1180 (s), and 920 (s) cm-1.

ifixe



Prej aratlon of y.l.o. sttndtrda and eolvolyi is idla

Jreparatl on of acetates
Typically» the alcohol (0.2g) was dissolved in pyridine (3nl) and

acetic anhydride (1.5ml), and the solution was Maintained at a reflux

temperature for 1 hour. Water (I ml) wan then added, and the mixture
V/as heated for a further 15 min. The solution was then cooled in ice
and extracted 3 times with ether. The combined ether layers were washed

with dilute sulphuric acid, dilute sodium hydroxide and brine, and dried
over magnesium sulphate. The solution was filtered and concentrated by
fractional distillation. The acetates were never isolated, but in oomo

cases some impurities wore removed by column chromatography, prior to

g-l.c. use.

Preparation of formic-rootio mixed anbydrldo

To acetic anhydride (51.7&, 0.5 mol) was added with stirring-,
anhydrous, redistilled formic acid (23«,jr, 0.5 mol;) over about 15 minutes,
with the temperature being kept around 10°0. The mixture was stirred at

450 for 1 hour, then stored in a refrigerator.

Preparation of* fonp.ates

Typically, the alcohol (ca. 0.05g) and formic-acetic mixed anhydride
(ca. 2wl) were Mixed at room temperature. The solution was allowed to
stand \:X room temperature for about 1 week, then was poured into a separating
funnel, and was made alkaline with sodium car onato solution. The product

I,« extracted into ether, for direct g.l.c. use.
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Preparation of ethers

A stirred suspension of the alcohol (cj-. 0.02g), silver oxide (ca 0.0h;;),
and ethyl iodide (ca 0-Bg; used in largo excess to raise the reflux
temperature) in ether (2ml) was heated .under roflux for /i3 hours. The
mixture was cooled, filtered,and percolated down a column of dry alumina

(ca 209).- The product was eluted with pentane, for direct g.l.c. use.

Puri floatj on of )mmdroc./rbnn r.V r.-omU

The hydrocarbons (supplied by JIT; rurity by g.-l.c. > 99m) were
redistilled under reduced pressure. n-!lndecane had b.p. 57°/2 mm while
n-pentadecane had b.p. 100°%/i)*3 ar,. They were both shown by g.l.c. to

have no impurities which would co-chromatograph with any possible reaction

products.

Preparation of solvolynis media

A. Acetolysis nodiun: To two litres of dry glacial acetic acid (AuulhR)
V/as added anhydrous potassium acetate (29*4! g, 0.3 mol) and acetic
anhydride (20 ml). This solution is thou in acetic anhydride and
O.ISH in potassium acetate. For t e kinetics, the tooylate concentration

would be about 0.0035l!, while for the product analysis it would ke about

0.035M.

B. Formolyais medium: Formic acid (I litro; 98%j AnalaR) Was dried over
at

boric anhydride (@.;;) for throe days. It was filtered, and distilled

under reduced pressure (b.p. 38°/100 mm) from a fresh batch of boric anhydride.

It was then made 0.1>" in sodium formate by dissolving anhydrous sodium formate
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(3»36c, 0.0/*1 mol ) in the anhydrous acid. (330 ml). Vilo tosylate concen-

trations used w’re similar to those in acetolysis.

C. Aqueous ethanol mixtures: Commercial absolute spectroscopic ethanol
was used. The water required was distilled from potassium permanganate.
For the SOI and 98; fixtures, the required volume of vmter was ripetted
into a 100 ml voluretrie flask, and the solution was mads up to the mark
with ethanol. Tor the rims in 'jO[' ethanol, it was necessary to make up
the solutions individually} typically the tosylate (oa 0.002c) "as
dissolved in ethanol (ral) then water (2ki1) vas added. For the buffered
runs in 50" ethanol, instead of water, a solution of borax (Analail; 0.267c,
0.0007nol) in distilled water (r.il) was added. For the kinetics in
buffered jQ." ethanol, the tosylate concentration was about 0.0017!'i, and
the borax concentration was 0.003>“, while in the product analysis the

concentrations were about 0.007T , and 0.0171- respectively.

