VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

THE PREPARATION AND REACTIVITY
OF SOME BICYCLO (3,3,1) NONANE

DERIVATIVES
THESIS

presented to the University of Glasgow

for the degree of PhD.

by
Thomas Stewart

1966



ProQuest Number: 10984273

All rights reserved

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

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10984273

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

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106- 1346



I wish to express my appreciation of the assistance
and interest shown by Drs. W. Parker and J. Martin who have
supervised all aspects of my work over the last three years.

I would also like to thank Professor R. A. Raphael for making
my stay in Glasgow possible.

My thanks are also due to Mr. J. M. L. Cameron, B.Sc.,
and his staff for micro-analyses, to lMrs. F. Lawrie and liiss
A. M. Robertson for infrared spectra, to Dr. J. Hartin for mass
spectra, to Messrs. J. Gall and J. Lennon for nuclear magnetic
resonance spectra and finglly to Mr. G. Milmine and liiss P.
Pellett for technical assistance.

I am grateful to the Richardson-lierrell fund (1 year)
and James Anderson & Co. (Colours) Ltd. Paisley (2 years) for

maintenance awards.



CONTENTS

General Introduction e o 8 s s o s o o »

Formulae

SECTION I PART T

Solvolyses of Equatorial and Axial
1,5-Dimethylbicyclo (3;3,1) nonan-2-yl

Toluene-p-sulphonates

Introduction o« e ¢« ¢ o o ¢ o ¢ ¢ o o o o @
Discussion ¢ o & o & @ & o e s s & s v s
Formulae

Experimental o« o« ¢« o o ¢ ¢ o ¢ ¢ ¢ ¢ o o

PART II
Reductive Rearrangement of Enol-lactones and
Synthetic Routes to Bicyelo (3,3,1) nonane

Derivatives.

Introduction o « o o o o o o o o o o o o o
Discussion e 5 s o o 8 e 8 e o s o o s o
Formulae

Experimental o« o« ¢« ¢ ¢ ¢ ¢ ¢ o o ¢ o 0 o

20

L9

66
69

90



SECTION IT
Homoallylic Participation in Bicyclo (3,3,1) non-

2-an~9-yl Derivatives.

Introduction o+ o o« o ¢ ¢ ¢ o o o s o 110
Discussion e e o s s o e s s s e e e 112
Formulae

Experimental « « o« ¢ o ¢ o ¢ o o o o o 123
Appendix A e o s s s s s s s 8 s e s 132
References c e 4 s s e e s e e e e 133
Tables Opposite Page

i 30

2 39

3 73

L Th

5 112

6 115
Figures

1 | 116

o 116



GENERAL INTRODUCTION .

: 1
Since Vhitmorc's hrilliant pspcr advancing =

hypothesis concerning the occurrcnce of electron-
deficicent intcrmediqtes in orgnnic chemical resctions,
the study of processes invelving carbonium ions ns
reaction intermedi~tecs hnas cnl-rged to a remarkahle
extent. Only thirty years ago, such intermedi-tcs
were proposed on theoretical grounds with slmost no

2
experimental cvidence, wherens rocently the c¢fforts of
O0lah sand his co~workers have produced very inform-tive
nuclear magnetic resonance spectra of carbonium ions,
stanilised in ~ntimony pentafluoride solution. Once the
concept of carhonium ions had heen accopted, the rates of
reactions involving these species and the naturc »~nd
stereochemistry of products resulting from such renactions
could he examined with reference to the steric and
electreonic ceffects involved, Thus, today, the S.Nels
mocchanism snd the various factors which cgn affect
solvolyses in general are well understood . Over the
l~st two decades, the phenomenon of "neighbouring group
participation® ’ in such reactions has heen

extensively studied, mainly by the group led hy

Winstein,

Neighbhouring group participstion is said to take

place when a function~l group distant from the resction
1



site influences the reaction hy starilising a

transition state or intermediate, hy *recoming honded or
partially bonded to the reaction centre., Normally such
participation causes a marked increase in rate over that
expected by analogy for such a reaction, and the
neighhouring group is said to provide "anchimeric
assistance” to ionisation. This incpeased rate is
often extremely difficult to verify, since it is
necessary to have an estimate of the rate in the absence
of such assistance. Suhstrate and produot
stereochemistry sre often critical indications of the
operation of participation in solvolytic reactions.
Processes involving participation are associated, in
quite a large numbrer of cases, with the presence of
oxygen, sulphur or nitrogen atoms, bhut the following
discourse will degl only with carhon participation. In
parfticular, in bthis discussion, we will he concerned
with alkyl or 6 -participation and double bhond or m-
participstion.

Alkyl or o0~ Participation.

Alkyl participation, causing anchimeric
assistance and stereospecificity of product formation
was first thoroughly studied in the monoterpene field hy

Nevell, DeSalas and Wilson in their investigation of



the camphenchydrochleoride - isohornyl chloride
5 .

rearrangement . Winstcin, however, in work on a
suitarle model scrics whore conclusions could he drawn
much more confidently, put the subhject of alkyl
participation on = sound theorctical ~nd expcrimentsl
footing.

In his work on the solvolysis of norhornyl
oompounds, he hes shown thrt exo-norhornyl deriv=tivcs

(15 Bs = SOgCgHyBr) solvilyse at = rate very much faster
than the corresponding endo-compounds (2)7. (in the
cage of the brosylates, the titrimctric ratc ratic is
350.) . Product =nalysis showed that hoth ¢xo - and
endo-hrosylntes solvolysed tc give exo products
xclusively. To expl=ain this, Winstein proposcd thnt
the cxo compound (1) ionised direcctly to give the
wridged ion (o) which, being morc starle than the
classicsl ion hv virtue of delocnlisaticn cf charge,
lowered the nctiveation energy, increasing the rate over
thet cxpected. The endo-hrosylste (2) solveolyscd to
give a clnassical ion-pnir (4) (“instein's
recpresentotion), which could suhsequently resrrange to
give tho pridged ion () or could itself react to form
products. OFf the ncctnte frnction (grenter then 95%
of products) from hoth the ¢xo- ~nd cndo-norhornyl
acetolyses, the e¢xo~ncetrte (B) is present to the

3



extent of at least 90.98%8, the limit of anslytical
accuracye An intermediate of type 3 would preclude
solvent attack on the endo face gilving exclusively
exo products.

To ohtain more information ghout the intermediate,
"instein solvolysed opticglly active norhornyl
derivatives. Ezg;horhornyl hrosylate solvolysed with
less than 0.057 retention of optical activity whereas
the endo-hrosylate retained, in its products, 3 - 13%
of the optical activitya. The polarimetric rate
ratio (1600) was even lgrger than the titrimetric one,
indicating internal return. These results
corrchorated the postulate of a symmetrical ion heing
formed directly from the exo-brosylate, while a
fraction of the endo-hrosylate passes through a non-
symmetricsl intermediate (4).

m - Route to the Norhornyl Cation.

The norhornyl cation (3) which ¥instein
proposed as the intermediate in solvolysis of exo-
norhornyl derivatives can he formulated as s
resonsnce hybrid of three canonical forms (3 a - ¢).
In a formal sense, products could he perceived to
arise from the attack of solvent on the blcyclic

canonical forms (3 g and h), hut no monocyclic



products from attack on 3 ¢ had ever heen isolated,
These considerations led to the conclusion that if
structure 3 ¢ could he independently generated it

ogght Eo lead to products derived from 3 a and be
Lawtoni and Bartlett and Banklo, independently,
provided dramstic verification of this. Lswton,
carried out the scetolysis of the crystalline 2(/%S-cylo-
pentenyl) - ethyl p~- nitrobenzenesulphonate (6; Ng =
S0pCgH,NO0,) at 60°, found that it solvolysed 95 times
faster than the sgturated snalogue and that 1t gave
exo-norhornyl scetate (5) as the sole product.

Partlett and Bank solvolysed the corresponding liquid
tosylate and obtained similar resultsa This was g
very strong indication that the ion formed from 6 was
identical to that formed in solvolysis of exo-norhornyl
derivatives and thst 1t could he formulated as 3.

This was the first demonstrstion of duality (o and n )
in generation of the same non-classical iong several
other examples have since heen demonstrated.

Le Ny aoetolysed£;5 - cyclohexenylmethyl tosylate
(7)11, finding a rate increase over the saturated
analogue and ohtaining endo - 2 - bicyclo (3, 2, 1)
octyl acetate (S)i through the intermediacy of 9.

Goering and Sloan then solvolysed endo - 2 - hicyclo -



(3, 2, 1) octyl tosylate (10) obrtaining 8, again via

ol
cation 9, this time generated hy a o-route,

13 12
Walhorsky , and Goering and Sloan have shown

that peth hicyclo (2,2,2) octyl Hosylafte (11) and exo-2-
hicyclo (3,2,1) octyl tosylate (12} hoth solvolyse in
acetic acld to gilve the same mixture of products,
namely hicyeclo (2,2,2) octyl scetate (13} and exo-2-
hicyclo (3,2,1) octyl acetate (14; . Both of these
solvolyses consist of o-~routes to the nca-classical
cation 15. Winstein then considered it pnossible to

L3

ohtain this same cation by means of a s~ route from 2 .
3 14
(49 - cyclohexenyl) ethyl tosylate (18). In the event
he ohtained, as in the v~ route, 13 and 14 slong with

El

a 1little monocyclic =cetate,

These examples are interesting hecause two
isomeric hridged non-clgssical ions have heen formed hy
hoth o and m ~ routeg snd there has heen no

akage from one to the other; in fact

|
(&)

stereochemical
hoth ions have spparently retained their
stereochemical integrity.

Homologues of the Norhornyl System.

On kinetic and steric grounds it is now
hecoming evident that the hridged hicyclo (2,2,1) hepiyL
15
system is = specisl case. Berson » by his ring



expansion method (173218 and 19), has ohtained evidence
shat classical cations can, and do, exist in the

hicyelo (3
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had heen thought to he ruled exclusively by non-
clgssical ions (see ahove). The 2 - norbornylcarhinyl
cations (endo and exo) were ohtained by deaminstion of
the corresponding amines (20,21: X = NHg) or

acetolysis of the hrosylates (X = 0Bs)., The products,
their percentages, and percentage racemisation sre shown
in Scheme A.

Scheme A alsc shows the reaction mechanism which
Berson proposes for the solvolyses., This complex
scheme involving a large numoer of discrete
intermediates is, according to Berson, the simplest
possikle explanation Qf his experimental results. In
the endo case, for example, the resulting equatorial
2 - bicyclo (3,2, 1) octanol (22a and b) is partiszlly,
hut not totally, racemised and has a different
percentage rscemisation than its epimer, axisgl 2 -
hicyeclo (3,2,1) octanol (23 & and b). These results
cannot be explained by involing only classical or non-
classicel ions hecause 24a alone would have given

optically pure 22 and 23 while symmetrical 25 (the

non-classical ion of Le Ny), would have given (by

7



exclusive o« - attack) completely racemic 22.
Similerly if it were simply an equilihrium hetween 24a
and 24h hoth 22 and 23 would have heen formed with The
same percentage racemisation, Using the same type of
arguments, the products from exo-2-norhornylcarbiiyl -

suhstrates (215 X = NHy or OBy) were rationalised as

shown in Scheme A, In the endo solvolysis a small, but
significant quantity (7% in deamination) of bhicyclo

2, 2, 2) octanol (26) was ohtalned. person believes
this to he due to a slow leak connecting the exr and
endo rearrangement paths, This could occur at the
classical cation stage (24T=27), provided this
reversinhle chair-hoat conformationsl isomerisation were
slow cnough to provide partial insulation hetween the
two svstems so that only a small percentage actually
does lesk, person is therefore postulating thatb
isomeric zlassical ions, in their subsequent reactions,
can exhibit a high degree of specificlty depcndent on
their precise mode of formation. A possinhle

e¢xplenation of this specificity of reaction is shown by

fons 30 and 32, These are the ions formed from exo =
and endo ~ norhornyl - carhinyl systvems. In 30 the

vacant p-orritsl in the 2 - posifion 1s almost parallel
to the Ci - Cy rond with the result that this bond is

8



delocalised gilving 28, A similsr criterion casn he
invoked to give 25 (from 32).

The important aspect of these mechsnisms is that =a)
n clagsical ion has heen postulated in the hicyclo -
(3,2,1) octyl gystem end thst h) it is separated from
its carhon-hridged, non-classical counterpart by an
energy harrier roughly equal in magnitude %o that
necessary for reaction with sclvent and that the non~
clagssical ion is not very much (if any) more stable

than Tthe classicil one since its rate of reversible

i

interconversion with the latter is large enough to
compete readily with caplture by solvent. This, of
course, 1s in very sharp contrast with the (2,2, 1)
heptyl system in which the non-classical ion is much
more highly favoured, and the classical ion (formed from
2 - endo derivatives) is very rapidly converted %o the
non-clasgical 1on.
16

A recent communication describing collshorative
work hetwecn the Institut de Chemle des Suhstances
Wsturelles, Gif and this department reports a
~4

-

reinvestigation of the solvolysis of
cycloheptenylcarhinyl hrosylate (see above). Thig was
found to he not guite as simple and uncomplicated =s

had heen imagined. Acetolvsis of &3 (X = OBs) gave



93% endo - 2 - bicyclo {3,2,1) acbyl acetate (34;X = 0QAc),

e
o7

ok exo - =cetate (35: X = OAc) =and 3% of an scetatc which
the authors assumed to re hicyclo (2,2,2) octyl acetate.
This is extremely interesting since it isg in good
agreement with Rerson's work in that the major product -
forming intermediate is probably (9) but there must be
come of the clasgssical ion (36) formed to account for
the exo - acetate and also a lesk %o the isomeric
series (24 m=27 Scheme A) to account for the hicyclo
(2,2,2) octyl compound formed.

Continuing to a homologue of the above case, we
find the trends toward classical ion formation hecoming

17

more pronounced. Cope acetolyscd a4 - cyclo-
octenylcarhinyl tosylate (37; X = 0Ts) obtaining
mainly the equatorisl 2-hicyclo (3,3,1) nonyl acetate
(38: X = OAQ), some axial isomer and hicyclo (4,2, 1)
nonyl product. The formation of the equatoria
compound in high yleld secemed to he an indication that =
non-classical ion (39) was responsinle, Grave douhts
hsve since heen cast on this assumption, Felkin;lG
on acetolysing 4% . cyclo-octenylearhinyl hrosylate,
(875 X = OBs) obtained 91% of the endo-acetate
(38: X = 0Ac), 8% of the exo-scetate (403 X = 0Ac) and

1% of an unidentified =cet-%o. If, ~s Cope suggests,

10



n (3¢) 1is

O

the non-classical cyclo-octenylcarhinyl cati
the major product - forming intermediste in this

solvolysis, then, solvolysis of endo - 2 - bhicyclo

(3,3, 1) nonyl brosylate (383 X = 0OBs) ought to give

()

the same intermediste and therefore the sameproducts.
The acetolysis of 38 (X = 0Bg) was duly carried out,
and the products shown to ke 457 endo-sacetate (38;
X = OAc), 467 exo-acetate (403 X = Opc), along wibth bwc
other acetates (8% and 1%). This result seems to
preclude the possihility of 39 playing a major role in
the acetolysis of 37 and 38. The products from /.% .
cyclo-octenylcarhinyl brosylste (3%; X = O0Bs) and from
endo - 2 - bicyclo (3,3,1) §onyl hrosylate

(33; X = 0Bs) can be plausibly explained by invoking

classicnl ions which ~re protectecd to some extent by

the leaving group. In the cyclo-octenylesrbinyl case
(41), double hond participation across the ring to give
classicsl ion 42 would leave the cndo facc virtually
clear for atbtack bhv solvent, giving a large (hut not
total) percentage of endo product. Similarly, were the
endo-brosylate (38; X = O0ms) Uo lonise to classical ion
43, the endo side would be partially hlocked by the

lesving group causing a large proportion of exc-qcetatoe

to re formed.
11



Tis is an intercsting suggestion, since, as
Felkin points out, there i1s no resson to suppose that
the hridged non-classicnl ion 39 would he any. e
readily formed than the claszsical ion 44, The douhle
chai; conformation has heen shown %o he preferred by the

18
ricyclo (3,3,1) nonnne system glthough this is
strained due to 3, 7 - methylene interaction making
noth rings fletter than in cyclohexsne. The formation
of & clnssical cation in the 2 -~ position would cause
one of the rings to flatten asnd allow the other to

sdopt a more perfectly staggered conformation thus

reducing strain in forming the intermediate. In the

hridged ion, however, the 3, 7 -~ methylereinteraction 1is
rclieved =t the expense of distortion of both sixz-

membhered rings. In the bicyclo (3,2, L) octyl system,

this situation is reversed since an eclipsing interaction

hetween 8, 7 - hydrogens is relieved in going to the
symnetrical rridged ilon 9 and yet Zerson has shown that
there is little difference in starility between 9 and
its cleszsical counterpart 36. It would therefore seem
feaatirle that the classical 2 - hicyclo (3,3, 1)

nonyl cation is more stahrle thsn the non-classical one,

Thus it is posgsirle that as ring size increases,

the importance of classical “ons as reaction intecrmedi-te

12

<t
s



tends to increase. The hicyclo (3,2,1) octyl system
mey well bhe the dividing 1line hretween the !'domains! of
the classical and non-clegsicsl ion. As further
rigorous investigastion of csrbonium ion hehsvour in
other hicyclic ring systems Is nccomplished, a grester
understanding of the factors controlling the form-~tion

of classical and non-classical ions in specific cases

may he gained,



Dounle Dond or wu - Prrticipation.

W

There =re many known exrmples of 1 - particip-tion

3,
srature . One of the crrliest and

>

d.

o

in the 1
surely one of the most striking wss the one discovecred
19 20,
by Shoppee , and later studied in detail hy “instein
involving T - participation in solvolysis of
cholesteryl tosylate (43). Shoppee found that
suhstitution reactions of cholesteryl derivatives gave
products whose configuration was the same ns thst of
the starting compound (45—7946)c Treatment of
cholesteryl compounds ir. huffered solvents gave .
i-sterolds, also with the B - configuration (45ﬁ47)‘00
Since cholesteryl tosylste also solvolysed faster than
cholestanyl tosylate (factor of 40 At 70°) winstein
proposed thabt the non-classical ion 48 was the
intermediate formed in the solvolysis. Later work by
21
Shoppee " showed that 3 B - cholesteryl derivatives
nlso solvolyse frnster than the 3 o - compounds which
eliminate to gilve the dien§é
Moxrec recently,ﬁhithamg‘, in order to verify
whether the unsymmetrical 48 or the symmetrical 49 was
the truc intermedinte formed, solvolyscd the tosylate ol
3 B - hydroxymcthyl - A - norcholest - 5 - ene(50%}

in aquecus acetone huffored with pobtassium ncctate.

14



This gave a mixture of slcohols (51 =nd 52) in the
srme ratio as that formed in the solvolysis of
cholcsteryl tosylate under the ahove conditions. He
concluded from this that symmetrical ion 49 was =2
hetter repyesentation of the intermedi-te than was 48,

Probahly the most famous exsmple of douhle hond

earticipation was found when anti ~ 7 - norhrornenyl
23

tosylate (53) was solvolysed Acetolysis of 53
produced exclusively anti - 7 - norhornenyl acetante
(54) with a rate l&J"times faster than that ohscrved
for the saturated analogué. “instein proposed that 55
was a suitarle representation of the intermediate formed
arnd that the remarkahle rate increase was due to the
developing charge heing stahilised hy delocalisation
w2th the dourle bond in the symmetrical manner showno,
Such o situation restricts nucleophilic attack to that
sicde of the moleculse ﬁemote from the douhle hond,

4.

Some time later? Winstein puhliished the rate and
product analysis for acetolysis of syn - 7 - norbornenyl
tosylate (56). He found that although the rate for the
syn - bLosylate was slower than for the antl -~ tosylate
hy a factor of 107, it was Taster than for the
sisurated tosylate by n factor of 10%,  Here nlso thore
is marked anchimeric nssistance. The product

15



ortnined from solvolysis proved to he bicyclo (3,2,0)
hept - 2 - en - 4 - 01  (57), Winstein explained these
results hy postulating methylene participation hy the
sntl =~ 5 - membered ring giving rise to a stabhilised
allylic cation (58).

Introduction of another dounhle hond into the
norhornene skeleton served to increase the charge
delocslisation in the cation =~nd so, also the rate of
solvolysis. The rate of solvolysis of 7 -
chloronorhornsdiene (59) in aqueous acctone is faster
than that of 7 - chloronorhorncne hy s factor of
75055. The intermediste cation (60) forms n stable
fluorororste whose structure has heen iggestigated by
nuclear magnetic resonance spectroscopy‘ . The
results ohtained support an unsymmetrical non-classical
structurc such as 60,

Other investigations of the steric requirements
necessarvy for overlap hetween s douhle hond and =
developing homonllylic carhonium lon have bheen
accomplished, Roherts, on solvolysing exo -
norhornenyl chloride (61ly X = Cl ) =nd X0 -

I
norhornyl chloride (62)2/, found that the latter was the

morc facilc. This led him to helieve that if a non-

clasgsicsl ion such as 63 wss the intermediate in

16



solvolvsis of 61, then sterilis~tion of charge by
delocslisation of w - electrons was less effective
then stabilisation hy delocalisntion of o - elcctrons
ns in the norhornyl cation (3). He reversed this
decision, however, when he found that the rate ratio for

solvolysis of exo - and endo - norhornenyl chlorides

(61 and 6435 X = Cl ) was exo/endo® 150 in 80%
ethanol at 85°, whereas the ratio for exo - and endo -
norhornyl chlorides (62 and 65) is only about 702?0
Winstein obtained an exo/endo rate ratio of 7000 for the
¢x0 =~ and endo - norhornenyl brosylates (61 and 64;

X = Ops) (the exo/endo rnte ratio for the norbornyl
hrosylates is 350) . Solvolysis of hoth 61 and 64

(X = 0Ons), in ncetic acid, supplied mainly tricyclic
material (66), and exo - norbornenyl acctate

(61l; X = OAC)ZSD The exo/endo rate ratio snd the
product composition are strong evidence for
postulating n non-classical cation of type 65 as
intermediate in the solvolysis of exo-norhornenyl
hrosyl=ste (6l; X = 0OBS). The similarity of products
from endo - norbornenyl hrosylate (643 X = OBs) would
indicate that after ionising to give the classical ion
67, this then degenerated to the same non-classical

intermediate (63) obtained in the cxo-hrosylate

T



solvolysis,

Using lanhelled (C ) X0 - and endeo -~ norhornsnyl

30 T
brosylates, Roherts demonstrated that resrrangcment of
the initislly formed intermediste from solvolysis of
5x0 - norhornenyl hrosylate took place (less thsn 507 in
acetic acid). This strongly indicates - slcw
equilirration of 63 with its enantiomorph &8
3

Be Puy h=s studied ' s pair of structurally
relnted yet chemically different homoallylic cnations,
Acetolyses of endo - and ¢xo - 7 - 1isopropylidensnorborn -
5 - en - 2 - yl tosylates (69 and 70)showcd thnt hoth
are anchimerically assisted, each producing a diffecrent
intermediate, Endo - 7 +iisopropylidensnorhorn - 5 - en -
2 - y1 tosylates (69) (2000 times faster than gndo -
norhornenyl tosylate) furnished the endo - acetnte (71}
cxclusively, The exo - tosylate {70) also scetolysed
rapidly (slightly faster thon cxo-norbornenyl
hrosylsate 61) and supnlicd 72 only. De Puy considered
thet the intermediates formed could he represented =as
73 and 74 and that these ions, though structur-lly
similsr, wercec not interconvertihle.

