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SECTION T

4 study of the solvolytic behaviour of exo- and endo- 1,5-

dimethylbicyclo (3,3,1) nonan-9-one-2-yl tosylates revealed a
stereochemical control in product formation which can best be
explained in terms of ion-pair intermediates. Evidence for an acyl

nigration during solvolysis was found.

SECTION TIT

A 2,6- hydride shift was discovered during the deuteration
of exo-2-hydroxybicyclo (3,3,1) nonan-6-one. Studies of other
possible 2,6-interactions in the bicyclo (3,3,1) skeleton, (i.e.
homoenolisation between C2 and C6’ synthesis of twistane derivatives
fron 2,6- disubstituted bicyclo (3,3,1) nonane compounds and
reactivity of 6-hydroxy—2—cations) were also initiated. Finally
the influence of a keto group at 06 and 09 on the solvolytic rate
constant of the epimeric-2-tosylates was also studied and evidence
found to support the current ideas regarding the influence of polar

groups on ionisation of tosylates.
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SECTION I

The Solvolytic Behaviour of exo- and endo-

1,5 Dimethylbicyclo (3,3,1) Nonan - 9 - One =

2 - yl Toluene - p - Sulphonates.

Introduction NP

The work described in this section arose from a reactio;
encountered at Glasgow during the synthesis of clovene (1)1.

Sulphuric acid treatment of 3 - (1 - carbethoxy - 2 - oxo -

3 - methylcyclohexyl) propionaldehyde (2) gave the desired bicyclo-
keto-ester (3) accompa;ied by 7 - methylindan - 4 - carboxylic

acid (4) and ethyl 2 - acetobicyclo (3,3,0) oct - 1 (2) -~ ene -

5 ~ carboxylate (5)2 in an overall yield of 50%, (scheme 1)3.

Since the pure keto-ester (3) is slowly converted to (4) by
acid4, two variants of a general mechanism of formation have been
suggested (scheme 2). Martin’ has pointed out that since (3) and
(5) are isolated with the carboethoxyl group non-hydrolysed, Path B
is a preferred mechanism for the formation of the aromatic acid (4).

The initial aldol product (6) has been prepared and shown to
give a similar product distribution on acid treatment thus providing
the rationale for the formation of (5) illustrated in scheme 3.

At this time it was recognised that the ketol (6) can exist
in two epimeric forms (7) and (8) which might provide a

stereoelectronic control of the relative production of (4) and (5). .
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The preferred conformation of the bicyclo (3,3,1) nonane framework
is twin chair’ Hence the axial-ketol (7) has a facile trans-
antiparallel dehydration mechanism availeable (encouraged by removal
of the severé 03-07 non-bonded ;nteractions) for production of (3)
and hence (4). In contrast, bond alignment in the equatorial -
ketol (8) is idéal for the concerted removal of the protonated
hydroxyl group and acyl shift leading to the tertiary cation (9)
which bx solvent capture etc. (scheme.3) leads to the enone ester .

(5). Unfortunately the mixture of ketols (7) and (8) obtained by

dilute qcid treatment of (2) proved impossible to separate. However
b

v

stereoselective routes then became available for the related
ketols (10) and (11) and so it was decided to study their behaviour
in terms of the above proposals.

1
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DISCUSSION

Because of the severe reaction conditions employed and fhe
apparently key role played by 9 - oxobicyclo (3,3,1) nonyl - 2 -
cation(s) in these deep-seated rearrangements described in the
Introduction, it was decided to study the formation and behaviour

of such species under milder and more informative conditions viz

the acetolysis of the exo- and endo- keto-tosylates (12) and (13).

Lithium aluminium tri-t-butoxy hydride reduction of the enol-
lactone (14) gave the exo- ketol (10) which was then oxidised to
the 2,9,~ dione (15) and subseqﬁently reduced with the same reagent
to give the endo- ketol (11) both ketols being formed with high
stereospecificity'7(scheme 4).

The solvolyses of the corresponding tosylates were then
examined in unbuffered and buffered (NaOAc) acetic acid and the
major part of products structure proof was carried out by
Dr. T. Stewartii The complete product distributions for acetolysis
and buffered acetolysis of (12) and (13) are shown in Tables 1 and
2 respectively.

The structures of the conjugated ketone (18) and the aromatic
hydrocarbon (16) were confirmed by partial and total synthesis
respectivelya. The structure of the non-conjugated enone (21)
could be inferred from spectroscopic evidence and was confirmed by
synthesis as follows. Erman and Kretschmar9 have reported that

heating cis - A% - cyclooctens - 1 - carboxylic acid chloride (24)
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in ethylehe chloride gave bicyclé (3,3,1) non = 2 = en - 9 - one
(25), g;g; 2 - chlorobicyclo (3,5,1) nonan - 9 - one (26) and the
corresponding endo- epimer (27) (scheme 5). 'These workers
rationalised tﬁese findings in terms of double bond participative‘
removal of the acyl halide ion resulting in the formation of a
9 - oxobicyclo (3,3,1) nonyl - 2 - cation in the form of an ion
pair with chloride ion (28). They did not detect any of the
corresponding bicyclo (4,2,1) chloroketone and/or keto olefin, i.e.
of the two possible secondary cafbonium ions, the 2 =~ bicyclo
(3,3,1) nonyl cation was preferréd over the 2 - bicyclo (4,2,1)
.isomer. If the choice w;s betweén a secondary bicyclo (3,3,1) non -
2 - yl cation and a tertiary bicyclo (4,2,1) non -2- yl cation it
was thought the tertiary one might be preferred. Hence 1,5 -
dimethyl ; cis -'[34 -~ cyclooctene - 1 - carboxylic acid chloride
(29) was prepared from endo- 9 - oxo - 1,5, - dimethylbicyclo
(3,3,1) non - 2 - y1 tosylate (15) as shown (scheme 6) and heated
in ethylene chloride. Only one keto-olefin was formed which had
identical spectral and physical properties to those of the rear?anged
ketone (21) and markedly dissimilar to 1,5 dimethylbicyclo (3,3,,13)
non - 2 - en - 9 - one (17). The structure of the acetates (22)
and (23) were arrived at ° by relating them to the bicyclo (4,2,1)
keto-olefin (21 ) through an elegant series of reactions.

Two salient points emerge from the results shown in Table 1;
the higher percentage of rearranged products from (13) than (12) and

the formation of an aromatic hydrocarbon (16) whose substitution

i
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patterx{ (1,4 dimethyl) gﬁe_r_sj from that to be expected from
earlier work described in the Introduction (viz, 4,7 -
disubstituted). The results ftrom the buffered acetolysis of (12)
and (13) are even more informative; e.g. the virtual absence of
rearranged products from (12) ( 7'90% bicyclo (3.3,1) nonane
carbon_skeleton); the extent (‘7 65%) of rearrangement accompanying
the solvolysis of (13); the absence of aromatic products but the |
appearance of a new carbon skeleton i.e. the bicyclo (4,2,1) nonane
system. |

The results8 of two control experiments are worthy of comment
at this‘stgge. The ke%o-olefiﬁ (21) was unaffected by refluxing
acetic acid but could be converted into a mixture of (16), (17),
and (18) by treatment with p - ‘toluene sulphonic acid in benzene
whereas the bicyclo (3,3,1) noi - 2 - en - 9 - one (17) was
unaffected by either of these Feaction conditions.

These findings coupled with those shown in Tables ] and 2
point to 1,5 - dimethylbicyclo (4,2,1) non = 4 = en = 9 = one (21)
as playing the key role in the production of 1,4 - dimethyliq?ane
(16) and the conjugated ketone {(18), presumably by the pathways
illustrated in schemes 7 and 8 respectively.

With the initial question of the source of (16) and (18)
resolved, an equally interesting question arises from an examination
of Table 2 i.e. what is the nature of the intermediate(s) in the

buffered acetolysis of (12) and (13)? The striking difference in

‘5

1
5



vl)






products arising from (12) and §13) mitigates against the
intermediacy of a common classical carbonium ion (30). On the
other hand an explanation of these different product distributions
as arising ffom two different ngn-classieal ions as the reaction
intermediates falls down on several points. The non-classical ion
derivable from (12) possesses the unlikely structure (31) and would
demand the production of exo- % - acetate (19) and perhaps even &
little of. the bicyclo (3,2,2) nonyl acetate (32). No trace of (32)

has been found and the major bicyclo (3,3,1) nonyl - 2 - acetate

formed is endo- (exo/endo = (1/12).

Similarly the corresponding non-classical ion related to (13)
i.e. (33) does not explain the relatively high inversion of
configuration in the recovered bicyclo (3,3,1) non - 2 - y1
acetates. (exo/endo = >24/1).1

quever, an argument coué@ed in terms of intimate ion pair/
classicél carbonium ion equiliQriﬁm does seem to account for all
the observed facts (scheme 9). .

Ionisation of (12) to the intimate ion pair (34) and
subsequent reaction either by loss of the stereochemically favoured
endo- C3 proton (which also relieves the quite substantial C3-C7
methylene interaction) or acetate ion capture (from the endo- face

of 02) would explain the overall product distribution if there was

& small leakage from the ion pair (34) to the classical = 2 -
cation (30). '
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The corresponding intimate ion pair (35) formed from (13)
could suffer solvent capture (Leading to inverted acetate) or a
stereoelectronically favoured acyl shift to give the bicyclo (4,2,1)
nonyl -;5 - cation (36) and thence the major products. Here again
a leakage to (30) from either the ion pair (35) or the (4,2,1)
cation (36) would explain the small amounts of (17) and (20)
encountered.

This.mechanistic picture'certainly seems to be an acceptable
one for the exo- 2 case and is probably valid for the endo- 2,- epimer.

However .several alternative schemes mst be considered for the

latter tosylate.

) 19 The sddition of acetic acid to (13) and subsequent

(3
neighbogring group participation by the carbonyl of the acetate
would rqsult in the production of inverted acetate (19) (scheme 10).
However :this pathway does not emplain the formation of bicyclo
(4,2,1)-nonyl compounds and hence would require another pathway to -
operate at the same time.

(ii) A variant of (1) involves the addition of acetic acid as
in (i) or acetate ion attack leading to an intermediate (37) which
then undergoes a facile fragmentation to the cyclooctenyl mixed
anhydride (38) which in turn recyclises to the bicyclo (4,2,1)

nonyl cﬁtion (36) vy intramolecular displacement of acetate ion

from the mixed anhydride moiety by the trisubstituted double bond
(scheme 11).
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The above fragmentation reaction finds numerous analogies in

the recent literature both in the bicyclo (3,3,1) nonane ring

T 11 2nd other bridged ring systems 1218 4p example

is shown in scheme 12 but a particularly relevant example 18 is

systen 13

shown in scheme 13 where the acid (40) is obtained in high yield
from the keto-tosylate (39) by acetolysis. It is noteworthy that
the product balance from solvolysis of (13) is virtually complete
which suggests that if thispathway is operating the mixed anhydride
mst be extremely reactive towards buffered acetolysis.

There are also many examples of such transannular cyclisations
9, 19-23,-and the closuré of a cyclooctenyl acid chloride has
already been reported in this thesis (page 4).

An attempt was therefore made to prepare the mixed anhydride
and subjegt it to the appropriate solvolysis conditions. The sodium
salt (41) of the cyclooctenyl acid was made and treated with acetyl
chloride as in scheme 14. In the infra-red spectra of the product
there was evidence of some anhydride but also of some bicycio (4,2,1)
keto-olefin (further substantiated by gas-liquid chromatography).
Therefore the anhydride if it wag formed was certainly very unstable
and hence our attempt to subject it to solvolysis conditions failed.
Although this might be taken as evidence for the fragmentation/
cyclisation mechanism such a progess would demand the formation of
endo- 2 - acetate (20), by analogy 2! 4ith the solvolysis of
cis - [}f - cyclooctene - 1 - me}hyl brosylate (42) which gives mainly

endo- bicyclo (3,3,1) non - 2 - yl acetate (43) (scheme 15).

’ 8
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;t is perhaps of interesgt to note that the rate constany,for
buffered solvolysis of (13) wds virtually unaffected by addition of
a tenfold excess of sodium acegtate.

(iii) A third variant on this general theme is to propose &
fragmentation to an acylium ion 12 (44) but for similar reasons it
would not account for the product distribution.

Hence until we can prepare the mixed anhydride and check the
produﬁt distribution (if any)y the ion pair mechanism seems worthy
of cogsideration for the solvplysis of both (12) and (13).

An an effort tq clarify; the mechanisms of solvolyses the
first order rate constants for buffered acetolysis of (12) and (13)
were measured and will be dispgussed later in the thesis. e

The explanation of the results of unbuffered and buffered
acetolysis leaves us in a position to comment on the reaction which
provided the starting point for this work (scheme 1). Notwithstanding
the difference in conditions it seems that the enone ester (5) would
arise,from one (8) of the initially formed ketols whereas the olefin
(3) would come from the othex (7). As no comparably substituted
indane was found during solvqlysis we cannot comment directly but

if the proposed mechanism is icorrect then it arises from ketol (7)

via the olefin (3). .



*
EXPERIMENTAL.

Mplting points were recorded on a Kofler block and are
uncorre;ted._ Boiling points are also uncorrected. Light Petroleum
refers to the fraction b.p. 40f60°. All organic extracts wore
dried with anhydrous magnesium: sulphate and thin-layer
chromatoplates were prepared from Merck's "Kieselgel G'.

Analytical gas-liquid ch#omatograms were run on the Perkin
Elmer F 11 instrument. Mass spectra were determined on an A.E.I./
M.S. 90? instrument. Ultraviolet absorption spectra were run on
a recor@ing Unicam S.P. 800 inatrument. Routine infra-red spectra
were rup on a Unicam S.P. 200 ¢r a Perkin Elmer 157 instrument. All
infra—r%d data reported are from high resolution spectra in carbon
tetrachioride record on a Perkjn Elmer 220 instrument unless
otherwise stated. Proton magnetic resonance spectra were measured
using carbon tetrachloride as gpolvent, unless otherwise stated, with
tetramefhyl silane as internal, standard in a Perkin Elmer 60 HC/S
spectrometer. 1

1
a

The comments here are also applicable to the experimental part of

Section 2. §

f
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Axial and Equatorial 9-oxo-1,5-dimethylbicyclo (3,3,1)

nonan-2-v1 toluene-p-sulphonates (12) and (13)

These were prepared withoui difficulty by the method of

Martins.