D. Aqueous trifluoroethanol: 2, 2, 2-Trifluoroethanol (supplied by
Kooh-Light Laboratories} pure) was dtled ot r phosphorus pentoxide, and
fractionally distilled (b.p. 7/°C). Distilled water v;as added to make

the solution 96.7™ trifluoroethanol - 3.3/ water by weight. A tosylate

concentration of about 0.U03!> wAs used.
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Test of stability -of reaction products
(a) of the acetates to the work-up procedure

endo-Bicyclof 3. 2, 13 octan-3-ol was acetvlatcd following the
previously described method. Tho ethereal solution of the acetate wa3
added to a suspension of lithium aluminium hydride in ether, and the
mixture was heated under reflux for |'j hours. Ib was then cooled, water
was added dropwise, and the mixture was brought to pH4 using dilute
hydrochloric acid. The product was extracted into other, the ethereal
solution was washed with ag. sodium hydroxide and brine, and dried over
magnesium sulphate. The initial and final alcohols were analysed by
g-l.c. on a 50" SCOT D3GS column (100°c). The retention times of the
probable alcohol products are given in TablezZl. It could therefore ho
shown that the conversion of ondo-bicyoloC 3, 2, 1 ~Joctae-3-yl acetate to
the corresponding alcohol produced neither tho oxo alcohol nor rearranged
alcohols, to a limit of 01°,". The procedure was repeated with the exo
alcohol, with the same result. A mixture of oia- and trans-bicyclo-
[3, 2, 1] octan-2-01, and bicyclo[ 2, 2, 2Joctan-2-ol, containing
approximately equal amounts of the three alcohols, was acetylaoed and
reduced by lithium aluminium hydride. In this case, the initial and final

mixtures wore identical to within tho precision of the method, about 2.

(b) of tho aoetates to the acetolysis medium
traus — Bioyclo[[ 3, 2, 1 /joctan—-2—-ol and bicyclo™ 2, 2 3°cvun 2-*ol
were acetylated and heated at 60° for /]0 hours in the acetolysis medium.
The initial and final acetates were tested by g.l.c. on a 100 metro

wall-coated IJOON capillary column (120°). Under those conditions tho






retention times were : trans-bicyclo[ 3, 2, 1 j octan-2-yl acetate, 3y.6 rein.
hicyclof 2, 2. 2 "Njoctan—-2-yl acetate, /0.3 nd"irt; and cis-bicycle® 3, 2, XJ-
octan-2-yl acetate, 41*0 min. It could therefore be shown that within the

limit of precision, about 2, , the acetates ware stable to the acetolysis

conditions.

(0) of bicyrloQ 3, 2, 1 Joct-2-ene to the acetolysia medium and to the
work-up procedure.

The olefin was heated in the acetolysis edium at 60° for 40 hours
and treated with lithium alumi liun hydride following the work-up procedi re.
On a 50" SCOT Carbowax 20M colu-m (60°) bioyclo[ 2, 2, 2 Joct-2-eno had a
retention time of 7 minutes while that of bicyclof 3 2, IJoct-2-enc j,t3
8 minutes. 1. could therefore he shown by g.l.o. that less than 0.4 of
rearranged olefin had been formed. Using previously described g.l.o.
conditions it was shown that less than ly of any alcohols had been formed

in tlie acetolysis or the work-up.

(d) of the formates to the formolysi.s medium and to the work-up procedure.
Pure samples of exo- and endo- bicycloj] 3> 2, l1jOctan-3-ol, and a mixture
of trans-bicyoloL 3. 2. 1 Joctan-2-ol and M cycle[ 2, 9, ? loctan-?-«! "ere
converted to the corresponding formates and treated with tne fornolysis
medium for 18 hours at room temperature. They were then reduced back to
the alcohols by lithium aluminium hydride and tested by g.l.c. For exo-

and endo-bioyclo[ 3, 2, 1-~]Jootan-3-ol a limit of 0.2” could be placed on the



presence of any other alcohol, while for the mixture, the initial and final

samples wci-a identical to within 3«

(o) of hicyclop 3, 2, 1Joct-2-eno to t = formol; sis medium
The olefin was treated with the formolysis medium for 18 hours at room
temperature,end g.l.o. analysis showed that loss than ly of any formate had

been formed.
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Large-scale acetolysis of ex o -bicyclo[ 3, 2, 1 Joctan-3-yl-3d tosyli.te

