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S UMMARY

The acetolysis of (+)= o{ =campholenyl [L- 1\3 ~(2,2, 55 sthy o
cyclopent—S-enyl)ethyl] prnitrobenzenesulphonate has bee.. show-
vroceed with direct participation of the double wond in s dlonl =l
tion step. Thus at 60° (+)= oA =cempholeny: p=1.. irobenzess »ulph
soivolysed ca. 200 times fagter than the corresponding sat: sate
pulphonate in acetioc acid containing sodium scetate, The major
product of the acetolysis was (=)=-camphene, and ¥his reacﬁion Tt

fore provides the T ~route to the isobornyl-camphenehydro catici.

The $rifluereacetates of isobomneel, canpheie wydratc and nothyls

camphenilol solvolysed by alkyl oxygen fissior .isulauivmws .1 8Cr
scid end yielded camphene as the main product, L& 3. 18
tornyl trifluoroacetate, however, proceeded Ly an acyi OX; .0 oo~

process, and yielded only borneol and oormyl aceiaie.

The acc.clysis of (=)-isobornyl trifluoroacesate yieided i
camphene, Since (+)= o{~campholenyl p-nitrobenzenesulphonate &i.
(=)-isobornys trifluorcacetate were both obtained from (+)-caqp;,y
(+)=camphor has thus been converted into (= )-camphiene and (+)-
cemphene by the TV = and O =routes of solvolysis, respectively.

Syntheses of 2-exo and 2-endo~carboxybornase of high optica.
purity are described, The oxidative decarboxyi....or of these acid:
with lead tetraacetate in benzene-pyridine yielael. .laia.y campher.
sogether with the acetates of borneol, isvburziuc.. o samphene
aydrete, Products derived from the free 2~boxzyL re.5B1 Were now

ooserved, The Tormation of some endo substitubios product, bormy



acetate, suggests that the classical 2-bornyl cation is the fire
intermediate, It is proposed that this rearranges to viae non-
classical isobornylecamphenehydro cation to account Jor the forms: i
of tertiary exo substitution product (the acetate oI campiiene Lycr:te)
and the complete absence of tertiary endo substitution product
(methylcamphenilyl acetate),

The crystalline byproduct C12H1802 formed by +the action of lsi
tetraacetate on camphene in acetic acid has beer ghown 0 be & mixe
ture (ca. 4:1) of the exo and endo lactones of 2 - (Z~hydroxy=-3;3-
dimethyl-2-norbornyl)propionic acid, The lacton. Iormed by the
action of strong acids on tricycloekaseantalic acid Las been shc i
to be & mixture (ca. 7:3) of the same exo and gndc isciones, resdei-
tively, and not the pure endo lactone &8 reported in Tae . :eTra. ..
The formation of the exo lactone from tricycloekasanteiic acid o
exclusive exo methyl group migration in a 3,2=shii< sas bees es .

lished, end the nature of the intermediate carboniim ions >3 diza. =

#HH
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1.

I. Solvolytic Routes to Carbonium Ionse

1e General.
Nucleophilic substitution at a saturated ocarbon atom constitutes
an important olass of reactions in organic chemistry. The overall

reaction may be represented by

where X end Y are Lewis bases and the atom at which substitution is
taking place is a tetrahedral carbon atome. When the incoming nucleo-
phile X is a solvent molecule, the reaction is termed a solvolytic
displacement, Nycleophilic substitution and solvolytic displacement
reactions are the subjects of several recent rev:i.ews.al’z’3

Two extreme classifications of nucgleophilic substitution may be

mades

(a) That in vhich the two reacting species undergo a simultaneous
‘covalency change, is labelled 82 (bimolecular nucleophilioc substi-
tution)s The transition state (1) here contains both the entering
group X and the leaving group Y, and an inversion of configuration

occurs at the reaction centree
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(1)

(b) Thet in which a relatively slow heterolytic fission of the sub-
strate into ions is followed by rapid addition of X, is labelled SNj

(unimolecular nucleophilic substitution).

(2)

The transition state here involves only the carbonium ion (2)e The
energy for the initial ionisation in the vapour state is generally
too high to permit reaction, but is considerably lowered in solution
by solvation of the ions.h SN1 reactions are thus favoured in highly
polar solventse

The rate of a nucleophilic displacement reaction is determined
by the energy difference between the ground state and the transition
state of the rate determining step. The factors which increase the
energy content of the ground state and lower that of the transition

state will therefore lead to an increased reaction rate.

2, Nelghbouring group participation. ;
When a substituent influences a reaction by becoming bonded or

partially bonded to the reaction centre, the substituent is said to
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exhibit neighbouring group participation.5 If the trensition state of

a rate determining step is stabilised by such partioipation, an increased
reaction rate results and the neighbouring group is said to provide
anchimeric assistance.6 Neighbouring group participetion is observed

in many types of systems5 and of particular interest are those examples
where the neighbouring groups are carbon-carbon single, and carbon-
carbon double bonds.

The material presented in this thesis is concerned with a study of
routes to certain carbonium ions in the bicyclo[?.Z.{]heptyl system in
which carbon-carbon singles; and carbon-carbon double bond participation
is possibles This subject has been extensively investigated in recent
years, and various aspects of the topic are reviewed in references 1=5.
A more detailed review has been published by Bersono7 A brief review
of this early work, together with some of\the more recent findings, is

given below,

(a) Neighbouwring carbon-carbon single bond partioipation in the bicyclo~

[2. 2.1] heptyl series.

Winstein and Trifans showed that the acetolysis of exo-norbornyl
Brbromobenzenesulphonate-(3) proceeded 350 times faster than that of
the endo isomer (5), and the sole product of the acetolysis of (3) was
exo-norbornyl acetate (6)e VWhen optically active sulphonate (3) was
used, the acetate (6) was racemic. The bridged oarbonium ion (4) was
postulated as an intermediate in the reaction. In (4) carbon atom 6
(06) was considered to be partly bonded £o both ¢, and C_. Acetate ion

1 2
attack was considered to be possible only from the side remote to that
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of the bridge, and such exo attack at 02 and 01 would give rise to
enantiomorphic acetate molecules (6a) and (6b)e The faster rate of
solvolysis of the exo brosylate (3) over that of the endo brosylate

(5) was considered to be due to neighbowring group participation by
the 1,6- carbon bond in the ionisation of (3)e The sp?.tial arrangement
of the leaving group and the 1,6~ carbon bond was considered to be fa-
vourable for such participation in (3), but not in the endo brosylate
(5)e Solvolysis of optically active (5) also yielded largely racemic
exo substitution produot.Bb It was proposed that the classical ion |
(7 was initially formed and that this then largely rearranged to the

nonclassical ion (4) before being captured by the external nucleophiles

OBs
(5)

OAc

Il
>
o

0OAc

(6q) (6b)

(5) — _— )

(7)
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The nonclassical norbornyl cation may be described as a resonance hybrid

of structures (4a) - (4o)e.

+ Tt
(4a) (4b) (4c)

In the acetolysis of (3) the rate of loss of optical activity was
found to be 3.5 times greater than the rate of formation of p-bromo-
benzenesulphonic acid. Tpis behaviour was attributed to the formation
of an intimate ion pair (8),8’9 which like the free bridged ion (4) is
symmetrical and therefore internally compensated. Aljternatively, an

internal return mechanism (8a— 8b) may be written.

0

O Ar 0S0,AF
g —
~N
(8) (8a) - (8h)
The polarimetric and titrimetric rates of solvolysis of endo-norbornyl

p-bromobenzenesulphonate (5) were identical.gb

The solvolysis of the norbornyl Erbromobenzenesulphonates labelled
equally in positions 2 and 3 with 014 was investigated by Roberts and
co-workers.1o The intermediate ion (4) would be expected to yield
acetate lsbelled equally in the 1,2,3 and 7 positions (9a)s The ob-
served label distribution pattern (9b) for the acetate from the acet-

olysis of (3) was explained in terms of a series of hydride shifts
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which are summarised in scheme 1,

25% 22
25
15 { 40
Ac OAc
25 g 23
(9a) (9b)

Scheme 1,

(b) Neighbouring carbon-carbon single bond participation in the iso-
bornyl and camphenehydro series. The isobornyl-—camphenehydro cation.

The concept of the bridged nonclassical norbornyl cation was ex-
tended by Winstein and co=-workers to the isobornyl and camphenehydro
seriese'| The rate of solvolysis of isobornyl chloride (10) was found
to be 2.5 x 105 times that of bornyl chloride (412) in 80% ethanol, and
ionisation of (10) was therefore postulated to proceed with participa-
tion of the 1,6~bond in the rate determining step; with the formation
of the bridged ion (11)s In bornyl chloride, the configuration of the
1,6=bond relative to the leaving group was considered to be unfavourable
for participation.

The bridged or mesomeric cation (11) had earlier been suggested
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to be the intermediate in the rearrangement of camphene hydrochloride
(13) to isobornyl ch.'l.or:'Ldeo12 The rate of this reaction was accelerated
by -Lewis acids and strongly dependent on the ionising power of the
solvent.1_3 The classical cation (1 5) could not be an intermediate in
the reaétion since it would have produced at least some bornyl chloride
(12) by attack by nucleophile from the less hindred endo side of (15),
whereas the product appeared to be exclusively the exo isomer. The
abnormally high rate of solvolys:i:s of camphene hydrochloride was taken
to signify participation by the 1,6-bond in the rate determining steps
by Ingold and co-workers.“" This participation by a P -substituent

was termed synartetic acceleration by these authorse

(12)

Cl
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A study of the kinetics and products of the solvolysis of camphene
hydrochloride, isobornyl chloride and bornyl chloride in aqueous and
alooholic solvents has recently been made by Bunton and co-worke::-sodI
They found that in alkaline or neutral solution only camphene (16) and
camphene hydrate or its ether (17, R=H or CH3) were formed, and that
the product composition was independent of the substrate, The amount
of elimination (i.e. amount of camphene) was found to inorease with
increasing concentration of lyate ion, increasing temperature, and on
the addition of 1,2~ dimethoxyethane. It was conocluded that a common
carbonium ion was the intermediate, and that its structure was olose
to that of the tertiary iom (14), although the nonclassical structure
(41) was probably a better representation. The carbonium ion appeared
to have a sufficiently long lifetime to discriminate between the abun-~
dant solvent molecules which preferentially added to the tertiary centre
to yield (17), and the lyate ions which preferentially abstracted a

proton to yield camphene.

?&( ,{C i? I CH O%
\\ ORI 3

(16) (17 (18)

In a preliminary communication, Hlickel and Heinze116 described
the preparation of the previously umknown methyloamphenilyl chloride
(19). They studied the solvolysis of (19) end of camphene hydro-
chloride and isobornyl chloride under oondi;bions similar to those of

Bunton and co-workers. The results of the two groups oonflict markedly
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in that Hlckel and Heinzel claimed that methylcamphenilyl methyl ether
(20) was formed in substantial quantities from camphene hydrochloride
and isobornyl chloride in 0.2M sodium methoxide in methanol (cf.

tables 1 and 2).

Cl 0oC H3
(19) (20)
Chloride Tempe Lther Hydrocarbon
(17 (20) (18) (nainly camphene)
(13) -10° 6 5 trace 40
(19) o° trace 10 trace 90
(10) 50° 1 2 trace 75

Table 1o Composition of the solvolysis products of some trimethyl-

norbornyl chlorides in 0.2M Na.OCH5 in GHZOH (Normalised peak area

percentages from gas chromatographic anaJ.yseso)16

Chloride | Temp. Ether Hydrocarbon
(17) (Camphene)
(43) 0° 80 20
25.3° 78 22
(10) 25° 75 25
1,5° 65 35

Table 2, Composition of the solvolysis products of some trimethyl-

norbornyl chlorides in 0.2M Na.OCH-3 in C

H30H (mole percenfages)o15
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The results of Hlickel and Heingel (Table 1) cannot be interpreted
in terms of the nonclassical ion (11), since the formation of the ether
(20) implies nucleophilic attack from %he side bearing the partially
bonded bridge. It is also difficult to invoke the classical tertiary
jon (14) as the intermediate, since nucleophilic attack should still

1

occur predominantly from the less hindered exo sides

(c) Neighbouring carbon-carbon double bond participation. Ring closure
to the bicyclo[2+2.1] heptyl system.

In 1960 LeNyﬂ7 observed that the acetolysis of the unsaturated

p-bromobenzenesulphonate (21) proceeded with participation of the double
bond to yield the bicyclic acetate (23) in high yield, presumably via
the bridgeiion (22). The sulphonate (24), which by analogy might be

expected to cyclise to (26) via (25), yielded however no ring closed

product,
ZOBs
‘Ii&h.l _— ; !:
A
(21) (22) I (2;;
CH,0Bs

A\
I
)

‘—lk—“—*

(24) (25) @e) OAc
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Wilcox and Chi'b'berJ|8 also found in a study of several 3=gyclohexenyl-
carbinyl derivatives related to (24) that participation by the double
bord and ring closure did not occure

In 1961 Lawton19 showed that the acetolysis of 2-(cyclopent=3-
enyl)ethyl p-nitrobenzenesulphonate (27, R= p-nitrobenzenesulphonyl)
proceeded 95 times faster than that of the corresponding saturated
analogue, vith the formation of exo-norbornyl acetate (6) as the sole
product. Less than 0.50 of the monocyclic acetate (27, R=Ac) was
formed. Independently Bartlett and Bankzo showed that the tosylate
(27, R = p-toluenesulphonyl) underwent enchimerically assisted ring
closure to the biocyclo [2.2.1] heptyl systems The bridged norbornyl
ocation (4) had thus been generated from two different types of sub-
stratess Winstein and Carter21 proposed the general term G -route
and Tr=route for the anchimerically assisted ionisations of substrates
in which the neighbouring group contributes o= or Tl-electrons re-
spectively. Other examples of o = and TV=<routes to the same bridged
cations are listed below.2)l

Solvolytic ring closures to the bicyclo[2.2.1) heptyl system via
the 1T-route has been extensively studied by Bartlett and co-workera.22
Anchimerically assisted ring closure was observed with the methyl
substituted derivatives (28) and (29) as well as the unsubstituted
2-(oyclopent=3-enyl)ethyl arenesulphonates (27, R = SozAr). The first
and second methyl substituents in (28) and (29) were found to have
" nearly identical accelerating effects in the rate of ionisation of

(28) and (29) relative to that of the unsubstituted (27, R = p-nitro-



124

5 — ONgBs
RO7
(27) : (4) (3)
I
OAc
(6)
X)
OTs
kY
ﬁ" ._E_) (__6.-__.. =
S OTs Q

/-&
BsO

)
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benzenesulphonyl). This strongly suggests that ionisation proceeds

via & symmetrical transition state to a symmetrical (i.e. bridged)

cation.
ZC::FE:%ZOAC
NsO
(28)
OAc
NsO
(29)

3. Nonclassical versus classical norbornyl cation.

The concept of the nonclassical norbornyl cation, and nonclassical
‘cations in general, has been questioned by H.C. Brown.23 He has pointed
out that in many cases where anchimeric assistance and nonclassical
structures have been postulated, the ground state is steriecally
strained, and that relief of steric strain may be responsible for the
accelerated reaction rate. A brief summary of the current nonclassical
versus classical carbonium ion controversy is given below, and the
di scussions is limited to the norbornyl and substituted norbornyl
systenm, ‘ .

The experimental evidence vhich led to the postulation of the

nonclassical norbornyl cation can be discussed under two headings.
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(a) High solvolysis rates of exo-norbornyl derivatives and high exo-

endo rate ratios.

This has been interpreted by Brown to mean that the exo derivative
solvolyses at a "normal" rate, while the endo derivative solvolyses
et an abnormally low rates>>’2*® M e leaving group X in the endo
‘compound (30) has to pass unusually close to the endo hydrogen atoms
at 65 and 06 in approaching the transition state for ionisation (31).
This sterio inhibition to ionisation was proposed to account for the low
solvolysis rates of endo- norbornyl derivatives and hence high exo-endo
rate ratioss Brown has also recently shown that the rate of ethanolysis
of camphene hydrochloride (13) is not abnormally high when compared with
those of suitable methyl substituted cyclopentyl der.iVativeso25 Thus
although camphene hydrochloride sdvolyses 43600 times faster than tert-
butyl chloride, it solvolyses only 2.5 times faster than (32). The

high solvolysis rate of (13) was therefore attributed to relief of

Cl 1
(13) (32)
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steric strain on ionisation, rather than 1,6-participation and non=
classicel carbonium ion formation. The solvolysis rates of other
norbornyl derivatives were also found not to be abnormally high when
compared with those of the corresponding cyclopentyl derivatives.zub
It has been argued by Brownzha that since the nonclassical nor-
bornyl cation distributes its positive charge equally over 61 and 02
of the norbornyl system, a substituent in the 41 and 2 position should
have an identical effeqt on the stability of the nonclassical ion and

very similar effects on the rate of solvolysis. This is clearly not

-verified by the rates of ethanolysis of 1=phenyl=-exo-norbornyl chloride

(34) and 2-phenyl-e.xo-norbornyl -chloride (35) relative to exo=norbornyl

chloride (33). The solvolyses of (34) and (35) thus do not appear to

proceed through transition states which closely resemble the nonclassicsl

ion (36).
L Cl Cl
Ph
(33) (34) (35) PN
Relative rates 4.00 369 39,000,000
at 25°

: Ph
(37)
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Nuclear magnetio resonance studies have indicated that the 1,2-
di-p-anisyl-2-norbornyl cation exists as an equilibrating pair of

] 6
classical ions in sulphuric acid solution (38a - 38b).2

) l
N s,
ocrb<‘i!i3*3 ‘I!D' Qiik&*3

Oc
(380) 5 (381
Although this conclusion cannot be generalised to other norbornyl

cations generated by solvolytic means, it has been proposed that the
stabilisation provided by the adjacent p-anisyl group is so great
that participation by the 1,6-bonding cloud is not required in the
ionisation to yield (_'58).27 This argument can also be used to ex-
plain the high solvolysis rate of 2-phenyl-exo-norbornyl chloride
(35) and implies that the 2-phenylnorbornyl cation is also essentially
classical, lsee (37).

Brown has shown that the exo-endo rate ratio for various tertiary
exo~ and endo-2-norbornyl p-nitrobenzoates is of a similar oxrder of
magnitude as the exo-endo rate ratio for the unsubstituted 2-norbornyl

2,4c, 28b

arenesulphonatess Since participation by the 4,6~bond should

be far less significant in these stabilised tertiary ions than in the
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secondary ions, he has concluded that a high exo-endo rate ratio is

not a justification for the proposed existence of the nonclassical

norbornyl cation,

The acetolysis of 6,6-dimethyl=-2~exo~norbornyl tosylate (39, R=CH3)

and of the corresponding endo tosylate (40, R:CHB) has been studiedo29

R R OTs '
(39) (40) ; (41)

0Ac

(42) - (43) (44)
If the nonclassical ion (43) were formed, the dimethyl group should

stabilise any positive charge localised at 06’ end hence increase the
contribution of structure (41) to the resonance hybrid (43)e. This
should be reflected in an increased rate of solvolysis of (39, R:CHS)
over (39, R=H), Barring some steric factor, the 6,6-dimethyl group
should have little effect on the rates in the endo series (40, R=CH,Vs.

40, R=H)s The relative rates listed in table 3 are clearly contrary

to these predictions.
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Compound Relative rate at 25°
(39, ReH) 1,00

(39, R:CHB) 0.05

(40, R=H) 280

(10, R--CH3) 1

Table 3, Relative acetolysis rates of norbornyl p-toluenesulphonatess

In the exo series the 6,6~dimethyl group produced a 20-fold rate de-
ocrease.s This was interpreted in terms of a transition state (42) whioch
is strained due to steric interactions of the 6-endo methyl group, end
the 2-endo hydrogen atome In the endo series (40, R:-.CH3 Vs. 40, R=H)

a rate decrease was also observed, and since there cannot be any parti-
cipation in the ionisetion of (40) this decrease was attributed to
sterio deceleration, In the ionisation of (40, R=C}15) the transition
state must be more crowled than the ground state. The sole product
from the acetolysis of both tosylates (39, R=CH3) and (40, R;-'.CH3) was
the exo acetate (44), and it was concluded that the nonclassical ion
(43) was the intemmediate, but that (41) made little or no contribution

to its structure.

(b) Exo substitution,

The formation of exclusively exo substituted products in the sol-
volysis of norbornyl derivatives is the second main basis for the
postulation of the nonclassical norbornyl cation. In the norbornyl

system, the exo side is the less hindered as Jjudged by the direction of
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addition of reagents to suitable model compounds.7 This led B:c-own23

to propose that the formation exo-norbornyl solvolysis products was
merely the result of addition of nucleophile from the less hindered
sides Tpis argument is not valid however for norbornyl derivatives
bearing substituents in the 7-position. Thus the formation of iso-
bornyl chloride (10) from camphene hydrochloride (13) and the formation
of exclusively exo substituted products from the apoisobornyl-exo-
camphenilyl ocation (l|.5)30 involves nucleophile addition from the more

hindered exo sidee

L

(45b)

Brovn has proposed the pair of equilibrating cations (469 and

23,28e

(46c) as an alternative to the bridged norbornyl cation. The

rapid movement of the ethylene bridge between C 4 and 62 wag said to
prevent accumulation of solvent on the endo side and thereby favour exo
substitution, This proposal has in turn been questioned by Winstein,51
who claims that the rate of such equilibration would have to be greater
than };_T. in absolute rate theory to explain the almost 100% racemio

character of the exo- norbornyl acetate obtained from exo-norbormyl

p-bromobenzenesulphonate.
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4
(460) (46b) (46¢)

It can be seen that Brown's equilibrating classical cation scheme
(46a==1U6c) must involve a transition state (46b) in which C¢ is par-
tially bonded to 01 and 02032 The energy profile for this scheme is ’
shown in figure 1. The transition state (46b) is an energy maximum,

although the activation energy for the equilibration is assumed to be

very lows.

Reaction co-ordinate,
Figure 1o Inergy profile for equilibrating classical norbormyl cations.

Winstein's mechanism involves participation as the group X is
leaving (47), and the symmetrical bridged ion (49) is an entity of

minimum energy along the reaction co-ordinate (figure 2).
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(47)

(48)

Reaction co-ordinate,

Figure 2. Energy profile for the formation of the bridged norbornyl
catione

It is clearly difficult to differentiate experimentally between

35 found

the two mechanisms. In such an attempt, Corey and co-workers
that the solvolysis of the optically active exo=norbornyl m~oarboxy=
benzenesulphonate (50) yielded inactive ester (52). Since little
movement by the aromatic ring is required in the formation of (52),

it was concluded that the intermediate was either a bridged symmetrioal
oation or a pair of interconverting classical cations in which the

interconversion rate was so rapid that for chemical purposes the ion

could be taken as symmetrical. Similar results were obtained in the
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the acetolysis of optically active (55).31" The spectrophotometric and
polarimetric rates of acetolysis of (53) were found to be equal and

the ester (55) igolated as a product from the reaction was found to be
completely racemice The anion in (54) requires even less reorientation
for internal ion return to sulphur than the anion in (51) and provides

further evidence for a symmetrical cation structure.

(50)

oﬁ@c%

(53) (54) (55)

Molecular orbital calculations using en extended Hlickel theoxy
have been made for the norbornyl cation derived by closure of the open
chain ion (56) .35 The geometry of the most stable form is shown in
(57)e Any variation from the symmetrical (_:z._._qe nonclassical) structure
led to an increase in the energy of the sgystem. From this the argument
of Brown that the bridged structure is a transition state (.i._e._ energy
maximum) between two equilibrating cléssical cations appears to be ruled

out, It must be noted however, that these calculations are for the
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gas phase and therefore negleot solvation effects.

3 a=11075"
2 4 5 b=—9944°
6 o
1 + c=40
7 d=1038°
(56)

II. Some nonsolvolytic routes to carbonium ions.

1e Deamination of the norbornylamines and bornylamines.

The nitrous acid deamination of an aliphatic amine, which involves
departure of molecular nitrogen from the diazonium ion RN2+ is formally
similar to the solvolysis of a halide or sulphonate, which involves
departure of the halide or sulphonate ion x'. The two processes differ
in that ih deamination the leaving group Né is uncharged and therefore
charge=charge interactions in the transitioh state for its departure
are small, and molecular nitrogen is a very stable entity and the driving
force for its formation is high.

In a discussion of the structure of the norbornyl cation, it is
informative to consider the products of the deamination of exo-
norbornylamine (58) and endo-norbornylemine (59)e In glacial acetic
acid the product from optically active (58) and (59) was meinly exo=
norbornyl acetate.36’37 The composition of the acetate fractions and
the calculated optical purities of the components are shown in table 4.
Tt can be seen that there was some retention of optical activity in

the deamination product, particularly in the case of the endo~acetate,
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This was in contrgst to the acetolysis of exo-norbornyl p-bromobenzene-

sulphonate in which the sole product was completely racemic exo-acetate.

NH2
(58) (59) NH2
From exo amine From endo amine
Yield Optical Yield Optical
purity % purity %
endo acetate 2 100 L7 85% 12
exo acetate 98 11 =2 9543 18% 0.6

Table L+ Norbornyl acetates from the deemination of exo - and endo-
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norbornylamine,

The deamination is believed to involve a "hot" carbonium ion, which
is formed by departure of N2 from the diazonium ion without 1,6-~bond
participation.36 This ion requires less activation energy for reaction
" with an external nucleophile than the normal ion generated solvolytically,
and thus reacts partly to give optically active exo and endo substitu-
tion product before rearranging to a symmetrical structure.

The nitrous acid deamination of bornylamine (60) in aqueous
solution is interesting in that ol=terpineol (62) was formed as well

as the expected carbonium ion products cemphene (16) and camphene



25.

hydrate (17, R:Hj,ss Since o{~terpineol was not formed in the solvoly=-
sis of bornmyl chloride15 it was presums;bly formed directly from the
diazonium ion (61) or from the highly reactive carbonium ion derived
from (61)e The deamination of iscbornylamine (63)38’39 and the

tertiary emine (6h)ho yielded only camphene and camphene hydrate.

OH
% P — (16) + (17,R=H) +
; +
NH Ny

2
(60) (61) ' (62)

NH2 NH2
(63) (64)

2, Oxidative decarboxylation of the norbornyl carboxylic acidse

Corey end Casanovaﬁj found that both exo- and endo-norbornane-=2-
carboxylic acids, (65) and (66), underwent conversion to predominantly
exo-norbornyl acetate upon trestment with lead tetraacetate and pyridine
in o suitable solvent. The acetate from the exo acid was essentially
the pure exo isomer, while that from the endo a0id contained ca.3% endo
acetate. The exo acetate from both (65) and (66) was found to be
formed with 43% net retention of optical activity with benzene as the

solvent, and with 33% net retention of optiosl activity with the more
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polar acetonitrile as the solvent,

CO,H
(65) (66) COpH

Although a decision between an initial heterolytic oxr homolytio
decarboxylation step could not be mede, it was concluded that the
acetate was derived from a carbonium ion intermediate. Because of
the obsefved partial retention of optical activity, the initially
formed ion must be largely unsymaetrical (i.e. classical) in structure.
The retention of optical activity was greater than that observed for
the exo acetate from deamination. This was presumably due to the cation
from decarboxylation being paired with an anion in a solvent which is
less polar then acetic acid, the medium for deamination. Consequently
one would expeot a shorter lifetime, and hence less rearrangement, for

the ion from decarboxylation.