B2

Anhydrous Acetic Acid

The anhydrous acetic aci% was obtained by refluxing glacial
acetic acid with boron triacetgte and then distillation, the

fraction b.p. 118° - 120° being collected.

Buffered Acetolysis of aiial and equatorial 9-oxo-1,5-

dimethylbicyclo 1) nonan-2-yl toluene-p-sulphonates

Fgr preparative work the solvolyses were carried out by the
method df Stewarts, the producfs being separated by column
chromatography. To determine the accurate product analysis the
following procedure was ad0pteé.

The tosylate (37 mg.), so%dium acetate (25 mg., 1.1 molar
equivalents) and anhydrous acetic acid (6 ml.) were heated in ;
sealed ampoule at 80°C for ten half—lives at that temperature. The
products were recovered by partitioning between pentane (10 ml.) and
brine (5 ml.) the aqueous solﬁt;on being washed with pentane several
times (2 x 5 mls.). The combined organic layeré were washed with
saturated sodium bicarbonate solution (4 x 5 ml.), brine (2 x 5 ml.)
and dried. Caréful removal of solvent at 5° under reduced pressure

left a pale yellow oil which was analysed using gas liquid

Y
.
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chromatoéfaphic methods.
e

Thd conditions employed were temperature programming from
100%-175% at 3%/min on a 6' 5% QE.F.1 column. The following
retention indices were found. !

1,5-dimethylbicyelo (3,3,1) non-2-ene-9-one (17) 1540,

1,5-dimethy1bicyélo (4,2,1) non-4-ene~9-one (21) 1640,

acetates of - 1,5-dimethylbicyclo (4,2,1) nonan-9-ome  (22) 2033,
| ' | (23) 2070,
endo-acetate of 1,5-dimethyibicyclo (3,3,1) nonan-9-one (20) 2125,
exo-acetate of 1,5—dimethylbicy<.>lo (3,3,1) nonan-9-one (19) 2170.
! .
r,

12



1,5-dimethylbicyclo (4,2,1) non-4-ene-9-one. (21)

Equatorial 9-oxo-1,5 dimethylbicyclo (3,3,1) non-2-yl tosylate
(13)(168 mg.) was refluxed with 1{N. sodium hydroxide solution
(1.5 ml.) and water (2 ml.) for 30 mins. Solvent was removed under
reduced pressure and benzene (2 ml.) and oxalyl chloride (1 ml.)
were added and left stirring for 4 hrs. Removal of solvent lgft a
brownish white solid which was ﬁeated in ethylene dichloride for
10 mins. and then solvent removéd. 'Chromatography of the pet.ether
solubles on grade III neutral alumina gave one ketoolefin (15 mg.)
identical in gas liquid chromatégraphic properties (6' 14% Q.F.1
and 6' 3% 0V22 columns)’ to the suspected bicyclo (4,2,1) ketoolefin
(21) ovtained from solvolysis. The infra-red spectrum was super-
imposablé with that of the ketoolefin (21) obtained from solvolysis.
V__ (film)(s.P. 200) 3090, 1735, 1656, 830 cm .

¥

Attempted preparation of 1,5—dimethxl—cis-»Aﬁlcxclooctene-

{~carboxylacetyl mixed anhydride (38)

a) A mixture of benzeme (5 ml.) and dioxan (10 ml.) were refluxed
under a Dean and Stark wate; separator for 30 mins. PFused
sodium acetate (11 mg.) was:added and reflux continued. After
1 hr. equatorial 9—oxo-1,5-&imethylbicyclo (3,3,1) non-2-yl
tosylate (13)(50 mg.) was added and reflux continued for a
further three days. Thin léyer chromatography and infra-red

spectroscopy showed that liftle if any reaction had occurred.

b) Ethyl 1,5-dimethyl—cis—zﬁﬁ-éyclooctene-1-carboxylate (40 mg.),

13



c)

| i
obtaihed from equatorial 9-oxo-1,5-dimethybicyclo (3,3,1) non-
2-yl tosylate (13) vy fragmeﬂtation using sodium ethoxide in
ethanol, was hydrolysed using refluxing .35 N aqueous sodium
hydroxide (1 ml.) for 30 min. The solvent was removed and the
salt refluxed in benzene (3 él.) with acetyl chloride (0.1 ml.)
for 1 hr. After removal of solvent the infra-red spectrum of
the ether solubles showed some anhydride and some olefin perhaps
bicyclo (4,2,1) ketoolefin.
Vo (film) (s.P. 200) 1810 (W), 815 (W) cm.”
1,S-d;methyl-cis-Aéﬁ-cycloocfene-1-carboxylic acid (140 mg.),
obtaihed by hydrolysis of ité ethyl ester, was dissolved in ethanol
(5 ml.) and 4N sodium hydrox;de solution added till the solutiom
was just red to phenolphthalein. One drop of dilute hydrochloric
acid was added and the solution was evaporated to dryness under
vaccuum. The sodium salt was suspended in benzene (3 ml.) and
acetyl chloride (0.1 ml.) adde. and the mixture stirred overnight.
The infra-red spectrum of the product showed it to contain some
anhydride and some bicyclo (4,2,1) ketoolefin.

\/mx (film) (S.P. 200) 1810, 835 cm.”
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SECTION 2

2L6 - Interactions in the Bicyclo (3,3,1) nonane Skeleton.
i

Introduction

From a study of moleculari models one might surmise that there
are four candidates for the preferred conformation of the bicyclo
(3,3,1) nonane skeleton i.e. (45) to (48).

In the "twin-chair" conformation (45) there is serious inter-
action between the endo- hydrogens on 03 and C7. From Dreiding
models the H-H internuclear disptance is oanly 0.82, the C3-C7
distance being 2.522. That this is relieved at the expense of the

ideal chairs was shown first by Martin et al 6a and all later work

6¢,d,@ 1.9 confirmed this finding.

Martin found that a flexed "twin-chair" conformation is adopted
in the qrystalline state and infra-red data suggests it is also the ~
preferred conformation in solutdion. The 03-07 distance was fo nd
from thﬁ X-ray analysis to have, lengthened to 3.063 resulting‘in a
H-H distance of 1.83. The easing apart of these two centres is
accomplished by distortion of the internal bond angles at 02, 03, 04
and Cs, 07, 08’ which have an average value of 1140, whereas the

angles around C1, C5' and C, remain close to the tetrahedral value,

9
being on average 110°. A1l future reference to a "twin-chair"
conformation will unless otherwise stated refer to this flexed
"twin-chair" conformation.
A?other method of relieving the C3, C7 interaction is found in
i

!
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the "chair-boat" conformer (46). Several new interactions are also
introduced i.e. a 07, C9 - hydrogen "flagpole" interaction (fronm a
3, ~ and 03, 08 - endo- D
hydrogen interactions (the H-H d;stance from a model being 1.9:).

(o]
model, an H-H distance of 1.9A) and C

These and the resulting C C and C eclipsing interactions

5,
cannot be relieved by twisting of the boat due to the constraint of
the other ring. :

Fo;ming both rings into a boat to give the "twin-boat"
conformer (47) introduces two "flagpole" interactions (03, Cq and
07, 09). Similarly eclipsing interactions between four pairs of

carbon atoms are also introduced:(c1, c Ce; end

22 % %5 s
8’ C ). Two new hydrogen interactions in which the H-H distance

is 2A result at C C_and C

2 Cg 4 %

Rotation to relieve the interactions present in (47) result
in the féurth conformer, the "twin-twist-boat" (48). Together with
the somewhat lessened barriers egperienced in the "twin-boat" a new
interaction, that of the endo- hydrogens on C, and C, is found (from
a model the H-H distance is 1.852).

Transannular reactions involving the two centres (C3 and 07)
seen to be interacting in the "{win-chair" conformer have now been
established. For example the first one, studied by Stetter and
Tacke>? involved the 3,7- dione (49) and diol (51) reacting to give
adamantane derivatives, (50) and (52). (scheme 16). Stetter in

later wo:.jk25

studied new syntheses of adamantane derivatives, (54)

L
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and (56), from the 3-keto—7-exoﬁethylene(53) and 3,7- diexomethylene
(55) biéyclo (3,3,1) nonyl compounds. He showed that the diene
formed gtable TT complexes with‘metal sglts. Eakin, Martin and
Parker26 have also found a ring closure reaction between C3 and 07
in the 3-keto-~T7-exomethylene compound (53) when it is treated with
sodium in moist ether. On this‘occasion a noradamantane, 3-hydrexy-
7-methyl (57), was formed involving a direct bond between 03 and C.,.
In scheme 17 are shown the cases?! 9 of hydride shift between
30

C. and C, which have been found. In the work of Graham and co-workers

3 7
it was found that the presence of an oxygenated function at C9 stopped

the reactions (58) == (60) and (59) ~» (61) from occurring. No
satisfactory explanation was put forward but the result did not seem
to negafe that 03, 07 hydride shift had occurred in the reaction.

All these preceding attempts have involved equilibrating
conditions and from the evidenée not much comment can be made on the
relative stabilities of the poésible transition states.

31

Eakin et al” studied the solvolytic behaviour of exo, exo-7-

methylbicyclo (3,3,1) non-3-yl tosylate (62). In it from the
relative proportions of disubsfituted (63) and trisubstituted olefin
(64) it was considered about 55% hydride shift had occurred. But
interestingly the kH/kD ratio for acetolysis of the tosylate (62)
and its deutero analogue (65) was unity suggesting that the hydride
being transferred played no paxrt in the rate determining step
(scheme 18).

32

An attempt C

has been mage to determine the extent of 03, 7

3
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! .
hydride shift under kineticallyrcontrolled conditions during the

acetolysis of exo-3-bicyclo (3,3,1) nonyl tosylate (66) (scheme 19).
In the major product, bicyclo (3,3,1) non-2-ene (67), less than 5%
hydride shift has been found. &ork is in pnxges;3 to determine the
percentage hydride shift in thegminor products, exo-3-acetate (68).

and endo-3-acetate (69).
These last two pieces of ?ork suggest that under kinetic control

' ¢
the conformation of the C, carbonium ion and the transition state

3 _
' t
leading to it may not be twin-chair but in fact be twin-twist-boat.

3

Aﬁother example of reaction betweon C3 and 07 has beon found

by Eskin, Martin and Parker

in the acetolysis of the olefinic
tosylate (70) and the cy010pr0p§l tosylate (72). The rates of
reactioﬁ were also measured andjshowed the expected rate enhancement
over the parent exo- bicyclo (3;3,1) non-3-yl tosylate (66) -
(scheme£20). | |

F&rmation of a noradamant;ne skeleton has been reported in
two casés35'36 where carbene in;ertion has occurred between 03 and
Cy (scheme 21). ;

Many of the above reactio?s appear to be occurring through a

Y

transition state similar to tha& of the ground state conformer.
Intermediacy of other conformerg mst be considered but as yet no
comprehensive quantitative relationship between the four possibilities
has been produced. From an examination of models and the non-bonded
interactions therein the conformers (45-48) may be arranged in a
rolativq stability order of "twjin-chair" of lowest energy, fol, ied

| | :
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by "tw#n—twist-boat" and "chair-boat" of comparable value with "twin-

boat" ﬂaving the highest relative energy, al?hough this qualitative

picture has very little observed or calculated quantitative basis.
As a result of calculatipns éarried out on bicyclo (3,3,1)

nonane itself Marvell et al37

have calculated a 8 B value 3.7
kcals/mole as a measure of theastability of the "twin-chair"
conformation with reference to;the "chair-boat". An experimental
AG-o value from the same authors of 2.5 kcals/mole (362°K) supports
the preyious figure although sﬁggests it is a little high. To ex-
anine tho corresponding conforpational preference of bicyclo (3,3,1)
nonan-2;one they also berformeﬁ calculations on the bicyclo (3,3,1)
non-2-yl cation giving the AHoéof the "twin-chair" as 2.7 kcals/mole
more stable than the "chair—bo?t" conformer (sp2 carbon in the boat
ring). This analogy of a carbgnium ion to a carbonyl group is not
very sgtisfactory and they suggest that an examination of 1,4-
cyclohexanedione is more relevant. Here it can be shown that the
introduction of a ketone group to replace a methylene group reduces
the energy difference between boat and chair by a factor of approx-
imately 3 kcals/mole. Hence'tgken with the ac° figure of 2.5 kcals/
mole in the saturated compamd jt may well be that bicyclo (3,3,1)
nonan-2-one marginally prefers.fo exist in the "chair-boat"
conformation (the ketone group.being in the boat ring).

From this short examination of the energetics of the bicyclo

(3,3,1) nonyl system it can be seen that the various conformers

19
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can easily be of comparable energy.

38,39,40

In the case where the evidence tends to support a

"chair-boat" conformation in the ground state of endo- bicyclo

40 Jridation with lead

(3,3,1) nonan-3-ol (74), its reported
tetraacetate gives predominatelykoxaadamantane (75) which obviously
requires the "twin-chair" confor?at;on in the transition state.
(scheme 22). ¥
Indirect evidence for the intermediacy of the "{twin-twist-
boat" conformer during reaction ?as como from two studies. In the
formation of bicyelo (3,3,1) non+1-ene (76) from the mesylate of
endo-2-hydroxybicyclo (3,3,1) nonane-1-carboxylic acid (77) Marshall
and F‘aublé1 pointed out that the best bond alignment for the base
induced f;agmentation would occur in the "twin-twist-boat" confor-~
mation (75) (scheme 23). This i? clarified by looking at a Newman
projectioﬁ diagram of the situat%on along the bond between 02 and C1
in the three conformations "twinTchair" (79), "chair-boat" (80)
(the boat containing the mesylate group) and "twin-twist-chair"(81).

