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SUMMARY

This thesig is presented in two parts.

The Lirst section deals with a kinetic and product
study of the acetolysis of cis- and E£§H§~9m3nbutylspiro[4.é}-
~dec-6=yl p-toluenesulphonate, Methods of identification
of the products are described and an attempt to rationalize
the kinetic results and product distribution has been made,

It is suggested that chair and non-chair conformations may

be important in the acetolysis of fhe two esters and that

both the conformationg of the derived cations and the posi-
tion of the counter-ions in dwekeewsee ion pairs are important

in the determination of the products. The importance of

the configuration of the leaving group in the above rigid
systems has been confirmed by the formation of ring-contracted
products (ca. 10%) (3-t~butylcyclopentylidene)cyclopentane

and (3-t~butylceyclopentyl)cyclopent~l-ene from the trans-ester,

in which a suitable trans-anti-planar arrangement of the

leaving and migrating group exists. No products of ring
contraction were formed in the case of the cis~ester.

The second part of the thesis describes synthetic
routeg to some 9~Embutylspiro[%,§JGSCm6—yl, (3~t-butyleyclo-
-pentyl)cyclopentyl and 2-t-butyldecalyl systems which were

required for the solvolytic study in part one,



ii

The work presented in this thesls represents a
detailed study of the acetolysis of cis~ and trans-9-t-
butylspiro[%.é]dec—G—yl p-toluenesulphonate and the results
differ significantly, in certain aspects, to a recent less

detailed report in the literature.
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INTRODUCTION



Since the proposal by Baeyer and Villigerl’2 that
the coloured species, present in solutions of triphenyl-
nmethyl derivatives in concentrated sulphuric acid were
salt-like in structure, the chemistry of carbonium ions has
received detailed attentione3’4’5’102

Neighbouring group par:ti-f::ipatit:ml6 has been used in
nany instances to explain enhanced rates in solvolytic
reactions,7"l3 increased tendency toward rearrangementl4
and to rationalize the stereospecificity of product form-
ation.lS’lem2o The increase in rate has been explained
in terms of anchimeric assistanée,21 a phenomenon which
relates to the attainment of the transition state and does
not necessarily indicate the intermediacy of a non-class-

icalzz’23

carbonium ion.

Since the classical example of neighbouring group
participation, reported by Winstein and Lucas,l6 in the
reaction of isomeric 3-bromobutan-~2-ols with hydrobromic
acid, many other examples of participation by groups
possessing lene~pair electrons have bheen investigated,

These include the benzamidoz4, acetoxylzs, carbony126,

amin027, acetalzg, eSterzgp thio-ester-0r31

s acy132 and silyl33
groups. Extensive work showed that participation was not
restricted to compounds containing the above type of

functional groups and anchimeric assistance to ionization



by alkyl groups and olefinic bonds led Winstein34 to sugéest
the terms sigma @) and pye (T1) routes, in order to dis-
tinguish between these two solvolytic processes.

The participation of olefinic [T-electrons in
cationic reactions of allylic35 and homoallylic36’37’38 com-~
pounds has been recognized for some time. In 1946, Shoppee3n
reported that nuclecophilic substitution of cholesteryl
chloride (1, X=Cl), under ionic conditions, proceeded with
retention of configuration, which he attributed to a homo-
allylic interaction of the incipient cation and the Asm
olefinic bond. After further investigation of the cholesteryl

system, Winstein and co-workers4o’41

proposed that partici-

pation by the electrons in the olefinic bond gave the bridged

non-clasgical catioﬁviz).* (Scheme I.l,) This was in

contrast with the solvolysis of the epicholesteryl derivatives

(1 where X is in the a-position) in which participation by

the TT-electrons was not evident?’2
An early example of participation by a remote double

3

4
bond was reported by Le Ny ~ in 1960, when she found that

the acetolysis of cyclohept=-4-enylmethyl p-bromobenzene-~

* - ;
Quantum mechanical calculations indicate that this ion

will be stabilized by overlap of the p~orbital of the carb-
onium ion at carbon-3 and the Torbitals of the double

bond.3i



SCheme Iu lo

sulphonate (3, X=OBs*) proceeded some thirty times faster
than the saturated analogue and yielded a single cyclic
acetate, ggggwbicyclo[é.Z.g]octan~2-yl acetate, whose éon—
figuration was consistent with the intervention of the

bridged cation (4). (Scheme I.2.) A similar intermediate (4)

Scheme I.2.

%
OBs = p-bromobenzenesulphonyloxy



has also been suggested in the ionic reactions of endo-

(equatorial)—bicyclo[}.2.{]octan—Z«yl derivatives (G-

route).44

. 45
Great interest was aroused when Lawton and

46

Bartlett both showed that solvolysis of 2-~(cyclopent-3-

*
46 45) involwved the

enyl)ethyl derivatives (5, X=0Ts and ONs
anchimerically assisted formation of a mesomeric norbornyl
cation (6) (ref. 47 and 48) and that the rates of reaction
exceeded those of the corresponding saturated analogues (7)
by factors ranging from 6 to 1900, depending on the solvent,
This was a clear example of the formation of apparently the
?same" (or at least a closely related) cation by independent

T and o routes..34 (Scheme I,3.)

Scheme I, 3.

]
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This gave great impetus to the study of double
bond participation in solvolytic reactions49"53 and con=-
sequently many recent investigations have dealt with a
comparison of cationic intermediates generated by, 7 and
direct routes.54-59 Two examples of this work will now be
examined in more detail.,

Bartlett, Closscn and CogdellGo investigated the
acetolysls of hex-~5~enyl (8, X=ONs), cyclopentylcarbinyl
(9, X=0Ns) and cyclohexyl (10, X=ONs) p-nitrobenzene-
—-sulphonates, all of which yield cyclohexyl derivatives by

M, and direct pathways respectively. (Scheme I.4.)
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They found that the ratio of cyclohexene (11) to
cyclohexyl acetate (12) was 0.40, 3.4 and 6.7 for the esters
(8, X=0Ns), (9, X=ONs) and (10, X=ONs) respectively and
concluded that this was not consistent with the intermediacy
of a common ‘cation. An explanation was proposed in terms
of the position of the counter-ion in the two species {(14)
and {16) and the nature of the product-determining inter-
mediates. The authors suggested that the cyclohexyl cation
(13) was formed, in a simple heterolytic process from
(10, X=0Ns) (direct route), and vielded (11) and (12) in
the usual manner. In the case of the cation (14) (G route),
the counter~ion is in a suitable posgition to undergo inter-
nal return to (10, X=ONs) or alternatively (14) could give
the solvent separated ion pair (15) or the free cation (15a),
which, the authors suggest, are not "geometrically favourable
precursors for cyclohexene", The position of the counter-
ion in the intimate ion-pair (16) is not ideal,; however, for
internal return to (10) and thus the products should arise
mainly from (15) or (15a),

Recently Roman ang ClossonGl havae compared theo,IT
and direct routes to the cyclopentylphenylecarbinyl cation
(17) which is generated in the solvolytic reactions of trans-
2~-phenyleyclohexyl p-toluenesulphonate (18, X=0Ts), cis-
and trans-6-phenylhex-5-enyl p-bromobenzenesulphonates (19

and 20 where X=OBs, respectively) and cyclopentylphenyl-



carbinyl p-toluenesulphonate (21, X=0Ts). (Scheme I.5.)
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Scheme I.5,

They reported that the benzylic cation (17), which
might be expected to be relatively stable, compared to a
simple secondary aliphatic ion, retained "a clear memory
of its route of formation"; however, contrary to the usual

Observations,57’60s62

the Tl routes (19 and 20 where X=0Bs,
respectively) yielded a higher proportion of elimination
_products than the other routes. Furthermore, the deamination
of (21, X=NH2) resulted in approximately the same amount

of substitution and elimination as from the "cool" &) route
(21, X=0Ts). These observations were not consistent solely

with the involvement of an intimate iocon~pair in which the

counter-ion behaved as a base in abstracting a proton to



give olefinic material.63’64

The authors suggested an explanation in terms of
the relative energetics of the 11 and G routes. They con-.
.sidered that the ion formed by the TT route was both
classical, as opposed to non-~classical, and "hot". This
extra energy could be manifested as molecular distortions
or in unencumberance65 of the ion, which could "lead to a
lowering of the selectivity of the cation in its subsequent
reactions", This postulate wos consistent, it was reasoned,
with the frequent similarity in the product distribution
obtained from solvolytic reactions invelvingo-deamination
and ﬂ'routes;62 differences betweesn the two were ascribed
to minor conformational and solvation effects,

The general.iﬁterest in the comparison of solvolytic
reactions, proceeding by G, ITand direct routes, has stimulated
investigations, both in these laboratories and elsewhere,
into the nature and conformational integrity of the 9-
decalyl cation (26), generated by these processes,

Further impetus was given to this work when Bartlett
ggl§£i66 proposed the transient intermediacy of two con-
formationally distinct tetrahedrallzl 9-decalyl radicals
(22 and 23) in order to explain the results of the thermal
decomposition of ¢is- and trans-9-carbo-t~butylperoxydecalin

(24 and 25 where X=CO3C(CH respectively). (Scheme I.6.)

3)3’

This conclugsion was confirmed in essence by Greene and
3
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Scheme T1.6.

Lowry,67 who reported the radical reactions of cis- and
trans-9-decalylcarbinylhypochlorites (24 and 25 where
X=CH20C1, respectively), In 1968, however, Struble, Beckwith
and Gream68 concluded that (22) and/or (23), formed by the
cyclization of the 4-(cyclohex~l-enyl)butyl radical, had
reached conformational equilibrium before hydrogen extraction
could occur.*

-
Grob,69 Gream‘o and Fort7l’72

have all carried out
investigations on the nature of the 9-decalyl cation (26)

which 1s analogous, in certain respects, to the radical

*
Compare reference 73.
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69,70,72 will be con-

system described above. This work
sidered in more detail below,
Although a number of ionic reactions, including the

dehydration of l- and 2mdecalols,74‘75 the deamination of

76

l-aminodecalins and the solvolysis of 1~ and 2-decalyl

=g proceed in part by localization of the

derivatives,
positive charge at the 9-position of the decalyl skeleton,
only systems whose reaction paths proceed almost exclusively
through the 9-decalyl cation (26) are considered here,
(Scheme I.7.)

In 1968 Boschung, Geisel and Grob69 reparted the
solvolysis (in 80% ethanol containing triethylamine) of
cis- and trans-%~chlorodecalin (24 and 25 where X=Cl,
respectively) (direct route) and 4«(cyclohex—l«enyl)butyl
EwtolueneSulphonate (27, X=0Ts) (T route), all of which
should yield the structurally identical 9-decalyl cation
(26) as the intermediate. (Scheme I.7.) They found a sig-
nificant variation in the distribution of products from the
three substrates and concluded that different intermediates
must be involved. An explanation bazed solely on the posi-
tion of the counter-ion, X , was discounted as this was
inconsistent, they reasoned, with the formation of cis- and
trans~9~decalol (24 and 25 where X=CH, respectively) from

both (24) and (27) (where X=Cl and OTs, raspactively),



~1ll-

X
X
X
36
H

_ & Diriii//’
27 \\Jth -

+

wrenen D

Direct
<P

xTT/" 26 H
D
y * ‘R\\\‘** x’25
@ 49 .'
; 41

Scheme T.7.

This dees not represent a true solvolytic route to (26)

but it is significant in the overall consideration of the

problem and is discussed later.80

* %
Insufficient data is available to include the routes from
the hydrindanyl-carbinyl derivatives (49) in this discussion.

Refs. 81,82,
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The authors argued plausibly that the cations
derived from (24) and (25) (where X=Cl), differed in enerqgy
by approximately 1.4 Kcal/mole and that this enerqgy differ-
ence was reflected in the formation of the 9~decalyl cation
(26) having the conformations (28) and (29) respectively,

(Scheme I.8.)

(24, X=Cl) (25, X=Cl)

PRODUCTS. PRODUCTS

Scheme I e 8Be

From a consideration of models, Grob69 concluded that
there was a significant barrier to interconversion of (28)
and (29) and that product formation occurred faster than
equilibration of the two conformers.

The unsaturated ester (27, X=0Ts) ([T route) sol-
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volysed with participation by the double bond* and the
authors reasoned that the intermediate in this reaction was
very similar to the intermediate obtained from the cis-
chloride (24, X=Cl) as there was a close resemblance in the
products obtained from each substrate.

This is a reasonable conclusion when the ratio of

1,9 9,10

A ~ to A -octalin (30 and 31, respectively) is considered;
however the large differences in the ratios of c¢is- and trang-
9-decalol (24 and 25 where X=O0H, respectively), (viz.; 2.23
from (27) (X=0Ts), and 0.40 from (24) (¥X=Cl)), would seemn

to cast considerable doubt on this hypothesis. Another

aspect not discussed by Grob was the fact that the comparison
was made batween sub;?rates bearing different leaving groups
and it has been shown that this factor can markedly alter

the nature of the products in solvolytic reactions@63’64’83“85
Smith and Goon86 have recently reported the ethanolysis of
some cunyl derivatives, (viz. chleoride, p-nitrobenzoate and
thiobenzoate) and they found that the ratio of elimination

to substitution was 0.12, 0.50 and 0.91 respectively, which

is a particularly dramatic example of the effect of the

The rate of solvolysis of (26, X=0Ts) compared to the

saturated analogue, k increased as the nucleophilicity

rel’

of the solwvent decreased: the k were 2,16 (80% ethanol),

rel

5.2 (50% acetone) and 40,3 (acetic acid).
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leaving group on a solvolytic reaction.

It is of interest, however, that Grob and co~worker587
considered that the solvolysis of the cis- and trans-8-
hydrindanyl chlorides (32 and 33 where X=Cl, respectively)
and 4-(cyclopent-l-enyl)butyl p~toluenesulphonate (34,

X=0Ts) was best envisaged as proceeding through the relatively
rigid 8-hydrindanyl cation (35}, in which encumberance and
the position of the counter-ion were the key factors in

determining the nature of the products. (Scheme I.%.)

X

32 H

34
Scheme I.9.

In 1970 Fort, Hornish and Liang72 reported the
solvolysis of cis- and trans~9-decalyl p-nitrobenzoate (24

and 25 where Y=PNB, respectively)7l {direct route) and



rationalized their-results in terms of two conformationally
isomeric carbonium ions. They also concluded that.ion pairs
played only a minor role in the reactions.

It was found that (24) and (25) (whére X=PNB, res-
pectively) exhibited "normal" solvolytic behaviour, that is,
unaffected by steric factors etc.. The authors concluded
that the kinetic results and the product distribution were
consistent with the concept of two different intermediate
cations,

Fort and co—workers72 considered three possible
explanations for their observations:

(i) the solvolysis was bimolecular (E2),

(ii) thetgglvolysis involved intimate ion-pairs

and the counter-~ion was responsible for the
product distribution,63’64

(iii) unencumbered, conformationally distinct

cations were the product determining inter-
mediates,

The first premise, (i), was dismissed on kinetic
grounds and because of the failure of a trans-anti-planar
arrangement of hydrogen and leaving group to facilitate
elimination,,88 The second consideration, (ii), was difficult
to discount completelys; the authors suggested that the

absence of epimerization of {24) or (25) (where X=PNB,

respectively) during the solvolysis indicated that intimate
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ion~pairs were not significant product-determining inter-
mediates.* They conceded that it was possible that intimate
ion-pairs were present with the prowvision, however, that
steric factorsgl restricted the movement of the anion from
one gide of the molecule to the other,

In order to gain further information on the con-
formation of the intermediate cation, Fort EE;E&;72 treated
¢is~ and trang-9-decalol (24 and 25 where X=0H, respectively)
with a solution of trifluoroc-acetic acid in methylene
chloride and trapped the incipient cation with an organo-

silanee92’93

The intervention of an ion-pair intermediate
was impossible as the leaving group (Hzo) is a neutral
molecule and thus the authors concluded that the variation
in the stereochemiséf? of the products was consistent with
the intermediacy of conformationally different cations,
(It must be recognized however, that the ionizing conditions
used above are completely different to those used initially
and this must be kept in mind when comparing the respective
intermediate ions).,

An important consideration, however, was whethar the
conformational distinction between the two cations and their

ability to give different products was a reasonable propos-

ition in terms of the time scale involved., The authors72

*
Compare ref. 8% and 90.
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reascned that the molecular relaxations required to
equilibrate systems of this type had rate constants of the
order of 107° - 1078 gec™?! (ref. 94), whereas formation of
products is most probably a diffusion controlled process

2 _ 30712 sec—l (ref. 95),

where k is 10~

They concluded that the third premise, (iii), was
consistent with the experimental observations and that these
two direct routes to the decalyl cation gave conformationally
distinct ions, Unlike Grob,69 however, they were not willing
to suggest possible "shapes" for the conformers,

A comprehensive investigation by Gream70 on the
nature of the 9-decalyl cation (26), generated by, IT and
direct routes, has shown that the product distribution is
markedly dependent 6;”the precursor and, as a consequence,
different intermediate species must be involved. He has
suggested that this is possibly a result of conformational
differences in the incipient cation and that the counter-ion

could also play more than a minor role in determining the

course of the reaction.

’

9’1'0--oc:talin (31)

The ratio of Al’gmoctalin (30) to A
was compared for each reaction, as it was considered to be
a useful probe to determine the intimate mechanism involved

in the solvolyses. (Table I.l,)
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Ta]’)le Ie l.

COMPOUND SOLVENT

*

(24, X=PNB) acetic acid/sodium

acetate (A) 1,12 70
(24, X=PNR) 60% acetone/sodium .

acetate 1.07 72
(25, X=PNB) (A) 7.0 70
(25, X=PNRB) 60% acetone/sodium

acetate : 1.51 72
(24, X=Cl) (A) 1.09 70
(24, X=Cl) 80% ethanol/tri-

ethylamine 1.21 69
(25, xX=Cl) (a) 4.8 70
(25, x%X=Cl) 80% ethanol/tri-

ethylamine 0.28 69
(27, X=ONg) (A) 2.16 70
(27, X=0Ts) 80% ethanol/tri-

ethylamine 1.05 69
(27, X=Cl1) (n) 3.35 70
spiro [4. 5:' dec=5=~y1l
chloride (36, X=Cl) (A) 0.82 70
(36, X=0Ts) (A) 0.36 70
3-(2~methylenecyclo-
hexyl)propyl p-nitro-
benzoate {37, X=PNB) (A) 1.39 g6

*

PNB = p-nitrobenzoate.
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If the cation formed from the trans-9-decalyl
derivatives (25 where ¥=PNB or Cl) is in fact in the con-
formation (29) (Scheme 1.10.), as suggested by Grob,69 the
counter-ion is well situated to act as a base in abstracting

the hydrogen at C, to gilve Al’gmoctalin (30). On the other

1
hand, the counter-ion is on the opposite side of the molecule

to the hydrogen at C thus restricting its abstraction

10°
by the counter-ion. The high ratio of (30) to (31) observed
for this system was consistent with this hypothesis. The

higher proportion of 69,10

~ogtalin produced by the c¢is-9-
decalyl derivatives (24 where X=PNB or Cl) can be rationalized
in the same way, as the counter-ion and the hydrogen at ClO
are on the same side of the molecule. (Scheme I.10).

At first sight, it might be considered that the

(8
results of Grob63 and Fort72

invalidate this hypothesis,
Whittaker97 however, has shown recently that, although ion-
pairs are important in cationic reactions of<(~ and B-pinene
in anhydroug acetic acid, in more nucleophilic sol;ents,

such as those containing water, ion-pairs, if formed at all,
are less important in determining the nature of the products.
Thus the values of 1.51 and 0.28 (Table I.l.), which were
obtained for the trans-9-decalyl derivatives (25 where X=PNB

or Cl) in agueous solvents, were not unexpected,



-20-~

24 Hy
28
Hl‘/HS &Ilo

30 ¢ 31
Higs

Ha

25 ‘> 'C/ s
e

.
13
H

Hy

& 28

Schema I,.1l0.

Gream has suggested that if the S-decalyl cation,
generated by the éolvolysis of the spiro[%cé]dec—G—yl
derivatives (36 where X=Cl or 0OTs) (G)route), does resemble
ion (38), the counter-ion would be well situated to give
both (30) and (31) in approximately equal amounts. (Scheme

I.ll.)
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Scheme I.ll.

The observed value of 0,82 for (36, X=Cl) approaches
this value closely but the ratio 0.36 for (36, X=0Ts)
is much lower than expected. The author reasoned that this
could be a reflection-of the nature of the leaving groups.

In the case of the 4-~(cyclohex-l-enyl)butyl deriva-
tives (27 where X=Cl or ONs) (TTroute), it was apparent
that for a particular half-chair conformer, interaction of
the [T-bond and the carbon bearing the leaving group could
occur either above or below the plane of the ring (39) and
(40) and lead to two conformationally different cations.
(Scheme I.12.) Gream70 has pointed out that Grob'569 con-
clusion about the similarity of the intermediate cations
produced by (27) and (24) (where X=0Ts and Cl, respectively)
in 80% agueous ethanol, is difficult to rationalize on the
basis of the vields of ¢cig~ and trans-9-decalol (24 and 25

where ¥=0H, respectively), which varied markedly, When the
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Scheme I,12.

came leaving group is used,70 it can be seen (Table I.l.)
that the ratio of the two octalins, (30) and (31), is
intermediate between those for cis- and transg-9-chlorodecalin
(24 and 25 where X=Cl, respectively). The author concluded
that the counter-ion is probably not in a good position to
abstract a proton and that "the composition of the products
does not give any clear indication of the nature of the
conformations of the 9-~decalyl cation." It may be that a
“hot" cation, as suggested by Clossoh,61 is involved.

In a recent communication, Olah and co~worker880
reported that they could not detect conformational isomers
of the 9-decalyl cation (26) which had been prepared by
dissolution of cyclodecanol (41, X=0H), cis- and trans-9-
decalol (24 and 25 where X=OH, respectively) and cis- and

trans-decalin (24 and 25 where X=H, respectively)98 in

"super acid' media. (Scheme I1.13.)
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X /H24
| N }

41

Scheme I.13,
They concluded that if two conformers of the
9-decalyl cation were indeed present initially, they had
reached a state of equilibrium before product formation

%*
could occur., (See footnote , page 1ll,)
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. The spiro ring system (50 where m=5-8 and n=5-7 and
where X is a suitable leaving group) has been the vehicle

for the study and assessment of the contribution of ring

straingg"lo; and/or anchimeric assistance as a driving force

in Wagner-Meerwein type rearrangements, under conditions of

1i1,112 103,107-110,114

deamination, and solvol-

104~-106,113,115

dehydration

ysis,

C
i Hz)n

CH.)
2°'m-
50 2

Of prime importance are the spiro[%,%]deCw6nyl

70

derivatives (36)‘which; Gream has shown, are suitable

substrates to study the ¢ route to the 9-~decalyl cation (26).

Until this work70 however, the main interest was centred

[+
on the rearrangements of this system.103’log’108'111’113’

sty dehiol, 187 (Scheme I.1l4.) Products derived, under ionic

conditions, from the 9-decalyl cation (26) (ring expansion),

the cyeclopentylcyclopentyl cation (42) (ring contraction)

and the parent spiro cation (43) have been observed,7o’108’

111,113 , '
in varying amounts,
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43
Scheme I.l4,
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OBJECTS.

As an extension of the work dealing with the 9-
decalyl cation (26), it was decided to investigate the O
and 1" routes to the 2-t-butyl-9-decalyl cation (44) which,
by virtue of its substitution contains two asymmetric centres.

~ olefinic divectly

As a consequence, thekproducts derived from the intermediate
(44) can be positional isomers with respect to the t-butyl
group and each positional isomer can be one of a pair of
geometric isomers (see section IT.l.). It was hoped that
the nature of the isomers would yield further information
about the conformation of the intermediate cations (44) and
also the role of ioﬂléairs in the reaction. (Scheme Iy 151 )

The overall distribution of products could also
help to elucidate the precise mechanism of the solvolytic

reactions of this system, in which the configuration of

the leaving group is fixed.

—

Time did not permit an investigation of the solvolysis of
3-t-butyl-4--(cyclohex-l-enyl)butyl or 4-(5-t-butylcyclohex-1l-
“enyl)butyl derivatives (45 and 46 where X=Cl or OTs, respec-

96

tively) (ITroute) in this work, however Serelis is at

present engaged on this problem.,



F
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R=(CH3)3C
Scheme I.15,

The first part of this thesis deals with the
acetolyses of ¢is- and Egggg—9mg-butylspiro[4.%]dec~6~yl
p-toluenesulphonate (47 and 48 where X=0Ts, respectively)
and fhe second part with the synthesis of some of the

required compounds,

*
See footnote on page 26.
**
This representation applies to all diagrams in this thesis.
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IIOlO

A study of the acetolysis of cis- and trans-9-t-butyl-

spiro|4.5|dec~6~yl p-toluenesulphonate (47 and 48 where

X=0Tg, respectively).

In the present work, the t-butyl group has been
incorporated into the substrates (cis- and trans-9-t-
butylspiro[4.%]dec"6—yl p~toluenesulphonate (47 and 48
where X=0Ts, respectively)) in order to restrict the number
of conformations that the two substrates may take up.llB
Winstein and Holness' ' were the first to use the t-butyl
group as a conformation "locking" group when they investi-
gated the solvolysig of cis- and trans-4-t-butylceyclohexyl
derivatives (51 and- 52 where X=0Ts, respectively). (Figure
IT.1l.1.) This study was undertaken in order to gain
information about "the differences to be expected simply
from the equatorial or axial disposition of the reactive
group on the chair form of the cyclohexane ring."

The reason for the t-butyl group being used for the
above purpose wags based on the fact that the group has a
distinct preference (>5.5Kecal/mole} for occupying an
equatorial rather than an axial position.120’121’143

Although Winstein at the time considered that cig~
and trans-4-t-butyleyclohexyl derivatives (51 and 52)
represented pure species (in ground states and also trans-

ition states), evidence has since accumulated suggesting
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that non-chair and chair conformers may be important in

the solvolytic reactions of these derivatives.122

X

52 51 X

Figure II.l.1l.

In 1965, shiner and Jewett suggested, from an
evaluation of deuterium isotope effects, that trang-4-t-
butylecyclohexyl p-bromobenzenesulphonate (52, X=OBs) under-

123

went solvolysis through a non-chair transition state and

that the cis-epimer (51, X=0Bs) reacted via a skewed chair

conformef.lz4 It should be noted however that Okamoto
et.al.,J,'z5 in recent reports on the solvolytic isomerization

and rearrangement of c¢is~4-t-butylcyclohexyl p-toluene-
sulphonate (51, X=0Ts), have cast some doubt on the conclu-
sions drawn by Shiner and Jewett.123’124 .

On the other hand Whiting and co-workers79 have
argued plausibly in support of the findings of Shiner and

;Jewettl23,l24

on the basis of a careful analysis of the
products formed in the acetolysis of the cis-~ and trans-esters

(51 and 52 where X=0Ts, respectively).
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Recently an informative example of the t-~butyl
group failing to lock cyclohexyl rings in pure chair con-
formations in the solvolysis of cis-~ and trans-6-t-butyl—
spiro[é.{]oct—4-yl p-nitrobenzoate (137) was reported by

Schleyer.126

137

In the absence of clear-cut evidence favouring either
chair or non-chair cohformers;127'128’133 the results pre-
sented in this thesis are discussed in terms of both
possibilities. "

The chair (47(c) and 48(c), respectively) and the
non-chair (47(n) and 48(n), respectively) conformers of cis~
and Egggﬁ-Qvg—butylspiro[4,%]dec~6—yl p-toluenesulphonate
(47 and 48 where X=0Ts, respactively) are represented by
Newman projections shown in Figure II.l.2.

The kinetic results for the acetolysis of cis~ and
E£§g§~9u§—butylspiro[4,%]dec—6—yl p-toluenesulphonate (47
and 48 where X=0Ts, respaectively) are presented in Table II.
1.1,
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Figure II.1l.2.
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Table IT.l.1,

Rates of Acetolysisa of the épifo esters

(47 and 48 where X=0Ts, respectively).

COMPOUND TEMP., 10 °k X el AG:F kcal/ AH¥ kcal/ Aér
°c sec™t - mole mole e.u.
27.3 7.31
7.52
33.4 13,78
(47 where 14.42
X=0Ts) 40.3 34,17
45,1 54,99
55,42
25P 5.4 25,7 23,4 21.9 -4.7
25°€ 5,1
45,3 3.66
_ 3.48
(48 where 52,2 8.50
X=0Ts) 8.86
60.4 23,94
24,34
25P 0,21 1 25,2 25.6 +1.3
25¢ 0.22

as The solutions were initially ca. 0.01M in ester and

ca. 0.02M in sodium acetate.
b. Extrapolated from data at other temperatures.

ce ref, 115,
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The significance of these results becomes clearer

by ‘a comparison with other similar systems. (Table IX,1,2.)

Table II.l,.2.

Relative ratesa of acetolysis of some

p-toluenesulphonate derivatives at 25°,

.

COMPOUND (p~toluenesulphonate, K o1 reference
where X=0Ts)
cyclohexyl (10) 1.0 129
2,2-dimethylcyclohexyl (53) 3.0 113,105
2,2-dimethyl-3=-butyl (54) 3.8 130
cis~4~t-butylcyclohexyl (51) 1.8 131
cis~-4-t-butyl-2,;2~dimethyl-
cyclohexyl (55) , 3.0 132
cis-9-t~-butylspiro 4.§]dec—
6-yl (47) 1080.0 115
gig—lO—E-butylspiro[S.{]undec- _
7-y1 (57) 8.4 115
spiro[4.%]dec~6myl (36) 434,0 115,105
trans-4-t~butyleyclohexyl (52) 0.9 131,119
trans-4~t-butyl-2,2-dimethyl-
cyclohexyl (56) 1.8 132
trans-9-.-butylspiro 4.é]dec~
6-y1 (48) 44,0 115
EEggg—lO»gwbutylspiro[}oé]undec—
7-yl (58) 22,0 115
- spiro|5.5{undec~7-yl (59) 28.6 115

a. Where the rates of solvolysis were not available at
o
25

in the literature,

» the values have been extrapolated from data available
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In particular a comparison of the rates of acetolysis
of cig-4-t-butylcyclohexyl (51, X=0Ts), cis-4-t-butyl-2,2-
dimethylceyclohexyl (55, X=0Ts) and gi§»9ng—butylspiro[4a{]dec~
6-yl p-toluenesulphonate (47, X=0Ts) (1.8, 3.0 and 1080,
respectively) indicates that the five-membered ring partici-
pates and consequently provides a cconsgiderable driving

5 o 8500 e85 in the heterolysis of the cis-ester (47,

force
X=0Ts). The magnitude of this driving force can be fully
appreciated in the relatively small rate increase in the
acetolysis of gi§m10~gmbutylspiro[5.%]undec-7myl p~toluene-
sulphonate (57, X=0Ts) when compared to ¢is-4-t-butyl~2,2-
dimethylcyclohexyl p-toluenesulphonate (55, ¥=0Tsg) (2.8:1,
respectively). In the former compound (57, X=0Ts), the five-
membered ring, preseﬁE in the ester (47, X=0Ts) has been
replaced by an adjacent six-membered ring;

A similar consideration of trans-4-t-butylcyclo-
hexyl (52, X=0Ts), trans-4-t-butyl-2,2-dimethylcyclohexyl
(56, X=0Ts) and Eggg§—9mg-butylspiro[%c5]dec~6uyl p-toluene-
sulphonate (48, X=0Ts) reveals a variation of 0,9, 1.8 and
44, respectively, in the relative rate of acetolysis, This
Observation is consistent with participation by the adjacent
cyclopentyl ring in the trans-ester (48, X=0Ts)., If the
participation is absent, the rate of acetolysis of the two

trans-esters (56 and 48 where X=0Ts) should vary only slightly

because in both cases the environment of the leaving group
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is quite similar.

In other words, the ring expansion does not proceed
by path (i) (transition state 60a) (Scheme II.l.l.), but is
described by path (ii) which leads to the intérmediate

cation (44) via the transition state (60b),

R - R"o.,
(i) -
e
X T x-
47 OR 48 »
(ii) ! 602 1 (1)
R-
(11) ¥
{20 ——e
H

- 60b = 44
Scheme IX.l.l.