The tosylate (oa. 0.2pg) was heated, in the acetolysis mediu.ii (Gnl)
at 60° for at least 10 half-lives. The solution was made alkaline, nd
extracted twice with pentane. The pentane solution was percolated down a
column of dry alumina and bicyclo™ 3, 2, 1 /~joct-2-ene V?as eluted with

pentane. This solution was sent for mass-spectral analysis.
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Analysis of the solvolysis products

The purification of the solvents and two hydrocarbon standards has
boon described. The alcohols used to prepare the tocylates were all
shown to va at least i? pure by g.l.c. The tosylates themselves .ere
all sharp-melting, odourless, white, crystalline solids whose i.r. and
n.ra.r. spectra showed no bands characteristic of alcohols. All probable
reaction products were synthesised is previously described,and it was
shown that these were all resolvable by g.l.c. SCOT columns were used
in preference to wall-coated capillary columns since the latter are more
susceptible to over-loading. In the case of formolysie and acetolysis,
the products were analysed as alcohols rather than as formates or acetates
as their resolution is much easier. The retention ticss are shown in the
following table (I'able72 ) for a pO foot I"erbin-Slmer SCOT Carbowax 20:1
column (120°). Because of t; e large difference in retention tires of the
olefins and alcohols, those were analysed separately using n-undeocne
to calculate the yield cC olefin, and n-pontadecane to calculate the yield
of the alcohol fraction. Bicyclo[ 2, 2, 2 Hoctan-2-ol and cls-bicycle -
[3, 2, 1 Joctan-2-ol were First osMmatod together as they co-caronatOgraphed
on Carbowax 203, and then the relative amounts of each were determined using
a SO0T ©>"03 column at 100°irher the retention til i were 23«9 and 23«3
minutes respeotivoly, and were well resolved from other alcohols. The
olefin fraction was analysed on the same column, at a lower temperature,
60°. Under these conditions bicycle]™ 2, 2, 2 Njoct-2-ene -ud .. j.ot..nt on

time of 7 minutes, that of bicyolo[ 3, 2, 1 joct-2-one was 8 minutes,and

that of n-undecane was 17 minutes.

t-'A L«






Calibration of tko detector

Tt is >nown t>at g.l.c. detectors have different response factors
to different compounds. Calibration factors were determined using
n-undecar* as a standard for the olefin,and n-pentadecane as the standard
for the alcohols. Typically about 30mg of each of the alcohol and the
hydrocarbon standard were accurately weighed out and dissolved in redistilled
pentane. This solution was then injected several tines into the g.l.e.

machine, and the areas of the peaks were measured using a precision disc

planimeter. The molar response factor (ra.r.f.) is then given by:-
m.r.f. = area of t-e alcohol peak . area of the hydrocarbon standard per.”-
number of moles of alcohol ' number of moles of hydrocarbon standard

A total of four standard solutions of e::o-bicyclo[~ 3, 2, 1] octan-3-ol and
n-pentadocane were analysed in this way, and a mean, molar response factor of
0.p24 +£0.013 was obtained. The procedure was repeated for one solution of
bicyclef 2, 2, 2] octan-2-ol,and an m.r_.f. of 0.509 * 0.016 was obtained, in
good agreement, showing that within experimental error tko isomeric alcohols
have the same molar response.

A similar procedure was used to calibrate the detector for bioycio-

[P, 2, 1] oct-2-eno, using n-undecane as the standard. Three solutions
were analysed, and an n.r.f. of 0.7.;1 —0.006 was obtained.

An m.r.f. was calculated for the others simply by dividing the number
of carbon atoms in the ether molecule by the number in n-pentadecane 1i.e.
m.r.f. « $g » 0.667, according to a semi-quantitative method.

This is thought to bo a reasonable estimate, since the m.r.f. calculated

for the alcohols by this method is in good agreement with the experimentally
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determined value (0.533 and 0.524+ 0.016 respectively).