Schaefer and Honig42

obtaiped two alcohols from sodium
borohydride reduction of bicyclo:(3,3,1),nonan-2,6-dione (82).
Without any further evidence or their stereochemistry proved these
alcohols were assumed to be endo, endo- 2,6 diol (84) and exo, endo-
2,6~diol (85). The rationale for the formation of the exo, endo-
epimer was that the initially fo;med alkoxyborohydride (83) (Produced
by preferent:i.a.ld"3 exo-~ attack of;hydride) assumed the "twin-twist-

boat" conformation before reduct@on of the second carbonyl groufﬁ@bhemez4).

i
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These postulates of "twin-twist-boat" transition state

3
»

conformations in reactions involving 2- (and 2,6-) substituted

bicyclo (3,3,1) nonanes coupled with the recent evidence44'45'46

pointiﬁg to simple cyclohexyl derivatives reacting with "twist-
i

boat" transition states prompted a number of questions.
i

(i) Is it possible to Qave c C6 transannular reactions? e.g.

27
an alternative scheme for the intereonversion of (86) and (87) could
involve 2,6- hydride shift (s;heme 25).

(i) In suitably substifuted compounds is it possible for
substitution on C6 to affect %eactions at 02 i.e. is their
neighbouring group pafticipathn between 06 and 02?

(14i) 1Is it possible tha; simple 2- derivatives could proceed

¥
via the "twin-twist-boat" conformation?

! Schaefer42 had re-exam;ned the earlier work of Meerwein47 on
the dehydration of 2,6- diol(;). He obtained the results shown in
scheme 26 and examined the products from the hexadeuterated diol(s).
This led him to various coucl;sions involving.the reactivity of
the bicyclo (3,3,1) non-2-yl cation. It was felt that this was
not satisfactory as the reaction conditions involved did not
provide a subtle enough control of the reactive intermediates.

This prompted us to prepare a{series of 2,6~ disubstituted derivatives

)
which might shed light on the-Schaefer propositions and also on the

possible 2,6~ interactions in;the ring system.

¥
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DISQUSSION

Since Meerwein's classic ﬁork on bicyclo (3,3,1) nonane
compounds48, the 2,6 diketone'(é2) has been readily available. For
the present work it was prepare& employing the modifications of

49 and Schaefer42. To permit

Meerwein’s method reported by stetter
selective manipulation of the 2'and 6 positions, the monoketal (88)
was formed by treating the dioné with 1.1 molar equivalent of
ethylene glycol and a catalyticiamount of p~-toluenesulphonic acid

in refluiing benzene under a Deén and Stark appafatus to remove the
water being formed. The desireé monoketal was readily separated from
unreacted starting material and ‘diketal (89) by column chromatography
on alumina. ' ' LD

By!analogy with the hydride reduction of bicyclo (3,3,1)

43, lithum aluminiumghydride reduction of the monoketal

nonan-2-one
(88) gavé preferentially the endo- hydroxyketal (90). That this
-stereochemical assignmeht is coﬁrect is substantiated by the proton
magnetic resonance spectra of tHe corresponding acetate and tosylate
(see Appendix 1). Deketalisatian of (90) using p-toluenesulphonic
acid in refluxing acetoneso foliowed by column chromatography gave
the endo- ketol (91) as a waxj solid;

' The synthesis of the corresponding exo-ketol (92) proved to
51

be a more difficult operation. Treatment” of endo-2-bicyclo
(3,3,1) nonyl tosylate with 90% ‘aqueous dimethylformamide for 68 hrs.

at 78°C followed by 1ithium aluginium hydride treatment of the
1 -

| :
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b]
resulting mixture of olefin and formate results in an acceptable

yield of the exo- alcohol52

. The endo- ketal tosylate (93) proved
to be remarkably resistant to this inversion procedure and after
double the time about 80% of the tosylate still remained, the
products being a mixture thought, to include some resulting from
deketalisation. Complete convexsion to a mixéure of olefin (94)

and the %ZQ? alcohol (95) was eventually achieved by treatment of
the tosyxate at 78%C for 96 hrs.}with 90% aqueous dimethylformamide
in the presence of 1.1 molar eqwivalents of sodium acetate, followed
by lithium aluminium hydride redpction of the isolated olefin and
ester mixture. That the water was a necessary reagent was shown by
recoverylof a large amount of un;eacted tosylate from a react%gn
using a 5 molar excess of sodium acetate in 100% dimethylformamide
at 78°C for 120 hrs. Attempts at inversion of the 2-tosylate had

also been made on the 6-keto-en§o-2-tosylate(96). Here treatment

of the kétotosylate in 98% aqueops dimethylformamide at 78°C for 72
i

hrs. did:not bring about any chapge. The ketotosylate was also
returned substantially unchanged, from two other treatments one
involving 98% dimethyl-formamide at 100°C for 40 hrs. This lack
of reactivity was also experienced in acetolysis of this tosylate
and this will be discussed in a later section of the thesis.

As an alternative approach, the ketalolefin (94) was prepared
from the corresponding tosylate (93) by refluxing under N, with

sodium ethoxide in ethanol. Some of the corresponding ketal ethyl

!
ether (97) (of unknown stereochemistry but presumed to be exo- from
i {
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mechanistic considerations) was also formed but was readily removed
by chromatography. That no rearrangement had taken place during

{
the elimination was shown when- the ketalolefin (94) was transformed

to the ketoolefin (98) using pitoluene sulphonic acid in refluxing

Et0H

max 295 no

acetone. The ultraviolet spectrum of this compound ( )\
(e19.8), %h;zine 294 nm (€19.8)) compared well to the values( A nax
293 nm.(€15)) quoted by Marvell et al37 for the compound and was
markedly dissimilar to the bicyclo’(3,3,1) non-T-ene-2 one (99)
value (7\max 301 nm (€198)) also from the same authors. This
ketoolefin could also be hydrogenated to bicyclo (3,3,1) nonan-2-

one ideptical in all réspects vith an authentic samp1e54.

erdroboration55 of bicyelo (3,3,1) non-2-ene is xnown> ' o
. proceed, by addition from the eo- (more exposed) face of the double
bond, so hydroboration/oxidatioh of (94) was carried out to yield a

mixture of alcohols (95) and (100) but it proved impossible to
separate these by column chromjtography.
56

The observation in the ljiterature”  that lithium aluminium
hydride reduction of exo- 2,3 + epoxybicyclo(3,3,1) nonene gave the
£x0- 2-alcohol in high yield provided the third and happily
successful route to the exo- ketol (92) series. Treatment of the
ketal olefin (94) with m- chlogoperbenzoic acid gave the exo-
epoxide (101) which on careful jtreatment with lithium aluminium
hydride gave the exo-2-hydroxyketal (95) in high yield (see
Appendix 1 for proof of configqrational assignment). In passing it

should be mentioned that prolonged heating under reflux of the

! 24i
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epoxide (101) with lithium aluminium hydride gave a product whose
spectral properties etc. sugges%ed a diol structure (102).
Confirmation of this was found {n the properties of its diacetate
(103). This unexpected cleavagg of the ketal moiety was also
experienced when the gggg-z-hyd}oxyketal (90) was treated under
gimilar forcing conditions.

Deketalisatioh of the g§9;24hydroxyketal under the same
exchangei conditions as mentioned above gave the exo-2-ketol, (92)
once again as a waxy solid (see'Appendix 1 for proof of
configurational assignment). |

Schaefer and Lark57 have éeported that bicyelo (3,3,1) nonan-
- 2-one incorporates up to 3 atomg of deuterium per molecule when

heated at 95° in D0 containing;0.1M NaOD and have shown that the

2
exchangeable protons are those éituated at C1 and 03 (104).

37

Marvell and his coworkers have measured the rate of exchange of

the bridgehead proton in (105) dsing NaOMe/MeOD and found that at

4 1 ./mole sec.

100.8° this proceeds with a ratd equal to 0.67 x 10
They pointed to these results ald Schaefer's as indicating that

and C1xaré comparable, hence

the rates of exchange of protond at C

3

giving strong indication (prioréto its synthesis that bicyclo

(3,3,1) non-1-ene should be a rélatively stable entity.

It was therefore expected that the endo- ketol (9{) should
show at least an uptake of 3 deuteria when treated with NaOD/DZO/
Dioxan agd this was in fact the.case (Table 3). 'The incorporation

is cleangcut and there is practjcally no more than 3 deuteria

i

| 3
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incorporéted. (The workup procedure ensured that all -0-D was®
exchanged to -O-H before any measurements were made on the ketol).

However on similar treatment the exo- ketol (92) incorporated 6
;

deuteria (Table 3). That the ketols were returned unchanged except

for deuterium incorporation was shown by spectral and physical
3

properties. In the infra-red spectrum of the deuterated gxo-ketol

{ .
(106) the C-0 stretching vibrations which are different in position
I3 !

and intensity from the non-deuterated exo-ketol (92) superficially

) ?
resenbled those of the endo- epimer. As this was the only major
' 1

differenée in the infra-red spectra it was at first thought that
epimerisation had taken'place i:e. (91) to (92). This could be

discounted however when it was found that the exo-ketol (92) was

recovered uncontaminated by (91) on treatment with NaOH/HZO/Dioxan.

The change in infra-red spectrum on proceeding from exo-ketol (92)
~ 3

to the deuterated analogue (106} must arise from changes in the

group fréquencies involving the (C-0 bond and the surrounding C-D
{

( )
bonds. This is borne out by the fact that in proceeding from endo-

ketol (91) to its deuterated anglogue (107) no substantial change
1
in the infra-red spectrum is observed, the difference between (106)

and (107) being that in (106) tﬁe C-0 bond is surrounded by C-D bonds.
The position of the "extra" deuterium atoms in the deuterated

exo-ketol (106) was establiohod;by oxidising the deuterated ketol

to the corresponding dione (108) (no. of D per molecule = 4.95,Table 3)

and then, treating this deuterat;d dione with sodium hydroxide in

aqueous methanol. The resultant dione had virtually no deuterium
i i

l g

| ;



60/gMe '@¥7.

ScHtve 3%

'UvrI

o'
"

(52

OH

HHIn

OH



1 §
(No. of D per molecule, 0.43, Table 3) and that which it had could
I
easily be explained in terms of percentage exchange which had taken

place under the conditions. The extra deuteria are therefore
1 and 03 and hence a mechanistic pathway must be
3

available to (92) which permits exchange of the protons on C1 and

located on C

03 in addition to those at C5 and C7.

A homoenolisation mechanisng59 would allow this extraordinary

incorporation of deuterium although the experimental conditions
H

used here are mch less drastic than those required to bring about
4
homoenolisation with camphenilone 59. A mechanism involving

H

homoenolisation at C (scheme 27) would however require the

1ncorporab10n of 7 not 6 deuterla. Both the mass spectrum and
}

p.m.r. spéctrum (which shows a signal for 1 proton at the value
3

expected for J CHOH) of the deuterated exo-ketol (106) preclude
’ }
{

the operation of this homoenolisation process.

On the other hand a homoendiisation process involving 03 is
possible (scheme 28) but this wouid require the maximum number of
deuteria incorporated to be 5. H;nce this possibility can also be
excluded{v ‘

An entirely different pathw;y involving a bimolecular
reduction/oxidation process (schehe 29).would also explain the
incorporaﬁion. However this can be discounted since the exo-
ketol (92% is not converted to th; endo-epimer (91) under the
experimengal conditions and in adhition no trace of either (91) or
(92) coulé be detected in a contr?lﬂexperiment'using an equimolar
mizture of dione (82) and diol (84)%2,

27
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Hénce the evidence to date is consistent with a stereospecific
base inéuced intramolecular 2,6-hydride shift occurring in the gxo-
ketol (§2) in addition to the ﬂgrmal keto-enol exchange process
(scheme:30).' It is noteworthy %hat two similar processes have been
described in the recent literatpre.

Acklin and Prelog60 have‘;eported that (15,85)-1-hydroxy-8-
methyl-cis-hydrindan-5-one (10§) was isomerised to (55,85)-5-
hydroxy-S—methy1-01s-hydr1ndan—1-one (110) by absorbing it on
Grado I noutral alumina and elutlnp lt with ether. The
diastereomsomer of (109), (1s, 8R) 1-hydroxy-8-methyl-cis-hydrindan-1-
one (11?), was returned unchanved from a similar treatment and so it
was dedqced that the conver51on;of (109) to (110) had taken place by
an intr%molecular 1,5-hydride s%ift involving the transition state
depicteé in (112). j : <

Lénsbury and Saeva61 have unearthed a corresponding trans-
annular hydride shift in 1- substituted 7- hydroxy -12(7TH)-
pleiadennones (113) which when treated with alkali metal t-butoxides
in dimethylsulfoxide rearrange‘fo 1- substituted-12-hydroxy-7(12H)-
pleiadeﬁones (114). In this instance, by using nuclear magnetic
resonanoe spectroscopy, they hawe been able, for the first time, to
obtain actlvatlon parameters for a hydride shift. The data show
that the rate-determining transannular hydride transfer occurs in
the initially formed alkoxide (i15) and has an activation energy of

approximately 24 kcal./mole. with a negligible entropy of activation.

By studying a suitsbly substituted exo-ketol (92) and thci2

28
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-
isomerisation found by Prelogso using infra-red spectroscopy it
should be possible to obtain compérable thermodynamic data for the
hydride shift of (92) and (109) and hence gain some insight into
hydride shift as a function of molecular geometry for the first time.
However in terms of the original brief of this part of the
thesis an interaction between‘fc2 and CGQhas been positively
identified. This hydride shift demands as its most favourable
geometry a twin-twist-boat conformation of the transition state (116).

3T has suggested that there may be very little

Marvell
difference between the twin-chair (117) and chair-boat (118)
conformations in the ground state of bicyclo (3,3,1) nonan-2-ome.
By analogy one might surmise fhat the preferred ground state of the
exo-ketol (92) would be eithet twin-chair (119) or chair-boat (120).
Certaiply from nuclear magnetic resonance data (see Appendix 1) the
cyclohgxanol part of this ring system seems to adopt & chair
conforﬁation. In any event the reaction coordinate for the exchange
mst involve a conformational.change from either (119) or (120) to
the twin-twist-boat of the transition state.

With this evidence in hand a series of interesting questions

then came to mind. .