Gream70 has observed the presence of both cis-
and trans-9-decalyl acetates (24 and 25 where X=0OCOCH 3,
respectively) in the products from the acetolysis of
' spiro[@.%]dec~6—yl p-toluenesulphonate (36, X=0Ts)., As
the formation of these acetates (24 and 25 where X=OCOCH3)

is not consistent with the intermediacy of a non-classical

cation:23 by analogy, it seams likely that the proposed
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intermediate (44) in the acetolysis of both the cis-~ and

trans-esters (47 and 48 where X=0Ts, respectively) is a
classical tertiary cation. (see also ref, 136)
In order that neighbouring group participation can

occur it is generally considered necessary to have a trans-

anti-planar arrangement of migrating and leaving groups. '

Rl 58 This condition is satisfied by the chair conformer

of cis-9~Efbutylspiro[%aé]dec-6~yl p-toluenesulphonate (47

(¢)) (Figure II.l.2.) in which the C bond can partici-

1755
pate in the heterolysis with accompanying expansion of the

five-membered ring. Participation by a trans-anti-planar

bond, which will lead to the 2-t-butyldecalyl cation (44)

can only occur in a non-chair conformer of trans-9-t-butyl-
spiro[%.é]dec-G-yl (48, ¥=0Ts). (Figure IL.l.2.) A

release of energy of approximately 6-10kcal/mole has been
estimated for this ring opening process due to the loss of
strain (Baeyer, Pitzer and non-bonded interactions),gg’lOl’l38
However this estimation will vary according to the progress

*
of ring expansion in the transition state.

That is, the amount of strain release will presumably
increase as the ring opening of the five-membered ring pro-
ceeds towards the attainment of the 2~t-butyl-9-decalyl

cation (44).,
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In order to develop the concept of the role of
chair and non-chair conformers more fully, it is possible
to divide the rate of acetolysis of both cis- and trans-9-
E-butylspiro[ésé]deCuG-yl p-toluenesulphonate (47 and 48
where X=0Ts, respectively) into component parts using the

generalized Winstein-Holness equation119 (equation 1) -~

= J 5 o ©
koverall keNe + kaNa + knl\n Bq. 1

where the subscripts e, a and n, refer to the equatorial
and axial chair conformers and the non-chair conformers,
respectivelys; N and k represent the population and the rate
of solwvolysis, respectively, of each conformer.
The cis- and trans-isomers (47 and 48 where X=0Tg)
are now considered i;\terms of this equation as follows:
(i) The expression for the cig-ester (47, X=0Ts)

is probably of the form, (equation 2),

_ _ ~5__ -1
koverall(cis) = i = 5.4x10 “sec Ede. 2.

as it is gensrally accepted that c¢ls-4-t-butylcyclohexyl
derivatives undergo solvolysis exclusively in the chair

2 . .
conformer7 (axial leaving group)., Consequently, N_ =1

a
5 -1

and k ) will be 5.4%10 “sec .

overall(cis
(ii) The rate of acetolysis of the trans-ester (48,
X=0Ts) on the other hand is better described by equation 3,

in which the contribution of kN has been confirmed by
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koverall(trans) - kehe u ann = 0.21x10 “sec Eq. 3.

the detection of ring contracted products, (3-t-butylcyclo-
pentylidene)cyclopentane (692) and (3-t-butylcyclopentyl)-
~cyclopent-l-ene (68), in the product mixture. These are
produced by the rearrangement of the chair conformer (48(c))
in a stereoc-electronically favourable process, involving the
c

-C bond. (Figure IT.l.2.)

5 710

V\J}’liting’]9 has argued plausibly that k9 ig small
and possibly very small and consequently keNe-< ann’
although Ne3> 0.99 and Nn'< 0.01; as a result the major con-

tribution to k arises from the contribution

overall (trans)
of the non-chair conformer (48(n)). (Figure 1I.,1.2.)

It should be noted that Daub»enl34 hae concluded
from an investigation of the solvolysis of a seriéé of
bicycloEn.n.é]alkane—lwmethyl derivatives that "the orient-
ation of the leaving group in relation to the migrating
bond is secondary to strain release in detérmining rate and
products.”" This conclusion requires the addition of a third

]
term k@N€> in the expression for k ) (eguation 4).

overall (trans

L
kK N+ keNe + an Egq. 4.

koverall(trans) = Xale n

L]
In this context keNe refers to the rate of the ring expansion
process which occurs in the trans-chair conformer (48{(c)).

(Figure I1I.)l.2.) Intrinsically, this process is however



stereo~electronically unfavourable.

Consequently it is impossible, on the basis of the
kinetic results alone, to resolve whether participation is
occurring in the non-chair conformer (48(n)) or in the
alternative chair conformer (48(c))e. (Figure IX.1l.2,.)

Of the two, the non-chair conformer contains a trans-—anti-

planar arrangement of the leaving and migrating groups.
Evidence will be presented, which supports the con-
cept cof stereo-electronically favourable processes occurring
in the acetolysis of Eiﬁ“ and §£§§§~9»E~butylspiro[4a%]dec~
6-yl p~toluenesulphonate (47 and 48 where X=0Ts, respectivelf)«
This evidence is based on the composition of the product
mixture from the acetolysis of the two esters (47 and 48
where X=0Tsg), 7
An ingpection of the thermodynamic parameters of
the cis~- and trans-esters (47 and 48 where X=0Ts, respect-
ively) reveals that the difference in the values of the free
energy of activation, AG¥ (23.4 and 25.2kcal/mole respect-
ively) arise mainly from the enthalpy of activation, AH
(21.9 and 25,6kcal/mole, respectively) rather than the
entropy of activation, AéF (-4.7 and +1.3e.u., respectively).
This probably indicates that bond rupture and formation (AH?)
are the controlling factors which determine the relative

rates of acetolysis of ¢is- and prang-gmg—butylspiro[%.5}dec»
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6~yl p-toluenesulphonate (47 and 48 where X=0Ts, respect-

ively). The fact that the values of (A§¥) obtained for

the two esters (47 and 48 where X=0Tsg) differ only slightly

indicates that the shape of the transition state is similar,
This is in contrast to the solvolytic reactions of

some 3~steroidal p-toluenesulphonate esters, reported by

14l They found that the greater

Baker, Hudec and Rabone.
rate of solvolysis of the axial epimers arose from differ-
ences in entropy rather than enthalpy of activation.

The activation parameters found in this work conform

140 in the acetolysis of

*
to the trends observed by Winstein
cis~ and trans-4-t~butylcyclohexyl p-toluenesulphconate (51
and 52 where X=0Ts, respectively). (Table II.l.3.)

Table II.l.3.

L
p-Toluenesulphonate ester AH kcal/mole AéFe,u‘
517 26,7 -0.5
*
52 28.1 +1.7
47 21.9 ~4.7
48 25.2 +1.3

An energy profile can be constructed with the
experimentally determined values of the free energy of
activation, AG}, and the free energy difference of the

ground state AG® of cis- and trans»9—§—butylspiro[éeé]dec—
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6-yl p-toluenesulphonate (47 and 48 where X=0Ts, respect-
ively).

Two independent values of AG® were obtained by
different methods.,

The first method consisted of eguilibration of
either cis~ or E£gggf9ngfbutylspiro[%;é]decan«G—ol (47 and

48 where X=CH, respectively) in refluxing isopropyl alcochol

in the presence of Raney nickel catalyst.142 (Figure II.1l.3.)
K
——
-X Raki
48 47 X

v

Figure II.l.3,. ‘
Gas liquid chromatographic analysis of the equilibrium mix-
ture revealed the presence of the cis-alcohol (47, X=0H, ca.

37%) and the trans-alcohol (48, X=0OH, ca., 63%). Substitution

of the derived equilibrium constant, K = é; in the expression
AG®° = -RT1nK (R is the universal gas constant

and T is the temperature)144

gave a value of O.4kcal/mole for the ground state free
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%
energy difference in favour of the trans-isomer (48, X=0Ts).

The second method utilized the Winstein-Holness

relationshipllg’l45
o
k -k

where K is the conformational equilibrium constant at 25°
for cis-~ and trans-9«gwbutylspiro[4,%]dec-6~yl p-toluene-
-sulphonate (47 and 48 where X=0Ts, respectively) ka (5.4x

5 5

10~ secfl) and k_ (0.2x10" sec-l) are the rate constants

* %
for the conformationally pure cis- and trans-esters (47
~1

and 48 where X=0Ts, respectively). X (2.lxlofssec ) is

the rate constant for the aceﬁolysis of spiro[é.%]dec~6~yl

A This calculation yielded

E-toluenesulphonate'f36, X=0Ts).
a similar, though less reliable** value of O.2kcal/mole for
AGC,

Having established that the ground state free energy

difference between the cis- and trans-esters (47 and 48 where

X=0Ts, respectively) is 0.,2-0.4kcal/mole, an energy diagram

*
The reasonable assumption has been made that the ground

state free energy difference between equatorial and axial

nydroxy™*® and p-toluenesulphonyloxy substituents™®’ is

very similar.
* %

This assumption, although not necessarily valid, forms

the basis of this calculation.,
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(described in Figure II.l.4.) can be constructed for the

acetolysis of these compounds.

~ Foo_ ~F N
I AGCiS-—.3¢4 utrans'— 5.2
Keal/mole
AG®P=0,4
e B i i ot 5 et e —t
cis trans

Figure I1I.l.4.

If non~chair conformers are involved in the
acetolysis of the trans-ester it is reasonable to assune
that a fast equilibrium exists between the chair and non-
chair conformers and reaction then occurs from the higher
energy non-chalr species.

As was mentioned earlier, the population of the
chair and non-chair conformers of the trans-ester (48, X=0Ts)
are described by N and N_, respectively. (Eg. 1l.) Owing
to the enthalwpy difference (>5.5kcal/mole) between chair
100,140

and non~chair conformers of cyclohexyl derivatives,

the concentration of non-chair conformers, Nn’ is very
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small in the ground state and as a result is not reflected
in the value of AG® obtained by the first method.

The second method presupposes conformationally
pure chair cis- and EEQEE-Q—Eubutylspiro[4.é]dec-6~yl p-
toluenesulphonate (47 and 48 where X=0Ts, respectively)
and consequantly the value of AG° once again reflects the
ground state free energy difference between the chair con-
former (48(c¢c)) and (47(c)). {(Figure II.1l.2.)

The above situation can be described by an energy

diagram (Figure II.l.5.) in which the value of AG® is

>5,5kecal/mole,

- Gy rans™2°+2

E
Kcal/mole
AGcis=23'4
mg o= vk \\trans (non-chair)
AG =ca. 5 E
. i
T L
cis trans (chair)

Figure II.1l.5.



Strong evidence in favour of non-chair conformers
is presented in the following discussion of the product
distribution in the acetolysis of the two esters (47 and
48 where X=0Ts). This evidence is consistent with the
diagram (Figure II.l.5.), which possibly represents the
energy levels of ground and transition states in the

solvolytic reactions of these two esters.

The nature of the products formed in the acetolysis
of 9-E—butylspiro[}.5]dec—6—yl EQtoluenesulphonate (47 and
48 where X=0Ts, respectivély) has provided significant
information concerning the mechanism of the reaction. In
Scheme II.1l.2. the possible products and their possible

modes of formation are outlined,



-4 6~

¢ = chair
N.Ce = non-chair

Scheme IT.l.2.
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From a consideration of Scheme II.l.2. it appears
that the products may depend on the conformation of the
parent ester (47 and 48 where X=0Ts). An analysis of these
theoretical possibilities is presented below for the chair
and non-chair conformations of c¢is- and trans-9-t-butyl-
_spiro[%.SJdec—G-yl E-toluenésulphonate (47 and 48 where
X=0Ts, respectively).

1. (a) The chair conformer of the cis-isomer (47,

=0Ts) has the Cy~Cg bond and the leaving group in a trans-
anti-planar arranqement* to one another. Consequently the
particivation of the electrons in the Cl--c5 bond in this
conformation would give -

(i) Eggggaz—g—butyl—A}’9-octalin (64a)

(11)  trans-7-t-butyl-a ’%-octalin (65a)

(1ii) 2-t-butyl-a’ 10 octalin (66)

(iv) cis- and trans-trans-2-t-butyl-9-decalyl
acetate (67a).

(b) The chair conformer of the cis-isomer (47,
X=0Ts) also would give rise to the formation of -
(i) 9—§~butylspiro[4.%]dec-ﬁwene (61)

(ii) ¢is- and trans-9-t-butylspiro|4.5|dec-6-yl
acetate (62 and 63, respectively)

M rm

*
This is generally considered to be the stereo-electronic-

ally most favourable orientation in which rearrangement can

OCCUX e
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through the intermediacy of the 9-E~butylspiro[4.é]dec-6-yl
cation formed without any participation.

2. (a) In the case of the non-~chair conformer of
the c¢is~isomer (47, X=0Ts) the Cl—C5 bond and the leaving

group can attain a trans-anti-planar arrangement. In this

conformation however, the t-butyl group is placed in an
energetically unfavourable pseudo-axial position,122 and
consequently the formation of products by the stereo-elec-
tronically favourable process is unlikely.
(b) The non-chair conformer of the cgis-isomer
(47, X=CTs) also gives rise to the formation of -
(1) cis~(3~t~butylcyclopentyl)cyclopent=~l-ene
(68a)

(ii) (3-t-butylcyclopentylidene)cyclopentane (69)

(iii) cis~(3-t-butylcyclopentyl)cyclopantyl
acetate (70a)

in a concerted process. This process involves the partici-

pation of the C,-C bond and the leaving group in a trans-

1L 710
anti-planar arrangement to one anocther,
(¢) In addition, the non-chair conformer of

the cis~isomer, described in 2.(a), has a trans-anti-planar

arrangemnent  of the C7—C bond and the leaving group. This

8

conformation could give rise to -

(1) ciS~8~E~butylspiro[4.{}nonane-6~methyl
acetate (71b)

(ii)i SmEubutyl«6mmethylenespiro[49%}nonane (72)
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but this process is considered unlikely on the following
two grounds -

(i) it represents the conversion of a secondary
to a primary cation, and

(ii) the process requires a conformation in which
the t-butyl group is placed in an energetically unfavourable
pseudo-axial position,

3. (a) The chair conformer of the trans-isomer

(48, X=0Ts) has the CS bond and the leaving group in a

€10

trans-anti-planar arrangement to one another., Consequently

this participation would give -

(1) trans-(3~t-butyleyclopentyl)cyclopent-l-ene
(68b)

(ii) (3-t-butylcyclopentylidene)cyclopentane (69)

(iii) trans-(3-t-butyleyclopentyl)cyclopentyl
acetate (70Db).

(b) The chair conformer of the trans-isomer
(48, X=0Ts) also could give rise to the formation of -

(i) trang—a-g—butylspiro[é,{]nonane—6«methyl
acetate (7la)

(ii) S—E—butyl-6—methylenespiro[é.%]nonane (72)

© by virtue of the trans-anti~planar arrangément of the C7-C8

bond and the leaving group. As mentioned in 2.(c),this
process is considered unlikely because it represents the

conversion of a secondary to a primary cation.
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(¢} In addition the chair conformer of the
trans-isomer (48, X=0Ts) may lead to the formation of the

following products - .

(i) tragg—Zugwbutyl_Al’g—octalin (64a)

(1i) trans»?—g—butyl-Al’9-octalin (65a)

10

(iii) 2-t-butyl-a?*1C-cctalin (66)

(iv) cis- and trans-trans-2-t-butyldecal-9-yl
acetate (67a).

l—CS bond,

Although the electrons in this bond are not in a stereo-

This process would involve migration of the C

electronically favourable trans-anti-planar arrangement

with the leaving group, this mechanism must be considered
as a result of Dauben's conclusions. (See page 38)

(d) Finally-the chair (or non-chair) conformer
of the trans-ester (48, X=0Ts) also gives rise to the
formation of =~ |

(i) 9—g~butylépiro[%.SJdeCmG—ene (61)

(ii) cis~ and E£§E§—9~E~butylspiro[4.é]dec-6—yl

acetate (62 and 63, respectively).

4, In the case of the non-chair conformer of the

trans-isomer (48, X=0Ts), the C,=Ce

group can attain a trans-anti-planar arrangement. This

bond and the leaving

conformation gives rise to -

(i) cis~2ngwbutyl-Al’g-octalin (64b)

(i) cis~7—E—butyl-A}’9~octalin (65Db)



(1ii) 2-t-butyl-a”'1O-octalin (66)

(iv)  cis- and trans-cis-2-t-butyl-9-decalyl

acetate (67b).

The likelihood of the occurrence of the various
processes outlined in 1,2,3 and 4 above for the acetolysis
of ¢is- and §£§23-9mg—butylspiro[4.%}dec—6wyl p-toluene-
~sulphonate (47 and 48 where X=0Ts, respectively) is now
discussed in the light of the products that were actually
formed,

The results of the product study of the acetolysis
of the two spiro esters (47 and 48 where X=0Ts, respectively)

are listed in Table Ii.l.4»



Table II.1.4, (PART A)
Products from the solvelysis of cis- and trans—Q-E-butylspiro[é.%]dec-

6-yl p-toluenesulphonate (47 and 43 where X=0Ts, respectively) in

acetic acid containing sodium acetate,

Substrate Temp Time Conc.M Conc.M PRODUCTS (%)2
°c  h. sodium lithium :
acetate per- 61 68a;69 64a 65a 66 unidentified unidentified
chlorate 68b  64b 65b olefin® acetate®’d '

48,X=0Ts 52,6 10 0,019 = 0.7 4.4 4 23,0 0.9 67.1 0.5 - v
(ca. " v 0,031 - 1.2 3.5 5° 23.8 1.4 63.3 0.6 B
0.01M) noow 0,039 - 1.2 4.5 6 23,6 1,2 62,9 0.7 -

WM 0,023 0,036 1,1 3,9 6° 19.6 1.0 67.4 0.6 B
47,%=0TS 52,6 1.7 0,019 - 0.4 - - 3,3 13,1 77.6 — 5,3
(ca. W 0,031 - 0.2 = = 2.9 13,4 79.9 - 3.9
0.01M) woow 0,039 - 0.3 = = 3,4 13,8 78.9 - .

“ M 0,023 0.036 0.3 - - 2.8 10.6 81.7 -

a. The yields have been normalized to 100%.

be Limited accuracy (see Section II.2.)

c. Indicated by the g.l.c. retention times,

d. The acetates (62) and (63) were not present.



Table II.l.4. (PART B)
Products from the solvolysis of cis- and tran§—9-g—butylspiro[é.%]dec-

6-yl p-toluenesulphonate (47 and 48 where X=0Ts, respectively) in

acetic acid containing sodium acetate.

Substrate Temp °C Time h. Conc.M Conc.M PRODUCT RATIO
sodium lithium 64 64+65 64 65
acetate pgrchlorate 65 66 66 66
48, X=0Ts 52.6 10 0.019 - 25.6 0.36 0.34 0,013
(ca.0.01M) u n 0.031 - 17,0 0,40 0,38 0,022
" " 0.039 - 19.7 0,29 0.38 0,019
" n 0.023 0,036 19.6 0,30 0.29 0,015
47, X=0Ts 52,6 1.7 0.019 . 0.25 0.21 0,04 0,17
(ca,0.01M) n " 0.031 = 0.22 0,20 0,04 0,17
L " 0.039 - 0.25 0,22 0,04 0,17

" " 0.023 0.036 .26 0.16 C.03 0.13
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During this investigation Christol, Krapcho, Peters

and Arnal115

reported a less detailed study of the acetolysis
of the two epimers (47 and 48 where X=0Ts, respectively).
The resultsg of their product study are shown in Table II.l.5.

- Table IInl.So

Substrate Temp °C PRODUCTS (%)2

6l 64 and 65 66 acetates
48, X=0Ts 60 1 25 74 5
47, X=0Ts 60 1 4 95 5

——

as No recognition of the possibility of geometric isomers

was made.

An evaluation of experimental results in the light
of the theoretical discussions (pages 47-51) enable the
following conclusions to be drawn.

| Firstly, the presence of 1-(3-t~-butylcyclopentyl)-
—-cyclopentyl derivatives (68a,* 68b* and 69) in the product

mixture from the trans-ester (48, X=0Ts) is strongly

indicative of reaction via a chair conformation (Figure II.l.2.)

Both the cis- and trans-olefins (68a and 68b, respectively)
were synthesized. The two isomers could not however be
distinguished by gas liquid chromatographic or by spectral

techniques.
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in which the participation by the trans-anti-planar bond

provides sufficient energy for the ring contraction process
to occur. On the other hand, the absence of these products
{68a, 68b and 69) in the acetolysis of the cis-isomer (47,
X=0Ts) is in accord with reaction proceeding exclusively
via a chair conformer (Figure II.l.Z2.) in which stereo-
electronic considerations make the formation of ring contract-
ed products improbable,

In the acetolysis of spiro[é.é]dec—G—yl p~toluene-
-sulphonate (36, X=0Ts) only 0,4% of products corresponding

70

to ring contraction were found, (Table II.l.6.)

Table II.1l.6.

Products from the solvolysis of spiror4.§1deCu6"yl
= 2

p-toluenesulphonate (36).

Substrate PRODUCTS
QAc
36,X=0Ts 24 3% 6S. 4% Ho .74 cis

4,1% trans

P o

0.2% 0.2% 0.2%
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This is in marked contrast to the approximate 10%
formed from the trans-ester (48, X=0Ts) and is obviously a
function of the flexibility of the six~-membered ring in the
unsubstituted spiro ester (36, X=0Ts). Without the t~butyl
group, the ester (36, X=0Ts) can react preferentially in
a chair confbrmation that places the leaving group in a
suitable position to undergo ring expansion. This process
is both stereo-electronically favourable and involves the
energetically favourable participation of the adjacent five-
membered ring. Consequently ring contraction is not a

ma jor product forming process., (Figure I1I.l.6.)

X
l

[ =[]
y E

RING CONTRACTED PRODUCTS RING EXPANDED PRODUCTS
Figure II.l.6.
Since the position of the counter-ion in ion-pairs
is believed to play an important role in the determination

84,64,70,60 the sub-

of products in acetolysis reactions
sequent discussion will centre around the influence of the

counter-ion on the formation of the ring expanded products



(cis~ and trans~2-g~butyl»Al’9—octalin (64b and 64a, res-

pectively), cis- and E£§g§~7«3?butylwA;’9-octalin (65b and
65a, respectively) and 2m£—butyl~A9’lO—octalin (66))e The
formation of these products 1ig considered in terms of the
theoretical discussion earlier,

As was mentioned in the introduction, the ratio of

1,9 10

A -~octalin (30) to Ag, ~octalin (31) has proved useful

in the investigation of the mechanism of the ionic reactions
which involve the intermediacy of the 9-decalyl cation
(25).70 In the present study, the ratios of the octalins
(64)/(65), (64)+(65)/(66), (64)/(66) and (65)/(66) have been
used as a basis for gaining information about the mechanism
of the solvolysis of the two esters (47) and (48) (where
X=0Ts) in terms of Ségh the conformation of the intermediate
2-t-butyl-9-decalyl cation (44) and the position of the
counter-ion.

Although it is not disputed that the acetate anion
is a stronger base than the p-toluenesulphonate anion the
possibility can occur that the latter may be ideally situ-~
ated to abstract a proton from the position;e to the incip-
ient cation. It is important that the hydrogen which is
removed by the base in this process is in a stereo-electron-

. - 1
ically favourable position, 48

In effect, this process
regquires the wvacant p-orbital of the incipient cation to be

in the same plane as the orbital of the C-H bond in guestion,
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The importance of counter-ions in the slightly
nucleophilic solvent, acetic acid, has been known for some
time. Skell and Ha1164 have shown that E<l elimination
from erythro and threo-3-deuterio=-2-butyl p-toluene-
of almost exclusive c¢is~elimination of p-toluenesulphonic
acid in acetic acid or nitrobenzene., In the more nucleo-
philic solvents, such as 80% ethanol-water, trans-elimination
predominates. An explanation was advanced in which the
departing anion could act as a base to remove the nearest
proton immediately after the ionization in the less nucleo-
philic solwvents.

Acetolysis of the cis-ester (47, X=0Ts) (chair
conformation) will vield an intermediate cation, tﬁe con-
formation of which could be either ¢is-like (73) or trans-
like (74). (Figure II.l.7.) (Grob ggigii69 suggested
that these conformers, in which one ring takes a boat form,
are not readily interconvertible., This premise is based
solely on an examination of models,) The counter-~ion in
both conformers (73) and (74) will be initially very close
to HlO (hydrogen on Clo) and could act as a base to remove

lomoctalin (66). A

it as a proton to give 2ngmbutyl~A9’
value of 0.21 for the ratio ((64)+(65)/(66})) is compatible

with this elimination process.
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Figure IT.l.7.

The formation of the two octalins (64) and (65)
can be visualized as proceeding by elimination of H, and .
H8’ respectively, by the counter-ion.,

Although by a small movement the counter-ion, X,
is able to get into a position where it can abstract Hl
and Hg in the cis-like conformer (73), it can only abstract
Hy in the trans-like conformer (74). (H8, being on the
opposite side of the molecule in (74), is not in an acces-
sible position to be removed by the counter-~ion). The

observed value of 0.25 for the ratio (64)/(65) is consistent

only with the cis-like conformer (73).
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That the olefin did not arise mainly by abstraction
of H8 by acetate ion, present in the reaction medium, is
consistent with the observation that the ratio (64)/(65)
was unaltered by an increase in the concentration of this
ion, (Table II.l.4.) It is thus concluded that the cis-like
conformer {73) provides the best model for the intermediate
cation involved in the solvolysis of gig~9«§-butylspiro[4e§]w
—-dec~6-yl p-toluenesulphonate (47, X=0Ts). It is to bhe
noted that this result is in contrast to the conclusion of
Gream,70 who suggested the possibility of a trane-like
conformer in the transition state of the acetolysis of
spiro[%aé]dec-Gmyl p~toluenesulphonate (36, X=0Ts). Of
particular interest'is the fact that the ratio of the
octalins ((64)+(65)/(66)) (that is, 0.36) observed in the
present study closely resembles the ratio ofASl’gmoctalin

(30) to p%+10

-octalin (31) (that is, 0.39) recorded by
Greama70 This may indicate that both reactions proceed by
way of intermediate conformers having similar shapes.

As was previously mentioned, an initial non-chair

conformer of the trans-ester (48, X=0Ts) will lead to a

7
number of gig =2-~t-butyl-9-decalyl cations (77-81) each

This refers to a cis-relationship of the hydrcgens at

the 2 and the 10 positions.
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having a different conformation. Conversely a chair
conformer of the trans-ester (48, X=0Ts) should yield the
isomeric §£Q£§*-cations (75 and 76)., (Scheme II.l.3.)

It can be seen that the cations (75) and (76) are
very similar to cations (73) and (74), (obtained in the
solvolysis of the cis-~ester (47, X=0Ts)), respectively,
The two sets differ significantly in that the counter-ion,
and H

X, should be further removed from H y in (75) and

10
(76) than in (73) and (74). This is a conseguence of the
orientation of the leaving group in the chair conformation
of the parent esters (47 and 48 where X=0Ts). Thus, the
counter-ion should be in a much better position to abstract

Hg in preference to H, and the value of the ratio (64)/(65)

1
will consequently be very small; the found value (25.6) is
not compatible with this process and a chair conformer of
the trans-ester (48, X=0Tg) can be considered as an unlikely
intermediate in the ring-expansion process,

As previously mentioned, Dauben et,al.l34 suggested
that stereo~electronic factors are secondary to the releass
of ring strain in determining the rate and product distri-
bution in the solvolysis of some bicyclo[m.n.%]alkane—lw

methyl derivatives. However the results shown above are not

This refers to a trans-relationship of the hydrogens at

the 2 and the 10 positions,
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Scheme IT,1l.3.
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consistent with their suggestion when applied to this
spiro system (47 and 48, where X=0Ts).

The possible intermediate cations (77-8l) arising
are depicted in Scheme II.l1.3. After a thorough investi-
gation of Dreiding models it seemed reasonable to disregard
four, (77) (79)and (B0) (for steric reasons) and(78) (for
torsional reasons) of the conformers of the ¢is~2-t-butyl-
9-decalyl cation,

In the flexible cation (81), the t-butyl group
occupies a pseuvdo-equatorial position on a twist-boat ring
while the unsubstituted ring is in a true koat conformation,
The cation can exist in a number of different conformations
as a result of this flexibility. The one depicted in Scheme
IT.1.3. is the only energetically favourable conformer
which adequately satisfies the requirements of an explanation
of the nature of the products based on the position of the
counter~ion. The counter-ion, X , is in a good position to
which

act as a base in abstracting H andg Hl but not H

10 8’
igs now on the opposite side of the molecule, Conseguently
2~E~butyl-A9’lOmoctalin (66) and giﬁ«Z«E-butylwAl’9moctalin
(64b) should be formed at the expense of gé§m7-£~buty1~Al’9—
octalin (65b). The observed values of 25.6, 0.34 and 0.013
for the ratios (64)/(65), (64)/(66) and (65)/(66), res-

pectively, are consistent with this interpretation.
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The presence of 9~Enbutylspiro[éeé]dec—6uene (61,
ca. 0.5%) in the product mnixture from acetolysis of both
-sulphonate (47 and 48 where X=0Ts, respectively) can be
attributed to the stereo-electronically favourable E=1
elimination of the B-hydrogen in the 9—£~butylspiro[%.é]dec«
6-yl cation,

Once again, the effect of increasing the concen-
tration of acetate ion did not have a significant effect
on the product distribution and it can be concluded that
this species does not play an important role in the formation
of the products.

The additioq(Qf lithium perchlorate, an efficient
disruptor of intimate ion—pairs,l49 resulted in a marginal
effect on the product distribution. It is fundamental to
thie discussion, however, that the intermediate ilon-pairs
generated from the epimeric esters (47 and 48 where X=0Ts)
are probably not intimate ionwpairslso because of the
distance between the centre of positive charge and the anion
P

The: observations made provide reasonable but not
conclusive evidence to substantiate the stated arguments
that chair and non-chair conformers are involved in the
acetolysis of the ¢is- and trans-esters (47 and 48 where

X=0Ts, respectively) resgpectively.
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Ix.2.

Determination of the Compositions of the Acetolysis

Products.
The results of Christol and co—workersll5 on the
acetolysis of c¢is- and §£§g§~9ug—butylxpiro[4.é}decMG-
vyl p~toluenesulphonate (47 and 48 where X=0Ts, respectively)
are outlined in Table II.l.5.
The present study shows these results to be in-
complete, TFirstly, Christol and co-workers failed to

detect the presence of ring contracted products -

(i) cis~ and pransm(3—E—butylcyclopentyl)cyclopentn
l~ene (68a and 68b, respectively)

(ii) (3—5-Jutyléyclopentylidene)cyclopentane (69)
and secondly they did not differentiate hetween the posi-
tional and geometric isomers - 7

1,9

(i) cis~ and trans-2-t-hutyl-A4 ~octalin (64b and

64a, respectively)

(ii) cis- and transf7mgwbutyl~Al’gnoctalin (651 and

65a, respectively).
The detection and characterization of the ring-

*
contracted products (68) and (69) have been successfully

The olefin (68) represents the mixture of geometric
isomers (68a and 68b). These were synthesized and were in-
distinguishable under all conditions of g.le.c. analysis and

from their spectral properties.
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carried out and are outlined in the following discussion.
In addition the structures of the positional isomers,
2~E~butyl—Al’9—octalin (64) and 7-E-butyl-Al’9—octalin
(65) have been established. (see page 73 )

The trace from the gel.c. column (12' x %“ glass
5% Apiezon) that gave the best separation of the products

formed by the acetolysis of the cis- and trans-esters

(47 and 48, respectively) is reproduced in Figure II.2.1l.

Internal
Standard
66+69
? 65
68464 S
61 A J
Feak No 1 243 4 5 6 7

F‘ig\lr’e IT.2. l.

Detection and Quantitative determination of

(3-t-butylcyclopentyl)cyclopent-l-ene (68).