A standard solution was prepared by weighing accurate amounts
(about 0.1g) of the two hydrocarbon standards into a 100al volumetric flask,
and addin," buffered ncc tic acid (the solution described previously) up to
the mark. Between 0.04 and 0.05g of tosylate were accurately veig’ed out
into a 5nl volumetric flask, and the standard acetolysis mixture was added
up to the mark. The molar ratio of tosylato to markers in this solution was
therefore known, and allowed a total recovery of the products to be quoted.
T -0 solution was introduced into a thick-walled ampoule, which was then sealed
and immersed iIn a water bath at about the sane temperature as was used for the
kinetics, for at least 10 half-lives. The ampoule was then cooled, opened,
and the contents were added slowly to an ice-cold solution of tri-potassium
orthophosphate (25ml; 3.5-) in a separating funnel. The solution va3
extracted twice with ether, and the ethereal layer was dried over magnesium
sulphate. The ethereal solution was decanted and divided into two. rne
part (about 2..1s) was retained for analysis of the olefinio products, and
the remainder (about 6 nls) was added to a suspension of lithium aluminium

hydride (about 01,.;), -—gd the mixture was ref] seed for 2 hours«

solution was then cooled, and water was added. The solution was acidified
and extracted twice with other. The combined other layers wore washed with
brine, and analysed by g.l.c. for®"the alcohol fraction. hach solution was

analysed at least four times, and the determination of individual peak areas
wae repeated until concordant results were obtained. The percentage yield

of the product that a peak area represents, is given by the formulas



fo yield = peak area for the product X 1
peak area for tbe hydrocarbon standard n.r.f.

X no. of moles hydrocarbon standard x
no. of noles tosylate

The percentage yields for all the products were summed to give the
total recovery, which varied from 100-108 .

The yields of the individual products were then normalized by dividing
them by the total recovery. The whole solvolysis procedure was then
repeated, and mean normalized percentage yeild .were, calculated for each
product.

A blank solution was also analysed, i.e. 5 oils of the standard acetolysis
mixture was added to the solution of tri-potassium orthophosphate, and the
mixture was extracted with ether. This solution was tested by g.-1.o., then
treated with lithium aluminium hydride» worked up and retested. This
procedure showed that three small peaks which appeared in the product
chromatograms were due to traces of impurities in the buffer solution; and

were thus not products of the tosylate solvolysis.

For-olyais The method had to be slightly adapted from that used®in
acetolysis because* of the low solubility of the hydrocarbons in the formolysis
medium. Into a 10 ml volumetric flask wore accurately weighed 20-30;:..;

each of the tosylate, and of the hydrocarbon markers. The formolysis
solution (ca. 3.5ml) was added, the flask was tightly stoppered, shaken to
dissolve the tosylate, and placed in a water bath at 25°C for 10 half-lives.

It was then removed from tho bath, cooled in ioo, and ether was added to

make the solution homogeneous. Tho solution was added slowly to an ice-cold
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solution Oi tri-potassium orthophosphate, and the analysis was then performed

as for acetolysis. The recovery varied from 10>-109a-

aqueous etnanol In this solvent system too, the insolubility of tho
hydrocarbons required that they should ha weighed out at the same time as
tl°o tosylatc, as in formolysis. Again about 30mg of each was used.
Spectroscopic ethend (7nl) wa3 added to dissolve the tosylate, then an
aqueous solution of the borax buffer (7ml; 0.0341*)* @®»e flask was stoppered
and placed in a water bath at 36° for at least 10 half-lives. It was then
cooled in ice,and ether was added. The solution was transferred to a
separating funnel, saturated with sodium chloride,end extracted between sodiu .
hydroxide and ether. The combined ether layers were then analysed by g.l.c.

for olefins, ethers,and alcohols. Tho recovery varied between 107... and 113",—

98" ,ethanol A standard solution was prepared by weighing out accurate
imounts of tho hydrocarbon markers, and 1,4-diazabicyclof 2, 2, 2] octane
(reorystallized from pentane; sublimed) as buffer into a volumetric flack, and
making the solution up to the mark with 98% ethanol. About 40-50mg of
toeylate were weighed into a $»1 volumetric flask,and the solution was made

up to the mark with 9%B%a ethanol containing the buffer and markers. This
solution was about 0.04k in tocyla*oc,and 0.0j. in 1,4-diuu iuioyoxug 2, 2J-
octane. It was transferred to a glass ampoule which was then sealed, and
immersed in a water bath at the required temperature for at least 10 half-lives.
The ampoule was withdrawn, cooled in ice, and opened, and ether was added to
ensure homogeneity. The solution was then transferred to a separating funnel,

and extracted between ether and brine. The combined ether layors were washed
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with diluto hydrochloric acid and brine, then analysed by g.l.c. The

recovery ranged fro:a i06-ii0;1.
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1 i Tagfjin
Ail rats constants ara x 10" sac”

