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SULIIARY
of a Ph, D, Thesis “ntitlcd
PYROLYTIC STUDIES I THi ALICYCLIC SURIES
submitted by JAIES BOYD
to the Facuvlty of Science
of the University of Glasgow
| October 1973,

The thesis,concerned largely with nyrolytic eliminstion of estexs
through mucuanloﬂs other than the normali’z’s’4 1,2-route,ic in three
main pzrts : I Introduction, IT Adamornbtanoid Series, end III Cyclohexyil.-
carninyl and Decalyl Series

The Intrcduction first reviews a variety of uechanistiec

retionalisations advenced to explain date on 1,2- eliminstions, In

Z

particular the Quam-—HeterolyticS’J and Concertodl’7 mechanisns are
critically comnared, The auvithor favours the latter,notiné that ester
pyrolysis can he related to the general Retro-Ene reaction,

A literature svrvey ( 1900~ 1971 ) is made and twenty-two
examples of reports of anomalous product formation on ester pyrolysis
are recorded, Tach is dluousoed v

It appezrs that 211 recorded examplesyother thon those carried

out under conditions likely %o cause acid or surface catalysed rearrangement,

nay be expleined by extensions of three meghanisms nomely :-

(2) 211n1n“t10n (2s has been suggested for one ex amnle by Iwart

/NH/}_ — /E Hy xﬂ,

Y

(b) 1,23~ Zlimination with cyclopropyl formation (svagected on poor evidence

’by Bunton9 )
Q ; H 0
Y= Y =X

(c) 1,3~ Slimination with 2-alkyl migration (svzgested on good evidence

e a9
by Buaton” ,though for one exawple only,. )

ot

-~ X\O & }\ ’
X=0



The thesis whic. follows investigetes asnccts of the latter %wo
néchanisms (a2 end b above)znd structures derived by their application to
modcl systems,

II Adamentanoid Series

) 2 7 .
2- Adamantyl esters (i,e, tetracyclo~(3,3,1,1J'7)—decy1_;) Coffe 1

were chosen as a model,

5@’}/—9 z@ 3@

Pyrolysis of the acetate wes unsuccessful,bvt fhe -S-methyl xanthate,
toluene p-suvlphonate, and methane suviphonate gave the products 2,4 -
deaydroecdzmantene_2 sndprotoadamentenc_3 ,predicted from mechanisms a and
b sbove.( Yields and ratios veried,bu’ meximum was 95§-of_g_and_é_in the
retio 603 40 ) Possible mechenisms are discussed,

Other esters pyrolysed were 2= (8,9—dehydroadaman¢yl)—3,S—dinitro;
benéoate;é_(the corresponding alcohol was produczd by ozone treztment of

2,4-dehydrozdomantane 2 ) and 10-protoadamzutyl methanesulphonate %,

PdQl Chy
4 ﬁco Noi‘ O‘-S[i -6 @ + 1 é
2

The former though eliminéuing ester failed to give identifiable producis.
The latter gove adementane _6 end s olefin thought to be_T
A series of reactions was carried out on protoadamentene 3
namely epoxidation(an@ hydride reduction of the epoxides ),hydroboration
(end oxidztion) and oxymercuration, The stereochemistry of 3 and its effect
on thé‘course of the above rezctions ic discussed.

The eurovniuvm shifted ngmGw,speo%ﬁg of 2l1ll four 4- and 5-
protoadamazntanols ,the 4- eand 5-protoadamentanones, 4exo- and 4endo-methyl-
protoadomantanols and 4endo-phenyl protoadsmantmnol sre recorded and discussede
Configuration,conformation and C-C bend angle strain are among topics discussed
in relation to information derived from the spectra.

III Cyclohexylcarbinyl snd Pecalyl Series

It had bcen hoped that a modification of the 1,3-elimination
10 "
mechanisa ¢ above might exnlain the observation of (a)the reported” formation
of l-methyl cyclohexene on pyrolysis of cyclohexylcarbinyl acetate and

——

(b)apparent anti-climination in some esters of cyclic alcohols e.g.l-decalyl 11
(ref. 11 ) '

(sce 8 end 11 with arvows over )



The pyrolysis of 8 was,however,found to occur with formation of
methylenecyclohexane 10 only,the produvct 9 only appearing through subsequent
contact of 10 with acid.