The ¢is- and trans-olefins (68a and 68b, respect-
ively) were synthesized and found to be inseparable under

all conditions of gas liquid chromatographic analysis.
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It was also found that only one column (150' x 0.,02"
Apiezon, Golay) could partially resolve the olefins (68)
and (64),* This was particularly interesting as separa-
tion was obtained at temperatufes in excess of 1700,
while, at lower temperatures, peaks (2) and (3) (Figure
IT.2.1.) coalesced to a single symmetrical peak. The
amount of the olefin (68) present (cae 17%) (expressed
as a fraction of peaks (2) and (3)) was estimated by
measurement of the peak heights.

A quantitative estimate, ags well as confirmation
of identity, of (3-t-butylecyclopentyl)cyclopent-l-ene
(68) was obtained by three other methods. In each of
these a fraction, presumed to contain the olefins (68)
and (64), was isolated from the product mixture. This
mixture was obtained by acetolysis of the trans-ester
(48, X=0Ts), separated by preparative g.l.c. and treated
in the following ways -

(1) Gas-liquid chromatographic analysis of the
mixture, after it had been hydrogenated (5% palladium
on carbon in acetic acid), indicated the presence of
(3-t-butyleyclopentyl)cyclopentans (82, ca. 14%), trans-

trans- and cis-cig-~2~t-hbutyldecalin (84 and 83, ca. 60%

*
The olefin (64) was possibly a mixture of geometric

isomers.
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and 20%, respectively) and an unidentified product*
(cas 6%)s (Scheme II.2.,1.)

(ii) Hydroboration, followed by oxidation to the
corresponding ketones yielded a mixture of ketones con-
taining 2—(3~§—butylcyclopentyl)cyclopentanone (85, ca.
19%) and 2-t-butyldecal-l-one (86, ca. 81%) (possibly a
mixture of geometric isomers). (Scheme II.2.1l.)

(1ii) The mixture of ketones from part (ii) above
was dissolved in o~deuterio-ethanol containing a catalytic
amount of sodium ethoxide. The mass spectrum** of the
preduct contained peaks at m/e 211 and 210 in the approx-
imate ratio 14/86. This was cocnsistent with the presence
of 2-(3-t-butylcyclopentyl)-2,5,5~tri-deuteriocyclopent~
-anone (91, ca. 14%) and 2-t-butyl-2,9-dideuteriodecal-

l-one (87, ca. 86%).

*
This product was also present in the hydrogenation of

a mixture of (3-t-butylcyclopentylidene)cyclopentane (69)

0

and Z—Embutyl~A9’l —~octalin. It may be an isomeric 2-t-

butyldecalin,

k% ’ .
See appendix.
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Scheme II¢2.1.

The results correspond to an overall yield of
ca., 4.4% for the olefin (68) produced in the acetolysis

of the trans-ester (48, X=0Ts).



~70~

Detection and Quantitative determination of (3-t-butyl-

cyclopentylidene)cyclopentane (69).

The mixture, presumed to contain the olefins (69)
and (66), was separated from the product mixture (obtained
by acetolysis of the trans-ester (48, X=0Ts)) by preparative
gelece and treated in the following manner -

(1) Hydrogenation of the mixture followed by
gelece analysis, revealed the presence of (3-t-butylcyclo-

-pentyl}cyclopentane (82, ca. 5%), trans-trans-2-t-butyl-

-decalin (84, ca. 75%), cis-cis~2-t-butyldecalin (83, ca.
11%) and an unidentified product* (cas 9%)« (Scheme TIe2e2.)

(ii) The second method was used initially as a
qualitative procedure to detect the presence of (3-t-butyl-
-cyclopentylidene)cyclopentane (69) in a mixture which was
assuned to contain this olefin (69) and 2nEfbutyluA9’lO«
octalin (66), It was later developed to provide a quantita-
tive measure of (69) in the same mixture,

An accurately welghed sample of (3-t-butylcyclo-
-pentylidene)cyclopentane (69) (obtained by independent
synthesis) was subjected to ozonolysis under standard con-
ditions (see section IV) and the resulting ozonide was
reduced to give 3-t-butylecyclopentanone (88) and cyclopent-

~anone, The absolute yield (56 + 5%) of the ketone (88)

sea footnote con page 68.
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was determined by g.l.c. analysis (naphthalene was used as
an internal standard) of the products.

The ozonolysis was repeated, using the same con-
ditions, with an accurately weighed sample of the mixture
of olefins* (66 and 69) (obtained by preparative g.l.c.)
and the weight of the ketone (88) was again calculéted.

A simple mathematical manipulation (Eq.l.) yvielded the
weight of (3-t-butylcyclopentylidene)cyclopentane (69) in

the original mixture of olefins (69 and 66).

Molecular
weight of weight weight of
olefin = _(69) X (88) x 100 Eq.1l.
(69) Molecular weight 56

(88)

This gave a value of 6 + 1% for the yield of the olefin
(63) which is in good agreement with the value obtained by
procadure (i),

From the two procedures (i) and (ii), it was poss-

ible to determine the yield of (3-t~butylcyclopentylidene)-

A similar» procedure was used on the total product mixture
(obtained from the acetolysis of the trans~ester (48, X=0Ts))
but g.lec¢ analysis of the ketone (88) was complicated by

the presence of compounds with similar retention times.
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A
-cyclopentane (69, ca. 4%) in the total product mixture

from the acetolysis of the trans-ester (48, X=0Ts).

i R
R O
@ "‘
69 66

88

82

Scheme II.2.2.

* .
This procedure was carried out on the fraction (peak 6)

isolated from the acetolysis of the cis-ester (47, X=0Ts)
but gelec. analysis showed that no 3-t-hutyleyclopentanone

(88) was present,
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Identification of Z—E-butyl—Al’g-octalin (64) and

7-E—butyl—A}’9~octalin (65),

7-§—Butyl—Al’9—octalin (65) was synthesized by an
unambiguous route (section IV) and was shown to correspond
to peak 5. (Figure II.2.l1l.) Unfortunately the isomeric
octalin (64) was not synthesized and consequently several
methods were used in an attempt to uniquely determine it
in the product mixture from the acetolysis of the ¢is- and
trans-ester (47 and 48, respectively).

Considerable difficulty was encountered in the
separation, by preparative ge.l.c., of the olefin (65) from
the solvolysis products, because of the similar retention

10

times of 2—E~butyl—A?{ -octalin (66) and the supposed

olefin (65). Consequently the sample of the olefin, presum-
ably 7—E~butyl-A}’9—octalin (65) contained Z«E-butyk-g’lov
octalin (66) as an impurity.

The octalin (65) was then hydroborated and oxidized

to the corresponding ketone (89). (Figure II.2.2.)

0
R R\iOJ;O R O;i
86 85

8¢

Figure II.2.2.
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At the same time a sample of the olefin presumed
to be 2~E-butylmAl’9-octalin (64), was separated from the
mixture of olefinic products obtained from the acetolysis
of EggginQuEubutylspiro[4.é]deCmS-yl p-toluenesulphonate
(48, X=0Ts). This was contaminated (previously determined)
with (3-t-butylcyclopentyl)cyclopent-l-ene (63, ca. 15%).

Hydroboration and subsequent oxidation of this
sanple gave a mixture of ketones, The identity of 2-(3-
t-butyleyclopentyl)cyclopentan-1l-one (85) in the mixture was
confirmed by comparison (ge.l.c.) with an authentic sample.
The other products were presumed to be isomeric 2-t-butyl-
-decal-~l-ocnes (86),

The mass spectra of these ketones provide strong
evidence in favour o%»the structures assigned in Figure II.
2624

Initially it was envisaged that the MclLafferty
rearrangementlSl would distinguish between the ketones (86)
and (89); the former (86) would be expected to undergo the
rearrangemant, whereas the latter (89) does not have the

required arrangement of the carbonyl and adjacent t-butyl

152

groups, it was foﬁnd however {that the presence of a
“strong peak at m/e 152 which was expected to be characteristic
of the Mclafferty rearrangement had no diagnostic value

as all the isomeric t-butyldecalones (86, 89 and 90) (Scheme

IT.2.3.) gave a strong peak at m/e 152,
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Eventually it was found that a Retro-Diels-Alder

fragmentation153

was particularly valuable as a diagnostic
test in determining the position of the carbonyl function
in the ketoneg under discussion, that is (86) and (89).

An inspection of the mass spectra of the two ketones
revealed that the ketone presumed to be (86) exhibited a
base peak at m/e 84. On the other hand, the ketone pre-
sumed to be (89) exhibited only a negligible peak at m/e
84 ( 10). The origin of this fragment, m/e 84, is outlined

in Scheme II¢2¢3.

a0
O o)

PR N

T (T

Scheme II.2.3.
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This résult appears to indicate that the structures
assigned to the ketones (86) and (89) are correct. The
logical conclusion to be drawn from this result is that the
structure assigned to the olefin (64) is correct.

After this investigation had been completed, an
authentic sample of 2-(3-t-butylecyclopentyl)ecyclopentan-1-
one (85) was prepared and the mass spectrum of this sample
was subsequently found to exhibit a base peak at m/e 84.
(McLafferty rearrangement) (Scheme II.2.4.) The presence
of this ketone(85) had heen established in the sample that
supposedly contained 2-t-butyldecal-l-one (86). Consequently
some doubt was cast on the conclusion concerning the
structures assigned Eo the ketones and the associated
olefins (64 and 65).

In order to clarify this situation, the original
sample, which contained the ketones (85) and presumably (86),
was dissolved in o-deuterio-ethanol containing a catalytic
amount of sodium ethoxide and the mass spectrum of the
product was recorded, This contained a strong peak at m/e
85 (49) and a minor peak at m/e 87 (7). It is reasonable
to assign the former to the Retro-Diels—Alder fragmentation
of the ketone presumed to be 2-~t-butyl-2,9-dideuteriodecal-
one (87), whilst the latter arises from the McLafferty

rearrangement of 2-(3-t-butylcyclopentyl)-2,5,5~-trideuterio~
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*
-cyclopentan-l-cne (91), (scheme II.2.4.)

/o O D D 2 D
R R D /} R
D
85 91 87
Retro
MeLafferty McLafferty Diels
Alder
i OH 1+ i OH 1+ ¥ 1+
74 D b R D
/] D m
m/e 84 m/e 87 m/e 85

Scheme II.2.4.

It appears that although there is a contribution
from the ketone (85) to the base peak, m/e 84, in the mass
spectrun of the original sample (containing the ketones (85)
and presumably (86)), the Retro-Diels-Alder fragmentation
of the ketone presumed to be (86) is the major contributor.

Additional evidence for the structural assignment

.to the ketone assumed to be (86) was provided by an exam-~

The strength of this line of reasoning is limited by the
fact that an authentic sample of the deuterated ketone (91)

was not prepared.
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ination of the mass spectra of -

- (1) The product obtained by dissblution of the
original sample, containing the ketones (85) and presumn-~
ably (86), in deuterio-ethanol with a catalytic amount of
sodium ethoxide,

(ii) The product obtained by dissolution of an
authentic sample of 7-t-butyldecal-l-one (89) in deuterio-
ethanol containing a catalytic amount of sodium ethoxide,

The former sample (i) produced a molecular ion at
m/e 210 (13) and a peak at m/e 154 (100), which were
characteristic of a dideuterated-~t-~butyldecalone while the
latter sample (ii) exhibited a molecular ion at m/e 211 (13)
and a peak at m/e 15§ (58), which were characteristic of a
trideuterated-t-butyldecalone, (The mass spectra are
collected in the appendix)

Attempted Detection of the Geometric Isomers of

[}
7~E—Butyl~Al”~octalin (65a and 65bh) in the product mixture

from the acetolysis of clg~9-t~butylspiro|4.5|dec~6-yl

p~toluenesulphonate (47, X=0Ts).

Although the olefin, ;ggggf7mgubutylmAl’9—octa1in
(65a) obtained by synthesis was shown to have exactly the
same g.l.c. behaviour {(on seven different columns) as the
compound (s) giving rise to the single peak 5 (Figure II.Z2.
l.), it was considered possible that peak 5 was in fact

. . . ) 1,9
produced by the two isomeric cgis~ ang trang—-7—t~-bubtyl-p"" "~

<o e oy
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octalins (65b and 65a, respectively).

In order to explore this possibility, the fraction
of products from the acetolysis of the cis-ester (47,
X=0Ts) corresponding to peak 5 (Figure II.2.l.) was separ-
ated by preparative g.l.c.. It was not possible however,
to separate this fraction without contamination from peak 6

O-octalin (66).

which contained 2-—3:_—butyl--A9’l
Hydroboration of this fraction, followed by oxidation

to the ketones was anticipated to yield a mixture of up to

four geometrical isomers of 7-t-butyldecal~l-one (8%, 89b,

89c and 89d). (Scheme II.2.%.)

. 0 0
H n J
RN% R, R~ i
———
5 : !
i f H
65a 89a 89b
(0]
R N Re.., T R
—_—
H H
65h 89c¢

Scheme II.2.%.
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The stereochemistry at the Clo position of these
ketones should be identical to that of the parent olefin(s).
HouselS4 indicated that a cis-relationship between the
hydrogens at Co and Cq would be more stable than a trans-
arrangement. Consequently, equilibration of this mixture
of ketones (8% - 89d) should result in a mixture which
contains predominantly the two thermodynamically most stable

ketones, tranamtrans~7«tmbutyldeca%one (8%) and cis-cig~7-

)

—-

E—butyldeca%one {89¢c). The former ketone is characteristic
of the trang-clefin {65a) and the latter ketone is character-
istic of the cis-olefin (65b).

Unfortunately, owing to the fact that an uncontam-
inated sample of peak 5 was unattainable, the ultimate aim
of this work could not be realized. Examination of the
ketonic fraction, following the hydroboration and oxidation
of this sample, revealed the presence of at least seven
compounds. It is conceivable that these probably arose by
migration of the boron, during the hydroboration procedure.
There is ample precedent* to support the migration of the
boron atom from a tertiary bridge-head position to a sec-
ondary carbon atom and it follows that this would produce

the isomeric ketones (86, 89, 94 and 95). (Figure IL.2.3.)

Gream has observed similar migratory tendencies in the

hydroboration of Ag’lowocta]ins (see also ref. 155)
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Rm@@
‘ 36 O %4 . 95 B

89

Figure II.2.3.
At this stage, in the absence of an authentic
samplé of gig—?-g»butyl-Al’9—octalin (65b), no information
could be obtained about the presence or absence of the

isomeric 7—§~butyl—Al’9—octalins (65a and 65b),
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ITI.1.

synthesis of some of the compounds required in the study

of the acetolysis of c¢is- and trans-9-t-butylspiro|4.5|dec-

6-yl p-toluenesulphonate (47 and 48 where X=0Ts, respectively).

Synthesis of ¢is~ and E£§2§m9wgwbutylspirof4.é]decan—6~ol

(47 and 48 where ¥=0H, respectively) and the corresponding

p-toluenesulphonate esters,

Initially it was considered desirable to devise
syntheses which would yield the two alcohols cis- and
E£§Q§-9-E«butylspiro[4.%}decan-6—ol (47 and 48 where X=0H,
fespectively) with a hioch degree of stereoselectivity.

9—E«Butylspiro[4.é}decan~6~one (96), an obvious
precursor to the two alcohols (47 and 48 where X=0H) was
prepared, in 69, 55 and 583% yield, by treating 4-t-butyl-
—cyclohexanone (97) with l,4-~-dibromobutane and potassium
t-~butoxide in benzene, toluene and t-butyl alcohol, res-
pectively.

An inspection of models of the ketone (96) indic-
ated that both "product developement control" and "steric

*
approach control' would favour the formation of the

It has been suggested recently that "steric approach con-

trol" is the significant factor in these reductions.157
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equatorial alcohol (48, X=0H) when the ketone (96) was

156

treated with complex metal hydrides. (Scheme IIT.l.).

96 48 47

Scheme III.1l.
Lithium tri-t-butoxyaluminium hydride, lithium aluminium
hydride and sodium borohydride gave the trans-alcohol (48,
X=0H) contaminated wi%h 7, 9 and 10%, respectively, of the
cis-epimer (47, X=0OH) (Table II.l.).

Careful recrystallization from agqueous methanol
gave the trans-alcohol (48, X=OH) which appeared to be pure
when examined by ge.le.ce and t.lc.ce. Surprisingly however,
it was not possible to obtain satisfactory microanalytical
data for the compound although such data was readily obtain-
ed from its acetyl and p-toluenesulphonyl derivatives.

An attempt to cbtain the acetyl derivative and from
it thus the cig-alcohol (47, X=OH) by inversion of the con-
figuration at Cg of E£§g§—9~§—butylspiro[%.é}dec-6myl P~

toluenesulphonate (48, X=0Ts) by treatment of the ester (48,
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¥=0Ts)} with potassium acetate in dimethylformamide158 was
unsuccessful. At 5° unchanged starting material (48,
X=0Ts) was recovered while at reflux temperature a mixture
of olefins was obtained. Similar behaviocur has been en-
countered with trans-4-t-butyl-2,2-dimethylcyclohexyl p-
toluenesulphonate (56) which undergoes elimination rather
than SN2 substitution when treated with tetramethylammonium
acetate in N—methylpyrrolidone.l32
Reduction of the ketone (%6) in the presence of
Adam's catalyst and acetic acid yielded thé trans-alcohol
(48, X=0H) contaminated with 22% of the epimer (47, X=0H).
This is consistent with the preferential approach of the
catalyst surface to the less hindered, a-face of the molecule

(Table 1II.1,)¢159

Eliell6O and Henbesthl have demonstrated the use-
fulness of soluble iridium-phosphite catalysts in the
presence of mineral acids to convert cyclohexanone deriva-
tives to axial alcohols. Although 4~t-butylcyclohexancne (97)
gave esgentially pure gig«(axial)~alcohol,* 9~-t-hutylspiro-
~[§,§]decanw6wone (96) was unaffected even under prolonged

and vigorous conditions. The conclusion that the carbonyl

*®
The reduction of the ketone (97) has been reported by

Eliel160 but was repeated in this work with an identical

result.



group is too hindered in (96) for reaction to occur with the

iridium complex is in harmony with a recent report that

2,2-dimethylcyclohexanone gave the corresponding alcohol in

low yield after prolonged reaction while 2,2,6~trimethyl-

~cyclohexanone was recovered unchang‘eml62 (Table TII.l.)
Table III.1l.

Resultzs of the Reduction of 9—E«Butylspiro[z,51decan~

6-one (96)

Reaction Conditions cis-alcohol trang-alcohol
(47) (48)
a a

% %

1) Iridiumtetrachloride/hydro-
chloric acid/trimethylphosphite/

water/propan-2-ol 0 0
2) Lithium tri-t-butoxyaluminium
hydride/tetrahydrofuran 7 93
3) Sodium borohydride/methanol 10 30
4) Lithium aluminium hydride/ether 9 91
5) Adam's catalyst/acetic acid/

hydrogen 22 78
6) Aluminium isopropoxide/propan-

2-01 37 63

a. The alcohols (47 and 48 where X=CH, respectively) were
analysed bv geleoce (R, 167°) and exhibited retention times
of 35min 20s and 38min 16g, respectively.

A succesgful, though for preparative purposas not

entirely satisfactory, stereoselective route to the cisg-~
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alcohol (47, X=CH) is outlined in Scheme III.Z2.

5 R-.., Re...

Rew, CHuLi
2 N NH(iT:/

26 RCO.H

98

Scheme IIT.Z2.

The readily prepared p-toluenesulphonylhydrazone
derivative (98) was converted quantitatively into 9-t-
butylspiro[@.%]dec~6~ene (61) by treatment with methyl
lithium in ether. |

Although Winsteinllg stressed the danger of inferring

ground state conformations from the product distribution,

163 has pointed out, that in epoxidation reactions,

Rickborn
conformational effects in the ground state are quantitatively
reflected in the transition state. From a consideration of

models of the olefin, it was evident that the la—face of

the olefin (61) (Figure III.l.), in the most stable con~
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formation, was more hindered as a result of the pseudo-
axial methylene group than the ‘d-face. The predominant
product from the epoxidation should then be cis-9-t-butyl-

éis—6,7—epoxyspiro[%.é]decane (99).

p —f ace

H-Face o
o #y///f o _face \JE;iéLQ

(cis-99) (trans-100)

Figure IIT,.1l,

When the olefin (61) was treated with m-chloro-
-perbenzoic, perphthalic or percamphoric acids, a mixture
(ca., 3:1) of the two epéxides (99) and (100), respectively,
~was obtained. Apparently the steric bulk of the epoxidizing
agent is not a controlling factor in this reactione. This
is not altogether surprising when considered in the light
of the mechznism of the epoxidation reaction in which pre-
sumably only the oxygen of the peracid is in the immediate

vicinity of the olefinic bond.163

A pure sample of the cis-epoxide (99) was obtained
by preparative gas-liguid chromatography. As a consequence

of the well documented trans-diaxial opening of oxirane
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ringslG4 by reagents such as lithium aluminium hydride
and lithium in ethylamine, the epoxide (99) should give
gig-9-§—butylspiro[é.é}decan—G-ol (47, X=0OH). Indeed, it
was found that treatment of the epoxide (99) with lithium
aluminium hydride gave a single alcohol* (mepe 86.5-88,5°)
whose properties were clearly different from those of the
trans-alcohol (48, X=OH) (m.p. 78.5-79°).

Oxidation of the new alcohol with Jones reagent
yielded 9-E—butylspiro[4.é]decan-é-one (96) and thus it
must be the required cis-alcohol (47, X=CH).

Confirmatory evidence for this assignment of con-
figuration was available from the n.m,r. and mass spectral
properties of the two compounds. Lemieux166 observed that
the half-width of the n.m.r. sSignal for the carbinol
hydrogen of c¢is- and trans-4-t-butylcyclohexanol (51 and 52
where X=0OH, respectively) was approximately 7 and 22c¢/s,
respectively. The generally accepted diagnostic observation167
is in good agreement with the values of approximately 7

~and 2Qc¢/s recorded for the corresponding signal in the

n.m.r. spectra of the cis- and trans-alcohols (47 and 48),

The alcohol was recrystallized before the analysis was
carried out and this would effectively remove any isomeric

alcohols produced by rearrangement of the epoxide.
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respectively.

The elimination of the elements of water in the mass
spectra of the epimeric 4-t-butylcyclohexanols (51 and 52
where X=CH, respectively) has been related to the stereo-

168 169

chemistry of the parent alcohol, Dole js found that

the ratio Eﬁ - H201+/[MJ+ was 60 and 0,12 for trans- and
gi§—4~gwbutylw2,2~éimethylcyclohexanol (56 ané 55 where
X=0H, respectively), respectively, The values of 0.44 and
23 found for the ¢is- and trans-spiro alcohols (47 and 48)
respectively, are consistent with the configuration assigned
to these two alcohols.

This clearly establishes that the major component
of the mixture of epoxides, formed by the epoxidation of
the olefin (61) is _c:;ins_;—9-—_t_:_-butyl-9_j.__c_i—6,7—-epoxyspirc;[4u5:'-ﬂ
~decane (99) while the minor component must be the epimeric
compound (100).

The following transformations, which were carried

out before the mixture of epoxides (99 and 100) had been

o
successfully separated, are in accord with this assignment,.

The difficulty encountered in the g.l.c. separation of
these two epoxides (99 and 100) prohibited the isolation of
a pure sample of the minor component, trans-9-t-butyl-cis-G,7-
epoxyspiro[4eé-decane (100). As a consequence no investi-

gation of this isomer was carried out.
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Reduction of the initial mixture (3:1) of the
epoxides with lithium aluminium hydride or lithium in
ethylamine gave a mixture of four alcohols (see later)
which was oxidized with Jones reagent to a mixture of 9-
E—butylspiro[%.é]decan-6-one (96) and 9-E—butylspiro[4eé]n
~-decan-7-one (102). (Table III.2.)

Table IXI.Z2,

EPOXIDIZING AGENT O9~-t~hutylspiro- 9-t~butylspiro-
~|(4.5]|decan-6- ~-14,5|decan-7- .
one (96) %% one (102) %2
Perphthalic acid 755 24,5
Percamphoric acid 69,1 30.9
Chloroperbenzoic acid 68.1 31.9

HYDROBORATING AGERNT

Diborane 43,0 57.0

a. The yields are not corrected for detector response of
(96) or (102).

An independent synthesis of the ketone (102) was
achieved by successive hydroboration and oxidation of 9-
E-butylspiro[%.é}dec-6—ene (61) followed by further oxi-
dation of the derived mixture of alcochols (see later) with
Jones reagent. The resulting mixture of the two ketones
(26 and 102) (Table III.2.) was separated by preparative
gas=liquid chromatography.

Having established that the pure epoxide (99) can
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be transformed into 9-t-butylspiro 4.é}decan—6—0ne (96),
the presence of 9-E-butylspiro[4,5 decan-7-one (102) in

the mixture of ketones (96 and 102) (Table III.2.) must be
derived from the minor component in the mixture of epoxides
(29 and lOO)a* This is consistent with the minor component
being E£§g§u9ug—butyl~g£§—6,7~epoxyspiro[4oé]decane (100).

4
164,170 reduction

As a result of stereo-~electronic controi,
of the epoxide (100) with lithium aluminium hydride will
glve ££§g§—9wgmbutylspiro[}.é]decanw7~ol (101la) which will
form Q-E—butylspiro[g.é]decan-7~one (102) on oxidation.
Reduction of the ketone (102) on a small scale
(0.042g) with sodium borohydride gave a mixture of two
alcohole (14% and 86%). The configuration of the two
epimeric alcoheols was tentatively assigned on the hasis
that reduction of the ketone (102) would lead mainly to the

= A 157
product of "steric approach control",

trans-9-t~butyl-
—spiro[éeé]decan~7mol (10la). As might be expected this

axial alcohol (10la) exhibited a shorter ge.l.c., retention

*
It should be noted that a small fraction of the amount of

the ketone (J02) present in the mixture could arise from cig~
‘9~E~butylspiro[4o€]decan—7~ol (101lb). This alcohol (101lb)

is probably formed in a rearrangement process during the
reductive ring opening of the epoxide mixture (99 and 100),

(see following discussion)
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time (on a 20' x %" 5% FFAP column) than the minor com-—
ponent in the mixture of alcohols. Consequently the minor
product was assumed to be the epimeric cis-alcohol (101b).

(SCherﬂe II1T,.3, )

102 10la 101b

Scheme III.3.
The results of -
(i) the metal hydride reduction of the mixture
(3:1) of the epoxides (99 and 100, respectively)
(ii) the hydroboration/oxidation of the olefin (61)
(iii) the reduction of the two ketones (96 and 102)

are outlined in Table III.3.



Table IIT,3,

cis-6 alcohol trans-6 alcohol trans-7 alcohol cis-7 alcohol

(47) %

(48) %

(101a) %

(101b) %

Reductive opening of
the mixture (3:1) of
the epoxides {99) and
{(100) 70

Hydroboration/oxi-
dation of the olefin
(61) 14

20

24

30

Sodium borohydride
regduction of the
ketone {(102) -

Sodium borohydride
reduction of the
xetone (296) 10

a0

86

-..€6-.

14

2+ The ratios recorded here are very approximate as only fair resolution by

gelsc. was possible and the values have been calculated from relative peak heights,
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The distribution of the spirec alcohols (47, 48, 10la
and 101b) was in accord with the previous stereochemical
assignments. Rearrangement of the epoxides (29 and 100)
during the metal hydride.reduction, rather than the failure
of the trang-diaxial opening of the oxirane ring, probably
gives rise to the small amountg of the alcohols (48 and
101Db) present in the product mixture.

Rickbornl7l

has shown that the reduction of frans-
4-t-butyl-cis-1, 2-epoxycyclohexane with lithium aluminium
hydride leads to the formation of trans-3-t-butylecyclo-
-hexanol (ca. 90%) and cis-3~t-butylcyclohexanol (ca. 10%).
The latter alcochol was formed by reduction of 3-t-butyl-
-cyclohexanone, produced by rearrangement of the trans-

epoxide, Other examples of this competitive rearrangement
process have been reported.l72’l73
The above preparation of g&§m9ngubutylspiro[4a5]—
~decan-6-0l1 (47, X=0OH) was, however, rather unsatisfactory
since the separation of thé epoxides (99 and 100) by gas-
liquid chromatography wag a laborious and lengthy procedure.
The most satisfactory source of the gis-alcohol (47, X=CH)
wag the one used by Christol and co~workers.lls Reduction
of 9—Emhutylspiro[%,é]decénwe—one (96) with aluminium iso-
propoxide in isopropyl alcochol gave a mixture (3:3) of cis-

and E£§Q§—9wg—butylspiro[4.%}decan~6mol (47 and 48 where

X=OH, respectively) respectively (Table III.l.). Pure cis-
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alcohol (47, ¥X=CH) was obtained by careful chromatography
of the mixture on neutral alumina (activity l)a*

¢cis- and E£§£§-9-E~Butylspiro[%.5]dec-Gwyl p~toluene~
~sulphonate (47 and 48 where X=0Ts, respectively) were
formed by treating the respective alcochols with three

equivalents of p-toluenesulphonyl chloride in pyridine at

0° for 48h.

Expected products from the acetolysis of cis~ and trans-

9-t-butylspiro|4.5|dec-6-yl p-toluenesulphonate (47 and 48

where X=0Ts, respectively).

In order to be able to study the acetolysis of the
two esters {47 and 48 where X=0Ts, respectively) most
effecﬁively, it was desirable to synthesi;e as many as
possible of the compounds which could conceivably be formed
in the solvolyses so that -

(i) gas-ligquid chromatographic procedures could

ke devised to analyse the product mixtures and

*
This method was not used earlier as a previous worker in

this department had been unsuccessful in separating the two
alcohols (47 and 48 where X=OH) by chromatography on neutral

alumina,
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(ii) the stability of the compounds toward the
solvolytic conditions could be determined. The possible
products which could be expected from these solvolytic
reactions have already been outlined (Scheme IT.1l.2.).

It should be emphasized that products arising from hydride
ion shifts in the various carbonium ions have not been
considered,

The preparation of 9~E-butylspiro[4.é]dec~6-ene (61)
has already been described. A less satisfactory synthesis
of (6l) involved the thermal decomposition of the methyl-
-xanthate ester of E£§g§-9—g—butylspiro[4.é]decan~6—ol

(48, X=CH?SCSO). ({scheme III.4.)

OH OC§§H3
48 48

61

Scheme III.4.

The product from this reaction had an unpleasant
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"sulphurous" smell and was distilled from sodium metal
in order to purify it.174 The resultant loss of material
limited the synthetic utility of this method.

cis- and E£§E§—9~§—Butylspiro[%.é]dec—6fyl acetate

(47 and 48 where X=0COCH respectively) were formed with-

3’
out difficulty from the parent alcohols by the action of
acetic anhydride in pyridine,

Attempts to prepare (3-t-butylcyclopentylidene)ayclo-

e reaction between 3-t-butyl-

~pentane (69) by a Wittig
~cyclopentanone (88) and triphenylcyclopentylphosphonium
bromide resulted in the formation of (3-E—butylcyclo—
~pentylidene)~4-t-butylcyclopentan-2-one (103) as the major

productl75 and none of the desired compound. (Scheme III.5.)

Br
*.
- -
i 3

0 \\\\k
R [ =< ] i RWR
69 103 0

Scheme III.5,
Alternative routes to the olefin (69) involved the
use of methyl 3-t-butylcyclopentanecarboxylate (104) as an

intermediate, (Scheme IIT.6.) These routes had the
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advantage that (3~E—butylcyclopentyl)cyclopentml—ene (68)
and (3-t~-butylecyclopentyl)eyclopentan-l-ol (105) could also

be obtained.

R R OH AZQ 3/PY 68

e N e =
COCH, w
POCl.,/Py.
3
R\L\

104 105

69

Scheme III,6.

When this approach to the synthesis of these com-
pounds (105, 69 and 68) was initiated, syntheses to pure
cis~ and trans-methylcyclopentanecarboxylate (104a and 104b)
were not available.

The first attempt tolform the ester (104) involved
a Favorskiil77 reaction of cis-2-bromo-4-t-butylcyclohexanone
(106a), Treatment of the bromoketone (1l06a) with sodium
methoxide in either methanol (homogeneous conditions) or
diethyl ether (hetefogeneous conditions) however gave none
of the desired compound (104). The only product which could

be isolated was the dimer (107) of 4-t-butyl-2~hydroxycyclo-
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hexanone (108). (Scheme III.7.) The structure of the dimer

(107) was assigned on the bagis of -

H

(i) the infrared spectrum (Sharp band at 3400cm_
(4~t-butyl-2-hydroxycyclohexanone (108), obtained by
distillation of the dimer, exhibited absorption at 3600-
)

(ii) the mass spectral (base peak at m/e 170) and

3100em™t and 1725¢m™

the microanalytical data which were in accord with the pro-
posed structure. It should be goted that the monomer readily
reverts to its dimeric form on standing.