2. Miscellanecouse.

In the work outlined so far, carbonium ions have been transient
intermediates, postulated to explain the results of kinetic and product
studies. In recent years it has been possible to obsexrve certain
carbonium ions directly by nuclear magnetic resonance spec;troscopy.l'~2

The 2-norbornyl cation has been generated as the SbF6 ~ salt by

dissolving 2-exo-norbornyl chloride or fluoride in SbF5 or SbFS:-liquid
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302.)"'3 The observed n.mers spectrum wes temperature variable, and was

interpreted in terms of the rearrangements outlined belowe

b2~

-

+
<~

=
s ;b (b

o,

J
\\w
The low temperature spectrum was consistent with the assumption that
(a) end (b) were proceeding rapidly, and (¢) slowly. At higher tempera-
tures, all rearrangements were agsumed to ooccur rapidly to render all
the protons in the ion equivalent.

Caution must be exercised before applying the conclusions reached

from such direct observations to carbonium ions postulated as inter-
mediastes in solvolytic and related reactionse Thus the statement by

42

Denot< that direct observation of the norbornyl cation "should render

30
obsolete the past voluminous work" has been criticised by W‘ins‘bein3 B
since the solvation and reaction possibilities in the typical solvolysing

solvents are guite different to those in the nonsolvolysing solventse
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I, SOLVOLYTIC ROUTES TO THE TISOBORNY I~CAMPHENEHY DRO CATION,

1¢ The TT-route to the isobornyl-camphenechydro catione

(a) General,

Ring closure to the isobornyl-camphenehydro cation is in principle
possible if double bond participation occurs in the ionisation of a
suitable derivative of oL=-campholenol, ﬁB-(2,2,3-trimethylcyclopent-3-
enyl) ethanol (68, X=OH). Scheme 2 summarises the ways in which ring
closure is theoretically possible. If the double participates directly
in the ionisation step, the classical ions (67) and (69) can arise,
but the formation of the latter would be expeoted to be favoured because
it is tertiary. Alternatively, ionisation to the bridged ion (70)
could occur directly. A third possibility is that unassisted ionisation
to the monocyclic cation (71) can occur, and that subsequent participa-
tion by the double bond can then lead to ring closure via ions (67),
(69) or (70). To test this hypothesis, the solvolyses of a number of

derivatives of ol =campholenol were studiede.

(67 (68) X (69)

Z 7~
’+\..:r

(70) (71)

Scheme 2o {
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(b) Preparation of c<~campholenyl derivatives.

(+)= o =Campholenic acid (73) was prepared by the &lkdline fusion
of (+)=-camphor-10-sulphonic acid (72),MF and by the hydrolysis of A=
cempholenonitrile (76) which was obtained by heating (+)-camphor oxime

(75) with dilute sulphuric acid*’

CH2503H

0
- éﬂow éﬂx
—_—

(72) (73) (74)

(79 (76) (77

Because of the known tendency of X =cempholenyl derivatives to re-
arrange to 5-campholenyl derivatives (77) in the presence of strong
ua.'cjﬁ,LI'G fhe purity of the ol —campholenic acid obtained from camphor
oxime was regarded as doubtful. Vapour phase chromatography of the
methyl ester of the acid prepared in this way showed the presence of
o0% of the methyl ester of ﬁ—campholenic acida (77, szCOZCHB), while
the methyl ester of oA =campholenic acid obtained from camphor=10-

sulphonic acid was homogeneous. The nitrile (76) was also shown by

VePeCo to contain an impurity (20%), which presumably was ?-oampholef
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nonitrile (77, X=CN),

It was thought of interest to examine the dehydration of camphor
oxime under nonacidic conditions, which should prevent the formation
of the B —nitrile (77, X=CN). When camphor oxime was treated with
one equivalent of p-toluenesulphonyl chloride in pyridine at Oo, the
product (77%) was shown by VeDeCe to consist of the desired oX-nitrile
(76, 55%) end a second component (45%), while the @-nitrile was not
present, Tpe second component appeared to be the nitrile (74, %=CN),
gince the infrared and nuclear magnetlc resonance spectra of the mix=
ture (see Experimental) revealed the present of a =C=CH, group as
well as the —C=CH- system of X =campholenonitrile. The formation of
this nitrile mixture is probably the result of kinetic control, rather
than thermodynamic control, which operates under acidic conditions to
give only the isomer (76) with the endocylic double bond. It may be
noted that the reaction of lead tetraacetate with isoborneol yielded
oX. =campholenaldehyde (68CHY=CHO) and the jsomeric aldehyde (6L, X=CHO)
with the endocylic dguble 'bond..)"'7 The formation of oK -campholenic acid
(73) from camphor-10-sulphonic acid also apparently involves the initial
formation of the acid with the exocyclic double bond (78), which then

4ha

rearranges under the reaction conditions (Sbheme 3)e

SO
,\ OH |
COZH (7
(79)

Scheme Je
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Because A =campholenic acid prepared from the nitrile was not
homogeneous, only the acid obtained from camphor-10-sulphonic acid was
used in the present study. Reduction of methyl oX=campholenate with
Lithium eluminium hydride gave (+)= oX=campholenol (79, R=H), which
was converted to the crystalline p-nitrobenzenesulphonate (79, R=p-
nitrobenzenesulphonyl). Hydrogenation of 'ok-campholenol gave the
saturated aloohol (80, ReH) from which was obtained the. corresponding

p-nitrobenzenesulphonate (80, R=2—nitrobenzenesulphonyl).

(73) _—
OR cl
(30) (81)

o< ~Campholenyl chloride (81) could be prepared only in low yield from

o -campholenol by the conventional thionyl chloride-pyridine method
since extensive tar formation occurred during the reaction. The chloride
(81) was conveniently prepared by treating ¢ ~pampholenyl p-nitroben-
zenesulphonate with an excess of pyridine hydrochloride in dimethyl-

i‘orma.mide.l"8 An attempt was also made to prepa.fe the chloride by a
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one step reaction by treating a solution of ol-campholenol and pyridine
in dimethylformamide with one equivalent of. p-toluenesulphonyl chloride.
The chloride (31) was formed in low yield, but the mein product in this
reaction was o{—campholenyl formate (79, R=CHO), which was presumably
formed by a displacement reaction in which dimethylformamide competed
as a nucleophile with chloride ion (Scheme 4, R= ot =campholenyl). The
formation of formates from alkyl halides and sulphonates in dimethyl-

formamide has been observed previously.

+
ROTs + (CHﬁzNCHO . ROCH:$HCH?2 + Ts07

ROCH
Scheme &: 0

(¢) sSolvolytic studies.

The products of the solvolysis of (+)= c{-campholenyl p-nitrobenzene~
sulphonate in acetic acid containing an excess of sodium acetate are
listed in table 5. The products were identified by comparing their
vapour phase chromatographic retention times with those of authentio
samples and by a comparison of infrared spectra where the components
were formed in amounts sufficient to be igsolated by column chromatographye.
It can be seen that most of the product is ring closed material derived
from the isobornyl-camphenehydro cation (70) or its classical counter-

parts (67) and (69). The camphene obtained in this reaction had



33

[o<]D-98 it [o¢] 11 765%)e

Tricyclene 2%
Camphene 13
Isoboxrnyl acetate 14

-Campholenyl acetate 8

Unknown 3

Table 5. Products from the acetolysis of o{ ~campholenyl p-nitrobenzene-

sulphonate in the presence of an excess of sodium acetate (1000, 5 hr)e

The major product of the solvolysis of o{-campholenyl p-nitro-
‘benzenesulphonate in agueous acetone containing caleium carbonate was
camphene hydrate. Less than 10% of the total product consisted of a
mixture of isoborneol, c{=campholenol, and an unknown component (Table
6)s This component was isolated in small emount as a cae 131 mixture
with ™¢-campholenol, and the infrared spectrum of this mixture was
jdentical with o{~campholenol except for a band at 830 g (C=CH2)o
The other component has therefore been tentatively assigned structure
(Th, X:CH20H)o The mode of formation of this compound is not clear. It
is possible that the ©{-campholenol used to prepare the p-nitrobenzene-
sulphonate contained s small amount of the isomeric alcohol (7h, X:CHZOH)
which could not be detected by V.p.Ce because of "tailing" by the peak
due to OX~-campholenol, but it is flelt that such impurity could not have
amounted to more than 4=5% and should have been removed upon reorystalli-

sation of the sulphonate. A second possibility is that both the CX=
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campholenol end the isomeric alcohol (7hs x:cHZOH) arose from the

solvolysis of an intermediste formed by internal return (see pe37 ).

Isoborneol

Unknova

Camphene hydrate

o =Campholenol

Table 6, Products from the solvolysis of cA~campholenyl p-nitrobenzene-

sulphonate in aqueous acetone containing an excess of calcium carbonate.

The rate of acetolysis of o{—campholenyl Brnitrobenzenesulphonate

was determined at several temperatures, and the results are summarised

in Table 7.
5 =
T Conce, M NaOAc sM kqxio , BEC
30,0 0,0246 0.04.73 1.61
40.7 0,0288 0.0L73 " 5e9
40,7 0.0199 0,073 6.02
407 0,0210 none 5.89
L9.6 0,0238 0.0473 13.5
60,0 0.0265 0.0473 L0.8
100,0 1260 (extrapolated).
Table 7. Acetolysis rates of A~campholenyl Ernitrobenzenesulphonateo

Solutions which were 0,0473M in sodium acetate were also 0.O4L73M in

water.
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Good first order kinetics were observed for ca. 854 of the reaction,
but deviations were observed in those cases where the reaction was
followed beyond this point. A comparison of the acetolysis rates
listed in Table 7 with those of the saturated compound (80, R=p-nitro-
benzenesulphonyl) (Table 8) reveals that the double bond provided a

considerable amount of anchimeric assistance in the iohisation of the

k unsaturated
T aaturated  ° 2%

while at 100° the ratio is 153. The ionisetion of o{~campholenyl p-

unsaturated sulphonates Thus at 60° the ratio

nitrobenzenesulphonate therefore mroceeded by a cancerted proceas which
led to the bridged isobornyl-camphenehydro cation (70) or its classical
counterparts (67) and (69), and the monoccyclic cation (71) need not be
congldered on the basis of the kinetic evidence. The oL =campholenyl
acetate (79, R.-COCH}) formed in the acetolysis of the sulphonate thus
was hot derived from a reaction which involved the primary carbonium
ion (71), or vhich involved SNZ displacement of the p-nitrobenzene-

sulphonate anion by acetate ion in oX~campholenyl p-nitrobenzene-

sulphonates,
5 -1
il Conce,M NaOic ,M k1x10 »S€0
100 0.,0231 0.0482 8.25

Table 8., Acetolysis rates of dihydro= c{-—csmpholenyl p-nitrobenzene-
sulphonate. Solutions were O.0446 and 0.0482M in water as well as

sodium acetateo,



36.

It is therefore tentatively proposed that the o{ -campholenyl acetate
may have been derived by the reaction outlined (Scheme 5) competing

with the intramolecular nucleophilic displacement of the p-nitrobenzene-
sulphonate anion by the double bond. In (82) the electron shifts are
intended to show intervention by acetic acid from the solvent shell in

an internal return mechanism to yield the tertiary sulphonate (83),

or its equivalent ion pair, which could then give rige to the unsaturated

acetate. Analogous intemal return mechanisms involving ring closure

(g3  OAc OAc
Scheme :2"

are shown in Scheme 6. Of these possible mechanisms, internal return
to bornyl p~nitrobenzenesulphonate (85) is less likely since the
trensition state would require polarisation of the double bond in the
direction opposite to that favoured by the methyl group at c1o It may
be noted that the formation of (86) and (87) by an intramolecular

nitrone - olefin addition51

ig similar to the rearrangements postulated
in Scheme 6.

Barlett and his co-workers-- concluded that internal return
@id not occur in the acetolysis of :2-(cyclopent-3-enyl)ethyl p-nitro-=
benzenesulphonate, and there is no definite evidence that the internal

return mechanisms outlined in Sghemes § and 6 operated in the solvolysis

of oX{=campholenyl Bfnitrobenzenesulphonate in the present work. It
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(84)
Q‘\\
A’; 0 (85)
Scheme 6.
RNH OH
CHO
N—'
36) ( 87)

may be noted however that the apparent formetion of the alcohol (7k,
X:CH20H) together with ©X =campholenol from o<-camf>holenyl p-nitro-
benzenesulphonate in aqueous acetone could be explained in terms of
the intermediate (83, AcsH)e Further work is Pequired to settle this
point. Thus a comparison of polarimetric and titrimetric solvolysis
rates would be useful,

The acetolysis rate of ©OX =campholenyl B-nitrobenzenesulphonate

was 3.7 times that reported for the unsubstituted 2~(cyclopent=3~
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enyl)ethyl ErnitrobenzenesUlphonate19 (27, R=p-nitrobenzenesulphonyl)
at 600. This incresse undoubtedly was due to the electron donating
methyl group at C1 of oA -campholenyl p-nitrobenzenesulphonate, wihich
stebilised the positive charge in the transition state leading to the
bridged isobornyl-camphenehydro cation (70)s The bridged ion is a
better representation of the intermediate than the classical ions (67)
and (69) since no endo substitution was observed in the solvolysis of
o{ ~campholenyl p-nitrobenzenesulphonate. Furthermore Bartlett ani
co-workers have concluded that the ionisation of ‘2-(cyclopent-3-enyl)
ethyl sulphonates proceeds by a symmetrical transition state to a
symmetrical ion since the first and second methyl substituents in
the sulphonates (28) and (29) have nearly identical accelerating
effects (see pe13 o

It is significant to note that the acetolysis product of ol —camphol-
enyl chlordide (84) did not contain oX =campholenyl acetate (Table 9).
Although kinetic evidence for participation by the double bond was not
obtained, the exclusive formation of cyclised material in the acetolysis
indicated that participation had occurred. The possibility that A=
campholenyl acetate was initially formed and that it then cyclised,
.2 via (88), was eliminated since the unsaturated acetate was found
to be stable under the reaction conditions. The absence of the acetate
from the acetolysis product of the chloride may mean that an intemal
return mechemism such as that postulated for the solvolysis of X =
campholenyl p-nitrobenzenesulphonate does not- operate when chloride

ion is the leaving group.



39.

H
< e,
(88) *
Tricyclene 1%
Camphene 29
Isobornyl Acetate 65
Unlmown 2

Table 9o Products from the acetolysis (1000, 145 hr) of oA =campholenyl

chloride in the presence of sodium acetates

The high proportion of isobornyl acetate in the acetolysis
product of A —campholenyl chloride was due to a secondary reactione
Camphene was found to be slowly converted to isobornyl acetate when

heated in acetic acid conmtaining sodium acetate (Table 10).

——

Time (hr) Pricyclene ({5) |Camphene (%) |Isobs Acetate (59 | Undmown (55)
6 3 88 7 2
10 L 81 12 3
25 5 65 27 3
50 6 53 39 2
98 7 38 53 2

Table 10, Products from the reaction of camphene with acetic acid and

sodium acetate at 100°°
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Acetic acid appears to be a sufficiently strong acid to protonate
camphene and the resulting carbonium ion can then be irreversibly
removed as isobornyl acetate by reaction with acetate ion. The isobornyl
scetate formed in this manner was found to be free from the epimeric
bornyl acetate. The exclusive formation of exo substituted product iﬂ
this reaction provides strong evidence that the bridged ion (70) is the
intermediate. If the classical 2-bornyl oation (15) were the intermediate
in the rearrangement, bornyl acetate would be expected to be the major
product, since its formation would involve nucleophilic attack from
the less hindered endo sidee

This reaction is similar to the Bertram=Walbaum reaction52 in
which camphene is treated with a catalytic quantity of strong acid in
o suitable solvent and an isobornyl derivative is the product. The
-homogeneity of the isobornyl derivatives produced in this way has never
been clearly demonstrated, largely due to the lack of an analytical
technique vwhich permitted the deteotion of relatively small amounts of
bornyl derivatives in the presence of the isobornyl derivatives. The
development of vapour phase chromatography has overcome this problem
in recent years, and there is good reason to suspect that isobornyl
derivatives are not exclusively formed in the Bertram=Walbaum reaction.
For example, L‘rma.nhs3 found that treatment of camphene with boron
trifluoride etherate in acetic acid gave a mixture containing isobornyl
soctate (52.5%) together with bornyl acetate (15.47%) and other uni-
dentified acetates. It is possible that isobornyl acetate was the
kinetically controlled product in this reaction and that it then

rearranged to bornyl acetate in the presence of the strong acide The
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formation of isobormyl acetate from camphene in acetic acid in the
present work involved no such rearrangement of the initial product.

The acetolysis of (+)=cX =campholenyl p-nitrobenzenesulphonate
gave camphene of high optical purity (pe33)e The camphene isolated
from the acetolysis of Ol-campholenyl chloride hed an optical purity
of only ca. 4, while the isobornyl acetate formed in this reaction
was Coe 27% optically pure. Extensive racemisation had thus occurred.
Camphene is known to be racemised in the presence of acids by a series
of carbonium ion reactions involving hydride ion and methyl group
shifts.54 The racemising reaction involving a 1,2-methyl group shift
is shown in Scgheme 7, and racemisation clearly competed with rearrange-
ment to isobornyl acetate during the acetolysis of cA-campholenyl
chloride. The degree of racemisation of camphene was greater than that
of the isobornyl acetate because the latter compound was continually
being formed irreversibly, and was therefore to a greater degree derived

from optically active intemmediate carbonium ion (70)e

OAc

Scheme Z°
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The solvolysis of ©X —campholenyl Ernitrobenzenesulphonate in
acetic acid without added sodium acetate was accompanied by a considerable
amount of tar formation, which was apparently caused by the p-nitro-
benzenesulphonic acid liberated during the reactions The composition
of the product as determined by capillary vapour phase chromatography
is shown in Table 11. The main product was isobornyl acetate and of
the minor components only o< -campholenyl acetate could be identified
by a comparison of retention times. The predominant formation of iso=
bornyl acetate was the result of the rearrangement of camphene catalysed
by the strong p-nitrobenzenesulphonic acid. The isoborneol obtained

from this acetate was found to be optically inactive.

Compound Retention time %
1 8 min, 20 seoc. 4

2 8 L5
Isobornyl acetate 9 8 70
3 9 40 5
cA=GCampholenyl acetate 10 25 4
5 10 L7 1

Table 11. Products of the solvolysis of (+)= o{=campholenyl p=

nitrobenzenesulbhonate in glacial acetic acid (1000, 5 hr).

The acetolysis of oA~campholenyl trifluoroacetate (79, R:nCOCFB)
yielded only CA-campholenyl acetate, presumably by an acyl oxygen

fission process (see later),



L3

260 The 6~ route to the isobornyl-camphenehydro cation.

It is clear from the work outlined in the introduction that the
main evidence for the postulation of the nonclassical norbornyl cation
is the high solvolysis rate of gggrnorbornyl derivatives, high exo:
endo rate ratios, and the formation of exo substituted productse
Although the kinetic evidence for the formation of the isobornyl-
camphenehydro cation (70) with neighbouring carbon participation was
considered to be strong,11’1h the recent work of H.Co Brown and co=
wbrker523-25’28 suggess that much of the driving force may be steric
rather than electronic in origin. Little work has been reported on
the examination of the products derived from the ion (70), and accor-
dingly the solvolyses of a number of trimethylbicyclo[2°2.{]heptyl deriva="/
tives which should in principle proceed yia the cation (70) were studied
in the present work.

It was hoped to compare the solvolysis products of isobornyl and
bornyl p-nitrobenzenesulphonates with those of o{-campholenyl p-
nitrobenzenesulphonate. All attempts to prepare sulphonic acid esters
of isoborneol, however, were unsuccessful. When isoborneol was treated
with p-toluenesulphonyl, anitrobenzenesulphonyl, or methanesulphonyl
chloride in pyridine, only camphene and unchanged isoborneol could be
isolated. Esterification was very slow, apparently due to the hindered
nature of the hydroxyl group of isoborneol, and once formed, the
sulphonates underwent rapid elimination to yield camphene.

Tt was found to be possible to utilise this reaction for the

preperation of camphene of very high optical purity. When (=)=-isoborneol
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(prepared by the lithium aluminium hydride reduction of (+)=camphor,
and containing 10% of (+)=borneol) was treated with p-toluenesulphonyl
chloride in pyridine at 1000, camphene showing Ex]D +415 was obtained
in 60=70% yield, This rotation appears to be the second to highest
50

recorded for camphene. Bain and co-workers obtained camphene showing
[C*JD ~117.5 by a synthetic sequence starting with optically pure

B -pinene, Assuming that this camphene was optically pure, that ob-
tained in the present work had an optical purity of 98, Thus the |
dehydration of isoborneol with p-toluenesulphonyl chloride in pyridine
provides a convenient method of preparing camphene which has an optical
purity higher than that prepared by the pyrolysis of isobornylphenyl=-
urethane,54 a procedure previously considered to give optically pure
camphene ( [CXJD + 107).

The preparation of isobornyl p-toluenesulphonate has been reported
by Hﬂckel.55 The remarkable lack of reactivity reported for this com=-
pound (it was recovered unchanged after being refluxed in methanol for
3 hours) makes it extremely doubtful that it was the isobornyl derivative.
From the data of Bunton and co-workers15 it is possible to calculate
that the half life for the methanolysis of iscbornyl chloride at 60°
is approximately 25 minutes, and since the solvolysis rates of sulphonates
are greater than those of the corresponding chlorides, the reactivity
observed by Hiickel is not in accord with that expected for isobornyl
p-toluenesulphonates The compound reported by Hickel was presumably

bornyl Brtoluenesulphonate; formed from borneol present as an impurity

in the isobormeol.
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The preparation of sulphonic acid esters of borneol was accomplished
without difficulty., The composition of the product of the acetolysis
of (+)=bornyl p-nitrobenzenesulphonate is given in Table 12. Bornyl
acetate was shown to be. absent from the product by capillary vapour
phase chromatography. These products can thus be considered to be
derived from the bridged ion (70). Initial ionisation presumably
produces the classical ion (67), since the rate of acetolysis of bornyl
p-toluenesulphonate is only 1.k times that of cyclohexyl p-toluene-
sulphona‘te11 and anchimeric assistance by the 1,6~bond is therefore
not involved. The secondary ion (67) must rearrange rapidly to the
bridged ion (70) since attack of acetate ion or acetic acid should
occur predominantly from the less hindered endo side of (67) and should
yield mainly bornyl acetate. The exclusive formation of exo secondary
bsubstitution product in the acetolysis of bornyl p-nitrobenzenesulphonate
is therefore stronger evidence for a bridged cation intermediate than
islthe formation of exo-norbornyl acetate in the acetolysis of endo~
norbornyl Erbromobenzenesulphonate,8 since the latter example involves

addition of nucleophile from the less hindered exo side of the norbornyl

systems
Tricyclene 5%
Camphene 64
Isobornyl acetate 25
Unknown 6

Table 12, Product of the acetolysis of bornyl p-nitrobenzenesulphonate

in the presence of sodium acetate (1000, 13 hr)e
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-
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+
(g5) ONs (67) (70)

Cope and co-workers56 studied the solvolyses of trifluoroacetates
of alcohols where the corresponding sulphonates were too reactive to be
prepared. In the present work it was found that isobornyl trifluoro-
acetate could Le readily prepared, and the composition of the product
of its acetolysis is given in Table 13. With the exception of the
unreacted bornyl trifluorocacetate, the products were again those derived
from the bridged ion (70). The camphene obtained from this reaction

showed [y + 103.

Tricyclene L%
Camphene , 76
Bornyl trifluoroacetate 5
Isobornyl acetate 12
Unknown 3

Table 13, Products from the acetolysis (1000, 5 hr) of (=)-isobornyl
trifluoroacetate (containing 4% of bornyl trifluorcacetate) in the

presence of sodium acetate.

The acetolysis of bornyl trifluoroacetate was interesting in that

it did not proceed through a carbonium ion intermediate. The reaction
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was qualitatively slower than the acetolysis of isobormyl trifluoro-
soetate, and analysis of the reaction mixture at various intervals
indicated that initially considerable quantities of borneol were present

in the product (Table 14).

Time (hr) | Bornyl trifluoro- Borneol (%3) | Bormyl
acetate (53) acetate (50)
6 LA 34 28
12 2 19 57
18 9 13 78
26 3 4 93

Table 14.  Product of the acetolysis of (+)=bornyl trifluoroacetate

in the presence of sodium acetate (100%).

With increasing reaction time, the amount of trifluoroacetate and
borneol decreased, and the amount of bornyl acetate increased. The
final product was shown to be free from isobornyl acetate since on
reduction it gave borneol having an optical rotation identical within
experimental error with that of the borneol used to prepare the
trifluoroacetate. Bornyl trifluorocacetate, unlike igobornyl trifluoro-
acetate, thus solvolysed by an acyl oxygen fission mechanism (Scheme 8).
Bender57 has shown that esters of trifluoroacetic acid have a strong
tendency to form adducts such as (89). Thus adducts of ethyl trifluoro-
acetate and alkoxide ions (90) were found to be stable in inert solvents,
and on the addition of acetic acid they yielded the alcohol ROH.