Is it possible to bring, about specific hom.Oenolisation59

involving 02 and C6 i.e. istformation of (121) a possibility? To
examine this problem the monodeutero-ketones (122) and (123) and the
dideutero-ketone (124) were required. The deutero-ketal tosylate

(125)2was readily obtained by lithium aluminium devteride reduction

J

i
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of ketalketone (88) and tosylatio£ of the alcohol (126). However
it proveid impossible to convert"(125) into the dideutero-ketal (127)
with lithium aluminium deuteridé in refluxing ether, tetrahydrofuran
or dioxaﬁ. A1l of these reactién coﬁditions are known to convert the
simple endo-~2-tosylate (128) in%o a separable mixture of bicyclo
(3,3,1) nonane and bicyclo (3,3;1) non-2-ene. This negative
evidence'suggests a steric reta;datioﬁ to an SN2 process on 02
when Cg is substituted (see lat;r). An alternative synthetic
approach’ to (123) involving a diimide roduction of the deutero-
olefin (129) formed from the deé.tero-tosylate (125) remains to be
examined but is illustrated in scheme 31.

A further avenue for examining 2,6~ interactions stemmed from
the current interest in twistan; chemistry. Twistane (130),
tricyclo»(4,4,0,03’8) decane,which is the twist-boat isomer of -~
adamantane (131) was first syntﬁesised by Whitlock62 via twistanf

63

2-one (132). Later Whitlock and Siefken ° studied the rearrangement

of twistane and its derivatives to adamantane and its derivatives.
A new shbrter synthesis of twisfane was reported by Gauthier and

Deslongchamp564 who made it via;twistan-4-one (133). 1-substituted

[]

derivatives (134) of twistane were formed by Deslongchamps and
coworkers65 from 8-acetoxytwistan-4-one (135)66; which was
synthesised in an analogous manger to twistan-4-one (133), by

homoenolacetylation of a decali#dione (136). Finally optically

active twistane has been synthesised by Adachi, Naemura and

Nakazak167 using a modified ver:}ion of Whitlock's route®? from' \?

| . 30
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Optically;active precursors. (+)-“Twistane has the absolute
stereochemistry shown in (137) and a surprisingly large notation
oL 22 4 414° (¢, 0.489 in Et0H).

As has been described earljer (p.18) the T-exo-methylene-3-
tosylate (70) and the 7-cyclopropyl analogue (72) are known to
undergo facile ring closure to adamantane and homoadamantane
derivatives respectively. It wag felt that the corresponding 2,6~
substituted compounds (138) and (139) could well give rise on

“acetolysis to an interesting pair of twistane derivatives (140) and
(141) particularly relevant to S¢hleyer’s calculations and work on
bridgehead reactivityss.. As an jnitial attempt in the synthesis of'
(138) the conversion of the ketaketone (88) to the ketal-exo-~
methylene. derivative (142) was attempted using triphenylphosphonium
methylene ylid generated from trjphenylphosphonium methylene broumfide

69 or djmsyl sodium7o. Neither method gave

by either: n-butyl lithium
the desired olefin, the first ong giving mainly starting material
unchanged and the second starting material and a mixture of other
compounds. some of which may be olefinic (infra-red spectrum). An
alternative method for the synthesis of exo-methylene compounds has
been described by Cainelli et al?1. Treatment of the ketalketone
(88) with methylene magnesium iogide in the manner they describe
failed to give the required gggryethylene compound; largely ketonic
material being returned (infra-r?d spectrum).

In a final attempt to obta}n an exo-methylene derivative endo-

1-acetoxy-6-methylbicyclo (3,3,]2 non-6-ene (146) was prepared i ‘i

31



~
r \\40 '/ \‘j.LGH'E 4 /%/ u - \/
. A \ LN ‘ H LN /\ LA, }//\
O—O a o ! P s \)
(o o ' ' wo'
(88) T sy () (145)

r\/ .

Ae, 0 RN . (\ X =-OH a-0f.
P NF \\\‘ ‘\/ | ' X aw /l . .
( HG) : » (luvy)
Screrc 33 @,
\\\\\ \\\
T 48)
{
HQUfous i /\/350, (/#Q)
3 So/o 10 0/0 .
-~ ;
o /\\\\\\ 0 o OH

970 : » : {"6 /o"



the ketalketone (88) as shown in’ scheme 32. After the initial
Grignard the intermediate ketalaicohol (143) was simultaneously
dehydrated and deketalised to give the keto olefin (144). This -
was transformed to the acetate (546) by acetylation of the alcohol
(145) formed from lithium aluminéum hydride reduction. Treatment
of the acetate (146) with dry hyhrogen chloride in ether at -70°
followed by heating at 60° with %otassium triethylmethoxide failed
to give the exo-methylene der&vative (147) (infra-red spectrum)
although the structures of the p;oducts are not immediately obvious.

This method had been used by Bro¥m and Acharya72

to prepare exo-
methylene compounds froﬂ methylolefins in high yield.

Aséyet these reactions have not been performed on bicyclo
(3,3,1) nonan-Z-one and hence n& relevant comment can be made on
the lack of reactivity of the kétalketone. It is perhaps relevant
though that bicyclo (3,3,1) noan-B-one does not react with
Grignard reagent and alkyl lithilims nor does it form an enamine73
and that this has been attributéﬁ to steric compression caused by
the C3, 07 proximity.

41 on the

Schaefer42 has reexamined ‘the work of Meerwein
dehydration of bicyelo (3,3,1) nonan-2,6-diols (148) using sulphuric
acid (scheme 33). From the deuterium content of the products from
dehydration of the tetradeuterated bicyclo (3,3,1) nonan-2,6-~diols
| (149) there is evidence to implicate C1,02-, C2,08-, and C3,C7-
hydride. shifts in the mechanist@c pathways to the dehydration

products. { ‘
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Our interest in 2,6~ inter&ctions prompted alternative
explanations for the observations. It also seemed likely that more
information would be forthcomingi if these reactions were performed
under controlled (solvolytic) cohditions using pure stereoisomers
rather than (a) working with an unspecified mixture of stereoisomers’e
and (b) using strong equilibrating conditions 2. D

In this context it should be noted that biecyclo (3,3,1) nonan-
2,6-diol can exist in three isomeric forms exo-, exo- (149) exo-,
endo~- (850 and endo-, endo- (84)1 and consequently to study all the
possible.variations of 2-tosylate orientation with a 6-hydrexyl
group requires the syntﬂéses of ¥our tosylates.
viz. exo-6-hydroxy-exo-2-tosylate (150)

endo-6-hydroxy-exo-2-tosylate (151)
exo-6-hydroxy-endo-2~tosylate (152)
endo-6-hydroxy-endo-2-tasylate (153)

Accordingly, treatment of the endo-ketol (91) with
p-toluengsulphonyl chloride in pyridine gave the corresponding
keto-tosilate (96) aﬁd subsequent reduction with either sodium
borohydride in tetrahydrofuran oF lithium aluminium hydride in
diethyl ether gave the endo-6-hydroxy-endo-2-tosylate (153) as a
crystalline solid. Once again the proton magnetic resonance signal
confirmed the stereochemical assignment (Appendix 1).

Corresponding treatment of the exo-ketol (92) with
p-toluenesulphonyl chloride gave the keto -tosylate (154).

Treatment of this derivative with lithium aluminium hydride gave,

I
1
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by infra-red spectroscopy, the cbffesponding endo-6-hydroxy-exo-2-
tosylate (151) but as yet this has not been obtained as a
crystalline solid.

A simple paper route to the remaining two 6-hydroxy-2-
tosylates, (150) and (152) involves transformation of the ketonic
group in the keto tosylates (154) and (96) respectively to the
corresponding exo- hydroxy groupi(scheme 34). At the moment there
is no known method of directly réducing bicyclo (3,3,1) nonan-2-one
ntoreoselectivoly into ggg-bicyclo (3,3,1) nonan-2-0l. An untested
synthesis of (152) is shown in spheme 35. The ketol (92) should be
readily converted to its acetate: (155) which on sodium borohydride
reduction would give exo-6-acetoxy-endo-2-hydroxybicyclo (3,3,1)
nonane (156). Iithium aluminiumi hydride reduction of the tosylate
(157) of this alcohol should give the desired exo-6-hydroxy-endo<
2-tosylate (152). This step should not involve any great
difficulty as endo-2-tosylates substituted at 06 have been shown
previously to resist these conditions.

The projected route to (150) is shown in scheme 36. Treatment
of the previously discussed exo-p-acetoxy-endo-2-tosylate (157) with
sodium ethoxide in ethanol will probably yield the hydroxy-olefin
(158) whose epoxide (159) should;also be readily prepared. At this
stage two routes are available. , The first involves lithium
aluminium hydride reductions of the hydroxy-epoxide (159) to the
exo~, exo- diol (149) whose mono-tosylate (150) should be readily

formed. :The second approach involves tosylation of the hydroxy{ﬁ?

4
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epoxide (159) and subsequent lithium aluminium hydride reduction of
the tosylate (160) to gzgr6~hydrox§fg§g-6-tosylate (150).

As it was intended to solvol&se these hydroxy-tosylates, (150)
to (153), rate studies were initia;ed on them to ensure that the
acetolyses obeyed first order reacfion kinetics. In this connection
the lack of reactivity (to inversizn and lithium aluminium hydride
reduction) of 6-substituted-2-tosylates experienced earlier in the
thesis prompted a rate study of sﬁ%h tosylates that were availablae.

The rates of buffered acetoiysis of the relevant compounds

were found using spectrophotometric methods74 (Appendix 2) and are

. 1

shown in Table 4.

Immediately it can be seen ﬁhat the preseﬁce of a keto group
at C6 decelerates the rate of ace;olysis of the 2-tosylate in (154)
and (96) with respect to the Com ﬁethylene derivatives (161). and
(162). At‘100° in the exo- serie; the keto/methylene rate ratio is
0.009 and in the endo- series 0.0663. This difference in
deceleration is also manifested ig the exo/endo rate ratios which
for the methylene derivatives is 34.2 and the koto- derivatives is

<
60.8 both at 1000. (Because of the different Arrhenius dependence

of the exo- and endo- epimers these differences would be much more

marked at 25°.) Therefore the interaction of a 6-keto group has
slowed the rate by a factor of apiroximately one hundredfold, the
endo- epimer being retarded more than the exo- epimer.

This retardation argues against the intermediacy of the‘enol
form (163), in the solvolysis of exo-2-tosyloxybicyclo (3,3,1)

1
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nonan-6-one (154), by analogy with the work of Gassman and

Marshall ®. They showed that in the solvolysis of (164) the enol
form (165) was an intermediate, causing rate acceleration over (166)
by a factor of 106. The acceleration was thought to be due to
participation of the 17‘electro§s of the enol to give either a non-
classical ion (167) or classical ion (168) as an intermediate. 1In
our case the enol (163) would b expected to give either (169) or
(170) and the fact that it does%not seem to be involved ray be a

reflection of the difficulty of C approach which (169) and (170)

72
necessitate. In this context it would be interesting to study the
reactivity of the exo-2-tosylates (171), (172) and (173). They
would give some indication of the ability of [&6,7 ethylenic moiety
to participate and hence accelerate the solvolysis of exo-2-
tosylateF. §

Thg'difference of about htindredfold in reactivity of the keto
tosylatep, (154) end (96), fromsthe simple methylene derivatives,
(161) and (162), represents a difference in the free energy of
activation, A (A G + ), of the solvolysis of about 3.5 kecal./mole.

373
This is obtained from the relationship

A(Acf) =(A c;;")T - (AG;F)T = 2.3 RT log (k2/k1).

There are two extremes for an explanation of this faetor.
The firsF would account for the;(}([1G43 as representing the
loweringlin free energy of the ground state in going from methylene
tosylate to keto-tosylate. In fhe keto-tosylates the ground state

[
f
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conformation of the cyclohexyl r;ng bearing the tosylate group is
known to be chair (Appendix 1). éOf the two available molecular
conformations "twin-chair" (174)3or "chair-boat" (175) neither seems
to have much ﬁreference. As has been discussed earlier (P. 19)
Marvel;37 has showvm that the ene;gy difference betwecen the two
should be very small. I'rom Drei%ing models the difference in non-
bonded interactions of either of;these conformations with the known
"twin-~-chair" ground state conforbation (176) of the simple
methylene tosylates are not signgi.ficant. Therefore the A (Ac¥F)
of 3.5 kcal./mole cannot wholly ?be accounted for by a difference in
ground state energy. This is algo borne out by the fact that iﬁ/
gggg¢6-hydroxyﬁg;g¢2-tosyloxybic}clo (3,3,1) nonane (153), whose
ground state energy would be of Eomparable value to that of the
keto-tosylates, there is not suci a marked rate difference the
hydroxy/methylene ratio being oniy 0.47.

The second explaﬁation for the rate and hence free energy
difference involves the differen¢es in transition state. The
lengthening 02 - OTs bond and its increasing dipole will begin to
play a larger part. The interac%ion o% this and the carbonyl
dipole, which is easily polarise&, because it involves T electrons,
could cause a rise in energy of %he transition state compared to
the methylene derivative. It could be argued that the ggggrhyqfé;;
dipole would also cause this efféct and it probably does but because
of its smaller dipole @;f.acetoné, 2.9D, propan-2-ol, 1.7D) this

interaction should be smaller.
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B
This explanation also accounts for the greater effect of the
06— keto group on the endo- epimer‘ (96) than on the exo- epimer (154).