A. <X- TCirjiio lsotope Effects

Acetolysis of

= 60.6°C
VAL
4.690 3.873 1.2108
4.366 3-605 1.1481
4.302 3.863 1.1135
4.615 3.895 1.1848

« (446 - 0.08) X 10-" sec *

These rasulto were repeated at a higher temperatura to cive a wore precise

isotope effect which is quoted in the text,

(M) T » 70.6°C

h - kjirkp
14.02 12.02 1.1663
14.91 12.80 1.1338
14.0e 11.93 1.1798
14.25 12.29 1.1592
15.30 13.01 l1.1755

KT - (14.4 - 0.2) X 10" sec-1 |(h/k6 « 1.163 1 0.008



Aoetolysis of

N kD mA )
61.98 52.37 1.1639
61.83 53.60 1-1536
61.23 ' 54.13 1.1314
63.23 54 .87 1.1523
66 .37 55*82 1.1809
65«48 25*57 1.1784
63-42 53.03 1.1945
63.46 54.18 1.1715
kii »> (63*4 * 0.6) X 10~3 BOC » Y/"Y’D = 1.169 * 0.008

For.nolyain of S at 24.0°C

KD kgAp
10.75 8.868 1.2272
11.26 9.177 1.2123
10.48 0.413 1.2460
9.923 8.302 1.1953
10.93 9*442 1.1576
10.26 8.728 1.1757
10.32 8.902 1.1592

=1201 0.0

« (10.6 £ 0.2) X 10~; 300-1



fi  9F
yormolyaia of /Q MN'A at 248°C

kH kD A
340.4 281.2 1.2105
335-7 284.8 1.1787
325.7 285.7 1.HOO
329.7 278.9 1.1821
338.8 205.5 1.1427
327.0 204.5 1.1104
333.5 284.8 1.1709
333.4 280.9 1.1868
Ej = (3331 2.0)x 10 2 gao * =ia7l °*1

n Hip
Solvolysl» of /CsZCs ® s 1in 507 aqueous ethanol

@ Borax concentration = 5.5 X 10"} T m 24.6°C

™ kD kp/kD
1.100 0.8617 1.2766
1.042 0.84%0 1.2326
1.062 0.9083 1.1688
1.105 0.8867 1.2462
0.9267 0.7400 1.2636
0.9517 0.7117 1.3372
1.182 0.9317 1.2037
Eg = (1.04 + 0.03) X 10 ~oac ™ Dif +p> 124 + 0.02

These resultr aro improciue, end have been repeated at a higher temperature



(b) Borax concentration = 3-5 x 10¥“.;

KH h
4.065 3-432
4.095 3.315
4.620 3.893
4.248 3.585
4-302 3.583
4.238 3.548

TL = (4.26 + 0.08) X 10“5 sec*l
b

(© T buffer; T = 36.0°c

'\'/H KD
3.360 3.20
3603 3.C70
3.723 3.143
3.750 - 3.133

E. - (3.74 + 0.05) X 10 J sec ™t

T - 36.0cC

YD

1.1846

1.2353

1.1866
1.1850
1.2005

1.1945

-1.198 t 0.008

VA
1 .198«

1.1754

1.1826

1.1968

R/ ‘-I-) . 1.188 £ 0.003



Solvolj"BI3 of aaleous

(a) 2:Tax. concentration - 3.5 x 103:; T = ° .o w

X ) o
47.18 38.97 1.2111
51.08 41.40 3.2340
49*22 39.88 1.2338
50.95 41.57 1.2256
48.02 40.03 1.2000
48.85 40.78 1.1979
48.65 40.80 1.1923
k.. (@9.1 - 0.6)x 10-5 soc-I - 1-213 - O,