Kinetic studies have indicated that unactivated trifluoroacetates
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solvolyse by an acyl oxygen fission process58 but that sufficiently
reactive tertiary and secondary trifluoroacetates solvolyse by an alkyl

59

oxygen fission mechanisms

- I CH4CO,H
ROCOCF; + CHCO) —— RO-C—CR3 SH3E02" 5 RoH
OCOCH,q
(89)

Scheme 8, R=bornyl,

0

CF3-C—0C,Hs
OR
(90)

Since the acetolysis of bormyl trifluoroacetate was found
qualitatively to be slower than that of isobornyl trifluoroacetate,
the former reaction must require a higher activation energy. The
activation energy for the hydrolysis of isobofnyl acetate is higher
than that for the hydrolysis of bornyl acetate, and both esters

60,61 g 4 iscbornyl

hydrolyse by an acyl oxygen fission processe
trifluarcacetate were to solvolyse by an acyl oxygen fission mechanism,
this reaction would be expected to be slower than that of bornyl

trifluorocacetate. The observed rapid alkyl oxygen fission solvolysis
of isobornyl trifluoroacetate may be atbributed either to anchimerio

assistance by the 4,6=carbon bond, or to relief of steric strain on
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The products of the acetolyses of methylcamphenilyl trifluoro-

acetate (91, R:}COCFj) and of the trifluorocacetate of cemphene hydrate

(92, R=: cocrj) (Table 15) are in agreement with those expected from

the bridged ion (70), since bornyl acetate was found to be absent,

OR
(91) (92)

Methylcamphenilyl | Trifluoroacetate of

trifluoroacetate., | camphene hydrate.
Tricyclene 5% L%
Camphene 79 82
Isobornyl acetate 13, 12
Unknown 2 2

Table 15 Products of the acetolysis of the tertiary trifluoroscetates

(91) end (92) in the presence of sodium acetate (1000, 5 hr)e

The tertiary acetates (91, R:L'ICOCHB) and (92, R=! COCHj) were prepared

in good yield by the acetyl chioride - dimethylaniline procedure of

Nevitt and Hammond-62

Methylcamphenilyl acetate was found to be stable

o
in acetic acid containing sodium acetate at 100 , and it could not be

detected in the acetolysis product of the trifluorcacetates. Addition

of nucleophile from the cndo side to the tertiary centre of the
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intermediate carbonium ion thus did not occur in these solvolyses.
The acetate of camphene hydrate yielded camphene under the conditions
of the acetolyses, and it is therefore not possible to say whether or
not the tertiary exo acetate is an initial product of the reaction.
Solvolysis of isobornyl chloride, bornyl chloride and camphene hydro-
chloride in methanol and aqueous methanol yielded predominantly the
tertiary substitution products (92)R=H or GHB)Jl5 because of the highly
nucleophilic character of these solvents. In the less nucleophilic
acetic acid, proton abstraction to yield camphene would be expected to
occur preferentially.

The report by HUckel and Heinzel16 that methylcamphenilyl methyl
ether (91, R=CH3) is formed in substantiel quantities in the methanoly-
sis of camphene hydrochloride and of isobornyl and methylcamphenilyl
chlorides (p. 8) prompted an examination of the solvolysis products of
isobornyl chloride and methylcamphenilyl trifluoroacetate in aqueous
acetone, a solvent in which products derived by nucleophilic addition
to the tertiory centx;e of the intermediate cation would be expected.
The_ composition of these products is shown in Table 16s Upfortunately,
vapour chromatographic separations of methylcamphenilol and camphene
hydrate could not be aghieved. The absence of bands characterigtic of
methylcamphenilol from the infrared spectra of the solvolysis produocts
indicated however that the alcohol was camphene hydrate, elthough less
than 10% of methylcamphenilol could not have been detected in this way.
The reaction products were therefore acetylated with acetyl chloride -
dimethyleniline and then analysed by ceplllary vapour phase chromatog-

raphy. Under the conditions of the enalysis, the acetate of camphene’
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hydrate underwent pyrolytic decomposition while methyloamphenilyl
acetate was stable. No peak due to methylcamphenilyl acetate was
observed in the chromstogram of either solvolysis product under con=
ditions where 1-2Z% could have been detected, and endo substitution

therefore did not occur in these reactions.

Camphene Camphene hydrate Isoborneol
Isobornyl chloride 3%5 €74 1%
Met hylcamphenilyl 28 72 <1
trifluoroacetate :

Table 16. Products of the solvolyses of isobornyl chloride and
methylcamphenilyl trifluoroacetate in aqueous acetone containing an

excess of calcium carbonate.

Of special interest is the fact that the isobornyl-camphenehydro
cations generated by the ¢ = and TV-routes of gsolvolysis are non-
superimposable mirror images (Scheme 9)s In the cation generated
by the o -route (70a), the 1,6~ bonding electrons are delocalised
between C, end 02. In the formation of o{ =campholenol, the 01-02 bond
initially present in camphor is broken, and in the cation generated by
the TV =route (70b), the 1,2-bonding electrons are therefore delocalised
betweén c, and C.. Because of the symmetry properties of the bornane
system,(70a) and (70b) and non-superimposable mirror images, and thus

it was possible to obtain both (+)=-camphene and (=)-camphene of high

optical purity from (+)=-camphor by the two routes.
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(+)-(16) (-)-16)

Scheme 2.
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The formation of a small amount (3-&%) of unidentified material with

a retention time greater than that of isobornyl and o =campholenyl
acetate was observed in all the acetolyses described in this seotione
As this material was also formed by the action of acetic acid and
sodium acetate on camphene (table 10), it was hoped that it would be
possible to isolate it from this source. Vepeco examination of the
high boiling fraction of the product obtained by refluxing camphene
with acetic acid for 117 hr however revealed only trace amounts of the
unknown material, and it was therefore not deemed worthwhile to attempt
the isolation from this product. The unknown compound is probably
6-exo-acetoxy-exo-isocamphane (94) derived from the carbonium ion (93),
which in turn is derived from the isobornyl-camphenchydro cation (70)

by a 6,2-hydride shift. The acetate (94, x = oc00H3) has recently

(70) (93) (on)

been isolated from the higher boiling fraction of commercial isobornyl

63 An

acetate, and its structure has been determined unequivocallye
attempt by Erman53 to prepare this acetate by treating camphene with

boron trifluoride etherate in acetic acid at 1000 was unsuccessful,



55

and isobornyl and bornyl acetates were the main products (p.LO). The
boron trifluoride catalysed reaction of camphene with phenol at 100o
however yielded o- and p-6-exo-hydroxyphenyl-exo-isocamphane (9, x =
o= and p- C6H49H) as the main produotso53 These results were explained
by visualising a rapid equilibrium between ions (70) and (93)e The
formation of the 6-substituted isomers in the phenol reaction was con=
sidered to be due to increased alkylation at the 06 sgite of (93) as e
result of retarded alkylation (for steric reasons) at the c, and C,
positions of (70), and the stability of the 6-substituted products
under the reaotion conditions. In the acetic aocid reaction, the ace-
tate (%, x = OCOCHB) was considered to be unstable and was considered
to be rapidly converted to stable products derived from the ion (70).
Such an argument can also be used to explain the absence of significant
quantities of the acetate (9, X = OCOCH',’) from the product obtained by
refluxing camphene with acetioc acid-—sodium acetate in the present worke
These reaction conditions were somewhat more vigorous than those under
whioch & small amount of the acetate was formed (tablé 10), and further
work is required to determine conditions under which an optimum yield
of (%, x = ococnj) is obtained.

Tphe acetolyses described here which proceeded via the isobornyl-
camphenehydro cation all gave rise to predominantly tertiary elimination
product (camphene)s Much of the secondary substitution product (iso-
bornyl acetate) appears to result from the subsequent reaction of
camphene with acetic acid (table 10). It is not possible to estimate

exactly how much isobornyl acetate is initially formed by attack of
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nucleophile at G, of the bridged ion (70) without a knowledge of the

1
solvolysis rate of the substrate and the rate of acid catalysed re-
arrengement of camphenee The amount of secondary substitution product
formed under alkaline or neutral conditions in more nucleophilic sol-
vents (aqueous acetone in the present work, and methanol and aqueous
methanol in other studies15’16) is very low (%6 or less) as camphene
is stable under these conditions. In the rearrangement of camphene
hydrochloride to isobornyl chloride in\nitrobenz.ene, isotopic dilution
experiments have indicated that the carbonium ion intermediate is
initially partitioned to give camphene hydrochloride and isobornyl
chloride in the ratio of ca. 40:1,79 and similar partitioning apparently
operates during nucleophilic ocapture of the carbonium ion in solvolytic
reactionse

From the recent work of HeC. Brown and co-workers, the kinetio
evidence for the formation of the isobornyl=—camphenehydro cation must
be regarded as doubtful because of the unknown magnitude of the steric
factors which contribute to the reactivities of the substratese Tne
formation of exclusively exo substituted products in the solvolyses,
however, are most simply explained on the basis of the bridged carbonium

ion intermediate, or at least by a bridged transition state for car-

bonium ion capture. The only authenticated example of significant

% The reported formation of methylcamphenilyl methyl ether in the
methanolyses of camphene hydrochloride, isobornyl chloride and methyl;
camphenilyl chloride haes already been mentioned (pe9)es Tyese results are

in contradiction with existing concepts of carbonium ion theory and their
independent verification is desirables Turther discussion of this matter

cannot be made until the full experimental details are availableo
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( > 1%) endo substitution in a norbornyl or substituted norbornyl

o
cl N @
H
2

Oc;b

(95) (96) (97)

cation under kinetically controlled conditions is the formation of
10% of p-ksobornylanisole (97) in the solvolysis of 1-(p-anisyl)cau-

phene hydrochloride (95) in the presence of 'borohydride.28d "The

stabilised oarbonium ion (96) here has presumably the classical struc-
{ h

~

ture.

sk
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II, The oxidative decarboxylation of 2-exo- and 2-endo-carboxy=-

bornane with lead tetraacetate,

1. General,

The oxidative decarboxylation of exo- and endo-norbornane-2-
carboxylic acid with lead tetraacetate is believed to proceed via an
unsymmetrical 2-norbornyl cation, as the major product, exo=-norbornyl
acetate, is formed with partial retention of optical activity, and
gome endo-norbornyl acetate is also formed (p«25) ’.l"'l It was therefore
thought of interest to study the oxidative decarboxylation of 2-exo-
and 2-endo-carboxybornane, (105) and (107); vﬁth lead tetraacetate
since the reaction possibilities are more varied in the bornane than

in the norbornane system.

20 Preparation of the acidse.

The preparation of optically pure 2-exo- and 2-endo-carboxybornane
has beeﬁ described by de Bo’ctonf.80 He found that carbonation of the
Grignard reagent of optically pure bornyl chloride gave an acidic
product containing ca. 96/ of the co acid, and ca. 4% of the. _exo acid,
and he was able to separate the acids by e long procedure which involved
the fractional precipitation of their bormylamine saltse Although the
carbonation of bornylmagnesium chloride provides a convenient route to
the exdo acid (107), a more suitable method for the preparation of the
~eXo acid is desirables Accordingly other possible means of preparing

(105) were investigated in the present work.
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(98) (99)

X COZH
(100) (101)

An attempt was made to effect an SN2 disgplacement of tosylate
by cyanide ion in bornyl tosylate (98, x = 0Ts), since such a reac-
tion should yield the exo nitrile (99, x = CN) which could be converted
into the exo acid by hydrolysise Bornyl tosylate was found to be
unreasctive towards cyanide ion in dimethylformamide under mild condi=-
tions, and under vigorous conditions elimination occurred and camphene
was formed. Similarly isobornyl chloride (99, x = Cl), which would be
expected to yield the endo nitrile (98, x = CN) did not react with
cyanide ion in dimethylformamideo Under these conditions, however,
o< ~campholenyl p-nitrobenzenesulphonate (100, x = ONs) was readily
converted into the corresponding mitrile (100, x = CN). The latter
compound on hydrolysis gave the acid (101)e

The lack of reactivity of the bicyclic substrates (98, x = 0Ts)
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and (99, x = C1) in Sy2 displacements is probably due to two factorse

The initial approach of the nucleophile to both the exo and endo side

of the bornane sgystem is rather hindered, and if such approach did
occur, the transition state for the displacement would require the
incoming nucleophile, 02 and the leaving group to be essentially linear.
This would be expected to result in steric interactions, particularly
between the entering and leaving groups and the endo hydrogen atom at C6
and the methyl group at 07. These factors would not be expected to be
as great in the norbornyl system, and examples of SN2 displacements in
that system are knowno81

Optically active 2-emlo-carboxybornane (107) was prepared by a

82,83

procedure used by Flautt and Erman t0 prepare inactive (107).

ZC;;%Eéééi >
Ca OCHjq

OCH,4
(102) (103) (104)

' Og\'\%
cozHE [:i] H
H H

CO,H

(105) (106) (107)
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(+)-Camphor was converted into the tertiary alcohol (102) by treatment
with p-anisylmagnesium bromide, and (102) was debydrated to (103) with
boron trifluoride etherate in ether. Sodium-liquid ammonia reduction
of (103) gave p-bornylanisole (104), which on ozonolysis and oxidation
gave (+)-2—§Eggfcarboxybornane (107)«. The optical rotations of this
acid determined at several wavelengths were in good agreement with
those given by de Botton80 for enantiomorphic (107) prepared from
bornylmagnesium chloride.

Flautt and Erman82 prepared p-isobornylanisole (106) by the
hydrogenation of (103) with a sponge-nickel catalyst. As (106) should
give the exo acid (105) on ozonolysis-oxidation, the hydrogenation of
(103) was carried out in the present study, but nickel borideB# was
used as the catalyste The resulting product was a low-melting solid
which could not be purified by recrystallisation, and which was Jjudged
to be a 60:40 mixture of (106):(104) from its n.mer. spectrum, Ozo-
nolysis and oxidation of this mixture gave ohly a low yield of crys-
talline acid vwhich was judged to be a 35:65 exo (105):endo (107) mix~
ture from its rotation. A considerable amount of oily acidic material
was formed in the reaction, and this appeared to be due to further
degradation of the isobornylanisole or the exo acid during the reaction.
This scheme was therefore unsuitable for the preparation of 2-exo-
carboxybornane.

Pure 2-exo-carboxybornane was prepared by the gequence outlined

in scheme 10. (+)-Camphor was converted into 2-methylenebornane (108)

via a Wittig reaction. Hydroboration of (108) with disiamylbordner8
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— —_
\ Z;;EgiéCHon Z;;;giécozH
H

H
(108) (109) (105)

H

CH, OH
(110)

Scheme 10,

followed by alkaline peroxide oxidation gave a 90:10 mixture of the
carbinols (109) and (110) in 5%5 yield, The predominant formation

of 2-exo-hydroxymethylbornane (109) was the result of the addition of
the hydroborating agent to the less hindered endo side of (108).
Oxidation of the carbinol mixture with Jones' reagent86 yielded an acid
mixture containing 75% of the desired exo acid (105) and 25% of the
endo acid (107)o The sdditional 154 of (107) in this mixture was pre-
sumably formed by epimerisation of (105) or the intermediate aldehyde
during the oxidation of (109). Pure (=)-2-exo-carboxybornane was
isolated from this mixture yia its (+)=bornylamine salte The optical
rotations of tgis acid were in good aéreement with those given by

80 :
de Botton for the enantiomorphic (105) obteined from bornylmagnesium

chlorideo
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3o Oxidative decarboxylations.

It was initielly hoped to carry out the oxidative decarboxylation
of 2-exo and 2-endo-ocarboxybornane in acetic aoid, and to compare the
products obtained in this way with those obtained from the acetolyses
described in Part I, Such a comparison of solvolysis and oxidative

. 1
decarboxylation products has been described by LeBel and Huber9 for

¢

the biocyclo[2.2.2]oct-2~-enyl derivatives (111, X = 0TS) and (111, X =

COZH)o These workers found that the acid (411, X = COZH) gave an

(141)

acetate mixture (30~387%) on being heated with lead tetraacetate in
acetic acid containing potassium acetate. In‘the present work it was
found that 2-endo-carboxybormane did not undergo oxidative decarboxy-
lation to a significant extent under conditions identical to those

of LeBel and Huber, except that sodium acetate was used instead of
potassium acetate. (Sodium acetate was used since it was also used
in the acetolyses described in Part I). Although all of the lead
tetraacetate was consumed in this reaction, the endo acid was re-
covered unchanged (6072), and only a low yield of neutral product was
obtained, A orystalline compound C, i, 0., meps 101-103", the struc-

ture of which is disoussed in Part III, was isolated from this product.
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The products exﬁected from a cafboniumgion intermediate were not de-
tected, although the formation of the compound C12H1802 implies that
oxidative decarboxylation occurred and that some campbene was formed
(see Part III). The oxidative decarboxylations of the acids (105) and
(107) were therefore carried out under conditions similar to those
described by Corey and Casanovahj for the norbornane-2-carboxylic
acids.

After this work had been completed, it was learnt that lead tetra-
acetate is unstable in acetic acid containing sodium acetate;9 Halide,
cyanide, and thioocyanate anions as well as acetate anions have been
reported to initiate rapid decomposition of lead (IV) esters.94 It
may, therefore, be possible to carry out the oxidative decarboxylations
in acetic acid not containing added saltse.

Treatment of (i)-21§§g27carboxybornane with 1.5 equivalents of
lead tetraacetate in benzene-pyridine at reflux temperature for h% hr
led to essentially complete conversion of the acid into neutral
material., The composition of the product is given in Table 17, &~
Methylcamphene, end acetates A, B and C were found to be also formed
when camphene was heated with lead tetraacetate in benzene, and were
therefore due to secondary reactions. Tpese products will be dis-
cussed later. Because of thegse secondary reactions, some unchanged
acid was recovered even when more than one equivalent of lead tetra-
acetate was used. The relative amounts of byproducts were reduced by
* decreasing the amount of lead tetraacetate (9;5& in the oxidative

decarboxylation of 2-exo-carboxybornane, Table 17).
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Tricyclene i %%
Camphene ¢ 59 77
trans-8~lethylcamphene 14 3

ol g=E-Methylcamphene 2 trace
Bornyl acetate ' 5 )
Isobornyl acetate 12 9
Acetate A trace trace
Acetate B . 3 2,5
Acetate G 3 2.5

Table 17 Cottposition of the products of the oxidative decarbo:ylation
of (-':)—Q—endo and (-)-Q-gﬁ—carboaqrbornane in benzerie—pyridine. (Ana-

lysed on a 150' Apiezon capillary column, 1300).

. 1,48 mole l’b(Oj;c)z/ mole acid; A% acid recovered.

# 140l mole I-b(OAc)ll/mole acid; 135 acid recovered,

It will be showm in the discussion following below that the
products listed in Table 17 (excluding those due to the seconlary
reactions of camphene vith lead tetraacetate) are those expected
from a corbonium ion intermediate, rather than a free radical inter-
mediate, but that the formation of some endo substitution product,
bornyl acetate, indicates that the isobornyl-camphenehydro oation
is not uniquely required as the intermediate. The

camphene obtained from the oxidative decaxrboxylation
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of optically active 2-exo and 2-gndo-carboxybornane had a high optical
purity; thet obtained from the exo acid showed [ O4] + 109 and that
obtained from the endo acid showed[oL]; + 112. -

Although the products formed in the oxidative decarboxylation of
aliphatic monocarboxylic acids are usually those expected from car-
bonium ion intermediates,mﬂ3 the recent wofk of Koohi94 suggests
that the initial decarboxylation step is homolytic in naﬁure. Kochi
found that the reaction is catalysed by pyridine and copper (II)

acetate, and on the basis of extensive product and rate studies, he

proposed the free radical chain process outlined in Scheme 11, The

————eee
Po(OA.c)h_ + & RGOH ————— Pb(Rcoz)lF + L AcOH
Initiations Pb(RC02) A — Pb(RC02)3 + Rt GO,
Propagation: Pb(R002)3 —— Pb(Rcoé) p + Re CO,

o+
Re+ Pb(Rcoz)LF —_— Pb(R002)3 + R
Termination:  Re+ 1.31»(3(:02)3 " Po(RCO,),, + R

Re + HS _ RH + S.
Scheme 11 (HS = hydrogen donor)

intermediate redical R. can be oxidised to the carbonium ion Rf by
the lead (IV) species in the propagation step, and by the lead (III)
species in the termination step. This electron transfer appears to
occur very readily, and in some instances it does not appear to be
possible to distinguish between direct carbonium ion formation and

Y

indirect ocarbonium ion formation via a Ro.P%(OAc)3 radical pair.

The formation of (113) from (112) by the action of lead tetra-
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acetate in benzene provides good evidence for the initial formation
of & radical in the decarboxylation step.95 In this example, oxidation
to the bridgehead carbonium ion is unfavourable, and radical abstrac—

tion occurs preferentially.

COyH Ph
(112) - (113)

The 2-bornyl radical (114.) has been generated by the decarbony-
lation of 2-formy1bornane96 at 1380 and by the thermal decomposition
of 2-azobornane97 at temperatures above 2500. The main product in
these reactions was the hydrocarbon bornane (115) formed as a result
of hydrogen abstraction by the bornyl radical. Although small amounts
of tricyclene were formed in these reactions, camphene was not present,
end the formation of the latter hydrocarbon therefore appears to be
characteristic of & carbonium lon precursor.

Bornane (115) could not be detected in the products of the oxi-
detive decarboxylation of 2-exo and 2-gndo-carboxybornanc, and the
free 2=-bornyl radical (414) is therefore not involved in these reactions.
Since the bornyl radical does not rearrange at low temperaturecs,
the first intormediate in the oxidative decarboxylation is presumably
the classical 2-bornyl cation (67), formed either directly by a hetero-

lytic decarboxylation step, or by a _homolytic : decarboxylation step
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(114) (67) (115)
OAc
N

(116) (117)

followed by a rapid electron transfer from the radical to the lead

(III) intermediate. It is significant that the fragmentation products
X -terpinyl acetate (116) ond limonene (117) which might be expected
from a "hot" 2-bornyl cation (gg. the deamination of bornylamine (p.25 )
which gives rise to significant quantities of oA ~terpineol), were

not present in the decarboxylation product.

During the Vepec. analysis of the oxidative decarboxylation
products on conventional packed columns, some baseline instability,
indicative of decomposition of a component of the mixture, was ob-
served, When the decarboxylation products were examined by VePeCe On
8 300! Uxon capillary column, an additional acetate peak, not observed
on the 150' Apiezon capillary column, was recorded. This additional
peak was found to be due to the acetate of oamphené hydrate (92, R =

COCHB)o Although this acetate underwent decomposition to camphene
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on the 150! Apiézon colum, it was eluted as a sharp peak on the Uyon
column, Tpe compositions of the decarboxylation products of the endo
acid, and of a 57:43 exo:endo acid mixture determined under conditions

where the acetate of camphene hydrate was steble, are listed in Table 8.

: 57:43 exo:endo
endo mixture.
Tricyclene %5 %5
Camphene 53 57
EJ:_‘%S;-B—I‘/Iethylcamphene_ 3 L
Bornyl acetate 6 5
Isobornyl acetate 13 1
Acetate of camphene hydrate 9 9
Acetate A 2 2
Acetate B 6 5
A etate C 6 5

Table 18. Composition of oxidative decarboxylation productse

(analysed on a 300% Ukon capillaery columa, 140°)

The composition of the acetate fractions of various decerboxylation
products is shown in Table 19.

It can be seen that the relative amounts of bornyl and isobornyl
acetate, and of the acetate of camphene hydrate, are Similar in the
products from both the gxo and the endo acid. In particular, the
ratio of exo:endo secondary substitution product, isobornyl : bornyl

acetate, is always ca. 68:32, Both acids therefore appear to give
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rise to the same product-determining intermediate during the oxidative

decarboxylation. The bornyl acetate may be considered to be derived

Acid Bornyl Isobornyl | Acetate of exo:endo
acetate acetate camphene hydrate
(=)-exo 20 I 39 < °F 67133
(+)=endo 19 L0 L1 68:32

(+)=endo and

(=)-exo (43:57)
(£)=endo 24 Ly 35 68:32

2 Ly 35 68332

Table 19, GComposition of the acetate fractions of the oxidative

decarboxylation products (300' Ukon capillary column, 14,0%),

from the classical bornyl cation = AcO (or Eh(OAo)j-) ion pair by
addition of nucleophile, or transfer of ligand, to the less hindered
endo side of the cation. If this ion pair were the only intermediate
giving rise to secondary substitution product, the amount of bornyl
acetate should exceed the amount of isobornyl acetate formed foristerio
Péagons. 'The obsertred predominant formation of isobornyl acetate
suggests that rearrangement of the 2-bornyl cation to the bridged
isobornykcamphenehydro cation (70) may compete with nucleophilic capture
of the 2-bornyl cation. Addition of nucleophile to the secondary centre
of the bridged ion (70) would then give rise to isobornyl acetate. Iy
support of this hypothesis is the observed formation of tertiary exo
substitution product, the acetate of camphene hydrate (92, R = COCHS),

and the complete absence of tertiary endo substitution product, methyl=-
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camphenilyl acetate (91, R = cocr13).
The reaction of Fg-(2,2,3-trimethylcyclopent-3-enyl)propionic
acid (101) with lead tetraacetate in benzene-pyridine was also examineds

Ring closwre to the bicyclo[20201] heptyl system is here theoretically

< .
0,H ?O—/I}b( OR)

0
(101) (118) (71)

3 +-

possible by a concerted c¢isplacement of the carboxyl group, as in
(118) or by cyclisation cf the monocyclic cation (71). Treatment of
the acid (101) with 1.2 equivalents of leed tetraacetate in refluxing
benzene=pyridine gave a cmall yield of low boiling product which con-
tained tricyclene, camphcne,8-methylcamphene and bicyclic acetatess
Sjgnificantly, ol-campholenyl acetate (79, R = COCHB) was not present
in ‘the product, and the monocyclic cation (71) is therefore uniikely
to be an intermediate. Several unidentified high boiling neutral pro-
ducts were also formed, and ca. 50/ of acidic material was recoverede
The latter appeared to concist mainly of starting acid (101), but some
acetoxylated matefial appeared also to be present. The high proportion
of by=products formed during the oxidative decarboxylation of (101) was
probsbly the result of the low reactivity of primary carboxyl group

towards lead tetraacetateo9h It may be possible to increase the yield
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of decarboxylation product by the addition of copper (II) acetate,
which increases the efficiency of oxidation of alkyl radicals tc
carbonium ions in the vpropacation step of Kochi's reaction scheme
(po6l), but time did not permit a study of this point in the present

worke

o Reaction of camphene with lead tetraacetate.

The acetates A, B and C, and the hydrocarbon 8-methylcamphene
(121) formed during the oxidative decarboxylation of 2-exo and 2-endo-
carboxybornane (Tables 17 and 18) were also found to be formed by the
action of lead tetraacetate on camphene in bensene, O=Hetlyloec: hene

was isolated by careful chromatography of the oxidative decarbox;iation

7
{
CH ; . i
H 4 '
0 OH v —H —CHj
CH3 H
(119) (120) (1212) (121b)

product of (f)-2—gn_d_o—carboxybornane on silver nitrate impregnated
silica gel. Its ne.m.r. spectrum clearly supports £11e assigned
structure (Table 20a). O8-liethylcamphene, identical with the product
obtained from the oxidative decarboxylation, was also formed by the
action of icad tetraacetate on camphene in benzene, but was not formed

by the action of lead tetraacetate on cemphene in acetic acid.
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T Multiplicity Proton count Agsignment.

9.03 singlet 6 gem-dimethyl
8.90-8,10 | complex ) -CEQ- and saturated

10 ~CH =
843 doublet, J=7 = CH - GE3
: |

710 broad singlet 1 bridgehead® =CH=C=
5410 quartet, J=7 1 ' G=Ci-Cliy

Table 20as NeMex's spectrum of 8-methylcamphene.

* Bridgehead proton at C, of ocamphene absorbs at T 7.33.