Pyrolysis of esters such as_]] did give ""[&1’9—ooﬁalin-lg
bvt not by a 1,3-mechanism,since .. Cq —deuterium was eliminated. The
anti-eliminaetion prodvct 12 does nbt’appear.ﬁp arise throvgh isomerisation

1,2
of ester or of the normal product t-[& '“—octalin, Various mechanisms are

considered,
o
S
S~ L
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1.

INTRODUCTION.

This thesis is largely concerned with the scope and application
of pyrolytic eliminations of esters through pathways other than
that of normal 1,2 - elimination., Before proceeding with a
discussion of the evidence for such pathways it is perhaps
advisable to consider the normal mode of pyrolytic elimination in
some detail,

The pyrolytic 1, 2 - elimination of esters is a well established
synthetic tool of long standing and several reviews 1,2,3,4,5,6
on different aspects of the reaction are available.

The most usual description of the mechanis%?/ﬁggncerted"

7

route first proposed by Hurd and Blunk. In this mechanism the
bonds are formed and broken simultaneously and without separation
of charges, the transition state being represented by structure

2 of fig. 1.

Figa 1- *

y : : y | p
N

Q=2C_ ) == 0—~C
R R
t—c Yo Se=c{
7%~ e =X
1 2 3

This mechanism is attractive since it expresses (a) that the
reaction is homogeneous and unimolecular as has been found on

Kinetic investigation 1?2'%2 and (b) that it proceeds by loss
of cis - }3 - = hydrogen atom 1’2. In addition it is compatible
with the observation of (c) large deuterium isotope effects

of cis - " -
1,8,.. . }3 }3 ~deuterated esters and (d) negative

activation entropies l’5’12.
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5 4,6,8

Some authors, notably Kooyman “ and Maccoll consider

that the concerted mechanism is not satisfactory in that it does not
account for rate increases due to (a) electron with-drawing groups
on the ester 1*13s14515 (b)) A alkylation 455

(i.e. rate tertiary ¥ secondary *» primary esters) and

(c) electron withdrawing substitution O to the removed

4,5

hydrogen. These latter authors have suggested a '"quasi

4

heterolytic” 42278 mechanism represented by the transition state

Fig.2

. with varying degrees of dissociation. The activation energies
observed for pyrolyses (30 - 48 Kcal/mole) preclude the formation
of separate ions since this would require too high an enérgy

(220 Koal/molet®)

. Instead a close ion pair is suggested. Thus
if the charges are separated by ZZ, coulombic energy is around
170 K/ca.l/mole5 leaving an activation energy of ca. 50 kcal,/mole.
The possibility of forming such an ion pair where the distance of
separation approaches covalent bond length has never been established
in theory or practice. It should be noted that in solution
(as distinct from the gas phase) where solvation may occur and
the medium is of high dielectric constant a greater separation of
ions, without a corresponding increase in energy, is possible.

It is possible to account for the effects of substitution X
to removed hydrogen or its substitution by deuterium by

postulating 445 5 two stage reaction scheme comprising a rapid

ionic equilibrium stage followed by a slow hydrogen removal stage:-



e

k
1

RCO,R! ‘.“’""""".- (Rcoz") Y @t )
ko

(Rco,”) + (&) -—EL} RCO,H + olefin
If k3 is the slow step:-

)

k =
obs k2+ k3
and if k3 £% ko
k
Ky R L3

2

Thus)for example,a deuterium isotope effect on k3 produces the
game effect on kobs’ while factors affccting ease of hetrolysis

also affect k
obs.

While the quesi hetrolytic mechanism goes a long way in
explaining relative kinetic data 495 De Puyl has pointed out
as Kooyman5 in part agrees, that (a) the magnitude of the rate
enhancement effects of (4 — substitution are too small to account
for substantial involvement of hetrolysis in the reaction pathway,
while (b) the effects of (1= substitution 115 are too small to
support the concept of the E, type removal of the fg-—hydrogen
by the acyl anion and (¢) when carried out in solution,rates
show little variation with solvent polarityl.