44,45,46 that during solvolysis, axial and

It is well documented now
equatorial cyclohexyl tosylates react in different tranisition states
the axial preferring the chair and’ the equatorial preferring the
Wiyist-boat". The evidence C in the bicyclo (3,3,1) non-2-yl
tosylates shows the same tendencieé axial preferring "twin-chair"
and equatorial "twin-twist-boat". "In the "twin-twist-boat" (177)
conformer of 222972-tosyloxybicycl% (3,3,1) nonan-6-one (96) the
keto group a departing tosylate group are brought into closer
proximity than in the "twin-chair"’ conformation of the ex0- epimer.
There is conflicting opinion’ in the literature with regard to
the nature iof the effect of polar %roups on the acetolysis of
tosylates. - i
The results of work in the nLrbornanesare of interest here and
the relevant rates are shown in Table 5. Gassman and Marshall‘o who
studied the 7-keto-2-no£borny1 system i.e. (178) and (179) discarded
dipole-dipole interaction between the ketone and the carbon-tosyloxy
grouping as the reason for retardation, preferring instead to use the
loss of non-classicality as the argument for the slowing down of the
exo~- epimer (178). By way of contrast the evidence obtained from
the 5-keto-2-norbornyl system i.e.. (180) and (181) by Greaver gﬁa
Gﬁynn77 tend to support a dipole-dipole interaction being
responsible for the substantial rate retardation. In the latter case

no deactivation selective for the exo- epimer was found. In an
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effort tg clarify the picture Gassman and co—workers78 have
recently gathered together rate data for a variety of T-substituted
norbornyl tosylates and in the ggg- cases have shown that there is
a direct relationship between tﬂ; rate constant and C;* (polar
substituent constant) for all tﬁe T-substituents studied. This
relationship held in the endo-~ c;ses where no other "“abnormal"
effects were present. The concl;sioﬁ drawn was that the rate
retardation was proportional to the inductive effect of the group,
with the exo- tosylates being slightly more affected than the
endo~ epimers. .

These studies in the norbo?nyl system have been involved with

79,80

the non-classical ion/classical ion controvers which exists

d
in that system. Therefore any extension of their results to the

20,22,76,81 to be classical

bicyclo (3,3,1) system which is thought
in nature must be applied with c;re.
The work in section 1 on t£e 1,5-dimethylbicyclo (3,3,1) non-
2-yl tosylates, (12) and (13), is relevant here and the rate data
for the system is shown in Table 6. For comparitive purposes the
gimple 1,5-dimethylbicyclo (3,3,3) non-2-yl tosylates, (189) and
(190), were required and their aicohols were synthesised by the
routes shown in scheme 37. Clem@ensen reduction of 1,5~
dimethylbicyclo (3,3,1) non-2-ene-9-one (17), obtained from the
solvolyses described in section 1, proceeded smoothly to give the
olefin (184) which was readily converted to its epoxide (185) using

m-chloroperbenzoic acid in chlor?form. Lithium aluminium hydride
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reduction of this epoxide gave exo-1,5-dimethylbicyclo (3,3,1)
nonan-2-ol (185). Jones oxidation of (186) and lithium aluminium

hydride reduction of the ketone (187) gave the desired endo-

.
i

epimer (188). '
]
A picture similar to that of the 6-ketotosylates pertains in
g
the case of the 9-ketotosylates. The retarding effect of the keto
€

group is revealed in the keto/mefhylene rate ratios. In the exo-
!
series the ratio is 0.00845 whereas in the endo- epimers it is

0.48, both at 80°. The differential in the retardation effect of
i
the exo- and endo- epimers is shewn in the exo/endo rate ratio,

which is 0.475 for the keto series and 26.8 for the nethylene

derivatives, (189) and (190).

“«

The replacement of a 9-methylene group by a 9-ketonic group

: . 3
should not affect the ground state energy of both exo- and endo-
; +
’ 353
activation free energies of acetdlyses of (12) and (189), 3.37

tosylates to any great degree. ﬁence the 4 (4¢c,. o) for the
keal./mole, and (13) and (189), é.52 kcal./mole, must be a
reflection of the increased eneréy of the transition state of the
keto tosylates, (12) and (13), aé against the methylene tosy1a§§§?
(189) and (190). A comparison between, (13) and (190), has to be
treated carefully because the possibilities that (13) solvolyses by
a different mechanism (P. 7 ) haé not yet been discounted.

A conmparable result has been reported for the simple endo-2~
tosyloxybicyclo (3,3,1) nonan-9-ene where the keto/methylene rate

ratio at 62° is 0.195 representi@g'a.[&([ﬁGéggo) of 1.09 kcal./mole. (13)
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The results in the equivalent népbornane system, T-keto, which have
already éeen discussed show the‘same'qualitative relationship as
has been;observed here. |

These results in the bicy{lo (3,3,1) nonane ring system which,
as has already been said, does gﬁt show any tendency for formation

of non-classical ions,20,22,76,§1

support in a positive menner the
idea that the effect of polar gﬁoups on the solvolysis of tosylates
can best be explained in terms qf dipole-dipole interactions with
due regard being given to direcﬁion, strength and intervening
distance of the dipoles. Kwartjand Takeshita82 have already

{

expressed this view in their study of some cyclohexyl tosylates

r

| .
substituted with polar groupings. The generally more marked effects

seen in bicyclic compounds has been explained by Moriarty et a183.

Their view is that the intervenéion of bulk solvent between the
centres thch would help to disgerse the dipole-dipole forces is
not veryeasy in bridged molecu%es which tend to be spherical.

A literature search reveais a relative paucity of information
regarding dipole-dipole interactions in the-solvolysis of secondary
tosylates. With the results inkthe bicyclo (3,3,1) nonane system
which seém to stem from classicél carbonium ion behaviour and show
a marked}effect in reactivity by placing a ketone group at a distance
from the]reaction centre in hin@sight one should probably have
examined the solvolytic behavioér of keto-tosylates in a system free
from nonTclassical behaviour ye§ with a geometry which is rigidly

defined. The adamantane skeleton would provide an excellent

‘ 4
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test bed for the study of these ‘interactions e.g. (191) to (194).
A careful study of the rates of ‘reaction of these compounds would

83

certainly check on Horiarty's comments™” and also provide a basis
for calculation of dipole-dipole interactions with regard to
distance .and orientation. i

In this section although their nature has not always been
completely understood evidence Bor 2,6-interactions has certainly
been found. Because of the spedific nature of this topic general
application of our results is ndt possible but fiom it we have been
led to consider more general idéas of dipole-dipole interactions,
thermodynamic asfects of stereo&hemistry and conformational

problems in the bicyclo (3,3,1) nonane ring system.



EXPERINENTAL

Tﬂe acetates and tosylates of alcohols were made as follows.
Acetate

A mixture of the appropriate alcohol (1 m.mole), acetic
anhydride (0.8 ml.) and pyridine (0.8 ml.) were heated on a steam
bath for 30 mins. The cooled solution was carefully poured iffto -
saturated sodium bicarbonate solution (5 ml.) and after mixing well
allowed to stand for 30 mins. The combined ether extracts of thié
solution‘(B x 5 ml.) were then washed with saturated sodium
bicarbonate solution (3 x 5 ml.), brine (2 x 5 ml.) and dried.

Removal of solvent left the acetate which was then purified usualiy

by micro-distillation or sublimation.

4
Ll

Tcszlate;
The alcohol (1 m.mole) ané p-toluenesulphonyl chloride
(1.1 m.mole) were dissolved in gyridine (.8 ml.) and allowed to
" stand at‘O° for 12 hrs. The soiution was then poured into ice-cold
very dilute aqueous hydrochlorié acid (5 ml.) and extracted with
ether (3 x 5 ml.). The combined ether extracts were washed with
ice-cold dilute aqueous hydrochforic acid (3 x 5 ml.), saturated
sodium bicarbonate solution (2 %5 ml.), brine (1.5 ml.) and dried.
Removal of solvent at 5° under féduced pressure gave the desired
tosylate which was then purified by recrystallisation,often at low
temperatures (e.g. -10°). ;

In some casés the tosylat@s were so0 unstable that dilﬁte
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i
aqueous hydrochloric acid could not be used. Here the ether

A

extracts were washed well with water (10 x5 ml.).

6-ethylenedioxybicyclo (3.3,1) ?onan-2~one (188)

Biceyclo (3,3,1) nonan-Z,GTdione (82) (3 g.) was refluxed with
ethylené glycol (1.2 g.) and p-}oluenesulphonic acid menohydrate
(30 ng.) in benzene (30 ml.) under a Dean and Stark apparatus until
no more water separated out (cai 10 hrs.). The cooled organic
layer together with ethor washings of the reaction flask was washed
with oaturated sodium bioarbona;o golution (3 x 10 ml.), brine
(1t x 10 ml ) and dried and the solvent removed under reduced
pressure. to give a pale yellow 011 (3 7 g.) Wthh was adsorbed on
Grade II; neutral alumina from ?et. ether. Elution with pet. ether
gave 2,6-diethylenedioxybicyclo :(3,3,1) nonane (89) as a colourless
0il (1 g.).

. -1
\/mx film (S.P.200) ¢« 1110 cm.

Elution with 10% ether/pet. ether gave 6-ethylenedioxybicyclo
(3,3,1) nonan-2-one (88) as a célourless oil (2.1 g.) which could

be purified by sublimation (so°/%mm)

1
max

N 1710, 1118 e

N

] 6.14 (4H,8).

(Found: ¢,67.00; H, 8.20. 0“351603 requires C,67.30; H,8.20%)
Elution with 50% ether/pet. ether gave bicyclo (3,3,1) nonan-

2,6-dione (82) as a white crystailine solid (.5 g.) identical wit&)

|

! -
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starting material by infra-red spectrum and gas liquid

chromatographic properties (5% Q.F.1.).
: |

Endo-2-hvdro;y-6-ethylenedioxybicvclo (3,3,1) nonane (90)

6~ethylenedioxybicyclo (3,3,1) nonan-2-one (88) (1 g.) was
. stirred in ether (15 ml.) with:lithium aluminium hydride (0.2 g.)
for 1 hr. Saturated sodium sulphate solution was added dropwise
till all active hydrogen had been destroyed and the resulting
precipitate was washed several]times with ether. The combined
ether extracté were dried and solvent was removed to give an oil
(0.9 g.) which turned c¢rystalline on standing. A pure sample of
endo-2-hydroxy-6-ethylenedioxybicyclo (3,3,1) nonane (90) was
obtained by recrystallisation {pet.ether/ethyl acetate) and
subsequent sublimation (100°/03;5 mm.)

-1
V max 3618, 2979, 1478, 1122, 1050 cm.

| ~T' 6.09 (5H,s), 8.36(s, removed by D,0 exchange).

2

2

(Found: €,66.50; H,9.35. C requires C,66.85; H,9.15%).

117803
The acetate of (90) was purified by distillation (70°/0.5 mm.)

\/ max 2980, 1731, 1482,11245, 1238, 1105, 1046, 1030 cm.”

T 5.19(1H,n, Wy 21 ¢/s), 6.15(4H,s), 8.04(3H,s)
¢

(Found: C,64.75; E,8.40. C,.

1§H2004 requires €,65.00; H,8.40%

’

The tosylate (93) of ketalol (90) on recrystallisation from
‘ i

pet.ether/ethyl acetate had m.p. 103.5-105.5°.
i 1 <

(
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.! -1
\/m‘ax 1596, 1494, 1480, 1183, 1168, 1098 cm.

‘[' 2.19 (28,4, J 8.5¢/s), 2.72(2H,4, J 8.5¢/s),
5.42(1H,g,w% 22¢/s), 6.20(4H,s), 57.58(3H,§).
(Found: c,61.55; H,6.90. 01832?505 requires C,61.35; H,6.855%).
The deuterated analog (126% of (90) was prepared in a similar
manner using lithium aluminium déuteride.

\/ nax 3620,2980,2100,1487,1479,1126,1082,1060,1055,1034 —

T (CDG%) 6.1(4H,s), 8;1(5, removed by D,0 exchange) .
{

11H17p03 requires C,66.30; H,9.60%)

The tosylate (125)°'of this'alcohol (126) was readily prepared.

(Found: ¢,66.30; H,9.35. C

V' oo 3028,2985,2180,1598,1495,1482,1190,1180,1105,925 om.”!

!

T  2.16(eH,4,7 8.5c/s),;2'i64(2H,§_,J‘ 8.5¢/s), 6.1(4H,s),
7.55(3H,8). 3
(Found: ?,61 .20; H,7.00. 01832315305 requires C,61.15; H,7.15%).

2
v

Endo-2-hydroxybicyclo 1) noman-6-one (91
Eggg¢2-hydroxy-6—ethylenedioxybicyclo (3,3,1) nonane (90)

(0.66 g.) was refluxed for 2 hrs. in acetone (40 ml.) containing

p—tolueneéulphonic acid monohydréte (20 mg.). The cooled solution

was poured into a separating funmel with ether washings and washed

with saturated potasgsium carbona;o solution (2 x 10 ml.), brine

(1 x 10 mL) and dried. The solv?nt was removed under reduced

pressure, the residue dissolved in ether (25 ml.) and this ether

i : _
layer washed with brine (1 x 5 ml.) and dried. Removal of solvent

\
-
t
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I
gave a waxy solid (0.45 g.) which was absorbed on Grade III

neutral alumina (18 g.) from 50%.pet. ether/ether. Elution with
ether gave:gggng-hydroxybicyclof(3,3,1) nonan-6-one (91) as a
waxy solid (0.43 g.) which was further purified by sublimation
(100°/0.5 mm.). i

V mag 3619, 1710, 1062} 1039 cm.™

T 6.1.(1H,Q,W_l_ 16c/s)?7.62(_ng) 7.85(m)

L ,
g1 40, Tequires ¢,70.10; H,9.15%).

(Found: ¢,69.85; H,9.25. C
The tosylate (96) of the ketol was recrystallised from
pet. ethef/ethyl acetate, m.p. 83-84°.

1
2

N pag(maiol ml11)(S.P.200) 1709,1598,1498,1185 cm.™

' i
T 2.1(2m,4, 8.5¢/s), 2.55(2H,4,J 8.5¢/s),
i
5.53(18,m,Wy 18¢/s), 7.53(3H,s).
t

(Found: €,62.45; H,6.65. C,6Hp0S0, Tequires C,62.30; H,6.55%).