4
Treatment of camphenilone (119) with ethylmagnesium bromide
unexpectedly gave the reduction product camphenilol. A small gquentity
of the addition product (120) was however obtained pure, and dehydration
of this alcohol with phosphorus oxychloride in pyridine gave 8-methyl-
camphene identical with the samples obtained'from the lead tetraacetate
reactiona.
In an alternative synthesis of 8—methyicamphene, camphenilone
was treated with ethylidenetriphenylphosphorane. The hydrocarbon frac-
tion of this reaction product consisted of two components in the ratio
of 77:23, and the Vv.pPe.ce. retention time of th§ minor component was
identical with that of 8~methylcamphene obtai%ed from the lead tetra-
acetate and phosphorus oxychloride reactionsol This component was
therefore assigned structure (121a) in which Fhe methyl group is trans
to the ring carbon bearing the gem-dimethyl gfoup. The formation of
the trans isomer (121a) would be expected in #he phosphorus oxychloride-
l
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pyridine reaction since the methyl gréup would be expected to be remote
from the gem-dimethyl group in the bpansition state for the dehydration
steps The major product of the VWittig reaction was therefore apparently
the cis idomer (121b), although the trans isomer would also be expected
on steric grounds. The trans:cis olefin fatio in Wittig reactions
however appears to depend on other factors such as temperature, solvent,
and the nature of the base used in preparing the alkylidené:bhosphorane?
and one of these factors may be responsible for the observed predom-
inant formation of (124b) in the present reaction.

The formation of 8-methylcamphene from camphene and lead tetra-
acetate in benzene apparently involves free methyl radicels, since
nuclear methylation of aromatic compounds with lead tetraacetate are

99 A free radical addition of the elements of methyl acetate to

known,
the double bond of camphene, analogous to that observed when styrene

is treated with lead tetraacetate in benzene,1oo followed by elimination
of acetic acid, would give 8-methylcamphene. Camphene appears to be
susceptible to substitution in the 8~ position, and other groups which

0
have introduced into that position include bromo,1o1 nitro,1 )

0
acetyl,1o3 s

and trichloromethyl.
The unidentified acetates A, B and C formed during the oxidative
decarboxylations (Tables 17 and 18) were also formed by the action of
lead tetraacetate on camphene in benzene (Table 20b). The reaction of
camphene with lead tetraacetate in acetic acid has been‘studied by

105,106

gseveral workers, and the major product of this reaction appears

to be the ring-expanded enol-acetate (122). This compound is therefore
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Component ' Solvent Retention time
Acetic acid Benzene.
1 28¢5 L% " 11 min 45 seo
2 b - 12 25
3 - 4 . W 25
L(acetate 4) 56 12 15 20
5(acetate B)| I 39 16 20
6(acetate C)| 8 41 16 45

Table 20b, Composition of the products from the reaction of lead
tetraacetate with camphene in acetic acid, and in benzene (150'

Apiezon capillary column, 1300).

OAc
(122)

Presumably acetate A, but the structures of acetates B and C are

unknown. It may be noted that the compositions of the products ob-
tained with acetic acid and benzene as solvents differ considerably
(Table 20b). Because of the complex nature of these mixi:ures, they

were not further investigated in the present workeo
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III. Ixo and endo lactones of ﬁ-(2—hydroxyb3,3-dimethyl—2-norborny1)

propionic acid,

During an attempt to effect the oxidative decarboxylation of Qt)-
2-endo=-carboxybornane with lead tetréacetate in acetic acid = sodiunm
acetate, the formation (in a low yield) of a product C 1ty g0ps Mope
101-30, was observed. The infrared spectrum of this compound showed

the presence of a Y =lactone (1777 cmr1) end a gem-dimethyl group

(1386 and 1366 cm_1), while its nem.r. spectrum revealed the presence

of two tertiary methyl groups (overlapping singlets at 779.02)s Tpe
absence of signals at lower field than 440 q/s showed that the ether
oxygen of the lactone group must be attached to a carbon devoid of
hydrogen atoms. As camphene has been shown to be the major product

from the action of lead tetraacetate on 2-endo-carboxybornane in benzene,
the above product (later shown to be a mixture of epimers) was consi-
dered to have arisen from the addition of a .CHZCOO. moiaty (with no
mechanistic implications) to the double bond of camphene, Such a
hypothesis seemed reasonable as Criegee11o has obsecrved the formation

of the Y=-lactone (123) by the addition of a «CH,000, moiety to the

[ 0 CH
Q__LH, \é:o 2/CH2
co CHyCHZ - D—co

(123) (124) (125)
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CHZCHZCOZH

(126)

double bond of oct=}=ene by the action of lead tetraacetate.

In a study of the action of lead tetraacetate on camphene in

105a

acetic acid, Hlckel and Hartmann isolated a byproduct C, H

0
127182’
MePe 1010, to which they were unable to assign a structure. Repeti-
tion of their work revealed that their product was identical with that
obtained from 2-endo=-carboxybornane.

€00, moiety would be added
75411

Working on the hypothesis that the oCH2
to the double bond of camphene from the less hindered exo side,
the unknown lactone was congidered to be ﬁ-(zfgggrhydroxy-B,3—dimethyl—
2-norbornyl)propionic acid lactone (124) rather than the epimeric endo

12 to

lactone (125). Structure (125) was recently assigned by Bpati
the lactone, mep» 103-104°, obtained from tricycloekasantalic acid (126)
by the action of strong acidso113 The assignment was based on an un=-
ambiguous synthesis of (125), mepo 103-104°, and a comparison of the
infrared spectra, mep. and mixed m.po of the synthetic lactone (125)
and the lactone from the acid (126).

The formation of the lactone from tricycloekasantalic acid appeared
to involve certain interesting mechanistic features. In order to corre=

late this lactone with that from camphene, a new unambiguous synthesis

of the endo lactone (125) was carried out, and some aspects of the



76,
formation of the lactone from tricycloekasantalic acid were re—cxamined.
The synthesis of the endo lactone (125) was achieved by the follow-
ing route, Treatment of (Z)~camphenilone (119) with allylmagnesium

chloride yielded the tertiary alcohol (127) which was homogeneous as

o 4
\ CH2CH—CH2 H2CH2CH2OR
0 OH OR

(119) (127 (128)

judged by capillary vapour phase chromatography, and in which thé
hydroxyl group must have the endo configuration.* Hydroboration-
oxidation11h gave the orystalline diol (128, R=R'=H), m.p._68-9°,
which was oxidised with Jones'! reagent to give the endo lactone (125),
MePe 102—103°o Although capillary Ve.pecs showed that this lactone was

homogeneous, its infrared spectrum showed distinet differences in the

*  Although the Grignard product was homogenous on two capillary
columns, the presence of some epimeric exo alcohol was possible,

since the tertiary alcohol pair methylcamphenilol and cemphene hydrate
could also not be separated on these columns, Contamination by the
exo alcohol could have been only slight, since the addition of re-
agents to norbornan-2-ones unsubstituted in the 7-p03ition is highly

stereospecific, and occurs from the exo Sideo111
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"fingerprint" region when compared with the spectra of the lactones
from 2-endo~carboxybornane and camphene., Examination of these lac—
tones by Vepec. revealed that they were in fact 4:1 mixtures of two
components, In both cases, the minor component had a retention time
identical with that of the authentic endo lactone (125).

The lactone from tricycloekasantalic acid (1 26) was generated
with sulphuric acid (15 and 25%), and formic acid. In each case, the
"pure" product was shown by VepeCe tO be a mixture of the same lactones
as from 2-endo-carboxybornane and camphene (Table 21), with the endo
lactone (125) again being the minor component. When tricycloekasantalic
s0id was treated with 98% sulphurio scid at =10° for 25 mins, the
resulting lactone mixture contained a third compone;xt (565%). As the
infrared spectrum of this mixture showed carbonyl absorption of similar
intensity at 1780 ( X—-lactone) and 1745 con! ( § =lactone), the third
component is believed to be the §-lactone (429)s The latter struc-
ture, and not the alternative éndo structure (130) is assigned to the

§-lactone since the carboxyl group would be expected to attack the
intermediate carbonium ion (135) from the exo sides In support of
structure ('129) was the fact that the nem.r. spectrum of the mixture
was similar to that of the lactone mixture from camphene, except for
a sharp singlet at “T'8,76 which was sssigned to the tertiary methyl
group attached to the carbon bearing the ether axygen atom of the
lactone group in (4 29)e The alternative structures (132) (which oan
be derived formally from tricycloekasantalic acid by a Wagner-Meerwein
change in the ions (137) end (138) ), and (433) were excluded due to

the absence of signals at lower field than 440 ¢/s in the nomere
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Starting material Reagent Purity Composition (55)
exo endo p)
2=cndo=C axrboxy- P%(OAO)A in Recrystallised
bornane AcOH-NaOAc twice, mePo 79 2 -
101-103°
Camphene Pb(OAc)4 in Recrystallised
AcOH~-NaOAc twice, MoPe 83 17 -
101-103°
Tricycloekasantalic 984 1,50, , Recrystallised
'+
acid -10°, 25 min | once, m.p. 32 12 56
65-75"
Tricycloekasantalic 150 HZSOA’ Crude, MePe
acid reflux, 45 min | 75-400° L7 39 1L,
Recrystallised
twice, mePo 73 27 L=
400~104,°
Tricycloekasantalic 255% HZSOA’ Crude, mepo
acid reflux 15 min | 85-95° S 33 13
Recrystallised
3 time Sy MeDPo 69 31 3
101-103°
Tricycloekasantalic 987% HCOZH, Crude, MoPe
aoid reflux 30 min | 94-~97° 62 38 -
Recrystallised
L times, mope | 73 27 =
101-103°
Unsaturated acid 25,4 stol’ Recrystallised| 68 32 -
"

(134)

reflux, 10 min

| once, MePe

97-99°

Table 21,

Composition of the lactone mixturese




[Yo

. (Hy
Z::%}:;éf\?Hz CCH2 b

CHyCH,CH,OR’

(129) (130) | (131
P
CH CHyp
2 CH /
O\\c 56 2 <
éHz 0
Hyp
(132) | (133)

spectrum of the mixture., The lactone (129) was also present in small
amounts (Table 21) in the crude products obtained from the action of
hot dilute sulphuric acid on tricycloekasantalic acid, but was
readily removed during subsequent recrystallisations., Three or four
recrystallisations of the crude products gave "pure" compounds which
were in fact mixtures (cao 7:3) of the two Y-lactones, the minor
component being still the endo lactone (125),

Having established that the major component of these lactone
mixtures is not the endo lactone (125), the epimeric £gxo structure

(124) can be assigned to it on the basis of the conversions summarised
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in Scheme 12.* ‘The lactone mixture (ca. 70:30) from tricyclockasantalic
acid ﬁas reduced with lithium aluminium hydride to give a crystalline
aiol (431, R=R'=H), m.p. 133-134°, [O4]; + 25, significently, this
diol could be oxidised by Jones' reagent to the exo lactone (124.) mope

119-1200, B:{]D + 40, vhich was homogeneous as judged by capillary VoPeCe

e 1o
LiAlH 2, 5 .
Lactone 4 . B  aiol
mixt ) —
e (131?l§ia'=n)h° ' i. (128,R=R"=H)
; CHCH,CO5H :

cx0, (134) 2£02 Cr0s

pure exo lactone (124) pure endo lactone (125).

1o (CHja)ZQ/pyridine; 26 POGlS/pyridine; 3o LiALH; b CrOB/Hf/aoetone

Scheme 120

and whose retention time was identical with that of the major component
in the lactone mixture from tricycloekasantalic acld, 2-gndo-carboxy-
bornane, and camphene.

It is therefore clear that the lactone from tricycloekasantalic

acid is a mixture of the exo lactone (124), E:%JD + 4O, and the endo

% The series of transformations of the lactone mixture described by
Bhattacharyya and oo-workers115 to give a very poor yield of camphenilone
(419) is rendered ambiguous since their intermediate diol was a ca. 1:1
mixture of (131, R=R'=H) and (128, R=R'=H) (based on the reported

optical activity of their diol),
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lactone (125) and that the latter must possess a negative specific

rotation to account for the low and contradictory rotations reported

112,115 The incorrect assignment of stereochemistry

to the major component of the lactone mixture by Bhati112 can be ex-—

in the literature.

plained by the fact that the melting point of the lactone mixture is
not depressed in admixture with the (t)ﬁgggg.laotone (125) Contrary
to Bpati's findings, however, the infrared speotral differences between
the two are distinct (Fige 3).

The unsaturated acid (134) vwhich was obtained by Bhati112 from
both his synthetic endo lactone (125) and the lactone from tricycloek-
asantalic acid, and which he claimed was converted back to the lactone
(125) by treatment with dilute sulphuric acid, has been synthesised
in the present work (Scheme 12). Syccessive treatments of the diol
(128, R=R'=H) with acetic anhydride in pyridine, phosphorus oxychloride
in pyridine, lithium aluminium hydride, and Jones' reagent, yielded
(134)o Its nemer. spectrum confirmed the structure assigned (see
Experimental)e In sulphuric acid (25%), this acid lactoniged to give

a 68132 mixture of exo and endo lactones, (124) and (4125), respectively.

Since the mixtures of lactones were always formed in the acid
catalysed reactions with tricycloekasaentalic acid and the unsaturated
acid (134), each of the pure lactones (125) and (124) were subjected
to acid treatment and the results are summarised in Table 22, In all
cases, it was found that the lactones underwent eqpilibfation to give

mixtures (ca. 60:40) of the lactones with the exo lactone predominating.
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Lactone Reagent 1 Cormcition
‘ =g 5 s
(=) =endo o5 112304, 15 min reflux | ¢
(Ij19222 ¥ 25 HZSOA, 45 min reflux 57 A
(4) =zndo 98% HCO 2H, 90 min reflux 50 L0
(+)=exto 15,5 stoll_, 45 min reflux l _ | 3. |

Table 22. Composition of the lactone mixtures from the a6id cabauy/sed

equilibration of the pure sxo and gndo lactones, (124) and {125),

regpectivelyo

Tor the formation of the lactone mixture from trdic .ockas . wi.-
acid (126), two pathways can be envisaged (scheme “%). “rotonati .
ari. opening of the cyclopropane ring in (428) can , ..l edther th.
. . . - \ - .. K b - s
tertiary carbonium ions (135) or (136). The catlons (137 =l SR
can be derived by the migration of an endo methyl zroup iu (135),
and of an exo metayl group in (136), respectively. Cyclisaicon w
tivn yield the exo lactones (124a) are (1240, or thneir cerrzspons
endo counterparts. It moys be noted that the pairs of siruc . ures
(137) and (4138), mad (12%a; nd (124b) are non-superimposuiic mirr .
. : . . . M6 :
imzzese From the rotation studies of O risson and tae 3yne
"t 2 c S 117 Rl ) -
thetic work of Corey and co=-workers the absolute coniiguration of

tricyoloekasantalic acid is represented by (126) and hence ‘1248)% anc

(12,b)% represent the abso ute configurations of the gxo laciuaes ‘.. ivel

%  Loctone (124a) is formlly derived  :rom (+)-camprs:..ione vhile

lacione (124b) is derived :'rom (=)=camphenilone.



(124a)

84

]

(—126)

O 0 (FO-""
(124b)
Scheme 13,

(B= CH,CH,C0 2H)



85,

by endo and exo methyl group migration, respectively. lence, a con-

figurational correlation of the exo lsctone (124) from tricycloeka-
santalic acid with camphenilone should allow a distinction to be made
between the two pathways outlined in Scheme 13e ‘

For the configurational studies, syntheses of the optically active
lactones (124) and (425) from optically active cemphenilone were
desireds (+)-Camphenilone (80% opticelly pure) was canverted into
the (+)=-endo lactone (125), meDe 11#-115°,E:KJD + 32, by the sequence
already outlined for the synthesis of (t)-<125)o* As the solvolysis
of methylcamphenilyl trifluoroacetate in aqueous acetone containing
calcium carbonate yielded cemphene (28/5) and camphene hydrate (72%)
(pe51), it was thought that a similar solvolysis of the optically
active ditrifluoroacetate (128, R:R':CbCFj) would yield optically
active exo diol (131, R=R'=H) which could then be oxidised to the
optically active exo lactone. The product of the solvolysis, however,

was the unsaturated alcohol (4139, R=H).

{\ CHoCH(OHICH OH

CHCH,CH,OR  *  OH CHoCH(OH)CHj
(139) (140) (141)

* As well as the desired diol (128, R=R'=H), two other diols were iso-
lated from the hydroboration product of the (+)=tertiary alcohol (127,
These have been assigned structures (140) end (141) on the basis of

their nemor. spectra. The formation of (141) indicates that the ter-
tiary alcohol (4127) was contaminated by some exo elcohole
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At this stage, gtfempts to synthesise optically active exo lactone were
gbandoned, as the unsaturated alcohol (139) was readily oxidised by
Jones! reagent to the unsaturated acid (134), meDe 100—1020, &>(]:D + 95,
vhich served as a very satisfactory reference compound for the con=
figurational correlationse.

By the sequence of steps already described for the preparation
of the unsaturated acid (134) from the (¥)-endo diol (128, R=R'=l),
the (+)=exo diol (131, R=R'=ll) from the lactone from tricycloekasantalic
ecid was converted into (134), m.Ds. 95—960,[}><]D = 1180 The cal~-
culatéd rotation of optically pure (134) is + 119 from the observed
value of[?><]D + 95 for (134) synthesised from (+)=camphenilone of
805 optical purity. The sign and magnitude of the rotation of the
acid (134) obtained from the exo lactone therefore indicates that the
latter is derived by the exclusive migration of the exo methyl group
in (4136a), the nonclassical counter™part of the classical ion (136).
This finding is in accord with the general observation that 3,2-
hydrogen or alkyl shifts in norbornyl or substituted norbornyl cations

18,119 e

appear to occur only when the migrating group is exo.
highly stereospecific nature of 3,2-shif'ts has been rationalised in
terms of nonclassical cationic intermediates in which attack by nucleo-

phile (in this case the migrating group) can only occur from the exo

directione.

CH,CH,CO,H

(142)
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It is interesting to note that the action of formic acid on
bicycloekasantalic acid (442) has been reported to give the same lac-

tone as does tricycloekasantalic acid.113b

Protonation of (142)
would yield the carbonium ion (135) in which the methyl group at the

migration origin has the gndo configuration, and its migration is

R RO 62H i
W-M~ 2
+ +

(135)
W-M~

de gh - dy

(136)

Scheme 15-0

therefore prohibiteds Before migration can occur, therefore, re-
arrangement to the ion (136) must occur either via tricyloekasantalic
acid (as in Scheme 13) or via the Wagner-Meerwein rearrangements and
6,2-hydride shift outlined in Scheme 14. OFf these pathways, the latter
seems more likely even though the conversion of a tertiary — secondary

carbonium ion is involved, since the formation of tricyclene deriva-
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tives from 2-norbornyl cations in acid media has been shovwr. to be
anlikely by labeiling experimentso118’120
Although nonclassical structures for carbonium ions of the -
stituted 2-norbornyl series require that vicinal 3,2=-shifts occur uniy
when the migrating group is 952,119 the formation of the endo lact:iii:
(125) from tricycloekasansalic acid and from the acid catalysed quiii-~
bration of the pure exo lactone (124) involves addition of the carboxyl
sroup to the endo side of the intermediate carbonium ion., Clearly the
bridged ion (443 ) connet e the intermediste and recourse must be
nade to the classical tertiary ion (138). The acid catalysed equilia
bration of 2-norbornyl deiivatives has received scant attention ix
the literaturec, although ¢ study of the equilibration of the 2=norborinyl

121 The formation of endo substituted

acetates was recently repcrtedo
norbornyl derivatives undor these conditions presumebly involves the
classical norbornyl catior, for which the energy barrier for capture

by nucleophile is likely to be less than that for capture of the more
stable nonclassical ion.121 In the case of the lactones, the cae 60:40
exo:endo composition observed is presumably that of the equilibrium

mixture.
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Generale

Melting points were determined on a Reichert micro-hot stage,
and in sealed capillaries in a stirred paraffin bath for substances’
which sublimed, and are uncorrected.

Infrared spectra were determined with Perkin=Elmer 137 and 237
spectrophotometers.

Nuclear magnetic resonance spectra were recorded by Dro Tells
Spotswood and Mre L. Paltridge with a Varian DeP.60 spectrometer
operated at 60 Mc/s, using tetramethylsilane as internal stendard, and
CClh or CDCl3 as solvent,

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

Vapour phase chromatography was carried out with two instruments.
For the early work a Griffin and George Mke.IIl apparatus (referred to
as instrument 1 throughout this section) fitted with a thermal con-
-ductivity detector was used. The carrier gas was nitrogen, and the
flow rate was 1.0 1/hr. Most analyses were carried out with a Perkin-
Elmer 800 gas chromatograph equipped with a flame ionisation detector
and accessories to allow the fitting of Golay (capillary) columns. The
carrier gas (nitrogen) flow rate was 40 ml/min for the conventional
columns, and 2ml/min for the capillary columns. For quan;itative
analyses, peaks were approximated to triangles, and the.areas were
determined from (peak height) x (peak width at % peak height)o The
normalised peak areas were multiplied by detector response factors,

which were determined by running standard mixtures of the components
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under the conditions of the analysis. These standard mixtures were

made up gravimetrically, and hence the compositions reported are nor-
malised weight percentages. Each produot analysis was the average of
3 determinations, which were generally in egreement to 4%, Qualita-
tive identifications were made by comparing the retention times of the
components with those of the authentic samples, end by peek enhance-
ment. It was generally necessary to use capillary columns to separate
a given exo-endo isomer pair.

Acetioc acid was Ae.R. grade which had been dried by distillation
from triacetyl borate.

All orgenic solvent extracts were dried over anhydrous magnesium

sulphate,

L
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I. Work described in part I.

(X)-Isobornecl mepe 211-212° (sealed capillary, lit.72 mep. 212°) was

prepared by the hydrolysis of commercial (Fluka) isobornyl acetate,
which had been shown to be free of bornyl acetate by capillary vapour

phase chromatography.

{=)=Isoborneol.

() Reduction of (+)-camphor with lithium aluminium hydride in
ether65 yielded a 90 : 10 isoborneol : borneol mixture, mepe 210-212o
(sealed capillary),[c{] §°—25.o (¢ 2.47, ethanol).

(b) A suspension of lithium aluminium hydride (8.0 g, 0.21 mole)
in anhydrous tetrahydrofuran (4100 ml) was cooled in an icebath and dry
tert-butanol (50,0 g, 0.68 mole) in tetrahydrofuran (50 ml) was added
over a period of 20 min, The resulting solution of lithium tri-tert-
butoxy-aluminohydride66 was stirred at room temperature for 10 min, and
was then cooled, and a solution of (+)=camphor (24.0 g,0.16 mole) in
tetrahydrofuran (50 ml) was added over a period of 15 min, The mixture
was stirred at room temperature overnight, after which sufficient water
was added to decompose the excess of hydride and the metal complex.

The tetrahydrofuran was removed by decantation, and the inorganic
residue was well washed with ether. The combined tetrahydrofuran-

ether solution was washed with water and dried. The solvent was re-
moved through a short fractionating column and the resi@ue was recrys=
tallised from light petroleum to yield 17.0 g (74%) of colourless
crystals, meDe 211—2120 (sealed capillany),ED@]So-31.0 (¢ 2,00, ethanol),

This rotation corresponded to that of a 96:4 isoborneol : borneol
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mixture, using values of =340 and +37.0 for the specific rotations
of pure isoborneol and borneol respectively.67 Isobornyl acetate was
prepared from this product by the usual acetic anhydride-pyridine

methode

(+)=Bgrneol,

(+)=Camphor was reduced with sodium in ethanol as described by
Wallach.68 The resulting prodﬁot, after recrystallisation from light
petroleum, showed [;K]D+21 (ethanol) and was thus a 78:22 borneol:
isoborneol mixture. This product was purified by a procedure similar
to that described by Pickard and Littlebury.67 The mixture (30 g) and
fused zinc chloride (50 g) were refluxed in benzene (100 ml) for 2 hr.
The cooled solution was poured into water, and the benzene layer was
separateds The aqueous layer was extracted with ether and the conmbined
organic layers were washed with water and dried. The so;vent was re-
moved through a fractionating colum, and the residue was diluted with
light petroleum and cooled. The precipitated product was collected,
washed with a small volume of light petroleum and then reorystallised
from that solvent to yield pure borneol (10 g), mepe 208-209° (sealed
capillary), [o<]§6+37.0 (c 2,90, ethanol) (1_it.67[o<]D+37.o). Bornyl
acetate, prepared from this product by the usual acetic anhydride-
pyridine method, was vepour chromatographically homogeneous (150!

Apiezon capillary column).
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(£)~Camphene hydrate.

The following procedure was based on that of Ashan.69 A solution
of (Z)-camphene (25 g) in dry ether (200 ml) was saturated with dry
HC1 below Ooo The ether was removed in vacuo and the residue was
stirred with calcium oarbonate (50 g) in a mixture of acetone (400 ml)
amd water (100 ml) at room temperature for 2 hr and on a water bath
under reflux for a further 6 hr, Most of the acetone was removed by
distillation and the cooled residue was extracted with light petroleum.
The organié extract was washed-with water, dried and concentrated in
volume to ca. 50 mle The solution was cooled in a dry ioce - ethanol
mixture and the colourless crystals vhich separated were quickly
collected (17.5 g meps 140-142°). Recrystallisation from a small
volume of light petroleum gave (£)-camphene hydrate (12.0 g), meps

69

150-152° (sealed capillary) (it ” mep. 150-151").

Acetylation of (=)-camphene hydrates

A cold solution of camphene hydrate (0.50 g) in dimethylaniline
(20 ml) was treated dropwise with acetyl chloride (5 ml)e The mixture
was kept at room temperature for 1 hr and was then warmed on a water
bath for 2 hr. The cooled mixture was poured into water and worked up
by ether extraction. Distilletion of the product afforded 0.52 g
(80%%) of the tertiary acetate bepe 50° (bath)/0.5 mm, infrared

maxima 41735 and 1250 cm-1o For analysis a sample was redistilled.

(Founds C,73.7; H, 10.2. C,H, 0, requires G, 73.4; H, 1043%)

Decomposition occurred on attempted analysis by VePoOe



Ilre

Kt)-Methylcamphenilol.

This was prepared by the addition of methylmagnesium iodide to

70,7 and was purified by low temperature recrys-

tallisation from light petroleum. It had mepe 118-119o (lit.71 MePe

(£)=camphenilone

118-1190) end was vapour chromatographically homogeneous (3' Apiezon

and 300' Ukon capillary columns).

(X)=Methylcamphenilyl acetate,

Met hylcamphenilol was acetylated by a procedure similar to that
desoribed for camphene hydrate, The acetate, obtained in 75% yield
had bep. 50° (bath)/O.4 mm, and was vepour chromatographically homo-

geneous (3' Apiezon and 150' Apiezon capillary columns).

(Found: C, 73.1; H, 10.0. C12H2002 requires C, 73.4; H, 10.3%).