What is required at this stage is an attempt to explain the
observed facts by application of a more sophisticated view of the
concerted reaction, taking into account the effect of electron
withdrawing groups at C(* and /3 - poegitions., Though this
is difficult since the influence of polarity in concerted reactions

is not fully understood, a reconsideration of the concerted

mechanism may prove fruitful.
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TABLE 1

E, Xcal.mole

-1

Substrate N AS cal.deg = |Ref.
43. 8 - 100 2 31 14 3
t
t
1 . 8 L4 ¥} 8 32
CH30020H2033 48 1
Ar-002 CH20H3 3841 1
3F-cholesteryl acetate 44.1 ~3,6 1,20
3?-cholestery1 Me=xanthate 32,9 4.7 1,2
3 ?-cholesteryl Et-carbonate | 41 4.3 1,20
33.8 -5 1,2

3?-cholesta.ny1 Me-xanthate
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H,M.R, Hoffmann3 in his rccent review on the "ene" reaction
very briefly suggests that ester pyrolysis may be related to the
"retro-ene" reaction.

The "ene" reaction in its most general sense is the addition
of a double bond species (normally called the enophilea) to a

doubly bonded species containing an allylic hydrogen (the “ene“s).

Fig.3 '
N , M H
u | s HE |l
Y W . W
NG ~~.~X,7Y o \ x/Y

It can be seen that while the.reaction normally refers to
largely carbocyclic systems, carboaqr]id ester pyrolysis represents

a particular "retro" case where Z =0, Y =C, X =0 and W=V =¢

or
Fig.4 A
. H\ \‘,"H.\ ) \‘\ /H
Fro= | = 1
~ t ] A
‘ ' ~ ~C C
/C\ O¢C\ //C'\ Q,/L\ f\o/

In fig.5 are listed some example.s of species known to undergo
thermal fragmentation in a mamner consistent with the reaction
scheme depicted in fig. 3 above.

Table 1 lists some activation energies and entropies observed
for known "'metro-ene" and ester pyrolysis reactions.

Consideration of table 1 and other available datal’2’3’4’5 ’6,
shows that ester pyrolysis has activation perameters leSely
similar to accepted concerted reactions of the ene type, and

1,3

shows similar deuterium isotope effects.
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Consideration of transition state theory 53 suggests that the

rate/encrey relationship is of the form:-—

ns* -~/ g
. - okt k kt
= R e e o
EQN.1

Thus reaction rates can be compared in terms of activation

entropy A S* and activation enthalpy AY:n

&AS* N D mx
ie 9 ) XT

= = e k . BON.2
2
Let us assume for the moment that the O S% values of a series

of pyrolyses of different euaters of the same alcohol are identical.
This is not too serious an assumption, since L\s% values
observed normally fall into a fairly narrow range (ca - 3 to -5 e.u. )

1,20,4 ,

and variation appears o depend more on the nature of the

alcohol residue than the acid function.

Then -
- 8. o)

or 1n k1

If we consider that in the transition state of the "retro ene"

2 EQN.3
= ¢ 6( O B) B,

reaction (fig.6. 5.)

Fig.6

bond breaking and bond making have proceeded to an equal extent,
then the enthalpy of activation [};H* will reflect the energy
required to break the relevant vonds less terms for energy gained

in forming the relevant bonds.
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To use this theory one must then make the drastic agsumption
that the energy required to "half break" and "half make" the
bonds is proportional to the energy required to completely
break and completely make the same bonds. |
or. s Om)  of 8 o)

hence
from EQN,3. in

Nyl iy

OC e( A H) EQN.4

Enthalpy ( £\ H) values can be found by subtracting dissociation
energy of bonds formed from dissociation energy of bonds broken,
Hoffma.n3 outlines a similar argument and conclusion in his
review. |
For example, comparing carboxylic ester (Scheme 1,20) and alkyl
carbonate (Scheme 1,g;) pyrolyses, the same bonds (to a first
approximation) are broken and made in each case. These pyrolyses
might then be expected to proceed at similar rates and with similar
activation energies, am is in fact observed (see table 1).

If, in comparing the pyrolysis of xanthate (Scheme 1 gg)
and carbonate (Scheme 1 g;), we assume C-0 bonds of equal strength,
it can be seen that the main differences in activation enthalpy
are two fold, The formation of a relatively weaker SH bond
(ca. 90 Kcal/mole 34) in the xanthate case and a stronger OH
bond (ca. 112 Kcal/mole 34) in carbonate case should favour
carbonate pyrolysis, however this is probably outweighed by the
breaking of the much weaker C = S bond in xanthate compared with
the C = O bond broken in carbonate pyrolysis (D C = S = 67,
D g 00 =107 Keal.mole 35) resulting in lower observedl’2
activation energies for xanthate pyrolysis (see table 1).
Though similar comparison of carboxylic ester and sulphonate
pyrolyses (Scheme fl,) may not be valid in that /N S* wvalues

may not be comparable, comparison on the basis of /) H values

is interesting.
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Consideration of Scheme 2 shows that the differences in

the two pyrolyses resolve tn differences in breaking SO, - C

3

and 002 - C bonds and in making 30, - H and CO ~ H bonds.