4 discussion of participation in cerhonium ion
renctions in = text such =g this must h¢ highly sclcetive.

since the numrer of cxamples 1s so large =nd the

18



interprotations frequently at varisnce with one
another. o attempt hegs been made o discuss the
8,32
currcent controversy cver the detalled n~ture of
hridged ions »~nd, for simplicity, the more popular
rcpresentntions, hased on Winstein's idess and used by
most of the investigators in these fields ~re used
throughout.

The following two sections deal with the preparstion
~nd reactivity of some derivatives of the bicyclo-
(3,3,1) nonsne system snd our attempts to correlate
the results of carbonium ion reactions in this semi-

rigid framework with those discussed ahove, and with

other pertinent investigations.
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Solvolyses of Eguatorial snd Axisl 1,5 -

Dimethyl - nicyclo (3,3,1) nonan ~- 2 ~

y1 PYoluenc - p - sulphonntes,

For some years, a group of workers, in this
department, were eng=ged in the synthesis of
33
clovene (75) . Becnuse 1 -~ carhethoxy ~ 5 =

methylhicvelo (3,3,1) non - 2 - en - 9 - one (76) was

)

hasic intermediate in this synthesis, large stocks of
this compound were prepsred. This ursabturated keto-
ester (76) was obtained from =n acid—catalyéed aldol-
dehydration of 3 - (1 - carhethoxy ~ 2 -~ oxo - 3 -
methylcyclohexyl) - propionsldehyde (77) WiE?
concentrated sulphuric acild. IS was notedoj that the
unsnturatqd keto - ester (76) was not the only compouna
ohtained but that certsin réérranged products were slso
formed, nsmely, 7 - methylindan - 4 - carboxylic acild
(78) and ethyl 2 - =cetonicyclo (3,3,0) oct - 1 (2)~
ene - 5 ~ carhoxylate (79).,

The mechanism for formation of the rearranged
products 78 snd 79 presenfted the investigators with an
intriguing prohlcm, When this work wes published the

ulated to

cr

mechanisms shown in Schemes B and D wore »pOS
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!

cxplaln ho produccion of ce=ch of e vosrrencod
compounds. In the formabtion of the aromntic =cid
(785 scheme B), the initial step wns proposed ns

protonsation of the crrkonyi group of 76, afber this hal

heen formed by ~ldol closurc of 77 to 80, and

dehyaration of the latter, Indéed, it has heen shown,
that treatment of the unsaturated kecto- ester (73) with
‘ 35

' I |

guly hurLc acid gives rise to the aromatic acid 78 ,
The remainder of the mechanism consisted of two Wagner
Meerwein rearrangements, s dchydrablon step, and
finally hydrolysis of the aromaSic ester in
concentrated sulphuric acid, There ceemed No apparcns
reason for the finsl ester hydroiysis, when the estor

36

groups on 76 and 79 remained inSact and Martin

t

proposed the aliternstive mechanicm seen in scheme C.
Adoption of the ketene intermecdizte (81l) explains the
formation of the asromatic scid and nov the ester, morc
satisfactorily.

The mechenism,to ohtain the conjugated enone-
cster (79; Scheme D) depends on logs of hydroxyl from
the aldol product (82) snd then an acy .migr-ticon w’
concommitant or suhsequent attack by water taking placo.

to give 83, A retro-aldolisation and realdolisation

of the [ ~-hydroxy-ketone system in another way would
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then forr the conjugessud ononceoovoe! 700
The ketols (8C) could hs formed ny «cid
treatment of keto-aldehyde (77 with dilute mineral
scid, hut the mixture formed could rnot he separated
37
into the axisl and equsiboriasl ecuimcric couwpourds .

The interesting possihility thas® each of the
rearrangement products 78 ~nd 72 could he derived

"

o . .
he C - S epiierg, was

@]
H)
ot

¥

sepsrately from onec

ohviously worthy of consideracion, Fer example, the
acyl migration in 82 would secm to he more favoured LT
the hydroxyl group werc cguatorial, and therefore in a
trans-antiparallel disposiftion with respect to the

migrating bond ( see 84). The cplmeric 2 - hydroxy -

-

G
A

1, 5 - dimethylpicyclo (3,5,1) nonar ~ 9 - cnes
(85 and 863 R = H) h~d heen prepared, in thess

56
lahoratories, in purc form by HMertin , snd the
tosylntes of these alcohols (85 and 86? R = Ts) werec
both sgolid and rcadily ohigined in a high degree of
purity. (The synthesis of these compounds 1s
discussed in detail in the Introduction to Part II of
this section). For uvhese reascons, the dime thyl
compounds were ohviously morc suitable than

derivatives of 80, as the materisls for a more subtle

attack on the stereochemicnl aspcects of the
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grouping with 1ts attendent clectronic c¢ffects, hy =
muchyl was expected to simplify the sexplsnation of

results obhtained,
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It wss cxpeccted thet solvolyses of the crystealline
epimeric tosylates of thc 2 - hydroxy - 1,5;— dimethyl-
hicvelo (3,3,1) non~n - 9 - oncs (85 =nd 863°R = Ts)
under mild controlled conditions, would provide more
useful Information on the recarrangement paths, than the
drastic (e.g. concentrated sulphuric acid) conditions
applied heretofore. The solvent choscn for the
solvolytic studies wag =cctic ncid, for several reasons.
It is, hy far, the most popular solvolytic medium and
use of the same solvent would simplify correlstion of
our results with those of other workers, Since the
origin~l 4ddol - dehydrﬂtion54 (77—76+ 78 +79) was
carried out with concentrated sulphuric acid and
since the postulated mechmsnism (Scheme B) for the
formntion of the indan-carboxylic acid (78) included
a protonstion step, it appesred to us ~dvisahlec to use =
protic, polar solvent if we were to produce
suhstantial rearrangement.

The tosylates, 85 and 86 (R = Ts), were carefully
purified hy recrystallisation and then acetolysed
individually by henating them in glacisl =acetic acid
solution under reflux, Carc was taken in the work-up

procedures that no volatile components would he lost.
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Buct ro tolyoos grodacsd cornlory mi, turss whicn GOnGd s
interesting provleom in scpsration. Since the ksto-
acetates 85 snd 86 (R 5 Ac) werce cxpected to ke formed,
these were individunolly propnrcd hefore the solvolytic
cxperiments were regun, for identification purposes.

To alleviste thce task of sceperating a2 mixture of these
keto-acctntes into it8 components, the relative detector
responses to ench in gas-liquid chromatographic anslysis
was oOhtaincd. This allowed rapld and =ccurate
guantitative anclysis of mixtures of these keto-
~cetntes.,

Treatment of »oth 85 and 86 (R = Ts) with acctic
acid, in the menner decscrired, geove mixtures containing
the same five compounds, though in different proporticns.
Becausc of the differences in moleculnr weight between
the keto-ncetntes, B85 and 86 (R = Ac), and the other
olefinic products, = suitarle gns-liguid chrometogrepkic

separation could only *e ortained by temperature-

]

£

programed gnas-liquid chromatography (g.l.c.}. L Fine
separation of the five compounds was ortained using 5%

QFel. as stationsry phase, ten@eraturé prograrmed from

100 - 175° (3° per minute)., Full g.l.c. details of =11
compounds discussed =re¢ supplied in Arpendix A,

A partinsl sepsration of the mixture wsas

P o LN




accomplichod ty o ocmroful column chromotography on
aluminn., The mixture weas separsted, in order of
increasing polarity, into : i) = hydrocarbon oil,
homogeneous under scveral sets of gl.l.c.conditions, =and
subsequontly assigned the formula 87, on evidence
outlined helow; ii) the known 1,5 - dimethylbhicyelo
(3,3,1) non - 2~en - 9 - one (88), and iii) a
mixture of three compounds, two of which were the
keto-ncet~tes 85 and 86 (R = Ac) discussed above, while
the third was later idontificd as Al - 2 - aceto - 5 -
methylhicyeclo (3,3,0) octene (89). By analogy with
the products formed from sulphuric acid treatment of
the keto-aldehyde (77)64, the formstion of the
conjugated enone (88) hnad bcen expected in the
solvolytic rcactions descrired. AtTtempts to separate
the conjugnted enone (89) from the mixed keto-
scetates (85 and 865 R = Ac) by various
chromatographic mothods including thin-layer i
and..colurm chromatography met with 1ittle success.

Hydrolytic experiments on the mixture of keto-
acetates (85 and 865 R = Ac) and the conjugated
enone (89) in acidic and hasic media in an attempt to
convert the keto-acebates (85 and 865 R = Ac) to the
ketols (85 and 865 R = H) lenving fh@ conjugated
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enonu (89) «ccussitle to chrom-tosraphic sepraration
wore quite unsucecssful rosulting weinly in the
destruction of the conjugsted enone (89), the compound we
wished to prescrve, The 9 - oxo function of 1, 5 -
dimethyl-hicyclo (3,3,1) nonane derivatives was known to
he extremely hindured56, whereas that of the
conjugated enone (89) was not. Consequently,
treatment of the mixture with semicarbazide acetate
resulted in the formation of the crystalline semicarbazone
of the conjugnted enone (8¢) easily separated from the
unchanged keto-acetates (85 snd 8635 R = Ac). An
anslogous scparation technique had heen used to
separate 79 from 76 in earlicr work04. Gelsce
snalysis of the remsining keto-ncetates showed that
semicnrh~zone form~tion had completely removed the
conjugated enone (89). The conjugated enone (89) could
he regenerated from the semicarhszone hy treatment with
dilute sulphuric ncid. With the separation of the
hydrocarbon (87) and the enone (89), elucidation of
their structures could then begin,

Since treatment of 77 with sulphurio.acid had given
the aromntic acid 7854? we had expected, by analogy,
to ohtain the hydrocarbon 90 (4, 7-dimethylindane).

Comparison of the hydrocarhon from solvolysis, with an
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38
authentic semplc of 4, 7 - dimethylindane o (90) by

gelec, and infr- rcd ( i.r) showed them to he quite
diffgrent. The hydrocarhon from the solvolysis
exhirited - H deformntion bhands in the 1.r.=t 709 and
769 cms™t, charnctoristic of 1,2,3 - trisuhstituted
wenzones, and the 1.r.spectrum wss =slmost
superimposahrle with thet of 4 ~ methy{ﬂ}ndane (91).

The nuclear mrgnetic resonance (n.m.r.) spectrum ( see
formula 92) exhinited ~hsorption at T = 8,73 (3H,douhlet:
J = 7 c.pes,.) indic~ting the présence of a secondary
methyl, a singlet at 7.81 (3H) n~ssigned to the

methyl on a henzene ring, multiplets at 7.5 and 6.83

(2H ~nd 1H respectively) assigned to henzylic protons
snd ~ multiplet (2 H) at 8.37, for the two sliphatic
protons., Finally a multiplet =%t 3,06 (3H) indicated
The presence of aromatic protons. The comhined
gspectral evidence, and the limitations set by its mode
of formntién pointed to the structurc of the hydrocarhon
from the solvolyses ns hoing 1,4 - dimethylindane = . (87).
An authentic specimen of 1,4 - dimetyliad-ne .~ was
synthesised hy the method of Elsner and Parkerég.
Benzylic mono.-bromination of o-xylene (93) furnished
the g tolylmethyl rromide (94). Alkylation of diethyl
bqlonﬂte with 94 produced the subhstituted nalonic estour
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(68), which weg hvdrolyscd ~nd decrrhoxyl-ted to give W
- (o -~ tolyl) - propionic ~cid (96).

Normnl closﬁre of the sromatic ~cid (96) with
polyphosphoric ~cid gnve thce methylindenone (97).
Trentment of 97 with methyl memgnesium iodide gave «
tertiary alcohol which resdily dehydrated during
isolation to give 1, 4 - dimethylindecne (98). This
was readily reduced to the desired 1,4 - dimethylindanc
(87), which proved to he identicnl in all respects with
the aromatic hydrocarhon isolated from the acetic acid
treatment of noth tosylates 85 and 86 (R = Ts).

The second compound eventuslly identified as the
conjugnted enone (89) separated from the keto-ncetates
(85 and 8635 R = Ac) ~s the semicarhnzone, and
regencrated from the latter, exhinited ahsorption in the
i.r. (1670 cms™1) and ultraviolet (u.v.)

Qmax. 252mpy 3 e = 10,100) characteristic of a
conjugated cnone system. The n.me.r.. spectrum ( sce fig.
99) showed no vinylic proton signals nnd two singlet
methyl ahsorptions at T = 8,01 «nd 7.85. Tho signal for
the methylAdjacoent to the carhonyl group in the

conjugated enone-ester (1003 T , 7.80). Thus, on the
hasis of the spectral properties outlined, -=nd hy

snnlogy with the form~tion of enone (79) in tho acid-
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catelyscd -ldol-duhvdr-tion of koto--ldchvde (77), the
stfucturc 8¢ vrg casiegn d to thoe conjugrted oncno
ortained from solvolysis of 85 and 86 (R = Tg) with
acetic ~cid. Confirm-tion of this was ohtaincd nhy
¢rtalytic hydrogun=tion of tho conjugnted enone (89) to
104 and sursequent synthos;s of an identical ketone
from the enone-cster (79) by the route indicated (79 -
104)56.

Proof of the structure of enone (89) completed the
identificstion of all five products from acetic ~cid
treatment of tosylates (85 and 863 R = Ts), and the
relstive proportions of the products from each arc shown
in T=hlc 1. A glence 2t the results will show that the
nxinl keto-tosylate (85; R = Ts), grvec very much less
renrranged materisl than the cquatorisl keto-tosylate
(865 R = Ts).‘ The totrl amount of rearranged mnterial
(87 + 89) comes to 97 from 85 (R = Ts), yet is 46% from
86 (R = Ts). It is orvious 874nnd 89 arc formed in the
1attor case, st thc expense of hicyclic olefin-kctone
(88). In other words, solvolysis of the axial keto-
tosylatc (853 R = Ts) favours simple B - elimination
(see formulﬁk105){ giving mainly the olefin-kctone
(88), presumarly hrecause = proton on C - 3 is in a

favourshle trans-antiperallel configuration with respect

30




Table 1

87 - 88 89 /O 85(R=Ac) %(R=Ac)§§;
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to the lesving group.

Whn%lnt first sight might seem a second process
favourcd hy the particular stereochemistry of the
leaving group in 85 (R = Ts), would he a concerted
rearrangemcnt as shown in (106), since the Cl - C8
bond is trans-antiperallel to the leaving group. This,
however, would give rise¢ to a hicyclo (3,2,2) nonane
(107) having = carhonium ion adjacent to =an =lready
electron~-deficient carhonyl carhon. ‘ That this
situnation is unlikcly, is horne out by the ahsence of
products with the skelcton of 107, from the solvolysis of
85 (R = Ts).

The third possihility,.that of complete ionisstion
of 85 (R = Ts) to 108 thereby nullifying the
importance of the stereochemistry of the leaving group
in the suhstratc (853 R = 7Ts) seems to play some part,
since rearrangcd products are ortained, although to a
lesser extént than from 86 (R = Ts). Solvent capture
hy 108 ohviously compsetes with roarrahgemcnt and the
proportions of scetates with retained and inverted
stercochemistry are discussed later.

The solvolysis of the equatorial keto-tosylate
(863 R = Ts) can he discussed in the same way, There
is no possihility of favourarle trans- B ~elimination
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of a proton from C - 3, hecause of the egquatorial
disposition of thc leaving group on C - 2. A
conformtional changc to the hoat-chair 109, which
would hnve a pscudo-naxial quving group, is unlikcly,
in vicw of our knowlcdgel8,£o of the conformationsl
sgpoects of the hicyclo (3,3,1) nonnne system. It is
not surprising, thercfore, thet concorted B -
¢limination is less import=snt in product forms=tion
from 86 (R = Ts) then from 85 (R = Ts), 19% and 68%
respcctively., On the other h=nd, the C; - Cg hond is
suitably pleced with respect to the leaving group, for
acyl migration (seg formul~ 110), ~nd indeed; this
process (followsd by further chronges discussed helow)
can account for the high proportion of rearranged material
ohtained from 86 (R = Ts).

Tonis~tion to 108 =and subscquent solvent capture
cnan lecad to the mcctates (85 4 8635 R = Ac), as also
happons in solvolysis of 85 (R = Ts).

Inspection of the gqu=ntities ~nd r=tios of the
keto-qcctates formed on solvolysis of emch of the keto-
tosylates shows nothing untown~rd. The axial keto-
tosylate (853 R = Ts) has produced more eguatorial than
axinl keto-nmcotate (3+6: 1 ) while from the
cquatorisl kebo-tosylate (863 R = Ts) the proportions
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are reversed (1: 1°9). This is porfoctly s norm~l in
cations considered to he "clessical¥, since exemples

of clnssical ions which ~re pertislly (sometimes nlmost
totally) shielded hy the leaving group are common3

(111 =snd 1}?), and = gpocific example has already heon
quoted in h;cyclononnne ch@mistryl6.

Although, in genecral, the =hove results of acetic
ncid solvolyeis could he accommodated in the known
patterns of carhonium ion rehaviour, we were somewhat
surpfised that such deep-sented rearrangements ns could
give risc to compounds 87 snd 8¢ were still found to
occur, “e hnad hoped to ohtsin primsry rearrangenent
products, in order to e¢xpl~in how 78 and 79 were formed
from 77 in sulphuric acid,

e therefore dccided to repecat the ahove
solvolyses, in anhydrous acetic acid containing socdium
acetqteél, conditions which are, in any case, more
standard for ncetolyses. Solvolyses of 85 =nd 86
(R = Ts) with dry acetic acid/sodium acetate produccd
quite different results to those orbtsined with gl=cisl
acetic acid ~s solvent. Both 85 and 86 (R = Ts} gave
six compounds (ge.l.c. anslysis on 5% Q.F.1;

temperature prograrmed from 100 - 175° st 3%/min.),

¥}

nonc of which corrcsponded to either 87 or 89 in gel.
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mohility. The components appenred to he two

climinqtéd products (i.¢. olefin-ketones) and four
keto-acetates. A partial separation of the mixtures
could re ohtsined hy chromatography on alumina giving i)
1,5 - dimethylhicyclo (3,3,1) non-2-cn-9-one (88), ii)
a new olefin-ketone (Vg e (g, 1738) » and 1iii) a mixture
of four other compounds (keto-acetates) two, of.which
were 85 and 86 (R = Ac).

The lenst polar éompound formed (88), neceded no
investigation. Next in order of polarity was =a
colourless oil, with a mass spectral parent at 164 and
which snalyscd correctly for an c¢liminnation product
(CllHl6Q). An cxhaustive search of gas-liquid
chromatographic conditions ~nd stationary phases was
finnlly successful in producing a partial scparation of

his oil into two componcnts (golay apiezon 'L!
caplllary)., Catalytic hydrogen~tion of the suspected
dou#le hond isomers, afforded an oll (CllH18O)
(homogeneons hy g.l.c.) whose 1.r.spectrum exhihrited no
douhle hond absorption bhut a carbonyl ahsorption at

1733 cm T (Ccl The olefin mixturec, tentatively

4 ) -
assigned as (113 + 114), cxhihited abhsorption in the i.r.
at 1738 cm=1 (0014 ), 893 (cxomethylenc) and 816
(trisurstituted dourle hond) (CSy). The Nelle e
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spectrum ( see formuln 113 ' 114) wns consistont with

115 and 114 vreing present in tho rotio of 2<7: 1.
Assuming this ratio in analysis of the spectrum, isomer
(113) showed signals at 4,50 (broad multiplet, 1 vinyl H)
and signals at 8421 (vinyl: CHz) and 9.02 (tertiary CHz) »
The exomethylenc isomer (114) exhihited a nsrrow

multiplet at 5,27 (2 vinyl H ) and a singlc methyl

sign«l at 8,97.

Such = pnir of douhle hond isomers would have heen
formed, presumshly, from the tertiary carhonium ion 116,
An attempt was mede to equilibrate the mixture (113+ 114),
through the carbonium ion (116), to the more stablc
trisubstituted compound 113, Treatment of the mixture
with toluene - p - sulphonic acid in ether under
anhydrous conditions did, in fact, c-use the

1

exomethylene ahsorption at 893cm — in the i.r. to

fall, compared with the trisuhstituted arsorption nt

1 1

876 cm — , hut totsl elimation of arsorption at 893 cm”
could not »s sttained. Weverthcless, the experiment
proved that 114 was converted to 113, since no other
products werc formed (gel.Cs)

Of the mixture of four keto-acetates, two, as has
already heen said, were 85 and 86 (R = Ac) by ge.l.cC.
retention times, while the others were tentativgly
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assigned the structures 117 =nd 118, containing
rearrangcd skelcetons corresponding to thosc of olefin -
ketones (113 + 114), Attempts to sepsrate these four
keto-ncetates were quite unsuccessful, since column-and
thin-layer~chromntography would not provide a pure
sample of the rearranged kcto-acetates either singly
or together. Proeparative scale gelece (1% Q.F.l.,

10' x 8%, 120°) separnted the rearranged from the non-
rearranged keto-acetates, »utbt, unfortun~tely, the
reﬁrranged compounds tended to pyrolysc at the exit-
ture of the instrument, hchaviour not unexpected of
tertiary ncetates.