+
(£)-Camphene, prepared by the dehydration of (<)-isoborneol with zinc

chloride in benzene,72 and tricyclene, prepared by the oxidation of
camphor hydrazone with mercuric oxide,73 had physical constants in

agreament with the literature values.

Attempted preparations of isobornyl sulphonates.

(a) p~Toluenesulphonyl chloride (2.1 g, 0.012 mole) was added to
a cold solution of (=)-isoborneol (1.54 g, 0,01 mole) in anhydrous
pyridine (20 ml), end the mixture was kept at 00 for 2 ﬁeeks. The
mixture was poured into water, extracted with ether and the ether was
washed with dilute hypdrochloric acid and waters Removal of the ether

from the dried extract left a semi-solid residue (1.0 g) which showed
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infrared maxime (CH013) at 3640 and 3450 (0-H), 1650 (Cc=C), 1065, 1000,
and 883 (C=CH2) om—1, and which appeared to be a mixture of isoborneol
and camphene,

(b) Methanesulphonyl chloride (0.40 g) was added to a cold
solution of (%)-isoborneol (0.50 g) in dry pyridine (5 ml) and the
mixture was allowed to stand at 0° for 5 dayse. Work=up by ether ex-
traction yielded a semi-solid product (0.31 g), the infrared spectru@
of which was identical with that of camphene, Unpder identical condi-
tions, borneol (0.50 g) yielded a crystalline methanesulphonate (0.55 g)
wich after one recrystallisation from light petroleum had m,pe. 92—94°°
The infrared spectrum (nujol) lacked O-H absorption and showed strong
bands at 1335, 1170, 965 and 895 ocm 'e This material was mot further
characterised.

(¢) A cold solution of (=)=-isoborneol (containing 4% of (+)=-
borneol) (1.50 g) in dry pyridine (10 ml) was treated with p-nitro-
benzenesulphonyl chloride (2.30 g), and the mixture was kept at room
temperature for 10 dayss The mixture was poured into water and worked
up by ether extraction to yield an oil (1.2 g), which showed infrared
maxima (film) at 3500 (0-H) 1650 (C=C), 1535 (N02) and 835 (C=CH2) eV,
This oil was diluted with petroleum ether (410 ml) and the precipitated
s01id was collected (0,075 g)e This had mepe 94=96° (dec.), and its
infyared spectrum was identical with that of authentic bornyl p-
nitrobenzenesulphonate, The petroleum ether soluble portion of the
product was chromatographed on active alumina (60 g). Elution with
petroleum ether yielded camphene (0.53 g), the infrared spectrum of

which was identical with that of an authentic sample. After distillation
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the camphene showed [Oq §7+ 110 (¢ 0.746, benzene), Elution with 50%
ether-petroleum ether gave colourless crystals of isoborneol (0.295 g)
which after sublimation showed mep. 210-212° (sealed capillary),
[0¢]274 33.0 (o 1.03, ethanol).

(d) The procedure was that employed for benzyl tosylates by Kochi
and Hammond.74 (i)-Isoborneol (2.0 g, 0.013 mole) and sodium hydride
(0,80 g, 0.016 mole) (as a 50,5 suspension in oil) were refluxed in
anhydrous ether (50 ml) with stirring for 7 hr (nitrogen atmosphere).
The suspension was cooled to -100 and a solution of p-toluenesulphonyl
chloride (2.9 g, 0.015 mole) in ether was added. The mixture was
stirred at 0° for 18 hr, and then the insoluble material was collected
by filtration. This still contained sodium hydride since it reacted
vigorously on being added to water. The clear filtrate was evaporated
to dryness in vacuo to give a colourless solid residue (541 g), which
showed infrared maxima (nujol) at 3450, 1585, 1183, 1175, 1070, and
835 cm-1o Ty,ese bands were a combination of those present in the spectra
of p-toluenesulphonyl chloride and isobormeol, and it was concluded that
the product was a mixture of starting materials. Similar results were
obtained when isoborneol was refluxed with sodium hydride for 20 hr,
and stirring was carried out at room temperature for 60 hr after the

addition of the tosyl chloride.

(i)-Camphene.

A solution of (=)-isoborneol (containing 10/ of (+)-borneol)
(154 g) end p-toluenesulphonyl chloride (24.0 g) in dry pyridine

(100 ml) was heated on a boiling water bath for 6 hr with exclusion
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of moisture. The _cooled solution was poured into water and extracted
with ether. The ether extract was washed with dilute hydrochloric acid
and water and was dried. The ether was removed by distillation through
s short fractionating column and the residue was chromatographed on
active neutral alumina (100 g) in light petroleum. The first 100 ml
fraction which was eluted was concentrated and distilled to yield
camphene (8.5 g, 634), bap. 156-160", m.p. u9—50°,[c>4]§0+ 115, (e 2.30,

benzene) .

(+)=-Bornyl p-nitrobenzenesulphonate.

This was.prepared from borneol having{};(]n+ 37 by the conventional
pyridine method. The sulphonate crystallised from light petroleum as
colourless needles; MePe 94—950 (dec., variable with rate of heating),

[o(]12)0+ 149 (0 1.58, chlorof‘orrh).

(Fsundz C, 5649; H, 6¢1; N, 4.05. C16H21N058 requires C, 56.6; H, 6.2;

N, Lel%)e

(+)~Bornyl p-toluenesulphonate prepared by the pyridine method had

MeDs 68-69" (1it.75 MeDo 670),[C%:]§1+ 20,0 (¢ 2.0, chloroform).

76

Bornyl chloride, meps 130-131" (1it. =~ m.D. 130-131°) was prepared by

6
the addition of dry hydrogen chloride to o4=pinene in chloroform.7

Isobornyl chloride mePo 160-162° (lit.13b MePe 161.50) was prepared by

the eddition of hydrogen chloride to camphene in ethyl bromide, and
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heating the resﬁlting solution under reflux for 6 days.13b

(+)= X =Campholenic acid.

(a) 'This acid, prepared by the alkaline fusion of (+)=camphor-
10~sulphonic acid,hk was obtained as a colourless oil, bepe. 156-158?/20mm
(1:Lt.“+b DePe 114.7-114-80/16)mm‘., X #1042 (pure.liquid) (1it.“*bo<D+
10,66)s The methyl ester, prepared by treating the acid with an
excess of ethereal diazomethane, was vapour chromatographically homo-
geneous, (instrument 1,6' squalene-Celite and 6'dinonyl phthalate-

Celite columns)o

7

(b) (+)-Camphor oxime map. 118-115° (Lits '’ mep. 115%), [ o¢] 2041

(¢ 2,00, ethanol) was converted to o ~cempholenonitrile b.p. 103-106°/

l.-5 VOPOCO analysis (3'

14 mm in 87% yield by the method of Tienmann.
Apiezon column) revealed the presence of 20 of impurity, eluted ahead
of the main peak, Alkaline hydrolysis of the nitrile yiclded oX{~
campholenic acid, bep. 149-150"/15 mn, O + 8.80° (pure 1iquid)

(1it bl

C>(D+ 840), infrared spectrum identical with that of the acid
from (+)=-camphor-10-sulphonic acide V.p.c. analysis of the methyl
ester (instrument 4, 6' squalene-Celite column) indicated the presence

of 205 of the methyl ester of ﬁ —-campholenic acide”

Dehydration of camphor oxime with pyridine-p-toluenesulphonyl chloride.

A solution of (+)-camphor oxime (42 g, 0.25 mole) in pyridine

(ca. 200 ml) was cooled and p-toluenesulphonyl chloride (50 g, 026

* An authentic sample of ﬁg-campholenic acid, prepared by the method
of 'I‘iema.nn,l"6 was kindly supplied by Dre. G.E. Gream.
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mole) was added in small portions. The mixfure was kept at 0° for

20 hr, and was then poured into water and thoroughly extracted with
ether. The ether extract was washed with dilute .hydrochloric acid,.
water and was dried. The residue obtained on removal of the ether was
distilled to yield 29 g (7F%) of colourless oil, bePs 104-106"/4l mie
Vepece analysis (12' BDS column, 1900) revealed the presence of X-
campholenonitrile (554) and a second component (45%), apparently the
isomeric nitrile (74, X=CN), The infrared spectrum of this product was
identical with that of cX-campholenonitrile prepared by Tiemann's
pmcedure)"'5 except for a band at 880 cm-"l (C=CH2). The Noler. spece
trum of the mixture showed absorption at J Le79 ( >C=CH-) eand 5.20

(C=CH2).

(+)= X =Campholenol.

The vapour chromatographically homogeneous methyl ester of XK=
campholenic acid was reduced with lithium aluminium hydride in tetra-
hyd‘rofur:aLnl"z"a to give the alcohol, b.p. 119-1210/21 mn, [o( §O+ S5t
(¢ 2.06, chloroform) in 89 yield. Tpe acetate, prepared by the

comventional pyridine-acetic anhydride mcthod, had b.p. 120-122°/19 mn.

(Found: C, 73e4; H, 10.4e C12H2002 requires C, 73+4; H, 10¢3%) o

(+)= oK =Campholenyl p-nitrobenzenesulphonates

p-Nitrobenzenesulphonyl chloride (1.80 g, 0,008 mole) was added
to an ice-cold solution of ol-campholenol (1.00 g, 0.0065 mole) in
dry pyridine (10 ml)s The mixture was kept at O for 2 hr, diluted

with cold water, and the precipitated product was collected and dried
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(2.1 &, 95%)« Recrystallisation from 1ight'petroleum Depe 60-80°
with minimal heating yielded the sulphonate as pale yellow needles,
n.pe 86-87° (dec., dependent on rate of heating), [CK]§2+ 3.2 (¢ 745,
chloroform).
(Found: C, 56.7; Hy 602; N, Le3o 016H21N05S requires C, 56.6; H,
6.2; N, Le1%)e In larger scale reactions the‘yield of sulphonate,

efter 2 recrystallisations, was generally 50-6Ce

Dihydro-o{ —campholenyl Efnitrobenzenesulphonate (80, R=p-nitrobenzene=

sulphonxlz.

A solution of (+)= ol —campholenol (2.0 g) in ethanol (25 mi)

was hydrogenated over platinum oxide catalyst (0.1 g) at atmospheric
pressure for 10 hr. The catalyst was removed by filtration and the
filtrate was oopcentrated under reduced pressure. Tpe residue kZ.O g)
wgs dissolved in ether and the ether solution was washed with water

end drieds Removal of the ether and distillation of the residue yielded
the alcohol (80, R=H)as a colourless oil, bepe. 125—123°/27 mm, A cold
solution of the alcohol (0.50 g, 0.0032 mole) in dry pyridine (10 ml)
was treated with Efnitrobenzenesulphonyl chloride (0.85 g, 0.0038 mole)
and was kept at 0° for 1% hr. Cold water was added dropwise, and the
precipitated product was collected (0.80 g, 77%)« Recrystallisation

from light petroleum afforded the sulphonate as colourless plates,

MePe 64—650.

(Found: C, 56.7; H, 649; N, Lele 016H23N05S requires: C, 56.3; H, 6.8;

N, Lot)e
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Acetolysis (+)-0{ =campholenyl p-~nitrobenzenesulphonate.

The sulphonate (5.5, 0,016 mole) and fused sodium acetate (3;0 g,
0.037 mole) were heated in glacial acetic acid (100 ml) at 100° for.
5 hr. The cooled solution was poured into water and extracted with
ether and the ether extract was washed with sodium carbonate solution
and water. Removal of the ether from dried extract through a short
fractioning column yielded an oil (190 g) which showed infrared maxima
(film) at 1740 (m) and 1240 (m) (acetate), and 1650 (w) and 885 (s) om |
(C=CH2). Quantitative v.pec. analysis (3' Apiezon column) indicated
that the product consisted of tricyclene (2%), camphene (735), iso-
bornyl acetate (14), o{ —campholenyl acetate (8:5) and an unidentified
compound (37%). Tpe acetolysis product (1.7 g) was chromatographed on
silica gel (30 g)o Flution with light petroleum gave camphene (1.07 g),
MePe 47-490, [CK]§1- 98 (¢ Oo4l, benzene). Elution with 10% ether-
light petroleum gave an acetate fraction (0.49 g)e This was reduced
with lithium aluminium hydride in ether and the mroduct obtained upon
work-up was chromatographed on neutral alumina (15 g)s Elution with
5% ether-hexane yielded isoborneol (0,030 g), identified by its infrared
spectrum. Elution with 15( ether-hexane gave oX=campholenol (0.020 g),
the infrared spectrum of which was identical with that of an authentic
samples

v

Solvolysis of (+)= oL =campholenyl Bfnit}obenzenesulphonate in aqueous

acetone,

The p-nitrobenzenesulphonate (4.0 g, 0.012 mole) and calcium
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carbonate (1.50 ‘g, 0.015 mole) were refluxed in 505 aqueous acetone
(100 ml) for 5 hr. The inorganic residue was removed from the cooled
solu‘tiox"x by filtration, and the filtrate was thoroughly extracted wi_th
ether. Tye ether extract was washed with water, dried and the ether was
removed through a short fractioning column to yield a semi-solid
residue (1,30 g)s Vepec. analysis (instrument 1, 9' Corbowax-Embacel
column, 1670) indicated that this consisted almost wholly of camphene
hydrate. Less than 10j5 of the mixture consisted of isobornecl, X -
campholenol and an unknown component having a retention time higher than
that of cX~campholenol (table 6). Tne product was chromatographed on
neutral alumina (30 g) in hexane. Elution with hexene yielded solid
material (0.95 g), mepe 130-1450, vhich was sublimed to yield camphene
hydrate, mep. 149-151°; mixed mep. with an suthentic sample m.De
150-1 52o was 14.9-1 510. Tye infrared spectra of the two samples were
also identical. The camphene hydrate obtained in the reaction showed
[o<]§5+ 27.5 (¢ 2.55, ethanol), (1it.71 [o(]D— 26,0). Elution with
254 ether hexane yielded a liquid fraction (0,065 g), the infrared
spectrum of which was identical with that of authentio o{-campholenol,
except for the presence of a band at 880 cm-1o Vepece examination of
this fraction showed that it was a mixture of o{=-campholenol and the

previously observed unknown component (presumably (74, X:CHZOH) ).

Unbuffered acetolysis of ol-campholenyl p-nitrobenzene sxi‘lphonat €e

A solution of the sulphonate (1.0 g) in glacial acetic acid (50 ml)
was heated at 100° for 5 hr. The dark solution was poured into water,

and was extracted with ether. Tye ether extract was washed with sodium



103,
carbonate solution, water, and was dried. Removal of the ether left
a dark oil (0.45 g), the infrared spectrum of which was virtually
identical with that of isobornyl acetate, Distillation yielded 0.30 g
of colourless oil, bep. 115-125° (batly/15 mms Tyis was analysed by
capillary vepeces (150' Apiezon column, 140°) and its composition
(normalised feak areas only) is given in tabie 11, Pelt2e The solvolysis
product (0«25 g) was reduced with lithium aluminium hydride in ether.
and the semi-solid product obtained on work-up (0.20 g) was chroma-
tographed on active neutral alumina (20 g). Elution with ether yielded
FolE e (0410 g), which was sublimed to give colourless crystals
of isoborneol (0.60 g) [CXJEO 0 (o 1.00, ethenol). Tpe infrared
spectrum was identical with that of authentic material. ZElution with
2% methanol~ether gave 0,090 g of semi-solid material, which was not

further investigated.

X =Cempholenyl chloride.

(a) A mixture of (+)= X =campholenol (1;5 g, 0.01 mole) and
pyridine O.éO g, 0.0 mole) was cooled in an icebath and thionyl
chloride (1.20 g, 0.01 mole) was added dropwise. The mixture was kept
at 0° for 15 min. and was then heated with stirring at 60-80° for 25 hr.

Evolution of S0, from the mixture was accompanied by extensive tar

2
formation. (FBarlier trial experiments had indicated that chlorination
did not proceed at lower temperatures.) The cooled mixture was poured
into water, and work-up by ether extraction yielded a dark brown pro-

duct (1.4 g) which on distillation yielded a colourless oil (0.80 g,

L7%), bepe 100° (bath)/16 mm, which lacked hydroxyl absorption in its

L3
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infrared spectrume VepeC. analysis (3" Apiezon column) revealed the
presence of ca. 105 of impurity eluted ahead of the main peak. For

analysis a sample was redistilled.

(Found: C, 69+1; H, 1040. C, o, /01 requires: C, 69.5; Hy, 9¢%b0)

(b) A solution of (+)= ot =campholenyl pe-nitrobenzenesulphonate
(3.6 g, 0.010 mole) and pyridine hydrochloride (2.5 g, 0.022 mole) in
dimethylformamide (25 ml) was kept at room temperature for 20 hr. Tpe
mixture was poured into water, extracted with ether, and the ether was
thoroughly washed with water and dried., Djstillation of the residue
obtained on removal of the ether yielded A~campholenyl chloride
(1.60 g, 90%) bepe 400° (bath)/45 mm, which was vapour chromatographi-
cally homogeneous. The infrared spectrum of this product was identical

with that of the impure product obtained in (a),

(Found: C, 69.2; H, 9.8, Calc for C Cl: G, 69.5; H, 9.9%).

1017
(¢) A solution of o{-campholenol (1.50 g, 0.01 mole), pyridine
(1.60 g, 0,02 mole) and p-toluenesulphonyl chloride (1,90 g, 0.01 mole)
in dimethylformamide (10 ml) was kept at 0% for 18 hr. The mixture
was poured into water and work-up by ether extraction yielded an oil
(1.65 &), which showed strong carbonyl absorption at 1730 om 'o The
0il was chromatographed on silica gel {20 g) and elution with hexane
yielded cX=-campholenyl chloride (0.11 g), identified by its infrared

spectrum, Elution with 104 ether-hexane yielded ™A -campholenyl formate

(1.15 &), .vmax 1730, 1160, and 803 cn ', For analysis a sample was
distilled.
(Found: C, 73.0; H, 10410 C,4H, g0, requires: G, 72.5; H, 10.05%)
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Acetolygis of (4)= X =campholenyl chloride.

A solution of the pure chloride (0.59 g, 00034 mole) and fused
sodium acetate (0.60 g, 0.0073 mole) in acetic acid (pml) was heated
at 1000 for 115 hro Work-up by ether extraction yielded 0.51 g of
liquid product, the infrared spectrum of which showed strong absorp-
tion at 1740 and 1240 on ! (acetate), and only weak absorption due to
camphene at 4650 and 880 cm-1. Quantitative v.pece. analysis (3
Apiezon column) showed that the product was a mixture of tricyclene
(456), camphene (29%5), isobornyl acetate (655) and en unidentified
component (20)e Starting material end ol =campholenyl acetate were
not present in the solvolysis producte. Part of the product (0635 g)
was chromatographed on neutral alumina (20 g)s Elution with petroleum
ether yielded camphene (0,075 g), which after distillation showed
[ok]go- 5,0 (¢ 0.80, benzene). Elution with 2% ether-pctroleum ether
gave isobornyl acetate (0.225 g). The acetate (0.17 g) was reduced
with lithium aluminium hydride in ether to yield white crystals of
i soborneol (0,090 g), mep. 208-210° (sealed capillary), |'_c><]12)7+ 9.1
(c 10092, ethanol)e Tye isohorneol was found %o be fres from borneol
bY Vepeco analysis (300" Ukon capillary column) under conditions where

1% of borneol could have been detected.

Reaction of camphene with acetic acid-sodium scetate.

(2) A solution of camphene’ (1.0 g) and sodium acetate (0.65 g)
in acetic acid was sealed in ampoules in 5 equal portions. The
o
ampoules were heated in a bath at 100 and were withdrawn at known

intervals. The contents were worked up by the usual procedure and the
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product was analysed DY VepeCo (12" BDS column)e. The compositions are
summarised in table 10,

(b) (+)=Camphene (27 g) and sodium acetate (17 g) were refluxed
in glacial acetic acid (250 ml) for 173 hr. Tpe neutral product ob-
tained by ether extraction was fractionated under reduced pressure.
After a forerun, congisting mainly of camphene and tricyclene, a main
fraction (21.2 g), Dbepe 110-111°/18 mm was collected. The infrared
spectrum of this material was identical with that of authentic iso-
bornyl acetate. Bornyl acetate was shown to be absent by ve.p.c. analy-
sis (150' Apiezon capillary column, 1350) under conditions vhere 1%
could have been detected.s Tnhe distillation residue was distilled in
a smeller flask to yield 1.8 g of liquid, which was shown by VePeCe
to consist of isobornyl acetate together with the unknown compound
(cae 10%) previously observed in the acetolysis products end in the
reaction described in (a). Because of the small amount of this compound
present in the mixture, attempts to isolate it were not thought to be

worthwhile.

Preparation of the trifluorocacetates.

56

The following general procedure was used. A cold solution of

the alcohol in anhydrous ether was treated dropwise with an excess of
trifluorcacetic anhydride, and the stoppered mixture was kept at room
temperature overnight. The mixture was then poured into cold sodium

carbonate solution and the ether layer was separated, washed with water

and was dried. The product was distilled after removal of the ether,
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(a) Isobornyl trifluoroacetate, obtained from iscborneol having

D?k]D—31 in 874 yield, had Db.p. 97-98?/28mm,[C><];9-32.5 (¢ 2.00,

chloroform).

(Found: C, 57.6; H, 6.9 012}{171?302 requires: C, 57.6; H, 6.9%).

(b) Bornyl trifluoroacctate, obtained from borneol having

[o<]p + 37 in 7 yield, had b.p. 97-98%/28 un, [o«]§0+32.5 (o 2.52,

chloroform) .

(Found: C, 57.9; H, 6.9 c12n171’«‘302 requiress G, 57+6; H, 6.9%)e

(¢) oA —Campholenyl trifluoroacetate, obtained from cX-camphol-

enol having o]+ Selb in 674 yield, hed b.p. 92-95°/13 mn, [ot]2%

(chloroform).

(Found: C, 57.3; H, 6e7e C12H17F302 requires: C, 57.6; H, 6.9%).

(@) Methylosmphenilyl trifluoroacetate, obtained from (=)-methyl—

camphenilol in 88% yield, had b.p. 95-97° (bath)/13 mu.

(Found: C, 58.4; H, 6.9 C, o, _[1«‘302 requires: C, 57.6; H, 6.50).

(e) (%)-Camphene hydrate was converted to its trifluoroacetate
in quantitative yield, The trifluoroacetate was not sufficiently
stable to be distilled, and was therefore not analysed.

The trifluoroacetates all showed strong absorption at 1775, 1210,

ard 1150 cm—1.

Acetolysis of (+)=bornyl trifluoroacetate.

(a) The trifluoroacetate (0,50 g) and fused sodium acetate
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(0.35 g) were dissolved in acetic acid (16 ml). The solution was
divided into 4 equal portions, and these were sealed in ampoules and
heated at 100?0 Ampoules were removed from the heating bath at
intervals, and were ocooled and opened. The contents were poured into
water, neutralised by the addition of sodium carbonate and the mixture
was extracted with ether. The ether extract was washed with water and
dried, and the residue obtained after removal of the ether through a
short fractionating column was analysed DY VeDeCo (instrument 1, 6'
squalene~Celite column, 1580). The composition of the, product at

various intervels is shown in the table below.

Time (hr) Bornyl trifluoro- Borneol Bornyl acetate
acetate (% (55) ()
6 L 31 28
12 2l 19 57
18 9 13 78
26 3 L 93

The infrared spectrum of the oroduct obtained after 6 hr at 100°
showed strong sbsorption at 3450 (0H), 1780 (trifluoroacetate carbonyl)
and 1740 (acetate carbonyl) cm_1° With increasing reaction time the
hydroxyl and the trifluoroacetate carbonyl band intensities decreased,
and the acetate carbonyl intensity increased.

(b) A solution of the trifluorcscetate (1.0 g) and fused sodium
acetate (0.70 g) in acetic acid (30 ml) was heated at 100° for 26 hr.
Tpe solution was worked up as in (a) to give en o0il (0.67 g), the

infrared spectrum of which was identical with that of bornyl acetate,
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exoept for weak absorption at 3500 and 1780 cm-1. This product was
refluxed with a;n excess of lithium aluminium hydride in ethier for 30
min, and work-up in the usual way yiclded borneol (0.4.25 g),[u]§o+

36e1 (c 1462, ethanol), the infrared spectrum of which was identical

with that of an authentic sample.

Acetolysis of A=campholenvl trifluoroacctatbeés

The trifluorocacetate (0.10 g), fused sodium acetate (0,070 g)
and acetic scid (3 ml) were heated in an ampoule at 100° for 10 hr.
Work=up in the usual way vielded an oil (0.060 g), the infrared spec-
trum of which was identical with that of o =campholernyl acetate,
except for weak trifluoroacetate carbonyl absorption at 4780 cm_1.
Vepece analysis (instrument 1, 6' squalene-Celite column, 153°) indi-
cated that the product consisted of X -campholenyl acetate and a small

amount of unchanged trifluoroacetate.

Acetolysis of (=)=-isobornyl trifluorocacectates.

A solution of the trifluorcacetate (containing 456 of (+)-bornyl
trifluorcacetate) (3.0 g, 0.012 mole) and fused sodium acetate (2.0 g,
0,025 mole) in acetic acid (400 ml) was heated at 100° for 5 hr. Work-
up in the usual way gave an oil (1.45 g) which was shown by quantitative
Vepece analysis (3' Apiezon column) to consist of tricyclene (449),
camphene (76/5), isoboxrnyl acetate (12), unchanged bornyl trifluoro-
acetate (5%), and an unknown compound eluted after isobornyl acetate
(3%)e Examination by capillary Vepece (150" Apiezon column, 135°)

revealed the presence of a small amount of bornyl acetate (24) which
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| was apparently formed from the bornyl triflucroacetate, lethyl-

camphenllyl aéetaﬁé‘could not be detecteds Upder the conditions of
the analysis thé retention times were: bornyl acetate 9 min 55 ssc;
isbbornyl acetate 10 min 20 sec; methylecamphenilyl acetate 10 min 50
Sece Tﬁe acetolyéis proﬁuct.(1025 g) was chromatogsraphed on neubral

alumina (25 g). Flution with light petroleum yielded camphene (0,95 g),

21

D

with 100 ether-light petroleum gave iscbornyl acetate (0s080 g), the

which after distillation ha&[ci] + 103 (c 1.32, benzene). Flution

infrared spectrum of which was identical with that of an authentic

sample,

Acetolyasis of methyleamphenilyl trifluorocacetates.