3
If these latter are considered equal (CO - H =112 XK. cal(34)

HOBSO ~ H = 114 X.ca 1/mole35) then the breaking of the much weaker

S0, ~ C bond (60 Kcal/mole34) compared with the CO, - C bond

16

2

(85 Kcal/mole™ n.b. homolytic cleavage) should greatly favour

sulphonate pyrolysis. Work described in this thesis and related

36

experiments carried out in these laboratories” indicates that
sulphonates are pyrolised more readily than the corresponding
acetates.,

The above approach_ggz'exﬁlain the affect on pyrolysis rate
of C( -~ and ﬁ} -~ gubstitution =2nd of the electron-withdrawing
nature of the ester group by their affect on the energies of the
bonds broken and made during pyrolysis. Such a study is beyond
the scope of this thesis and comment will be confined to one

observation which may be relevant to later sections of this thesis,

Pyrolysis of 3-~ncetoxy-cyclohexanone (29) proceeds at a

}!,\(H

rate 40é/i}§if greater than that of cyclohexyl—acetate.é_(l)

I
| i ]
SN0\ a)\
-~ 4 ~
e 19

While the influence of differing £\ S¥ values is

3impossible to estimate the observed rate enhancement in 29

is consistent with the lower bond energy of COCH - H compared with
CH, - CH - H.

(CF;COCH, - H,92 , CH,CH,CH ~ H,98 Koal/mole’*),

end with the formation of a stronger conjugated R bond.
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4 consequence of considering ester pyrolyses as fully
concerted reactions is that they must obey orbital symmetry
rules.37 Congideration of scheme 3 shows that the accepted mode
of ester pyrolysis follows a thermally allowed [és,Zs,Zs v37
pathway. Thus, considering the "ene" or condensation direction,
the hydrogen is transferred to the same side of the olefin as is
involved in forming the new (37 -bond and formation of the new

7T ~bond occurs without inversion,

If one now considers scheme 4, it can be seen (as is noted by
Hsffman3) that there exists an other thermally allowed pathway
namely the %:Za,Zs,Za;; 31 route where considering the ene
or condensation direction, the new 7V -bond is formed without
inversion as before, but opposite sides of the olefin are used
in transferring the hydrogen and forming the new £3 -bond.

The observable consequences of these different pathways for
cleavage should be that the reaction need not follow a gyn-course
and that the product olefins formed by the two paths are geometrical
isomers (See schemes 3 and 4).

Though the transition state required for the [?a,Es,Za:}
pathway is less 1ikeiy for steric reasons and effective overlap
of orbitals may only occur with deformation of the (flbond
skeletcn, it is possible that this route accounts for some of

the observed gpti~pyrolytic eliminations. 1,2,11,22,27,28,29

This topic is further discussed with regard to the pyrolysis

of (1¢,9¢,10 t ) - 1 = decalyl osters, 2072738

(pege 14¢)
In a recent paper on ester pyrolyses Tinkleberg Kooyman
and Lauw39 point out that: "Despite the large amount of

experimental data there is no general agreement about the

mechanism of the reaction./
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As yet it seems impossible to accomodate all structure effects
known to date in ome coherent picture." These suthours then g0
on to consider the mechanism as a "concerted hetrolysis" with both
C ~0and C ~ H bonds polarised in the transition state and

postulate a range of transition states such as in fig.T7.

Fig.7. S5~ ‘ 5- &S+
ja— v VAN Y N\ s+

- “ ~
-~

S ©0 HEt 50 HE 0s-
gt G’ et
N T =

Where, in general, transition state structures will be v
intermediate and, depending on structure aﬁd substitution, will
be more or less A - like or B - 1iké.

The author339_theﬁ claim that all"known substituent effects
can be accomodated., This is not true siﬁce, as they themselves
peint out inlanother part of the same paper,‘elimination of the
least acidic ;3 ~hydrogen is always preferred“and gsome substituents
making the ﬁ ~hydrogen more acidic (e.g. /3 -chlorine or
/3 —-phenyl - ) retard the rate of elimination. These latter
facts are not compatible with the suggested range of structures
(fig.?) for ithe tronsition state and tend tc support the idea

expressed aobove (p.? ) that the covalent bond strengths of all

bonds broken and made must be considered when comparing elimination
rate of different ester systems.