Incidental indications that the resrranged keto-
acetntes were thermally unstarle (preparative ge.l.c.)
led us to attempt preparative pyrolysis of the mixturc of
four keto-acetates in the hope of isolating keto-
olefins 113 and 114 and 88, a mixturc which would h-ve
reen readily identified. Pyrolyscs proved fruitlessy,
however, hecnuse even at atmospheric pressure the keto-
acetates distilled unchanged.

One other method (shown in Scheme E) remained open
to us. Due to the (suspected) tertiary nature of the
acetoxyl groups in the rearranged keto-acetates
(117 7+ 118) the parent ketols (122) would he
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resistant to mild exidetion, Thug, if the mixiture of
koto=ncutatos was truntod with lithium aluminium
hydride nnd then oxldised, ~ mizture (121 4+ 123) should
he ohtninod from which the known dione (121) ocould »e
casily separnted leaving the mixed ketols (122) which
could then he converted to the mixed olefin - kotonos
(113 4+ 114), cstablishing tholr rolationshin in this
LEVES

In the event, this sequence proved gratifying.
Reduction of the mixture of keto-acebtates supplivd =
gross mixture of diols. Oxidatlon under neidie
conditions was to he avolded hecause of the denger of
dehydrating the tertiary alcohols or of causing fuggh@r
cxtensive rearrangements. Oxidation undor Sﬁf@tt%ﬁ
conditions (chromium trioxide in pyridine) was first
tried ~nd discorded hccause it wnas found to h»o very
slow (the O-hydroxyl of 1,5-dimethyl hieyelo (3,3,1)
nonane compounds is hindered), resulting in incomplote
oxidation, ~nd slso causing some mcasure of
dehydration of the 'tertiary ketols (122) giving the
olefin-ketones (113 3+ 11% =s well as the d@siﬁgd
products, Oxidation under Snntzke conditions N
(chromium trioxide in dimethylformamide) was found to
proceecd reaubifully giving no dchydration and a vory
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clean rénotion product contnaining only 121 and 122,
After rohoving the known dione (121) by chromatography,
the roemnining mixture of tertinry ketols was tre=ted with
phosphorus oxychlo;ide in pyridine to effect. dehydration.,
A good yield of the olefin-ketones (113 + 11%) was
ohtained, identical ny i.r. and ge.le.ce. retention time
with a sample from solvolysis. This series of
transformntions showed that the skeleton of the rearrangcd
keto-acetates was thce same as that of the olefin-ketones
(113 + 114) and that the scetoxyl group was, in frct,
in s tertiary position.

Attempts to degrade the olefin-ketones (113 ++ 11I8)
to the keto-ester (124) by the route indicated (llﬁ - 124)
have heen set in progress hut, due to lack of material,
h-ve not yet hecn complcted. . The mixture of olefin-
ketones (113 + 1l4) wag ozonised using an oxidative
work-up technique (hydrogen peroxide in acetic ncid).,
Separation of the acidic fraction =snd esterification
(diazomethane) ,gave a mixturc of compounds (T.l.c.) one
of which gnve a colouration with ferric chloridc
(required B =~ diketonc system) . Separation of this
enolic compound furnished a small gquantity of an oil
whose mass spectral parent (P = 242) was too l~rge for
the desired diketo-cster (123, R = Me; P = 228), The
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Table 2

88 N3+114 85(R=Ac)" 8G(R=AC)

42°l 236 10°/ 5°/e 2°/e 18°/e

2% 48°/o 14°/e : ‘8°/o ) 28°%/ <1°e




mees spectral peront ~nd hreakdown (Scheme F) indicated
the ozonolysis prgduct to r¢ the lsctone 125, This may
have hecn formed by Tacyer-Villiger oxidation conditions
during work-up of thc desired B ~diketo-nacid

(1233 R = H), Work is progressing to degrade the
olefin - ketonec mixturc (113 + 114.) using osmium
tetroxide/sodium metaperiodnte, r-ther than ozonolysis,
in the initial stages.

The r~tios of products (Takle 2) show some
interesting features. The acctate fraction was
estimrted purely on peak arcas (i.e. considering the
gelece. detector to hrve sn cquivalent response to
equnl cqncentrntions of all four isomeric keto=-
ncgtntes). Of the non-rearranged keto-acetates (85 and
863 R = Ac), the s~mc effcct found on solvolysis with
glacinrl mcetic ncid is found here, nemely thet the
equatorial keto-tosylate (863 R = Ts) has produced more
axial keto-ncetate while the axial keto-tosylate
(855 R = Ts) has produced the reverse. The ratio of
rearranged keto-acetates (2: 1) is, however,
approximately the same from hoth tosylate solvolyses, n
strong indication that they are formed from the same

carhonium ion, in both cases.  They must both hnve heen
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formed from cation 116 ortained hy migration of the
C1 = Cg hond (ncyl). It would then seem fair to nssume
that the more ~hundant kcto-acetate will te thet formed
hy attack of nucleophile on Cq in « direction anti to the
migrating C; - Cg hond (sec formula 126).  This would
mesn the more abundant rearr-nged koto-acetate is 118
in which the gcetoxyl group is in a position trasns to
the carbonyl hridge.

‘The formtion of the mixed olefin-ketones
(113 + 114) on solvolysis of 85 and 86 (R = Ts) in
anhydrous conditions, with none of the extreme
rearranged compounds (87 and 89) was a strong indication
thst 116 was a true intermediate in the formation of 87
and 89, If this were so, then formation of 116 from
113 * 114 in conditions which were not anhydrous
ought to supply the rearranged products (87 and 89). In
the event, trestment of the olefin-ketones (113 4 114)
with n small quantity of toluene - p - sulphonic acid in
refluxing hengene gave a mixture, which, by g.l.ce.
mohilitics consisted of 87 and 89 and, interestingly,
the olefin-ketone 88 (sece Scheme G) ., Obtention of the
latter (88) demonstrates that the process leading to

intermedinte 116, is a reversihle one, Treatment of
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}13 + 114 with toluene - p - sulphonic acid in
benzone under anhydrous conditions however salso grve
the mixturc descrinhed. Similnr treatment of 113 + 114
with glacial n~cetic ncid produced gg'simildr rearrangements
snd the olefin-ketones were recovercd unchanged,

It had heen proposed54 thet the aromatic acid (78)
was formed from the olefin-keto-ester (76) by an
initinl protonation step and, in fact, 76 had reen
converted to 78 hy treatment with sulphuric acld. To
ascertain if this were an important step in the above
formation of the aromatic hydrocarhon (87), the olefin-
ketone (88) was treated first with glacinl acetic acid
and finally with toluene - p - sulphonic nacid in
henzene, hut no change invthe olefin-ketone (88) was
ohserved hy gelecs nnalysis, indicating that the
dimethyl indane (87) =~s well s the conjugated enone
(82) is formed from hicyclo (4,2,1) nonanc intermediates,
The dimethyl olefin ~ ketone_(BB) was treated with
sulphuric acid to ascertain if a hydrocarbon (90),
equivalent to the original aromatic acid (78) could he
ohtained, but only nolymeric, intractable material was
recovered from this treatment.

Our thoughts then turned to rationalisation of the
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verious rosults doscriod ahove, Th¢ mein problem
scemed to us to ¢ the conversion of the hicyelo
(4,2,1) non~ne olefin-ketones (113 + 114) or cntion
(116) to the dimethyl indane (87). In this, =n oxygen
function hsd to h¢ removed snd, the only obvious way to
do this, under solvolytic conditions, wnas by
proton~ting the carhonyl, forming ~ hydroxyl (113——12%7),
and removal of the hydroxyl ~t somec later step.
Protonation of » carhonyl requires = strong acid, ~nd
yet, in solvolysis with glacinl scetic ncid the
rearrangement hed procccded to completion (i,e. to
extreme rearrangement products 87 and 89). Trestment
of 113 4+ 114 with glacisl ~cetic ncid, however,
produced no change (gel.ce snnlysis) indicating thet
acetlc acid itselfl was not strong enough to

protonate the cnrhonyl group of 113 + 114)., The
production of 87 hy treatment of 113 + 114 with
toluene-p-sulphonic ncid in bheénzene indicates the neced
for ~ strong ncid in producing the species, 127, ~nd n
plausihle routc from 127 to 87 has heen devised (sce
helow) It would nppear that tolucnc - p - sulphonic
acld, libvorated from tosylntes (85 or 86: R = Ts)
during ncetic neid trentment is responsi®tle for the
neceassary protonation. This is borne ocut w7y the
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ahsencc of 87 when huffercd medium is used for
solvolysis.

The scries of oxperimonts discussed shove ~nd
summ~rised 1n Schome G ~lso indic-te thht_the prescnce
of weter (in glncisl ~cotic ~cid) he=s no effect on the
initi-l protonntion of 113 + 114 to give 127,

Scheme H includes one possihle mechenism, involving =
Wagner-Meerwein shift, in the protonnted species 127,
and surscquent deh&drotion and deprotonntion to produce
87.

A éimilnr protonation argumcnt can he invoked to
ortein 89 from 113 + 114 =s presonted in Scheme H.
The species 116 which cnn srise cither during
unhuffercd solvolysis of 85 and 86 (R = Ts) or in thet
of 113 + 114 with toluene - p - sulphonic ncid/benzene,
rut not from mcctic scid tre~tmoent of 113 + 114, is
regarded =s the nccessary first step in formation of 8¢,
Scheme H includes o prthway from 116 to 89, involving
formation of terti~ry crrrinol 128, which could undcrgo
retroaldolisation ~nd resldolisation in another sense %o
give 89, after n finnl nnd expocted dehydration.  The
presence of water, nccessery for form~tion of 89 is
ohvious in the glacial ncetic ncid solvolysess; under
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the "sanhydrous" conditions (nnhydrous toluenc - p -
sulphonic ~eid/tenzone), cnough water is present,
¢ilther incident~lly or liherated in formation of 87, to
~1low formntion of 128. In =sny crse, the
trnnsformﬂtioné (116—*89) nccd involve only
catalytic amounts of wrter,.
44,45

Two reccent publicntions of Grassman and Marshnll
ere of immedi~te interest in connection with the abvove
work. ‘Theso authors solvolysed the tosylates of exo -
and ¢ndo - 2 - hydroxybhicyclo (2,2;1) -~ heptan - 7 - one
(129 =nd 1303 R = Ts) =nd supply dotails of hoth rates
and products . They found cndo - tosylate
(1305 R = Ts) to solvolysc fraster than exo-tosylate
(12¢; R = Ts) =nd the products (of acetolysis) from hoth

to contnin endo - keto-ace tate (130: R = Ac). This is

the first norhornyl system to hnave sn exo/endo solvolysis
réte ratio of less than unity ~nd to have produced =
suhstantial qu-ntity of products with the endo
configuration,

The authors helieve the carhonyl dipole would
inhibit the formation of s deloecelised structure, duc to
the huild up of positive charge in the intermedi~te (131),
They, therefore; cnmc to the conclusion that hoth the

exo - =nd endo - keto - tosylates (129 and 130; R = Ts)

44



solvolysc to give the some clrssicel cation (132) ~nd thet

the endo - compound rescts » little faster hecause of

steric overcrowding due to the Cg- endo - hydrogen
46 T '
(133) interacting with the leaving group.

One of thrce possibhle reasons given hy these
authors ~s to why the ¢ndo - ketonorhornyl tosylnte
(lSO; R = Ts) solvolyses faster than the exo - epimer
(1293 R = Ts) wans of great interest to us in the
present context. A concerted hond cleavage (134) in

the endo ~ epimer could provide an scyl carbonium ion

(135) but this conbtingency weas discrrded, hecause all
the products ohserved, had the 7 - ketonorhornanc
skeleton., Soon afterwards, Hanack published47 some
findings on the treatment of dinzonorcamphor (138) with
ncid, His products from this and suhsequent
renctions are shown in Scheme I.

- Decause of the formation of a3, cyc;ohexene -
carboxylic acid (137) therc is 1little doubt that in
Hanack'!s crase (slightly different conditions);, the
acyl carbonium lon (135) is formed. In our own crse
(the solvolysis of 85 =nd 863 R = Ts), bond migratiocn
does, in fact, tnke place in very similar
circumstances. This lerves us with the interesting
possibility of 138 heing an intermediate hotween thoe
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hicyclo (3,3,1) nonyl ~nd hicyeclo (4,2,1) nonyl
skcletons., Although no attempt w-s ever m=de to
isolate a possihle ~cidic product (139) from
solvolysis of c¢ither 85 or 86 (R & Ts), = carcful
examination of the materisl bhalance bhetween tosylates
85 ~nd 86 (R = Ts) «=nd the neutral products from
solvolysis of these (87% from 86, R ® Tg and 0%
from 85, R = Ts) would require that any quantity of
olefin =~ acid (1Z9) formed would he well helow 10% of
the total resction product.

Scheme H shows the conclusions we have arrived at
in the solvolysis of 85 and 856 (R = Tg)., We have
inserted the acyl carhonium ion (138) =g a possible
intermedinte in the rearrangcement between the
@ - oxohicyclo (3,3,1) nonane ~nd 9 - oxohicyclo (4,2,1)
nonane systems. The stops indicated with dotted lines
are the paths which, from ~n inspecction of the product
annlysis, are possirle hut for which there 1s no dirmet
cvidence. For exsmple to explain the formation of 88
from the equatorisl tosylnte (863 R » Ts), one can
postulnte cither direct ionisation of the tosylate
(863 R = Ts) to the cation (108), or from 116
(possinly via 138) a convcecrsion shown to bhe possihle

~hOove,
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We set out in this work, to investig-te the
storcochemicnal implications of the reaction of 77 with
concentrated sulphuric ~cid ~nd to attempt to verifv or
refute those mechenisms (descrihed ahove) postulatced for
the formation of 78 =nd 79 on treatment of 77 with
concentrated sulphuric acid,. Drewing & prrallel
between the sulphuric nacid cyclisation ~nd our
gsolvolvtic experiments, we can s~y that most of tho
roarrqngement does, in fact, proceced from the
equatorial cpimer (84) ~nd that this is due to the trens-
antiparallel neture of Cg - Cg hond (84) with respect
to the tosylate leaving group.

In the task of verific~tion of the postulated
mechanisms we have heen prrtially successful, We
feel that we hrve now supplied evidence which
suhstantintes the routc suggested for the formation of
the conjug~ted enone-ester (79). On the subject of the
proposed route to the aromntic ncid (78; sec Schemec B)
we ~re not in a position to comment, since, we could
find no trace of ¢0 (the compound ~nnlogous to 78) in
the products from our éolvolytic experiments. For this,
thorce ~rc two possible reasonsy 1) that the recction
scquoence baking pleace in sulphuric acid medium cannot he

duplicnted under simple solvolytic conditions, or 1i)
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th~t the cster group in 77 i1s criticnlly importent in
the form-tion of -n ~rom~tic compound with the
suhstitution pettern of 78 (sec Scheme C).
Considering thet the c~%tion 141 must be an
intermedi~te In the form-tion of the conjugnted
cnone -~ cster (79), therc is ~ possinvility that
divergent p~th from 141 giving 140 (Scheme J)
(an~logous to that found in solvolyses nbove) might
heve npplied in the sulphuric ~cid treqtment_of 77 o
One obrvious drawbnck, however, in the routc to 140
gdhown in Scheme J is thet one of the intermediates
(142) conteins =~ cation hearing s carhrethoxyl group, a
situntion which cannot he n fnvournbie one, n~nd would

seem to preclude formntion of 140 from 77,
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EXPERIMENTAL,

Melting points, unlcss otherwise st-ted, were
rccorded on o Kofler hlock ~nd ~rc corrccteds hoiling
points ~re uncorrected, The ndsorhents used for
chromntography werce either Yioelm Gradc I alumina or
chromrtographic silicn gel. Light petroleum refers
to the fraction of h.p. 40 - 60" All orgnnic
extracts were dried with ~nhydrous mﬂgnesiu? sulphnate
and thin-layer chrom-~toplntes were ppepnred*g from
Merck!s 'Kieselgel G'.

Analytical gns~-liquid chromatograms were run on
the Pye-Argon Chromatograph while capillary g.l.c. was
corried out on the Perkin Elmer Fractometer (P.E.451).
Tempernture - programmcd ~nalyticel g.l.c. weos
accomplished on ~ Pye 104 instrument. The Aerograph
'Autoprep! A -~ 700 model wes used for preparative g.l.c.

separations.

Mess spcctre were determined on ~n ABE.I.

MeSs9e spectromcter. Ultrnvioclet ahsorption spectra

The comments on cexperiment-l procedurc in the precamhle
to the section bhelow also apply to the experiment-l

parts of Secction I Part II ~nd of Section II.
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wore ongured using n CUtOthlC_qﬂLC?H'S.P. 500
instrument. Routine infrarud spectrs were measured

on a Unicem S.P. 200 instrumcnt: where high
resolution is spucificd, spoctra wore recorded linesrly

in om."1

as percent=ge transmission with = Unicam S.P.100
douhle - heam infrarcd spectrophotomer equipped with an
S.P. 150 sodium chloridc prism - grating double
monochrom~tor opcratcd under vacuum, Proton magnctic
resonsnce spectr~ were measurcd using carbon
tetrachloride ~s solvent, unless otherwise stated, with

tetromethylsilsne as internnl reference on a Perkin -~

Elmer 60 lMc/s spectrometer,

50




squatorisl 9 - oxo - 1,5 - dimcthylbhicyclo

(3,3,1) nonan - 2 = y1 Tolucnc - p -

n

sulphon~te (863 R Ts)

Equnrtorisl 9 - oxo - 1,5 - dimethylhicyclo -

(3,3,1) - nonan - 2 - vl toluenc - p - sulphonnate

(863 R = Ts) wns prepercd hy the method of Martin

Axisal 9

1

0x0 - 1,5 - dimethylhicyclo (3,3,1)

nonen - 2 - yl1 Toluene - p - sulphonate

(855 R

n

Ts) »

Axisl 9 - oxo - 1,5 - dimcthylhicyclo (3,3,1)
nonan - 2 - yl (§5; R = Ts) wns ~lso preprnred by the
method of MqrtindG.

Anhydrous Acetic Acid,

The anhydrous ncetic acld used in the solvolytic
" 49
experiments wnas dried by the method of Winstein , from
glacial ncetic ncid (A.R.). The fraction b.p. 118° -

120° was sollected and used.,
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Acovtolysis of Lqunboricl 9 - Oxo - 1,5 - dimethyl-

hicyclo (3,3,1) nonmn - 2 - vl Tolue.ac - p -

sulphon-te (86:; R = Ts) in Glaci~l pcetic aAcid,

Dqun~torinl @ - oxo = 1,5 - dimcthylbigyclo (3,351)~
nonsm - 2 - yl toluene - p - sulphon-~te (86; R ¥ Ts;l g.)
was dissolved in glacinl scctic ncid (AWR.3; 20 ml) and
hented under reflux (120°) for 5 hours. The volumc of
ncetic ncld was reduccd to r~pproximately 5 mle. by
géntlo huntigg under roeduced pressurc, A satursted
solution of brine (15 ml.) was then added and the
aqueous mixture cxtracted wiﬁh gther ( 3 x 75 ml.).

The comhrined ethereanl cxtrrcts were washed with hrinec,
snrturated sodium hydrogen corhon~te solution, brine and
dried. Removal of solvent ot 50° under reduced
pressurc gave a red oll (0.49g.) . The oil was

adsorhed on grade I ncutral alumin~ (20g.) from light
petroleum. Elution with the same solvent g=ve 1,4 -
dimethyliridane (87) as n colourlcss oil (0.09% g, 20%),
identical with =uthountic 1,4 - dimcthylindance by i.r. =nd
N, ".r. spectra-gnd hy g.l.c. retention time (golay
capillary apiezon 'L! column)

Further clution with light pctroleum supplied

1,5 - dimethylbhicyclo (3,3,1) non - 2 - en - 9 - one (88)

as a colourless oil (0.088g, 197%) identical with an
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suthentic sample hy 1.r.spectrum ~nd g.l.c. retention
time (5% °.F.1l. st~tionary phasc).,

Elution with ethor-light poetroleum (1:9)
furnished ~ ycllow oil (0,274 g) which, by g.l.c.
analysis was a mixturc of three compounds. The o0il was
treated, in the cold, with = solution of semicarbazide
scetnte and left for 12 hours. The resulting
crystalline semicnrhnzone (0,173g) wes filtered =t the

pump =nd washed well with cther. Heerystallisstion

from ethanol afforded the semicnarbazone as needles
Meps 212 =~ 214° (dec.). (Found: C, 65.15; H, 8.5; Ir,

18.9; C:I_ZH:LQNSO I“CquiI‘OS C; 65.1; H; 8.65; QI; 1930%)

After rumoving the semic-rbk-zone, the filtrate and
washings were comhincd =nd cxtracted thoroughly with
¢ther. The ethercnl ocxtract wang washed with hrine and
dricd. Removal of solvent gave o ycllow oil (0.185%g

35%) which consisted of a mixturc of equatorinl 9 - oxo -

1,5 - dimcthylhicyclo (3,3,1) nonan - 2 - yl scebtste

(865 R = Ac) and axisl 9 - oxo - 1,5 - dimethylhicyclo

(3,3,1) nonsn - 2 - yl nacetate (853 R = Ac) in the ratio

of 1: 1,89 analysed by ge.l.c. on 5% 0,F,1 stationnry
phase =t 150°,
The semicarhazone okrtnined shove wes shaken in s

separating funnel with other ~nd sulphuric ncid ().
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The sulphuric acild layer was removed ~nd the ctheredl layer
washed with hrinc, gaturated sodium hydrogen carhon-te

solution ~nd dricd. Romovel of the solvont grve 2 '-

2 - rceto - 5 - moethylbhicyelo (3,3,0) - octone (89) nas =

colourless oils A 252 mp ¢ = 10,100, v film) 1670 cm,

max IIIELX.(
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Aocbolyeis of Axvicl © - Qxo - 1,5 - dinmcthylhicyelo -
94 el 1

(3,3,1) non=n - 2 - yl Tolucne - p - sulphonate

(859 R = Tg) in Gle-ci-1l Acetic Acid.