A solution of the trifluoroacetate (0.61 g, 0.002% mole) and fused
sodium acetate {050 g, 0,006 mole) in acetic acid (45 ml)} was heated
c ‘ . o
at 100" for 5 hr. Work-up by ether extraction gave an oil (0.28 g,

)

viich was showmn by quantitative vepsce snalysis (3! Apiezon columa) to

consist of tricyclene (5%), camphene (797%), isobornyl acetate (130),
and an unknown compound (3i)e Capillsry V.peCe analysis showed that

bornyl acetate and methylcamphenilyl acetate were not present in the

product,

Acebolysis of the trifluoroacebate of camphene hydrates

A solution of the trifluocrcacetate (0.7 g, 0.0029 mole) and fused

sodium acetate (0.50 g, 0.006 mole) in acctic acid (15 ml) was heated

O . . u . . .
at 100" for 5 hr. The product (0.37 g, obtained by the usual work-=up




procedure was shown by guantitalive VePeCe analysi& to consist of
tricyclene () camphene (825}, isobornyl acetate (12%-) and an
unknown compound (2%)e Bornyl and methylcsmphenilyl scetates were
shown to be sbsent by capillary VeDeCe

)

0 PR - .
Acetolysis of (+)=bornyl p-nitrobenzenesulphonate.

A solution of the sulphonate (5.0 g, 015 mole) and sodium
acetate (250 g, «030 mole) in acetic acid (120 ml) was heated at.ﬂOOO
for 13 hr, Work=up in thé usual way gave 1.80 g of product, which
was shown by gquantitative vepecs To consist of tricyclene (54), cam=
phene (6455), isobornyl acetate (254) and the unknown compound (6%)
Capillery vV.psCe analysis showed that bornyl scstate and methylcampheniiyl
acetate were absent under conditions where ca. 25 of each in the iso-
bornyl acetate could have been detected. The acetelysis product (ﬁ.?@ g}
was chromatographed on silica gel (30 g). Elution with hexane gave
camphene (0,72 g}, which after distillation showed B>(]§5+ 56 (¢ 31,
benzene). FElution with 2% ether—hexane gave 2 acetate fractionse. The
fiprst of these (025 g) consisted of iscbornyl acetate (v.p.c. and
infrared spectrum) while the second (0.17 g) was shown by Vepecs (3'
Apiezon column, ﬁ?OO} to congist of iscobornyl acetate (70%, retention

time 41 min 50 sec) and the unknown compound (3074, retention time 2 min

L].O 38@} ®

Stability of acetates in acetic acid-sodium acetate.

£ A
i

* hd e 2 . ) Y \? P hd
“{a} A solution of methylcamphenilyl acetate (Ce19 g} and sodium

X - N L . o o
acetate (0.10 g} in acetic acid (5 ml) was kest at 1007 for 6 hr,
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Work-up by ether extraction gave unchanged acebtate (0.16 g), identified
by its infrared spectrum and retention time (150" Apiezon capillery
column),

odium acetate

Cﬂ

(b) The acetate of camphene hydrate (0,15 g) and
% . 5, O .
{0.10 g) were heated in acetic acid {5 ml) at 100" for € hr. Work-up
by ether extraction gave 0.095 g of semisgolid material, the infrared
spectrum of which showed strong absorption due to camphene (1650 and
) —1 A N ey -1
880 cm ), and weak acetate bands at 1740 and 1240 cm o VePeCo
examination (3% Apiezon column) indicated that the product consisted
of camphene and ca. Fo of isobornyl acetate.
A o e s
(e} A solution of Xecampholenyl acetate (0e18 g) and sodium
5 3 . . Y Qo ey e}
acetate (0620 g) in acetic acid (6 ml) was kept at 100 for 96 hre
Bther extraction gave O.15 g of slightly discoloured oil, the infrared

spectrum of vwhich was 1ldentical with that of the starting acetate.

Vepeces analysis (3° Apiezon columm} showed only X =campholenyl acetate.

Solvolvses in agueous acetone.

{a) A solution of methylcemphenilyl trifluorcacetate (0650 g)
in aqueous acetone (70% v/v, 25 ml) was heated under reflux with calcium
carbonate (0.60 g) for 40 hr (beth temperature 70—75O>. The mixture
was diluted vwith water, and ether extraction gave .24 g of solid

. - . O . .
producte. Ceaplllary vV.pec. analysis (300" Ukon column, 140 )} indicated

that the product consisted of camphene (27%, retention time 8 min 50 sec)
i &

camphene hydrate (72%, 22 min) and iscborneol ( < 1%, 26 min 20 sec).
HMethylcamphenilol and camphene hydrate could not however be separsted.

Synthetic mixtures of the two alcohols were eluted as sharp symmetrical
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peeks (retention time 22 mwinj. The infrared spectrum of the product

A" a e, )
‘(CClL}-however‘1ndlcate& that the alcohol was camphene hydrate and not

methylcamphenilol, Methylcamphemilol showed strong charscteristic
bands at 955 aﬁd 95 cmﬁq wnich were not present in the spectrs of
camphene hydrate or the solvolysis product, However’<:1Cﬁ§of methyl-
cemphenilol in camphene hydrate could not be detected by these charac—
teristic bands as judged by the spectra of synthetic mixtures of the
two alcohols. The solvolysis product was disgolved in dimethylaniline
(10 ml) and acetyl chloride (2 ml) was added. The mixture was kept at
room temperature for 2 hr, and was then warmed on a water bath for 4 hr.
The product obtained by addition of water and ether extraction in the
usual way was analysed by vVePsce (150' Apiezon capillary column, 1500,
injector 2200). Upder these conditions methylcamphenilyl acetate was
stable, and was eluted as a sharp pesk at 9 min L2 sec, while the
acetate of camphene hydrate decomposed, énd was eluted as a large pesk
at L4 min 30 sec and a minor peak at 9 min (epparently iscbornyl acetate).
The chromatogram of the acetylated solvolysis product was identical with
that of the acetate of camphene hydrate. UNethylecamphenilyl acetate
could not be detected in the acetylated solvolysis producte

(b} 4 sclution of iscbornyl chloride {0.20 g) in agueous acetone
(704 v/v, 10 ml) was heated with calcium cerbonate (0.30 g) at 55
(bath) for 17 hr. Work-up by ether extraction gave O.1k4 g of colourless
s0lid, which was shown by VeDeCe t0 consist of cemphene (32%), camphene
hydrate (67%) and iscbornecl (1%)s The infrared spectrum of this PrO=
duct (cclh} wes identicel with that obtained in (a)e Acetylation with

: o n . P - s o £ R
acetyl chloride~dimethylaniline and vePece analysis as in {(a) showed
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“aat aethylcamphenilol was not present.

Kinetic leasurencritse

These were made usging standard techniques.78 Sodium acctate solu-
“ion s prepared by adding the calculated quantity of A.Re sodium
carbonate to a known volume of glacial acetic acide Perchloric acid
solution was similarly prepared by diluting A<Re perchloric acid vitin
the required quantity of acetic acide The perchloric acid was standard—
ised against potassium hydrogen phthalate in acetic acid, and the sodium
acetate was in turn standardised against the perchloric acid. Bromo-=
phenol blue in acetic acid was used as the indicator.

4 50 ml volumetric flask containiag a weighed amouxt of sulphonate
was Tilled to the mark with the acetic acid=-sodium acetate solution.
The resulting solution was divided into O equal portions wnich were
sealed in ampoules. The ampoules were placed in a thermostatted bath
and allowed to reach the bath temperaturce (15 minje ..ipoules were
vwi thdrawn at knewn intervals, cocled in lced water (4 win) and allowed
to attain room temperature (3 min)e. 5.0 ml of solution was vdthdrawn
and titrated vith the perchloric acid solution. The time of the first
analysis was called zero time. The molarity of sodium acetate in the
solvolysis solution was calculated from the volume of perchloric acid
required to neutralise it. This enebled the amount of sodium acetate
consumed, and hence the amount of sulphonic acid liberated to be cal-
culated. IFrom the latter value the concentration of sulphonate

remaining was found.
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It °y = [sulphonate] at time = 5, and c= [Sulphonate] at

time = ¢, then for a first order reaction

Inc = 1In c° - kt

or 2,303 log ¢ = 1n cy = kt

k
The slope of a plot of log ¢ versus t is thus = 2.303.
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X =Campholenyl, p-nitrobenzenesulphonate in buffered acetic acid.

"1.

T = 30,0 = 0,1°C

HC10, = 0,0526M

L

Initial [NaOAc] = 0.0473M

Initial [sulphonate] = 0.02u6H

Time (hr)
0.0
165
3¢5
55
8.0
10,0
115

22,0

Titre (ml)

L..50
Le27
4402
3485
3460
3el6
3436
2481

5

k = 1.64 x 10 ° scc

- A —

-1

C
0.0245
0,0221
0,0195
0.0177
0,0150
0,0136
0.0125
0,0068

from slope

of mraph.

log ¢

~1.610
-1.656
-1.711
-1.752
~1.823
=1+867
~-1+902
-2.174
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(b)

T = 40,7 = 0,1°

HC10, = 0,05071

Initial [NaOAc] = O.OL73H

Initial [sulphonate] = 0.0288M.

ime (hr) Titre (ml) c
0.0 lre 51 0.0272
0s oo 2L 04 020ds
165 3.77 0.0197
3.0 3e2h 0.0143
15-05 2.87 0001 05
6,0 2,57 0.0075
8,0 2.33 0,0051

k = 5.9 x 107 seo”

from slope of graphe

Initial

Time (hr)
0.0
160
2.5
heO
5¢5
Te5
9.0

[Sulphonate] = 0,01994

Titre (ml)
Lo 6
he16
375
Beli6
302k
3.07
2496

k = 6,02 x 10—5 sec—1

c
0.0178
00,0148
0,0106
0,0076
0,005
0.,0037
0,0026

from slope of zraille

log ¢

-1 4566
-1 4612
-1.707
1845
~14977
-2.126
-2.296

log ¢

-1 o 143
~1.830
=197
-14120
-2,26l
=2.430
~2.,585
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T = 49.6 £0.4°

4010, = 0.0555H

Initial [ NaOAc] = 0.OL73M
Initial [sulphonate] = 0,0238H
Time (hr) Titre (ml)
0,0 Ls 02

0.5 3¢50

140 3423

1¢5 3604

245 2.65

3.0 2.56

4.0 2440

5¢5 2431

-1

k = 1.55 x *\O_)+ sec from

c

0,0209
0,0161
0,0122
0,0101
0.0058
0,0048
0,0300
0,0200

slope of graph.

T = 60,0 £ 0.1°

HC1l0

= 0,0526M

initial [NaOAc] = O.OL73M

Initiel [sulphonate] = 0.0265M
Time (hr) Titre (ml)

0,0 3.98

0025 3629

0.50 2.86

0.75 2059

1.0 2439

1ok 2422

106 2.17

1

C

0.,02210
0.0137
00092
0,006
00,0043
0.0025
00,0020

k = 4..08 % 10 sec—1 from slope of graphe

log ¢

=1 4681
=179
-1k
-1+996
-2.234
-2.516
-24523
=2,699

log ¢

-1,678
-1,863
~2,036
=20197
«2.371
-2,607
=2,710
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X =Campholenyl pfnitrobenzenesulphonate'in unbuffered acetic acide.

The liberated sulphonic acid was titrated with standard sodium

acetate solutione.

T = 40,7 ¥ 0.1°
NaOAc = O.QL73M

Initial Lsulphonate] = 0,0210M

Time (hr) Titre (ml) c log ¢

0.0 0.13 0,0208 -1 .681
0.5 0.35 0,0176 1o 754
1e5 0.66 0.0147 -1.833
3.0 1,05 0,0110 ' -14958
L 75 145 0,0072 =214
545 1455 0,0063 -2.202
75 1.78 0,001 ~-24387

k = 589 x 10~ sec“»‘l from slope of graphe
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Dihydro= oX —campholenyl p-nitrobenzenesulphonate in buffered acetic acide

e T = 6000 i 0010
Initial [NaOAc] = OoOLL6M

Initial [sulphonate] = 0,022

Time (hr) Pitre (nl) c log ¢
0,0 Lo 30 0,0222 ~1 465
9.0 Le13 0,0206 ~1.686
20,0 14,02 0.0193 1715
3245 3485 0.0175 -1.756
50,0 3.65 0.0155 -1 811
TLeO 3elly 0,0133 -14876
10405 3423 0.0111 -1 0954

k = 2,01 x 10_6 sec-1 from slope of graphe
2, T = 100°
(a) HC10, = 0,04.90H
Initial [NaOAc] = 0.0482M
Initial [sulphonate] = 0.0231M

Time(hr) Titre (ml) c log ¢
0,0 le 70 0.0202 “1 4695
1.0 Lol 0e 0144 -1 842
105 3690 0s012% -1.,908
205 3.58 ' 0,0093 -2,031
L0 323 0,0058 -2.239
5.0 3440 0.0045 =236
6.0 2,97 0.0032 -2.490

k = 8.25 X 10_5 sec  from slope of graph.




(b) HC1O0, = 0.0516M

b \
Initial |[NaOAc| = OoOLL6M

Tnitial [sulphonate] = 0,0200M

Time (hr) Pitre (ml)

0.0 Le17
1.0 3.66
2.0 3430
2475 3415
3¢5 2,98
o5 2,80
5025 247k
640 2.67

k = 8.3 x 10“5 5€0 b from slope of graphe

0.0185
0.0132
0.0095
0,0081
0,0062
0.0013
0,0037

0,0030

log ¢

-1 734
-1.880
~2.023
=-2.093
-2,210
-2.365
2432

-2 527
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II. Gork described in part Il.

Attempted preparation of 2-exo-cyanobornane (99, x = ClT) «

(a) A mixture of (+)-bornyl p-tcluenesulphonate (0,30 g), powdered
sodium cyanide (0.30 g) and dimethylformsmide (5 ml) was sealed in an
ampoule and heated at 550 for 45 hr. The reaction mixture was poured
into water, extracted with ether, and the ether extract was thoroughly
washed with water, and was dried. Removal of the ether yiclded a
colourless crystalline residue (0029 £)s DeDe 64,65, whose infrared

spectrum was identical with that of bornyl Brtoluenesulphonate.

() A mixture.of the toluenesulphonate (0.30 g), sodium cyanide
(0,30 g) and dimethylformamide (20 ml) was heated at 410-130° for 10
hr (nitrogen atmosphere), Vork-up by ether extraction gave a semi=—
solid groduct (0.10 g), the infrared spectrum of waich was identical

with that of cemphene. Nitrile absorition was not presente

Attempted preparation of 2—endo—~cyanobornane (98, x = Cli).

(a) A mixture of (£)=isobornyl chloride (0.30 g), sodium cyanide
(0.30 g) and dimethylformamide (5 ml) was kept at room temperature
overnighte Work-up by ether extracticn yielded unchanged isobornyl
chloride (0025 g)s MeDe 161—1620, whose infrared spectrum was identical

with that of the sterting material.

(b) The same quantities of reactants as in (a) were sealed in an
ampoule and maintained at 55O for 46 hr. Work-up yielded unchanged

isobornyl chloride (0.26 g), identified by its infrared spectrum,
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The following compounds were prepared by the method of Flautt
and Erman82 except that (+)=camphor was used as the starting material
instead of (=)-camphor. Literature melting and boiling points are for

the (%)-compounds:

2= (p-Anisyl)isoborneol (102), Mops 105-407° (1ite mepe 105-1077),

[CX] %9- 21,7 (¢ 1.08, chloroform).

2-(p-Anisyl)bornylene (103), mepe. 86-87° (Lito mep. T1-72°),

B><];9- 177 (c 2400, chloroform).

p-Bornylanisole (104), mepe 37-38° (1ite Deps 1107 0.4 mm), [o( go_
39,3 (c 2,06, chloroform). Its nem.rs spectrum showed singlets at
“T9.30, 9.06, and 8,97 (3l each, methyl sroups), a multiplet at 7.9-
8.7 ( 7 4, methylene and bridgehead), a quartet at 7.03 (14, benzylic),
a singlet at 6.22 ( 3 H, methoxyl), and a quartet at 3.10 ( 4 H, aromatic),

in agreement with the spectrum published for the (t)—compound.82

p-Isobornylanisole (106).

A solution of 2-(p-enisyl)bornyleae (12,0 g,) in ethanol (50 ml)
was hydrogenated over nickel boride catalystBE (from 5.0 g of nickel
acetate and 2.4 g of sodium borohydride) at 90° and 1900 1lbe/sgeine
for 20 hre The catalyst was removed by filtration and the ethanol was
removed under reduced pressure. The residue was digsolved in cther,
washed with water and dried. BEvaporation of the ether left a viscous
0il (114 &) sllovd.ng[o(];l)8— 56 (chloroform)s A portion of this oil

crystallised from cold methanol as colourless plates, which reverted
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to oil on attaining room temperature. A sample which had been recrys-
tallised twice in this fashion had[CKlgo- 56. The neler. spectrum
showed methyl peaks at T 9.30 and 9.20 in agreement with the literature
velues for (106). Contamination by p-bornmylanisole (104) was indicated
by methyl peaks at T 9.08 and 9.00. TFrom an integration the product
was & 60340 (106)3:(404) mixture. This product was used for the 0zo-

nolysis experiments.

Ozonolysis of p-isobornylanisole.

Ozonised oxygen was passed through a solution of p-isobornyl-
anisole (9.5 g) in methylene chloride (250 ml) at —5o for 53 hr. ‘Jork-=
up as described for the bornyl compound83 yielded a gummy acid fraction
(5.3 g), which could not be induced to crystallise. The gum was chroma-
tographed on silica gel (40 g) and elution with 5% ether-—hexane afforded
2.25 g (33%4) of crystalline acid, mePe 68-700,[C%J§O—~23 (chloroform).
Recrystallisation from aqueous methanol raised the m.po to 71=73°, but
the specific rotation was unchanged. For analysis a sample was dis-

tilled at 2 mm.

(Found: C, 72.7; H, 9¢9. Calc. for C11H1802 : C, 72¢5; Hy 10.0%).
Flution of the column with 10 ether-hexane yielded an oil, which was
not further investigated.

In a separate experiment, ozonolysis of 1.0 g of Erisobornyl-
anisole gave 0.60 g of gummy acid fraction, vwhich after chromatography

yielded 0.25 g of orystalline acid, m.p. 73—750,[C%;]§O- 32 (chloroform).



(+)—2—endo—Carbbxybornaneo

This was prepared by the ozonolysis of (=)-bornylanisole using
the procedure of IFlautt and Erman.83 The yield of crude cnystallinel
acid was 84Sho After one reccrystallisation from aqueous methanol the

acid shoved m.p. 82-83° (1it.8o mep. 82-62.57), [ % §O+ 16.8,[o<]§£;8+

17.2,[jc<]§t6 + 20'3’[C><]i§6 + 36,0 (¢ 1,.926, benzene) (lit.BO

2=endo=Carboxybornane, from bornyl chlorides

Bornylmagnesium chloride was prepared by the method of Rupe and
HirschmannB7 except that tetrahydrofuran was used as the solvent.
Carbonation was effected by pouring the Grignard reagent onto dry ice.
The acid crystallised from aqueous methanol as colourless plates,

mepe ThT5° (1ite! mepe 75%),[0¢]2% (o 4.26, benzene).

2=Methylenebornanee.

Methyltriphenylphosphonium bromid688 (130 g., 038 mole)was added
portionwise to a stirred ethereal solution of n-butyllithium (320 ml
of 1.2 solution, 0.38 mole) in an atmosphere of nitrogen. The mixture
was stirred at room temperature for 41 hr, after which (+)=camphor (40.0 g,
0.26 mole) in ether (200 ml) was added dropwise. The solution was
heated under reflux for 1 hr and was then kept at room temperature
overnight. The majority of the ether was then slowly distilled from
the reaction vessel, and was replaced by tetrahydrofuran (500 ml)s Tpe

mixture was heated under reflux with stirring for 15 hr, af'ter which
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cae half of the' tetrahydrofuran was removed by distillation, The
regidue was treated with water (gg. 5C0 ml) and extracted with hexane
(2 x 400 ml)e TThe hexane solution was wasied with water and dried,
and filtered through a column of neutral alumine (700 g). Two 100 wl
froctions giving positive tetranitromethane tests were collectedo
Regmoval of the hexane through a short fractionating column yiclded
o-methylenebornane (25.5 g, 6Lyd), containing ca. 5.5 camphor as Jjudged
by the carbonyl absorption in its infrared spectrum. Recrystallisation
89

from methanol gave pure 2-methyl encbornane (1440 g), meDe 68-69° (1it.

MePe 68—700),[C%:]§6- 48.5 (¢ 2412, beazene) e

2-exo-liydroxymethylbornane,

A solution of disismylborane (0.095 mole) in diglyme was prepared
from 2-methylbut-2-ene (13.3 g, 019 mole), sodium borohydride (2,70 g,
0,074 mole) and boron trifluoride etherate (13.5 g, 0,095 mole)o85
To this stirred, cooled solution, maintained in an atmosphere of nitro-
gen, was added dropwise a solution of 2-methylenebornane (13.0 g,

0,087 mole) in diglyme (4O ml). Stirring was continued at 0° for 2 hr,
and the mixture was then kepl at room temperature overnight. The mix-
ture was then oxidised by the addition oi sodium hydroxide (71, 30 ml)
followed by hydrogen peroxide (30,0, 30 ml)e Work-up by ether extrac-
tion followed by fractional 5istillation yielded 2-cxo~hydroxymethyl=
bornane (9.5 g, 59%) bep. 130-1310/15 mm, MePe 106—1080,[C><]§3- L9.3
(c 1.54, benzene). Sublimation gave an analytical sample, mepe 107~

1090,[cx{]§O- 50.8 (benzenec),
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(Found: €, 78.8; 1, 11.8. C11H2OO requires C, 76.5; I, 12¢0,9) «

A solution of the carbinol (0.20 g) in pyridine (10 ml) was treated with
acetic anhydride (2 ml) and the mixturs was kept at room temperature

for 48 hr. Tork=up by ether extractioa and distillation yielded the
acetate (0.21 g) as a colourless oil, DePe 4100°/ (bath)/15 mae VeDeCe
analysis (150" Apiezon capillary column, 1500) indicated the presence

of 1G4 of the acetate of end o=2=hydroxymethylbornane.

(=)=2=cxo~-Carboxybornane.

e

A stirred solution of (=)-2-cxo-hydroxymethylbornane (4e3 g) in
acetone (250 ml) was treated dropwise witi Jones! reagent until the
colour of the reagent persisted. Tpe solution was stirred at room
temperature for 1 hr, after which ethanol was added to remove excess
of oxidising agente. The solution was diluted with water anl concen-
trated under reduced pressurcs, The adueous residue was cextracted with
ether, and the ether extract was washed with water and then extracted
with dilute sodium hydroxide solution. The sodium hydroxide extract
was acidified with dilute hydrochloric acid, ond vork-up by ether ex-

. . . e 0 20
traction yielded crystalline ocld (J.5:2, 755) s MePa 15=77 5 X b -62,
[c>(}§38 -70,[c>{1§ié -82,[C>4]i?6—136 (benzene). Tnhe rotations av
the last three wavelengths correspond to those of a 75:25 exosendo

acid mixture, using the rotations for pure eXo and endo acids given

80
by de Bottone This acid mixture (3.0 g, 0.016 mole) was dissolved
in ethanol (30 ml) amd was neutralised (phenolﬁhthalein) by the addition

of 1N sodium hydroxide solution. The volume of the solution was made
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to 100 ml by the addition of watcre (+)=Bornylamine hydroohloride9
(2.3 g, 0,012 mole) was dissolved in 20,5 ethanol=water (120 ml), and
part of this solution (60 ml) was added dropwise to the stirred solu-
tion of the sodium salt of the acid mixture. The precipitated salt
was collected by filtration, suspended in dilute sodium hydroxide solu-=
tion, and extracted with ether +o remove the liberated bornylamine.
The agueous layer was acidified with dilute hydrochloric acid, and
ether extraction yielded 1.06 g of acid, having{}><]§1—92. The filtrate
from above was treated with the remairing 60 ml of bornylanine hydro-
chloride solution, and work-up of the precipitated salt yiclded a
further 0,88 g of acid, havin@;[041§1-81o This was converted into the
sodium salt end treated with bornylamine hydrochloride (0.67 g) in
the manner described above to yield 0,54k g of acid having[}>ijgo—96.
The acid fractions having[cK]D ~-96 and =92 were compined and recrys-—
tallised Trom aqueous methanol to give pure 2—gzgfcarboxybornane (1.16 2)

8 R 5
° (1i%. O nop. 81-61.5%), o 1995,

D
=3 ?;8 -103,[0(]?26 ~121,[ 4] 12126 —201 (c 2.123, benzene) (li‘t.80

(o] sqg 10275 [X]g6 =117-25 (o], 56 ~205+5)-

as colowrless plates, mep. c1=62

Correlation of optical rotations.

The following acids were methylated with ethereal diazomethane:
exo acid [C%]D =95 and [CXQD -62; endo,acid.{CXQD + 16.8. Synthetic

mixtures of the exo and endo mecthyl esters could not be separated by

VepeCs On any of the following colume: 3' Apiezon, 6' Silicone, 12'
B.D.Se, 150" Apiezon capillary and 300% Ukon capillary. Tne methyl

esters were reduced with lithium aluminium hydride in ether and the
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products obtained by the normal work-up procedure were sublimed to
yield the crystalline 2-hydroxymethylbornanese The acetates of the

exo and endo carbinols could be separated by VePoCo (450" Apiezon

capillary colwm)e The rotations of the carbinols (in benzene) and
their calculated compositions are shown below.

4

Source of carbinol MoDe [OQD 6 exo s endo

Reduction of endo acid -

[qu + 16.8 86-87° + 47.5 = 400 £

Reduction of exo acid

[y =95 113-114 = 60 100 £ s
Hydroboration of 2-metnyl-

enebornane 107-109° = 50 9 g &

Reduction of acid
(o, -62 103-105° = 35 75 25

A
# Homogeneous from Vepsc. of acetate.:

*  90;410 mixture from ve.pec. of acetatee

B-{2,2, 3-Trimethyleyclo sent~3=enyl)propionic acid (101) .

Powdered sodium cyanide (15 g) was added to a cold solution of
(+)= X =canpholenyl _'g-ni‘trobenzenesulphonate (12,0 g) in dimethyl-
formamide (4100 ml). The mixture was kept at room temperature overnight
and then poured into water. The solution was extracted with ether and
the ether extract was well washed with water and dried. The ether was

removed to yield the nitrile (100, x = CN) as a pale yellow oil, vhich
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showed infrared’ absorption at 2240 om | (CN) and no sulphonate bands.
The crude nitrile was refluxed with sodium hydroxide (40 g) in water
(100 ml) for 4 hr. Tpe cooled solution was washed with ether and the
aqueous layer was acildified with dilute hydrochloric acid. The li=
berated organic acid was extracted into cther, and the ether extract
was washed with water and dricd. Removal of the ether afforded a
crystalline residue (5.5 g), vhich was distilled to give 4.9 g (76
overall) of acid bep. 112—114?/2 mm, MePe 43—450,[CK]:§O- 16.6, (c 5.1,

benzene)e For analysis a sample was redistilled.

(Found: C, 72.3; H, 9.8. 0“111802 requires G, 72.5; H, 10.055).