Attempted inversion of endo-2-tosyloxy-6-ethylenedioxybicyclo
{ - i
(2,2,12 nonane (93). '
(a) endo-2-tosyloxy-6-ethylenedioxybicyclo (3,3,1) nonane (93)
(3.5 g.) was heated in 90% equeous dimethylformamide (100 ml.) at
¢

78° for 184 hrs. The cooled solution was poured into water
}

(150 ml.) and extracted with ether (1 x 200 ml., 2 x 100 ml.). The

combined ether extracts were washed with water (4 x 50 ml.), brine
' {

(2 x 50 ml.) and dried.
' S
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ThQ ether solution was filtered and stirred with lithium
aluminium hydride (1 g.) for 155mins. Saturated sodium sulphate
solution was added dropwise until all active hydrogen had been
destroyed. The resultant precipitate was washed several times with
ether and the combined ether exfracts dried. Removal of solvent
gave a colourless oil (1.6 g.).-~

V/ oy (£i1m)(P.E.157) 3400;1650,1600,1498,1189,1175,1110,1100 cm.™

This o0il was adsorbed one Grade I neutral alumina from pet. ether.
Elution with 25% ether/pet. ethér gave 6-ethylenedioxybicyclo
(3,3,1) éon-Z—ene (94) (0.4 g.) whose infra-red spectrum was
identicai with an authentic sample.

Elution with 75% ether/peé. ether gave returned 2-hydroxy-6-
ethylene?ketal (93) (0.3 g.) wh?se inéra-red spectrum was identical
to starting material. f

Elption with 0.5%'methano?/ether gave an oil (0.2 g.) whose
spectral data suggested that it&was endo-2-hydroxybicyeclo (3,3,1)
non-6-ene.

\/ pax (Film)(P.E.157) 3400,3040,1060,705 cm. !
‘r4&mmx&ﬂm&%wd@.

Elution with 1% methauol/?ther gave an oil (0.6 g.) whose
infra-red spectrum was almost identical to that of endo-6-hydroxy-

endo-2-tosyloxybicyclo (3,3,1) honane.
(b) The ketal tosylate (93) (b.5 g.) was heated with sodium
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acetate {1.83 g.) in 90% aqueous dimethylformamide (200 ml.) for
96 hrs. ét 78°C. A similar workup procedure as that used in (a)
gave a colourless oil (2.6 g.) thch wag adsorbed on Grade III
neutral alumina (100 g.) from pdt. ether. Elution with the same
solvent gave 6-ethylenedioxybicyclo (3,3,1) non-2-ene (94) as a
colourless oil (1.11 z.) whose infra-rod spectrum was identical to
an authentic sample.

Elution with 50% ether/pet. ether gave exo-2-hydroxy-6-
ethylenedioxybicyclo (3,3,1) nonane (95) as a colourless oil (1.4 g.)

i

whose infra-red spectrum was identical to an authentic sample.

3 : -

(c) The ketal tosylate (93) (q.35 g.) was heated with sodium
acetate (0.4 g.) in 100% dimethilformamide (10 m1.) for 130 hrs. at
‘ {
78°C. A similar workup proceduﬁe as that used in (a) furnished a
pale yellow oil (0.24 g.) which by thin layer chromatography
. A J p
contained 6-ethylenedioxybicyclo (3,3,1) non-2-ene (94) (25%),

starting material (50%) and the desired exo- alcohol (95) (25%).
i ' ;

Attempted inversion of endo-2-tosyloxybicyclo (3,3%,1) nonan-6-one (96)

(a) Endo-2-tosyloxybicyclo (3;3,1) nonan-6-one (96) (0.3 g.) was
heated in 98% dimethylformamide (25 ml.) for 72 hrs. at 78°. Thin

¢
layer chromatography of the reaction mixture showed that no chghgg

had taken place. f *

(b) The keto-tosylate (96) (0.3 g.) was heated in 98%
[}

dimethylformamide (25 ml.) for 7 days at 100°. Thin layer
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i

chromatography of the reaction mixture showed that very little

change had occurred.

<

(¢) The keto-tosylate (0.3 g.) was heated with sodium benzoate
(0.32 g.) in 98% dimethylformamide (25 ml.) for 48 hrs. at 100°.
The cooled solution was poured into water (30 ml.) and extracted
with ether (1 x 75 ml., 2 x 25 ml.). The combined ether extracts
were washed with water (3 x 25 ml.) and dried and solvent was
removed fo give a pale yellow 0jl (0.29 g.). Thin layer
chromatography and infra-red sp?ctroscopy showed that very little
change h;d occurred. . ‘
6-ethylenedioxybicyclo 1 %on-Z—ene
Egégrz—tosyloxy-G-ethylenédioxybicyclo (3,3,1) nonane (93)
(40 g.) was added to a solutioniof sodium (10 g.) in absolute
ethanol tSOO ml.) under dry nitéogen and the solution refluxed for
ten days. The cooled reaction éixture was added to water (500 ml.)
and extracted with pet. ether (1 x 500 ml., 3 x 150 ml.). The
combined ether extracts were washed with water (2 x 50 ml.), brine
(2 x 50 ml.) and dried. Removai of solvent gave a colourless oil
(21 g.) which was adsorbed on Grade III neutral alumina (800 g.)
from pentane. Elution with the ,same solvent gave 2-ethoxy-6-

ethylene-dioxybicyclo (3,3,1) nqnane (97) as a colourless oil (8.5 g.)

. " -1
\/m (£ilm)(S.P.200) 1140-1080 c.

{

T' 6.2(4H,g), 6.63(23,3;,.)‘ 7c¢/s8), 6.75(1H, mostly hidden

by previeus signal), 8.85 (3H,t, J Tc/s).
i . )

!
i
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Further elution with penthne yielded 6-ethylenedioxybicyclo
(3,3,1) non-2-ene (94) as a colpurless oil (12 g.) which was
purified by micro-distillation (60°/0.5 mm.)

. -1
\//max (film)(S.P.200) 1650; 1120, 770, 725 cm.

~—”

[ 4.33 (2H, unsym.d, J 45/3) 6.13(4H,8)

(Found: C,73.20; H,9.15. C requires C,73.30; H,8.95%)

1171602
!

Bicyeclo ;},5,12 non-6-ene-2-one:§98[

G-Ethylenedioxybicyclo (3;3.1) non-2-ene (94) (1.5 g.) was

H

refluxedi for 5 hrs. in acetone éSO ml.) containing
p-toluenésulphonic acid monohydfate (30 mg.). The cooled solution
was poured into a separating fuﬁnel with ether washings and washed
with saturated potassium carbongte solution (2 x 10 ml.), brine

(1 x10 ﬁl.) and dried. The solvent was removed at 50 under
reduced pressure, the residue dissolved in ether (20 ml.) and this
ether la?er washed with brine ({ x 5 ml.) and dried. Removal of
solvent ét 5o under reduced pre%sure gave a pale yellow liquid
(0.9 g.) which was adsorbed on Grade III neutral alumina (25 g.)
fr?m pentane. Further elution Qith this solvent yielded bicyclo
(3,3,1) non-6-ene (98) as a mobjle colourless oil (0.7 g.) which
was further purified by micro-distillation (60°/0.5 mm.).

\/mx (P.E.157) 3040, 1710; 1100, 695 cm. ™|

>\ Et0H -hexane

nax 295 m (€19.8), 7‘3““ 294 nm (€ 15)
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%\7' 4.17 (2H, unsym.g,'ﬁ 4c/8)

(Found: ' @,79.40; H,9.00. cgniéo requires C,79.30; H,8.90%).

[ <

Bicyclo'(3.3%1) nonan-2-one

Bicyclo (3,3,1) non-6-ene-2-one (98) (30 mg.) was hydrogenated
over 5%:Pd/charcoal in ethyl acetate for 8 hrs. The solution was
filtered through Celite 535 and the solvent removed at 5° under
reduced pressure to give an 01ly solid (20 mg.) whose infra-red
spectrum and gas liquid chromatggraphlc behaviour (6p Q.F.1. and
25% S.E§30) were identical w1tthhose of an authentic sample of

bicyclo (3,3,1) nonan-2-one.

Hydroboration of 6-ethylenedioxybicyclo 1) non-2-ene

A 0.8 molar solution of diborane in tetrahydrofuran (20 ml.)
was added under dry nitrogen ovér 1.5 hrs. to the ketal olefin (94)
(9 g.) dissolved in tetrahydrofﬁran (50 ml.). After stirring for a
further ; hrs. water (ca. 2 ml.) was added dropwise with great care
to destroy the active hydrogen.é 3N sodium hydroxide solution
(10 ml.)gand 305% aqueous hydrogén peroxide solution (7.4 g.) was
added and the mixture stirred for 1.5 hrs. at 40°. The solution was
extracted with ether (1 x 100 ml., 2 x 50 ml.) and the combined
ether extracts washed with saturated ferrous sulphate solution
(4 x 20 ml.), water (1 x 20 ml.), brine (2 x 20 ml.) and dried.
Removal of solvent gave a coloupless oil (10.2 g.) which thin layer
chromatography showed to be two spots of almost identical Rf at the

position’ expected for a hydroxy ketal (ef. 90).

i
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t
The oil (1.5 g.) was adsorbed on silica gel (60 g.) from 507

ether/pet. ether. Elution with:i75{% ether/pet. other did not

seporate the two compounds. ) S0

- ;
Ex0-2,3-epoxy-6-ethylenedioxybicyelo (3,3,1l nonane (1OL)
|

i 1
A solution of 85% m-chloroperbenzoic acid (2.4 g.) in

chloroform (30 ml.) was added to 6-ethylenedioxybicyclo (3,3,1)
non-2-ene (94) (2 g.) in chloroform (10 ml.) and left stirring for

f
15 hrs. at room temperature. 10% sodium sulphide solution was
4

added dropwise until the reaction mixture gave no colouration with
i 1
moist starch iodide paper. The chloroform layer was then washed

L)

with saturated sodium bicarbonaté solution (4 x 20 ml.), brine
d

(1 x 30 ml.) and dried and solvent removed to give a pale yellow
f 4

oil (2.25 g.). A pure sample of exo-2,3-epoxy-b6-ethylenedioxybicyclo
{ |
(3,3,1) Fonane (101) was obtained by thick layer chromatography with

40% ethef/pet.ether as eluent followed by sublimation (800/0.5 mm. )

V pax(€61,)(P-E157) 11105 1040 em. !

i

T 6.15(4u,5) 7.12(2H,m; Vy 16¢/s)
;

(Found: C€,67.55; H,8.45. C,,H; 05 requires c,67.35; H,8.30%)

{
Exo-2-hydroxy-6-ethylenedioxybieyclo (3,3,1) nonane (95)

Exo-2,3-epoxy-6-ethylenedioxybicyclo (3,3,1) nonane (101)

; ]
(0.98 g.) and lithium aluminium hydride (0.85 g.) were stirred in

L

othor (5@ ml.) for 7 days at room tomporature. Saturatod sodium

i N -
sulphate solution was added dropwise till all the active hydrogen
; i
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A
A

i 3

i
had been destroyed. The precipi?ate was washed successively with
ether and ethyl acetate and the ‘Combined organic layers were washed
with brine (4 x 30 ml.) and driéa and the solvent was removed under

reduced pressure to give a colodrless 0il (0.8 g.) which was
i f

adsorbed pn Grade III neutral alhmlna (30 g.) from 25% ether/pet.
ether. Elution with 50% ether/p?t.ether yielded exo-2-hydroxy-6-
ethjlenedioxybicyclo (3,3,1) non&ne (95) as a viscous colourless
oil (0. 75 g.) which was further‘purlfled by micro-distillation
(70°/0.5 mm.)

H

* \/ (ce1,)(p.E. 157) 3630, 1120 1100,1058,993 cm.™!
“, [T

¢,

TT/ 6.1(5H,8) ﬁ

i
éb requires €,66.85; H,9.155%)

(Pound: { G66.85; H,9.20. C
|

1171

|

Thg tosylate of this alcohol has not yet been obtained as a

)!

‘r
t

crystalllne solid.

| The acetate was & colourldss oil.

' \/mx(film)(P.EJS?) 173%,1250,1040 cn.”!

T 5‘20(“"3""% 6¢/s) ;(6.18(4H._§) 8.05(31,3)

nonane (102 ;Z,

The above reduction 1f carrled out in refluxxng ether for 4

.~

daysgaveonthe same workup an oxi vhich was adsorbed on Grade III
)I

neutral qlumlna from ether. Elution with the same solvent gave the
:’ : :
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dihydroxy-ether (102) which was,further purified by sublimation

(100°/0.5 mn).
(

\/ma'x(film)(P.EJS'T) 3360,1480,1105,1070,1050,978,950 en.”]

T (ex01,) 6.1 to 6.7 (6H,m) 8.25(14H,n) becomes 12H,m after

3
1

D0 exchange).

2

(Found: | C,66.10; H,10.25. C, 505 Tequires C,66.00; H,10.05%)

The diacetate (103), a colourless oil, was purified by’
micro-distillation (90°/0.5 mm.)

. . f -1
\/max(fllm) (P.E.157) 1735, 1250, 1040 em.

T 5.18(1H,m iy 70/s), 5.87(2}1, unsym.t,J 5¢/s), 6.44(3H,

unsym.t,J 5¢/s), 8.00(3H,8) 8.02(3H,3)
l - |

(Found: . C,63.60; H,8.60. C requires C,63.35; H,8.505%)

15%24%

i

Endo-6-(?1-hydroxyethyleneoxy)-?ndo—Z—hvdroxybicvclo (3,3,1) nonane

Simiiar treatment to the iast experiment of endo-2-hydroxy-
6-ethy1en§dioxybicyqlo (3,3,1) #onane (102) gave a colourless oil
of identical thin layer chromatographic behaviour to the

dihydroxyether (102).

\/m(film)(P.E.157) 3400,2480,1115,1105,1060,1040,965,950,

910 cm.”!
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Exo-2—h§drovaicvclo(),3 1) nonan-6-one (92)

_jL:Z-hydroxy-6-ethylenedloxyblcyclo (3, 3 1) nonane (95)
(O T2 g.) was refluxed for 2 hrs. in acetone (50 ml. ) containing
p-toluenesulphonic acid monohydrate (20 mg.). The cooled solution
and ether washings were washed:with saturated potassium carbonate
solution (2 x 10 ml.) brine (1.x 10 ml.) and dried. The solvent
was removed under reduced preséure, the residue dissolved in ether
(25 ml.) and this ether layer washed with brine (1 x 5ml.) and
dried. Removal of solvent gavg a waxy solid (0.51 g.) which was
adoorboﬁ on Groede III noutral élumina (20 g.) from 505 othor/pot.
ether. 'Elution with ether gave exo-2-hydroxybicyclo (3,3,1) nonan-
6-one (§2) as a waxy solid (0.49 g.) which was further purified by

i

sublimation (100°/0.5 mm.) i

: -1
\//mhx(0014)(P.E.157) 3620,5710,1125,1050,970 cm. ~

T 6.05(1H,}_n_,w_;_ 6c/s) 6.91;(1H,_s_~, removed by D,0 exchange)
: ! ‘
7.55(m)y 7.80(m).