() Borax concentration - 8.9 X 10“\7; T - 24.8

kH kp i A
46.92 40.07 3.1709
48.75 40.73 1.1968
47.93 40.87 1.1727

8 78 40.67 3.1997
40.6» 40.93 1.1941
48.23 40.83 1.1810

kX = (40.3 £ 0.3) i 10" sec-1 \ @® L.Ho - 0.005
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(0) Condition:: as in (b) but using a Gilford 2400 spectrcphot«noter

v D /D
4333 4012 12050
4323 3987 12099
5112 3397 12092
48.37 4073 11993
49-50 4133 11976

' = (484 £0.4) x 10" soc kjjAj, » 1.204 + 0.003

(d) Conditions as in (b) using the protiun cotapound in both coll positions

kg (o A) (Fosn. 3) KI (rosn. A)
y.. (Posn.
49*68 4963 1.0000
46.32 4395 10537
4462 4548 09611
47.70 47-33 1.0003
4207 4387 0.9589
46.02 46.20 0.9959

r, (loon.TJ m 7100 +001

(— Y=



jl h/d

Solvnlysiii of injos* rd/"g.-3 ethanol at 5>(
kH kD P

5%175 4-363 1.1560

5.268 4.540 1.1604

5.068 4-285 1.1628

5.143 4.298 1.1966

4.922 4.230 1.1635

iL = (5.12 - 0.06) X 10-5 nee-"1 = 1.17;
Solvol-.,,1, of ¢ b / H/D 5n % ethanol a

kD kA

160.4 140.4 1.1421

162.8 136.3 1.1949

157.3 138.7 1.1339

167 3 140.7 1.18A4

160.3 134.2 1.1946

167.2 141.4 1.1818

168.3 140.3 1.18%9

169.0 141.9 1.1910

\ - (1& - D X 10-7leeo1 kijAj, - 1.177 - 0.0



K H/D

Solvolrreirj of J k I% O;:— ‘Q.oonol at VO.lQO
kH ['3)
5 8 4.280 1.1935
2oo 4170 1.1751
4.877 4 150 1.1751
4.872 4143 1.1758
5.1 4.418 1.1656
4-995 4.110 1.2153
Kij = (4.98 + 0.05) X 105 aac-1 Vv, 1.is3 1 0007
- Ols
Oolvol;=... «c—- " ileoss cthr-y 604 °C
H
33.28 31.03 1.1369
34.68 30.50 1.1372
35.40 30.85 1.1475
34.75 30.37 1.1443
36.60 32.18 1.1378

2, % (35.4 * C0) X 10“B ubo*d N 4 1441 - 0.002
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ool a3 of -~ T 7" a4 79.8%
"D Y itho
6.86 6.177 1.1114
8.8/,8 8.057 1.0963
8.108 7.148 1.1343
8.528 7.185 1.1873
7.528 6.702 1.1232
7.647 6.747 1.1335
A= (7.92 £ 0.3) x 10V s & = 1.13
Aeetol ; | 79.,6°C
If
kH "D
22.67 19.48 1.1630
21.98 18.52 1.1866
17.20 14.63 1.1761
18.74 16.04 1.1674
13.57 11.65 1.le648
E. n (8.8 * 2)X 10”1 voc ~ M i

Tho ire-"rocision in the rate constant does not load to a nigh
orror in the isotope effect, since the former is due to ternaruture

variations 1 "tv "n runs, vhich cancel out -on the ration are taken.



1D

Solvo},YOIS 01t=’\ -——— in 5;r ag.wouo ethanol at 44.8°C
\Y%
i)
4.538 3.688 1.1672
4.637 4 .023 1.1524
4.192 3.607 1.1622
4.613 4 135 1-1157
4.713 3.933 1.1983
4.583 3.903 1.1506
is, - (4.55 4 0.C8) X 10 ' see ™t k/"p« 1.16 ~ 0.01
¢ Ofis
Solvol; sis oilB u/-H/7D. ro Za:ueou.’ el jk>L at A/,.G°C
rH i'-'D “tA d
22.25 Is.52 1.2015
20.50 16.62 1.2330
20.20 17.03 1.1C53
21.03 17.77 1.1844
19.42 16.23 1.1930
20.15 16.73 1.2052