Work on znomalous pyrolysis reactions, in this laboratory,

first commenced when a means was sought of effecting the conversion
of the skeleton of atisane ( 31 ) to that of aconane (34 ).

It had been found36 that solvolysis of the 1504 - ;)-toluene-
sulphonate 31 derived from atisine gave olefins of the type 32,

the expected product of solvolysis of the epimeric sulphonate 33.

It was shown36 that epimerisation to the more stable 33 was occuring

rapidly under solvolysis conditions.



CH» Ph CHj\?h
RCOH
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At this time a rGPOTt4O by Xwmrt and Hoster appeared in the
literature describing a "Wogner-veerwein" rearrangement occurring
during the gas phase pyrolysis of esters of 2-methyl-2-phenyl
propenol 35,

These workers cbtained low (3 - 9%) yields of 2-methyl-
3-phenyl propenc 37 and postulated the geven-menbered transition
state 36 as giving rise to the product.

Accordingly Johnston ond Overton36 pyrolised the alkaloid
keto-tosylates 31 2nd 33 and obtained high (40 - 70%) yields of
the corresponding olefins 34 and 32 respectively.

At this point work for this thesis began with an intensive
survey of the literature with a view to unearthing previous examples
of such rearran.:ements occurring during ester pyrolysis. This
proved a daunting task for a reaction which has been studied
for over a centurf% Exanples of such»rearrangement were found
58

ranging in publication date from 190041 to 19707 and these are

discusscd below (see table 2).

A number of prcblems arose when searching for and consider-
ing inclusiOnof examples listed (table 2),

Apparently anomalous preducts may arise, particularly in
examples from the early literature before the advent of t.l.e
and g.l.c., throuzh impurities in starting materials. Many
of the starting csters are iiquids and consequently not readily
purified with/2;§5matography. —

Meny of the product olefins are also liquids and consequently
minor products were often missedor dnadequately characterised.

Cenuine anomolous products may arise from genuine starting

materials but by trivial rcutes.
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Starting material may be isomerised prior tc¢ elimination or
conditions of pyrolysis or product isolation may iscmerise the
products of a normal climination., One must remember that the
temperatures experienced during pyrslysis may range from ambient
to several hundred degrecs and reaction paths insignificant at
lower temperatures may become important at higher.

A common reason for omission of examples was the distillation
of product out of acid melts or solutions as in the N = p = toluene -
sulphonyl carbonate pyrolysesz§ reported by Roach and D#ly‘where
the range and nature of the products indicate equilibration of
olefins,

Surface-catalysed rearrangements are alsc possible, A system
prone to both acid and surface effects is that of bicycle - 2,2,1-
heptane derivatives. Thus Kwartl2 on pyrolising bicyclo-2,2,1 -
heptyl ~ 2 ~ zccetate 38 obtained, from both exo -~ and endo -
epinmers, mixtures of bicyclo heptene 39, nortricyclene 40 and
cyclopentadiene 41.

The expected ~lefin 39 has been shown to undergo facile
rearrangement to nortricyclene 40 and some retro "Diels-Alder”

X3
decsmposition to 41 and ethylene over hot alumina.42 Vaughan4

has shown that camphene 42 is readily racemised in contact with
pyruvic acid at 156O by a route sho*.-'fnz‘r4 to involve tricyclene 43.
The possibility of such rcarrangements is discussed in relation
to particular examples (Table 2) below.

It is important, as work in this thesis will emphasise, to
use methods which will minimise trivial rearrangements. One
major improvement in technique is to carry out pyrolyses in flow
systems under low pressures of an inert gas. This has a major
effect in reducing the likelyhood of bimcleamlar reactiocns in
condensed phage cither in eliminations or in reaction of olefins

with the acids produced



12.
1t also reduces surface-cntalysed reoctions. Problems are still
encountered however mainly at the inlet and exit of the system where
~materials may condense at intermediate temperatures.

There were other difficulties associnted with the literature
survey. For example, in the many pyrolyses carried out befcore the
days of mechanistic interpretsticn, anomalies were seldom recognised
or recorded as such and are hence difficult to detect.