The method was identicnl tc thet used ahove,
suprlying a rcd oil (0.52 g.).» Sepnr~tion of the oil
in = manner similer to that descrired shove gave (1)

1,4 - dimethylindane (873 0.022 g, 47), (ii) 1,5 -

dimethylhicyclic (3,3,1) non - 2 - on - 9 - one

(88: 0.35 g, 68%), (iii) the semicsrh~gzonec of |» 1w

- fccbo - 5 - methylnicyclo (3,3,0) octene (0.038 g.)

and (iv) mixture of equatorial ¢ - oxo - 1,5 -

dimethylricyclo (3,3,1) nonan - 2 - yl acetate

(86; R = Ac) =nd =xinl 9 - oxo - 1,5 dimethylbicyclo

(3,3,1) nop~n - 2 - vyl ncctote (85; R = Ac) (0,166 g.

237) in the rntio of 3.64 : 1 hy gel.c. nnalysis.

1, 4 - Dimethylindane (87) .

1,4 - Dimethylindane weg prepared hy the method
‘ 39
of Elsner and Perkcr giving 1,4 - dimethylindane (87)
23
D

(Literature, h.p.

78 7 c>lourless oil, h.p. 103 - 1040/55, mm.n 1l.5242

vmax (ng) 769(709 cm"l

% '
89°/13 mm. ng 1.5253) .




=

LSovbolysis ol Lguatorial 9 - 0x0 - 1,5 =

dimethylhicyclo (3,3,1) nonan - 2 - vyl Toluene - p -

L

I

sulphon~te (86: R = Ts) with Anhydro s Acetic Acid/

Sodium Ace! 1te.

Egurtorinl 9 - oxo - 1,5 - dimethylbicyclo (3,3,1)
nonsn - 2 - yl tosylate (863 R = Ts, 1lg.) wWnas
dissolved in dry -cebic ncid (40 ml.) containing fused
sodium acetste (0.49g) and hested to 100° under
anhyirots conditions for 7 hours, The mixture was
cooled and to it wes sadded seturstcd bhrine solution
(10C ml.} and the resulting mixbture exbtracted
thorouzhly with cther (3 x 75 ml). The comhined
etherenl extracts were washcd with hrine, saturated
sbdium hydrogen carhonate sclution, brine and dried.,
Romoval of solvent, under reduced pressure at 20°
supplied a yellow oil (0.55g.) » The oil was

adsorhed on grade I necubtr-l alumina (22 g.) from light
pesroleum. ~ Elubtion with the sname solvent gave 1,5 -

dimethylhicyclo (3,3,1) non - 2 - ¢n -~ © - one (88;

0.01 g. 27) identicql with n~uthentic.
Elution with ether - light petroleum (1: 200)

furnished *% 15 - dimcthylnricvelo (4,2,1) nonen - 9 -

one (113) and 1l-methyl - 8 - exomethylenchicyclo

s2,1) nonon - © - one (114) in the ratio of 2.7: 1

,\
N
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(Py noier. lubogration) ng o swoob smelling colourless

oil (0.23g, 487) h,p. 91°/12 mms v (CCl,) 1738,

maXx
809,816 em™> , T , 4,50 (hro-d mlbtiplet), 5.27
(narrow multiplet), 8.21 (sinzlet), 8.97 and 2.02
(singlets). (Found, C,80.41; H, 9.64 C11 Hig O

- requircs C. 80.44;5 H, 9.827). A partial separation
of this 0il intc its componcnts wrs ortained on a 50 me
gol .y cavillary apiczon 'L' column at 154%.

Elution with ether-light petroleum (1:9) gave a
mixoure of four keto-ncetates (85, R = Ac: 86, R = Ac:
T7: 118 = 3,5: 0: 1l: 1,75, hy gelece analysis) as a
yellow oil (242 mg. 507), Analysis of the s~cetate

mixture was carried out =t 150° on a 5% Q.F.l.

statlonary phase.
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Acctolysis of Axinl 9 - Oxo - 1,5 - dimethylhicyclo -

(3,3,1) nonsn = 2 - vyl - Tolucnc - p - sulphon-te

(85; R = Ts) with Anhydrous Acctic Acid/Sodium Acct-te.,

The axlel 9 - oxo - 1,5 - dimcthylricyclo
(3,3,1) nonan - 2 - vyl tolucne - » - sulphonste ( 85¢
R = Ts, 1 g.) was solvolysed ~nd worked up as descrincd
arove giving a vellow oil (0.46 g.) . An identical

separantion technique separ-ted the oil .into i) 1,5 -

dimethylricyclo (3,3,1) non - 2 - ¢cn - 9 - one (88;

)

0.172 g, 427), ii) mixbture of olcfin - ketones (113 *

114: 0.097 g, 239) and iii) mixture of four keto-
acetntes (85, R = Ac: 86, R = Ac: 117: 118 =

1:9 3 2.5 1 B) as « yollow oil (0.146g.)
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Hydroscnation of Dourlc Zond Isomers (113 + 114) .,

The mixture of isomers (113 + 1143 0,05g) in
ethvl acvutetc (10 ml.) wns hydrogen~tcd over 10%
pall~dium - chercoal (0.0lg.) for 24 hours =t room
temperature. Removal of cntalyst by filtration through
celite 535 followed hy removnl of the solvent gave an
0il (0.045g.) which exhinited no douhle bhond
ahsorption in thel.r. \)maX(CCJ_4 ) 1733 cnl

The 2,4 - dinitrophenylhydrazone crystnllised nas
yellow needles from ethanol m.p. 141 - 142° (Founds
Cs, 59.155 H, 6.20; N, l6a5d le Hog N4 04 requires

C, 58953 H, 640; W, 16.48%),

Axisl 9 - Oxo0 - 1,5 - dipethylbicyclo (3,3,1) nonan - 2 -

vyl Acetate (855 R = Ac).

Axi~l 2 - hydroxy - 1,5 - dimcthylblcyclo (3,3,1)
nonan-9-one (853 R = H, 1 g.) wss dissolved in acetic
anhydride (5 ml.) to which wrs ~dded dry pyridine
(043 mla)o The solubtion was left 12 hours and then
paured into hrine and sllowed to stand for 1-hour. The
mixture was extrnacted thoroughly with ether snd the
etherenl cxtract washed with brine, s~turabted sodium
hydrogen carhonate solution, brine and dried.‘ Removal
of solvent afforded n colourless oll (l.lg).
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Surlimation of the ol nndor high vecuum supplicd an

~nalyticnl sample of ~xial 9 - oxo - 1,5 dimethylhicyclo

(3,3,1) nonon - 2 - vyl =cetetc (853 R = Ac) -8

colourlcss ncedles m,p. 52 = 5395 Vo x(mull) 1735, 1715,

1230 e 7 , 4,91 (1 proton, hnlf-height width = 7
CsPesS. assigned to carrinyl protoa) . (Foundﬁ C, 692.58;

H, 9.19 C13 Hgp0z roquires C, 69.61; H, 8,99%)

Equnatorinl 9 - Oxo ~ 1,5 - dimcthylhicyclo (3,3,1) nonan -

2 - vyl Ac tate (86: R = Ac)

Treatment of cquatorinl 2 - hydroxy - 1,5 -
dimethylhicyclo (3,3,1) nonan -~ 9 - one (863 R = H) with
~cetic anhydride/pyridine in the msnner descrited ahove
for the epimeric compound (853 R =_H) supplied

cquatorial 9@ - oxo - 1,5 - dimethylhicyclo (3,3,1)

nonsn - 2 yl - ccetate (8563 R = Ac) ~s = colourless oil

which on suhlimation g-ve «an ~noslybicsl samples Vpax
(film) 1735, 1710, 1240, T , 5.31 (1 proton - triplect,
J = QO CaDeSe; heolf- height width = 20 c-p.s., assigned to
carhinyl proten). (Found; C, 69.34: H, 8.79;3

C13Ho003 requires C,69.01; H, 8.99%).
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dro-bmont of Teomers (118 4 114) with Tolusns - p =

sulphonic acid in menzence undcr ih ydrous Conditions.

The mixture of,m4

- 1,5 - dimcthylbicyclo (4,2,1)
noncn - ¢ - onc (113) -nd 1 - methyl - 5 - exomethylene-
hicyclo (4,2,1) nonan - © - one (114) (10 mg.) ohtnincd
from the solvolyses descrihred ahove was heqtced under
reflux in henzene (5 ml.) containing tolucne - p -
sulphonic acid (2 mg.) for 4 hours. The solution of
toluene - p - sulphonic acid in hrenzene had heen
carefully dried by heating for 4 hours the solution
under roflux in r sohxlctt np?ﬂrqtus containing calcium
hydride.

The benzene sclution was cooled and poured into
snturdted sodium hydrogen carhon~te solution. The
mixture was extracted thoroughly with ether and the
ether eoxtract then washed with bhrine and dried,
Removal of solvent gave a yollow oil (9 mg.) 5 Vpax
film 1740 (w), 1710 (s), 1870 (s). Geleocs analysis

of this oil showed it to contain 1,4 - dimethylindnne

(87), 1,5 - dimecthylricyclo (3,3,1) non - 2 - ¢n - 9 -

ong (88), a little strrting olefin - ketone mixture

Al

(112 + 114) ~nd -~ 2 - =ccto - 5 - methylhicyclo

3,3,0) octenc (89) .

Troatment of Isomers (113 4+ 114) with Tolucne - p =




sulphonic n~cid in Runzéhe.

The olefin-ketones (113 4+ 114) were tre-ted in an
identicsl m-nner to thst descriked nhove, this timo,
however, no attempt was mnde to remove water from the
sclution heforehand ( The sulphonic acid used was =
hydr~ted form).

A similer work - up ~nd snalytical techniqgue showed
thot the ~hove treatment ~lso produccd rearrangement
giving = mixture of the s~me four compounds

descrivred ahove.,

Trentment of Isomers (113 + 114) with Glacierl Acetic

Acid.

The olufin-kctones (113 + 114, 10 mg.) were
hosted under reflux in glscial ncetic =cid solution for
12 hours., The sclution wes taken up in ether =nd this
was washed with saturated sodium hydrogen carbonate
solution ~nd driecd, Removsl of solvent gave the olefin-
ketones (113 + 114,92 mg.) =s an oll, identical with
starting m~terial hy 1.r. spectrum and g.l.c.

retention time.

G2




™y
Iy

ucbion of Kebo - scebatus (85, R “Ae*+86,I = fc+ 117 +11

o

The mixcd =cctates (85 + 86, R = Ac 4+ 117 4+ 1183
1,12g,) in anhydrcaus cthor (15 ml.) wes ~dded to a
suspension of lithium aluminium hydride (0.43 g.) in
ether (15 ml.) over 1 hour. The mixture was then
refluxed for 24 hours and ccoled. Saturated
ammonium sulphate solution was ~dded until no further
re«ction tobk place nnd then the precipitated aluminium
salts were filtered off using Celitc 535, . The
cthercal layer wes sepmrated, washed with brine and
dried. Removal of solvent gnve a colourless oll
(0.85 g.); __ (film) 3500, 1636, 1650 e *

containing severnl diols (119 120) .

Oxidation of Diol Mixture.

The diol mixture (119 1203 0.35g.) in dry
dimethylformamidc was treated with chromium trioxide
(l.4g) o To the mixturc was addcd two drops of
concentrated sulphuric acid and the resulting solution
sllowed to stand =t room temperature for 16 hours. To
the sglution was added = mixturc of ether and water
(l; 15 40 mil.). The etherenl layer was separated,
washed well with water to remove dimethylforri-nide - and
dried. The solvent was romoved giving o pﬂla»yellow

01l (0.53g.) which contained three compounds (hy t.l.c).
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the 0Ll was adsorhed oo silice %8l (13 g.) Tromw light

petroleun, Elution with cther-1light potroleum (1:3)

gave 1,5 - dimethylhicyeclo (3,3,1) nonan - 2, 9 - dione

(121) identic~l with an =uthuntic sgamploc, Elution with
ether-light petroleum (3:7) supplied a mixturc of the

epimeric 5 -~ hydroxy - 1,5 - dimothylhicyclo (4,2,1}

3 \ (a4 ~ 3 ‘
nopan - 9 - onus (122) ns an oil (0.14 g,)1 vmax

(film) 3500, 1725.

Dehydration of Ketols (122).

The ketol mixture (0,05g.) ohtained ahove was
dissolv.d in dry pyweidine (5 ml,) =nd to the solution
wes ~dded phosphorus oxychloride (1 ml.), The
mixture was left for 1 hour % room tempcerature, paured
into a mixture of ice nnd water, and oxtracted
thorogghly with ether. The etherenl layer was washed
with princ, hydrochloric ~cid (IN), brine and dried.
Removal cf solvent grve a colourless oil (0.03g.)

identical to the mixed olcefin - ketonecs (113 + 114) by

LeTo and g.l.ce. rotontion times.

Ozonolysis of Isomers (113 +114).

The mixture of oclefin-ketonus (113 + 1143 0.lg.) in
¢thyl ncutate (10 ml.) wnag cooled to =709 ~nd omone was
pasged through thoe aolution for 3 hours. To thoe
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solution was added hydrogen peroxide (30%; 1 ml.) and
glacial nacctic acid (1 ml,) =nd the resulting solution
was stirred for 12 hours. The mixture was then
extracted thoroughly with ether and the ethcreal
extract washed with dilute ferrous sulphste solution,
hrine and dried, Removal of the solvent gnave a hrown
acidic oil (0.065g.) which was ftrested with excess
dbgzomethane. The resulting neutral oil (0.063g.) on
examin~tion »y t.l.c. revealcd the presence of four
compounds, one of which, gave a colouration with.ferric
chloridese Soparation of this compound by preparative

telec. supplied a yellow oil (0.01l4g.)s V¥ (£ilm)

max
1735, 1640 cm~ ! , mass spectral parent = 242
(Prreakdown,; Scheme F). The lactone structure 125 was

tentntively assigned to this oil,
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SECTION I PART TT

" Reductive Resrrangement of Znol-lactones and Synthetic
Routes to Bicyclo (3,3,1) nonane Derivatives

Because of the general interest in homoallylic
participation (see general introduction) and our own interest
in the reactivity of derivatives of the conformationally
interestinglg’uo bicyclo (3,3,1) nonane system, a study of the
solvolytic behaviour of syn- and anti- bicyclo(3,3,1l)non-2-
en-9-yl tosylates (143 and 1hkL; R=Ts) was initiated. In
order to undertake such a task, however, an efficient synthesis
of the alcohols (143 and 144;R=H) was required. Waen this
work was started, no such route existed although a synthetic
scheme to obtain syn- and gg&i—9-hydroxy-l,5-dimethylbicyclo-(39
5, L)non-2-ene(145 and 146;R=H) had been developed in this
1aboratory5o,

This route (147—85;R=H) consisted initially of
cyanoethylating 2,6-dinethyl-2-carbethoxycyclohexanone(147) to
give 148, Basic hydrolysis of the nitrile-ester afforded the
keto-acid 149 in one step. lactonisation of the keto-acid, 149
gave the dimethyl enol-lactone, 150. This lactone, on
treatmert with lithium hydridotri—E-butoxyaluminatesl was

converted, in excellent yield (O90%), to the bicyclic ketol
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(85;R=H) with the stereochemistry shown. Conversion of the

ketol to the tosylate 85 (R=Ts) and subsequent treatment of

this with sodium ethoxide furnished the unsaturated ketone 88
in good yield. Reductiqn of the carbonyl of the unsaturated
ketone (88) furnished the epimeric alcohols 145 and 146 (R=H).

Oxidation of the ketol (85), gave the dione, 151, which,
on reduction with the complex hyc:ids supplied a liquid mixture
of ketols in which the equatorial 2-hydroxy-l,5-dimethylbicyclo
(3,3,1)nonan-9-one(86;R=H) was in preponderance36. Treatment
of the mixture with toluenefg-sulphonyl chloride provided the
equatorial keto-tosylate (86;L=Ts) as a crystalline solid.

This series of preparations supplied us with the epimefic keto-
tosylates studied in Part I of this section (see above).

The reaction converting the enol-lactone(1l50) to the
bridged bicyclic ketol (85;R=H), was discovered in these
laboratories and its high yield and formation of the
thermodynamically less stable ketol made it interesting and
potentially useful as a synthetic procedure. It was decided
at an early stage in this work to attempt to synthesise
9-oxobicyclo(3,3,1)non-2~ene(158) by a method analogous to that
described above for the 1,5-dimethyl analogueggg;, and,

'en passant', to gain more informatiown about the general
usefulness of the reduction of 8 ~enol-lactones with 1ithium
hydridotri~t-butoxyaluninate. Again it was not at all clear

how This reductive rearrangement proceeds, and we were interested




in gaining some insight into the mechanism of the transformation.

The route proposed is shown in figures 152—158.
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DISCUSSION

From the Michael addition of the pyrollidimeenamine of
cyclohexanone(153) to ethyl acryllate, a good yield (80%) of
ethyl 3-(2-oxocyclohexyl)propionate(154) was obtained as
reported by Stork52° Acidic hydrolysis of this ester furnished
3-(2-oxocyclohexyl}=prépionic acid (155) whose helting point
(60-62°) was identical to that reported earlier53. Treatnent
of 155 with acetic anhydride-sodium acetate furnished an oil,
presumably the same as that obtained by Shusherinas3 to which
had been assigned the tetrasubstituted enol-lactone structure
159. In our hands, thin-layer chromatographic analysis showed
it to be a mixture of two compounds. The less polar compound,
a colourless oil, was identified as‘41’6-2-oxabicyclo(4,4,0)_
decen-3-one(159) mainly on the basis of its n.m.r. spectrum
which exhibited no absorption in the region T ,4-6, indicating
the absence of olefinic protons. The more polar compound, a
crystalline solid (m.p. 42-43°) exhibited a narrow, one proton,
multiplet at T,4.73 in its n.m.r. spectrum and was identified
asfﬁl’10-20xabicyclo(4,4,0)decen—}-one(l60) The enol-lactones
159 and 160 were formed in a ratio of 4:1; both were unstable
in air, hydrating partially in a few hours to keto-acid, 155.
Basic hydrolysis of each enol-lactone at room temperature gave
3-(2-oxocyclohexyl)=propionic acid (155) in a few minutes.

The more abundant enol-lactone (159) was treated with a

20y
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slight excess (1.3 moles) of lithium hydridotri-t-butoxyaluminate
at -700 under nitrogen5o. Work-up with acid furnished 3-
(2—oxé;yclohexyl)-propionaldehyde(161) contaminated with another
compound of very similar thin-layer chromatographic mobility.
Careful chromatography on silica gel separated a pure sample of
161 but not its contaminant. The structure 161 was assigned

to the major product from infra red evidence (\)max,l?32,1715)
from formation of a bis-dinitrophenylhydrazone and from
comparison with the physical properties of 161 prepared later

by Copesh. The formation of keto-aldehyde (161) was not

wholly unexpected from such a reduction since Parham and Huestis55
had obtained a similar product from an analogous lactone.
Reduction of dihydrocoumarin(162) gave the hemiketal(163) which,
with acid work-up afforded the phenolic aldehyde(164).

The contaminant was later separated as an oil which, on
standing, deposited a crystalline solid.Recrystallisation from
pentanc afforded an alcohol (m.p.65-75"). This alcohol
decomposed even on warming in petroleum ether to give two
different, less polar, compounds. These were separated by
preparative t.l.c. into a dehydration product (Vv 1688’1157cms-1)’
and a keto-alcohol ( vmax3600,1708 cms-l;, both, of which, on
standing reverted to the original alcohol (m.p.65-75°).
Distillation of the alcohol with a small crystal of iodine

supplied the dehydration product alone. The structure 166 was

assigned to this alcohol and structures 167 and 168 to its
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decomposzition products. Compounds 166 - 168 arisc
from over-reduction of 159 since reduction of 411’6-2-
oxabicyclo(k4,4,0)decen~-3-one(159) with excess lithium aluminium
hydride also gave 2-oxabicyclo(4,4,0)decan-1-01(166) as the onl;
product in this case, in a reaction analogous to that of

56

Shusherina”  in reducing 169 to give 170.
Subsequently, the reduction was considerably simplified
when ’51’6-2~oxabicyclo(4,4,O)decen-3-one(159) was reduced with

one equivalent of lithium hydridotri-t-butoxyaluminate and the

only product was the keto-aldehyde (161), obtained in yields
up to 80%. Until Cope's recent synthesis of 16154, the above
was the most efficient method of preparing this compound.
Complex hydride reduction of 51’lo—2-oxabicyclo(#,4,0)decen—
3~-one(160) which is more closelyrelated to the dimethyl enol-
lactone(150) (the double bond in both compounds is exo to the
lactone ring) afforded a poor yield of neutral materizl (38%
which consisted mainly of three compounds, none of which was
the keto~aldehyde (161). Separation of these on silica gel
identified the least polar compound as 166, The two more polar
compounds could not be separated by column chromatography.
Preparative t.l.c. supplied the more nolar of these in a pure
state and this was identified as axial 2-hydroxybicyclo(3,3,1)
nonan-9-one(157;R=H), while the less polar compound, though not
obtained pure at this stage was subsequently assigned the

epimeric structure (171;R=H). The ketols, as their acetates,
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were examined by quantitative g.l.c. analysis (the parent ketols
could notibe separated) and found to be iﬂ the ratio (157;R=H):
(171;R=H)=19:1, |

Attempts to improve the yield éf ketols 157 and 171(R=H)
(15% total) by modifying the reduction ¢onéitions were
completely ineffective. Use of equimolar amounts of complex
hydride and enol-lactone (160) did not prevent the formétion of
166. The solvent, tetrahydrofuran, fell under immediate
suspicion and it was found that unless it was dried over
potassium hydroxide nellets for a few days and then distilled
from lithium aluminium hydride, even the above yields were not

51

achieved. Next, the complex hydride”™ was prepared a) as the
s0lid and b) in solution just before use; both gave essentially
the same results, although the solid complex hydride gave better
reproducibility. Prior filtration of the complex hydride
reagent solutions did not improve the yields in any noticeable
way. Variations of temperature and time were equally
ineffective., Any unchanged enol-lactone would be expected to
hydrolyse to keto-acid (155) duringz the work-up and indeed in
the product, larse amounts (30-508) of this acid were
invariably recovered.