m(o.c m0.4)2 10" U see-1 >-7j- -1.200 i 0.007









Jw
Formolysia of

T = 36.0°C ; Jijdiun formate concentration m 0.161i

A

45-97

46.10

4573

kl./ldﬁnﬂr - 2.3 i 002

nn
Formoli ti ; of A/u btrodo iteratati

T - 20.3°C

Ir
H

524.3

495-1

5299

A = 2.75 * °*00
>

+-0Ts
and its 10lrticeutaralOd derivative

18.96

19.43
19.26

19.92
1985

gt
193.6
194.4
1892
186.9
184.4

179.2

v A-

24254
2.3665

2375
2.3934

2.2561
2.3031

derivativ-

2.7079
2.6940
2.6174
2.6497
2.8737

2.9567



Solvolysis of nd ite telrideut irit d dariv -tiv-in 1
aqueo'.'rj etiianol

T=146.6°C\ Eorax concenti’ation = 0.9 X io"\;

\ v £ k-./k.-
% 4 vV Pi#
17.37 7.913 2.1949
7-975 2.1733
18.05 8.500 2.1233
8.253 2.1670
18.36 8.189 2.2425
8.190 2.2400
N 219 * 0.02
r
oolvoly; Hr, nf nd its tetradcwtpruted d»’ivotivo in
aquecmn et' lanol
'l =30.0°0
1VA -pt
69.98 34.36 2*6184
33.90 2.6546
86.12 33.75 2.5517
34.15 2.5218
69.41 34.67 2 .5637.
35*13 2.3453
250 + 0.02

A YARS
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Ji-A-~0oTs,

Solvol: sla of 'S and Ito tetrada te ated derivative M1l
T n 69.8°C
v 4 My
6-544 3.241 2.0192
3.359 1.949r0
6.332 3.487 1.8159
3-579 1.7690
6.586 3.370 1.9544
3.360 1.9597
5939 3.077 1.9472
3.011 1.9892
TU7P3A p 1.93 * r(:-03 <
Solvol yl mof A _/  and ita tetraki.”t-"vatod derivative aoiiofj-
ot’ianol
T = 60.0°1
ko v 4 Kr—éﬁz;'l'h
40.23 1764 2.2799
17.82 2.2573
41.47 18.71 2.2164
19*18 2.1621
41.01 18.25 2.2416
18.45 2.2231
I » 2.83 £ 0.02

p 4
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Il ANALYSIS CF PRODUCTS

Abbreviations

fra = formate, OK < alcohol, OEt ,, ethyl ether
2-one bicyc.lo[ 3, 2, 1] oct-2-one
endo-3-ac endo-bicycloF 3, 2, 1] octan-3-yl acetate
_t-2-ac trans-bieyelo[ 3, 2, I] ootan-2-yl acetate
2-ac bicycle[ 2, 2, 2] ojtan-2-;/1 acetate
C-2-ac cle-blcyclop 3, 2» 1] octan -2-yl acetate
c.TO-3-ac exo-bicyclo 3, 2, 1] octan-3-yl ncotato

For each compound, two runs wore perform«!. For each run, 3-5

injections of the final solutions were made, and »ha area of every peak
was measured, at least twice by planimeter. The numbers listed under
columns 1-5 correspond to the mean areas, converted to percentage yields
forasingle injection. The mean from all injections for a single run
appears at the right-hand side of the page. The normalized values from

each run and a final mean from both runs arc shown in a separato table.






Products

2»ane

endo-3-ao

t-2-ac

2-ac

C-2-ac

ft.ra-3-ac

Acetolysis of

Tortiiallsed jlean Hun (1)

6«.0
26.5
2.1

1.9

0.2

0.3

(i1.0°C

normalised “can Hun (@)

69.1

2.1

1.9

0.2

0.3

Hean

69e0
26.9
2.1
3.9
0.2
0.3



Run 1

Producta

2-one

endo-3-Jo

t-2-ac

2-ao )}

0-2-ao )}

exo-3-ac

Recovery

Run 2

Products

2-ene
ondo-3-a0
t-2-ac

2-a0 )
C-2-ac )

exo-3-ac

Roeovory

Acatoly

-
-\
-

68c3

0.8

7.3

5-4

15.2

68.8

0.9
8.8

6.0

J.8.4

a

(0]