It may be that based catalysed epimerization of the
cis-bromide (1l06a) to the trans—bromide (l06b) with con-
sequent conversion of the latter to the epoxy-ether (109)
(whicﬁ undergoes ring opening of the oxirane ring to vyield
the acyloin (108)177 during the working-up procedure)

(Scheme III.7a.) occurs much faster than the process required
for the Favorskii rearrangement. (Scheme III.7b.)

Support for this postulate comes from the works of

Bordwelll78

who found that, under basic conditions, the
deuterium exchange at the 2 position is much faster than at
the 6 position of 2~bromocyclohexanone (110) (Scheme III.8.).
He also observed that the "normal" Favorskii product was
obtained in good yield by treatment of 2-bromo-4,4-diphenyl-

~cyclohexanone with base. The success of this reaction is

probably a result of the steric bulk of the axial 4-phenyl
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Br Br
R P R "“B’Fv*\(::fﬂl H R H
—
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Scheme ITI.7a.
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Scheme III.7b.
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group which constrains the 2-bromo substituent to the
equatorial position. No similar structural feature is
present in the bromoketone (106a).

An alternative explanation arises from the work
of Ailinger179 who proposed that cis-2-bromo-4-t-butylcyclo-
~hexanone (l06a) consists of a mixture of chair and non-chair
conformers. The latter conformer contains the bromine in
a suitable orientation to allow epoxide formation to take
place. This may be a fast reaction and the normal Favorskii
rearrangement is unable to compete with it.

A successful thodgh not stereospecific synthesis
of methyl 3-t-~-butylcyclopentylcarboxylate (104) was achieved

by the route outlined in Scheme III.9.

R . R R
PhBP--CH2 l.B2H6 (O)
and L CHZ"‘”f*> WCHZOH“*>
2.H202/OH .
88 111 112
R R
113 104

Scheme IIT.9%9.
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3-t-Butyl-l-methylenecyclopentane (111) was
obtained by treatment of the ketone (88) with methylene-
~triphenylphosphine in ether. Subsequently hydroboration
and oxidation of this olefin (111) yielded the alcohol (112)
(ir, OH str., 3600-3200cm™Y) and Jones oxidation of this
alcohol (112) gave 3~Ewbutylcyclopentanecarboxylic acid

l, C=0 str. 1699cm“l).

(113) (ir, OH str., 3400-2400cm_
The ester (104), obtained by methylation of the acid (113),
was successfully converted to the alcohol (105) (scheme
III.6.) by means of a di-Grignard reaction and the two
olefins (68 and 69) were subsequently obtained by dehydration
of the parent alcohol (105) with phosphorous oxychloride
in pyridine. The mixture of olefins (68 and 69) was
separated by preparative gas-liquid chromatography and the
individual components were identified by their spectral
properties. (3-t-Butylcyclopentyl)cyclopent-~l-ene (68)
exhibited a signal characteristic of an olefinic hydrogen
(¥4,82-4,50) in its n.m.r. spectrum. On the other hand
however (3~gmbutylcyclOpentylidene)cyclopentane {69) failed
to exhibit any signal indicative of an olefinic hydrogen.
Although analytical g.l.c. and the spectral prop-
erties of the alcohol (112), the ester (104), the cyclo-
~-pentyleyclopentyl alcohol (105) and the olefin (68)
indicated that they were all homogeneous, (compare ref., 180)

it seswms likely, however, that each of the compounds is a
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mixture of geometrical isomers, When the method of prepara-
tion is considered.

It has been reported recently that cis- and trans-
3-t-butylecyclopentanecarboxylic acid (113a and 113b, res-
pectively) can be prepared stereospecifically from 4-t-
butyleyclohexanone (97) and 3-t-butylcyclohexanone (114)
respectively, by treatment of the ketones with hydrogen

peroxide and seleniun dioxidelSo (Payne-Smith reactionl8l

)e
(Scheme ITI.10.)

R

R
Se/H202
———— T
"o M
Q7" ~ 113a
0
5 R
(2% i
Se/H o,
—_—
5 CO,H
114 113b

Scheme III.10.
When the methyl esters of cis- and trans-3-t-butyl-
' =cyclopentanecarboxylate (ll3a and 113b, respectively) were
separately suvbjected to the reactions outlined in Scheme
III.6., (dehydration of the alcohols was carried out with

phosphorous oxychloride in pyridine) the cis- and trans-
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isomers of the alcohol (105a and 105b, respectively) and
the olefin (68a and 68b, respectively) were obtained., The
geometric isomers of the three compounds, however could not
be distinguished by spectral or gas-liguid chromatographic
technigues. TInability to distinguish the geometric isomers
of these three compounds emphasizes the possibility of the
presence of the same geometric isomers in the compounds
formed by the route outlined in Scheme III.%.

Although the synthesisg of (3-t-butylcyclopentyl)-
-cyclopent-1l-yl acetate {(70) was desirable, treatment of
the alcohol (105) with -

(i) acetylchloride and dimethylaniline

(ii) eodium hydride in tetrahydrofuran followed by
acetylchloride o
yielded none of the desired acetate (70). This behaviour
of (3-t-butylcyclopentyl)cyclopentan-l-ol (105) was un-
expected as the unsubstituted alcohol, cyclopentylcyclopent-
-anol, readily gave the acetyl derivative.70

Initially an effort was made to synthesize the com-
pounds (115), (66), (64) and (65) by the series of reactions

outlined in Scheme IIT.1ll.
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Scheme III.1ll. |

Treatment of 3-t-butylcyclohexanone (114) with
dimethyl carbonate and sodium hydride gave the keto-ester
(116) which was shown to be homogeneous by spectral and gas-
liquid chromatographic techniques. As the 2 position is
Imuch less accessible than the 6 position of the ketone (114),
it is reasonable to expect that the product is methyl 4-t-
butyl~2-oxocyclohexanecarboxylate (116), This is in agree-
ment with the work of Eisenbraun182 and co-workers who con-

cluded that carbomethoxylation of 3-methylcyclohexanone,
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which is less hindered at the 6 position, by virtue of the
smaller alkyl substituent, gave methyl 4-methyl-2-oxocyclo-
hexanecarboxylate almost exclusively (see alsc ref. 196),

A similar result was obtained in the thallium triacetate

oxidationls'7

of the morpholine enamine of 3-t-butylcyclo-
~hexanone (114).

When the keto-ester (116) was heated with 1l,4-dibromo-
-butane and sodium hydride in a mixture of benzene and
N,N~dimethylformamide, 6-(4-bromobutyl)-3-t-butyl-6é-~carbo-
-methoxycyclohexanone (117) was formed. This compound (117)
was, in turn, converted to 6—(4ubromobutyl)~3—Eubutylcyclo«
~hexanone (118) by the action of 48% hydrobromic acid in
acetic acid,

Attempts toléénvert (118) into the tertiary alcohol
(115) by -

(i) normal Grignard reaction

(ii) Grignard reaction in the presence of mercuric
chloride

(iii) cyclization with li£hium naphthenilide and
nickel tetraphenylporphine
were all unsuccessful. Infra-red analysis of the crude
product from (iii) revealed the lack of any hydroxyl absorp-
tion and this indicated that the desired product (115) was
not present. Tel.c. analysis indicated the absence of 6-

(4=bromobutyl)-3-t~butylcyclohexanone (118).



~107-

An alternative route (Scheme IIT,12.) from the
readily accessible 7-t-butyltetral-l-one (119)* to the
required decalyl system was investigated.

A series of attempts utilizing the catalysts -

(1) 5% rhodium on alumina and

(ii) platinum black
under varying conditions of hydrogen pressure, temperature
and solvent failed to yield the desired product from the
reduction of 2-t-butyltetralone (119) and 7-t-butyltetralol
(120). The latter was prepared by sodium borochydride
reduction of the ketone (119),

Infrared and nuclear magnetic resonance data indi-
cated that hydrogenolysis of the oxygen function always
preceded hydrogenatioﬁ and the extent of these reductions

was dependent on the severity of the reaction conditions.

* i
The reduction of 3-(p-t~butylbenzoyl)propionic acid (an

intermediate in the preparation ¢f (119)) with zinc and
hydrochloric acid yielded the required 4-(p-t-butylphenyl)-
~butyric acid and a by-product, the lactone of 4,4-(di-p-t-
butylphenyl)~4,4Ldihydroxysuberic acid, Similar products,

'~ which probably arise by radical coupling on the surface of
183

the metal, have been reported in the literature, but have

never bheen thoroughly characterized.
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In order to assess the reaction products of h?dro—
genolysis and hydrogenation, the following ir and n.m.r.
characteristics were used., (Ir: presence or absence of
C=0 and OH str. vibrations. ne.m.r.: position and magnitude
of the signal for the t-butyl group i.e. t-Bu-Ar, UV8.72

and t-Bu-saturated linkage,¥9.15).

pecheekoe

G
¢
122 119 H  go
b/ 1. NH,NHTs
%H 2, CH,Li
R R
s
e &

120 i 65
1.HgOAC
2.MNa BH4

H OH
R R
¢
123 115 H

Scheme IIT.12.
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Even the catalyst, platinum black, which was used

4 in the reduction of s{-tetralol

succaessfully by Huckell8
to a<~decalol, caused 7-t-butyltetralol (120) to be convérted
into a mixture of 7-t-butyltetralin (122) and isomeric 2=
t-butyldecalins (123)., Reference to Table I1J.4. emphasirzes
the fact that the conditions necessary for reduction to
occur lead to an initial hydrogenolysis with subsequent
reduction of the arcomatic nucleus.

Table III.4.

Results of the reduction of 7-t-butyltetralol (120) in the

resence of platinum black catalyst,
B C

REACTION CONDITIONS PRODUCTS
T%mp. Time hydrogen 7-t-butyl~ 7-t-butyl- 7—E~buty%w
(7c) {(h) pressure ~tetralol -tetralin® -decalin”
(Peseise) (120) (122) (123)
20 64 60 - ca. 20 ca, 80
20 16 60 - ca. /8 Cae 22
20 16 15 100 - -

a. Estimated from n.m.,r. and g.l.c. data
The bulk of the t-butyl substituent may interfere
with the approach of the aromatic nucleus to the surface
of the catalyst, thus retarding the reduction of the aro-
matic ring and allowing hydrogenolysis of the benzylic
oxygen Ffunction to become the predominant reaction.
Treatment of 7-t-butyltetralol (120) with lithium

in ammonia, gave the anticipated product, 7-t-butyltetralin
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(122) which arose by cleavage of the benzylic hydroxyl
groupe. Although this reaction was attempted in the hope
that it might possibly lead to disruption of the aromatic
nucleus, the result is nevertheless consistent with thé
observed cleavage of benzylic oxygen functions under these
conditions.185

Although naphthalene can be converted successfully
to a mixture of ateo. and Ag’loéoctalin (30 and 31, res-
pectively) by treatment with lithium in a mixture of ethyl-~
-amine and diethylamine (Benkeser reaction186), the
reduction of 2-t-butylnaphthalene (124) resulted in a mix-—-
ture of at least seven compounds (g.l.c. analysis). This
mixture was separated_into four fractions by preparative
gas-liquid chromatography; the first three coﬁfained mono-,
di- and tri-olefinic material (estimated from the molecular
ionsg in the mass spectrum of each fraction), while that of
longest retention time contained 7-t-butyltetralin (122).
The complexity of the product mixture and the difficulty
encountered in the separation of the components precluded
this as a satisfactory route for the preparation of the
olefins (64, 65 and 66),

A successful synthesis of 2—E—butyl~A9’lo—octalin

(66) was achieved as follows (Scheme IIT.13.).
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Scheme IIT.13.

The mixture of unsaturated ketones (126 and 127),
formed from the pyrrolidine enamine of 4-t-butylcyclo-
~hexanone (125) and methyl vinyl ketone, was reduced with
hydrazine and potassium hydroxide in diethyleneglycdl to
give a mixture of products from which 2-E~butylmA9’lo—
octalin (66) was obtained by preparative gas~iiquid chroma-
tography. The product exhibited a weak absorption (1670cm-l)
in its ir spectrum which is characteristic of a tetra-
substituted olefinic bond and no resonance characteristic
of an olefinic hydrogen in the n.m.r. spectrum. The mass
spectral and the microanalytical data were in accord with
the structure assigned to the olefin (66).

The isomeric cis-cis~ and trans-trans-2-t-butyldecalin
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(83 and 84, respectively) were prepared from the unsaturated

ketone (127) by recognized met'nods,154 (Scheme III.l4.)
H H
Re..,
1. Li/NI-I?
/’,/57 !
R 2. 1\*}121\?’12/1‘(0}{ f 84
1. H
Of\\\\\ © H
1y Ra,.
27 Pe NH2N}12/KOH =
L
H g3

Scheme III,1l4.
The isomeric trang—?-gnbutyl-Al’g-octalin((65a) was

prepared by the route outlined in Scheme III.15.

Scheme IIL.15.
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The morpholine enamine of 3-t-butylcyclohexanone
(128) was treated with methyl vinyl ketone to give a mix-
ture of at least seven compounds. The major component
(ca. 35%) was separated by preparative g.l.c. followed by
recrystallization and was shown to be Eggg§~7~3~butyl~Al’9-
octal-2-one (compare ref. 187) on the basis of micro-
analytical and spectral evidence (ir C=0 str. 1675, C=C
1625cm™ Y nemere ¥4.32 olefinic hydrogen).

Conversion of the octalone (129) to the ethylene-
-dithioketal (130) with ethylenedithiocl in boron trifluoride
etherate was followed by desulphurization of the ketal (130),
with sodium in liguid ammonia, to give the required octalin
(65a) (nemer., ¥4.82-2.85, olefinic hydrogen) whose structure
was confirmed as follows,

The stereospecific reduction of the octalone (129)

138

with lithium in ammonia containing t-butyl alcohol gave

trans-trans-7~t-butyldecal-2-one (131). This ketone (131)

was subsequently treated with hydrazine and potassium
hydroxide in diethyleneglycol to yield exclusively trans-
trans-2-t-butyldecalin (84), identified by ge.l.c. and spectral
comparison with an authentic sample prepared by the method

154
of House. (Scheme III.1l6.)
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Scheme IIL.1l6,
A possible route to gi§—7—§—butyl—A}’9—octalin
(65h) is outlined in Scheme III.1l7.
1-Allyl-4-t-butylcyclohexene (133) was obtained
by dehydration, with p-toluenesulphonic acid in beﬁzene,
of the mixture of isomeric l-allyl—4~§~butylcyclohexanols
(132), formed by the addition of allylmagnesium halide to

the ketone (97).

Confirmation of the stfucture of the olefin (133)

was obtained from its spectral propertiés as follows -
(ir, C=C-H str., 3080, 3070 and BOlOcmml and C=C str. l635cm~l,
S uv, 218nm‘(Emax 675) which indicates the absence of a con-

jugated dienes nemere, ¥ 7.57 =CR~C§2"CH=”-2, 5.27-3.,90, four

olefinic hydrogens). (compare ref, 194)
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Scheme III.17.

The mixture of isomeric l-allyl-4-t-butylcyclo-
~hexanols (132) was separated by column chromatography on
neutral alumina. The first alcohol to he eluted (hexane)

- was assigned the cis- configuration and the second alcohol
to be eluted (50% ether/50% hexane) was assigned the trans-
configuration. (In this context the cis- and trans-~
assignments refer to the t-butyl and hydroxyl groups. )

These agssignments are hased on the observation of Winstein
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and Holnessll9 who reported that c¢is-4-t-butylcyclohexanol
(51, X=0H) was eluted before the trans—-epimer (52, X=OH)
when a mixture of the two alcohols (51 and 52 where X=0H)
was chromatographed on neutral alumina,

The normally simple dehydration process was com-
plicated by isomerization of the diene (133) to the thermo-
dynamically more stable 4-t-butyl-l-propylcyclohexa-l,4-
diene (13k), whose structure was assigned on the basis
of its n.m.r, ultraviolet and mass spectra as follows.

The ultraviolet absorption maximum at 266nm (Emax 7700)

189 of a l,4-dialkylcyclohexa~l,4~diene;

is characteristic
Nemere, T4,43, two olefinic hydrogens; mass spectrum,
molecular ion at m/e-178.

It was necessary to monitor the reaction 5§ gas-
liquid chromatography so that l-allyl-4-t-butylcyclohexene
(133) could be isolated before contamination with the
conjugated diene (13#) could occur. The slow formation
of 4-t-butyl-l-propylcyclohexa-l,4~-diene (134 in the course

of the acid-catalysed dehydration is shown in Table III.S.
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Table III.5.

Dehydration of a mixture of alcochols (132a and 132b)

with p-toluenesulphonic acid in benzene.

Time of analysis % Products®
(h) cis- and trans- l-allyl-4-t- 4-t-butyl-1-
l-allyl-4-t-~ butylceyclo-~ propylcyclo-
butylcyclo- hexene hexa-1,4-
hexanol (133) diene
(132a & 132b, (136)
respectively)
1.25 99 1 ¢]
3.5 29 1 0
23 97 3 0]
27 924 6 0
45 85 15 0]
53 79 21 0]
67 69 30 1
250 - - ca., 100

a. No correction has been made for response of the com-
pounds to the gel.c. detector,

‘Treatment of the diene (133) with "thexyl" borane
in tetrahydrofuran using the "simultaneous dilution technique"
(ref, 190) followed by carboﬁylation at high pressure and
oxidation with hydrogen peroxide in the presence of sodium

acetate gave a mixture of compounds containing trans-trans-

* .
7-t-butyldecal-l-one (89%a, ca. 80% of the mixture). Two

Compelling evidence for this assignment appears later.
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recrystallizations from light petroleum (b.p. 30-40°) of
this mixture yielded a white crystalline solid (m.p. 69,5~
70.50) which was homogeneous by g.l.c, analysis, This
compound was treated with hydrazine and potassium hydroxide

in diethyleneglycol and gave exclusively trans-trans-2-t-

butyldecalin (84). The structure of this decalin (84) was
confirmed by a comparison of its physical and spectral
properties with the authentic compound. Coupled with
Brown's observation191 that carbonylation of l-allylcyclo-
this provides further evidence that the t-butyldecalone
produced 1n the carbonylation of the olefin (133) is the

trans-trans-~-isomer (89%a).

The trans-trans-ketone (8%a) was treated with

sulphuryl chloride in carbontetrachloride to give 7-t-
butyl~8-chlorodecal-l-one (135) (sScheme 1III.l7.), which was
converted, without purification £o 7«£~butyl_A9?lO~octélm
l-one (93) by heating with 2,4,6-trimethylpyridine, The
absence of a signal in the n.m.r. spectrum corresponding

to an olefinic hydrogen showed that less than 5% of the
isomeric 7~Ewbutyl—A8’9-octalalnone had been formed (compafe
ref, 154), This was undoubtedly due to the inability of the

base to approach H which is shielded by the bulky t-hutyl

8’
group., The major domponent (ca. 70%) was separated by

preparative g.l.c. and was shown to be 7~Ewbutyl—A9’lO-
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octal-l-one on the basis of microanalytical and spectral
evidence as follows - ir, C=0 str. 1665, C=C str. 1640cmnl;
n.M.re.; NO resonance characteristic of olefinic hydrogens
was observed,

Unfortunately, time did not permit this reaction
sequence to be completed (Scheme IIL.l1l7.). It was envisaged
that hydrogenation of the octalone (93) could lead to a
mixture of ¢is~ decalones (89b and 8%c). Formation of the
p-toluenesulphonylhydrazone of c¢is-cis-7-t-butyldecalone
(89¢c) followed by treatment with methyl lithium in ether
should give a mixture of two olefins192 from which c¢is-7-
E~butyl~Al’9—octalin (65b) céuld be isolated and easily
distinguished by ne.m,r. spectroscopy.-

Although the synthesis, by unambiguous routes, of
the four isomeric 2-t-butyldecal-9-yl acetates (67) and cis-
and Egggg«Z—EubutylwAl’9—octalin (64b and 64a, respectively)
was considered most desirable it was not achieved in this
WO Ko

It was envisaged that a mixture of isomeric axial
alcohoels (115) could be obtained‘by the oxymercuration-
demercuration of either of the two octalins (64 and 65)
(scheme IIT.18). |

When the oxymercuration-demercuration reaction was
applied to a small guantity of the octalin (64), isolated

from the mixture of olefins formed by the acetolysis of
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OH

64 115 65

Scheme III.18,
E£§g§—9—g-butylspiro[%.é]dec—6—yl E—toluenesulphdnate (48,
X=0Ts), no reaction occurred. The quantity of the olefin
(64} available and the lack of time did not alléw an

investigation of this-route to the alcohol (115),.
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Iv.1l.
General

Melting points were determined on a Reichert micro
hot-stage and both melting and boiling points are uncor-
rected.

Microanalyses were carried out by the Australian
Microanalytical Service, Melbourne.

Unless otherwise stated, organic extracts were
dried over magnesium sulphate or molecular sieves (4A) .

Spectroscopic Apparatus and Techniques

Infrared spectra were determined with Perkin-Elmer
237 and 337 Grating Spectrophotometers and a Unicam SP200
Spectrophotometer. .Spectra of liquids were determined as
liquid films and of solids as nujol mulls or in carbon
tetrachloride solution, as indicated. The characteristics
of the absorption maxima (Cm-l) are expressed as follows -
(s), strong; (m), medium; (w), weak; (sh), shoulders; (v),
broad. |

Ultraviolet spectra were recorded with a Perkin-
Elmer 137UV spectrophotometer and a Unicam SP800 UV spectro-
photometer,

Mass spectra were measured with an Hitachi Perkin-
Elmer RMU 6D double focussing spectrometer operating at ca.
75eV,

Nuclear magnetic resonance spectra were recorded
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with either a varian DP 60 or a Varian T 60 spectrometer
at 60 Mc/s and chemical shifts were measured relative to
tetramethylsilane as internal standard,

Solvents

Diethyl ether was dried over calcium chloride,
distilled twice from phosphorous pentoxide and stored over
sodium wire. 'Super-dry" ether was obtained by distillation
of "sodium-dry" ether from lithium aluminium hydride.

Light petroleum (b.p. 30-40°) and (b.p. 50-60°) were
distilled from phosphorous pentoxide and stored over sodium
wire.

Halogenated solvents were distilled and stored over
molecular sieves (4A).
All other solvents were dried and distilled accord-

ing to literature procedures.

Gas liquid chromatography (ge.l.c.)

Routine purity checks were carried out with Perkin-
Elmer 800 and 881 instruments; quantitative determinations
were performed on the latter, which was equipped with a
Perkin-Elmer 194B printing integrator. Preparative separa-
tions were acéomplished with either an Aerograph A700 or
A705 instrument. All machines were fitted with flame
ionization detectors and nitrogen was used as the carrier

gas,
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The following ge.lesc. columns were used -

. LB 550K 1
A, UcoN} 5%, 5' x 3"
B. BDS’ 5%, 5' X %"
C.  CARBOWAX 20M, 5%, 12' x %"
D. SE52, 10%, 12' x -ﬁ-"
E. FFAP, 5%, 12' x 38"-"
F. FFaP, 30%, 20' x 3¢
M

G, APIEZON|, 5%, 12' x %", (glass)

LBggoX 1
H. Ucom, 5%, 12' x 3", {(glass)
I. SE30, 20%, 20' x g—"

LB 550k 1
Je  UCON), 5%, 12' x 7"
Ko APIEZON]:I ca. 5%, 3' x -é-"

B 3
L.  APIEZON}, 20%, 5'-x 3"

M. APIEZON/LM Golay, 150' x 0.01"

Ne BDS, Golay, 150' x 0.02"

O. uconN, Golay, 300' x 0,01"

P. APIEZOL\;MGolay, 300" x 0,01"

Qo APIEZON),M 20%, 36' x “}I

R, FFAP, 5%, 20' x &

S, FFAP, 5%, 12' x %", (glass)

T.  CARBOWAX 20M, 20%, 12' x "

Unless otherwise stated, for %" diameter columns, the carriex
gas flow rate was ca, 30ml/min, while for %" columng it was

60ml/min. For the preparative columns, ¥, I, L, Q and T,

the flow rate was ca. 150ml/min.,
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"Thin layer chromatographic plates (75 x 25mm)
were prepared in the usual way, from a mixture of Kieselgel
G and HF254 in equal proportions and were not activated

before use.
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Kinetic Studies

Materials

Acetic Acid: A.R. grade acetic acid was refluxed over

potassium permanganate for 24h. The acid was distilled
and the fraction (b.p. ll7~ll9°) to which A.R. acetic
anhydride (ca, 2% by volume) was added, was heated under
reflux for 24h. Distillation through a 50cm "Fenske"
column, fitted with a "Human head" device, gave a fraction
(bepoe ll7¢5n1180), which was stored under nitrogen. For
kinetic determinations, the acetic acid contained A.Re.
acetic anhydride (1% by volume).

Acetic Anhydride: A.R. grade acetic anhydride was distilled

through a 20cm "Fenske" column, and the fraction b.p. 136°
was stored under nitrogene.

Anhvydrous Sodigm Acetate:s A R. sodium acetate was dried at

250° under a stream of dry nitrocgen and stored under nitrogen.

Sodium Acetate-Acetic Acid: For rate measurements, solu-

tions of sodium acetate (ca., 0.02M) were prepared by
dissolving anhydrous sodium acetate in anhydrous acetic
acid and these were standardized against perchloric acid,
using bromophenol blue (saturated soin. in acetic acid) as
the indicator,

Standard Perchloric Acid: A solution of psrchloric acid

(ca, 0.01M) in acetic acid was prepared according to the

procedure of Moriarty and D'Silvazso and was standardized

against potassium hydrogen phthalate (A.R.) in acetic acid.
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Bromophenol blue was used as the indicator.

Acetolvyses

Acetolyses were carried out using the ampoule
technique and the rates were measured titrimetrically.

In a typical run, an accurately weighed sample of
the p-toluenesulphonate ester (ca, 0.182g, ca. 0,0lM) was
dissolved in standard sodium acetate-acetic acid solution
(50ml, ca, 0.,02M)e The solution was transferred to a
burette and divided into 9 portions (ca. 5.5ml) which were
sealed in pyrex glass ampoules* under an atmosphere of dry
nitrogen. The ampoules were placed in a constant temper-
ature bath (i O,OSO) and allowed to reach the temperature
of the bath (ca., 15min)., Periodically the ampoules were
withdrawn, cooled in a dry-ice/acetone bath, opened and
allowed to attain room temperature (5min). The time of
removal of the first ampoule was taken as "zero" time.

An aliguot (5.,10ml, withdrawn with a constant volume pipette)
of the solution was titrated against standardized perchloric
acid (0.011M) in acetic acid, containing acetic anhydride
(1%), using bromophenol blue as indicator. The remaining
ampoules were removed after the appropriate time intervals
and treated in a similar manner. The first order rate
constants were determined graphically, in the first instance,

by measuring the slope of plots of log (Vt-—\/Z,3 /VO--%ZO )

* ~ . -
Ampoules were cleaned in the usual manner and finally

steam-~cleaned before uce.
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versus time, where V£ is the wvalue of the titre at time

t, Vp is the value of the "infinity" titre (i.e. at ca.

10 half-lives) and Vo is the valﬁe of the titre at “zero"
time. First order plots (i.e. straight lines) were ob-
tained for 80-90% reaction (ca. 3 half-lives) and the values
for the rate constants were the mean for two runs. The
experimental values (of k) deviated from the mean by less
than 2,5%, while the "infinity" titres were generally
reproducible to within 2% of the theoretical value, Values
for the first order rate constants (appearing in the text)
were also obtained by using values of log (Vt-qn /VO—V(30 )

and t in a least sguares computer programme.

Activation Parameters

In accord with the Arrhenius equation (a),

A5 -a
k = _I’S_r[_" « € R ° e ST (a-)
h

which can be expressed in the following way (b),

¥
log k¥ = log K + Aé¥ - AH (b)
T h 2+303R 2+ 303RT

the enthalpy of actiwvation, Aﬁ¥ was opbtained from the slope
of a plot of log K versus 1, where k is the first order

T T
rate constant at the temperature T and K, h and R are

universal constants. Further manipulation of the equation

ZF
(b) gives {(c), from which the entropy of activation,AS ,
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was calculated,

F
AS = 2.303R log k + Afﬁ - log K

T 2, 303RT

>

Analyses of products from the acetolyses of cis- and trans-

9-t-butylspiro|4.5|dec-6-yl p~toluenesulphonate (47 and 48

where X=0Ts, respectively).

In a typical run, an accurately weighed sample of
the p-toluenesulphonate ester (ca. 18mg) was dissolved in
a solution* (QEL 0.02M) of sodium acetate in acetic acid
(5ml). The solution was then sealed under nitrogen in an
ampoule** and, after being heated at ca. 52.60, for a
period corresponding to ca. ten half-lives, the ampoule
was removed from the constant temperature bath. After the
solution had been cooled, it was diluted with waté} and
extracted with light petroleum (b.pe. 30-40°). an accurately
weighed sample of the internal standard, 2-t-butylnaphthalene,
(ca. 5mg) was added at the same time., The organic exﬁracts

were washed successively with saturated sodium bicarbonate

*
The acetic acid-sodium acetate gsolution was flushed with

dry oxygen-free nitrogen before use,
All ampoules were washed in the usual way and finally

steam=cleaned before use,
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solution and water and dried. The solvent was removed

by careful distillation through a column (20cn), packed

with glass helices, with the water-bath tempzrature being
kept below 4500 The concentrate (ca. lml) was then analysed
by VPC as follows -~

(a) Qualitative Analyses

Qualitative analyses of the product mixtures
were carried out by comparison of retention times of
authentic compounds and by the technique of peak enhancement,
on appropriate gele.c. columns.

(b) Quantitative Analyses

In order to estimate absolute yields of products,
the responses (to the g.l.c. flame ionization detector) of
the authentic compodgés were compared with that of the
internal standard. Accurately weighed samples of the com~
pound (ca. 5-15my) and the internal standard (ca. 5mg) were
mixed and dissolved in light petroleum (30-40°) (10ml).
Three solutions, varying in the ratio of compound to inter-
nal standard, were prepared for each compound. The light
petroleun solutions were then analysed by gel.c. under the
same conditions as those used for the product analyses and
the areas off the peaks were determined by integration. The
values of weight of compound/weight of standard were plotted
against area of compound/area of standard, to give a

straight line graph, from which the absolute yields of the



~-130-

products obtained from the acetolyses could be determined.
The total yield of products was invariably 100 + 5% of the
expected return. The values in Table II.,l.4. were normalized
to 100%.

 The products from the acetolyses were separately
(where possible)* subjected to the conditions of the
acetolysis., Accurately weighed samples of the olefins
(ca. 9mg) were dissolved in a standard solution (ca. 0.02M)
of sodium acetate in acetic acid (5ml) and the usual pro-
cedure for analysis was followed., All olefins were essen-
tially unchanged ( 95% recovery) after a time corresponding

to ten half-lives of acetolysis,

% 9,10

Mixtures of (a) 2-t-butyl-A ~octalin (66) and (3=t~

butyleyclopentylidene )eyclopentane (69) and (b) 2-t-~butyl-

1,9

A"’ “~octalin (64) and 1-(3-t-butylecyclopentyl)cyclopent-

l-ene (68) were used,



Table IVelsle.
Gel.c, data for the acetolyses of cis~ and trans—9-§—butylspiro[4.51dec-6-yl

tosylate (47 and 48 where X=0Ts, respectively).