{

(Found:, C,69.95; H,9.10. 09H1io2 requires C,70.10; H,9.15%)

i
The tosylate (154) of this alcdhol was recrystallised from pet.

ether/ethyl acetate, m.p. 111-@13°.

\//nmx(nujol mull)(P.E.157)§306o,1700,1596,1494,1190,1175 cm. ™
T 2.12(2H, unsym. 4, J 8.5¢/s), 2.6(2H, unsyn. d, J 8.5¢/s),
| .

5.3(18,m,Wy 7c/s), 7.53(3H,s)

864 requires C,62.30; H,6.55%). ' %2

(Fbund:;c,62.50; 6.70. C 16 Hog
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Deuteration of Qndo-2-hydroxybidyclo (3,%,1) nonan-6-one (91)

" The endo-ketol (91) (29 mg.) was heated with a solution
of sodium (36 mg.) in dioxan (115 ml.) and deuterium oxide
(1.5 ml.) in a sealed ampoule fér T2 hrs. at 950. The solvents
were removed under reduced presdure and the residue washed with
deuterium oxide (0.5 ml.) and tHen ether (3 x 5 ml.). The comt ngd
ether layers were then washed with deuterium oxide (2 x 0.5 ml?),
brine (2 x 5 ml.) and dried andﬁthe solvent removed to give a waxy
solid (ca. 25 mg.) which was addorbed on Grade ITT neutral
alumina (1 g.) from ether. Elution with the same solvent gave the
deuterated endo-ketol (107) as é waxy solid (ca. 20 mg.) which was
further purified by sublimation [( 100°/0.5 mn.). It had identical
gas liquid chromatographic propérties to starting material
(6' 24% $.E.30 ana 6! 6% q.F.1) ! |

V" pax(CC1,) (P.E.157) 3640,2150,1705,1055,1031 cm.™

T (CDCl3) 6.11(1H,2,WJ2_ 13 c/s)
&4

The mnss spectrum was analysed ~ ' for deuterium content with the

following results dj, 1.4%; d,, '5.0%%; dy, 19.5% &5, T4.5%;

0.4%; d6 0.6%5. ANd, of deuteria/molecule, 2.74.,

d,, 0.8%; d
4’ ; ,

5!

Deuteration of exo;gghydrovaiqjclo (3,3.1) nonan-6-one (92)
' Tréatment, exactly the same as that for the endo-epimer (91),

gave the 'deuterated exo-ketol (106)

)

1

. - |
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: } -1
\/m(cm13)(p.E.157) 3650,2150,1705,1057 cam.

T (cnc1 ) 6.04(1H,s 8y 3c/s)
84

The mass spectrum was analysed, for deuterium content with the

following results d, 0.4%; d 0.9%; dyy 1.1%; ds, 2.85%;

29.7% dg, 554%; 4

]

dyo 9.2%; 0.6%; dg: 0.2%. No. of
<

a5 7’
deuteria/molecule, 5.33.

(

Treatmgnt of exo-2-hydroxybicyelo (%,3,1) nonan-6-one (92) with

sodium hydroxide in aqueous dioxan

The ketol (92) (29 mg.) was subjected to similar exchange
conditions as before except orainary water was used in place of
deuter%um oxide. A similar pu;ification procedure gave a ketol
which ﬁas identical in infra-red spectrum and gas liquid

chromatographic properties (2% S.E.30 and 6% Q.F.1) to starting
! (
exo-ketol (92) \

‘ -1
V pax(€01,) (P .E.157) 3630, 1710, 1125, 1050, 970 cu.

Hexadeuterated bicyclo (3,3,1) nonan-2,6-dione (108)

Hexadeuterated exo-2-hydroxybicyclo (3,3,1) nonan-6-one (106)
1

(10 mg.) was treated in ice-cold acetone (1 ml.) with Jones reagent
{

(3 drops). The solution was diluted with water (2 ml.) and

extracfed with ether (2 x 2 ml-) The combined ether extracts were
qashedlwlth saturated sodium blcarbonate solution (2 x 1 ml.),

brine (1 x 1 ml.) and dried and the solvent removed to give a solid
! ]
i |
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which was adsorbed on Grade IIIineuﬁral alumina (0.5 g.) from ether

Elution with the same solvent gﬁve hexadeuterated bicyclo (3,3,1)
nonan-2,6-dione (108) (6 mg.) wﬁich was further purified by
sublimation (100°/0.5 mm.). It had identical gas liquid
chromatographlc properties to authentlc dione (6% Q.F.1 and 255%

S.E.30)

t

; -1
\/max(°°14)(P'E"57) 2150,1710,1185,1115,1090 cn.

84

The mass spectrum was analysed for deuterium content. d

O’
a,, 0.3%; dy, 2.0%5 ds, 5.2%;, dys 14.9%; 4, 38.0%; dg, 37.6%.

i

No. of 4euteria per molecule, 4195.

Exchangé protonation of hexadeu%ero bicyelo (3,3,1) nonan-

g.s-dioz{e (108)

Tﬁe dione (108) (3 6 ng. )‘was refluxed under nitrogen with
4N sodmm hydroxide solution (1 ml.) and methanol (1.5 ml.) for
12 hrs. The solution was diluted with water (3 ml.) and extracted
with ether (2 x 3 ml.). The cohbined ether extracts were washed
with brine (2 x 2 ml.) and dried and the solvent removed to give a
solid which was adsorbed on Grade III neutral alumina (0.25 g.)
from ether. Elution with the'sgme solvent gave the dione identical
in gas liquid chromatographic pjroperties to authentic dione
(65 Q.F.1 and 24 S.E.30).

! The mass spectrum was analysed 84 for deuterium content.

. . %s . . .
dor B5.2% 4, 0.4% 4y, 9.1% &5, 0.8% 4y, 1.3% 45, 1.Th
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i

d6, 1.48f5. No. of deuteria per molecule, 0.43.

Attempted equilibration of bicyélo (3,3,1) nonan-2,6-dione (82) and

endo—endo-2,6-dihydroxybicyelo {3.3,.1) nonane (84)

Thie dione (82) (15 mg.) and diol (84) (15 mg.) were heated
with a solution of sodium (38 mg.) in dioxan (1.5 ml.) and water
(1.5 ml.) in a sealed ampoule for 72 hrs. at 95°. Gas liquid
chromatography (6% Q.F.1 and 2%% S.E.30) revealed that both
compounds were still present and that no ketol either endo- (91)

or exo- (92) was present. ‘

! ¢

Endo-, ehdo-2,6-dihvdroxybicyclo (3,3,1) nonane (84)

Endo-2-hydroxy-bicyclo(3,3,1) nonan-6-one (91) (3.1 g.) was
:
stirred for 30 mins. with lithium aluminium hydride (1 g.) in ether

(25 ml.)} The excess hydride was destroyed by dropwise addition of
¢ ¢

saturated sodium sulphate solution. Combined ether and ethyl

‘acetate washings of the precipi%ate were washed with brine
' .

(1 x 10 ml.) and dried and the éolvené removed to give a solid
(2.8 g.)'which was recrystalliséd from pet. ether/ethyl acetate to
give endoy, gggg¢2,6-dihydroxybicyclo (3,3,1) nonane (84).

A pure sample was obtained by’séblimation (110°/0.5 mm.)

V pay 3620, 2982 cm.”! %
;
T (CDCl3) 6.15(E,W%_16 c/sj 8.5(s, removed Yy, D0 exchange)

The solubility was not sufficient to enable 1ﬁtegration period
i
t
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O exchange) 6.4(2H,m,

T (ds-?nmso) 5.6(2H,d,J 5¢/s removed by D,

)

3

Wy 19¢/s) 7.5(2H,m)
(Found:f ¢,69.25; H,10.50. CgH, 0, requires ¢,69.20; H,10.30)

The diacetate of the diol was ﬁurified by sublimation (80°/0.5 mm.)
2R : -1
\/’max 2985, 1485, 1230, 1023 cm.

T 5-18(23,92.»“_;. 18 ¢/s) j;8.03(6H,.s_;)

1

(Found: €,64.70; H,8.25. Cy 48,00, Tequires C,65.00; H,8.40%) .

Attempted preparation of 6,6-dideutero-2-ethylenedioxybicyclo
’ }

(3.3.1)‘nonane (124)

(a) ggggrz-tosyloxy-z-deuterélé-ethylenedioxybicyclo (3,3,1)
nonane (125) (5 g.) was refluxdd -with lithium aluminiun deuteride
(0.3 g.) in diethylether (35 ml.) for 48 hrs. An aliquot (1 ml.)
was takén out and saturated so&ium sulphate solution added dropwise
till excess deuteride had been:destroyed. The combined ether
washings of the precipitate we;e washed with brine (1 x 2 ml.) and
dried and the solvent removed go give a solid which was identical
in infra-red spectroscopic and;thin layer chromatographic
properties to starting materiaf. By addition/distillation the
ether was replaced by tetrahydiofuraﬁ (35 ml.) and reflux continued
for a furthor 33 hrs. The reagtion mixture was worked up as before
to give returned starting matefial.

(b) Endo~-2-tosyloxy-2-deuterd-6-ethylenedioxybicyclo (3,3,1)

nonane (125) (0.1 g.) was reflixed with lithium aluminium hydride
§ .
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(0.04 g.) in dioxan (10 ml.). Saturated sodium sulphate solution
was uddea dropwise to the cooleé reaction mixture until exceass
hydride had been destroyed. Th$ combined ethor washings of the
precipitate were washed with wa%er (3 x 10 m1.), brine (1 x 10 ml.)
and dried and the solvent removed to give returned starting material
shown by infra-red spectrum and’ thin iayer chromatographic
properties.

\/m‘k(Nu,jol m1l)(S.P.200) 2225,1598,1498,1175,1125,1110 cm.

t
i

Attempted Wittig on 6-ethvlened§o§1bicxclo (3,3,1) nonan-2-one (88)

(a) The ketalketone (88) (0.6; g.) in ether (10 ml.) was added to

a solutipn of triphenylphosphon@um methylene ylid, formed by
stirring a mixture of triphenylbhosphonium methyl bromide (2.44 g.)
and n-butyl lithium (1.3 ml. of,23% w/v inhexane) in ether

(15 mls.) for 4 hrs. under dry ﬁitrogen. The solution was refluxed
for 12 h?s. under dry nitrogen.i The cooled filtered solution was
washed with brine (3 x 15 ml.) and dried and the solvent removed to

yield slightly contaminated starting material (0.6 g.) from infra-
..7“:?

red spectrum. i
After addition of the ket?l-ketone to the ylid it was found -

that replacing the ether by dry:tetrahydrofuran and prolonging the

‘reflux time to 48 hrs., did not ?ffect the reaction, starting

ma;erial being returned once aggin.

(b) Dimethylsulfoxide (1.5 ml_,) was added under dry nitrogen to

sodium hydride (0.19 g. of a 50% dispersion in o0il which was washed
}

|
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several times with n-pentane) and heated for 45 mins. at 70-75°.
Triphenylphosphonium methyl brom#de (1.07 g.) in warm
dimethylsﬁlfoxide (3 ml.) was added to the cooled solution of
dimsyl sodium and the solution stirred for 10 mins. The ketone-
ketal (83) (0.6 g.) in ether (0.5 ml.) was added and the solution
stirred fﬁr 30 mins. at room teméerature. An atmosphere of dry
nitrogen ;as maintained above the reaction mixture throughout. The
dimethylsulfoxide was removed at14O° under reduced pressure

(1 mm.ng and the residue thoroughly extracted.with ether. The
combined ether extracts were washed with water (6 x 15 ml.), brine
(1 x 15 ml.) and dried and the sblvent_removed to give an oil

(0.55 g.y which from infra-red spectrum contained starting material
and some olefinic material. t

-}
V o 17105 1110, 760 cm.”; .
Attempted "Witti~" reaction on 6:ethylonedioxybicyclo (3.3.1)

Atthonan-2-one (88)
nonan-2-one §882

6-ethylenedioxybicyclo (3,3,1) nonan~2-one (88) (0.2 g.) and

L

t

mefhylene iodide (0.3 g.) in dry;ether (15 ml.) were added over

2 hrs. to magnesium turnings (O.? g.) in ether (5 ml.) and the
solution refluxed under dry nitrpgen fér 80 hrs. Saturated
ammonium chloride solution was a;ded dropwise to the cooled solution
till there was no more reaction on addition. The solution was then

extracted well with ether and thé combined ether extracts washed

, !
well with water (2 x 20 ml.), brine (1 x 10 ml.) and dried and the

¢
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solvent removed to give a fairly viscous pale yellow liquid
‘ C
whose infra-red spectrum showed {that the material was mainly kKetonic.

~\//max 3500,1710,1600,1498,1187,1175,1110,950,920,880,870,852,
825,802,795 cm.”|

6-methylbicyclo (3,3,1) non-6-ene-2-one (144)

6-§thylenedioxybicyclo (3,43,1) nonan-2-one (88) (5.78 g.) in
dry ethez} (15 ml.) was added toja solution of methyl magnesium
iodide formed by adding methyl iodide (10 ml.) in dry ether (10 ml.)
to dry magnesium turnings (0.83 gg.) in dry ether (10 ml.) and
allowing all the magnesium to dﬁssolve. After refluxing for 18 hrs.
saturated ammonium chloride solﬁtion was added dropwise to the
cooled sélution till there was ﬁo more reaction on addition. The
solution was then extracted well with ether and the combined ether
extracts washed with water (2 x 25 ml.), brine and dried and the
solvent removed to give a pale yellow oil (5.4 g.). This oil was
refluxed in acetone (50 mls.) cdntaining p~toluenesulphonic acid
monohydr;te (30 mg.) for 2 hrs. ! The solution and ether washings
were washed with saturated potagsium carbonate solution (2 x 25 ml.)
brine (1 x 10 ml.) and dried and the solvent removed. The residue
was dissolved in ether (25 ml.); washed with brine (1 x 10 ml.) snd
dried and the solvent removed tq give an oil which was refluxed in
50% aqueous sulphuric acid (30 ml.) for 3 hrs. The cooled solution
was diluted with water (50 ml.) and extracted with ether (3 x 25 ml.).