Bornane.
A mixture of camphor hydrazone (5 g), potassiunm hydroxide (2 2)
and diethylene glycol (30 ml) was heated under reflux for 2 hr. During
this period a considerable amount of white material sublimed into the
cordensers This material was washed out vith ether, end the reaction
vessel was set for distillation, and gae 15 ml of diethylene glycol
was distilled. The combined distillate and ether solution was washed
with water and dried. Distillation fiom sodium of the residue obtained
on removal of the ether gave a colouriess solid (3.5 2), DeDe 155—1700,
vhich appeared to contain unchanged hydrazone (from infrared spectrum).

Recrystallisation from methanol gave colourless crystals of bornane

(1.5 g, 364), MmePe 155=156" (sealed capillary, 1i1:°1o7 MePe 156=157°).
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: R . o (Tt o .
Oxidative decarboxylation oi (—)—2—enq9—carboxybornane in benzene-

pyridine,

4 stirred solution of the acid (6.0 g, O.Ohk mole), pyridine (5.0 g,
0.063 nole) and lead tetraacctate (29.0 g, 0.065 mole) in dry benzene
(90 ml) maintained in a nitrogen atmosphere was slowly heated td 95O
(external bath temperaturey. At thisktemperature a vigorous evolution
of gas commenced and continued for 2—jimin, and the solution began to
deposit colourless crystals (presumebly lead (I1) acetate), The stirred
solution was maintained at 85—90o (bain) for 4F hr. The cooled solution
was then pourcd into water, the benzene layer was separated, and the
aqueous layer was extracted with ether. The combined organic layers
were washed successively with dilute hydrochloric acid, water, diluted
sodiun hydroxide solution, and watere Acidification of the sodium
hydroxide extract followed by ether extraction gave a gwamy acid frac-
tion (0.23 g), which was not further investigated.

The dried organic exﬁract was concentrated through a short frac-
tionating column, and the residue was freed of last traces of solvent
in vocuo at room temperature. The regidual oil was distilled into a
receiver immersed in a dry ice—ethanol bath to yield a colourless liquid
(3495 &), bepe 20-66"/ca.1 mm, Voo (£ilm) 4740(m), 1730(s), 1650(n),
1235(s) and 880 (s) cm—1. ™e viscous residue (0.78 g) vhich remained
in the flask was not further investipgated.

The distilled product was analysed by vepecs (150" Aplezon capillery
colunn, 1300) and the composition is shown in Table 17. Detector re-

sponse factors were determined from synthetic mixtures of camphene and



1326

isobornyl acetate, and the observed peak areas of the hydrocarbons were
multiplied by the factor for camphene (0.89), and the acetate peak areas
were multiplied by the factor for isobornyl acetate (1.30). It was la
found that the reaction product contained the acetate of camphene
hydrate, and that this material decomposed tolcamphene on the column,
The camphene content of the product sliown in Table 17 is therefore highe
X
Bornane, limonene, and oX-terpiny:. acetate were showm to be absent from
the product by co-chromatograihy.

(a) Silica gel chromatozraply.

The decarboxylation product (0.88 g) was chromatographed on silica
gel (50 g)e Tlution with hexane yielded a liquid fraction (0.35 ),
the infrared spectrum of wiich was identical vith that of camphenc.
This fraction however failed to solidify, and V.pece analysis showed that
it was a mixture of camphene and the component later shown to be 8-
methylcamphene, Elution with 55 ether-hexane gave an acetate fraction

(0,17 ), YV - (£ilm) 1740, 1730 and 1235 em V.

(b) Silica gel-silver nitrate chromatography.
The adsorbent was prepared by shaliing silica gel (100 g) with a
solution of silver nitrate (32 g) in water (10 ml) for 5 hr, and drying
. v anC . N o4 N ;
the resulting powder at 100 overnight. The decarboxylation product
' A - - . - s . Y
(1.6 g} was cliromatographed on this adsorbent (75 g) in light petrol-
o . . N i -
eun (bop. 40-60"), Fractions (ca. 20 ml) were collected, concentrated
through a fractionating column, and analysed DY VeDecCe (150° Apiezon

| 0 . . .o . .
capillary colum, 4130 ). Fractions vhich had similar compositions were

combined,
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Fractions {-8 contained only trace aiounts of material.

Fractions 9-11 were homogeneous, wmd were distilled in a bulb to
vield trans-8-methylcamphene (0,025 g) as a colourless 1iqpid; The
NeMeTe spe&trum is described in Table 20(a)e The infrared spectrum
(cc:14) showed bands at 1485(w), 1460(s), 1450(n), 1385(s), 1365(s),
1290(m), 1170(w), 1155(7), 1145(m), 10:5(w), 980(m), 950(mn), and 880(n)
cm-1.

Fraction 12 consisted of 3325578—methylcamphenc, and the component
later showa to be 21§78-methy%pamphene.

Traction 13 consisted of approximately equal quantitics of' cis and
trans-O=-methylcamphene and camphenc,

Yractions 14-19, eluted with 1% ether-light petroleum, yielded
camphene (Ol &), MeDe L5-47", the infrored spectrum of which was
identical with that of an authentic samplee.

Fraction 20 (0.17 g) consisted of acetates B and C, contaminated
by camphene. Bulb to bulb distillation at 1209/15 mm gave the acetates
(0.080 g) free from camphene. The infrared spectrum (£ilm) showed
peaks at 1750(s), 1460(m), 1385(m,sh), 1370(s), 1275(w), 1225(s),
1165(w), 1155(w), 1095(n), 1075(n), 1055(m), and 91O(w)cm—1.

Fraction 21 (0,14 g) consisted of isobornyl and bornyl acctates,
contaminated by small amounts of camohene and acetates C and D. The
infrared spectrum of this fraction was identical with that of isobornyl

acetate except for bands at 1225 (m, sh), 1095(w) and 1030 (wmsh)cm-1.
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4 solubion of the optically active aeid (2.50 g 0.0137 mole),
mmmmw(1£0g,OJDOmdﬁ)mﬂi&&LhﬂmmmﬁMe(&Qg,Oﬁﬂ+mﬂ@
in dry bengene (40 ml) wos maintained in a nitrogen atmosphere at 85-
950 vith stirring Tor 7 Lr. The reaction mixture was worked up as
described for the (i)—gggg acid above. Upchanged acid (0.36 g, mePe
79—810) was recovered Trom the sodium hydroxide extract. The neutral
portion of the product was distilled end the fraction (0.37 g) bepe to
40?/1 mm was collected in a receiver cooled in a freezing mixturc.
Vepece analysis of this fraction indicated that it consisted mainly
of camphene, together with small amowts of tricyclene and O-methyl-
camphene. The mixture was chromatogropined on silver nitrate impregnated
silica gel (20 g) in hexane, and the concentrated fractions were ex-
amined by VepPeCe, and fractions containing only camphene were combined.
Removal of the solvent followed by bulb to bulb di stillation gave cam=—

20 . .
phqne (0e11 g),[cx]D + 112 (ce 3492, benzene), Dsstillation of the
remaining neutral portion of the product yielded an acetate fraction
(0u3h g)y DeDo 130° (bath)/15 mm, vid.ch was shovn DY veDece (300! Ukon
capillary colum, 14,0%) to consist of bornyl acetate (17.), isobornyl
acetate (34.5), acetate of camvhene hydrate (35£>, acetate 4 (24),
acetate B (6.), and acetate C (6J). “he relative amounts of the
acetates of borneol, isoborneol, and camphene hydrate are shown in

Table 19,

Oxidative decarboxylation of (=)=-2-exo-carboxybornane.

A stirred solution of the acid (0,96 g, 0.,0053 mole), pyridine
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(0.60 g, 0,0065 mole) and lead tetraacetate (2.4 g 0.0055 mole) in
benzene (15 ml) was stirred at 90—950 (bath) in a nitrogen atmosphere
for - hre The reaction mixture was worked up as described for the
endo acid, and unchanged acid (0.12 g) was recovereds The neutral
oroduct was distilled into a recelver immersed in dry ice-ethanol bath
to yield a colourless liauid (0.325 g), Voox. (£ilm) 1750(m), 1740(s),
1650(w), 1220(s) and 880(s)cm-1. ™e composition of the product was
determined by vep.c. (150" ipiezon capillory column, 1300) under
conditions identical with those used for the (t)—gggg decarboxylation
product, and the results are summoriscd in Table 17.

e decarboxylation product (0.20 #) was chromato raphed on
silver aitrate impregnated silica gel (15 g) in hexane, and the frac—
tions were analysed b7 VvePec. I'ractions 4=6, which contained only
camphene, were combined and distilled to yield 0,085 g,[cX] g9+ 109
( ce 1.70, benzene)e. Glution with 10, ether-hexane gave an acetate
fraction (0,050 g) vwhich was shown by vepece (300" Ukon capillary
column, 1400) to consist of bornyl acetate (16%), isobornyl acetate
(3455), the acetate of camphene hydrate (334), acetate A (%75), acetate
B (7)) and acetate C (7%)s Tne relative amounts of the acetates of

borneol, isoborneol and camphene hydrote are shown in Table 19.

Complete analvses of the oxidative decarboxylation products on the

300" Ukon capillary colum,

(a) (i)—2—endo-Carbobeornm1e.

A solution of the acid (2.0 g, 0.011 mole) and pyridine (1.20 g,
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0,015 mole) in éry benzene (1,0 ml) was heated under reflux in a strean
of nitrogen for 15 min., The solution wos allowed to cool somewhat,

ond lead tetrancetate (5.8 g, 0.013 mole) was added. The mixture was
stirred at 90-5° (bath) in a nitrogen atmosphere for 4 hr, and was

then kept at room temperature overnight. The addition of water caused
the precipitation of brown lead dioxide, indicating that all of the lead
tetrascetate had not been consumed in the reaction. York=up in the
usual way yielded unchanged acld (0,60 g), and a neutral fraction which
was distilled into a receiver cooled in a dry ilce-ethanol bath to give

& colourless liquid (0.71 &), )/mmc“(film) 1750 (m), 1740(s), 1650(w),
1235(s) and 830(m) & U The product was analysed on the 300° Ukon
capillary column at 11,.00. The retention times of the components were:
tricyclene8 min 10 sec; camphene 8 min 50 sec; trang=-o-methylcamphene
10 min 55 sec; bornyl acetate 27 min 50 sec; isobornyl acetate 26 min

35 sec; acetate of camphene hydrate 31 nin 40 sec; acetate 4 37 min

30 sec; acetate B 79 min 4O sec; and acetate C 10O nin 30 sec. Byrnane
(retention time 8 min 30 sec) was not present under conditions vhere
0.5% in the camphene could have been detected. llethylcamphenilyl acetate
(retention time 30 min 5 sec) was not observed under conditions vhere 195
of it in the acetate of camphene hydrate would have been detected. The
quantitative composition of the product is shown in Table 15e The
detector response factors for the hydrocarbons were assumed to be
identical, as were the detector response factors for all the acetates.
Response factors were determined from synthetic mixtures of camphene

and isobornyl acetate, and the observel peak areas of the hydrocarbons
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were multiplied.by the factor for camphene (0.89), and the acetate peak
areas were multiplied by the factor for igobornyl acetate (130).
Quantitative analysis was also carried out on a 3' Apiczon column
(sample injected at 1400 and column programmed to 1800 at ZOO/min when
the camphene had been eluted). U, der these conditions some baseline
drift due to decomposition oi' the acctate of camphene hydrate was
observede This baseline drii't contributed to the peak areas of hydro-
carbons. The composition was Tound %o be tricyclene(lys), camphenc (595),
8-methylcamphene (9.), bornyl and isobornyl acetate (155), and acetate:
A+ B+ C (13,3). These values arc in rensonable agreement with those

listed in Table 418

(b) (+)—2ﬁgggg and (—)-2—95270arboxybornane.

The acid used was that recovered from its bornylamine salt from
the preparation of the pure exo acid. The acid had mep. 75—770,

[CK] 524 47 (c. 265l benzene) and was therefore a 57:43 exosendo
mixture.

A solution of the acid (0,95 g, 0.0052 mole) and pyridine (0.60 g,
0,0076 mole) in benzene (20 ml) was heated under reflux in a stream of
nitrogen for 15 min. The solution was allowed to cool somewhat, eand
lead tetraacetate (2.9 g, 0.0065 mole) was added. The solution was
stirred at 90—950 (bath) for U hr. Weter was added (lead dioxide was
not precipitated) and the nixture was worked up in the usual way to give
ﬁnchanged acid (0,060 g) and a neutral fraction. The latter was dis-
tilled into a receiver immersed in a dcy ice=cthanol bath to sive a

colourless liquid (0.62 g), the infrared spectrum of which was identical
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with that of the nroduct obtained fron the endo acid in a)e The
I Rerice) /

composition found by analysis on the 30C' Uxon capillary column is
given in Table 18, Bgornene and methiylcamphenilyl acetate were not
detected. Quantitative analysis on the 3' Apiezon column as described
for the product from the endo acid in (a) showed the composition to be
tricyclene (54), camphene (62), S-methylcamphene (%%), bornyl + iso-

bornyl acetate (413%) and acetate A + B + C (1055) o

Ostidative decarboxylation of ‘B-(_Z , 2, 3=trimethyleyelonent—3—enyl ) pro-
I

pionic ncid (101)

A solution of the acid (3.0 g, 0.01CL mole) and pyridine (20 g,
0.025 mole) in benzene (40 nwl) was hented under reflux with lead tetra-—
acetate (9.3 g, 0.021 mole) in a nitroszen atmosphere for l. hre lork-
up as deéscribed for the previcus decarboxylation products gave an acld
fraction (1.30 g) as a viscous oil, vidich partly crystallised on standing.
The intrared spectrum of this material uas identical vith that of %the

o . N . . -1 .
starting acid, except for a band at 17,0 om (m, sh), and general
broadening of the other bands. The neutral fraction was distilled into
a recelver immersed in a dry ice-—ethanol bathe The first fraction
L A0 ) . .
(0.2 &), bepe to 130 (bath)/1 mm, showed infrared absorption at 1750
‘ 2 65 13 [oYs! =1 my 3
(ms 8h), 1735 (s), 1650(w), 12.5(s) and £80(s) em '« This spectrum
was virtually identical with the spectra of the distilled oxldative

decarboxylation products of 2=exo and 2-—endo=carboxybornance VelPeCe
& L T S
0

analysis (6' 8ilicone columi, gnmple injected at 140" and temperature
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0 o, . . )

vrogramned to 200 at 40 /min) showed the following approximate com-
nosition (normalised peal arcas only): tricyclene 7, camphene 67,
8-methylcamphene S%, and acetates 21,9e Capillary vepec. analysis

[w¥al} ) 70 U =t \ )l 1 ]
(150" apiezon column, 130 ) confirmed the presence of camphene, O-
methylcanphene and isobornyl acetete, but 3 minor hydrocarbon and 2
major n~cetate pecaks not observed in the other oxidative decarboxylation
products were also recorded. A =Campholenyl acetate was shown to
be abseat by co-chromatosraphy.

o -1 Ny N b a o
A second fraction (0.22 ), bens to 140 (bath)/1 ma was collec—
ted. Its infrared spectrum (£ilm) showed acetate absorption at 17,0(s)
( -1 . . =
and 124.5(s) em , and another carbonyl band at 1770 (m, sh) cm .
] . o )
Vepece analysis (6' Silicone column, 4170 ) showed the presence of 4 main
components: retention times 3 min (12,)), 3 min 4O sec (24153), 6 min (1155)
and 7 min LO sec (5&%). The viscous residue in the distillation flask
(0,50 g) showed infrared bands at 1800(m), 1770(s), 1740(s), 1245(s)
-1

and 1030(s) cm ',

Because of the complex nature of these mixtures, they were not

further investigated,

Reaction of camphenilone with ethwimormesium bromide.

To an ethereal solution of cthylmapnesium bromide orepared from
magnesium (1.4 7, 0,060 ¢ = atom) and ethyl bromide (6.6 g, 0.C60
mole) was added a solution of (i>camphenilone (5.0 g, 0.036 mole) in
cther over a seriod of 15 min. The stirred solution was heated under

reflux in a nitrogen atmosphere for 2 hr, and durding this period a
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white complex separated out {rom the sclution. After the mixture had
been kept at room temperature overnigit, saturated ammonium chloride
solution was added, the cther layer ramoved by decantation and the
inorganic residuc washed with ether. The combined ether layer was washed
vith vater, dried, and the ether was removed by distillation through

a short fractionating column to glve a colourless liquid residue (eo

g) wiich showed strong hydroxyl but no carbonyl absorption in the
infrared region. Distillation gave a colourless oil (1.e9 2), DeDs
100—1030/20 mm, which partly golidificd on cooling. The distillate was
diluted with a snall volume of lipght petroleum, and the colourless
crystals which separated were collected (2.3 g). Recrystallisation
from & small volume of li;hit petrolewn gave camphenilol as colourless

108

needles, MeDe 73-7A? (1it. MeDe 760).

(Found: G, 76.8; I, 11.5. Calc. for (’9“160:0’ 7743 H, 144593)

VeDeCe examination (3' Apiezon column, 1500) showed that the
material recovered from the mother licuor of the first recorystallisation
cansisted of camphenilol (45, retention time 1 min LO sec) and two
other components (134 and 135, retention times 2 min and 2 min 20 secc,
respectively)e. This material (2.5 ¢) was chromatographed on neutral
alumina (70 g) in hexene. fhe column was cluted vith 1% ether-hexane
and fractions (25 ml) were collected, concentrated througi a short
fractionating column, and analysed by veDece Yractions 1-8 congisted
of the compoient having retention time 2 min 20 sec, and were combined

to yield 0435 g of the tertiary alcohcl (120)« The n.me.r. spectrum

was complex, and the only absorption readily discernible was at T 913
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and 9.06 (CHB), and at 7.37 (bridgehead-Ci~C(OH)-). The complete

absence of absorption below T 7.07 confimed that the alcohol was
Subsequent fractions cluted from the column were mixtures.

8=liethvicamphene,

(a) A solution of the alcolol (120) (0% g) in dry pyridine (5 ml)
was cooled and phosphorus oxychloride (1 ml) was edded, Aifter being
kept at room temperature for LO hr, the mixture was poured into cold
dil. hydrochloric acide York-up by ecther extraction gave a liguid
(0425 &), which still showed wesk hydroxyl absorption in its infrared
spectrum. The product was chromatographed on neutral alumina (20 g)
ond elution with hexane gave O-methylcamphene (0,090 g), the infrared
spectrum of which was identical with that of the naterial obtained from
the lead tetraacetate reactions. The V.p.c. retention times of the

. 1 - e . 0.
samples were also identical (3' Apiezon column, 1407 ).

(b) Ethyltriphenylphosphonium "'m:‘o'm:"n.de/lO(j (11.0 g, 0.033 mole) was

added to a cold solution of n-vbutyllitinium (0,030 mole) in ether (50 ml)
maintained in a nitrogen atmosphere. The resulting deep red solution
was stirred at O0 for 15 min and then ot room temperature for 415 min.

A solution of camphenilone (1.0 g, 0.010 mole) in ether (40 ml) was
added, and the mixture was heated under reflux for 4 lhre The ether

was then slowly distilled from the flask and was replaced by anhydrous

tetrahydeofuran, and the nixture was then heated under reflux for 17 hre
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The reaction mixture was cooled, diluted vith water, and extracted
with hexane. Tye hexane extract was washed with water, dried, and
concentrated in volume to gg. 20 ml. (ﬁome triphenylphosphine oxide
crystallised out at this stagee.) The nexane extract was chromatographed
on alumina (L0 g) and fractions (50 ml) were collected. Practions 1-2
yielded a colourless liquid, which lacked carbonyl absorption in the
infrared region. Iractions 3-6 gave unchenged camphenilone (0.58 £)e
Distillation of the hydrocarbon fraction gave a liquid (0e5l. £)sDeDe
170—1800 (bath), which was showm by VeDeCe (150" Apiezon cepillary
column, 1400) to consist of 3532Ef8-methylcamphene (235, retention
time 5 min 4.5 sec, identical with that of the sample obtained from the
phosphiorus oxychloride reaction) and cig=G=methylcamphene (77, reten—
tion time 6 min 15 sec). The NeMlrs spectrum of the mixture showed
complex absorption at T 9.07-8.11, = broad singlet at 7.53 (bridge—
head =CH-C=Cii- of cis isomer), and over.avping quartets centred at
5¢1 and 14..92 (=C§70H of trons and cis isomers respectively). From

3

the integration of the bridgehead proton areas, the product was an

co. 80:20 gis:trang mixture. The infrared speotrum (cc14) showed bands
ab 1485(m), 1463(s), 1450(s), 1385(n), 1363(s), 1343(w), 1305(w),
1300(w), 1288(w), 1270(w), 1250(w), 1465(w), 1155(w), 1108(m), 1028(w),
978(n), u6(w), 916(w), and 376(w) cmaﬂ. For analysis a sample was

redistilled.

(Found: C, 86.6; H, 12.3. C 4l g requircs C, 87.9; H, 12.15)«

The Llow carbon value for the analysis indicated the presence of some
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impuritye. 4 sample redistilled from sodium gave similex analytical

figurecse.

(Found: €, 86.9; H, 12417,

Reaction of camphene with lead fetrasacetate in benzene,

A solution of camphnene (15.0 g, Oe41 mole) and lead tetraacctate
(53 g, 012 mole) in dry benzene (120 ml) was heated under reflux in a
nitrogen atmosphere for ) hre. The solution vas cooled and diluted
with water (brown lead dioxide was precipitated at this stage due to

the presence of unchanged lcad tetrancetate), After the lead salts

had been precipitated as lead chloride by the addition of dilute hydro
chloric acid, the benzene and agueous lsyers were removed by decan—
tation. Tpe benzene laycr was separated and the aqueous layer was
extracted with ether. Tyc combincd organic layers were washed with
woeter, dried and the solvent slovily removed through a short {ractiona~
ting column. Tpe residue was distilled under reduced pressure, and
fractions were analyscd by VePeCoe (5' Apilezon column, 12@0),

Praction 1 (2.5 g), DeDe 55—609/20 mm, consisted mainly of cam=
phenee.

Praction 2 (C.60O g), DePe 60-660/20 mm consisted of approximately
equal quantities of camphene and 8-methylcamphenc.

Fraction 3 (0420 g) beDe 66-85?/2 mn coneisted mainly of 8=
methylcamphene.

Fractions 2 and 3 were combined and chromatographed on silver

nitrate impregnated silica gel (30 g) in hexane. Fractions (25 ml)
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were collected, concentrated, and analysed by VePeco NFractions ;=8

were homogeneous and were combined and concentrated to yield 8-methyl-
camphene (0,080 g), the infrared specirum of which was identical with
that o the sample isolated from the oxidative decarboxylation of

(5)-2 :

~)=2=endo=carboxybornanc.

The remaining product was distillied to give a main fraction (5.5 z),

\ 0 . . s

bePe 122-126 /20 mm, and a viscous residue (5.9 g). The distillate

. . o .
was analysed by vep.ce (150" Apiczon capillary column, 130 ) and its

composition (normalised peak areas only) is given in Table 20(b).

Reaction of camphene with lead tetrancetate in acetic acid.

A solution of camphene (7.0 g, 0.051 mole) and lead tetraacetate
(25 g, 0,056 mole) in glacial acetic ncid (50 ml) was heated at 95-100°
(bath) for 26 mine A small sample withdrawn at the end of this time
did not liberate lead dioxide on being tre;ted vith water. The recac-
tion mixture was cooled, diluted with water, and extracted with ether.
After the ether extract had been washed vith sodium carbonate §Q1utigng
water, and dried, the residue obtained on evaporating the ether was
distilled at 18 mm.

Fraction 1 (0.60 g), b.p. to 1100 was shown DY VePece toO consist
mainly of camphene. 8=licthylcanphene could not be detected.
. (£ilm) 1740(s), 1700(s),

o
Fraction 1 (5.65 @), bede 110-126, )/max

- -1 . 4 - : .
1670(m) and 1220(s) em ', was analyscd by capillary v.p.c. and its
. . . \ - . . N
composition (nomalised pea’ areas only) is given in Table 20(b).

Because of its complex naturc, this mixture was not further examined,

A viscous oil (1.6 g) renained in the distillation flaske
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Work described in part ITT.

Camphenilone (1121;

This material, obtained by the ozonolysis of camphene according
to Bailey,122 was generously provided by Dre GeE. Gream, (+)=
Camphenilone, [04 ;8+ 61 {c. 2.46, benzene) was obtained from cam-
phene)[CX]D + 107« The calculated optical purity of the camphenilone
was 80%, using the value i O(]D + 7601 (benzene) for optically pure

camphenilone reported by Vyughanand Perr,yo123

Vopece analysis of the lactone mixtures.

The lactone mixtures were analysed using a 3' Apiezon column.
The samples (dissolved in benzene) were injected with the injector
temperature ot 2600, and ‘he colum temperature at 1700. The column
temperature was programued to 210o at 10?/min 1 min after the injection,
Under these conditions, the f'ollowing retention times were observed:
endo lactone (125), 6 min; cxo lactone (124), 6 min 15 sec; o=
lactone (129), 7 min., Because of overlap of the peaks due to the

exo and endo lactones, the rcported compositions (normalised peak areas)

are regarded as accurate to cae z L%, Several exo-cndo mixtures were
analysed on a 150" Apiezon capillary column at 1900, with the injector
temperdture at 260°, Ujder these conditions, the retention times of

the endo and exo lactones were 43 min O £ 5 secy, and 14 min O g 5 sec,

respectively; slight "tailing'" of the peaks was observed. The composi-
tions of several mixtures were in good agreement (= 257) vith those

determined on the 3' Apiezon column,.
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Atenpted oxidative decarboxylation of 2-gndo—carboxybornianc.