Colunn RETENTION TIMES OF COMPOUNDS
(61) (64) and (68) (uniden- (65) (66) and (62) (uniden-

tified tified

olefin) acetate)
G,132° 2 1gmin 43s 24min 13s 28min 385 30min 7s  32min 19s 48min 57s
: !
s,160° 2 31 2 52 3 26 3 36 -
P,195° 15 53 16 14 17 22 17 34 iy
1,148° 9 55 11 59 . 14 54 16 44
0,150° 17 57 20 51 23 40 24 50 25 53
M,185° 6 02 (64) & 42 shoulder 7 21

(68) 6 32 on (66) .
M,158° 7 45 9 15 shoulder 11 00
on (66)

as 2-t-butylnaphthalene (standard) had a retention time of 48min 57s.,.
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Eguilibrations with Raney Nickel

-To determine the composition of the mixtures ob-
tained by equilibration of 9mgmbutylspiro[%.SJdecann6-one
(96), E£§g§—9mgnbutylspiro[%,é]decanuG—ol (48, X=0H) and
g£§-9mgwbutylspiro[%.5]decan~6~ol (47, X=0H) with Raney
nickel,; the following general procedure was used.l42

A solution of E£§g§~9-gmbutylspiro[4e%]decan~6wol
(48, X=0H) (0.25g) in dry isopropyl alcohol (20ml) was
refluxed (constant temperature bath 94.40) in the presence
of W-2 Raney nickel* (ca. 2.0g), under nitrogen. Period-
ically, samples (ca. 0.,2ml) were withdrawn from the solu-
tion with a syringe, and after having been filtered to
remove nickel catalygt, they were analysed by geloce (R,
1700) and the areas of the peaké corresponding to the cis-
alcohol (47, X=OH) (R, 3lmin 12s) and the trans-alcohol
(48, X=0H) (Rt 33min 21s) were determined by integratione.
Sampling was continued until two consecutive determinations
ware the same,

At equilibrium, the composition of the mixture is
37% cis~ (47, X=CH), 63% trans- (48, X=CH) and thus the
equilibrium constant, K, is 1l.70. Using the relationship

AF = =-RTInK, (where R is the universal gas constant and T

W=2 Raney nickel was prepared according to the procedure

of Eliel and Schroeter.l42
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is the temperature of equilibration), it can be calculated
that the ground state free energy difference, AF, between

the two epimers is 0.37Kcal/mole.
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IV.2,.

Syntheses leading to 9-§—butylspiro(4.51dec-G»yl derivatives

4-t-Butylcyclohexanone (97)

(a) & solution of 4-~t-butylcyclohexanol (200g, 1.28
mole} in ether (600ml) was stirred vigorously and treated
with a solution of sodium dichromate (127.3g, 0.43mole) in
agqueous sulphuric acid (70lnl of c¢a. 10% v/v solution)
while the temperature was maintained at ca. 252 195 After
being stirred for an additional 3h, the organic layer was
separated and the agueous layer was extracted with ether
(3 x 200ml). The combined ethereal fractions were washed
successively with water and saturated sodium bicarbonate
solution, dried and concentrated to vield a white crystal-
line solid (185g, 94%), be.pe 79@810/435mm which was shown
by gelec. (&, 137°) to consist of the required ketone (cae
90%) and starting material (ca, 10%). Pure 4-t-butyleyclo-

242

~hexanone (97), bep. 1.04-105°/15mm (1it. bope 106-108°/

18mm) was obtained by conversion, with subsequent decom-

Oxidation of 4-t-butyleyclohexanol with sodium dichromate
" solution (2 equivalents), according to the method of Brown,
Garg and Liu,198 gave 4-t-butylcyclohexanone (97) (84%)

which was homogeneous by ge.lec. (G, 155%),
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position, of the crude product to the bisulphite addition

compound, in the usual manner.197

Q-E—Butylspiro[?.%]decan—6~one (96)

A suspension of potassium t-butoxide, prepared
from an excess of t-butyl alcohol and potassium metal
(76.0g, 2.0mole), in dry benzene (21l.) was stirred under
nitrogen. A solution of 4-t-butylcyclohexanone (97) (154g,
l.0mole) in benzene (ca. 100ml), followed by 1l,4-dibromo-
butane (216g, l.0mole) was added rapidly, and the mixture
was refluxed for 12h (ref. 199)., After the reaction had
been quenched with water, the organic layer was separated
and washed with water (3 x 300ml), saturated brine (200ml),
dried and concentrateé; Distillation of the residue gave
9-E-butylspiro[4.%]decan—6-one as a colourless oil (143g,

200 4, b, 99-101°/0,5mm) which

69%), bepe 74=76°/0.1mm (lit.
was homogeneous by geloce (C, 1270). The compound exhibited

the following spectral properties,))iiim: 1705(s), 1385(m),
1365(s)cm"l; NeMsTe (ccl4)= Y 9.03 (9H, singlet), 8.72=7.27
(15H, complex); mass spectrum: Mt at m/e 208 and base peak
at m/e 167, The 2,4-~dinitrophenylhydrazone derivative of
the ketone (96), m.p. 167.5~168.5°, was prepared. (Found:

¢, 61,73 N, 14.63 H, 7.2, Calc. for C,.H

20 28N : C, 61l.8;

474"
N, 14,45 H, 7¢3%)e

wWhen the above reaction was carried out in toluene
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and t-butyl alcohol201 as solvents, the yields of 9-t-butyl-

—spiro[%.?]decan-s—one (96) were 55 and 58%, respectively.

&Ean5n9nE-Butylspiro[ﬁ.S}decan—6—ol (48, X=0H)

(a) A solution of lithium tri-t-butoxyaluminium-
~hydride (prepared from lithium aluminium hydride (2.08g,
0.055mole) and t-butyl alcohol (12.29, 0,17mole) in tetra-
hydrofuran (50ml)) was added to a stirred solution of st
butylspiro[é.?]decan@6wone (96) (10.0g, 0.05mocle) in tetra-

20 After 10 hours, the

hydrofuran (50ml) under nitrogen.
reaction was quenched with ice-water (750ml) and the mixture
was extracted with ether (3 x 150ml). The combined ether
extracts were dried and concentrated to vield a white golid
(10.1g, 100%), which was shown to contain both trang- and
gi§«9—g—butylspiro[4.%]decanNG—pl (48 ana 47 wheré X=O0H,
respectively, ca. 93 and 7% respectively), by g.l.c.
analysis (A, 170° and R, 167°), ~The mixture was recrystal-
lized once from light petroleum (30-40°) and three times
from aqueous methanol (ca. 75%) to give the trans-spiro
alcohol (48, X=0H), meps 78.5~790 after sublimation at
Cae 600/2mm, which was homogeneous by d.l.ce. analysis, No
satisfactory analytical values, however were obtained after
three microanalyses. (Found: €, 78.7; H, 12.4. Calc. for
Cl4H26O: Cy, 7993 H, 12.5%). The compound exhibited the
nujol

following spectral properties, : 3400(b), 1385(m),
V nax

1359(s), 1046(s)cm"l; Nemaxe (CCL,%T9.14 (9H, singlet),
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9.10-7.33 (16H, complex, hydrogen count reduced to 15 by
deuterium exchange), 6.97-6.5 (1H, complex, %Av 20c/s,
CH-OH) 3 mass spectrums Mt at m/e 210 and base peak at m/e
155,

(b) A solution of 9-§-butylspiro[%95Jdecan—6-one
(96) (15.0g, 0.072mole) in dry methanol (20ml), at 0-5°,
was treated with sodium borohydride (2.73g, 0.072mole)
and the mixture was stirred at room temperature, under

203 After the mixture had been worked

nitrogen, for 24h.
up in the usual way, a white solid (15g, 100%) was obtained,
which was a mixture of cis~ and trans-spiro alcochols (47 and
48 where X=0H, respectively) (ca, 10 and 90% respectively).
This mixture was treated as in (a) and trans-9-t-butylspiro-
w[4.%]decan—6»ol (48:.Q=OH)(11.4g, 76%} was isolated,

(c) A solution of 9-E-butylspiro[%né]decan-6~one
(96) (0.199g, 0.00lmole) in glacial acetic acid (5ml) was
hydrogenated in the presence of platinum oxide catalyst119
under one atmosphere of hydrogen. After the theoretical
quantity of hydrogen had been absorbed, the catalyst was
removed by filtration and a white solid (0.19g, 94%) was
isolated by the usual procedure. G.l.c. analysis (R, 1670)
‘showed that the product was a mixture of cis- and trans-9-
gwbutylspiro[4eé]decan—6~ol (47 and 48 where X=0H, res-
pectively) (22 and 78%, respectively).

(@) The reduction of 9—E~butylspiro[%"5]decan~6~one
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(96) with lithium aluminium in ether was carried out in the
usual way203 and gave a mixture of ¢is- and trans-9-t-
butylspiro[é.é]decan~6«ol (47 and 48 where X=O0H, respectively)

(2 and 91%, respectively).

tran§m9~E~Butylspiro[4.é]dec»G—yl acetate (63)

A solution of §£§g§~9w5~butylspiro[§ué}decanm6~ol
(48, X=0H) (0.7g, 0.003mole) in dry pyridine (2ml), at 0°,
was treated dropwise with acetic anhydride (2ml). After
the mixture had been kept at room temperature for three
days, it was acidified, at Oo, with 10% sulphuric acid,
and extracted with ether (3 x 50ml). The usual working-up
procedure yielded a slightly colcured residue which was
distilled to cgive E£§ﬁ§~9mgmbutylspiro[4oé]dec—G-yl acetate
(63) (0.65g, 79%) as a colourless oil, b.p. lOlmld2o/OolSmmg
Geloc. analysis (B, 169° and g, 1490) indicated that the

product was homogeneous. (Found: C, 7613 H, 1ll.l. Calc,

for C36H2802: C, 76613 H, 11,2%), The compound exhibited
the following spectral properties,l)iiim: 1740(s), 1335{(m),

1365(g), 1245(s)cmml; NeMeXe (CC14)VE9,18 (9H, singlet),
9.11-8,07(15H, complex), 8,08 (3H, singlet), 5.70-5.45
(1H, complex, %Av = 1l8c¢/s, CgOCOCH?); mass spectrum:[mw

CH?COOH]+ at m/e 192 and base peak at m/e 135,

tranqw9~£wButylspiro{4.é]decM6~yl p-toluenesulphonate

(48, %=0Ts)



-139~

A solution of EEQQE—Q—E—butylspiro[4,é}decan—6~01
(48, X=0H) (2.8g, 0.0l4mole) in dry pyridine (éml), at 0°,

204 (4 5aq,

was treated with p-toluenesulphonyl chloride
'0.04mole), which was added in one portion. After being

kept at 00, for 2 days, under nitrogen, the reaction mix-
ture was carefully diluted with water, so that the temp-
erature did not rise above 100, and extracted with ether

(2 x 60ml), The organic layer was washed successively

with 10% hydrochloric acid solution (2 x 50ml), water and
saturated sodium bicarbonate solution (1 x 60ml) and dried

at 0% under nitrogen., After the solution had heen concen-
trated under reduced pressure, a solid residue (5.8g) was
collected, which.was recrystallized three times from light
petroleum (30-40°) ;£t00, to yield §£§H§~9~E-butylspiro{%eé]w
~dec~6~yl p-toluenesulphonate (48, X=0Te) (3.24g9,76%) mepe
65-67°, This was homogeneous by telece. (70% ether/30%

light petroleum (30-40°)), (R 0.65)s (Found: C, 68.9;

H, 8.9. Calc. for C,y1H4,805: €, 69,23 H, 8.9%). The com-
pound exhibited the following spectral properties,V ggi01=

1595 (m), 1385(m), 1365(s), 1190(s), 1095(s)em '3 nem.r,
(CCl4):E9@21 (9H, singlet), 9.08-8,00 (15H, complex), 7.59
(3H, singlet), 5.94-5.55 (1H, complex, %Av = 19¢/s, CH-OTs),
2.84, 2,29 (4H, centres of gravity of the two doublets of

{ 0(

M
the Aﬁgz system,

. T
Y55 T IR B
CH3C6H4SO?ﬁ]+ at m/e 192 and the base peak at m/e 135,

t = 8Hz); mass spectrum: [Mwﬁm
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Q—E—Butylspiro[gaé]decanw6—one Eutoluenesulphonylhydrazone

(98)

A mixture of 9—E—butylspiro[§.é}decan-G—one (96)
(3.39g, 0.0l6mole) and E~toluenesulphonylhydrazine* (3.09,
0.01l6mole) in ethanol (20ml) was refluxed for 2h0205 On
being cooled in an ice bath, the solution deposited a solid
which was collected by filtration. It was recrystallized
from ethanol to yield 9—E-butylspiro[4¢é]decan-G—one p-
toluenesulphonylhydrazone (98) (4.0g, 89%), m.p. 157-158°,
(Found: C, 67.13 H, 8,73 N, 7.4. Calc. for C21H32N20283
C, 67,03 H, B8¢635 N, 7.4%). The compound exhibited the
following spectral properties,))ggiOI: 1595(w), 13920(m),
1330(s), 1170(s)cm"1; NeMeT e (CDC13)fI9.22 (9H, singlet),

9,05~7.08 (15H, complex), 7.62 (3H, singlet), 2.70, 2.17(4H,
AR 'Bef

centres of gravity of the two doublets of the 5B, system,

Szﬁrﬁhaﬁ4§l—=—8529, 2.47 (1H, broad singlet); mass spectrum:

M+ at m/e 376 and base peak at m/e 91,

Q—E—Butylspiro[4e%]dec«Guene (61)

(a) A stirred suspension of Q-E—butylspiro[g.é]decan-

6-one p-toluenesulphonylhydrazone (83) (30.3g, 0,08mole) in

p-toluenesulphonylhydrazine mep. 108.5-110° (lit.106

Me P 104«1070) was prepared according to the standard pro=-

cedures.206
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o

ether (100ml) was treated at 0 with a solution of methyl-

=lithium (0.36mole) in ether (250ml), under an atmosphere

of nitrogen.192 The mixture was maintained at 15° for 2h,
with an ice-water bath, then stirred at room temperature for
an additional 48h., After the excess of methyllithium had
been destroyed by the addition of ice, the agueous layer was
extracted with ether (3 x 75ml) and the combined ether
extracts were dried and concentrated to yield a crude product.
A solution of the latter, in light petroleum, was filtered
through an alumina column (30g) (eluted in light pestroleum
(bep, 50-60°)) and the resulting solution was concentrated
and distilled to give 9-E~bﬁtylspiro[%.é]dec«6—ene (61)
(15,59, quantitative yield) as a colourless oil, b.p. 131°/

20mm; which was homogeneous by g.le.c. analysis (D,,lBOO).

(Founds C, 87.7; H, 12.2, Calc. for C14H24: Cc, 87.4; H,
12.6%)e The compound exhibited the following spectral
properties,?i}im: 3020(m), 1645(w), 1385(m), 1365(s), 710

(s)cm"lﬁ NeMe X (CCl4k7§9018 (94, singlet), 9,07-8.02 (13M,
complex), 4.72-4.,52 (2H, complex, olefinic hydrogens); mass

spectrum: M at m/e 192 and base peak at m/e 135,

(b) tran§_9mE»Butylspiro[4.S]decan—6~ol (48, X=0H)

was converted to the corresponding methyl xanthate ester

f£ilm,

I 1390(w), 1365(m), 1220{s), 1050(s),

174

(48, x-:OCSZCH3) (Y

725(s)cmnl), according to the method of Nace.
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2CH3)

(2.14g), without purification, was added (dropwise) onto

9~§-Butylspiro[4°%}dec~6wyl methyl xanthate (48, X=0CS

powdered glass, in a distillation flask maintained at 320°.
The distillate (1.43g) was refluxed over, and distillegd

from, sodium (in an attempt to remove the strong disgagreeable
“sulphur' odour) to give a colourless liguid (0.749), b.p.
160-175%/25mme  Gelece analysis (D, 178°) indicated that the
mixture consisted of the required olefin (61} (ca. 55%

and other impurities (ca. 45%).

cis- and E£§g§~9«EﬂButylmgi§f6,7~epoxyspiro[g, Wdecane

(29 and 100, respectively)

(2) m-Chloroperbenzoic (0.65g, 0,0038mole) in di-
~chloromethane (lOml) was added slowly to a stirred solution
of 9-E~butylspiro[FUS]deCmG—ene (61) (0.50g, 0.0026mole) in

207 After being stirred

dichloromathane, at room temperature.
for ©h, the solution was washed successively with aqueous
sodium sulphite, sodium carbonate solution (3 x 20ml) and
water (3 2 20ml), dried and concentrated to give a residue
which was distilled to yield a mixture of the c¢is- and
trans-epoxides (99 and 100, respectively) (0.5lg, 93%), b.p.
.950/1.3mme GeleCco. analysis (E, 1310) indicated the presence
of the cis- and trang-epoxide (99 and 100, respectively)
(retention time, 17wmin lOs, cae 75% and 15min 5ls, ca. 25%,

respectively) while t.l.c. (20% ether/80% light petroleum)

(bep. 50~60%) resulted in the appearsnce of ona spot R 0.52).
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Microanalyses were determined for the mixture of the two

1424

C, 80.,7; H, 11.6%). The following spectral properties

epoxides., (¥Found: C, 8l.03 H, 11.8. Calc. for C 0O:

were obtained for the mixture of cis- and trans-—-epoxides

(99 and 100, respectively),)]izim: 1385(m), 1365(s),

1240(n), 840 (m)cn ' n.mer. (CCL,):T9.22 (9H, singlet),

9,08-8,00 (1l3H, complex), 738, 7.37 (1H, two superimposed
0

doublets, J 3.5Hz, —CH2~CQQE§~CR3), 7.,05-6.73 (1lH, complex,

O

~7 +
~CH wCQMCHmCR3); mass spectrum: M at m/e 208,

2
(b) A solution of 9~E~butylspiro[%,é]dec~6-ene (61)
(1.0g9, 0,005mole) in dry ether (50ml) was mixed with a

208 (1,94, 0.0lmole) in

solution of monoperphthalic acid
ether (15ml) and the mixture was heated at reflux for 6h.
After the solvent had been removed, the residue was mixed
with dry chloroform and filtered to give phthalic acid
(Le4la, 82%) and a filtrate which was concentrated to give
a colourlesgs oil (0.35g, 32%). G.l.c. analysis (E, 1310)
indicated the presence of the cis- and trans-epoxides (99
and 100, ca, 75 and 25%, respectively).

(¢) A mixture of 9-E~butylspiro[%aé]dec«snene (61)
(0.46g, 0.0024mole) and perc::nnp’l'utn:ic”r acid (0.67g, 0.003mole)
in dry chloroform (80ml) was maintained at room temperature

for 3 daysczo9 After being washed successively with sodium

See footnote on page 144,



-144~

hydroxide (2 x 50ml, 1l0% agqueous solution), and water

{2 x 50ml), the solution was dried and concentrated to
yield a colourless oil (0.4%9g, 98%) which was shown to con-
tain cis- and E£3E5—9w£~butyl~6,7«epoxyspiro[4.é]decane

(92 and 100, ca. 75 and 25%, respectively), by gele.c.

analysis (E, l3lo)e

Preliminary investigaticn of the epoxidation reaction of
9-t-butylspiro|4,5|dec~6~ene (61)

Reductive opening of a mixture (3:1) of cis- and trans-

9-t~butyl-cig-6,7~epoxyspiro|4,5|decane (99 and 100,

respectively).

(a) A solution of the cis~ and trans-epoxides (99

and 100, respectively) (0.20g, 0.00lmole) in dry ether (1lOml}

%
Percamphoric acid was prepared from camphoric anhydride

according to the method of Milas and McAleVYQZlO Initially,
the procedure of Edgerton2ll was used to prepare camphoric
anhydrides; the following procedure proved however to be
more convenient and efficient,

Camphoric acid (10g, 0,05mole) was distilled from
glass beads through a short "vigreux" column. Camphoric
anhydride (5.2g, 76%) was obtained as white needles (ex

211

methanol), mep, 219-221° (lit, mep. 221°),
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was heated to reflux, for 3h under nitrogen, with lithium
aluminium hydride (0.04g, 0.00l5mole, excess). -2 After
the reaction had been guenched with water (50ml), the
aqueous layer was extracted with ether (3 x 30ml) and the
combined organic fraction was dried and concentrated to
yield a white solid (0.19g, 95%) which was shown to consist
of Eii“ and EEQEE—Q—E-butylspiro[%.é]decan~6~ol (47 and 48
where X=0OH, ca. 70 and 5% respectively) and cis~ and trans-
9-5—butylspiro[4.§]decan—?—ol (101b and 10la, ca. 5 and 20%
respectively) by g.lec. (R, 1730). (Ssee section III)

The product showed the following infrared absorptions,'v

ggiOl: 3300(s), 1385(m), 1365(s), 1240(s), 1020(s), 960{m)

cm-l. The T.l.c. analysis (15% ether/85% light petroleum

(b.p. 50-60°)) gave oge spot (Rf 0.23).

(b) A solution of ¢is~ and trans-epoxide (99 and
100, respectively) (0.20g, 0.00lmole) in dry ethylamine
(10ml) was treated under nitrogen with finely-cut lithium
wire (0.048g, 0.002g atom). After the solution had been
stirred overnight, the solwvent was allowed to evaporate,
the residue was extracted with ether (3 x 25ml) and a white
solid (0.16g, 75%) was isolated., G.l.c. analysis (R, 173°)
indicated the presence of the cis-alcohol (47 where X=CH,

ca. 70%) and the trans-alcohol (10la, ca. 30%).
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Oxidation of product from reductive opening of the mixture

(3:1) of ¢is- and trans-9-t-butyl-cis~6,7-epoxyspiro|4.5|-

*
~decane (29 and 100, respactively)

(a) from lithium aluminium hydride

The mixture of 9»£nbutylspiro[%.€]decan-6~ol (47
and 48 where X=0OH) and 9~§~butylspiro[%oé}decanm7mol (101a
and 101b) (0.18g, 0.0086mole) in acetone was oxidized with
Jones! reagent213 according to the method of Meinwald,

214

Crandall and Hymans. The crude product was distilled

s rar

with infrared absorption at)’wax l705(s)cm"l. Gelec. analysis

(A, 1340) indicated the presence of 9wg~butylspiro[é.§]decan“
&%
6--one (96) and 9»&»Jutylspiro[4eé]decanw7none (102} (See

Table IIT¢26)e o=

¥
The mixture (3:1) of ¢is- and trans-9-t-butyl-cis-—-6,7-

epoxyspiro[@»é}decane (29 and 100, respectively) obtained
from the reaction of 9«E~butylgpiro[§.é]dec—6~ene (61) with
(a) monoperphthalic acid and (b) percaﬁéhoric acid, was sub-
jected to the same sequence of reactiongs as these described
above for the mixture of epoxides from the reaction with m-
chloroperbenzoic acid., (For results see Table IIY.2.,
Section III).

&
Physical data for this compound appears later.
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(b) from lithium in ethylamine

The mixture of the spiro alcohols (47) and (101la)
was oxidized as described in part (a) and gave, after
_ distillation, a colourless oil (0.13g, 86%), bep. ca.
1.00°/1,0mm with infrared absorption at 1705(s), 1385(w),

1

1365(m), 1185(m)cm” ~, which was shown to consist of S-it~

butylspiro[%.{]decan-ewone (96, ca, 68%) and 9-t-butyl-

—spiro[4.%]decann7~one (102, ca. 32%) by gelece (A, 1470)0

9-t-Butylspiro 4051decanw6~61 (47 and 48) and S-t-butyl-

-spiro|4.5|decan-7-o0l (10la and 101b)

A solution of 9m§—butylspiro[4.é]de0m6mene (61)
(l.0g, 0.005mole) in dry tetrahydrofuran was treated with
gaseous diborane, géﬁérated in a separate flask, f;om
boron trifluoride etherate (l.28g, 0.009mole) and sodium
borohydride (0.19g, OeOOSmole)¢215 After the reaction
mixture had been stirred at room temperature, for 2%h,
sodium hydroxide (5ml of a 3N solution) was added, followed
by hydrogen peroxide (5ml of a 30% solution), while the
temperature was méintained below 50°. The mixture was
stirred at 30° for one hour then extracted with ether (3 x
30ml) and the combined organic fractions were washed success-
ively with sodium sulphite solution (2 x 30ml) and water
{2 x 30ml), dried and concentrated to yield a white sclid,.

Recrystallization from n~pentane gave a product (l.lg, 97%),
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which was shown by ge¢l.c. (R, 1730) to be a mixture of

cis~ and E£§g§~9n5~buty13piro[§.é}decan—G—ol (47 and 48 where
X=0H, ca. 14 and 32%, respectively) and cis- and trans-
9-E—butylspiro[4.§]decan—7wol (101b and 10la, ca. 30 and

24% respectively). This mixture exhibited infrared ab-

sorption at 3300{b), 1385(m), 1365(s), 1240(s)cm *.

9~§nButylspiro[4,51decan»G»one {96) and QwEmbutylspiro[4e%}w

-decan-7-one (102), (From the product of hydroboration of
9~t=butylspiro 4.5 |dec-6-ene (61)).

The mixture of alcohols (47, 48, 10la and 101b)
obtained from the hydroboration of the olefin (61) (0.18g,
0.009mole) was oxidized with Jones' reagent according to

214 Distillation of the

the procedure of Meinwald et.al.
crude product gave a colourless oil (0.15g, 24%) b.pe s0%/
0.6mm, which was shown by gel.c. analysis (A, 1340) to
consist of the two spiro ketones (96, ca. 43%) and (102,
ca. 57%4). The two ketones were separated by preparative
Geloce (F, 1950). The one with the shorter retention time
was identified as 9«E-butylspiro[4eé]decan—6~0ne {86) by a
comparison of ité gelecs characteristics and physical
properties (ir, n.m.r. and mass spectrum) with those of
the authentic compound, The 2,4-dinitrophenylhydrazone of

this ketone, m.p. 168-169° was identical to the analogous

derivative of the ketone (96). The other fraction was dig-
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tilled to give as a colourless oil b.p. 101°/0. 5mm 9-t -
butylspiro[4.é}decan-?—one (102). (Found: ¢, 80.8; H,
11.5. calec. for Cy4H540: C, 80.7; H, 11.6%). The ketone
(102) exhibited the following spectral properties,]?maxz
1707(s), 1450(s), 1385(w), 1365(s), 1230(s)cm_l; NeMeX s
(cc14):’r9.12 (9H, singlet), 9,12-7.75 (15H, complex,

includes a singlet for -CO-CH —CRZ—); mass spectrums M+

2
at m/e 208,

cis- and trans-9—§»Butylspiro[4.51decan—7~ol (101b and 10la)

A solution of 9—5—butylspiro[4.é]decan-?-one (102)
(42mg, 0.0002mole) in methanol (5ml) was stirred at 0°
with sodium borohydride (lémg, 0.,0004mole, excess) for 4h.
After the usual working-up procedure, a white solid (36émg,
86%) was isolated and exhibited infrared absorptioh'at
3450(s), 1395(m), 1370(s), 1240(m), 1130(m)cm Y. The
mixture was shown to contain the cis- and trans-alcohols
(101b and 10la, ca. 14 and 86%, respectively) by gelecCo

(R, 1730) (See Section iII).

¢is-9-t-Butylspiro 4.%}decan—6-ol (47, X=OH)

A mixture (3:1) of cis~ and trang-9-t-butyl-cis-6,7-
Epoxyspiro[g.%]decane (99 and 100, respectively) was separ-
ated by preparative g.l.c. (F, 1810) to give the cis-isomer

(100) which was homogeneous by g.l.c.. analysis (E, 1300).

A solution of cis- (99) (l.21g, 0,006mole) in dry



ether (20ml) was refluxed for 4h under nitrogen with
lithium aluminium hydride (0.3g, excess). After the usual
working~-up procedure, a white solid {1.2g, 100%) was ob-
tained, which was recrystallized frem 75% aqueous methanol
followed by sublimation {ca. 70°/O,3mm) to give ¢is~9-t-
butylspiro[%eé]decan-6—ol (47, X=0H) m.pPos 86.5-88.5°, The
product was homogeneous by g.l.c. analysis (E, 170°).
(Found: C, 79.9; H, 12.5. Calec. for CigHog0t Gy 79.9;3
H, 12.5%)s The product exhibited the following spectral
properties‘,vmaxz 3400(b), 1385(w), 1365(s), 1310{(m),
lOlO(s)cm-l; NeMeX (CCl4)a ¥ 9.14(SH, singlet), 8.03-~7,43
(16H, complex, reduced to 15H by deuterium exchange),
6.80-6.60 (1H, complex, *%Av = 7¢/s); mass spectrums: M at

n/e 210 and base peak at m/e 136.

Oxidation of cis~9—£~butylspiror4.éldecan-6mol (47, X=CH)

Oxidation of cis«9wzwbutylspiro[4.é]decan—6wol
(47, ¥X=0H) (0.02g, 0.000lmole) with Jones' reagent in the

usual manner gave a colourless oil (0.0l6g, 80%) which

was identified as 9«E~butylspiro[4,5}decan~6~one (96) on

the basis of its infrared spectrum and ge.l.c. (A, 148°)
characteristics. The absence of 9m£«butylspiro[4.§]decanm
"7-one (102) was confirmed by the g.l.c. technique of

"gpiking" with the authentic eompound.
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_Attempted preparation of ciq—Q—E-butylspiro[4.5]decan—6~ol

(47, X=0H)

*
The attempted reduction was carried out according

to the procedure described by Eliel%eo
(a) A soluticn of chloroiridic acid (0.16g, 0.0003

mole) in concentrated hydrochloric acid (0.11lnl) was

treated with water (4.5ml), followed by trimethylphosphite

(1.25ml). This reagent was mixed with a solution of the

spiro ketone (96) (1l.0g, 0.005mole) in isopropyl alcohol

(16rml) and the reaction mixture heated at reflux for 6h.

After the isopropyl alcohol had been removed by distillation,

the residue was diluted with water (30ml) and extracted

with ether (2 % 40ml) and the combined organic fractions

were dried and concé;lf:rated° The residue was distilled

to give a ceolourless cil (1.0g) b.p. 68°/0.02mm with infra-

red absorption at l705(s)cm“l. G.l.c. analysis (A, 128°)

indicated unchanged starting material, (96) only.

*
The reduction of 4-t-butylcyclohexanone (97) (0.92g,

0.006mole) wasg carried oul, using the conditions described
in part (a), and yielded a mixture of ¢iz- and trang-4-t-
“butyleyclohexanol (51 and 52 where X=O0H, ca. 85 and 15%,
respectively) ( ge.l.c. analysis (B, 119°)) which was in

close agreement with the results of Elielal6o
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(b) Chloroiridic acid (0.08g, 0,00015mole) in
concentrated hydrochloric acid (0.06ml) was mixed with
water (2,25ml) and trimethyl phosphite (0.65ml). The
mixture was sealed in a "Carius" tube with a solution of
9ugubutylspiro[%@5]decanm6—one (0.5g, 0.0025mole) in iso-~
~-propyl alcohol (8ml) and the tube was heated at 150° for
7 days. After the usual working-up procedure, a colourless
oil (0.29g, 48%); b.p. Ca. 70°/0.1nm, was isolated with

infrared absorption at l?OScmml and with the same g.l.ce

characteristics as 9w§«butylspiro[4.é}decaanmOhe (96).

ciémg—ngutylSpiro(4.€]decanm6wol (47, X=0OH)

The Meerwein~Pondorf reduction of 9-t-butylspiro-
—[}.S]Gecanmeuone {96) was carried out according to the
method of Vogel.216 ”

A mixture of freshly distilled aluminium isopropoxide

(4.13g, 0.048mole) in dry isopropyl alcohol (50ml) was

heated (water bath) with 9n£wbutylspiro[4.§]decanm6mone {36}
(10.0g, 0,048mole) so that slow distillation occurred (ca.