In much of the recent work cross referencing is poor either
through unowareness of previous examples or scepticism of the

results obtained,



TABLE 2

Entry -R "
No. | STRUCTURE | ESTER [Ref| PRODUCTS Conditions
1 H PR PR vapour

SOCH.  fhesis .
@ )CH, @ >500
CSCH -
~ CHy
this _
-SOCH_ |th. | vap.
2 1ro 2 3 c.500"
| ?
1 12%  50-80% |
Z/.‘ . vap. .
3 500-600
Y h0-70%
4 R -SO(bCH3 36 -’ vap.
2 { 500-600°
5 h -COCH, h hl  vap.
- ~C%CH3 40 500
> _ Qo -6 %
CSCH, 3-9%  2-6%
| ~
5
OR +
vap,
_OR P
-COCHy 43| L | various
1 +
SR Sh
— - / 1




TABLE 2 (cont.)

No. | STRUCT. R [Ret. PROD ‘cond,
> |-COCH % ,
7 R 5 |46 (30 liquid
47|60 %
R
8 -COCH, 46 | 14% liq.
| Q | 360-400"
9 i -COCH3 L8 . 470
oy
lig.
11 i liq
0 ~COCHy |49 608@30@
R l ]
2| O ~COCH, {49 {73% >@o lig,
| 220
Q
13 R 0 |
Z%E; ~COCH, |50 |70% 350°
| lig.
14 R |-cocH, |5t -
| 1300
/
15 ~CS0H, K152 E% % liq. various
- 21 N ' liq .
COGH. | 52 q
R L%OCH3 18 I "
| -COCH, |53 )5 V30




TABLE 2(cont)

| No.

! STRUCT. -R Ref.
16 -CSC 2
C X H3 525
OR -CONH?S 25
7 —%—su—% 265
- —%-sm% 26
R -EOCH3 26
A | CSCH. 156
3,
20R
19 Y
Ro\ijj ~COCH, |58
P S
20 _OR ~COCHy 159 . ligq. 360°
{ g %\{
.
21 R |
—COCH3 60 li g.
22 |
-COCHy |61 % lig,
OR
e :
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Examples of pyrolysis occurring with

rearrangement (sec table 2) -~ discussion

Entries 1 and 2, These entries refer to work reported by us

62,63

in this thesis and clsewvhere and are considered in detail

in the relevent discussion sections which fcollow.

BEntries 3 and 4, These examplessé(Scheme 6) have been partly

discussed above (pd0 ). They represent two of the few reported
cases of rearrangement occurring during gss phose pyrolysis. The

36

corresponding acetates”  of tosylates 31 and 33 survive the

pyrolysis conditions unchanged.
The hiszh yields (75 - 80% by g.l.c.) support the suggcstion36
that the products 34 and 32 arise by a genuine aonomalous mechanism,

6 . . .
The route sug sted3 involves a cyclic seven membered transition
o

state such as 44.

Entry 5.4O(Scheme 7) The authors repcrt the formation of
2~methyl-3-phenyl-propene 37 (3-9%) and l-phenyl~2-methyl-propene
AQ'(Z- %) on pyrolysis of a series of esters (acetate, methyl=
carbonate -, and methyl xanthate-) of 2-phenyl=-2-methyl-propanol
35 at a variety of temperatures.,

Though the yields are small the authors have taken pains to
show that the prcducts do mot arise from trivial, thermal cracking,
(i.e. radical) routes. The pruducts 37 and 45 are the only ones
observed in the case of xanthate pyrolysis.,

The mechanism advanced to explain the formation of 37 involves
a cyclic T-membered transition state 46, while that explaining the
formation of 45 invclves C}i;-elimination through a five membered

transition state 47.
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Substantial evidence is adduced for the latter (ﬁz), including

less of C)(~'deuterium with a large deuterium isotope effect.,

Entry 645,(Scheme 8)

Bach of the acctates 48, 49 and 50 gives on pyrolysis the
expecied olefin 51, 52 and 53 respectively plus minor amounts
of the other two 2lefins., The amount of ancmalous products
varies with t.mpernture and condition of the pyrolysis tube.
At lower temperatures and on less contominated systems the
yields of anomolous products are lowest ( < 5%). This seenms
to suggest, as is realised by the authors, that the minor products

arise through catolysed isomerisation and not by a novel route.