Stereochemistry of Ketols 157 and 171(R=H),

In the elucidation of the stereochemistry of the various
bicyclic derivatives formed, n.m.r. was used very effectively.

According to Musher57, the half-band width of the signhal for
: 72




TABLE 3

Compound _Cg_g_}&.gygl_ i ¥ ofs.
85 (E=H 3 6.12 6
(R=Ac) e 9L ’ 7
86 (R=E) a 6.45 21
(R=Az) a 5.31 20
137 (8=E) e 5.75 8
(R=Ac) : e 487 8
(R=Tsg) e 4.90 6
171 (Re<H) | a 6.05 16
(3=Ac) a 5.03 20
181 (R=H) e 5.85 7
(R="Ts " 2 5,08 7
132 (R=H) a 6.15 . 20

(R=Ts) a 5.56 21




Compound

151

173

183

Hexane
0014
CHClB

CH3ON

Hexane

0014

CHCl3'

CH30N

Hexane
0014
CH013

CH4ON

Table olka

Vvl

1712
1707
1701

1702

1717
1713
1708

1712

1711
1707
1700
1702

V2

1741
1737
1729

1728

1741
1739
1729

1732

1738

1734
1729

1729

AN

29
30

28

26

24,
26
2”1

20

29
30
28
26

(em
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The equatorial ketol was characterised as its p-nitrobenzoate

(171;R=CH,NO_,m.p.111-113°).  The ketol, on treatment with

73
toluenefg-sulphonyl chloride in pyridine gave an unstable toaylate
which was converted by treatment with ethoxide to ethylzﬁq-cyclo-
octene-carbaxylate {174), identical with a sample synthesiged by
the method of Stork6o, in its i.r. spectral properties and in gas
chromatogra?hic retention times (using two different stationary
phases). This can be envisaged as arising from a ring-opening
process represented in formula 175, previously substantiated in
these laboratorie536’58.

Jones oxidation (chromium trioxide in dilute sulphuric acid)
of both the axial and equatorial ketols (157 and 171;R=H) gave the
same unstable dione(173). The carbonyl stretching frequencies
for dione, 173, in a number of solvents can be found in Table 4,
Table 4 also lists the carbonyl stretching frequencies of 1,5-
dimethylbicyclo(3,3,1)nonan-2—9-dione(151)36’4oand the steroid
dione 183 (see below) It will be seen that the band
separation is virtually solvent independent and is diagnostic of
this type of non-enolisable f-diketone system,

It had been hoped that, as with reduction of the dimethyl
dione (11)36, a large preponderance of the equatorial ketol
(171;R=H) would be formed. In the event, reduction of the
dione gave a mixture of four ketols (g.l.c. of acetates) in
which the equatorial ketol was present to the extent of about 50%.
This can easily be understood since one would expect less specific

TA



attack of hydride on the 2-oxo function in 173 than in 151 Where
the 9~oxo function is more hindered .

The ketol melting at 169—1710(157;R=H) was reduced with
complex hydride to give a mixture of diols of quite different thin-
layer chromatographic mobilities and which exhibited intramolecular
hydrogen‘bonding at high dilution in the infra red, The less
polar diol (the hydrogen bonded compound) was separated and
assigned the structure 176 because, of the four possible diols in
the 2- and 9- pésitions (176-179), only 176 would exhibit
intramolecular hydrogen bonding., The equatorial ketol (171;R=H),
on reduction, afforded a mixture of two diols which showed no
hydrogen bonding at high dilution in the infra red, confirming
the eéuatorial disposition of the hydroxyl function in 171(R=H).

In the reduction of the trisubstituted enol—lacfone(l60)
therefore, cyclisation to give mainly axial 2-hydroxybicyclo(3,3,1)
nonan-9-one(157;R=H) does, in fact, take place, albeit in poor
yield. Although the preponderance of bicyclic products is very
heavily toward the thermodynamically less stable ketol (157;R=H),
it is not complete, The reduction of Martin on the dimethyl
enol-lactone(150) was therecfore repeated to ascertain whether or
not, reduction gave exclusively axial ketol (85;R=H). In the
event, a good yield (90%) of crystalline product was obtained
from the reaction. This was acetylated (the ketols were not
separable by g.l.c.) and g.l.c. analysis of the mixed acetates
showed it to contain the axial and equatorial 2-hydroxy-1,5-
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dimethylbicylo(3,3,1)nonan~9-ones(85:86;R=H) in the ratio of
19 : 1.

Thus far, it sceemed that in order for the reductive re-
arrangement of &-enol-lactones to give bicyclic products, the
enol double bond must be exocyclic to the lactone ring. In the
case of the heavily substituted dimethyl enol-lactone (150) the
yields were excellent whereas for the unsubstituted lactone
(160) they were much poorer. It was therefore deemed worthwhile
to investigate the reduction of moderately substituted enol-
lactones, firstly to check the "exo-double bond" requiremert,snd
secondly’to provide us with more information as to the iwmportance
of the degree of substitution oz the course of the reaction.

It also occurred to us that we mizht be able to relate our results
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to those of Fujimoto62 and Woodward ~ on the reaction of steroidal
enol-lactones with Grignard reagents (see below) and we thercfore
chose Turner's lactome(lao)éh whose substitution pattern was
intermediate between the two cases (150 znd 160) which we had
studied. The cw methyl of the lactone (180) forces the enol
double bond to take up the exocyclic position desired amd provides
the "intermediate' substitution required.

Turner's lactone(180), oz reduction with lithium
hydridotri-t-butoxyaluminate was converted smoothly and in good

yield (72:) to the mixed ketols (181 and 182;R=H). Neither the

different stationary phzses, but separation by preparative t.l.c.



was successful, allowing the isolation of the ketols (axial:
equatorial=16:1). Oxidation of the mixture with Jones reagent
gave a single diketone (183)65. The stretching frequencies of
the carbonyls of 183 in different solvents, are shown in Table 4,
As in 1,5-dimethylbicyclo(3,3,1)nonan-2,9~dione(151) the band
separation of the carbonyl groups is virtually solvent independent
characteristic of a non-enolisable P -diketone system.

Reduction of the dione (183) with complex hydride furnished
a mixture of ketols (181 and 182;R=H), this time with the
equatoridl compound (182;R=H) in excess (axial:equatorial=1l:7).

Due to steric factors, which will be discussed later, the central
carbonyl in the steroid bicyclic dione (183) is particularly in-
accessible (possibly even more than in the dimethyl dione, 151)
and the above reduction is specific to the 2-oxo function.

Table 3 lists the n.m.r. absorptions and half-band widths of
the signals of the carbinyl protons of the steroid bicyclic
derivatives prepared. Both 181 and 182 (R=H) could be separately
oxidised to dione 183, Reduction of the axial ketol (181;R=H)
with complex hydride produced a diol mixture showing weak intra-
bonded hydroxyl absorptions in the i.r. Reduction with lithium
aluminium hydride, however, produced a mixture of diols with quite
different t.l.c. mobilities in approximately equal amounts. The
hydrogen bonded diol (184) (the less polar compound) was separated
and characterised (m.p. 200-202°).  Reduction of the equatorial
ketol (182;R=H) gave a mixture of diols (with similar t.l.c.
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mobilities), exhibiting no internal hydrogen of bonding in the
infra red. Tosylation of 181(R=H) was very slow and gave a

poor yield of the unstable tosylate (181;R=Ts). If the alcohol
(181;R=H) with toluenefg—sulphonyl chloride or the tosylate
(181;R=Ts) were heated in pyridine, a dehydratior product, which
could not be obtained pure, was formed. Spectral evidence -
absorption at 1726 and 700 Cms?1 in the infra red, a mass spectral
parent ion of molecular weight 370, and absorption at T ,4,35 in
the n.m.r. (broad multiplet% all indicated the structure 185.

The equatorial steroid keto-tosylate(182;R=Ts) on the other hand,
was formed smoothly and in high yieid.

The above examples have shown the immediate usefulness of
the complex hydride reductive rearrangement as a synthetic
procedure, and the method has now been used several times in these
laboratories to prepare a largé range of bicyclic compounds.
Because of the inactivity of the reagent to carboxylic esters, it
nay be used with impunity in systems containing these groups.

For example, as models in a projected synthesls of lycopodine
(186) the enol-lactones 187 and 189 have been treated with
complex hydride and have given, in good yield, the bicyclic
compounds 188 and 190 respectively66. The enol-lactone
reduction foute was found to be especially useful in the
preparation of 188, since standard acid- or base-catalysed aldol
closures of 191 were quite useless, the ketal being unstable to
acidic conditions, and the 1,5~dicarbonyl system undergoing a

7 ‘m‘



retro-Michael degradation in base. Yet another example of its
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use is in the conversion of 192 to 193", a diol derivative in
the tricyclo(5,3,l,l,2’6) dodecane system, whose interesting
conformational aspects are being currently investigated in these
laboratories., In this case, the methyl substituent was
incorporated in the 2-position of 192 in order to fulfil the
necessary requirerent of having an exocyclic enol double bond
and lithium aluminium hydride was used in place of complexed
reagent, Only one example of reduction of an enol-lactone whose
parent keto-acid is not a cyclohexanone derivative but a
cycloheptanone derivative has come to our attention. The lactone
194 was converted to the ketol 195 smoothly and in good yield68,
the ketol being of use as an intermediate in a projected synthesis
of allohimachalol(196).

Finally, there have been two references in the recent
literature to reductive cyclisations of enol-lactones. The first,

69

by Mazur 7 concerned the cyclisation, using cowmplex hydride, of

certain steroid enol-lactones (197) to the bicyclic ketols (198)
65

for comparison purposes. The second, by Fujimoto ™ reported the
treatment of Turner's lactone (180) with lithium aluminium
hydride from which he obtained a diol 199, Oxidation furnished
a dione (183) melting at 113-114°(identical with our value).

The stereochemistry of the hydroxyls of the diol is unknown to

him, although he reports that no internal hydrogen bonding was

apparent. We suggest that the stereochemistry is that shown in
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2C0, caused by hydride of the ketol aluminate (201) attacking the
bridgehead carbonyl group stereospecifically to give 200.

Treatment of either axial or equatorial 2-hydroxy-1,5-
dimethylbicyclo(3,3,1)nonan-9-one (85 or 86;R=H), with methanolic
potassium hydroxide gave an identical mixture of ketols (g.l.c.
analysis of the acetylated product mixture showed the ratio,
equatorial:axial=1.8:1), This equilibration presumably took
place via the open keto-aldehyde (202;R=CH3) giving a predominance
of the thermodynamically morc stable epimer.

Any mechanism proposed for the reductive rearrangement must,
therefore, explain the production of the thermodynamically less
stable epimer exclusively (the small amount of equatorial ketol
formed, we believe, is due to some technical fault, possibly a
little moisture in the reaction), as well as the stereochemistry
the enolic double bond must have, before rearrangement takes place.
That the rearrangement does not follow a course which first fornms

the keto-aldehyde (202;R=CH_orH) which is then cyclised under the

)
reaction or work-up conditions is evident because 202(R=H) is
formed in, and is stable to, the conditions of the reduction of
the tetrasubstituted nor-methyl enol-lactone (159).

It is generally agreed that the first step in hydride
reduction is attack on the carbonyl moiety by hydride ion giving
the aluminate (203). Since we cannot postulate an acid-
catalysed aldol cyclisation, this only leaves an explanation

based on intramolecular rearrangement. A mechanism of the type
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shown in 204 including, essentially, a four-centre transition
state is not an appealing one for two reacons: the distance
between carbons 3 and 10 is rather large for subsequent bond
formation, and there is no apparent reason why a rearrangement
of this type should give axial ketol exclusively.

A mechanism which does satisfy our requirements has, as its
first step (after hydride attack), a transfer of the trialkyl
aluminium residue from the oxygen on carbon-3 to the enolic
oxygen (2) on carbon -1(205), giving 206. It is important that
the bond between the enolic oxygen and the carbon originally
bearing the carbonyl group should be broken without allowing the
enol to "ketonise'" since re-enolisation would cause a comion
intermediate to be formed in reducing 159 and 160, giving the
same products from both. Examination of models shows that 206
is capable of rearranging in the cyclic manner shown, to give
exclusively the axial aluminate (207).

In the reduction of 160, the formation of substantial
amounts of 208(R=H) was a serious problem, whereas, reduction of
150 forms none of the equivalent compound 208(R=CH3)°

Assuming that 150 and 160 both give bicyclo(3,3,1)nonane .
derivatives by the same mechanism, then it is apparent that
there is a marked difference in the rates of cyclisation of 206
(R=CH ) and 206(R=H). The dimethyl compound may cyclise rapidly

<
to relieve steric crowding in the highly substituted intermediate
206(R=CH3). In 206 (R=H) however, no such crowding is apparent,

81



causing this intermediate to have an appreciably longer life-time
than the dimethyl analogue (206;R=CH3) so that attack by excess
hydride giving 208 (R=H) is a process which could compete with
the cyclisation process,

The configurations of steroidal bicyclic compounds obtained
from ring-closure by the enol-lactone method are of special
interest. In the reductive cyclisation of Turner's lactone
( B -series of steroids), the stereochemistry of the starting
enol-lactone is represented by 209. Ring closure between
carbons-3 and 6 must proceed as shown (path a), so that the ring

residue C1-C is axially fused to ring Bj; path b is impossible

3
if a bicyclo(3,3,1)nonane moiety is to be formed. This places
ring B of the product (210) in a boat configuration. Were such
a reduction carried out on the enol-lactone of the « -series
(211) then the twin-chair steroid (212) would be the expected
product. Realisation of the difference in stereochemistry of
the rearranged f- and o~ enol-lactones (210 and 212) and the
apparent similarity of reaction and nroducts between Grignerd

62,63 has prompted

reagents and complex hydride on 8-enol-lactones
investigation in these laboratories into the mechanism and
stereochemistry of the Grignard reaction on 0-enol-lactones.
Although this reaction has been studied by Fujimoto62b in a
suitable model series (213), the exact composition of the products
(reaction of the enol-lactone, 213 with phenyl magnesium

bromide caused mono-addition and formation of a ketol, 21k4;
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treatment with methyl magnesium bromide caused bis-addition and
a mixture of diols, 215) was not determined. Ye feel that there
is every likelihood that the product of mono-addition of Grignard
reagent could have the hydroxyl axially disposed as in 216.

We also feel that a suitable explanation for a seeming
anomaly in the steroid synthesis63 is now at hand. Woodward,
on treating the enol-lactone 217 (B-series) with methyl
magnesium halide obtained the mono-adduct (218) which could be
converted smoothly to the enone 219, with base. On treating zZ20
( a=-series) with the same reagent, however, he obtained a poor
yield (10%) of mono-adduct (221) and a large quantity of di-
adduct (222). We believe that these results are due to the
configurations of the bicyclic derivatives formed viz., the boat-~
chair configuration of 218 and the chair-chair configuration of
221, In 218, the central carbonyl is relatively hindered by the
adjacent methyl, the hydroxyl (or the methyl) in the 3-position
(steroid numbering) and the steroid rings B,C and D. Hydride
reductions of the dione 183 and the ketol 181(R=H)(see above)

lend weight to the assertions of steric hindrance of the central

carbonyl. The former, on reduction with complex hydride, reduced

only the 3-carbonyl, whereas the latter was reduced with difficulty
and, using complex hydride, gaVe mainly the non-hydrogen bonded
diol (223)(attack of hydride from the lezst hindered side). In
221, however, the central carbonylis not hindered by rings B, C

and D as was that of 218 above, but instead, has a face open to
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attack by a second mole of Grignard reagent. tle feel that this
may well be the reason for bis-addition in the «-series.

Work is now progressing to gain more information about the
Grignard rearrangement and to ascertain if the above is indeed a
suitable explanation for the "anomaly"'.

Returning to our original objective of an efficient synthetic
route to the unsubstituted bicyclo(3,3,1)nonane skeleton we

70

became interested in a cyclisation technigue’  wused to obtain the
bicyclo(3,2.1)octyl moiety of giberellin derivatives (225).
Cyclisations of the anhydride (224) with boron trifluoride in
tetrahydrofuran and acetic acid furnished the dione 225. Ve
thought, therefore, that a similar reaction on the mixed anhydride
of 3-(2-oxocyclohexyl)-propionic acid (155) and carbonic or
acetic acids (226) might supply the bicyclic dione (173).
Formation of the anhydride of 155 and acetic acid, (226;R=CH5),
by the method of Incuye71 failed because an attempted conversion
of 155 to the acid chloride (227), with oxalyl chloride gave,
instead, the enol-lactones (159 + 160)

The mixed anhydride of 155 and carbonic ester (226;R=0Et)
was successfully prepared by the method of ﬂieland72(\)max182091770,
1710). Distillation of this material, however, converted it
smoothly to 154, the ethyl ester of 3(2-oxocyclohexyl)-propionic
acid. Because of this, subsequent attempts to cyclise the
anhydride were carried out on impure material. On treating the

mixed anhydride (226;R=0Et) with boron trifluoride in both
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tetrahydrofuran and acetic acid, the mixed enol-lactones (159 +
160) were obtained. Cyclisations of this type were abandoned.

It was obvious that reduction of the trisubstituted enol-
lactone, ﬁq’10-2-oxabicyclo(4,4,0)decen—}-one(l60), with complex
hydride, was unsuitable as a synthetic route to the bicyclo
(3,341)nonane skeleton., In the first place, the exo-enol-
lactone (160) was formed as the minor product of a mixture with
159, and even after separation, its conversion to 2-hydroxybicyclo
(3,3,1)nonan~9-one (157;R=H) proceeded to the extent of only 15%.

The tetrasubstituted enol-lactone (159) could, however, be
obtained in fair yield and reduction of 159, with complex hydride,
gave keto-aldehyde(161) in good yield., It was decided to attempt
to cyclise 161 in an aldol fashion to give the epimeric mixture
of ketols (157 + 1713R=H). In reductions of the exo-enol-
lactone (160) our efforts were mainly concerned with the
formation of the axial ketol (157;R=H), the epimer which we knew
would, as its tosylate, be converted smoothly to the olefin-
ketone (158) with ethoxide. Cyclisations of 161, we thought,
would give mixtures of 157 and 171(R=H) in which the
thermodynamically more stable ketol (171;R=H) would be in
preponderance, To convert this mixture to enone we proposed to
convert the mixture of ketols (157+171;R=H) to thermally unstable
esters such as carbonates, Xanthates or acetates and
subsequently to pyrolyse the mixture. Such pyrolyses are knoun
to proceed through cyclic mechanisms (228), a neighbouring hydrogen
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atom in a cis-configuration, being essential for smooth pyrolysis.
Inspection of models of suitable esters of the epimeric 2-hydroxy=-
bicyclo(3,3,1)nonan-9-ones (229+230) reveals the presence of a
hydrogen atom in a cis-relationship on the 3- position in both
cases.

Cyclisation of 161 was attempted with several basic and acidic
reagents, although, because of the strong possibility of retro-
Michael reactions on the 1,5-dicarbonyl system of the keto-
aldehyde (161), basic rcagents were not favoured. Cyclisation
with methanolic potassium hydroxide gave a complex mixture of
products from which a 25% yield of a mixture of the ketols
(157+1713;R=H) contaminated with another compound (of identical
t.l.c. mobility) could be separated by chromatography. Other
catalysts tried included triethylamine in benzené, pyridine,
pyridine and toluene-p-sulphonyl chloride, concentrated sulphuric
acid, hydrochloric acid in dioxan and hydrochloric acid in acetic
acid, The closures were attempted at a variety of temperatures
and, because of the susceptability of 161 to oxidation, under an
atmosphere of nitrogen. All the cyclisation media listed, met
with some success but this was, in the main, limited. Unlike
the other reagents, concentrated sulphuric acid was intended to
cyclise keto-aldehyde 161 to ketols (157+171;R=H) and dehydrate
these, giving olefin-ketone (158) in one reaction (See Intro-
duction to Part I Section I). The olefin-ketone (158) was, in

fact, obtained from treatment of 161 with sulphuric acid but in
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poor (12%) yield, and contaminated with polymeric product,

The two most successful cyclisation agents were hydrochloric
acid in acetic acid and in dioxan. The former gave a good
vield (80i%) of very clean cyclised material of which, unfor-
tunately, a large part (~ 60%) was thc acetates of the epimeric
bicyclic ketols (157+171;R=4,). Attempts to convert the keto-
acetates to the ketols by hydrolysis with methanolic hydrochloric
acid met with a complete lack of success.

Th

©

best yield (42%) of cyclised material was obtained by
treating 161 with hydrochloric acid in dioxan at rocm temperature.
The ketols (157+171) were, however, contaminated with another
compound, as had been the mixture obtained by treatment of 161
with methanolic potassium hydroxide. The mixture of three
products from cyclisation with hydrochloric acid/dioxan was
treated with toluene-p-sulphonyl chleride in pyridine giving a
mixture of three tosylate esters. Chromatography on silica gel
supplied a pure sample of the most polar tosylate as a
crystalline solid (m.p. 121-122°) identical by infra red and
mixed melting point with 157 (R=Ts).