7-5

5.5

15.3

76.6

0.6

9.2

6.8

19.2

Ols
J
at 61.0°c

3 4
72.7 69.5
0.8 0.5
7.2 7.3
5*4 >3
14.6 15.3

3 4
72.6 70.8
0.8 0.9
9*4 9-1
6.8 6.5
19.2 19.9

130

Pean

60.0
0.8

97*6

72.2
0.8
9.1
5-9
0.6
19.2

107.8



Acotolyols of 61.0°C

Products tonnalised iaan P.un (1) normalised Poan Hun (2) Kean

2-One 70.6 66.9 68.8
ondo-3-ac 0.8 0.7 0.8
t-2-ac 7-5 8.4 8.0
2-ao 5.0 5-5 5.2
0-2-ac 0.6 0.6 0.6
oyo-3-ac 15-5 17.9 16.6

The uiadr.iua possiblo amount of bicyclop 2>2,2J octene occurrir - in the

acetolyaes of the exo or ondo tosylate i.- 0.3!









AL :/____KBIS

Foraci, sis of at 25.0 0
Froducte Kormalisad ! ean Run 1 . of lallood Mean Run 2 Hean
2—end 51.3 53.8 52.6
ando-3-0fl 30.6 29.4 30.0
t-2-fn 8.3 7.8 8.0
2-fin 8.5 S.3 8.4
«C-2-fw 0.7 0.3 0.5

I oyo-3-fm 0.6 O 0.5



Run 1

Products

2-eno
endo-3-fin
t2-Mn
8o
c-2-ib )

EXo-3-fa

Recovery

Producto
O"cno

pndo-3-f.n

2-0- )
C-2-fa )

0x0-3-fm

Recovery

46.1

0.6

20.3

18.6

19.8

18.1

16.4

Formol ;aia of

49*3

0.9

18.2

15.7

48.1

0.8

21.9

19.9

16.7

52.4

0.9

19.2

17.6

48.8

0.8

19.5

13.3

16.9

32.6

0.7

19.2

46.7

0.9

21.1

19.0

16.5

52.1

0.8

23.0

20.7

18.0

49-1

0.6

19*1

16.9

Meat

50.5

0.7

17.3

108.7

lloan

48.2

0.8

20.6

17.9

1.0

16.7

105.2

130












Ols

Solvolysis of ~Zy in 507 2pvipou3 ethanol it 36.0 C

Run 1

Products 1 2 3 Hoan

2-cne 71.3 71.9 71.7 71.6

endo-3-0H 0.5 - 05 05

mt-2-CH 3.3 3-5 4.0

2-UH 2.1 2.0 2.6 2.3

exc-3-0H 27.0 27-9 23.2 21.7

t-2-CEt 0.5 0.? 0.5 0.6

2-0St 0.3 0.5 0.5 0.5

exo-3-0Ut 6.0 6.1 6.6 6.3

Recovery 113.1

Hr. ?

Products 1 2 3 4 jlean

2-eno 69.7 70.1 66.2 66.2 63.1

endo-3-Cn 0.4 0.3 0.5 0.4 0*4

t-2-0H 2.3 34 3.2 3.2 3.1

2-0K 2.1 20 2.1 2.1 2.1

exo0-3-0K 27.1 27*7 24-5 26.3 20.4
0.7 0.6 0,5 0,7 0.6

20"t 0.6 0.5 0.5 0.5 0.5

ex0-3-""t 6.2 6.2 6.2 6.1 6.2

Recovery 107.4



>*»4












3olvolyais of ; —ty'l in % ' adqueous ethanol at 60 G

Products formalised Kean Run 1 Normalised Nean Run 2 Moan

2-ene 56.2 56.7 56.3
findo_-3-CH 0.1 0.1 0.1
t-2-OH 0.2 0.3 0.3
2-OH 0.1 0.1 0.1
i c0-3-CH 4.4 45 40
endo-3-0Et 0.6 0.6 0.6
t-2-03t 0.9 1.0 1.0
2-031 0.6 0.6 0.6
ex0-3-C'3t 36.9 36.1 36.9

A limit of less than O.lji can he placed on the presence of each
of bicyclop 2, 2, 2~\ octeno, ciB-bicyclo[ 3, 2, I] octan-2-ol, aim

i SbloycloF3, 2, 1] octan-2-yl ethyl ether.
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