The combined ether extracts were washed with saturated sodium
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bicarbonate solution (2 x 25 ml.); brine (1 x 25 ml.) and dried and
the solveﬁt removed to give an oi} (2.2 g.) which was adsorbed on

Grade III neutral alumina (100 g.) from pentane. Elution with <he
same solvent yielded 6-methy1bicy?lo (3,3,1) non-6-ene-2-one (144)
as a colourless oil (1.8 g.) froq which a pure sample was obtained
by micro-distillation (70°/0.5 mm)

"o =
V gax 3012, 1710, 1680, 1100, em.™"

T 4.5(1H, broad s, Wy 9c/s) 8.26(s, with very small splittings)

(Found: ¢€,79.70; H,9.35. CyoHly 40 Tequires C,79.95; H,9.40%)

5
.

Endo-2-hydroxy-6-methybicyelo (3.3.1) non-6-ene (145)

6-methybicyclo (3,3,1) non—é-ene—z-one (144) (1.53 g.) was
stirred with lithium eluminium hyxfiride (0.32 g.) in ether (15 ml.)
for 30 mins. Saturated sodium sullphate solution was added dropwise
till all active hydride had been destroyed and the resultant
precipitate was washed well with ether. The combined ether washings
were washéd with brine (1 x 10 mlL), dried and solvent removed to
give endo-2-hydroxy-6-methybicyclo (3,3,1) non-6-ene (145) as a
colourless oil (1.5 g.) which could be purified by sublimation
(80°/0.5 mm.)

V.. 3620, 3004, 1059, 1042, 1021
i
T 4.56(1H, broad s, Wy 8 ¢/s), 6.42(1H,m, 18¢/s),
7.93(g, removed by D0 exchange) 8.39(g, with small splittings)

i . ‘
(Found: C,78.65; H,10.30. C, B0 Tequires C,78.90; H,10.60%).
. [{ .
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The acetdte (146) of this alcohol was purified by micro-sublimation
(70°/0.5 mm.)

V nax 3004, 1752, 1238, 1025 cn.”

T 4n58({H, broad s, W%_9c/s), 5.33(1H,n,15¢/s) 8.07(3H,s)

8.39(s, with small splittings)

(Found: ¢,74.25; H,9.35. C requires C,74.20; H,9.35%)-.

12H1593

Attempted isomerisation of endo-2-aceﬁoxy—6-methylbicyqlg

(3,3,1) non-6-ene (146)

Endo-2-acetoxy-6-methybicyclo (3,3,1) non-6-ene (146) (0.4 g.)

in ether (5 ml.) was saturated with dry hydrogen chloride gas at

-70°. After romoval of gsolvont at 0° the residuc was mixed under
dry nitrogen with a solution of botassium triethylmethoxidé

(4.5 mls, of a solution prepared,by dissolving potassium (0.8 g.)
in triethylmethanol (5.8 ml.) at 140° for 2.5 hrs.) and this

f
solution kept at 60° for 12 hrs. in a stoppered flask. The infra-

red spectrum of the crude materiél showed no bands at ca. 890 cﬁf'1.
Careful Qistillation afforded no fractions with bands at ca. 890

-1 )
cm., . ! t

Endo-2-tosxlozx-endo—6-hxdrogxbi;xclo (3.,3,1) nonane (153)

(a)  Endo-2-tosyloxybicyclo (3,3,1) nonan-6-one (96) (0.29 g.) was
stirred with lithium aluminium h&dride (0.07 g.) in ether (10 ml.)
for 30 mins. Saturated sodium sulphate solution was added dropwise

until all active hydrogen had be?n destroyed. The combined ether
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extracts of the precipitate were washed with brine (1 x 10 ml.),
dried and the solvent removed to give an oily solid (0.18 g.).
Recrystallisation from pet. ether/ether afforded a pure sample of
endo-2-tosyloxy-endo-6-hydroxybicyclo (3,3,1) nonane (153) m.p.

98°-100°.

(v) - Endo-2-tosyloxybicyclo (3,3,1) nonan-6-one (96) (0.85 g.) was
refluxed for 15 hrs. with sodiuﬁ borohydride (0.12 g.) in
tetrahydrofuran (30 ml.). After solvent had been removed under
reduced pressure brine (30 ml.) was added and the solution
extracted with ether (2.x 60 ml;). The combined ether layers were
washed with brine (1 x 20 ml.), dried and the solvent removed to
give a péle yellow oil (0.81 g.j. Recrystallisation from pet.
ether/ether afforded a pure saméle of endo-2-tosyloxy-endo-6-
hydroxybicyclo (3,3,1) nonane (153) m.p. 101°-102.5°

V L.y 3622,3035,2088,1598,1490,1188,1178 cn.”

T  2.23(2H, unsyn d, J 8.5¢/s), 2.68(2H, unsym 4, J 8.5¢/s),

5.41(1H, n, W%_180/s) 6.25(1H, m, Wy 15¢/s) 7.57(3H,s)

(Found: ¢,61.75; H,7.15. C S requires C,61.90; H,7.15%).

101229

Attempted preparation of exo-2-iosxloxx-endo-G—hxdroxxbicxclo

1) nonane (1
The same procedure as in (a) above was employed on exo-2-

tosyloxybicyclo (3,3,1) nonan~9-one (154) (0.25 g.). An oil
|-
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(0.18 g;) was obtained from which no solid tosylate could be
isolated although the desired {osylate seeme@ to be the major
product from both infra-red spectruﬁ and thin layer chromatographic
behaviour

V oy (£11m)(P.E.157) 3400,3060,1650,1598,1185,1170 ¥l

1.5~dimethybicyclo §§,§,12 non&Z—ene (18&}

Zinc dust (20 g.), mercuric chloride (2 g.), water (10 ml.)

and concentrated hydrochloric gcid (1 ml.) were shaken togot?er and
the resulting amalgam washed w%th sgveral successive amounts of
water. TWater (10 mls.?) was adged to cover the amalgan followed by
1,5-dimethybieyelo (3,3,1) non;Z—ene-9—one (17) (2 g.) and
concentrated hydrochloric acid’ (25 ml.) and the solution refluxed
for 30 hrs. with stirring. Thé solution was decanted and the
amalgam ether washed and the aqueous layer extracted with ether

(2 x 10 ml.). The combined etper layers were washed with brine

(1 x 10 ml.), saturated sodium: bicarbonate solution (3 x 10 ml.)
brine (1 x 10 ml.), dried and the solvent removed at 0°C in vacuo
to leave 1,5-dimethybicyclo (3%3,1) non-2-ene (184) as a colourless
oil (1.2 g.) .
\/’max (£ilm) (P.E.157) 700 cm.”

Exo—2,§—e2052—1,E-dimethxlbicxclo (3,3,1) nonane (185)
A mixture of 1 5-d1methylb1cyclo (3,3,1) non-2-ene (184)

(2 6 g. ) and 85% m-chloroperben201c acid (4.1 g.) was stirred in
|

68 !



i 1
chlorofoﬁm (60 ml.) for 15 hrs. at room temperature. 107 sodium
sulphide;solution was added dropwise until the chloroform solution
no longer gave a black colouration with moist starch iodide paper.
The chloroform layer was washed with saturated sodium bicarbonate
solution (4 x 20 ml.), brine (1 x 30 ml ) and dried and the solvent
. removed at 10° under reduced pressure to give the desired epoxide
(185) as an oil (2.65 g.)
\/m:ax 995, 923, 815 em.”!
' L

Exo-2-hydroxy-1,5-dimethylbicyclo 1) nonane (186

Ex$-2,3-epoxy-1,5sdimethylpicyclo (3,3,1) nonane (185) (2.3 g.)
and lithium aluminium hydride (168 g.) was refluxed in ether (25 ml.)
for 12 hrs. Saturated sodium sulphate solution was added dropwise
to the cooled solution until all the excess hydride had been
destroyed The combined ether washlngs were washed with brine
(1 x10 ml ), dried and the solvent removed at 0°C under reduced
pressure:to give an oil (2.0 g.) which was adsorbed from pentane
onto Grade IIT neutral alumina. Elution with 10% ether/pet. ether
yielded ggg—Z-hydroxy—1,S—dimet%ybicyclo (3,3,1) nonane (186) as an
oil (1.2 g.) whose infra-red spéctrum was identical to authentic

5 i
material”.

V/ pag(11m) (P.E.157) 3450,1485,1052,980,965,930 cm.”

The tosylate (189) of this alcohol was recrystallised from ether/

pet ether m.p. 103-105°.
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Endo-2-hjdrq;y—1,S-dimethybicycio (3,%,1) nonane (188)

Ex6-2-hydroxy-1,5-dimethylbicyclo (3,3,1) nonane (186)

(0.6 g.);in acetone (10 ml.) was treated at 0° with eicess Jones
reagent. The’solution was pouréd into brine (10 ml.) and extracted
with pentane (3 x 10 ml.). The combined pentane extracts were
washed with water (3 x 10 ml.) saturated sodium bicarbonate
solution (2 x 10 ml.) brine (1 % 10 ml.) and dried and the solvent
removed to give an o0il which was stirred in ether (10 ml.) with
lithium aluminium hydride (0.3 g.) for 30 mins. The excess hydride
was destroyed by dropwise additéon of saturated sodium sulphate
solutio@ and the precip&tate washed well with ether. The combined‘
ether exitracts were washed with;brine (1 x 10 ml.), dried and the
solvent removed to give an 0il {0.5 g.) which was adsorbed on
Grade I%I neutral alumina (20 g.) from pentane. Elution with 10%
ether/pet. ether gave endo-2-hydroxy-1,5-dimethylbicyclo (3,3,1)
nonane (188) as an o0il (0.4 g.)iwhose infra-red spectrum was

identical with an authentic sample’. The oil solidified to give

5

colourless prisms m.p. 46-48° (LIT.° m.p. 48-50°)

v/, (£11n)(P.E.15T) 3400,1485,1060,1038,985,968,959 cm.”!

The tosylate (190) of this alcohol was recrystallised from ether/

pét. ether m.p. 980-1000.
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APPENDIX I

Stereochenistry of Bicvelo (3,3,1) non-2-yl Derivatives

The existence of the bicyclo (3,3,1) nonyl skeleton in the

"{win-chair" conformer can be inferred from the presence of

"abnormal" methylene bands in the infra-red spectrumsg’ss. These

are only present when the 03 and C, positions are unsubstituted and

7
there are no sp2 carbon atoms in the two three-carbon bridges. The
frequencies of these interaction bands, found in a variety of
compounds are approximately 2990 and 1490 en:!

The presence of these bands in bicyclo (3,3,1) non—2-y1
dorivatives indicates that in dho ground stato it exists in ﬁ?o
"twin-chair" conformation. Therefore in the exo-epimer (195) the
carbinyl proton will be equatofial'in a chair cyclohexane and in
the endo-epimer (196), axial in a chair cyclohexane. From the

Karplus;equationss’s7

88,89

and analegy with other cyclohexane
derivatives an axial proton surrounded by two equatorial and
one axial protons would be expected to have a larger half-band
width of its p.m.r. signal than an equatorial proton similarly
sﬁrrounded. This expected resylt was found in practice the two
values being approximately 18 é/s for the endo-epimers i.e. axial
proton and 6 c¢/s for the gggfegimers i.e. equatorial proton. The

experimental values for each individual compound are shown in

Table 7.

T
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(T8

During the course of redction schemes in Section 2 changes
were made to the bicyclo (3,3,4) nonane skeleton (i.e. introducing
an spzlcentre on one of the thWree-carbon bridges) which removed the
abnormal bands without necessdrily changing the conformation from
"twin-ghair". These chanzes did not affect the configuration of
the 2—éerivatives and hence fpom the half-band width comment could
be made on the conformation of the cyclohexane ring containing C2
i.e. if an endo-2~derivative had thé same half-band width as other
endo-2-derivatives whose conformation is known to be "twin-chair"
then that endo-2-derivative must be contained in a "chair"

H

cyclohexane. The half-band widths of such compounds are also shown

'
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APPENDIX II

Raté Constants for Buffered Acetolysis of Alkyl Tosylates

¢
¢

T4

The spectrophotametric method of Swain amd lorgan' ° was
employed. It depends on the difference in absorption coefficient
1 ,
for bonded tosylate (;Nmax 261 nm,€ , 671) and free tosylate anion

(A

Hence during solvolysis the absorbance at 261 nm of thesolution

nax 261 nm,€ , 344), both these measurements being made in water. -
falls at the same rate as acetolysis proceeds.

Vhere it was possible (ug to 60°) the rates were by following
the reaction in stoppefed ultra-violet spectroscopy cells enclosed
in a waéer-heated jacket kept gt a constant known temperature using
a therméstatically controlled water bath.

At higher temperatures (80° and 100°) the "ampoule" method
was useé. Here, after making up a stock solution of.the tosylate
in buffered acetic acid, aliquats were put in sealed glass ampoules,
_ which were immersed in a thermostatically controlled oil bath. At
intervals the ampoules were removed and the reaction quenched by
immersing the ampoule in liquid) nitrogen. The aliquots were
allowed to warm up to room temperature and their ultra-violet
spectra run.

In both methods the infinity reading was oitained by allowing
tbé reaction to proceed for appgoximately ten.half—lives.

-

The plot of log (percentage unchanged tosylate) is time was
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a straight line indicating first order kimetics. TFrom the graph the
half-life (t;) of the reaction could be obtained. Hence the rate

. 2 ,
conotant céuld be calculated from the relationship for first order

. ‘\

reactions

k = 0.693/1:_%_.

T4
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