Of the remaining tosylates, onc was suspected of being 171
(R=Ts). The mixture was therefore trecated with sodium ethoxide
for five minutes to convert 171 (R=Ts) to the olefin-ester (174),
leaving the third tosylate untouched. The mixture of 174 dnd
the third tosylate were easily separated and the olefin-ester

was identified by infra red and g.l.c. comparison against
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authentic olefin-ester. The third and unknown tosylate (m.p.127-
1280) exhibited spectral properties (i.r.1712,1186,1175cm.-1

mass spectral parent, 4hl) consistant with its having a dimeric,
unsaturated mono-keto-tosylate structure., Prolonged treatment of
this tosylate with ethoxide gave the tosylate back unchanged, and
the compound was not further investigated.,

Cyclisation attempts were ceased after publication by Cope51+
of the synthesis of 161 and convertion of this to ketols (157+171;
R=H). By a controlled Michael reaction of acrolein with the
enamine of cyclohexanone, Cope obtained 161 and not the bicyclic
amine (231) obtained by Stork6o from this reaction. Treatment

of 161 with hydrochloric acid (7N) at 0° in an atmosphere of
nitrogen supplied a good yield of ketols (157+171;R=H) which Cope
reported as being almost exclusively 171(R=H). In our hands,

an identical cyclisation procedure furnished a mixture of ketols
(77%), solid from the reaction mixture. Acetylation of this
mixture and quantitative g.l.c. analysis showed the mixture to
consist of axial: equatorial 1.,1:1. Preparative t.l.c. separation
of the mixed ketols confirmed this ratio. Cyclisation, by this
method, supplied a very clear reaction product in which the
epimeric ketols (157+171;R=H) were present, uncontaminated with the
dimeric ketol we had obtained in cyclisations with methanolic
potassium hydroxide or hydrochloric acid/dioxan. Ring closure

of 161 with acid, by the method54

of Cope, and subsequent t.l.c.
separation of the mixture was used by us to obtain the equatorial
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B—hydroxybicyclo(B,B,l)nonan—9-one(171;R=H)ima pure form (see
above).

The mixed ketols (157+171;R=H) obtained by the Cope closure
were converted to their carbonate esters (228;R=0Lt) by means of
ethyl chloroformate in pyridine.  The mixture of carbonate
esters, after purification by chromatography afforded, on pyrolysis
at 3002 9-oxobicyclo(3,3,1)non~2-ene (158) , in fair yield (51%).

The above method of obtaining the bicyclo(3,3,71) nonane
skeleton was discarded in favour of the synthetic sequence of
Foote and WOodward59 to obtain 158 (described in SectionII).

This sequence was published some time after the above work was

started,
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IXPRRIMENTAL

Ethyl 3—(2—Oxocyclohexyl)ﬂpropionate (15A)

Tthyl 3-(2- oxocyclohsxyl)-propionate was prepared

by the method of Stork52

3:§?~Oxocyolohexyl)-p@gpionic acid (1551,

Tithyl 3-{2-cxosyeiokexyl)-rropicnate (15, 100g) was heated

tnder roflux fox 7 hours with hydrochloric acid (TJ ]500m1) Aftex

cosiing the rezchion mixbture, atseous sodinm kydroxide (6M,11) was

addaed to reduce the acidity, and the mixture was then exitracted with
ather {3 x 500 wl). The combined ethereal exiracts were washed

with seolium carbonate solutica until the wachings were basic and

vhe scdium carbonzte layer was Then acidified =znd extracted thoroughly
with etaer (3 x 250 ml). v The etrereel extract was washed with
sgrurated brine solutica and dried. Solvent omoval gave a yellow
oil (8Lg) which solidified on standing. Reoerystsllisation from

laght petroleum (60-80) gave 3\ 2-czosyclohexyl)-propionic acld

(155) as plates m.p. 60-62° (L‘*orabure53, m.p. 60~610).

1,6 1,10

A - and L7’ -2-Oxabicvelo (k,h,0) decen-3-cne (159 and 160)

3={2-0xocyclonexyl) -propicnic acid (155,1.0g) and freshly fused
soliun acstate (0.5g) iz acetic enkydride (250ml) was heated uader
meflux for L hours. After removal of the acetic annydride by
aueosrople dlgtillation with xylene under reduced pressure, the
residual browr oil was baken up in ethsy (20021) and washed with brine

caturated sodium hydrogen carbonate scluticn, brine and dried.




temoval of the solvenl and distillabion gave a water clear oil

26

,?°1.5023 (Literature’>n 26 1 5006).

(Tohey, boo. 87 -39 /O 6 mm. n n,

The oil was adsorbed on silicu gel (220g) from light petroleum
(60~80) and eluticn with ether-light petroleum (60-80) (1:h)

gave ;@;’6~2~oxabicyclo (}2L,0) decon-3-one (159,5.2g), b.p. 86°/

0.5 wm. nD201,5043;y r'?(0011) 1772, 1709,1152,1115. (Fd: C,

70.375 H,7.91 ¢ oHy p0prequires ,71.05; H,7.95%).

further elution with the same sclvent gave first a mixture

o v e . v n1s10 .
of compounds 159 ~ud 160 (2.7¢) end the: "’ -2-oxabicyslo

(L.sb,0) decen-3-one (160,1.3g) waich was sublimed under high
vacuum to give a white solid, m.p. 42-43°; v max(0014) 1766,1683,
1150, = ,h.73 (1 proton multiplet). (¥d: C,70.55; H,7.65‘C9H1202
reguires C,71.05; H,7.95%)
Both A 1’6—2—oxebicyclo (4,4,0) decen-3-one (159) and

A 1’10—2—oxabicyclo (h.i,0) docen-3-one (160), on treatment with

aqueovs sodium hydroxide in the cold and subsequent acidification,
gave a kelo-acid identical with 3-(2-oxocyclohexyl)-propionic acid

(155) by melting point and mixed melting point.

3-(2-Oxocyclokbexyl)-propionaldehyde (161)

A suspension of lithiun hydridotri-t-butoxyaluminate (Zznlg)
in enhydrous tetrahydrofuran (150ml) was added dropwise, in a
nitzogen gimosphere, over 2 hours to a stirred solution of
1,6

A 7?7 9-oxabicyclo (4,4,0) decen-3-cane (159,12g) in tetrahydrofuran

(75 1) chilled to —70oy The wreaction mixture was stirred at




- xoom temperature for a further 15 hours, acidified with aqueous
hydrochloric ac&d (6W,25ml) and thoroughly extracted with ether
(3 x 150 ml). The combined ethereal extracts were washed with
brine, saturated sodium hydrogen carbonate solution, brine and
dried. Removal of the solvent gave a pale yellow oil (10.7g),

which, on distillation afforded 3-(2-oxocyclohexyl)-propionalde-

nyde (161, 8.0g), b.p. 86-89°/0.8mn. %231.1;{@ vmax(ccm) 2718,

1732,1715 cm.-l The 2,i-dinitrophenylhydrazone crystallised

as needles from ethyl acetate, m.p. 199-2000, (LiteratureSh b.p.

83-85°/0.7 mn. n *’1.473, 2,}-dinitrophenylhydrazone, m.p.193-195°)

1-Hydroxy-2-oxabicyclo (L,L,0) decane (166)

To a stirred suspension of lithium aluminium hydride (0.13g)

in anhydrous ether (10 ml) was added dropwise a solution of

/l1’6-2-oxabicyclo (Ly4,0) decen-3-one (159,0.5g) in anhydrous
ether (20 ml) over 30 minutes. After the addition, the solution
was heated under reflux for 2 hours and then cooled and carefully
acidified with hydrochloric acid (6). The ethereal layer was
separated, washed with brine, saturated sodium hydrogen carbonate,
brine and dried. Removal of solvent gave a yellow oil (0.18g)
which solidified on standing. Recrystallisation from pentane

afforded 1-hydroxy-2-oxabicyclo {(L,L,0) decane (166) as colourless

prisms m.p. 65-75° (dehydrates on warming); Voax (01 A) 3590, 1077,

9%3. (Fd: €,68.503 H,9.9 (:9}11602 requires C,69.19; H,10.3%)
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Dehydration of 1l-Hydroxy-2-oxabicyclo (L.L,0) decane (166)

Distillation of 1-hydroxy-2-oxabicyclo (4,4,0) decane
(166) with a small crystal of iodine gave an unstable oil whose

structure was tentatively assigned as 4%1’6-2—oxabicyclo (L,4,0)

decone (167); v__ (film) 1688 1157 em'. On standing in air

167 recdily hydrated to give the starting alcohol (166).

Reduction of 41’1O~2~oxabioyclo (L,4,0) decen-3-one (160)

A solution of 1K1’1O~2~oxabicyclo (L,h,0) decen-3~ one
(160,8.1g) in tetrahydrofuran (100 ml) was treeted with lithium
hydridotri-t-butoxyaluminate (18.7g) in tetrahydrofuran (100 ml)
in the usual way. Normal work-up procecure afforded a neutral
vissous oil (3.1g). Acidification of the sodium hydrogen
corbonate washings gave 3-(2-oxacyclohexyl)-propionic acid
{155, 3.8g). The neutral oil (3.1g) was adsorbed on silica
gel (91g) from benzene - light petroleum (60-80) (1:1).

Elution with ether-light petroleum (60-80) (3:2) afforded a

yellow oil (1.70g) from which l-hydroxy=-2-oxabicyclo (4,,0)

docenc (16€) slowly crystallised. Recrystallisation from
pentane afforded prisms m.p. 65«-75O identical by i.r. spectrum
with emthentic 1l-hydroxy-2-oxabicyclo (4,4,0) decane (see above).

Llution ﬁith ether gave a white semi-solid mixture of

ketols (1.25g) which was separated by preparative t.l.c. giving

pore axial 2-hydroxybicyclo (3,3,1) nonan-9-one (157;R=H) which
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‘crystallised from ethyl acetate - light petroleum (60-80) in
prisms, m.p. 169-171° (sealed tube); 'vmax(001h) 3622,1731,

955 cm. T

, T, 5.75 (1 proton multiplet assigned to carbinyl
proton; half-height width= 8 c.p.s). (Fds C,70.15; H,8.70
C9H1h02 requires C, 70.10; H, 9.15%). A sample of the
mixture of ketols from column chromatography was acetylated
in the manner described below and the resultant mixture of
keto~acetates was subjected to gquantitative g.l.c. analysis
on 10% apiezon "L" stationary phase at 150°.  The ccetates

were present in the ratio, axial (157; R=Ac): equatorial

(1713 R=Ac)= 19:1.

Acetylation Procedure

In this section, several acetylations of pure compounds,
or of mixtures, were carried out. The acetylation procedure
used, was identical in all cases and is described below using
the preparation of axial 9-oxobicyclo (3,3,1) nonan~-2-yl acetate
as an example. Careful control experiments showed it to cause
no epimerisation in the systems examined.

A solution of axial 2-hydroxybicyclo (3,3,1) nonan-9-one
(157;R=H, 0.1g) in acetic anhydride (1 ml) containing dry pyridine
(c_j a1) was left at room temperature for 12 hours. The solution
was poured into water (10 ml) and left for 30 minutes. The

resultant mixture was extracted thoroughly with ether (3 x 10 ml)
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and the combined ethereal extracts were washed with brine,
saturated sodium hydrogen carbonate solution, brine and dried.
Removal of the solvent gave a pale yellow oil (O.lZg) which on

distillation supplied axial 9-oxobicycloncia::~2-yl acetate (157);

=Ac) as a colourless oi .p. 1107= .0 mem, n o H
( R=Ac) 1 i1, b.p. 110°-111°/0.0 D231 859

Ve (fiim) 1720, 1703,1235 cm.'l,ﬁ' ,b.82 (1 proton multiplet

assigned to carbinyl proton; half-height width= 8c.p.s). (Fd:

C,66.85; H,7.385 C requires C,67.32; H,8.22%)

11H1603

Axial 9-Oxobicyclo (3,3,1) nonan-2-yl Toluene-p-sulphonate

(157;R=Ts).

To a solution of axial 2-hydroxybicyclo (3,3,1)-nonan-9-one
(1575 R=H, 0.138g) in dry pyridine (2ml) was added toluene-p-
sulphonyl chloride (0.17g). The reaction mixture was allowed
to stand at room temperature for 5 days and was then extracted
thoroughly with ethyl acetate (3 x 10 ml). The combined extracts
were washed with hydrochloric acid (6), brine, saturated sodium
hydrogen carbonate solution, brine and dried. Removel of the
solvent gave a yellcwish solid (0.25g). Recrystallisation

from methanol furnished axial 9-oxobicyclo (3,3,1) nonan-2-yl

toluene-p-sulphonate (157; R=Ts) as colourless pilates, m.p. 122"12305

%‘“3S001L) 1739, 1188, 1176, 929, 909 T ,4.9 (1 proton multiplet
assigned to carbinyl proton; half-height width = 6 c.p.s.).
(Fd: C,62.65; H,6.65, 016H200hs requires C,62.35; H, 6.55%)
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9~Oxobicyelo (3,3,1) non-2-cne (158)

Sodium (0.035g) in dry ethanol (5 ml) was added to a stirred
‘solution of axial 9-oxobicyclo (3,3,1) nonan-2-yl toluene-p-
sulphonate (157; R=Ts, 0.25g) in ethanol (5 ml) at 60°. The
solution was refluxed for 24, hours, cooled and acidified with
acetic acid. Brine (10 ml) was added and the resultant mixture
was extracted with light petroleum (2 x 10 ml). The remaining
aqueous material was then extracted again with ethyl acetate
(2 x 10 m1). Both organic layers were washed with brine and
dried.

The petroleum extract, on careful evaporation at room
temperature ga%e a yellow oil (0.085g) which was adsorbed on
silica gel (3g) from light petroleum. Elution with ether-

light petroleum (1:9) afforded 9-oxobicyclo (3,3,1) non-2-€ne (158)

as a clear yellow oil (0.06g) identical to an authentic sample
prepared_by the method of Foote and Woodward59 by infra red
spectrum and gas chromatographic retention time.

The ethyl acetate extract, on evaporation, gave the starting

keto-tosylate (0.024g)
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Equatorial 2-Hydroxybicyclo (3,3,1) nonan-9-one (171;R=H)

Treatment of 3-(2-oxocyclohexyl) propionaldehyde (161)
with hydrochloric acid (7N) by the method of Cope5h furnished
a solid mixture of ketols which wgs separated by preparative

t.l.c. into axial 2-hydroxybicyclo (3,3,1) nonan-9-one (1573

R=H) identical with that obtained above and equatorial

2~hydroxybicyclo (3,3,1) nonan-9-one (1713 R=H) in a ratio

of 157: 171 = 1.1:1 (by separation). Acetylation of the
mixture obtained by closure and subsequent quantitative gll.c.
showed the keto-acetates to be in the ratio 157 (R:Ac): 171
(R=Ac)= 1.18:1 which is in good agreement with the ratio
obtained by separation.

The equatorial 2-hydroxybicyclo (3,3,1) nonan-9-one

(l71; R=H) was obtained as an oily unstable solidj .vmax
(cCL,) 3614,1719,1048 em.”t, T, 6.05 (1 proton multiplet
assigned to carbinyl protons; half-height width = 16 c.p.s.).
The p-nitrobenzoate (171; R=C.H O

75,503
petroleum (60-80) as faintly yellow plates m.p. 111-1130.

crystallised from light

(Pa: ¢€,63.52; H,5.76; N .31 016H17N05 requires C, 63.363

H, 5‘653 N, }-l-'62%>°

Equatorial 9-oxobicyclo (3,3,1) nonan-2-yl acetate

(1715 R=Ac) was prepared in the usual manner and gave the
C
acetate as ap oil, b.p. 90 /06 mn. n °%= 1.4,868, T , 5.03

(1 proton multiplet assigned to carbinyl proton; half-height
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width = 20 c.p.s) (Fd: C, 66.85; H, 7.85 011H1603 required C,67.32;

H, 8.2%).

Equatorisl 9-Oxobicyclo (3L3,ll nonan-2-yl Toluene-p-sulphonate

(1713 R=Ts).

To a solution of 2-hydroxybicyclo (3,3,1) nonan-9-one (171;R=H,
0.05g) in pyridine (1ml) was added toluene-p-sulphonyl chloride
(0.063g). The reaction mixture was heated at 90o for 1 hour
and then left at room temperature for L8 hours. Normal isolation

procedure gave 9-oxobicyclo (3,3,1) nonan-2-yl toluene-p-sulphonate

(171; R=Ts) as an oil (0.0th) which could not be induced to

crystallise; V___ (film) 1715, 1170 em. ™t

Treatment of Equatorial 9-Oxobicyclo (3,3,1) nonan-2-yl Toluene-

p-sulphonate (171; R=Ts) with Ethoxide

Equatorial 9-oxobicyclo (3,3,1) nonan-2-yl toluene-p-sulphonate
(171; R=Ts, 0.033g) was treated with sodium ethoxide in the manner
described above for axial 9=-oxobicyclo (3,3,1) nonan-2-yl toluene-
p=-sulphonate (157; R=Ts). The reaction mixfture was heated at
60° for 5 minutes. During the addition and subsequent heating,

a precipitate of the sodium salt of toluene-p-sulphonic acid was

b

formed. Normal isolation techniques gave ethyl 4 ™-cyclo-octene-

carboxylate (174, 0.0lhg) as a yellowish, swecet-smelling oil
60

identical to an authentic sample prepared by the method of Stork

ao
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by i.r. spectrum and g.l.c. retention time

Oxidation of Axial 2-Hydroxybicyclo (3,3,1) nonan-9-one (157;R=H)

A solution of axial 2-hydroxybicyclo (3,3,1) nonan-9-one
(1573 R=H, 0.1Lg) in AralaR acetone (7 ml) was stirred at 0°.
A slight excess of Jones reagent6lwas added dropwise and the
stirring continued for a further hour. The reaction mixture
was poured into brine and extracted with ether. The ethereal
extract was washed with brine, saturated sodium hydrogen
carbonate solution, brine and dried. Removal of solvent gave
a semi-sclid oil (0.12g). Purification by preparative t.l.c.

gave bicyclo (3,3,1) nonan-2,9-dione (173) as a low melting

unstable solid. Sublimation under high vacuum afforded an
analytical sample; \amax(001h) 1741, 1717 (Table J lists the
carbonyl frequencies in different solvents). (Fds C,70.70;3

H, 8.15 C requires C,71.03; H, 7.95%).

9129

Oxidation of Equatorial 2-Hydroxybicyclo (3,3,1) nonan-9-one

(1715 R=H)

Equatorial 2-hydroxybicyclo (3,3,1) nonan-9-one (171;R=H,
0.0lg) was oxidised with Jones reagent6l in the above manner.
Identical isolation technique afforded an oil (0.009g) identical

to bicyclo (3,3,1) nonan-2,9~dione (173) by i.r. spectrum and

t.1.c. mobility.
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Cig=Bicyclo (3,3,1) nonan-2,9-diol (176)

Axial 2-hydroxybicyclo (3,3,1) nonan-9-one (157;R=H, 0.066g)
was treated with lithium hydridotri-t-butoxyaluminate (0.33g)
in tetrahydrofuran (25 ml). After-heating under reflux for
6 hours, the reaction was cooled, acidified with dilute hydro-
chloric acid (6N) and extracted with ether (3 x 15 ml). The
The combined ethereal extracts were washed with brine, saturated
sodium hydrogen carbonate solution, brine and dried. Removal
of solvent afforded a mixture of diols¥ Separstion of these

by preparative t.l.c. gave cis-bicyclo (3,3,1)-nonan-2,9-diol

(176) which crystallised from benzene-light petroleum (60-80) as

colourless needles, m.p. 215-217° (sealed tube); \)max (cc1
1

L’

dilute solution) 3610, 3520 cm. - (Fd: C,69.55; H,10.15

CgH (0, Tequires C,69.20; H, 10.30%).

Reduction of Equatorial 2-Hydroxybicyclo (3,3,1) nonan-9-one

(171R=H)

Equatorial 2-hydroxybicyclo (3,3,1) nonan-9-one (171;R=H,
0.01g) was reduced with complex hydride in the above manner.
Identical work-up procedure supplied a mixture of diols
(178 + 179, 0.009g), which exhibited no hydrogen-bonding at

high dilution in the i.r.

*(176417T; 0.064¢)




Reduction of Turner's Lactone (180)

A solution of Turner's Lactone (180; 1.87g) in dry
tetrahydrofuran (50 ml) was treated with lithium hydridotri-t-
butoxy aluminate (1.6g) in tetrahydrofuran (20 ml) in the manner
described above. The semi-solid product (1.88g) was adsorbed on
silica gel (75g) from benzene-light petroleum (60-80) (1:1).
Elution with ether-light petroleum (2:1) separated a solid
fraction (1:35g). By analytical t.l.c. it was evident that
this was a mixture of two compounds. Separation by preparative
t.l.c. supplied two pure ketols in a ratio of 16:1 by weight
(neither the ketols nor their acetates could be separated by
g.1l.c. on several different stationary phases). Alternatively
the more abundant ketol could be obtained pure by recrystalli-
sation of the solid fraction from chromatography. The more

abundant ketol, the axial steroid ketol (181;R=H) crystallised

from light petroleum (60-80) as colourless needles, m.p. 183-

1

185°%; \)max(001h) 3606, 1715 cm. —, T 5.85 (1 proton multiplet

assigned to carbinyl proton; half-height width= 7 c.p.s.).

(Fd: €, 80.30; H, 11.20 C requires C, 80.35; H, 11.,0%.

26%,1,02

The less abundant ketol, the equatorial steroid ketol

(1823 R=H), obtained from preparative t.1l.c. is described

in detail below.
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Toluene-p-sulphonate of Axial Steroid Ketol (181;R=Ts)

The axial steroid ketol (1813 R=H, 0.07g) in dry pyridine
(0.5 ml) was treated with tolueneig-sulphonyl chloride (0.04Lg)
and left at room temperature for four weeks. The reaction
mixture was poured on to brine and this was extracted thoroughly
with ethyl acetate. The ethyl eceteie extract was washed with
hydrochloric acid (3N), brine, saturated sodium hydrogen
carbonate solution, brine and‘dried, Careful removal of
solvent at AOO supplied a semi=-solid mixture {0.092g). Pre-
parative t.l.c. of this mixture separated it into the toluene=-

p-sulphonate of axial steroid ketol (181;R=Ts, 0.042g) and the

starting axial ketol (181;R=H, 0.046g). The toluene-p-
sulphonate (181;R=Ts) resisted purificabiong Y ax (film)
1710, 1172 cmoﬂl, T , 5.08 (1 proton multiplet, assigned to

carbinyl proton; half-height width= 7 c.p.s).