5 drops/min). The distillate was tested for the presence

of acetone at 1lOmin intervals, When the reduction was com-
plete (absence of acetone in the distillate), the remain-
-ing isopropyl alcohol was removed by distillation and the
residue was hydrolysed with cold hydrochloric acid solution
(10% agueous), After the mixture had bheen extracted with

ether (3 x 50ml), the combined organic fractions were washed
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successively with water (2 x 50ml) and sodium carbonate
solution (2 x 75ml), dried and concentrated to give a

white so0lid (4.2g9, 100%) which yielded colourless needles
after recrystallization from light petroleum (b.p. 30-407).
The product was shown to contain cis- and trans-9-t-butyl-
wspiro[}egldecan-Gwol (47 and 48 where X=0H, ca. 37 and 63%,
respectively) by Q.l.c. (r, 160°), Chromatography* of the
mixture (ca, l.0g) on Woelm neutral alumina, activity 1
(120g) gave the cis-alcohol (47) (0.2g) {(eluted in 50% ether/
50% light petroleum (b.p. 50«600)) which wag identified by
a comparison of its spectral properties (ir, n.m.r.) and

ge.lece characteristics with the authentic compound.

ci§—9»EuButylspiro{4,5jdecM6~yl p-toluenesulphonate (47, X=

ors)
§£§~9-E~Butylspiro[4.%]decannG—ol (47, %=CH) (0.7lg,
0.003mole) was converted into its Emtoluenesulphonate ester
(47, X=0Ts) (l.1l2g, 91%) using the procedure previously
described for the trans-alcohol (48, X=C0H).
The crude product was recrystallized from light

It was necessary to flush all solvents with dry nitrogen
before use and to elute the alcohols as guickly as possible

in order to avoid oxidation on the column,
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petroleum (30—400), at 00, to give colourless crystals

MNeDo 94—95o (sinters 62n62.50) which ware homogeneous by

t.l.c. analysis (Rf 0.60) (20% ether/80% light petroleum)
(30—400)e The compound was too unstable to sbtain a reliable

microanalysis. The compound exhibited the following

spectral properties,))zgiOl: 1595(m), 1385(w), 1L365(s),
1350(sh), 1185(s), 1175(s), 675(s)cm-l; NeMeX o (CC1.4):'Sz
9,17(%H, singlet), 9.00-7.70 (15H, complex), 7.55 (3H,
singlet), 5.80-5.60 (1H, complex, CH-OTs, %Av = 7Hz), 2.77,

2,30 (4H, calculated centres of gravity of the two doublets

AR'BH'
of the A5B, system, Frp—= JA'B' = 8. 5Hz); mass spectrums

[%mg~meC6H4so3%]+ at m/e 192 and base peak at m/e 135,

gig—9-£~3utylspiro[§;§1deCuG;yl acetate (62)

————— e

g&quMEmButylspiro[é.%]decan~6-ol (OGZSg,VOeODlZ
mole) was converted into its acetyl derivative (62) (0,lé6g,
55%) by the procedure previously described for the trans-
isomer (63). The ester (62), a colourless o©il, b.p. 980/
0, 18mm, was homogeneousg by g.le.c. analysis (G, 160°).

(Found:s C, 76,43 H, 11.2. Calc. for C C, 76,13

161128%2°
H, 11.2%). It exhibited the following spectral properties,
vﬁiim= 1730(s), 1385(w), 1365(s), 1250(s)em t; nemor.
(cc14):’ﬁ9,13 (94, singlet), 9.00-8.13 (15H, complex), 8.02
(3H, singlet), 5.52-5.30 (1lH, complex, ~CH-0CQCH 5, LAav =

7Hz) 3 mass spactrum: MToat /e 192 and base peak at m/e 135.



Attempted preparation of pis~9~E"bUtylSpirO(4.éldEC“S"YI

acetate (62)

(a) A mixture of E£§g§-9-gwbutylspiro[é.é]dec—G—
yl p-toluenesulphonate (48, X=0Ts) (0.029g, 0.00008mole)
and potassium acetate (0.043g, 0.0004mole) in dimethyle-
formamide (5ml) was heated at reflux for 6h under nitrogen
(ref, 158), After being cooled, the reaction mixture was
diluted with water, extracted with chloroform (3‘x 50ml. )
and the combined organic fractions were washed successively
with agueous hydrochloric acid (0.5N) and water, dried and
concentrated to give a colourless oil (0.0llg). The product
exhibited no infrared absorption characteristic of an
acetyl derivative and g.l.c. analysis (B, 168°) indicated
the vresence of olefinic material (similar retention time
to that of the olefin(6l)).

(b) Wwhen a mixture of E£§Q§~9~§wbutylspiro[4.%}dec«
6-yl p-toluenesulphonate (48, X=0Ts) (0.05g, 0.0001lmole)
and potassium acetate (0.034g) in dimethylformamide (5ml)
was stirred at 5° for 3 days, unchanged ester (48, X=0Ts)

was recovered after the usual working-up procedure,
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IV. 3.

Syntheses leading to (3~t-butyleyclopentyl)cyclopantyl

derivatives

3-t-Butylhexane-~1,6-dioic acid

3-t~Butylhexane~1,6-dioic acid, mep. 115-116°

2y Me Po ll7°)'was prepared according to the procedure

218

(1lit,

of Niederl and Smith.

3-t-~-Butylceyclopentanone (88)

3-t-Butylhexane-l,6~dioic acid was converted into
3-t-butylcyclopentanone (88) (64%), b.po 890/21mm, (lit,217
b.ps 200~201°/759mm) by the method of Pines and Ipatieff?l7

The product was homogeneous by JeloCo (A; 1460).

3-t-Butylcyclopentanol (138)

A mixture of 3-t-butyleyclopentanone (88) (0.24g,
0.0017mole) énd sodium borohydride (0.34g, excess) in
methanol (8ml) was stirred for 2 h. After the usual working--
up procedure, 3-=t-butylcyclopentanol (138) (0.24g, quanti-
tative yield), b.p. ca. 90°/12mm (lit.180 98°/15mm) was

obtained and shown to be homogeneous by gel.ce (A, 1210).

3-t-Butylmethylenecyclopentane (111)

A suspension of potassium t-butoxide (11.95g, 0.107

mole) in dry ether (300ml) was stirred with triphenylmethyl~
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*
-phosphonium bromide (39.3g, 0.1l07mocle) at 00, for 1h,

under dry nitrogen.219 After a solution of 3-t-butylcyclo-

-pentanone (88) (15.0g, 0.107mole) in dry ether (100ml) had
been added dropwise at -400, the resulting solution was
stirred for 8h at this temperature and then for 24h at room
'temperature. After being filtered, the solution was washed
with aqueous methénol (4 x 50ml, 80% solution) (to remove

the triphenylphosphine oxide), dried, concentrated and the
residue was distilled to give 3-t-butylecyclopentanone (88)
(2.4g9), beps 93.5-94°/25mm and 3-t-butylmethylenecyclopentane
(111) (3.53g, 28%), b.p. 63-64,5°/25mm, The olefin (111)
was homogeneous by g.l.c. analysis (H, 179°). (Found: C,

H

86.6; H, 13,0, Calc., for C C, 86.8; H, 13,1%).

10718°
The following spectrgi data were recorded for 3-t-butyl-

-methylenecyclopantane (lll),]}iiimz 3050(w), 1655{(m),

1385(m), 1365(s), 655(s)cm—l; NeMoXo (Ccl4):’U 9,13 (9H,

singlet), 8.83-7.55 (7H, complex), 5.42-5,20 (24, R.,C=CH

2 2"

3Av = 6Hz); mass spectrum: Mt at m/e 138,

(3-t-Butylcyclopentyl)methyl alcohol (112)

A sclution of 3-t~butylmethylenecyclopentana (111)

(2.1g, 0.015mole) in dry tetrahydrofuran (20ml), under

Methyltriphenylphosphonium bromide was prepared by the

method of Miles and Priesing.220
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nitrogen, was treated with gaseous diborane, prepared in

a separate flask, from sodium borohydride (2.0g, 0.05mole,
excess) and borontrifluoride etherate (17.0g, 0.12mole) in
diglyme (15ml)., After being stirred for 36h, the alkyl
borane was oxidized by the addition of sodium hydroxide
(10ml, 3N) and hydrogen peroxide (10ml, 30%), while the
tenperature was maintained between 30° and 50°. After the
mixture had been stirred for 2h, it was diluted with water
(100ml) and extracted with ether (3 x 50ml). The combined
organic fractions were washed with a saturated brine solu-~
tion (50ml), dried and concentrated to give a residue which
yielded, after distillation, (3n£—butylcyclopentyl)methyl
alcohol (112) (1.59g, 66%), b.p. 105-110°/12mm, as a colour-
less oil. This was homogeneous by ge.lec. (A, 900, E, 1200,

R, 157°, 7, 126°). (Found: c, 77.1; H, 12.9. calc., for

Ciofop®+ C» 76495 H, 12.9%). The compound exhibited the
following spectral properties,})izim: 3600-3200(b), 1470(s),

1385(m), 1365(s), 1045(s), 1005(s)em™ "3 numer. (cCl): ¥ 9.13
(9H, singlet), 8.98-7.62 (8H, complex), 7.53 (lH, broad
singlet, removed by deuterium exchange), 6.58 (2H, doublet,

J 6Hz); mass spectrum: [bnt»B€]+ at m/e 99,

3-t-Butylcyclopentanecarboxylic acid (113)

(a) A solution of (3-t-butyleyclopentyl)methyl

alecohol (112) (L.28g, 0.08mole) in acetone (15ml) was treated

. . . 214
with Jones'! reagent according to the usual procedure.
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The reaction mixture was diluted with water (100ml),
extracted with ether (3 x 50ml) and the combined organic
layers were successively washed with water and extracted
with saturated sodium bicarbonate solution (3 x 50ml).

After being acidified, the combined agueous fractions were
extracted with ether (3 x 50ml) and following the usual
procedure, 3-t-butylcyclopentanecarboxylic acid (113) (0.5¢€qg,

180

41%) bep. 93-94°/0,3mm (lit. bep. (cis) 106°/0.5mm)

was obtained as a viscous liguid. (Found: ¢C, 70.4: H, 10.9.

Calc. for Ciofyn 5% Gy 70.5; H, 10.7%). The acid (113)
o
exhibited the following spectral properties,)]$;ims 3400~

2400(b), 1699(s), 1420(s), 1385(m), 1365(s), 1295(s), 1235(s),
940(s)cm_l; NeMeX e (Ccl4):'t 9.12 (9H, singlet), 8.67-7.77
(74, complex), 7.57mg;90(lH, complex), -1.80 (1H, gingiet);
mass spectrum: m/e 155, 137, 115,

(b) cis=-3-t-~Butylcyclopentanecarboxylic acid (113)
wasg prepared from 4-t~butylcyclohexanone (97) by the method
of Payne and Smith618l

A solution of 4~{-butylcyclohexanone (97) (40,0qg,
0.25%m0le) in t-~butyl alcohol (150ml) was added dropwise to
a stirred mixture of hydrogen peroxide (29.5ml of a 30%
solution), selenium dioxide (0,43g, 0,004mole) and t-butyl
alcohol (150ml) at 80°. After the reaction mixture had been
stirred for 20h at 800, the solvent was removed and the

residue was extracted with ether. After the usual working-
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up procedure (described in (a)) distillation yielded cis-
3-t-butylcyclopentylcarboxylic acid (113) (13.lg, 30%),
b.p. 100—1010/0.2mm as a colourless viscous liquid, whose
spectral properties (ir and n.m.r.) were identical to the
acid prepared in (a).

(c) 3-E~Butylcyclohexanone* (114) (20,09, 0.l2%mole)
was subjected to the same reaction conditions as described
in part (b). This procedure gave trans-3-t-butylcyclopentyl-
~carboxylic acid (113) (12.2g, 55%) b.p. 95-97 /O 2mm,
whose spectral properties (ir and n.m.r.) were identical

to the cis-isomer (113).

Methyl c¢is-3~t~butyleyclopentanecarboxylate (104a)

A solution 6f freshly distilled diazomethane (0.42g,
0.0lmole) in ether (ca. 20ml) was added to a solution of
gi§—3ug—butylcyclopenﬁylcarboxylic acid (113) (0.50g,
0.003mole) in ether (20ml) at 0° (ref., 221). After being
kept for 12h at 00, the reaction mixture was concentrated
and the residue was distilled to give the cis-ester (104a)
(0.37g, 69%), bepe Cao 900/8mm, as a colourless o0il, which
was homogeneous by gel.c. analysis (H, 174°), (Found: C,
71.8; H, 1l.1. Calc. for C;4H,,0 C, 71,73 H, 11.0%),

11720%2°
The ester {(104a) exhibited the following spectral properties,

*
For preparation of 3-t~-butylcyclohexanone see later.



V;iimz 1735(s), 1385{(w), 1365(s), 1160(s)cm”l; NeMeT o
(ccl4)='t 9.14 (9H, singlet), 8,75-7.90 (7H, complex),
7¢77-7.05 {(1H, complex), 6,43 (3H, singlet); mass spectrum:

[&»CH%]+ at m/e 169 and the base peak at m/e 87,

Methyl trans-3-t-butylcyclopentanecarboxylate (104b)

Methyl trang-3-t-butylcyclopentanecarboxylate (104b),
b.p. 1040/7mm was obtained from the trans-acid (113) by

221 Gel.c. analysis (G, 1599; E, 129°;

the usual procedure,
J, 110°%; 0, 153°) indicated that the trans-ester (104b)
was homogeneous and could not be distinguished from the cis-
ester (104a). The spectral properties (ir and n.m.r.)

exhibited by the trans-ester (104b) were identical with

those of the gi§nes£éf (104a).

¢cis~(3-t-Butylcyclopentyl)eyclopentan-l-ol (105a)

A solution of methyl cis-3~t-butylcyclopentane-
~-carboxylate (104a) (11.28g, 0.06lmole) in tetrahydrofuran
{100ml) was slowly added to a stirred solution, at OO, of
the Grignard reagent prepared from l,4-dibromobutane (39.81g,
0.184mole) and magnesium (9,709, 0.404g atom), in tetrahydro-

-furan (l20ml)0108

After being stirred for 18h at room
temperature, the reaction mixture was hydrolysed with
amonium chloride solution (200ml) and extracted with light

petroleumn (30»400) {3 x 100ml). 7The combined organic frac-

tions were dried and concentrated to give a residue, which
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was successively chromatographed on neutral alumina

(eluted in 17.5% ether/82.5% light petroleum (b.p. 50~600))
and distilled., ¢is-(3-t~Butyleyclopentyl)ceyclopentan-1~ol
(105a) (10.89y, 85%), bep. 98-100°/0.75mm was recovered as
a viscous o0il, which was homogeneous by both gel.c. (G,
150%; R, 163%; N, 170°) and t.l.c, analysis (30% ether/70%
light petroleum (50~607)). (Found: C, 79.9; H, 12.5.
Calc, for Cl4H260: C, 79.9; H, 12,5%). The alcohol (105a)

exhibited the following spectral properties,\?fllm

ax ¢ 3400(Db),

1450 (sh, m), 1385{(m), 1365(s), 995(s)cm-l; NeMeZ o (0014):'t
9.18 (9H, singlet), 9,00-8,00 (17H, complex, reduced to
16H by deuterium exchange); mass spectrum: Mt at m/e 210

and base peak at m/e 85.

trans-~(3-t-Butylayclopentyl)cyclopentan~l~ol (105b)

trans-{(3-t-Butylcyclopentyl)cyclopentan-l~ol (105b)
(85%), beps 136°/7mm was prepared from the trans~ester
(104b) by the method described above. The spectral and
chromatographic properties of the trans-alecchol (105b)

were identical to those of the cis-alcohol (105a).

cig=(3-t-Butyleyclopentyl)ceyclopent-l~ene (68a) and

(3~t-butyleyclopentylidene)cyclopentanse (69)

A sclution of cig-{3-t-~butyleyclopentyl)cyclopentan-
-0l (105a) (2.0g, 0.,00%mole) in dry pyridine (30ml), at OO,

was treated with phosphorcus oxychloride (3:.7g, 0.022mole)
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29
over a period of 3Omin,22‘ After being stirred at 0° for

a further 30min and then for 2h at room temperature, the
reaction mixture was diluted with water (100ml) and extrac-
ted with ether (3 x 50ml). Thg combined orcar“c layers were
washed successively with dilute hydrochloric acid solution
(5 % 50ml) and sodium bicarbonate solution (3 x 50ml), dried
and concentrated, The residue was distilled to give a mix-
ture of cis~(3-t~butyleyclopentyl)cyclopant-l-ene (68a)
and {(3-t-butyleyclopentylidene)cyclopentane (69) (1.37g,
75%) 5 beDe 83«86°/l.lmm, which were separated by preparative
g.elec. (T, 218° andg J l650, 130ml/min) and both were shown
to be homogeneous by g.slec. analysis (¢, lSSO)w
Redistillation gave the cis-oclefin (68a) as a colour-
less o0il, b.p. 80-83°/0.8mm, (Found: ¢, 87.33 H, 12.4,

Calc. for C, 87.43 H, 12.6%). This compound (68a)

Crqafog?

exhibited the following spectral propértieS,\fiiimz 3010(m) ,

1640(m), 1385(s), 1365(s), 799(s)cm”l; NeMe e (CDC13)2 T

917 (9H, singlet), 8.85-7.88 (SH, complex), 7.88-~7.20 (5H,

complex, allylic hydrogens), 4.82-4.50 (1H, complex, part

of ABX system R,-C=CH-CH,~); mass spectrum: M at m/e 192

~and base peak at m/e 135.
(3-t~Butylecyclopentylidene)cyclopentane (69), beps

76—820/096mm, wag obtained as a colourless oil. (Found:

C, 87.03 H, 12,7. Calc. for C

H C, 87.4; H, 12.6%).

147%94°

The olefin (69) exhibited the following spectral properties,
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£ilim
vmax -

9.12 (9H, singlet); 8.92-7.53 (1l5H, complex); mass spectrum:

1690(w), 1385(m), l365(s)cm—l; NeMeT o (CDCl3): v

M+ at m/e 192 and base peak at m/e 135,

trang-(3-t~Butylayclopentyl)coyclopant~l-ene (68b) and

e

(3~t~butylecyclopentylidene)cyclopentane (69)

trans-(3-t-Butyleyclopentyl)cyclopentan~l~ol (105b)
(2.0g, 0.00%9mole) was converted into a mixture of the. olefins
trans-(68b) and (69) (1.59g, 87%) by the same procedure as
described for the gis-~olefin (68a) and (69). G.lc.c. analysis
(G, 1590) indicated the presence of the compounds (69 and
68b, ca. 70 and 30%, respectively) (retention times: 15min
358 and 12Z2min 10s respectively). The spectral (ir and n.m.r.)
properties and g.l.c;icharacteristics (G, 1400; M, ;320;
1255 1470; R, llOo) of trans-(3~t-butyleyclopentyl)cyclopent~

l-ene (68b) were identical to the gis-epimer (68a).

Attempted preparation of l-(3-t-butylcyclopentyl)cyclopentyl

acetate (70)

(a) A solution of c¢isw-(3-t-butylcyclopentyl)}cyclo-
~pentan-~-l-cl (105a) (0.3g, 0.0014mole) in freshly distilled
dimethylaniline (5ml) was treated at -5° with acetyl chloride

e After being stirred overnight, the

(0,18g, excess),.
mixture was taken uvp in ether (300ml) and the organic frac-
tion was washed extensively with 5% hydrochloric acid solu~

tion (10 x 20ml) followed by 20% scdium carbonate solution
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(2 x 30ml), dried and finally concentrated. The product
(0.21g, ca. 70%) was shown to be mainly unchanged alcchol
(105a) by a comparison of its spectral properties (ir; V
ﬁ;imz 3400-3500(s) and 1740(very weak)*cm—l) and teleCe
characteristics (10% ether/20% light petroleum {(b.p. 50-
60°).
(b) The same result was obtained when a solution
of cig=-(3~t~butylcyclopentyl)cyclopentan-l-ol (105a) (0.21g,
0.00lmole) in tetrahydrofuran (30ml) was treated under nit-
rogen with sodium hydride (0.048g, 0.002mole), followed by
acetyl chloride (0.lml, ca. 0.00lmole). Distillation of
the product yielded a colourless oil (0.17¢g, 90%), bep.
1030/15mm_whose spectral properties (ir;))iiim: 3400-3500(s),
1740(w)cmhl; and NeMele (c014):‘t 9,14 (9H, singlet), 8.10
( <1H, singlet, womcocg3)) showed that it was mainly un-
changed alcohol (105a;, ca. 95%) contaminated with the acetate
(70, ca. 5%).

Attempted preparation of (3-t-butylcyclopentylliliene)cyclo-

e e e r——— — - —

pentane (69)

A suspension of potassium t-butoxide (l.62g, 0.014
mole) in dry ether (150ml) was stirred with triphenyleyclo-
~pentylphosphonium bromide (5.88g, 0.0l4mole) for 2h at 0°

under nitrogen9219 The mixture was cooled to -40° and a

This showad the presence of a small amcuni of acetate (70).
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solution of 3~t-butyleyclopentancne (88) (2.0g, 0.0l4mole)

in dry ether (20ml) was slowly added., After being allowed
to warm to room temperature, the reaction mixture was stirred
for 24h before being filtered. The resulting solution was
washed successively with agueous methanol (2 x 50ml of an
80% solution) and water (2 x 50ml), dried and concentrated
to give a residue, from which triphenylphosphine oxide
(1.83g) was precipitated by addition of light petroleum (b.p.
50-60°). & portion (lg) of the crude product was chroma-
tographed on neutral alumina (50g) and the following com-
pounds were successively eluted (hexane), firstly 3-t-
butyleyclopentanone (88) (0.18g) and then 4-~t-butyl-2-(3~t-
butylcyclopentylidene)cyclopentanone (0e73g, 55%). The
latter exhibited infrared absorption at 1705(s), 1640(s),
1385(w), 1365(s), 1165{s), 730(s) and GBS(S)cm“l which was
identical te the authentic compoundozou

(3-t-Butyleyclopentyl )oyclopentane (82)

A solution of cis-(3-t-butyleyelopentyl)cycliopent-
l-ene (68a) and (3-t-butyleyclopentylidene)cyclopentane (69)
(0.10g, 0.0005mole) in acetic acid (1lOml) was hydrogenated
(15peseie), at 200, for 16h, in the presence of 5% palladiumn
on carbon catalyst (0.04g9). The crude product was isolated
in the usual way and distilled to give {3-t-butyleveclopentyl) -
—cyclopentane (82) (0,089, 88%) as a colourless 0il, b.p.

SO . , i . : . .
1107/3. 0w, which was homogenaous by g.lece analysis (G,
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148°%; R, 130%; P, 163°), (Found: Q, 86.7; H, 13.6. Calc.

for C C, 864535 H, 13.5%). The compound (82) exhib-

14H26%

.ited the following spectral properties, ir,)7§iims 1385(nm),

1365(s)cm_l; Nelle X o (CC14):’U 9.14 (SH, singlet), 8.98-7,50

(17H, complex)s mass spectrums: @eE-B€]+ at m/e 137.

2= (3~t-Butyleyclopentyl)cyclopentanone (85)

Hydroboration of a mixture (1:4) of olefing (6¢) and
(68b) (0.99g, 0.005mole) with diborane” > followed by ar
oxidative working-up procedure (described previously) gave
a colourless oil which was treated, without further puri-
fication, with Jones! reagent.214 After the usual working-
up procedure, a crude product (l.2g) was obtained which
was chromatographed éﬁ;neutral alumina (40g), to give the
product (85) (0.15lg, ca. 56%). Distillation yielded 2-
(3-t-butyleyclopentyl)eyclopantanone (85) (0.14g) b.p. 150°/
7mm as a colourless oil which was homogeneous by g.lec.
analysis (H, 183°), (Found: ¢, 80.7; H, 12.,0. cCalc. for
C14H24Oz Cs, 80e75 H, 11.6%4). The ketone (85) exhibited
the following spectral properties, ir,l?iiimz 1735(s),
1385(w), 1365(s), 1145(s)om s nemer. (CCL)s ¥ 9,15 (9H,
singlet), 8,99-7.55 (15H, complex); mass spectrum: M & at

m/e 208 and base peak at m/e 84.

cig-2-Bromo-4~t-butyleyclohexanone (106a)

@l g-2-Bromo-d-t-hutyleyclonexanone (106a), MePe 6O~
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€28 Mmepe 67-68.2°) was prepared according to

the methed of Allinger and Allinger.223 The bromo ketcne

67.5°% (1lit.

(10%a) exhibited the following spectral properties, ir,V

nujol 224

wax 1737em™t (s, lit C=0 for equatorial  bromine
in a cyclohexone ring l737cm"l); NeMole (Ccl4)z’ﬁ 3.06
(9H, singlet), 8.63-7.12 (7H, complex), 5.62-5,25 (18, com-

-+ . o
plex, part of ABX system); mass spectrums M at m/e 234,232,

Attempted preparation of ¢is-2-bromo~4-t~butylceyclcochexanone

{106a)

The bromination was carried out according to the
method of Fieser and DominguezzzG.

A solution of 4-t-butylecycleohexanone {97) (30.0g,
0.1%5mole) in acetic-acid (150ml) was treated, over 10h, with
a solution of bromine (31.2g, 0.195mole) in a mixture of
hydrobromic acid (20 drops) and acetic acid (100ml), while
the temperature was maintained at (<73 15%, After it had
been stirred for 12Zh, the reaction mixture was diluted with
water (500ml), extracted with ether (3 x 200ml) and the
combined organic fractions were washed with sodium thiosulphate
solution (3 x 50ml), sodium carbonate solution(3 x 50ml),
dried and concentrated. The residue was distilled to give
6 fractions (total yield 20.5g) and boiling range 80-149°/
21am, 2,6=Dibromo-4-t-butylcyclohexanone (138) (3.98g, 7%),
MePoe 146-«1470 (lit.227 MoDe l47u5“1490} was isolated from

the residue and recrystallized from ether/light petroleum



-169-

(50-600) (50,/50 mixture). The dibromo-ketone (138) exhibh-
ited the following spectral properties, irﬁ\)maxs l738(s)cm'l;
NeéMel o (CDC13):'t 9,06 (9H, singlet), 8.,40-7.10 (5H, com-
plex), 5.57-5,07 (2H, complex, part of ABX system): mass
spectrums mt at m/e 314, 312, 310.

cig~2=-Bromo~4-t-butylcyclohexanone (106a) (4.63q,
10%), mepe 64-68° (containing some dibromide (138)) (ref,
227) was isolated from the high boiling distillate while the
low boiling fractions contained a mixture of approximately
five compounds, including starting material (97).

Attempted preparation of methyl-3-t-butyleyclopentane-

(a} Polar Solvent:

clg-2-Bromo-4-t-butylecyclohexanone (106a) (1.0g,
0,0043mole) was added to a solution of sodium methoxide
(0.134g, 0,0058mole) in anhydrous methanol (100ml) and after
being stirred at 0° for 7h under nitrogen, the reaction
was gquenched with a saturated brine solution (400ml) and
extracted with ether (3 x 100ml). The combined organic
fractions were washed with water (2 x 100ml), dried and con-
centrated to give a crude viscous product (0.90g), which
solidified on standing and showed infrared absorption at
3460(=s, sharp) and l724(s)cm"lg 4-t~Butyl-2-hydroxy-cyclo-

-hexanone (108), a colourless oil, (0.429), b.p. ca. 130°/
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6.5mm, with infrared absorption at 3600~3100(b) and 1725
(s)cm"l (monomer) was recovered after distillation and this
rapidly reverted, on sténding, to its dimer (107), me.p., 168~
193° (dependent on sample). (Found: C, 70.4; H, 10.4,
Calc., for C20H36O4: C, 70.5; H, 10.7%). The following
spectral data were recorded*, ir,\?ﬁiin: 3400(s), 1095
(s, cyclic ether)cm"l; mass spectrum: MY (monomer) at m/e
170,

(b) Non-polar Solvent:

The general procedure of Kendel77 was followed,

A solution of c¢ig-2-bromo-4-t-butylcyelohexanone
(106a) (1.0g, 0.0043mole) in dry ether {7ml) was slowly
added, over 15min, to a stirred guspension of sodium meth-
oxide (0.24g, 000048m6ié) in ether (100ml) under an atmos-—
phere of dry nitrogen. After it had been heated at reflux
for two hours, the reaction mixture was cooled and the usual
working-up procedure (see part (a)) yielded a slightly
purple liguid (0.98g). The crude product was distilled and
gave a colourless oil (0.37g, 51%) bep. (bath 140-160%) /0. 25mm
which solidified on standing and was identified as the dimer

of 4~t-~butyl-2-~-hydroxycyclohexanone {(107) by a comparison

of its spectral properties with the authentic compound,

An nem.r. spectrum was not obtained because of the insolu-

bility of the dimer in suitable solvents,.
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IV.4,

Syntheses leading to 2-t-~-butyldecalyl derivatives

3-t~Butylcyclohexanol (139)

The procedure* used was essentially that of
Burgstahler and Bithos,228 with some modifications.

A solution of 3-t-butylphenol (17.6g, O0.l2mole) in
absolute ethanol (15ml) was hydrogenated at 1400p.s.i.
and 2.00° for 48h in the presence of 5% rhodium on alumina
catalyst (0.49g). After being cooled, the reaction mixture
was filtered, concentrated and distilled to yield a colour-
less o0il (17.2g, 98%) bepo 78-79°/2.1lmm which was a mixture
of c¢is- and trans-3-t-butylcyclohexanol (132) (g.l.c., C,

130°).

3~t~Butylcyclohexanone (114)

S

3=t-Butylcyclohexanone (114), b.p. 106m109°/18mm

119 4 6. 92-95°/10mm) was prepared in 64% yield, by

(lit.
the method described for the synthesis of 4-t-butylcyclo-

-hexanone and was homogeneous by g.l.c. analysis (C, 850)0

Methyl 4-t-butyl-2-oxocyclohexanecarboxylate (116)

No hydrogenation of 3-t-butylphenol was chserved when

[
the method of Jorig and Vitron622“ was uged.



A solution of 3-t-butylecyclohexanone (114} {(20.0g,
O0.12mole) in dry tetrahydrofuran {(300ml) was added slowly
(2h) to a stirred mixture of scdium hydride (8.59g, 0.18
mole) and dimethyl carbonate (68.6g, 0.74mole) in tetra-
~hydrofuran (250ml), under nitrogen. After it had been
stirred at 50° for th, the sclution was neutralized with
dilute acetic acid and extracted with ether (3 x 75ml).
The combined organic fractions were washed with sodium bi-
carbonate solution (3 x 50ml), dried and concentrated to
yield a colourless oil, from which methyl 4-t-butyl-2-oxo-
—cyclohexanecarboxylate (116) (22.8g, 85%), b.pe 96~100°/
Q.9mm was isolated by distillation., This was homogeneous
by gelec. analysis (J, 150°; E, 143°; b, 138%)., (Found:

C, 68.0; H, 9,6 Calc. for C C, 6793 H, S.d3%) .

12M20%3°
The compound exhibited the following spectral properties,

ir,)?igim: 1742(s), 1715(s), 1660(s), 1627(s), 1385(m),
1365(s), 1225(s)cm~1; NeMeX e (CDCl3):'U 9.12 (94, singlet),
9.00-7.45 (24, complex), 6.32 (3H, singlet); mass spectrun:
' at m/e 212.

6— (4-Bromorutyl)~3~t~butyl-6--carbomethoxycyclohexanone (117)

(a) A solution of methyl 4-E~butyl»2—oxocyclohexaneu
~carboxylate (116) (6.3g, 0.,03meole) in dry benzene (15ml)
was added in one portion to a suspension of sodium hydride

(1.54g, 50% oil dispersion) in benzene (30ml) and dry



_173_

dimethylformamide (20ml) under nitrogen. After the mixture
had been refluxed for 1lh, 1,4~dibromobutane (7.56g, 0,035
mole) was added and it was heated at reflux for a further
12h then cooled and poured into dilute hydrochloric acid.
The aqueous layer was extracted with ether (3 x 50ml) and
the combined organic fractions were washed with sodium bi-
~carbonate solution (3 x 50ml), dried and concentrated.

The residue was distilled to give 6-(4-bromobutyl)-3-t-
butyl-6-carbomethoxyveyclohexanone (117) (3.72g, 37%), b.p.
162°/0.25mm, which was homogeneaous by g.l.c. (K, 199),

The bromo~keto~ester (117) exhibited the following spectral
properties, ir,Viiim: 1730(s), 1705(s), 1385(w), 1365(m),
1240 (m)em™ s numer, (ccl,): ¥ 9.10 (9H, singlet), 9.00-

7.73 (13H, complex), 6.62 (2H, triplet, =-CH,-CH,-Br, J

272" NG
6Hz), 6.47 (34, singlet); mass spectrumn: [*~C4H B% {McoLaf~

-
ferty rearrangement)lSl

at m/e 212 (base peah).
(b) 6-(4-EPromobutyl)3-t-butyl-6-carbomethoxy~cyclo-
~hexanon2 (117) was prepared in 16% yield when sodium

methoxide /methanol was used.