The method was based on that of LeBcgl and Hu’oe:r.gl A solution of
(i)—2~gg§g-carboxybornane (1.80 g, 0.01 mole) and fused sodium acctate
(1400 g, 0.042 mole) in glacial acetic acid (40 ml) was warned to 600°
Lead tetraacetate (5.1 g, 0.0115 molo) was added amdlthe temperature of
the stirred solution was slowly ralsed to 116—1180 over a period ol 1
hr. During this time, no cvolution of carbon diocxlde was observed.
After being kept at this temperature ior 1% hr and then at room tempera-
ture overnight, the solution was poured into water ond the bulk of the
acetic acid was neutralised by the addition of potassium carbonates
The solution wes extracted with ether and the ether extract was washed
with dilute potassium hydroxide solution (acidification of this extract
followed by ether extraction gave unchanged acid (1,0 g), MoPe 73—750>,
water and was dried. Removal of the ether left a semisolid residue
(0.40 &) which from light petroleum yiclded colowrless plates (0«11 g)s

MePs 97-1000° A second recrystallisation raised the mepo. ©o 101-1030o

(Found: C, The35; H, 9620 C12H1502 requires C, The2; H, 9030)e It
showed infrared absorption (0014> at 1777(s), 1465(m), 1421(m), 1386(m),
4366(m), 1297(m), 1282(m), 1261(s), 1250(s), 1201(w), 1185(m), 1171(s),
1447(m), 1151 (n), 1124(m), 1072(w), 1065(w), 1026(m), 1C13(m), 975(w),
970(m), 951(w), 917(m), 910(mgh) om ', Tts nemer. spectrum showed
signals at T 9,02 (éH, 2CH3), and 8.86-7.57 (complex, 121)s VeDoCo
analysis showed that this product was a 79:21 mixturc of the gxo

lectone (124) and the endo lactone (125).
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Action of lead tetrascetatc on camphene in acetic acldo—

4 solution of (i)-cumphcne (5.0 &, 0.038 mole), fused sodium
acetate (3.3 g, 0.040 mole) and lead tetraacetate (18,0 g, 0.0L0 mole)
in glacial acetic acid (50 ml) was stirred at 100-1100 for 75 min and
then kept at room temperature overnizhte The mixture was poured into
excess of water and work-up by ether ettraction in the usual rfasiilon
gave an oil (G.2 g) whichk was distilled to give a small hydrocarbon
forerun and a main acetate Trection (Z.1 g), bop. 112—122?/15 Mo
The distillation residue (1.4 g), after being freed from further volatile
material by distillation at 1OOo (bath)/2 mm, was diluted with light
petroleum, The solid material (0.16 g) was collected and recrystallised
twice from light petroleum to give colourless plates (0eO4O g), MeDo

.
101-102° (Lit, 92

m.pe 101°), undepressed in admixture vith the pro-
duct from the attempted oxidative decarboxylation of 2-cndo-carboxy—
bornane. The infrared specira of the two samples were also identical,
Capillary V.pec. analysis showed the product to be a mixture containing

83% exo lactone and 174 endo lactone. A sample in admixture with the

pure syntnetie (i)uendo lactone melted at 101-10205

Tertiary alcohol (127).

To an ethereal slurry of allylmaegnesium ohloridéz%o.ﬂo mole)
maintained in an atmosphere of nitrogen was added an ethereal soluticn
ot (i)—camphenilone (6.0 g, 0.043 mole) over a period of 10 min. The
mixture was stirred at room temperature for 1 hr, and was then neated

under reflux for 4 hr. ifter the mixture had been kept at room temp-—
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erature overnight, saturated ammonium chloride solution was added.
The ether layer was separated by decartation and the inorganic resi-
due was washed thoroughly with ether. The combined ether extract vias
washed with water and dried, Removal of the ether and distillation
of the residue yielded a colourless oil (6.8 g, 873), bep. 68—710/1n1rno
Vepec. analysis (150" Aplezon and 300' Ukon capillary columns) indicated

> 997 purity. For analysis a sample was redistilled.

(Found: C, 80,2; Hy, 11426 C12H2OO requires C, 79.9; H, 11.2%).

8
The optically active alcohol (127), [o(:l;) + 4ol (ce 1090,

benzene) was obtained in similar yield from (+)-camphenilone.

Hydroboration — oxidation of the tertiary alcohol (‘1 27).

(a) A cooled solution of the (Zy~alcohol (2.3 g, 0.01l mole)
and sodium borohydride (1.5 g, 0,040 mole) in dry diglyme (50 ral)
maintained in an atmosphere of nitrogen was treated dropwise vwith
boron trifluoride etherate (5.0 g, 0.035 mole)o Ven the addition was
completed, the mixture was stirred at room temperature overnight and
then oxidised by the addition of sodium hydroxide (3N, 10 ml) and
hydrogen peroxide (30, 10 ml). The m‘\'i.\:cture was stirred at 50-60"
for 2 hr, cooled, diluted with watcr, and extracted with ethere The
ether extract was washed thoroughly with water and dried. Removal of
the ether gave a colourless viscous oil (245 g) waich on trituration
with 1ight petroleum yielded colourless plates (1.1 8, 420), MoDe

66-67o° Two recrystallisations from light petroleum gave pure diol



(128, R=R'=H), m.p. 686-69°.
(Pownd: G, 72.9; H, 11.15. C, M .0, requires €, 72.75 1, 11023).

(b) A similar reactlon was carried out using optically active’
tertiary alcohol (4127) (7.0 g), sodium borohydride (46 g) and boron
triflucride etherate (7.1 g) in diglyme (400 ml)e. The product obtained
by work=up following the alkaline peroxide oxidation was distilled to
vield a viscous oil (6e1 ), Dape 125-1307/0,5 mm, vhich could not be
induced to crystallises Thin layer chromatography (silica gel in 1:1
ether-hexane) revealed the presence of two components (Rf 0015 and 0.13)
other then the desired diol (Rf 0.09). FPart of the product (3.30 g)
was chromatographed on a column of silica gel (50 g) in 50% ether-
hexane. Elution with 70/ ether—hexane gave a fraction (O.42 g) meDde
79—810 which consisted mainly of +the component Rf 0.15. Two recrys—
tallisations from hexane gave the diol (140) as colourless necdles,

Mo Po 83"'8400

(Found: C, 73.0; M, 11.2. C12F2202 reapires C, 72.7; H, 11.205)s The
nem.r. spectrum showed signais at ] 9.07 (singlet, 6H, 2 tertiary
CH3)5 593 ~ 8.15 (complex, 42, ~CH = and -ég—, -CH(QH)0§5); 7.67
(broad singlet, 11, bridgehead —éH—C(OH)—); 7.0-6,20 (broad, 2i, OH);
5.87 (complex, 1H, -éE(OIi)CI{B). Purther clution with 705 ether=
hexane yielded fractlons (total 0,58 ) shown to be mixtures of the
components Rf 0,15 and Os13o This natcrial was rechromatographed on
silica gel (15 g) and elution with 505 ether—hexane yiclded a further
antity of the diol (140), followed by essentially pure naterial,

Rf 0.13 (0,060 g)es Recrystollisation of the latter material Irom
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hexane gave thé diol (141) as colourless needles, Mop. 94—950°

C12H2202 requires C, 72.7; H, 112%)o The

NeMero spectrum showed absorption at | 9,02 and 8,98 (singlets, 6H,

(Found : Cy 72.6; H, 11,2

2 tertiary CHB); 8693-8,0 (complex, 12, -ng- and —ég-, -ca(on)qu);
7.92 (broad singlet, 1H, bridgehead -&E—C(OH)—); 6.36 (singlet, 21,
CH); 5089 (complex, 1H, -Qg(oa)CHB)o

Elution of the first column vith ether gave the required diol
(128, R=R'=H) as an oil (2.20 g) vhich slowly crystallised. Recrys—
tallisation from light petroleum gave colourless plates (1.10 g),

MoPe 5#—560,[:C£ g8+ 23¢1 (co 1.58, ethanol).

B-(2—endo—Hy&roxy—3,j—dimethyl-Z—norbornyl}propionic acid lactone

125),

() A stirred solution of the (i)—diol (128, R=R'=H) (C.LO g)
in acetone (100 ml) was treated dropwise with Jones' reagent until the
colour of the reagent persisted. The mixture was stirred at room
tenmperature for 1 hr, after which the excess of oxidiging agent was
destroyed by the addition of ethanol, After the addition of water to
the solution, the mixture was concentrated under reduced pressurc.
The agueous residue was extracted vwith ctuecr and the ether extract
washed with water and dried. Removal of the ether gave the endo lac-
tone (125) as colourless plates, m.D. 98—1020 (0.38 gy, 955)o One

. \ 0
recrystallisation from light petroleun ralsed the mops to 102-103

(Found: G, The2; H, Julo Calce Tor C, - 0ot €, The2; T, 94300)



Canillary VePeCo analysic showed that the lactone was homogencouse

It showed infrared absorption (in CClL_) at 1780(s), 1465(s), 14d7(m),
14,20(m), 1387(m), 1365(m), 1325(w), 1295(m), 1280(s), 1258(m, sh),
1253(s), 1203(s), 1185(s), 1170(s), 1155(s), 1135(w), 1095(w), 1065(s),

1045(m), 1025(s), 1006(m), 997(s), 975(s), 920(s), 913(s) and 880(m)em o

(b) The (+)-diol (128, R=R%=li) (0.i0 g) was oxidised as des—
ribed in (a) to give 039 g of crude Lactone, MepPe "1’10—111:.0o Reery s—
tallisation from hexene yielded colourless plates (0e22 5}, MoDe 14k~

o} 18 . . .
115 ,[D( D + 32,0 (co 2.Q4, chlorofori). This lactone was vapour

chromatozraphically homogeneous, and its infrared spectrum was identical

with that of the (=)-lactone described in (a).
/

Unsaturated acid (13%4).

This synthesis was modelled on recent work of Blchl end co-

A
1 2
w rkerso 5

Acetic anhydride (5 ml) was added to a cooled solution of the

o)

(+)-diol (128, R=R'=H) (0.L5 ¢) in pyridine (c20 40 ml)e ALfter bein
kept at room temperature overmight, tre mixture was poured into water
and worked up by ether extraction in the usual fashion to give the
hydroxyacetate (128, R=H, R':COCI%) (Coli7 g), Vma}:o (film) 3550, 1740
and 1240 cm_'io This crude product was dissolved in pyridine (9;1_0 50
ml.), cocled to Oo, and then treated dropvise with phosphorus oxychloride
(10 ml). After being kept at room terperature for 1 hr, the mixture

was warmed on a steom bath for 41 hr, cooled, poured into iced water,

and acidified vdth dilute hydrochloric zcids ‘“Work-up by gtiicr axtrac—
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tion yielded the unsaturated acetate (139, R=COCH3) (0640 )3

> Ay A4 —1 » = ]
l)max (fllm) 1730 and 41220 cm , Thils acetale was heated under
L]

reflux with excess of lithium aluminium in ether for 1 hr, and worl-

up gave the unsaturated alcohol (4139, R=il) (0.34 g as an oil; l)may
(9

. i -1 ,
(£11m) 3350 ecm o The crude alcohol was dissolved in acetone (50 ml)

o

and treasted dropwlse with an cxeess o Jones' reagent and siirred av
room temperature for 1 hr. ‘ork-un gave a crystelline ecid fraction

! (@] O -y .
(Co19 g5 mepe 80-90 . Syccessive recrystallisations from aqueous
methanol and light petrolewn gave the acid (134) as colowrless plates,

mops 104-105° (1itd 12 mp. 105-106°).,

(Found: C, T4o25; 1, 9030 Calc, for C, 41,60, + €5 Tho2; H, 9035)

Its NoeMors spectrum showed signals atb 7’u.97 and 8.93 (singlets, 61,

- |
2 tertiary CH.); 8,86 = 7,90 {complex,. 7, saturated ~Cli,~ and ~Cl~);

|
7.09 (broad, 1H, =CH~C=C); 6,98 (doublet J=7, 2H, =CH-C CL,=CO,, H); 4095

(triplet J=7, 1H, —C=C§-CH2~); -1,90 (singlet, 1H, —cogg;c

Prevaration and solvolysis of the ditriiluorocacetate (128, R:R‘:GOCFB)O
A solution of the (+)-diol (4128, R=R'=H) (0,80 g) in anhydrous

ether (25 ml) was treated with trifluoroacetic anhydride (6 m1) and

kept at room temperature for 30 hr. ©The solution was poured into

dilute 'sodium bicarbonate solution and the ether layer was separated,

washed with water, and dried. Iwaporaticn of the ether gave a colour-

less oil, the infrared spectrum of which lacked OH absorption and showed

strong trifluorcacetate sosorption at 1760 and 1240-1130 cm-1. This

product was stirred with calcium carbonate (2 g) in aqueous acctone
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(50. V/V, 100 ml) at room temperature for 40 hr, and the mixture was
then refluxed for 4 hr. Vork-up by ether extraction yiclded an oil
0.70 z), the infrered spectrum of wirich was identical vith that of
the unsaturated alcohol (139, R=H). This crude product was trea
wth Jones' reagent to give a crystalline acid fraction (0.35 g, L3
overall), which after successive recryvstallisations from agueous
methanol and lisht petrolcum had m.D. 100-1020,[0*];6+ 95 (ce 1416,
chloroform)s ‘The infrared spectium of this acid was identical with

that of the (i)-acid (13.) synthesised from (i)-camphenilone.

Tricycloekagsantalic acid (126).

A commercial mixture of CL~ and F2¥santalol (Fluke) was oxidised
. . 126 . -
with aqueoug potassium permangante. . The acid crystailised from

olates, MeDe 76—770 (1it.q27 Mo Do

aqueous acetic acid as colourless
76-770),[ci:]%8+ 21,2 (c. 5.88, chloroform) (1it.115[cx<]a + 19%Mk)e
The methyl ester, orepared by treating the acid with cthereal diazo-—
methene was vapour chromatographically homogeneous (150" 4piezon

capillary column, 1500)0

Lactone mixture from tricyclockasantalic acid.

(a) Tricycloekasantalic acid (1410 ) was heated under reflux
with aqueous sulphuric acid (253, 100 ml) for 15 min. The cooled
solution was poured into watcr, and work-up by ether extraction
yvielded an acid fraction comsisting of svarting material (0e5 g), and

. N . ]
a neutral fraction (0.52 ), nepe. 55=95 the infrared spectrum of
L/ 3 3

vhich was identical with that of the lactone mixture from camphaies
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VeDeCs analysis showed that the product consisted of exo lactone (51 3),
endo lactone (3%55) and §-lactone (13 »e After three recrystallisations
from light petroleum the vroduct melted at 101-—1030, and was shown to
be a 69:31 mixture of exo : endo lactonc.

(b) The acid (0.21 g) was heated under reflux with formic acid
(98%, 20 ml) for 30 min., The coolcd solution was diluted with water,
and ether extraction gave the lactone as plates (0.19 g), MeDe 914-9700
V.pec. analysis showed that the product was a 62 : 38 mixture of exo :
endo lactone. After four recrystallisations from light petroleun the
product was a 73 : 27 mixture, me.p. 101—10300

(¢) The acid (0.20 g) was added to sulphuric acid (98, 410 ml)
which had been cooled to =107, Te mixture became homogeiicous after
being shaken for 2-3 min. Tpe solution was kept at —1 OO for 25 min,
and was then poured onto crushed ice. Ether extraction ylelded 0.18 g
of crystalline neutral product, widch after recrystallisation from
hexane gave colourless plates (0.10 g), meDe 65—750, [ok] SO 0 (c.

2.80, chloroform). The infrared spectrun showed carbonyl bands of
equal intensity at 1780 ( X—lactone) and 1745 el ( § -lactone)s The
NoM.re spectrum showed peaks at 7 9.02 (singlet, tertiary CH3)’ 8.76
(singlet, cgj—é-oco- of $-lactone), and 8.70-7.6L4 ( complex, —CH,-
and -(lj_l_u-). Trom the methvl signal aress, the product was ca. a 1:1

b/— H é-laotone mixture. Vepec. analysis gave the following compo-
sition : exo lactone (32%), endo lactone (125), and § ~lactone (56%).

In a separate experiment, tricycloeikasantalic acid was shaken with
98% sulphuric acid at -100 for 5 min. The product was again ca. a 1:1

Z{- : § -mixture as judged by the infrared spectrum, In an attempt
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to separate the lactones, the mixture (0,10 g) was refluxed vith
sodium hydroxide (ggo 01 g) in water () ml) for 3L min, The clear
solution was cooled, acidified vith d&ilute sulphuric acld and was
then extracted with ether. Tpje ether was washed with dilute sodiun
hydroxide, but acidification and ether extraction of the sodium hy-
droxide layer did not yield any material, Ivaporation of the ether

layer gave back the original mixture (0,90 g).

(a) Tricycloekasantalic acid (2.35 g) was refluxed with sulphuric
acid (454, 350 ml) for 45 min. Ether extraction gave 2.1 g of neutral
product, meDe 75-1000. The infrared spectrum indicated the presence
of some &=lactone (carbornyl shoulder at 1750 cm-1), and VePeCe
showed the product to consist of exo lactone (475), endo lactone (395),
and S=lactone (144)o Two recrystallisations from hexanc yielded
colourless plates (1ol &)5 MeDe 100-1040, [CXJD + 15 (co 4432,

chloroform), shown by VvepPece. to be a 73 : 27 exo : endo mixture.

Lithium aluminium hyvdride reduction oif' the lactone Trom tricveclocka-

santalic acide.

The lactone, [CljD + 15, used vas that prepared as described in
() above, A solution of the lactone (1.60 g) in ether (50 ml) was
added to a suspension of LiAlH4 (1.0 ¢) in ether (50 ml), and the
mixture was stirred at room temperature for 2 hr, and was then refluxed
for 1 hr. The cooled mixture was trected with water, and work-up in
the usual manner yielded a colourless waxy product (1.5 g) which

showed strong hydroxyl but lacked carbonyl absorption in the infrared
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spectrum, The product was redissolved in warm ether (50 sy, =ed on

} separated out as long COLlonn by fedlid
. o - II 9 e e
(0,60 g, 380, mePe 132-125 L X, e n

cooling the diol (131, R=R'

£

o 28 I ) e
m.p. 112, [(X]D + 109). Recrystallisotion from benzenc rilses Wik

melting point to 133-1340;[0( §O+ 25,0 {ce 2400, ethenocl;.

Yound: G, 73.0; H, 11.1. Calce for 012H2202 s C, 7273 By, 1ieDie
4 sample mixed with the (-)—5_1:9_9_ dioL melted at 65=14 j.:'. The etasw
mother Ziquor from above was concel troted and cooled co yleld a secon.
crcu i needles (0e13 £)y Mallo ”;05—’!'%565 which after recryscallicat..o.
@] c

oo benzene showed meDe 105-110 ,[04_] £9+ 8,0 (c. 1.70, ethanol;.

Tz wes appareatly a mixture of gxo ant endo diolse

Oxidation of the exo diol (431, R=R'si{). Preparation of pure oxo

e

lactors.
o ot o B B . 7 (@] O<—! Y - . : o .
The diol naving meP. 115-134 , 1y + 25 (0.12 ) was oxidige’
with cones' reagent in the usual way ©o vield colouricss slates (Ceil oi,
= < . . L . . ~ =0 o
MePe 117=119 o Reorystallisation from nexane gave Cos8 gy MepPe liu-

o i 20 v s m + P i
121, | X p 340 (co 0,80, onl covornm), The lactone was vapour chroia-
togrephically homogeneous anc its vetention time {peai enhancement; Wa:
identical with that of the major component of the lactvone mixbures .ol

tricycloekasantalic acid and the lead tetraacetate reactionse

Lacione from thne unsatursted acid (4.

e (=)=acid (134) (Gol g was acsted under redlux with si.-

phuric acid (25/%, 10 ml) for 10 mine Hork-up gave a neutral Traction
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o]
4 - G 2 I = . 2 A - TS e e
(0.052 g), M.De G2=93 , wiich aiter recrystallisation from 1ignt

r:
‘ . o
setrolewn was a 68 : 32 exo : endo lactone MIXTUre, MeD. 97-59 «
ceid catalysed equilibrations of the Jlactones.

q
(a) The lactone (04030 « 0,050 ) was refluxed with the appro-

priate acid (3=5 ml) for the time indicated in Table 22. The produch
was isolated by ether extraction, and the composition was determined
by VeD.c. analysis (Table 22).

(b) The (+)-endo lectone, me.De 112,-115° (0,20 g) was refluxed
w@ih formic acid (98%, 20 ml) for 90 min, Work-up by ether extraction

zave 0,20 g of slightly discoloured product, which was a 60 3 /0

exo 3 endo mixture. After 2 recrystailisations from hexene tie product
1 o 20 PR o '~
had mep. 98=101 , | X b © (ce 1484, clhloroform), and was a 065 : 35

exo : endo mixture.

to the acid (13, -

Dezeadation of the (+)-exo~diol

- o
The pure exo-diol, me.pe 133-13k , [CK]D + 25 (0.2, g) was con—

verted into the hydroxy=-acetate (131, r=if, R'= COCHY) by treatment
>
with acetic anhvdride-pyridine at roor temperature overnight. The
- - ~ . - . . / —
crude hydroxy-acetate was dissolved ir pyridine (50 ml) ard phogphorus
oxychloride (5 ml) was added. After teing kept at room temperature
bl 3 e 4 - ~A° a T [y M

for 1 hr, the mixture was heated at ca. 307 for 4 lre The cooled
mixture was poured into cold water, and work-up by ether extraction
zeve Q.05 g of unsaturated acetate (13L5 R:)COCHB), contaninated by a

smesl amount of unchanged hydroxy-acctate as indicated by weak hydroxyl
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absorption in the infrared spectrum. This product was reduced with
lithium aluminium hydride in ether to the unsaturated alcohol (139,
R=H). Oxidation with Jones' reagent gave an acid fraction (0.15 g,
25 overall), m.p.'75—850. Syccessive recrystallisations from aqueous
methanol and hexane gave the acid (1%,) as colourless plates, MoD.
95-960,[}321305 118 (cs 0457k, chloroform). A mixbture of this pro-
duct end the acid m.p. 100-102°, [od]; + 95, melted at 104,=105°, Tye
infrared spectra (0014> of the two samples were identical with that

of (£)=(134).
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Winstein and Carter (1) have oonverdently classified anchimerically
assisted ionisations of substrates in whioh the neighbouring group
contributes O~ or 7 electrons as the 6% and m-routes to the oorresponding
cationse For the norbormyl cation (II), the ¢~ -route may be illustrated
by the solvolysis of exo-norbormyl p-bromobenzsenesulphonate (1 s R =
p-bromobenzenesulphonyl) (2), while the X-route 1s shown by solvelysis

of f-~(cyclopent-3-enyl)ethyl arenosulphouates (IIT, Re=arenesulphonyl) (3,4)

We now report the conversion of (+)-camphor (V) to the enantiomeric
hyirocamphenyl-isobornyl cations (VIIa and VIIb) by the @% and m-routes of
solvolysise (+)=a=Campholenyl p-nitrobenzenesulphonate (VIb), mep. 87-8°
(decs), [a ]go + 3. (CHClB) was prepared from (+)-a=-campholenol (VIa)

which was obtained from (+)=-camphor via (+)-ca.mphor-10-sulphonio acid by
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Xnown reactions (5)e Acetolysis of the sulphonate VIb for 5 hours at
100° in the presence of excess of sodium acetate yielded a mixture
consisting of camphene (VIII, 73%), tricyclene (IX, 2%), iscbormyl
acetate (IVb, 14%), a=campholenyl acetate (VIc, &%) and an unidentified
compound (3%).* The camphene isolated from this reaction had [a ]gl - 98
(benzene), lit. (6) [a]g5 + 107 (benzene).

Using standard techniques (7), good first order kinetics were
obaerved when VIb (ce. C.02¥) was solvolysed in ca. 0.O4M acetic acid
solution of sodium acetate at various temperatures. The rate constant
(4008 x 1074 sec-l) at 60° is 3.7 times greater than that reported (3)
for p-(cyclopent-3-enyl)ethyl p-nitrobenzenesulphonete (III, R=p-nitro-
benzenesulphonyl): this increase undoubtedly is due to the electron-donating
methyl group at Cl in VIb. This rate constent was also 203 times greater
than that observed at 60° for the saturated p-nitrobenzenesulphonate (X,
R=E-nitrobenzenesu1phomr1) MePe 61,,-650, thus indicating a considerable
degree of anchimeric assistence by the double bond in the ionisation.

From an Arrhenius plot, kVIb at 100° was found to be 1.26 x 10-2
sec_l, this value being 153 timcs the one observed with X at 1000. Recause
of this large ratio, it may be thought that the monocyclic unsaturated acetate
VIc is derived by acetate ion attack on 62 of the bridged ion VIIb. There
seems, however, to be no report in the literature of the unsaturated alcohol
VIa, or any of its derivetives, having been identified in solvolyses
involving the non-classical carbonium ion VIIa, This is consistent with
our observation that the unsaturated acetete VIc could not be detscted

after acetolysis of (-)-i soboinyl triflucroacetate (see below)-

% Phe analyses were carried out by gas phase chromatography
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It would thus seem that the non-classical carbonium ions VIIa and VITb
generated by the 6= and n-routes differ to a small extent, and that one,
or maybe both, undergo reactions before the most stable carbonium ion
configuration is reached.

We wished to compare the solvolysis products of isobornyl
p-nitrobenzenesulphonate (IVe) with those of a=campholenyl
p-nitrobenzenesulphonate. All attempts, however, to prepare sulphonic
acld esters of isoborneol failed. Reduction of (+)=-cemphor with 1lithium
tri-tert-butoxyaluminohydride yielded a mixture of (-)-isoborneol (96%) and
(+)-borneol (4%) (8)s Attempted esterification of this mixture with
p-nitrobenzenesulphonyl chloride in pyridine at room temperature for
10 days yielded the expected quantity of bormyl p-nitrobenzenssulphonate
m.pe 94-95° (dec.), together with cemphene (60%) [a]I2>7 + 110 (benzene)
end unchanged isoborneol (4,0%). Similar results were obtained when the
reaction temperature was 0° » or when p-toluenesulphonyl or
methanesulphonyl chlorides were employed. Esterification is apparently
very slow due to the hindered nature of the hydroxyl group in iscborneol,
but once formed, the sulphonates rapidly solvolyse via the 6 -route to
yield camphene of high opticgl purity, The preparation of isobormyl
p-toluenesulphonate has been reported by Hickel (9). The remarkable
lack of solvolytic reactivity reported for this compound, together with
the known great reactivity of isobormyl chloride, make it extremely
doubtful that Hilckel's compound was in fact a derivative of isoborneol.

A new © -route to the hydrocamphenyl-isobornyl cation has been
provided by acetolysis of (-)-isobornyl trifluorcacetate (IVd), beFe

87-88°/15 m, [a ]%9 = - 32,5 (CHc13). Solvolysis of IVA (containing 45
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(+)=bornyl trifluoroacetate) in buffered acetic acid at 100° for 5

hours gave a mixture consisting of camphene (76%3), tricyclene (%),
isobornyl acetate (12%), an unidentified compound (3%7) and unchanged
bornyl trifluorocacetete (5%). The cemphene from this reaction had [a]]%l
+ 103 (benzene).

Of speciel interest is the fact that the non=-classical carbonium
ions produced by the 6= and n-routes of solvolysis, VIIa and VIIb
respectively, are non-superimposable mirror imeges. In the formetion
of VITa, the C:L-C6 bond initially present in camphor migrates, resulting
in C6 being partially bonded to both Cl and C2. In the preparation of
campholenol, however, the C1—62 bond initially present in camphor is
broken, resulting ultimately in 02 being partially bonded to C:L and C6 in
VIIb. Because of the unique properties of VIIe and VIIb, it has been
possible to prepare both (+)- and (-)-camphene of high opticel purity from
(+)=camphor.

In view of the current interest in the exact nature of carbonium
ions such as VITa, a comparison of the solvolysis products of other isobornyl,

bornyl and ae-cempholenyl derivatives is being made.
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