Steroid Olefin-ketone (185)

The axial steroid ketol (1813R=H, 0.086g) in pyridine
(0.5 ml) containing toluene—gfsulphonyl chloride (0.035g)
was heated at 90O for 11 hours and then left at room tempera-
ture for 36 hours. Identical isolation technique to that
described above gave a yellowish semi-solid mixture containing
starting ketol and a less polar compound. Preparative t.1l.c.
removed the ketol (1813;R=H) from the less polar compound

(0.039g) to which was assigned the olefin-ketone structure (185).
102




This was not obtained in a pure state; ‘vmﬁy(001h) 3030, 1726

(film) 699 em.”t

, T, 4.35 (wide multiplet assigned to the
olefinic protons), mass spectral parent at 370 (026HL20 y

molecular weight = 370)

Steroid Dione (183)

A solution of the axial ketol (181;R=H, 0.12g) in ApnalaR
acetone (10ml) was treated at 0° with a slight excess of Jones
reagent6l in the usual way. Normal isolation teohnique_gave a
crystalline product (0.118g). Recrystallisation from light
petroleun supplied the dione (1.83) as needles, m.p. 111--112O

65

(Literature 7, m.p. 113-114°). (Fd: ¢, 80.75; H, 10,80 Cog

HLzoz
requires C, 80.75; H, 10.95%).

Oxidation of Equatorial Steroid Ketol (182;R=H)

The equatorial steroid ketol (1823;R=H, 0,0lg) was treated
with Jones reagent6l in the usual manner. Standard isolation
technique supplied the dione (183; 0.009g) identical to the

sample obtained above by i.r. and t.l.c. mobility.
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Equatorial Steroid Ketol (182;R=H)

A solution of the above diketone (183392 mg) in tetrahydrofuran
was treated with a suspension of lithium hydridotri-t-butoxyaluminate
(67 mg) in tetrahydrofuran (2ml) and the reaction mixture heated
under reflux for 2 hours. Normal acidic work-up (see above) gave
a semi-solid mixture of ketols (181 and 1823 R=H). Separation
of these by preparative t.l.c. supplied the axial ketol (1813 R=H;

10 mg), and a less polar ketol (TCwg).  Recrystallisation of this

compound from ether-light petroleum afforded the eguatorial steroid

ketol (182; R=H), m.p. 165-167 (sealed tube); V oy (CCLL), 3606
1715 cm—l, T , 6.15 (1 proton multiplet assigned to the carbinyl
proton; half-height width= 20 c.p.s.). (Found: C,80.01; H,11.19
026HLAO2 requires C,80.35; H,11.41%)

The Tolueneig—sulphonate (1825 R=Ts) of the equatorial steroid
ketol was prepared in the usual mamnmer and crystallised from light
petroleum as colourless needles m.p. 165-167"; Ve (cc1y) 1722,
1188,1176 om?l,w ,5.56 (1 proton multiplet assigned to the carbinyl
proton; half-height width= 2lc.p.s.). (Founds C,73.05; H,9.10,

CBBHSOOAS requires C, 73.05; H,9.30%)
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Peduction of Axial Steroid Ketol (181; R=H)

A solution of the axial ketol (181; R=H, 0.11lg) in anhydrous
ether (10 ml.) was added dropwise to a suspension of lithium aluminium
hydride (35mg.) in ether (5 ml.) and the mixture heated under
reflux for 1 hour. Aqueous hydrochloric acid (6N;3ml.) was then
added and the organic layer separated, washed with brine, saturated
sodium hydrogen carbonate solution, brine and dried. The solvent
was removed giving a semi-solid mixture of diols. The diols were
separated readily by preparative t.l.c. and the less polar compound
was recrystallisecd from ethyl acetate - light petroleum (60-80)
to give the cis-diol (184) as needles, m.p. 200-202° (sealed tube);
\)max(CCl yhigh dilution), 3611, 3512cm-1. (Found: €,80.21;
H,11.63 C26H46G2 requires C, 79.94;H,11.87%%).

The more polar diol, the non~hydrogen bonded diol (200),
though obtained in an apparently pure state could not be induced
to crystallise, and was not examined further;

Reduction of Equatorial Steroid Ketol (182;R=H)

A corresponding rcduction of the equatorial ketol (182;R=H,
1lmg.) gave a solid mixture of diols which exhibited no intra-
molecular hydrogen bonding at high dilution in the infra red;

v . (CClh at high dilution), 361hcm.” ",

§¢

Mixed Anhydride of 3~-(2-Oxo¢yclohexyl)-propionic acid and Ethyl

Carbonate. (226;R=0Lt)
3-(2-0Oxocyclohexyl) propionic acid (lg.) a;”ld triethylamine
(3ml,) were dissolved in dry toluene (4Oml.) and cooled to o°.
Ethyl chloroformate (1.5ml.) was added slowly to the solution and
the mixture allowed to stand at room temperature for 12 hours.

The nmixture was again cooled to OO, and the precipitated
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triethlamine hydrochloride filtered off, Removal of solvent

from the filtrate yielded the mixed anhydride (266;R=0Et,1.65g.)

as a brown oil, \)max(film) 1820, 1770 and l7lOcm._1

Attempted Cyclisation of liixed anhydride. (226;R=0Et)

The crude mixed anhydride (1l.5g.) in dry tetrahydrofuran
(4Oml.) with boron trifluoride etherate (12ml.) was heated under
reflux for 1 hour. The solution was cooled, and poured into
brine. The resulting mixture was extracted with chloroform
(2 x 30ml.) and the extract was washed with brine, saturated
sodium hydrogen carbonate solution, brine and dried. Removal

of solvent supplied the mixed enol-lactones (159 + 160) as a

brown oil identiczl with an authentic sample by i.r. and t.l.c.
mobility.

Cyclisation of 3-(2-Oxocyclohexyl)-propionaldehyde (161) with

Hydrochloric Acid in Dioxan.

A solution of 3-(2-oxocyclohexyl)-propionaldehyde (161; 6.3g.)
in dioxan (40ml.) and aqueous hydrochloric acid (6N;10ml.) was
stirred at room temperature, under an atmosphere of nitrogen for
4 hours. The mixture was noured into brine and extracted with
ether (3 x 100ml.). The combined ethereal extracts were washed
with brine, saturated sodium carbonate solution, brine and dried.
Removal of solvent furnished a brown oil (4.0g.).

The 0il was adsorbed on silica gel (120g.) from ether-light
petroleum (1:5). FElution with ether supplied the epimeric

2-hydroxybicyclo(3,3,1)nonan-9-ones (157 + 171;R=H) together
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with anothcr compound of identical thin-layer chromatographic
mobility as a yellow oil. (2.9g),

Treatment of Products from above Cyclisation with Toluene-p-

sulphonyl Chloride.

The mixture from the above cyclisation (1l.l4g.) was treated
with toluene-p-sulphonyl chloride (1.92g.) in pyridine (7ml.),
heated on a steam-bath for 1 hour and left for 24 hours at room
tenperature, The reaction mixture was poured into brine and
extracted thoroughly with ethyl acetate (3x190ml.). The
combined extracts were washed with aqueous hydrochloric acid (6N),
brine, saturated sodium hydrogen carbonate solution, brine and
dried. Removal of solvent at 500 under reducéd pressure
supplied a dark brown oil (2.lg.) containing three tosylate
esters.

The o0il was adsorbed on silica gel (8L4g) from benzene-
light petroleum (1:1). Elution with ether-light petroleum
(3:2) afforded a yellow oil (1l.1l7g.) containing the two less
polar tosylates. Elution with licht petroleum (4:1) supplied

an oil, which on trituration with ether gave axial 9-oxobicyclo-

(3,3,1)nonan-2-yl tosylate (157;R=H,0.2g.) as a solid, which on

recrystallisation, furnished plates, m.p. 122e1230, identical to
an authentic sample by i.r. and mixed melting point.

Treatment of Mixed Toluene-p-sulphonate Esters with Ethoxide.

The mixed esters (0,67g.) obtained from chromatography above
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was truatoé with sodium ethoxide in the manner described above

for treatment of eqﬁétorial 9-oxobicyclo(3,3,1)nonan-2-yl tosylate
with ethoxide. The reaction mixture was worked-up in the usual
manner (using ether as the extracting solvent) and furnished a
sweet-smelling yellow oil (0.48g). The o0il was adsorbed on
silica gel (15g.) from benzene-light petroleum (1:4). Elution

with ether:light pctroleum (1:9) supplied ethyl.bﬁchyclo-octene-

carboxylate identical with an authentic sample prepared by the
method of Stork6o by i.r, and g.l.c. mobility.
Elution with ether-light petroleum (1:1) supplied a colour-

less crystalline keto-tosylate (0.30g.) which, crystallised as

prisms from methanol, m.p.127-128%; \)maX(CCl&Q, 1712 1186, 1175 cm,

Mass spectral parent, 44l.,  The compound was not further in-
vestigated.

Ethyl, 9-oxobicyclo(3,3,1)nonan-2=-yl carbonate (228;R=0Et)

Ethyl chloroformate (2ml,) was added dropwise to the
epimeric 2-hydroxybicyclo(3,3,1)nonan-9-oncs: (165;R=H,0.34g.),
(from cydlisation of 161 by method of Cope54, described above)
in dry pyridine at -10°, During the addition, pyridine
hydrochloride was precipitated. The mixture was left 20 hours
at 50, and then acidified with a mixture of brine and aqueous
hydrochloric acid (6N)(1:1). The mixture was extracted
thoroughly with light petroleum (3 x 20ml.) and the combined
extracts washed with brine, saturated sodium hydrogen carbonate

; . . : . )
solution, brine and dried. Removal of solvent at 50 under
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reduced pressure furnished a pale yellow oil (0.49g.). The oil
was adsorbed on silice gel (15g.) from light petroleum and elution

with ether-light petroleum (1:1) supplied ethyl, 9-oxobicyclo(3,3,1)

nonan-=yl carbonate . (228;R=0Et) as a colourless oil (0.3lg),

. o "'10
vmax(fum i740,1720, 1280, 810crn.

9-0Oxobicy:iv(3,3,1)non-2-gne (158)

The carbonate esters cbtained above (228;R=0Et,0.31lg.) in
silicone oil (M.5.550;1ml.) were heated to 3000. The vapours
emitted were passcd to a trap cooled in liquid nitrogen.
Vigourous effervescence took place at first, but after one hour
this had subsided. The cold trap was rinsed with ether and the

resulting solution evaporatcd to give 9-oxobicyclo(3,3,1)non-2-ene

(i58;.10g.).

109




SECTION II

Homoallylic Participation in Bicyclp,£3,3,l) non-2-

en-9-yl Derivatives.

The classic example of homoallylic participation, was
vreported by Winstein to occur in the solvolysis of 7- norbornenyl
derivativesaB. Because of the unusual stereochemistry of the
norbornenyl system, the degree of symmetrical overlap between the
Il~electrons of the double bond and the developing carbonium ion
is optimal, providing maximum anchimeric assistance to ionisation.
There are, however, many other examples of homoallylic
participation in which the relationship of the double bond with
the developing ion is not quite as favourable for overlap (sece
General Introduction). Because of our interest in this subject
and the availability of suitable bicyclo(3,3,1)non-2-en-9-yl
derivatives we decided to find whether or not such participation
would take place in this semi-rigid framework, where the double
bond would appear to be less favourably oriented thawn in 53 for
maximum ovérlap.

In the General Introduction, it was pointed out that there
are indications, in bridged bicyclic systems that as the rings
become larger than in the norbornyl system, the importance of
non-classical ious as reaction intermediates becomes less. We
felt that an investigation of homcallylic participation in the
bicyclo(3,3,1)nonane system might allow us to comment on the

above trends.
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After this work had been started, two papers of immediate
importance in this subject were published. The first, by Le Bel
and Spurlock73, concerned the solvolysis of syn- and anti-
bicyclo(3,2,1)oct-2-en~-8-yl tosylates (232 and 233;R=Ts), and
homoallylic participation in solvolysis of the anti compound
(233;R=Ts) was claimed. The other, by Foote and WOodward59
described the solvolysis of 234,235, and 236 (R=Ts) in which
235 and 236 (R=Ts) were found to be anchimerically assisted
by methylene participation from the anti six-membered ring.

The syn- and anti- 1,5-dimethylbicyclo(3,3,1)non-2-en-9-yl
methanesulphonates(mesylates) (145 and l46;R=Ms=SOZCH3) and the
corresponding saturated mesylate(237;R=Ms) had been prepared by
MartinBo, by methods outlined i the Introduction to Section I
Part II, and were readily available to us. The substitution
on the bridgehecads was an unnecessary if not an undesirable
feature, although it appeared on inspection as if these would
not affect participation of the type envisaged. it the time
this work was started, ths unsubstituted skeleton had not been
synthesised and so a solvolytic study of 145 and 146 (R=Ms) was
undertaken to ascertain if homoallylic participatioﬁ did, in
fact, take place in this system. For reasons which will become
obvious, this was changed to an investigation of the corresponding
nor-methyl compounds, the syn- and anti- bicyclo(3,3,1)non-2-

en-9-yl tosylates (143 and 144;R=Ts)
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TABLE

Rates of Ethanolysis of Mesylates in the

1,5-Disubstituted Bicyclo (3,3,1) nonane

Systen
Reiative

Mesylate (R=lis) EM Rate
Cyclohexyl 1. 9~ 1.0
_S_;;_r_’n-l y5=-dimethylbicyclo-
(3,3,1) non-2-gn-9-y1 (145} 21,..0 12.6
Anti-1,5~dimethylbicyclo~
(3,3,1) non-2-en-9-y1 (146) 25,4 13.4
1,5~Dimethylbicyclo-
(3,3,1) nonan-9-y1 (237) 21, 113
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TABLE

Rates of Ethanolysis of Mesylates in the

1,5-Disubstituted Bicyclo (3,3,1) nonane

System
e Relative

Vesylate (R=lis) EZLQJ%E&.- Rate
Cyclohexyl 1.9 1.0
Syn-1,5-dimethylbicyclo-

(3,3,1) non-2-gn-9-y1 (145) 21,.0 12.6
Anti-1,5~dimethylbicyclo~

(3,3,1) non-2-en-9-y1 (146) 25.4, | 13.4

1,5~Dimethylbicyclo-

(3,3,1) nonan-9-yl (237) 21J, 113



DISCUSSION

The amount of information obtained ffom analysis of the
products of solvolysis of epimeric 1,5-dimethylbicyclc(3,3,1)non-
2-en-9-yl mesylates (145;R=Ms and 146;R=Ms) in acetic acid/sodium
acetate was disappointing. Both compounds rearranged to give
mixtures of the same three isomeric dienes. On standing the
mixtures rapidly polymerised and also underwent hydroperoxidation.
The hydrocarbon mixture was presumed to consist of three of the
four dienes (238-241) which can be derived by simple Wagner-
Meerwein migration and elimination (processes shown). Clearly
nothing concerning possible double bond participation could be
learned from a more rigourous examination of such a product
mixture.

The rates of ethanolysis of 145,146 and 237(R=Ms) were
measured in this department by Anderson74 using a conductometric
method and the results obtained are shown in Table 5. It will
be noted that, to all intents and purposes, the ratcs for 145 and
IU@&R:MS) are the same while that for 237 is faster by a factor
of 8.7 at 25°, A1l three compounds solvolyse faster than
cyclohexyl tosylate. This is quite different from both the
norbornyl systesz and the bicyclo(3,2,k)octyl system73 where the
saturated compounds solvolyse more slowly than cyclohexyl tosylate
and is apparently due to a)mecthylene participation b) a larger
.—C

25
heavy substitution at the bridgehead of 145, 146 and 237(R=ls).

Cl-c angle than found in either 53 or 233 and c) to the
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It would appear, from an examination of the rates, that
anchimeric assistance to ionisation iﬁ 146(R=is) by the double
bond does not definitely take place, since both unsaturated
mesylates solvolyse at approximately the same rate. The
saturated bicyclo(3,3,1)nonane skeleton (237) has severe non-
bonded 3,7-methylene interactionslg, which do not exist in the
unsaturated compounds 145 and 146,  Apart from angle strain
and inductive charges, relief of this strain may well be an
additional driving force allowing the saturated compound (237)
to solvolyse faster. It would appear in cases of the
unsaturated mesylates that either no homoallylic participation
was taldng place or that both 145 and 146 (R=Ms) were being
assisted, the first by methylene participation and the second
by homoallylic participation to about the same extent.

Clearly, no further conclusions could be drawn with any
degree of accuracy. The fact that the mesylates 145 and 146
(R=Ms), on solvolysis, gave only hydrocarbon products meant
that littie could be gained from separating and identifying the
components of the mixtures. We suspected that the rearrange-
ment to give-hydrocarbons was due mainly to the substitution
on the bridgehead positions which makes compounds of this type
doubly meoventyl, therefore rearranging rapidly to give tertiary
carbonium ions,.

The rate results had interested us so much that we decided

to turn our attention to the unsubstituted bicyclic compounds
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143,144 and 236 (R=Ts). e felt that on solvolysis these

would be less ready to rearrange, and, any conclusions we drew
from them would be much more easily correlated with other pertinent
investigations. Therewas, at this time, no adequate route to

143, 144 (R=H) or the olefin-ketone (158). Our attempts

(Section I part II) to develop an efficient synthesis of this

59

ketone ceased on publication”” of such a scheme.

The synthesis (2314158) utilised a reaction discovered by
Stork, namely treatment of cyclohexanone enamine (153) with
acrolein to give the bicyclic keto-amine, 231. The authors
then converted 231 to the ketal (242) and thence to the N-oxide
(24k3). Pyolysis of 243 gave the olefin-ketal (244) which could
be converted to the desired olefin (158) by hydrolytic treatment.
This eminently satisfactory scheme has now g;éh used successfully
in this laboratory to prepare large quantities of 158.

Reduction of the olefin-ketone (158) with lithium aluminium
hydride gave 143 (R=H)+ 144 (R=H) with the anti-olefin-alcohol
in predominance, Separation on silica-gel showed the ratio to
be approximately 14k (R=H) 3143 (R=H) = 5:1. The syn-olefin-
alcohol structure (143;R=H) was assigned to the more polar
aicohol m.p. 82-83°, mainly on i.r. evidence. As in the case of
145 (R:H)qo, the more polar compound exhibited internal hydrogen .
bonding at high dilution in the i.r., due to interaction between
the % - electrons of the double bond and the hydrogen of the

hydroxyl group. The other, less polar, compound m.p. 117-118
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was assignod the epimeric structure (144;R=H).  Both 143 (R=H)
and 144 (R=H) could b:. oxidiscd back to kctonc 158.

The reduction of th olefin-kctonc 158 gave a mixturc in
which 144 (R=H) was i: preponderance duc to attack by hydride on
the carbonyl from the least hindeurcd side. It occurred to us
that if the keto-amines 231 (epimcric pair) were reduced in this
manner, attack from the lcast hindercd side would supply a
mixturce containing mainly that amino-alcohol which, on
subsequent formation of the N-oxide and pyrolysis would supply
the syn-olefin-alcohol (143;R=H). In the event, this procecded
exceedingly well; reduction of the keto-amines (231) gave a
mixture of amino-alcohols (245) which, after formation of the
N-oxides and pyrolysis produccd 143 (R=H) + 144 (R=H) in which
143(R=II) was present to an extent greatcr than 90% (g.l.c.
analysis).

Both olc¢fin-alcohols could be converted smoothly to the
corresponding unsaturat.d tosylates (143+144;R=Ts) mp,117-118°
and 67-69° respectively, and it was upon these that solvolytic
studies werc carried out. The work on these compounds is, at
the moment, incomplete but some of the implications which can be
érawn thus far have proved of interest.

The rates of acctolysis of 143(R=Ts) and 144(R=Ts) have
been measured by Parker7?and;are shown in Table 6. The rate of
acetolysis of 236(2=Ts), mcasured by Footc and Woodward59, has

bsen converted to the tumperature at which our kinetic runs were
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TABLE 6

Rates of Acetolysis of Tosylates in the

Bicyclo (3,3,l)vnonane system

| Relative
Tosylate (R=Ts) Bx10% geo™t * Bate
Cyclohexyl76 11.9 1.
Syn-bicyclo (3,3,1)-
non-2-en-9+y1l (1;3) L1k, 0.35
Anti-bicyclo (3,3,1)-
non-2-en-9-y1 (144) 3.86 - 0,32
Bicyclo (3,3,1)-
nonan-9-y1°% (236) 3 2.6

* Acetolysis temperature = 80,78o



B= ]4'4(R=Ac)

Figure 1

c1=143<n=Ac>'

Figure 2

86:66:1 : 36
E ) e




carriced out, in order to compare the rates of saturated and
unsaturated tosylatus.,

For the syn-, anti- and saturated tosylates (143%;R=Ts)
(144;R=Ts) (236;R=Ts), the relative rates were found to be 0.35,
0.32 and 2.6, relative to cyclohexyl tosylate. These results
are remarkably consistent with the relative rates 12.6 : 13.4 ¢
113 found for the syn-, anti- and saturated 1,5-dimethyl
substituted mesylates (145;R=Ms),(146;R=lis) and (237;R=Ms).
These rates will be discussed in detail after a description of
the product analysis.

Solvolysis of both tosylates (143 and 144;R=Ts) gave
mixtures containing hydrocarbons and acetates in which the
acetate fractions were presciut in amounts amenable to careful
examination. The acetates of both product mixtures have been
investigated (though not fully), while the hydrocarbon fractions
have not been cxaminced in detsil., Attempts to separate the
hydrocarbons from the acctates by distillation and preparative
scale g.l.c. were unsuccessful. The hydrocarbons formed are
extrcmely unstable and polymerise during distillation and at the
metal exit-tube of th¢ g.l.c. apparatus. From g.l.c. analysis,
144 (R=Ts) appearecd to give only one hydrocarbon while 143
(R=Ts) produced at lcast three,

A fine analytical g.l.c. separation of the acetate fractions
from both tosylates was obtained using a capillary carbowax

column at 1250. Figurcs 1 and 2 are copics of the traces obtained,
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Firstly we will consider the product from 144(R=Ts); g.l.c.
analysis revealed t ¢ wresecncs of only %two acotates. There
seemed to be no tracc of syn- acetate (143;R=Ac). Since this was
important and the degree of separation between syn- and anti-
acetates (143;R=Ac and 144;R=Ac) was not large, the miXture was
converted by lithium aluminium hydride to the parent alcohols.
G.l.c. analysis of these confirmed the presencé of two alcohols,
neither of which was 143 (R=H). The two acetates were separated
by preparative g.l.c. using a 25% Apiezon ngA stationary phase.