6-(4--Bromobutyl)-3-t-butyleyclohexanone {(118)

The experimental method of Ritchie and Taylor 22

was used,
A mixture of 6-(4-bromobutyl)-2-t-butyl-6-carbo-

~methoxylcyclohexancne (117) (3,63g, 0.0lmole), hydrobromic
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acid (10ml of a 48% solution) and glacial acetic acid (10ml)
was heated at reflux for 36h, then diluted with water (150ml)
and extracted with ether (3 x SOml%f The combined organic
fractions were washed with sodium bicarbonate solution (3

X 50ml) and after the usual procedure, there was obtainéd

a viscous liquid, 6-(4-bromobutyl)-3-t-butylcyclohexanone
(118) (1.45g, 53%), b.p. 128°/0.2mm, which gave a single
peak when exposed to g.l.c. analysis (K, 120°) and was
homogeneous by t.l.c. analysis (Rf 0.89) (10% ether/90%
hexane). The bromoketone (118) exhibited the following
spectral properties, ir,\)iiim: 1705(s), 1380(w), 1365(m),

l245(m)cm—l; NelleT o (Ccl4)r'v 9,13 (94, singlet), 8.95-

7.50 (14H, complex), 6,68 (2H, triplet, CH,-CH,-Br, J

2 2
6Hz); mass spectrum: Mt at m/e 290 and 288 and base peak

at m/e 154,

meso-Tetraphenylporphin

meso-Tetraphenylporphin was prepared, according to

230

the method of aAdler et.al,” " in 15% yield, with ultraviolet

absorption at 420, 515, 548, 590, and 645nm.
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Nickel tetraphenylporphin

QQEQwTetraphenylporphin* (0.96g) in dimethylformamide
(300ml) was heated at reflux with an excess of nickel acetate
(1.0g) for 60min. After being cooled, the mixture was fil-
tered and the solution was washed successively with water
and benzene. The crude product (0.82g), which was isolated
by concentrating the organic layér, was purified by chroma-
tography (Fluka, acid alumina activity 1, developed with
chloroform**). Pure nickel tetraphenylporphin (0.35g, 34%)
was obtained with ultraviolet absorption (CHC13) at 415,

520nm,

Attempted preparation of 2-t-butyldecal-9-ol (115)

(a) The cyclization of 6=-(4-bromobutyl)-3-t-butyl-
cyclohexanone (118) was attempted, using the method of
Corey and Kuwajima»232

The green lithium naphthalene anion was prepared

In the first instance, nickel tetraphenylporphin was pre-
rared by the method of Dorough, Miller and HuennekenSZBl but
this gave a very inferior yield of product.

i It was necessary to use a large volume Sf solvent to
dissolve the metal complex and thues only a small guantity
of nickel tetraphenylporphin could be chromatographed at

one time,
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by addition of the calculated quantity of finely cut
lithium wire (0.015g, 0.002mole) tc a solution of naphth-
alene (0,264g, 0,002mole) in tetrahydrofuran (25ml),.under
dry nitrogen. 'Nickel tetraphenylporphin (0.68g, 0.C0lmole)
was added in one portion and after the mixture had bheen
stirred for 1lh, 6-(4-~bromobutyl)-3~-t-butyleyclohexanone (118)
(0.099g, 0.0003mole) was mixed with the solution which was
stirred at 0° for 72h and then diluted with water. After
it had been filtered, the solution was extracted‘with ether
(3 x 50ml) and the combined organic fractions were dried and
concentrated to yield a crude product which showed a weak
absorption in the carbonyl region of its infrared spectrum
and no hydroxyl abszorption. T. 1. ¢. analysis (15% ether/
85% light petroleumf@indicated the absence of starting
material (118). The residue was chromatographed on nevtral
alunina to give naphthalene (0.2lg) (eluted in hexane).
Three further fractions were recoveraed from the column, all
of which were porphin residues, The first, eluted in 50%
ether/50% hexane was br.ght green, the second, eluted in
100% ether was olive-red, and the final fraction was dark
green (eluted in 50% ethanol/50% ether). Nickel tetraphenyle
-porphin (0.47g) was recovered when the reaction mixture was
filtered,

(b} 6={4-Promobutyl)-3-t-butyleyclohexanone (118)

{(1.0g9, 0.004nmole) was added over 6h, under nitrogen, to
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magnesium (0,1llg, 0,005mole) in refluxing anhydrous tetra-—
~hydrofuran. After it had been heated at reflux for a
furthér 48h, the mixture was diluted with water, extracted
with ether (3 x 100ml) and the combined organic fractions
were dried and concentrated., The product was identified
as the bromoketone (118) by a comparison of its te.l.ce.
behaviour and infrared spectrum with the authentic compound.
(c) The method of Schmalzl and Mirrington233 was
used in an attempt to cyclize the bromoketone (118).
Magnesium (0.33g, 0.0Cl4mole) and mercuric chloride
(0.16g) were mixed in dry tetrahydrofuran (10ml), under
nitrogen, and 6-(4-bromobutyl)-~3-t~butylcyclohexanone {118)
(C.l6g, 0.0005mole) was added slowly. After being stirred
at 20° for 1.5h then 45° for 15h, the reaction mixture was
treated as in (b) and yielded starting bromoketone (118)

(0.12g) as the sole product.

3-(4-t~Butylbenzoyl)propanoic acid (141)

3= (4-t-Butylbenzoyl)propanoic acid (141) was pre-

234

pared as a white solid, m.p. 120-121,5° (1it. llelZZo)

in 49% yield, according to the procedure of Fieser and

1Price,234 and exhibited the following spectral properties,
ir,)?;;iOl: 3200-~2500(b), 1700(s), 1680(s), 1245(s)em +;

NeeXo (CDC.13): T 8.75 (94, singlet), 7.33 (2H, triplet, J

6Hz), 6.84 (2H, triplet, J 6Hz), 2.54, 2.10 (4H, calcul-

AR’
ated centre of gravity of the two doublets of the~ﬂ3ﬁé gystem
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JKE:JKLE*=€HZ), -l.66 (1H, singlet, 'C02§)3 mass spectrum:

Mt at m/e 234 and vase peak at m/e 161,

4-{4-t-Putylphenyl)butanoic acid (142)

4= (4=~ ~Butylphenyl)butanoic acid (142), bep. 161~

234 236

162°/5mm (lit. 164-167°/5mm) and mep. 58-59.5° (lit.

59—600) was prepared, as a white crystalline solid, in 42%

yield, according to the method of Martin5235

The acid (142) exhibited the following spectral

properties, ir, Y 32;01: 3300-2300(b), 1705(s), 1460(s),

1240 (m)em™t;s nemer. (ccl,): T 8.79 (%H, singlet), 8,22-6.65

(8H, complex; includes a triplet, J 6%Hz for -CH mCOZH),

P

3.09, 2,92 (4H, calculated centres of the doublets of the
Aa'pp o
AsBy-systen, JAB”JA'B'wSHa), -1.68 (1H, singlet);{mass

spectrum: Mt oat m/e 220 and base peak at m/e 205;

A white so0lid which was also isolated from the
reaction mixture was recrystallized three times (50% benzene/
50% light petroleum (b.p. 30-40°) and sublimed (230°/0.1lmm)
to give the lactone of 4,4~(di-p-t-butylphenyl)-4,4'~di-
~hydroxysuberic acigt®3 (ca, 5%), mepe. 249-251°, T.l.c.
analysis (20% ethyl acetate/80% benzene) indicated two
compounds (Rf 0.75 and 0.66) whose proportions (from the
intensity of the t.l.c. spots) were unaltered by successive
recrystallizations, and these may have been caused by the
presence of two isomeric lactones. (Found: C, 77.6;3 H,

7.9, Calc, for C,,H,,0,: C, 77.43; H, 7.9%). The lactone

28'3474°
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1765 (s, C=0, y-lactone), 1170(s)cm_l; NeMaXe (CDClB)s'%

exhibited the following spectral properties,

8.68 (18H, singlet), 8.22-6.65 (8H, complex), 3.22-2,43
+
(8H, complex); mass spectrum: [&-014H1702] at m/e 217 which

also was the base peak.

4-(4-t-Butylphenyl)butyryl chloride (143)

4-(4~t~-Butylphenyl)butyryl chloride (143), b.p. 157~

236

1590/9mm (1lit, bepe 152-154o/l4mm) was prepared as a

colourless oil (65% vyield), by the method of Bromby, Peters

and Rowe,236 and exhibited the following spectral properties,

. ] .. - N +
lr,)?iziéz 1785(s)cm 1; mass spectrum: M at m/e 238 and

the base peak at m/e 187,

7-t~Butyltetral-l-one (119)

(a) 7-t-Butyltetral-l-one (119), me.p. 29-100% (1lit.
(ref.236) 101—102.50) was obtained as colourless plates
(89% yield) by the procedure of Bromby, Peters and Rowe.236
The ketone (119) exhibited the following spectral proper-
ties, ir,}?EZiOl: 1675(s), 1605(s)cm"l; NelMeTs (CDCl3)='U
8,65 (9H, singlet), 8.22-7.59 (2H, complex), 7.34 (2H,
triplet, part of an A,X., system, J 6Hz), 7.05 (2H, triplet,

t
part of an A.X., system, J 6Hz), 2,97-1.80 (3H, complex)};

272
mass spectrums: Mt at m/e 202 and base peak at m/e 187.
G.l.c. analysis (C, 1500) indicated the product was homogen-

eousS.
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(b) When the fraction (b.p. 50-60°) of light
petrodeum was used as solvent rather than the fraction (b.p.
100-1020), the yield of ketone (119) was reduced to 63%. ‘

(c) 7—EaButylté£ral-l-one (119) was prepared in
76% yield according to the method of Snyder and Werber.237
This was the most facile procedure and was thus the method

of choice.

7-t-Butyltetral-l-ol (120)

A solution of 7-t-butyltetral-l-one (119) (0.25qg,
0.0013mole) in dry methanol (5ml) was treated with sodium
borohydride (0.10g, excess) and the mixture was stirred for
2h at 20°., After the usual working-up procedure, a white
solid was isolated, ﬁﬁich, after recrystallization from
hexane, gave 7-t-butyltetral-l-ol (120) (0.24g, 99%),

MmeDs 124-124,5° as colourless crystalse Although the prod-
uct (120) was homogeneous by t.l.c. (20% ether/80% hexane),
g.l.c. analysis (c, 1500) indicated the presence of two
compounds (retention times 2min 13s, ca, 20%; and 8min

45s, cas 80%)., The former probably arises by the elimination
of the elements of water from the tetralol (120) at the

elevated temperature of the g.l.c. column. (Found: C, 82.5;

H, 9.8, Calc. for Cyaflyg0% G, 82,3 H, 9.9%). The alcohol
(120) showed the following spectral properties, ir,1ﬁg:i°l:

3200 (s,b), 1385(s), 1270(m), 1075(m)cm_l; NeMeX o (CC14)z't
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8.65 (9H, singlet), 8.35 (1lH, singlet, removed by deuterium
exchange), 8.30-7.65 (4H, complex), 7.55-7.08 (2H, complex),
5.50-5,07 (1H, complex,.part of ABX system), 3.17-2.52 (3H,
complex); mass spectrum: [%~Oﬁ]+at m/e 187 and the base

peak at m/e 171,

Attempted preparation of 7-t-butyldecal-l-one (89) from

7-t-butyltetral-l-one (119)

(a) A solution of 7-t~butyltetral-l-one (119) (0.5q,
0.0025mole) in dry methanol (20ml) and glacial acetic acid
(0.02ml) was hydrogenated at 20° for 4h in the presence of
5% rhodium on alumina catalyst (0.05g) under an atmosphere

hydrogen (6Op.s.io)o238 After the solution had been

Q
rh

filtered and diluted with water, it was extracted with ether
and the combined organic fractions were washed suécessively
with water and sodium bicarbonate solution, dried and con-
centrated. The residue was distilled to give unchanged
starting maﬁerial (0.5g) which was identified by a comparison
of infrared spectral data with the authentic compounda

(b} The procedure in (a) (above) was repeated at
70%° but only 7-t-butyltetral-l-one (0.47g, 94%) was recovered
and identified by a comparison of its spectral (ir) and
gelece characteristics with the authentic ketone (119),

(c) A solution of 7-t-butyltetralone (112) (0.10g,

0.0005mole) in glacial acetic acid (75ml) was shaken for
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24h at 700, under an atmosphere of hydrogen (10C0pes.is ),

in the presence of 5% rhodium on alumina catalyst (0.10g).
After the usual working-up procedure (described in part (a)),
a product (0.08g, 80%) was recovered, with infrared absorp-
tioh:at\13§£01: 3300(bh), 1675(s), lGOl(s)cm"l and aromatic
bands in the "fingerprint" region of the spectrum. T.l.cC.
analysis_(zo% ether/80% hexane) indicated 7-t-butylteiralone
(Rf 0.40) and two minor unidentified products (Rf 0.22 and

0.10). G.l.c. analysis (H, 1560) indicated the presence of

the ketone (119) (ca. 85%) in the mixture,

[

Attempted preparation of 7-t-butyldecal-l-~ol (115) from

7-t-butyltetral~l-ol (120)

(2) A solution of 7-t-butyltetral-l-ol (120) (0.20g,
0.000%mole) in absolute methanol (l00ml) and glacial acetic
acid (0.2ml) was stirred, at lOOo, for 35h, in the presence
of 5% rhodium on alumina catalyst {0.10g) under an atmos-
phere of hydrogen (1200p.s.i.). After the usual working-
up procedure (page 181l), the isolated product (0.2g)
exhibited infrared absorptions identical to the starting
tetralol (120). G.l.c. analysis (¢, 150°) indicated the

*
presence of 7-t-butyltetral-l-ol (120) and a second product

*
This product had the same dg.l.c. characteristics as the

compound formed by passage of pure 7--t-butyltetral-l-ol

through the gele.ce column (ses page 180},
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(retention times 8min 44s and 2min 13s, respectively).

(b) A solution ~f 7-t-butyltetral-l-ol (120) (0.4q,
0.002mole) in glacial acetic acid (50ml) was stirred for
60h at 70° in the presence of Adam's catalyst (0.1lg) under
an atmosphere of hydrogen (1000p.s.i.). After the usual
working-up procedure (see Page 181), a product (0.33g), b.p.
Ca. 1300/7mm wag obtained, as a colourless oil whose infra-
red spectrum showed no absorption in the region 3600~~-‘-’DOO<’3mm1
and no absorption characteristic of an aromatic compound.
Gel.c. analysis (H, 133°) indicated the presence of cis-

cis-2-t-butyldecalin (83, ca. 30%), trans-trans-2-t-butyl-

-decalin (84, ca, 40%) and at least two unidentified com-
pounads,
(¢} Experiment (b) was repeated under an atmosphers

.239 The only product isolated was

of %ydrogen (60pes.i.)
7-t-butyltetral-l-cl (120).

(@) A solution of 7-t-butyltetral-l-ol (120) (C.29g,
0.001i5mole) in glacial acetic acid (3ml) was bydrogenated
at 20° for 64h in the presence of platinum black catalyst*
(0.,059) under an atmosphere of hydrogen (GOpm3¢io)m184

After the normalﬁﬁorkingmup procedure, a colourless oil

The platinum black catalyst was prepared from chlorcplatinic

acid, according to the procedure of Willstatter and

Waldschmidtmleitz.24o
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(0.15g) was obtained and this exhibited no infrared absorp-
tion in the region 3600-3100em™ Y. A guantitative recovery
of the product was obtained after chromatography of the oil
(0.15g9) on neutral alumina {(eluted in hexane). The follow-
ing features of the n.m.r. spectrum of the product were of

diagnostic values (a) ¥ 9.15 (cae 7+5H, (CH C-CH), (b)

3)3
¥8.72 (ca, 1.5H, singlet, (CH;),C-Ar), (c)%7.48-7.08
(complex, Ar~C§2), (d) ¥ 3.03~2,70 (complex, Ar-H). The
ratio of the resonances (a) and (b) was ca. 5:1 while the
ratio of (b), (c¢) and (d) was ¢a, 9:4:3, and this evidence
was in accord with the presence of iscmeric 2-t-butyldecalins
(including 83 and 84 ca. 80%) and 7~t-butyltetralin (122)
(ca., 20%) in the product. This was confirmed by g.l.c.
analysis (R, 1270) by;a comparison with the characteristics
of the authentic compounds (83, 84 and 122) under these
conditions,

(e) A solution of 7-t-hutyltetral~l-ol (120) (0.55q,
0.027mole) in glacial acetic acid (10ml) was hydrogenated
at 200, for 16h in the presence of platinum black catalyst
(0.10g) under an atmosphere of hydrogen {60p.¢Ssie.). The
product was isolated in the usual way and chromatographed
on neutral alumina to give a colourless oil (0.49g) (eluted
in hexane), which exhibited no O-H stretching absorption in
ite infrared spectrum but some bands characteristic of an

arcmatic structure. Analysis of the n.m.r. spectrum (as
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described in (d)) indicated the presence of 2-t~butyl-
—-decalin (123) (ca. 22%) and 7-t-butyltetralin (ca. 78%)
in the product., This was confirmed by g.l.c. analysis (R,
1290) (see part (d)).

(f) A solution of 7-t-butyltetral-l-ol (120) (0.10g,
. 0.0005mole) was hydrogenated at 20° for 16h, in the presence
of platinum black catalyst (0.025g}, under an atmosphere
of hydrogén (15pese.i.). After the usual procedure {(see part
(a)), the product was shown to be identical to 7-t~butyl-
-tetral-1-o0l (120) by a comparison of spectral properties
(ir) and g.l.cs characteristics (E, 161°).

(g) A solution of 7-t-butyltetral-l-ol (120) (0.97g,
0.0047mole) in liquid émmonia* was treated with finely cut
lithium wire (0.04g, 0.005g atom) and after the mixture
had been stirred for 30min, a second portion of li£ﬁium
(0.67g, 0.,09g atom) was added.lBS After 15h, the ammonia
was allowed to evaporate and the residue was diluted succ-
essively with methamnwl, water and 10% sulphuric acid and
then extracted with ether (3 x 50ml). The combined organic
fractions were washed with sodium bicarbonate, dried, con-
centrated and distilled to yield a colourless oil, ?-t-butyl-
—tetralin (122) (0.71lg, 77%), bep. 138°/85mm (1it.252 b.p.

'100-102°/6mm), which was homogeneous by g.l.c. analysis

The ligquid ammonia was distilled from sodium metal,
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(c, lOSO)Q The hydreocarbon (122) exhibited the following
sptctral properties, ir,'Vﬁiimz 1610{m), 1385(m), 1365(s)
cm"l; TR & (CC14):’E 8.70_(9H, singlet), 8.50~7.87 (4H,
complex), 7,55-7.00 (4H, complex), 3.28-2.62 (3H, complex):

mass spectrum: M' at m/e 188 and the base peak at m/e 173,

2-t-Butylnaphthalene (124)

2-t~Butylnaphthalene (124), b.p. 132-134°/9.5mm

234

(lit. bepo 127-1310/9mm) was prepared as a colourless

oil (44% yield) according to the method of Fieser and

Price234

and was homogeneous by gelece analysis (K, llOo)o
The compound (124) exhibited the following spectral pProper -
ties, 1ir,¥ MM 1595(m), 1385(w), 1365 (m)em Vs nem.r.
(CCl4):’U 8,63 (9H, singlet), 2.92-2.12 (7H, complex);

mass spectrum: M@ at n/e 184 and the base peak at m/e 169,

Reduction of 2-t-butylnaphthalene (124)

2~t-Butylnaphthalene (124) was reduced according to
the"l&cedure off Benkeser and Kaiserol86

A solution of 2-t-butylnaphthalene (124) (4.0g,
0.022mole) in a mixture of anhydrous ethylamine (50ml) and
dimethylamine (50ml) was treated with Ffinely cut lithium
wire (1.22g, 0.174g atom), under an atnosphere of dry nitro-
gen. After the mixture had been stirred for 17h, the amine

solvent was allowed to evaporate and the grey powdery regi-

due was decomposed with ice and extracted with ether.
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The combined organic fractions were dried and concentrated
and tﬁe residue was distilled to yield the product (3.3qg,
ca. 79%), bep. 108-114°%/7.5mm. G.l.c. analysis (E, 150°)
indicated the presence of at least seven major compounds
(retention times: 3min 15s to 8min 23s compared to 2-t-
butylnaphthalene: l4min 24s). The product was scorarated
into four fractions by preparative g.l.c. (r, 2000, 175ml/min)
and each (fractions 1,2 and 3) contained a mixture of com-
pounds except the last (fraction 4), which contained 7-t-
butyltetralin (122) (identified by a comparison of its pro-
perties (g.lecCe, ir) with the authentic compound). Mass
spectral analysis of fractions 1-3 indicated:

Fraction (3) contained di- and tri-olefins (mass
spectrum*: 190 (32{;t188 (21)). ,

Fraction (2) contained mono-, di- and tri-olefins
(mass spectrum: 192 (27), 190 (12), 188 (14)).

Fraction (1) contained a mixture of mono-olefing

(mass spectrum: 192 (7)).

4-~t-Butylcyclohexanone pyrrolidine enamine (125)

253
The enamine (125), b.p. 114-1215°/0.45mm (1lit.

. DePo 117-119°/0.35mm) was prepared according to the method

of Stork g33a1124l

The spectral data is expressed as m/e (relative abundance).
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6-25Butyl—Al’9octal~2~one (127) and 6~E—butyl—A9’lomoctal-

2-one (126)
The mixture of octalones (126) and (127) b.p. 104-

-
154 boDe 72—750/0°Olmm) was synthesized as

107°/0.3mm (1lit.,
a colourless oil, according to the procedure of House et.al.
(ref, 154) The n.m.r. spectrum (CC14) indicated the pres-
ence of (127, ca. 75%) and (126, ca. 25%) that is, ¥ 9.05

(9H, singlet), 4.27 (ca. %H, singlet, R,C=CH-C=0)., G.l.c.

2
analysis (G, 1590) also indicated the presence of the two

octalones (126 and 127, ca. 25 and 75%, respectively).

Z-EmButyl-Ag’lO-octalin (66)

The procedure of Arnalllo was used in the Wolf
Kishner reduction of  the octalones (126) and (127), with
slight modification.

A solution of Geg—butyl-Al’9~octa1—2~one and 6-t-
butylfA9’10~octal~2~one {127 and 126, respectively) (0.61lqg,
0.003mole) in diethyleneglycol (10ml) was treated with
potassium hydroxide (0.39g) and hydrazine hydrate (0.3ml of
an 85% solution) and the mixture was heated at reflux for
lh. After the lower boiling components had been distilled
from the mixture (bath temperature, ca. 1900), the solutiocon
was refluxed for another 3h, cooled and diluted with water
(30ml). The agueous layer was extracted with light petroleum
(30-40°) (2 x 30ml) and the combined organic fractions were

washed with water (2 x 50ml), dried and concentrated to give
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a residue,-which, when chromatographed on neutral alumina
(elution with hexane) gave the product (0.24g, 54%).

Gel.c. analysis (G, 1590) indicated the presence of the
required éctalin (66, ca. 60%, retention time 15min 1l4s)
together with unidentified impurities (ggL 40% retention
time 1llmin 19s to 13min 35s) in the product. A pure sample
of the octalin (66) which was obtained by preparative g.l.c,
(F,-lSSO) of the mixture, had the same physical and spectral
properties (g.l.c., ir, n.m.r. and mass spectrum) as 7-t-

9,10

butyl-A -octalin, which was isolated from the solvolytic

reactions.:

cis-cis-2-t~Butyldecalin (83)

g$§~cis—2-E-Butyldecaliﬁ (83), bep. 105-108°/0,9mm

154 bepPe 72-75°/O,lmm) was obtained as a colourless

154

(lit,

oil according to the procedure of House et.al.

trans-trang-2-t~Butyldecalin (84)

trans-trans-2-t-Butyldecalin (84), b.p. 125-130°/
15

Llmm (lit, & b.pe. lOO-llOO/O,OSmm) was obtained as a

. . 1
colourless oil according to the procedure of House et.al. 2

3-t-Butylcyclohexanone morpholine enamine (128)

The enamine (128), b¢p. 109~1100/O.6mm was prepared

according to the method of Kuehne and Giaeobbe,l8/



-190--

trans—7~E—ButylwAl’g-octal~2-one (129)

"The octalone (129) was prepared by condensation of
the enamine (128) with methylvinyl ketone according to the
method of synthesis of the isomeric octalones (126 and 127).

A solution of 3-t-butyleyclohexanone moxrpholine
enamine (128) (8.70g, 0.03%mole) in dry benzene (60ml) was
treated with freshly distilled methyl vinyl ketone (2.80g,
0.041mole) over 25min while the temperature was maintained
below 300. After the solution had been refluxed for 21h,

a buffer ( sodium acetate (2.lg), acetic acid (4.3ml) and
water (4.3ml)) was added and the mixture was heated at

reflux for a further 3h. The organic layer wasg washed
successively with hydrochloric acid (2 x 100ml of 10% solu-
tion), sodium carbon;té solution (3 x 100ml) and brine
solution (100ml), dried and concentrated to vield a residue
which was distilled to give a colourless oil (5:97g9), bep.
99-108°/0.4mm. G.l.c. analysis (H, 199°) inéicated the
presence of at least eight compounds, including the octalone
(129) (ca. 35%) (retention time 24min 20s), which was separa-
ted By preparative g.l.c. (L, 1750) and then recrystallized
(light petroleum (b.p. 30~4OO)) at ca. -40° to yvield
trans~7-t-butyl-a'rZ-octal-2-one (129), m.p. 57.5-58.5, as
colourless needles., (Found: C, 8l.7; H, 10.8. cCalc. for
Cigty,08 €y 8le55 H, 10.8%). The product was homogeneous
by gelece (H, 199°) and exhibited the following spectral
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properties, ir,y 20I%%. 1675(s), 1625(m), 1385(w), 1365(n),
805(w)cm"l; NeMeTo (Ccld): T 9.10 {9H, singlet), 9.10-7.40
(123, complex), 4.32 (1H, singlet); mass spectrum: M+ at

m/e 206 and the base peak at m/e 57.

7-t-Butyldecal-2-one (131)

7-E—Butyl—Al’9~octal~2—one (129) (0.09lg, 0.0004
mole) was reduced with lithium (0.013g, 0.0018g atom) in

ammonia (20ml) containing t~butyl alcohol (0,04g, 0.,0005

mole) according to the procedure used by House _z_a_t.alols4 to

prepare trang-6~t-butyldecal-2-one, The crude product

g, . : . 214
was oxidized with Jones' reagent in the usual manner to

give, after distillation, 7~t~butyldecal-2-one (131) (0.045g,
50%), bepe 95«990/0°4mm as a colourless oil which was homo-

geneous hy g.l.c. (H, 1910). The ketone exhibited the
film
max

1385(m), 1225(w)cm-l; NeMeXe (CC14):’t 9,14 (9H, singlet),

following spectral proparties, ir,V : 1710(s), 1365{(w),

9.04-7.49 (1L5H, complex); mass spectrui- Mt at m/e 208
and the base peak at m/e 57,

trans-trans-2-t-butyldecalin (84)

i3)
7-t-Butyldecal~2-one (129, prepared from the octalone

132G
13%) (0.04g, 0.0002mole) was treated with hydrazine (0.07g)

and potassium hydroxide (0.02g) in diethyleneglycol (5ml)
[
according to the procedure used by House et.qlilg4 for the

preparation of 2-t-butyldecalin.
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trans-trans-2-t-butyldecalin (84) (0.019g, 49%) b.p. 111~
154

1140/0.7mm (lit, b.ps 100-110/0,05mm) was obtained as a
colourless o0il. The structure of the hydrocarbon (84)
was confirmed by a comparison of its spectral (ir) and

gele.c. characteristics (G, 128%; R, 1380) with the authentic

compound (84) and the gis-cis-isomer (83).

traQ§-7~E-Butyl~A%’9-octal-2—one ethylene dithioketal (130)

The ethylene dithioketal (130) was prepared from the
octalone (129) by the general method Sondheimer and Wolf.?43
A solution of ggggg—?«gnbutyl—Al’g—octal—Zmone (129)
(0.09g, 0,004mole) in ethane-l,2-dithicl (0.08ml) at 0°
was treated with boron trifluoride etherate (0.04ml) and
after 30min at OO, the mixture was diluted with cold meth-
anol (0.5m1) and taken up in ether. The organic layer was
dried and concentrated to yield an oil (0.llg) which exhib-
ited infrared absorption at 1645(w), 1385(w)}, 1365(m),

850(m)cm“l an? NeMeT. (CDC13) retained the resonance charac-

teristic of the olefinic hydrogen, U 4.50 (1H, singlet).

gran§~7—E—Butyl—A;’9~o¢talin (65a)

The ethylenedithioketal (130) was desulphurized
according to the general procedure of Ireland, Wrigley and
Young.244

A mixture of Egpn3w7~§~butyl—Al’9—octal~2—one ethy-

lenedithiocketal (130) (0.07g, 0.0003mole) and sodium metal
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(0.13g, 0.005g atom) was dissolved in dry ether (2ml)

and ammonia (40ml) and after the mixture had been stirred
for 2min, ethanol was added until the deep blue colour of
the solution had been dispelled. The ammonia was allowed
to evaporate and the residue was diluted with "wet" ether
(10ml) followekd by water (30ml). After the mixtiwre had
been extracted with ether (3 x 30ml), the combined organic
layer was dried and concentrated to yield a colourless oil
(0.06g) which was distilled ‘to give Eggg§-7mg—butylmAl’9~
octalin (65a) (0.02g, 37%), bep. ca. 110°/4,0mm which was
homogeneous by g.l.c. analysis (G, 151%; ™, 137%; H, 148°).

(Found: ¢, 87.63 H, 12.6. Calc, for C, 87.4;

C14M24°
H; 12.6%). The octalin (65a) exhibited the following spectral
properties, ir,}’iiim: 1660 (w), 1385(w), 1365(m), 805(w)cm“l;
NeMeY o (Ccl4):‘t 9,15 (9H, singlet), 92.10-7.33 (14H, complex),
4,82-2,85 (13, complex, part of ABX system chr-cguczi‘z);

mass spectrums M+-at m/e 192 and the base peak at m/e 135,

7~t-Butyldecal -l-one (89)

E£§Q§—7ug~butylwAl’9—octalin (65a) (0.035g, 0.0002
mole) was subjected to hydroboratiocon with diborane and after
oxidative work-up a crude product was recovered, which was
subsequently oxidized with Jones' reagent2l3 according to
the procedure of Meinwald, Crandall and Hymans.214 After
the residue had been distilled, 7-t-butyldecal-l-one (89)

Pt}

e o : . = .
(0.035g, 92%0 b.p. 80 /0.lmm was obtained and g.l.csanalysis
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g *
(G, 1820) indicated the decalone (89) (ca. 80%) and some

minor components ( 20%) in the product. The following

lm,

spectral data were obtained for the product, ir,?’igx

1707(s), 1385(w), 1365(m) ll70(m)cm"l; mass spectrums: M*

at m/e 208 and the base peak at m/e 57.

2-t~-Butyldecalin

A solution of 7—E~butyl-Al’9-octalin (65a) (0.02g,
0.0001lmole) in acetic acid (3ml) was hydrogenated, at 250,
for 12h, in the presence of 5% palladium on carbon catalyst
(0.01g) under an atmosphere of hydrogen (15p.s.i.). After
the usual working-up procedure the residue (0,014qg, Cae

70%) was analysed by g.l.c. (G, 1440) and shown to consist

of trans-trans-2-t-butyldecalin (84, ca. 60%), cis-cis-2-t-
butyldecalin (83, ca., 20%) and unidentified products {ca.

20%). The mixture exhibited the following infrared absorp-

tions,¥7£;im= 1385(m) and l365(s)cm_l.