The major component (B) was identical to anti-9~oxobicyelo (3,3,1) nonan-
9-y1 acetate (14h;R=Ac) by i.r. spectrum and g.l.c. retention

time. The less-polar acctate (A) from the preparative g.l.c.
separation was homogeneous under several different sets of g.l.c.
conditions. Treatment of this olefin-acetate with 1ithium
aluminium hydride gave an olefin-alcohol which, on subsequent
catalytic hydrogenation, supplied a saturated alcohol (homogeneous
by g.l.c. analysis), with a relative retention time (20% T.C.E.P.)
identical to that reported for cis-trans-hydrindan-k-ol(246).

From what we know of carbonium ion.migrations the tws.most likely
structures for this acetate fro- the anti-solvolysis is 247(R=Ac)

or 248(R=Ac). By analogy with the results of Le Bel and Spurlock,
who obtained 249 from both 232(R=H) and 233(3=H), the most likely
structure is 247 (vinyl migration). The other structure

(methylene migration) cannot of course be discarded on the evidence.

In the solvolysis of 143(R=Ts) a larger number of compounds
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was formed (sce figure 2).  The major componcnts (the most
polar compounds) avncarcd, by virtue of their similarity in z.l.c.
behaviour, to be epimeric. 4n initial separation of this
mixture by preparative-scale g.l.c. (107 Ucon Polar) separated the
less polar mixturc of compounds (C) from the two major components
(E)s The two morepolar compounds were treated with lithium
aluminium hydride supplying two olefin-alcchols. The pair of
olefin-alcohols could then be oxidised to a single conjugated
enone ( NV oax 1676cm:q) which gave a dark red 2,4-dinitrovhenyl-
hydrazone. 4 tentative structure 250 was assigned to the
aluminium
conjugated enone, which, on rcduction with lithiug,hydride gave
two olefin-alcohols whosc retention times were identical to these
obtained from the initizl reduction of the mixed acetates,
showing the original pair of olefin-acetates were indeed epimeric,
Structures 251(R=H) and 252(R=H) were therefore assigned to the
alcohols from reduction of the acetates while structures 251
(R=Ac) and 252(R=ic) were assigned to the acetates themselves.
Figure 2 shows three partially resolved peaks in the mixture
from solvolysis of 143(R=Ts) (i.e. 01,2,5). The largest peak,
01, corresponded in retention time to the syn-olefin-acetate
(143;R=Ac) while the second (CZ) was thought to be the anki-
olefin-acetate (144;R=ic). These three compounds were obtained
together by preparative-scale g.l.c. Reduction of the mixture
with lithium aluminium hydride gave a mixture of alcohols which

on subsequent g.l.c. anzlysis gave three peaks, none of which
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corresponded to the anti-alcohol(1hl;R=KH), One of these hed the
same retention time as the §Zg—alcohol however. The structures
of the other compounds is unknown to us at present, Because of
the similarity in retention time of one of the unknown alcohols
with 144(R=H), a small quantity of 144(R=H) could have been
present,

Nothing more could be done on this work in the time available.
Two developments are awaited, a) Professor C.3. Foote has kindly
offered samples of 246, 253, 254 and 255 which will eventuaily
be compared with hydrogenated solvolysis products, b) Professor
N.,A. LeBel is currently involved in the same problem, and we are
awaiting information as to his progress.

Figures 1 and 2 also show the approximate ratios of the
acetates formed, obtained by integration of the g.l.c. traces.
The ratio of hydrocarbons to acetates is, at the moment, unknown,
although the acetate fractions are larger than 50% in both cases.

The products of acetolysis of 143 and 144(R=Ts) indicate
that both form differeat ions. On solvolysis.of 144(R=Ts), the
products consist of 144(R=Ac) and 247(R=4c) (where the position of
the double bond is in doubt), in the ratio of 9:1 respectively.
The high proportion of non-rearranged materinl of retained
configuration and the steric purity of 247 (R=Ac) are extremely

59,73
unusual except in examples of non-classical ions 59+77. The

complete absence of 143(R=ac) corroborates this view, since in

solvolyses involving clessical ions, predominant inversion is
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normally found in the product. In this case also, attack on

the 9-position from the direction of the double bond(256) would

be expected, since this is the less-~hindered side. Evidence

such as this indicates that the classical bicyclo(3,3,1)nonen-9-yl
cation (257) is not an important intermediate in solvolysis of 144
(R=Ts). It would seem, therefore, on examination of the products
fromAl44 (R=Ts) that a form of protected or non-classical cation
must be invoked to explain the products formed. Cation 258
would appear to be first forwmed and this would account for the
lack of 143(R=Ac) in the products and the large proportion of non-
rearranged material formed.

An explanation of the products from 143(R=Ts) is much less
obvious. In this solvolysis, moest of the acetate fraction is re-
arranged material, mainly the epimeric allylic acetates 251 (R=ic)
and 252(R=Ac). The other rearranged compounds have not been
identified. One other point of importance’is that if 1h4(R=Ac)
is formed at all, it is in extremely low concentration compared
with 143(R=Ac). If the syn-tosylate (143;R=Ts) were solvolysing
via the classical ion 257, a quantity of anti-acetate (14k;R=Ac)
at least comparable to that of 143(R=Ac) would have been expected
by inversion;

On solvolysis of 235 (R=Ts) and 236 (R=Ts) Foote and Woodward
have evidence for methylene participation. These compounds
solvolyse with assistance and their product mixtures are mainly

rearranged. 1In the mixture from solvolysis of 235 (R=Ts), a
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small amount of non-rearranged acetnte wes formed and this had the
retained structure 255(%:Ac).

On solvolysis of 143.(R=Ts), a similar product mixture is
obtained, and it would appear thaiﬁ%R:Ts} might solvolyse with
nmethylene participation. In this case, however, there are two
methylene participations possible, the first, migration to give
the allylic carbonium ion (259), stabilised by delocalisation
(260) and therefore, probably favoured. The other migration
giving 261 and subsequently 262 is presumably less favoured but
may be responsible for some of the smaller components of the
solvolysis product.

The rates of acetolyses of these compounds indicate that
double bond participation is not -exceptionally important as a
rate-enhancing factor, and could be compared in its effect with
methylene participation. The product analysis of the mixture
from the anti-tosylate (144;R=Ts) however, would indicate that
it does, in fact, occur. The faster rate of acetolysis of the
saturated compound 236 (i=Ts) as compared with the syn- and anti-
olefin-tosylates (143;R=Ts and 144;R=Ts) could arise from several
factors including a) decreased angle strain at 09, b) increased
inductive effect (+ I), c¢) increased diaxial interactions and
possibly because of the assistance due to relief of strain caused
by the 3,7-methylene interaction

In conclusion, the syn- and anti- bicyclo(3,3,1)non-2-én-9-yl

tosylates react to give vastly different mixtures obviously not
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via the same internediates, Thers are indieations that both

143 (R=Ts) and 144 (R=Ts) react with participation and since both
tosylates solvolyse at the same rate, this constitutes an example
in which the anchimeric assistance to ionisation due to methylene

and - - Tt -participation are equally important,

By
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EXPERIMENTAL

Acetolysis of Syn-1,5-dimethylbicyclo(3,3,1)non=2-en=g-yl

Mesylate (145:R=Ms).

A solution of §zg-l,5-dimethylbicyclo(3,3,l)non-2~9n-9-yl
mesylate (145;R=lis,0.b4g.) and fused sodium acetate (0.53g.) in
glacial acetic acid (10ml.) was heated under reflux for 3 hours
and then poured into water and extracted with light petroleum
(3 x 20ml.). The petroleum extract was washed thoroughly with
brine, saturated sodium hydrogen carbonate solution, brine and
dried, Removal of solvent at room temperature uiider reduced
pressure gave a yellow mobile hydrocarbon oil (0.19g.); A"max
(EtOh) 245, 254, 265mp  Analysis of the oil on 10% apiezon

'L' at 90° showed the product to consist of at least three

compounds.

Solvolysis of Anti-1,5~dimethylbicyclo(3,3,1)non=2-en-9-y1l

Mesylate (146:R=Ms).

Anti-1,5-dimethylbicyclo(5,3,1)non-2-en-9-yl mesylate (146;
R=Ms,0.4g.) was solvolysed in the manner described above.
Identical isolation technique gave a yellow hydrocarbon oil
(0.17g.) Xmax(EtOH) 246, 255mu . Gél.c., analysis showed the
product to consist of a mixture .of the same three cowpounds found

above,
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Bicyclo(3,3,l)non-A—gn-9-one (158)

Bicyclo(3,3,1)non-2-en=9-one(158) was prepared by the method

of Foote and Woodwarng; V( film 3050,1715, 7OOcm.—1

max)

Syn- and An#i-9-hydroxybicyclo(3,3,1)non~2-cne

(143;R=H + 1lb44; R=H).

A solution of bicyclo(3,3,1)non-2-en-9-one (158;4g.) in
anhydrous ether (4Oml.) was added dropwise to a stirred suspension
of lithium aluminium hydride (1.5g.) in ether (20ml.). After the
addition, the mixture was heated under reflux for 3 hours. The
mixture was cooled znd hydrochloric acid (6N;20ml.) was added
slowly. The ethereal layer was separated,washed well with.-brine,
saturated sodium hydrogen carbonate solution, brine and dried,
Removel of solvent gave a solid mixture of alcohols (4.,1g.)

The mixture was adsorbed onto silica gel (120g.) from light
petroleum. Elution with ether-light petroleum (3:7) gave anti-

9-hydroxybicyclo(3,3,1)-non-2-ene (144;R=H) as a crystalline

solid (2.17g.). Sublimation afforded an analytical sample, m.p.
-1
- 4 3? Y 1 fi . .
117 118,~uO_H (0014) 36 35cm.”  (Fd: C477.95;H,10.2 C9H149
requires C,78.21;H,10.21%).

Further elution with the same solvent gave firstly, a mixture

of alcohols (0.94g.), and finally syn-O-hydroxybicyclo(3,3,1)non-

2-ene (143;R=H) as a crystalline solid (0,49g.). Sublimation
afforded an analytical sample, m.p.67-69°; Voor (CClh) 3634,
3597cm.'1 (high dilution), (Fd:C,77.85;H,10.2 C9qup requires

€, 8.21-H,10.Zi% .
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9-Hydroxy-2-N-morpholinobicyclo(3,3,1)nonane (245).

A solution of 2-N-morpholinobicyclo(3,3,1)nonan-9-one (231;
200g.) in dry ether (500ml.) was added slowly to a stirred
suspension of lithium aluminium hydride (13.8g.) in ether(500ml.).
After the addition, the solution was heated under reflux for 4
hours and then cooled. Wlater was added slowly to the reaction
mixture until no further effervescence took place. The precip-
itated aluminium salts were removed by filtration through Celite
535 and the residue washed thoroughly with ether. The washings
and filtrate were combined and the ethereal layer was separated,
washed with brine (3x) and dried. Removal of the solvent gave

9-hydroxy-2-il-morpholinobicyclo(3,3,1)nonane(245;182¢g,) as a

viscous yellow oil. Distillation afforded an analytical sample,

bep. 132-133;.anx(film) 35000111._,l (Fa:C,69.55; H,10.26; N, 6.45,
I

ClBHEBNOE requires C,69,29;H,10.29; N,6.22.).

N-oxide of 9-hydroxy-2-N-morvholinobicyclo(3,3,1)nonane

To a stirred solution of the amino-alcohol(245;140g.) in
methanol (800ml.) at room temperature was added hydrogen
peroxide (30%:;600ml.) dropwise, The mixture was heated under
reflux for 15 hours and then cooled. To it was added a little
spent Adam's catalyst (0.5g.) and the solution was allowed to
remain at room temperature for 48 hours. After removing the
catalyst by filtration, most of th= methanol/water was removed

on the rotary evaporator giving the N-oxide as a soft yellow
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glass (143g.)

Syn~9-hydroxybicyclo(3,3,1)non-2-ene (143;R=H).

The crude N-oxide (140g.) obtained above was pyrolysed
carefully (temperature was raised slowly) at 140°0.3m.m.  The
pyrolysate was allowed to distil into a trap cooled in liquid
nitrogen. The distillate was dissolved in ether and the ethereal
solution was washed with hydrochloric acid (6N), brine, saturated
sodium hydrogen carbonate solution, brine and dried. Removal
of the solvent gave a dark, semi-solid mixture of alcohols (25g.).
The mixture was adsorbed on silica gel (750g) from light
petroleun and elution with ether-light petroleum (1:2) gave a

colourless semi-solid mixture of syn-9-hydroxybicyclo(3,3,1)non-

2-ene (143;R=H) and anti-9-hydroxybicyclo(3,3,1)non-2-ene (1lk;

R=H) (2lg.) in a ratio of 19:1., Further careful chromatography
of this mixture provided the syn-olefin-alcohol (1l43;R=H) in a
pure state.

Anti-bicyclo(3,3,1)non-2-en-9-yl Toluene-p~sulnhonate (144;R=Ts)

Treatment of the anti-olefin-alcohol (14k;R=H) with toluene-

p-sulphonyl chloride in the usual manner supplied anti-bicyclo-

(3,%,1)non-2-en-9-yl toluene-p-sulphonate (144;R=Ts) which

crystallised from light petroleum as stout plates, m.p. 67-690;

Vo oax (Mull) l.'L75.:’c1-'ﬂ.“1 (Fd:C,65.5;H,6.55C S requires C,

1672073
65-74; H, 6‘90%)

Syn-bicyclo(3,3,1)non-2-en-9=y1l Toluene-n-sulphonate (143;R=Ts)

Treatment of the syn-olefin-alcohol (1,33;R=H) with toluene-
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p-sulphonyl chloride in the usual manner gave syn-bicyclo(3,3,1)-

non-2-en-9-yl toluene-p-sulphonate (143;R=Ts) which crystallised

from light petroleun (60-80) as needles, m.p.117-118°; Vmax(Mull)

11720m.-1 (Fa:C,65.73; HE.67 C16H20038 requires C, 65.74; H,

6.90%) .

Anhydrous Acetic Acid.

The anhydrous acetic acid used for the ensuing solvolyses

was dried by the method of Eichelberger77.

Acetolysis of Anti-bicyclo(3,3,1)non-2-en-9-y1 Toluene-p-

sulphonate (144;R=Ts)

A solution of anti-bicyclo(3,3,1)non-2-en~-9-yl-toluene-p-
sulphonate (144;R=Ts,2g.) in anhydrous acetic acid containing
fused sodium acetate(l.12g.) was sealed in an ampoule and main-
tained at 80° for 48 hours (10 half-lives). Aafter a short time
at 80° (1-3 hours) the solution became green in colour. This
colour became steadily darker until the ampoule was cooled and
opened, The solution was then poured into brine(100ml.) and the
resulting mixture extracted thoroughly with isopehtane(4x50ml).
The combined isopensane extracts were washed with brine,
saturated sodium hydrogen carbonate solution, brine and dried.
Careful removal of the solvert at 500 under reduced pressure gave
a sweet-smelling red oil (1.34g.).

Temperature-programmed g.l.c. analysis on 2% 20M. polyethylene
glycol (50-150° at 3°/min) revealed the presence of at least

one hydrocarbon (diene) and two olefin-acetates. Subsequent

127



isothermal g.l.c. analysis of the acetates on a golay capillary
carbowax column (50m) ét 1250 confirmed the presence of only two
acetates (see Figure 1),

Separation of these acetates by preparative-scale g.l.c. on
a 25% apiezon "L" stationary phase (12' x &" at 150b ) supplied
voth acetates in a pure state. The slower compound, a colourless

mobile oil, was identified as anti-bicyclo(3,3,1)non-2-en-9-yl

acetate (144;R=Ac) by i.r. spectrum and g.l.c. retention time.
The faster acetate,also a colourless mobile oil, vmax(CCIL)
3054,1738,1240 (£ilm) 7zocm.'1, was found to be unstable on
standing, decomping to a viscous polymeric mass. This was

tentatively assigned the structure ofﬁx2-0is-trans-hexahydrinden-

L_vl acetate (247;R=Ac), :.

Acetolysis of Syn-bicyclo(3,3,1)non-2-en~9-yl Toluene-p-sulphonate
(It3 R=Ts).

The syn-bicyclo(3,3,1)non-2~en-9-yl toluene-p-~sulphonate
(143;R=Ts,2g.) was solvolysed in an identical manner to that
described above for the anti-epimer (144,R=Ts), After 48 hours
the solution was pale yellow in colour. Identical isolation
technique gave a sweet-smelling red oil (1.22g.). Temperature~
programmed g.l.c. analysis revealed the presence of at least
three hydrocarbons and two acetates. Subsequent analysis on a
golay capillary carbowax column showed there to be at least six
compounds in the acetate mixture (Figure 2).

Partial separation of this mixture by preparative-scale
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chromnatography o1 o 107 Ucon Polar stationary phase (10'xg") at

150° supplied the three least polar compounds (C ) as a

1,2,3
mixture and the two most polar compounds (E) together. One of
the least polar compounds (Cl) was identified as syn-bicyclo-

(3,3,1)non-2-en-9-yl acetate (143;R=Ac) by retention time

comparisons of the acetate and alcohol obtained from reduction,
while the two most polar compounds (E) were tentatively identified

as the epimeric £k5~cis-hydrinden—4uyl acetates (2513;R=Ac+252;

=Ac ). .

Reduction of icetate (A) from the Solvolysis of the Anti-toluene-

p-sulphonate.

'The less polar acetate (A, 19mg.) in anhydrous ether (2ml.)
was added to a suspension of lithium aluminium hydride (20mg.)
in ether (2ml.) and the mixture was stirred at room temperature
for three days. Water (4ml.) was slowly added to the mixture.
The precipitated aluminium salts were removed by filtration
through Celite 535. The residue was washed well with ether and
the resultant washings combined with the filtrate. The ethereal
layer was separated, washed with brine and dried, Removal of
the solvent gave a colourless oil (limg.) homogeneous on a 20%
tris-(2-cyanoethoxy) propane. (T.C.E.,P.) stationary phase at 1250;
'vmax(film) 3460,3100,720cm."1

Hydrogenation of the olefin-alcohol from Acetate (4).

The alcohol (5mg.) obtained above in ethyl acetate (5ml)

was hydrogenated over 10% palladium-charcoal(lmg.) for 3 hours.
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The catalyst was removed by filtration through Celite 535 and
the filtrate was concentrated to give a yellow oil (4.6mg.)

exhibiting no absorption characteristic of unsaturation in the
i.r. The oil obtained was homOgeneous on 20% T.C.E.P. (125°)
and had a relative retention time of 87 (relative to bicyclo-

59

(3,3,1)nonan~9-0l1) which is identical to that reported’’ for

cis-trans-hydrindan-4-o0l (246).

Reduction of Acetates (E) from Solvolysis of the Syn-toluene-p-

sulphonate.

A solution of acetates (E,70mg.) in anhydrous ether (10ml,)
was added slowly to a stirred suspension of lithium aluminium
hydride (4Omg.) in ether (10ml.) and the reaction mixture was
stirred at room-temperature for a further two days, An identical
isolation technique to that described in th= reduction of acetate
(A) above, gave a yellow oil (52 mg.); Vmax(film) 3500,3050,750cmhl
G.l.c. analysis (20% T.C.E.P. at 125° flow-rate=48ml/min.) revealed
the presence of two olefin-alcohols (Retention times, 32.4 and 34.8

5

mins,), assigned the epimeric structures of & “-cis-trans~hydrinden-

L-ol (252;R=H) and 4:5-cis-cis-hydrinden-4-ol (251;R=H).

Oxidation of the EpimericA’-Cis-hydrinden-i-ols.(251;ReH+252;R=H)

The mixture of olefin-alcohols (4Omg.) obtained above was

treated with excess Jones reagent6l in the usual manner giving a

-1
clear yellow oil (39mg.); ‘vmax(film) 3050, 1680, 1620cm.

which formed a dark red 2,4-dimitrophenylhydrazone, crystallising
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from ethanol as prisms, mep.136-138°; A’max (EtOH) 252, 376
e= ). (Fa: C,56803;H,555 015H1604N4 requires C,56.96;
H,5.10) The oxidation product was tenrtatively assigned the

structureof Z&S-Cis-hydrinden-4—one (250).

Reduction of‘\5-Cis—hydrinden—4-one (25)

The enone (29mg.) obtained above was treated with lithium
aluminium hydride in the manner described for reduction of
acetates (B). Similar work-up technique gave an oil (27mg.)
which consisted of two olefin-alcohols with retention times (20%
T.C.E.P., 125°) identical to those of the olefin-alcohols

obtained on rzduction of acetates (E).
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APPENDIX 4

Compound Column Temp. Flow Rate Ret Time
(°c) (ml/min) (or Ret.Index)
87 5% Q.F.1. 100-175 1376
(3"/min)
88 " " 148,
113+11, " " 1591
89 t ! 1684
118 " " 20,8
117 " " 208,
86(R=Ac) " " 216},
85(R=Ac) " " 2208
87 " 100 30 3.6 min
88 n n n 9.4 n
89 1 n 1t 30
1134_111" on 1" " 16.7 n
85(R=Ac§ " 150 " 16.6 "
86(R=Ac 1 1t 1 1.7 "
118 1" " 1 10'8 n
117 n i 1 n 11,2 v
157 (R=Ac)  10% Apl 40 16.1 "
171 R=Ac) " " 1" 17.3 "
143 R#Hg 10% PEGA 125 51 L.5 "
lM R=H ) " n " 6.11’ "
143 (R=Ae) 10% Apl " 52 11.5 "
14, R=AO) " n " 12.9
250 " " 50 11.2 "
251+252 20% T.C.E.P " L8 32,43 34.8 "
(R=H) Relative *
Retn, Time
21"7éR__.H§ " n loo
2L,6(R=H n " 86.5

* Relative retention times were noted using bieyelo (3,3,1)vnonan—9—ol
a8 standard with its relative retention time taken as 100.
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