This was identified as trans-trans-7-t-butyldecalone

(89a) by a comparison of g.l.c. characteristics with

the authentic compound.
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%
cis- and trans-1l~Allyl-4-~t-butyleyclohexanol (132a and

132b, respectively)

el (0.34

A suspension ot allylmagnesium chloride
mole) in ether .(500ml), prepared from magnesiuvm (8,15g,
0.35g atom) and allylchloride (26.0g, 0.34mole), was added,
over a period of lh, to a stirred solution of 4-t-butylcyclo-
~hexanone (97) (50.0qg, 0.32mole) in dry ether (100ml) which
was maintained at OO, under an atmosphere of dry nitrogen.
After the mixture had been stirred for 14h at room temper-
ature, it was cooled then hydrolysed with a saturated ammon-
ium chloride solution and the organic layer was separa£ed.
The agueous layer was extracted with ether (3 x 100ml) and
the combined organic fractions were dried and concentrated
to give a crude product (62.8g), which, after bheing distilled,
yielded 4-§7buty1cyciohexanone (97) (1.0g) and a mixture of
cis- and Eggggnl-allyl~4«g-butylcycloﬁexanol (132a and 132D,
respectively) (30.5g, 48%), bep. 121°/17mm. G.l.c. analysis
(G, 1620) showed that the'mixture consic=ed of approximately

equal amounts of the cis- and trans-alcohols (132a and 132b,

The assignment of cis-~ and trans-configquration was based
upon the order of elution of the compounds when they were

chromatographed on neutral alumina. (Compare ref. 119)
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retention times 9min 9s and 8min 40s, respectively).

The mixture of ¢is- and trans-l-allyl-4-t-butylcyclo-
~hexanol (ié%a and i%%b, respectively) (3.6g) was separated
into its constituents by chromatography on neutral alumina
(Fluka, 100g) which had been deactivated by washing with
"wet" ether. The cis-alcochol (izga), bep. ca. 120°/9mm,
was eluted (hexane) as a colourless oil which was homogeneous

by gele.c. analysis (G, 160°). (Found: ¢C, 79.8; H, 12,2.

calc. for C,.H,,0: C, 79,5; H, 12,3%). The following

13724
spectral data were recorded for cis-l-allyl-4-t-butylecyclo-
~hexanol (132a), ir,}?igim: 3450(s), 3090(m), 1440(m), 1390

(m), 1365(s), 1185(m), 985(s), 950(s), 910(s)em ~; nemer.
(CC14):‘U 9,13 (9H, singlet), 9.03-8.,18 (1O0H, complex; hydr-
ogen count reduced to 9 by deuterium exchange), 7.88 (2H,

doublet, R,C~CH

3 2

R3C»CH2~Cch§2), 4,50~3.73 (1H, complex, R3C«CH2~C§30H2);

+
mass spectrum: [¥~C3H5] at: m/e 155 which was also the base

~CH=CH,, J 7Hz), 5.20~4.73 (2H, complexX,

peake.

The trans-~alcchol (132b), b.p. 980/6mm, was eluted
with a solveﬂt mixture containing 50% ether/50% hexane, as
a white solid, m.p. 54,5—560, and was homogeneous by g.l.c.
analysis (G, 160°). (Found: c, 79.7; H, 11l.9. Calc. for
c,.H,,0: C, 79.5: H, 12.3%). The following spectral pro-

13724

perties were exhibited by the alcohol (132b), ir,))nuJOl-

max
3400(b), 3090(w), 1640(m), 1450(b), 1390(w), 1365(m), 1035
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(m), 985(m}, 905(m)cmfls NeMeTs (CC14):'U 9.13 (9H, sing-
let), 9.10-8.05 (10H, crmplex; hydrogen count reduced to
9 by deuterium exchange), 7.78 (2H, doublet, R3CwC§2—CH=CH2)
5.20-4,75 (2H, complex, R3C--CH2
-CH=CH.,) 3 mass spectrum: [&-C3H5]+at m/e

/

—CH=CE_112), 4.48-3.77 (1H,
complex, R3C—CH2

155 which is also the base peak.

In a second experiment a solution of allylmagnesium
bromide* 194 (0.27mole) in ether (60ml) was added to 4-t-
butyleyclohexanone (97) (37.3g) under the reaction conditions
described on page 196. A mixture of cis- and trans-l-allyl-
4-t-butyleyclohexanol (132a and 132b, respectively) (21.1g,
44%), unchanged ketone (97) (2.0g) and a residue (21,2qg)

were obtained,. ] o

1-Allyl-4-t-butylcyclohexene (133)

A mixture of cis~ and trans-l-allyl-4-t-butylcyclo-

~hexanol (132a and 132Db, respectively) (10.1g, 0.,051lmole)

——

Allylmagnesium bromide was the preferred Grignard
reagent because of its solubility in ether, a property
not shared with the analogous chloride, which formed a

suspension,.
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- was dissolved in benzene (15ml) with anhydrous p-toluene-
-suiphonic acid* (0.,043g) and the mixture was refluxed,

with separation of water in a Dean~Stark apparatus, for 67h,
Samples were withdrawn periodically and analysed (see Table
ITI.5. Section III) by ge.le.c. (G, 1620), which enabled the
following compounds, in the reaction mixture, to be detec-
ted: 4—E~butyl—l—gupropylcycloﬁexa-l;4~diene (136)**
(retention time (Rt), S5min 7s), l-allyl-4-t-butylcyclohexene
(133) (Rt 5min 40s), trans-l-allyl-4-t-butylcyclchexanol (132b)
(Rt 9min 8s) and cis-l-allyl-4-t-butyleyclohexanol (132a)
(Rt 9min 38sg). After 67h, the reaction mixture was cooled,
diluted with water and the organic layer was separated,
washed with sodium bicarbonate solution, dried and concentr-
ateé. The crude prodﬁct (10.1g) was chromatographad on
neutral alumina (Fluka, activity 1, 50g) and a mixture of
the c¢is-alcohol (132a) and l-allyl4-t-butyleyclohexene (133)
(3.16g) was eluted in light petroleum (30*400), followed

by a mixture of the c¢is- and trans-alcohols (132a and 132b,
respactively) (5.99) as the polarity of the solvent was
increased. The latter mixture of alecohols was resubjected
to dehydration as described above, Careful fractionation

of the mixture (12.2g), which was eluted in light petroleum

A second portion of E—toluenesulphonic acid (0.03g) was

added after 23h.
’!_.

*

See later.
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through a column (40 x 2cm), packed with glass helices,
gave l-allyl-4-t-butylcyclohexene (133) (7.79), bep. 91~
920/6.8mm, which was homogenenus by g.l.c. analysis (G, 1620).

(Found: ¢, 87.6; H, 12,5, Calc. for C C, 87.6;

13H22°
H, 12.4%). The diene (133) exhibited the following spectral

properties, ir,17£;im: 3080 (m), 3070(w), 3010(m), 1635(m),

1385(m), 1365(s), 985(m), 905(s), 800(w)cm~l; ultraviolet

spectrum;)\CyCthexane: 218nm (€

. .
. 675) and no absorption

ax
characteristic of a conjugated double bondi n.m.r. (Ccl4):'v
9,12 (%4, singlet), 8.98-8.58 ( 3H, complex), 8.47-7.75
(41, complex, allylic hydrogen), 7.57 (2H, doublet, part of
ABY system, J 7Hz, =CR»C§2~CH:CH2), 5.27-3.90 (4H, complex);
mass spectrums: Mt at m/e 178 and the base peak at m/e 57.

4-t-~-Butyl-l-n~propylcyclichexa-1,4~diene (136)

It was found that prolonged reaction of cig~ and
trang-l-allyl-4-t-butylceyclohexanol (132a and 132Db, respect-
ively) under the conditions for dehydration (described
before), led to the formation of 4-t-Tutyl-l-n-propylcyclo-
~hexa-~1,4~diene (iggd, to the exclusion of l-allyl-4-t-
butylcyclohexene (133).

A mixture of the cis- and trans-alcohols (132a and
132b, respectively) (12Z.2g9, 0.07mole) in benzene (15ml)

was dehydrated in the presence of p~toluenesulphonic acid

(ca. 0.3g) for 17h, as described above., After the usval
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working-up procedure, there was obtained a crude product
which was distilled to give a colourless oil (3.02g, 27%),
b.p. 64-68°/1.5mm. G.l.c. analysis (G, 162°) indicated
the presence of 4-t-butyl-l-n-propylcyclohexa-l,4-diene
(136) (ca. 80%). The residue (ca. 9g) was a polymeric

glass. A sample (ca. 98%) of the diene (136) which was

obtained by preparative g.l.c. (T, 1230, 130ml/min), was

distilled to give a colourless oil b.p. 92°/1lmm.

The diene (136) exhibited the following spectral

properties, ir,\?§§i4: 3050 (m), 1650(m), 1601(w), 1385(w),

)\cyclohexane‘

1365(s), 855(s)cm-l; ultraviolet spectrumsA 2~
266 (Emax 7700), characteristic of a l,4-dialkylcyclohexa-

l,4-diene;246’189

NeMeX s (Ccl4):'¥ 9,12 (3H, complex),
8.93 (9H, singlet), 8.82-8.18 (2H, complex), 8.15-7.70
(611, complex, ng—RC:CRqH), 4,43 (2H, singlet); mass spec-

trums M+ at m/e 178 and base peak at m/e 163.

Attempted preparation of l-allyl~4-t-butyleyclohexene (133)

A solution of g}gel«allyl~4ng—butylcyclohexanol
(132a) (0.05g, 0,0003mole) in dimethylsulphoxide (2mnl)
and water (0.2ml) was heated at 112° with oxalic acid
dihydrate (0.04g) for 24h under nitrogen. After being
cooled, the solution was diluted with water (50ml) and
extracted with ether (2 x 30ml) and the combined organic

fractions were washed with water, dried and concentrated.
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The residue (0.34g) was analysed by ge.lec. (G, 161°) which
indicated unchanged alcohol (132a) and this was confirmed
by a comparison of its spectral properties (ir and ne.m.r.)

with the authentic compound,

2,3-Dimethylbut-2-ylborane

A solution of 2,3-dimethylbut-2-ylborane (hereafter
k(
referred to as thexylborane ) (0.91Molar)r in tetrahydro-
-furan was prepared according to the procedure of Brown

and Negishi.247

trans-trans~7-t-Butyldecal-l~one (89%a)

The ketone (89%a) was synthesized according to the
procedure of Brown and Negishil91 for the preparation of
trans-decal-l-one.

Solutions of l-allyl-4-t-butylcyclohexene (133)
(4.2g, 0.024mole) in dry tetrahydrofuran (25ml) and
thexylborane (é6.0ml of a 0,91M solution in tetrahydrofuran,

0.024moles) were added, over 3h, separately but simultaneously

*
The molarity of the solution was determined, immediately

before use, by measurement of the volume of hydrogen

evolved on hydrolysis of an aligquot of the reagent. (2
moles of hydrogen evolved/mole of thexylborane). (A
correction was made for the vapour pressure of water and the

volume was corrected to SiT.P.).
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(sinmultaneous dilution tec‘nnique),190

to dry tetrahydro-
~furan (50ml), which was stirred briskly under an atmosphere
of nitrogen. After the solution had been stirred for 5h,
water (0.83ml) was added and the reaction mixture was trans-
ferred, under nitrogen, to an autoclave, which was sub-
sequently charged with carbon monoxide (l000p.s.i.). The
autoclave was heated at Ca.e 50° for 3h, then cooled and

the reaction mixture was treated with sodium acetate (1Oml
of a 3M solution) and hydrogen peroxide (10ml of 30% solu-~
tion). After being stirred for 15h at 300, the solution was
saturated with potassium carbonate and extracted with ether
(2 x 100ml) and the combined organic fractions were dried
and concentrated to yield a crude product (7.6g9). (The
reaction was repeated with a second batch of diene. (133)
(3.49) and this was combined with the crude product above) .
The combined regsidues were distilled to give a colourless
oil (4.04g, 49%), bep. ca. 104°/3,.5mm, which solidified on

standing. Gs.lecs, analysis (G, 1800) indicated trans~trans-

7-t-butyldecal-l-~one (8%) (retention time, 15min 29s, ca.
80%) with a minor component (retention time, l4min 30s, ca.
10%) and some other milnor impurities having shorter reten-
tion times. Separation of the major component by prepara-
tive gelece (L, 185%°, 120ml/min) afforded a 80)id, meps
53-620, which was raised to 69,5-70,5° by two recrystall-

izations from light petroleum (b.p. 30—400)0 A similar



~203~

result could be achieved by two careful recrystallizations
(from light petroleum (b.p. 30—400)) of the distilled pro-
duct. G.l.c. analysis (B, 17903 M, 1940) indicated 7-t-
butyldecal~l-cne (89a) (ca. 98%) and a small impurity

(ca. 2%, apparent as a shoulde; on the major peak) which

is probably isomeric with (8%a) and which could not be re-

moved by further recrystallization. (Found: ¢, £0.8;

H, 11.3. Calc. for CqygHnl0f Gy 80.7; H, 11.6%). The ketone
(89a) exhibited the following spectral properties, ir, V
nuiol, 1710(s), 1395(w), 1365(m), 1175(w), 1050 (w)cm *;
IsMeT, (CC14); T 9.12 (94, singlet, a very small shoulder

was visible at ¥9,20), 8.88-7.90 (12H, complex), 7.90~7.,42
(3H, complex); mass_spectrum: Mt oat m/e 208 and the base

peak at m/e 97.

7-t-Butyl-2,2,9-trideuterodecal~l-one (92)

Z9a
7-t-Butyldecal-l-one (£.017g, 0.00008mole) was

)
dissolvzd in deutejp-ethanol (0.5ml), which contained a

3

catalytic amount of sodium ethoxide. The solution was szaled
- . . 5 o

under nltrogen, in a pyrex tube and heated at 80 for 4 davs,

After being cocoled, the reaction was quenched with water

(50ml) and the mixture was extracted with ether (3 x 20ml)

and the combined organic fractions were washed with water,

-

dried and concentrated. The residue was distilled to give

1
7-t-butyl-2,29-trideutegodecal~l-cne {92) (0.,013g) b.p.
= )
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gg; 90°/0.2mm, as a colourless liquid, which solidified
on standing, with the following spectral properties, ir, ¥V
;§i°1= 2200(w, C-D), 2100(w, C-D), 1705(s), 1390(w),
1365(s), 1175(m), 1100(s), lOBO(m)cm“l; mass spectrums:

(see appendix) M+ at m/e 211 and the base peak at m/e 100,

trans-trans-2-t-Butyldecalin (84)

(Prepared by reduction of 7-t-butyldecal-l-one (89),
obtained by carbonylation of l—allyl~4—§—bﬁtylcyclohexene
(133)).

The Wolf-Kishner reduction of 7-t-butyldecal-l-one
(88) (0.059), according to the procedure used by House

154

et.al. in the formation of 2-t-butyldecalin, yielded

trans—trans—z—Embutyldecalin (84) (0.013g, ca. 27%) Db.Ps
154

150-154°/12mm (lit. bep. 100-110°/0.05mm) as a colour-
less o0il. The structure of the product was confirmed by

a comparison of spectral properties (ir) and g.l.c. chara-
cteristics (R, 139°%; G, 128°) with the authentic compound

(84).

7-t-Butyl=-9-chloro~decal-~l-one (135)

The chloro ketone (135) was prepared according to

the procedure of House et.q£L154

for the preparation of 6-
t-butyl-9~chlorodecal-l-one,

A solution of 7-t~butyldecal-l-one (89%)) (0.73qg,
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0.0035mole) in dry carbon tetréchloride (4ml) was treated
dropwise with a solution of freshly distilled sulphuryl
chloride (0.58g, 0.,0043mole) in carbon tetrachloride (2ml),
under an atmosphere of dry nitrogen., After being stirred

at 25-30° for 7h, the solution was subjected to a slight
reduction in pressure (ca. 200mm of Hg), to remove the
excess of hydrogen chloride. After the reaction mixture had
been stirred for another 30min, it was concentrated to give
a crude product (1.06g), which exhibited tﬁe following
spectral properties, ir,\)ﬁgimz 1745{m, sh), 1725(s), 1390
(w), 1365(s), 780(s)em™; n.m.r. (cCl,): ¥ 9.12 (9H, singlet),
8.90-~6.80 (14H, complex).

The chloro ketone (135) was used without further

purification.,

7-t-Butyl-A>* 0 occtal-l-one (93)

-

The dehydrohalogenation of 7-t~butyl-9--chloro~decal-
l-one (135) was carried out according to the method of

ok for the preparation of 6—E»buty1_A?slom‘

House et.al.
octal-1l-one,
A mixture of 7—E~butyl~9-chlofo—decal—luone (135)
{1,069, 0,0043mole) and 2,4,6-trimethylpyridine (0.70g,
0.0058mole) was heated slowly to 180° and maintained at this

temperature for 1lOmin. After being cooled, the reaction

mixture was extracted with hexane (3 x 30ml) and the com-
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bined organic fractions were washed successively with
hydrochloric acid (2 x 30ml of a 10% solution) and brine
solution (2 x 30ml), dried and concentrated to give a

crude product., The residue was distilled to give a colour-~
less oil (0.63g), b.p. ca. l20°/0.03mm which contained

7—1_:’--butyl-A9"lo

-octal~l-one (93, ca. 70%) by gel.c. anqusis:
(G, 179°).

The absence of any signal for an olefinic hydrogen
in the n.m.r. spectrum of the crude product showed that less
than 5% of isomeric octalonhes was present (compare House

4).

et.al,

Since the product could not be induced to crystallize
at low temperatures, a pure sample of 7—E-butyl—A9’lO-
octal-l-one (93), b.p. 110-115°/0,.2mm was obtained as a
colourless oil, by preparative g.l.c. (L, 1850, 120ml/min).

(Found: ¢, 81.2; H, 10.8. cCalc. for C, . H..O: C, 8l.5%

14722
H, 10.8%). The octalone (93) exhibited the following spec-
tral properties, ir,)}isim: 1665(s) (c=0), 1640(s) (c=C),

1385(m) and (1365(s) (t-butyl), 1265(s)en™ s num.r. (CCl,)s
©9.07 (9H, singlet), 8.93-7.27 (13H, complex); mass spec-—

trum: M7 at m/e 206 and the base peak at m/e 149,
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IVOSO

Tdentification of the structures of the olefinic products
obtained from the acetolysis of cis- and trans-9-t-butyl-

—-spiro|(4.5|dec~6-y1 E—toluenesulphonate (47 and 48 where

X=0Ts, respectively)

A solution of g;ggg—Q-Enbutylspiro[%.é]dec-6-y1
p-toluenesulphonate (48, X=0Ts) (2.2lg, 0.0064mole) in
acetic acid (100ml, containing sodium acetate, 0,012mole)
'was heated at 52.6° (constant temperature bath) for 20h under
an atmosphere of dry nitrogen., After the usual working-up
procedure, a colourless oil (1,05g, 91%) was isolated and
it was separated into the following components by prepafative
gelec. (I, 180°, 120ml/min) - |

(a) ZmE—Butyi—Ag’lO-octalin (66) and (3-t-Butyl-

-cvelopentylidene)cyclopentane (69)

A mixture* of Z-E-butyluAg’lo-octalin (66) and
(3-E-butylcyclopentylidene)cyclopentane (69), b.pe 60-65°/
0.4mm was obtained as a colourless oil after distillation.
G.l.c. analysis (G, 139°; N, 130°; M, 159°; o, 150°) could
not resolve the mixture into its components. (Found: C,

87.6; H, 12.4, Calc, for Cy Hout Cy 87.43 H, 12.6%).

It was impossible to separate the two olefins (66) and
(69) by ge.lec. but they have both been characterized by

independent synthesis,
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The mixture of olefins (66) and (69) exhibited the following

spectral properties, ir,\)izimz 1670(w) (Cc=C), 1385(m)

and l365(s)cm-l; NeMaeT e (Ccl4):'v9.18 (<1H, singlet, (C§3)3C-

(69)), 2.13 (ca. 9H, singlet (CH,).C-(66)), 9.04-8,00

3)3
(15H, complex); mass spectrum: M+ at m/e 192 and the base
pe

peak at m/e 135,

(o) 2—EéButyl~Al’9—octalin (64). and (3-t-butyl-

—cyclopentyl)cyclopent-l-ene (68)

o

A mixture of the two olefins (64) and (68), b.p.
70°/0.6mm, was obtained as a colourless oil after distill-
ation. G.l.c., analysis (M, 2000) partially resolved (see
section II.l.) the mixture and indicated the presence of
2~£—butyl-Al’9—octalin (64) (Rt 4nin 54s, ca. 83%) and (3-

t-butylcyclopentyl)cyclopent=~l-ene (68) (Rt 4min 45s, ca,

17%). No other g.l.c. analyses (G, 1500; o, 1500; P, 1950)

afforded any resolution-of the two olefins, (Found: ¢,

87.8; H, 12.8. calc. for C C, 87.43 H, 12.8%).

1424 ¢ _
The mixture of olefins {64) and (68) exhibited the following

spectral properties, ir, Yy i;im: 3010(w, sh) and 1660 (w)

(R2C=CHR), 1385(m), 1365(s), 870(s) (R2c=CHR)cm"l; NeMeXe
* %
(cc14)=ft 9.16 (ca. 1H, singlet, (CH,);C-(68)), 9.13 (ca, 8H

singlet, (C§3)3C-(64)), 8.93-7.33 (14H, complex), 4.87-

*
very approximate value
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4,58 (1H, complex, R,C=CH-R, J ca. O as dihedral angle
ca. 90°. in most favourable configuration of olefin (64));

mass spectrum: M+ at m/e 192 and the base peak at m/e 135,

Hydrogenation of the mixture of Z-E—butyl-Ag’lo—octalin

(66) and (3-t-butylcyclopentylidene )cyclopentane (69)

A solution of the two olefins (66) and (69) (0,1l0qg,
0.0005mole) in glacial acetic acid (5ml) was hydrogenated,
in the presence of 5% palladium on carbon (0,05g), for 7h,
at 20°, under an atmosphere of hydrogen (15p.s.i.)}. After
the mixture had been filtered and concentrated,; the residue
was distilled to give a colourless oil (0.06qg) b.p; 127-
131°/17mm.  G.l.c. analysis (G, 143°) indicated the presence
of (3—E-butylcyclope;£yl)cyclopentane (82, ca. 5%), trans-
trans-2~t-butyldecalin (84, ca. 75%), cis-cis-2-t-butyldecalin
(83, ca. 11%) and an unidentified product* (ca. 9%) by a

comparison with the authentic compounds.

Hydrogenation of the mixture of 2«E~butyl~Al’9-octalin (64)

and (3-~t-butylcyclopentyl)cyclopent-l-ene (68)

The mixture of the two olefins (64) and (68) (0.06lqg,
1 0.0003mole) was hydrogenated under the same conditions as

described above, and the residue was distilled to give a

*
See section II.2.
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colourless oil (0.04g), b.p. 1350/21mm. Gel.c. analysis
(G, 143%) indicated the presence of (3-t-butylcyclopentyl)-

~cyclopentane (82, ca. 14%), trans-trans-2-t-butyldecalin

(84, ca. 60%), cis-cis-2-t-butyldecalin (83, ca.. 20%) and
*
an unidentified product (ca. 6%) by a comparison with the

authentic compounds.

Hydroboration and Oxidation of the mixture of 2-t-butyl-

o]
Al"-octalin (64) and (3-t-butyleyclopentyl)cyclopent-1-

s Vo

A solution of the two olefins (64) and (68) (0.05g,
0.0002mole) in tetrahydrofuran (15nl) was stirred at 0°
with sodium borohydride (0.024g) and borontrifluoride etherate
(0.15ml) was added dropwise under nitrogen, The mixture
was stirred for lh and, after the usual working-up procedure
(oxidative), there was isolated a crude product which was
oxidized, without further pruification, with Jones' reagent,
according to the usual proceduree214 The product (0.064qg)
wag isolated in the usval way and distilled, to give a
colourless oil, bep. ca. 70°/0. 1mm. Analysis by g.l.c. (G,
180°) indicated the presence of 2=~{3~t~butylcyclopentyl)-
-cyclopentanone (85, ca. 19%) and 2-t-butyldecal-l-one (86

ca. 8l%). The mixture of ketones (85) and (86) exhibited

*

See section IX.2.
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the following spectral properties, ir,}?iiim: 1730(sh, w)
and 1705(s), 1385(w), 1365(m), 106O(m)cm-1; NeMeX o (CCl4):
79.15-9.03 (94, singlet and an associated shoulder, (CH3) 5
C-), 8,85~7.25 (15H, complex); mass spectrum*: M at m/e

208 and the base peak at m/e 84,

i
Z—E—Butyl—Z,9—dideutedo~decal_l-one (87) and 2~(3-~t-butyl-

-cxclonentq})~2,5,5ntrideuteﬁb—cyclopentanone (91)

A mixture of 2-t-~butyldecal~l-one (86) and 2-(3-
t-butyleyclopentyl)cyclopentanone (85) (0.025g), prepared

above, was deuteratecd as described previously (Page 203).

®
The product (ca. 0.0lg) was isolated and its mass spectrum

o,
showed M  at m/e 211 and 210 and the base peak at m/e 154,
Attempted oxymercuration-demercuration of the mixture of
2~E~butyl»Al’9-octalin (64) and (3~t-butylcyclopentyl)-

-cyclopent~l-ane {(68)

The general procedure of Brown and Geogheqan248

was used in this experiment.

A mixture (6:1) of 2w§~butylwAl”9~octalin (64) and
(3~t~butylcyclopentyl)cyclopent-l-ene (68).(0.10g, 0.0005mole)
was added to a solution of mercuric acetate (0,16, 0.0005mole)
in water (lml) and tetrahydrofuran (lml) and the mixtUré

was stirred for 7 days at 250, without the disappearance of

*
For a detailed discussion of the mass spectrum see Section

IT.2.-
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the yellow colour. After the addition of sodium hydroxide
(Iml of a 3M solution) and sodium borchydride (lml of a

0.5M solution in 3M sodium hydroxide solution), the reaction
mixture was stirred for 4h, then saturated with brine solu-'
tion (10ml) and extracted‘with ether (3 x 50ml). The
combined organic fraction was dried and concentrated to give
the product (0.lg) which showed physical and spectral pro- -
perties (teleCe, Nemer, and ir) identical to the starting

material (68) and (64).

Estimation of the amount of (3~t-butylcyclopentylidene)-

9
-cyclopantane (69) present in the mixture of 2-t-butyl-4 »10_

octalin (66) and (3-t-butyleyclopentylidene)cyclopentane (69)

Ozonolysis of (3-t-butylcyclopentylidene)cyclopentane (69)

An accurately weighed sample of (3-t-butylcyclopentyl-
~idene)cyclopentane (69) (ca. 0.028g) was-dissolved in light
petroleum (b.p. 30-40°) (25ml) and after being cooled to -78°,
the solution was treated with ozone* for 55min. The cold
solution, together with an accurately weighed sample of the
internal standard, 2-t-butyl-naphthalene (124) (ca. 0.018g)

in ether (100ml), was transferred to a separating funnel,

Ozone was generated with an 03Cl Ozonizer operating at

l.0amps and with an oxygen flow of 1000ml/min.
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containing a solution of sodium iodide (0.5g) in methanol
(8ml) and acetic acid (2ml). After the mixture had been
shaken thoroughly, the aqueous layer was extracted with
ether (2 x 40ml) and thé combined organic layers were washed
successively with 30% sodium thiosulphate solution (2 x 50ml)
and sodium bicarbonate solution (2 x 50ml), dried and con-‘
centrated by careful distillation of the solvent, through ..
a column (25 x 2cm) packed with glass helices, on a water-
bath ( 55°jo The residue was analysed by ge.l.c. (G, 139°
for 5min 1l5s then temperature programme to 200° at 32%°%/min)
which indicated the presence of 3-t-butylcyclopentanone (88)
(Rt 4min 49s) and Z—E-butylnaphtha;ene (124) (Rt lémin 42s).
The average yield of 3mE—butylcyclopentanone,* over 3 runs,‘

was 56+8%.

10

Ozonolysis of the mixture of Z-E—butyl—Ag’ -octalin (66)

S —

and (3-t-butylcyclopentylidene)cyclopentane (69)

An accurately weighed sample of the mixture of the
olefins (66) and (69) (ca. 0.046g) was subjected to ozonolysis

and oxidation, as previously descrilked, and the internal

The response to the g.l.c. detector of 3-t-butylcyclo-
-pentanone (88) relative to the internal standard (124),
was calculated in the usual manner (see page 129).

The response ratio of the ketone was found to be 1,15,
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standard, 2-t-butylnaphthalene (124, ca. 0.008g) was added.
The residue was analysed by g.l.c. and the weight of 3-t-
butylcycloventanone (88, ca, 0,00098g) was determined,

The amount of (3et-~butyleyclopentylidene)cyclopentane (69)
present in the mixture of the two olefins, (66) and (69), -
could be calculated, (sée section II.2.)

A solid product, probably a mixture of isomer&c il
butyl~hydrgxy~bicyclo[%.3.0]decanones and the analogous
d}B—ﬁnsaturated ketones, which weré.formed by intraﬁolecular
condensation of .3=t-butylcyclodecan-1,6~dicne, was obtained.
This was recrystallized from ligﬁt petroleum {(b.p. 30-400)
to give colourless plates, which exhibited the following
spectral properties, ir,)732201: 3300(s) (0-H), 1705(s, sh)
and 1680(s) (Cc=0), 1655(5), 1050(e), 960(&), 835(m)cm-l;
mass spectrums M at n/e 224, [M—Hzcﬂ+at m/e 206 and the

base peak at m/e 57. Lack of material prevented however

a full characterization of this product.

Proof of the structures of the olefinic products obtained

from the acetolysis of cis-9uE-butylspiroJ4.§]dec~6~yl.

p-toluenesulphonate (47, X=0Ts)

——

A solution of gl§-9—g-butylspiro[:.5]deCw6myl R;.
toluenesulphonate (0.86g, 0.00Zmoie) and acetic acid (56ml,
containing sodium acetate 0.43g) was heated at 62° (constant
temperature bath) for 10min under dry nitrogen. After the

vgual working-up procedure;, a colourless oil {quantitative)
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was isolated and preparative g.l.c. (Q, 1550) yie;ded

1,9 . *
7-t-butyl~A ~octalin (65).

Hydroboration and oxidation of 7—E~buty1-Al’9—octalin (65)

(see page 214)

Q . .
7—E-Butyl-Al’“~Qctalin (65) (0.07g) was subjected
to hydroboration and the oxidative working-up procedure as

has already been described (page 147), After the product

had been further oxidized with Jones' reagent,214 it was

isolated by chromatography on neutral alumina (eluted in

5% ether/95% liéht petroleum (b.p. 50-60°)) and exhibited

the following spectral properties, ir,\)igimz 1710(s),

-1 *k + |
1385(w), 1365(m)cm ~; mass spectrum : M at m/e 208 and

the base peak at m/e 97. Gol.c. analysis (G, 180°) indic-

ki %
ated a mixture of products,

The olefin (65) could not be completely separated from
2~E-butyl—A9’lo—octalin (66) and thus the latter was pres-

ent as an impurity.
* % .

For a more detailed discussion of the mass spectrum
(see section IT.2.).

x®
For a discussion of this result see section IIL.2.
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APPENDIX

Mass Spectra:

1.

3.

6e

Te

A mixture of 2-t-butyldecal-l-one (86) and 2-(3-t-
butyleyclopentyl)cyclopentanone (85) (prepared from the:
olefins (64 and 68)):

208(15), 152(68), 135(42), 109(37), 84(100), 67(51)
57(59).

A mixture of 2-t-butyl-2,9-dideuvteriodecal-l-one (87)
and 2-(3-t-butylcyclopentyl)-2,5,5~trideuteriocyclopent-
~an-l-one (91):

211(2), 210(l4), 154(100), 109(36), 87(7), 85(49),
57(33).

2-(3-t~Butylcyclopentyl)cyclopentan-l-one (85):

208(26), 109(13), 84(100), 67(15), 57(21).
7~-t~Butyldecal-l-one (89) (prepared from the olefin

(65) which was isolated from the acetolysis of the cis-
ester (47, X=0Ts)):

208(29), 152(82), 110(73), 109(25), 97(100), 91(26),84(10),
81(24), 67(24), 57(48).

7-t~Butyldecal-l-one (89) (prepared from the olefin
(65a) which had been synthesized):

208(7), 152(23), 110(40), 97(52), 81(21), 67(30),
57(100).

7-t-Butyl-2,2,9~trideuteriodecal-l-one (92) (prepared
from the ketone described in 5):

211(13), 155(58), 113(67), 100(100), 57(60).
6-t~Butyldecal~2-one (90): ) | '

208(18), 153(20), 152(100), 110(50), 94(37), 57(49).
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