Entries (7,23)% = %9

' 6
of - cyclohexanane46’47 (54 scheme 9), - 2 - methyl cyclohexanone4

of 55 scheme 9), - cyclodecanone48 (69 scheme 10) and

(22- cyclaundecanone46(§l schemo‘lp) and of the 2=and S~substituted
- ¢c- 2 - acetoxy - cyclohexane ~ 1,3 - diones (scheme 11)»§§A9

- 2657 ana 66°°.
6549 ana 665°.

In all of the ahove cases substontial amcunts of ring-
contraction prcduct resulting from loss of acetic ncid and the
ketone function resulted, The respuctive  product structures and
yields are shown opposite (schemes 9,10 and 11).

A cloger examination48 of the products of pyrolysis of
2-acetoxy-cyclodecanone 60 (see scheme 12) revealed the presence
of the olefins cis=(Jl) and trans—cyclononene (72) (30% combined)
and 1,8 - nonadicne 70 (6%) and the eﬁe-ones,oyolodec—2;ene-one

73 ond cyclodec - 3-ene - one T4 (23% combined).
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The presence of the diene 70 iz not unexpocted in view of

the roported ©4 cleavage of tramg-cyclon 2 in 85% yield
& rcporte cleavege of trang-cycloncnene 72 im 85% yield
o . . . .

at 5007, It is intercsting tv note the suggestlon3 that this
also occursg throuzh o "retro-ene' type mechanism (75 scheme 13,)

The presence of the )3 ’ Z; ~enesone T4 however, suggests
that some isomerisation was taking place.

48,49 . .. . . .
18,49 of the variztion in results with

Some mention
carbonaceous deposits is made; this however appears to be minor,

The obnsiatency of the ring-contraction reaction over the
range of pyrclysis conditions used and the fact that in all cases
except one (55 scheme 9) the rearranged product is the major one
suggest that this is indeed a genuine anomalous reaction,

In two reports48’50

the suggestion is made, though no proof
is offercd, that the mechanism (scheme 14) may involve abstraction
of a proton on the cther side of the ketone with formaticn of a

cycloproprnonc intermediate 76 which then decomposes via a

biradical 77 to give ring coniraction products.

Entry 147

The structure of €% =-patchoulene 78 derived with its
isomer lg ~patchoulene 9 by pyrolytic elimination of acetic
acid from the acetate cf naturally occurring patchouli alcohol,
had suggested the structure 80 for the alcohol. Subsequent
x~-ray analysis showed the structure to be in fact 81 and the
pyrolysis was described as taking place by an "unprecedented
rearrangement”., No suzgestion of mechanism was offered by the
authors.Bl

Threce possible mechanisms may be advanced.
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Figures in parenthesis indicat e % optical purity

Ester Ref, Bornylene tricycleng ca@phem@
Xan“tsrfte 52 70(47)| 135 | 16-5(30)
bengcga‘cc 52 25 %5 54(30)
gulggim 18 | minor minor | major
acetate

—

a7 | %] 8 23 148
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(a) The 7-merbered transition state with rearrangement (common
to entries 1,2,3,4,5,16,18 and 19) is possible, however ‘ﬁhe
pyrolysis conditions (slow distillation of acetic acid from the
liguid phase at 3000) are such that acid catalysed precesses
are highly likely.
(b) The furmntion of the O(, ]3 ~elimination produvct 82
and its isomerisation (scheme_ 16) is not likely in view of the
highly strained nature of the olefin 82 to be Tormed. The
formation of bridgehead double bonds in 3,3,l~bicyclo-tnionane
systems is not readily acoomplished.65
(¢) It is more likely that the products 78 and 79 arise through
acid-catalysed solwolysis, leading to ion 83A and hence, driven
by strain releasé, ts ion 83B and products 78 and 79.
Eatry 15

The pyrolyses (scheme 17) are reported of bornyl-methylxanthate
_8__441’52, ~ benzoate §§_52, - methylsulphite §§18 and -acetate “_8_']_53
giving mixturcs of bornylene 88, tricyclene 89 and camphene 90
in the yields and with the degree of optical purity (vhere these
are known)as shown in table 3.
The work of \.ﬂ'a,ugha.nzt5 and Hirs ,ja.rvi44 which demonstrates
the ease of mutual rearrangement of at least two of the products
(89 and 90) has already been considered (p.1l ) and the low
52

optical purity (30%) of the camphene 90 obtained’” suggests that
it ond posaibly tricyclene 89 have arisen through an ionic (or
solvolytic) route or by acid catalysed isonerisation of the

o5 fa ~elimination product bornylene 88 as in scheme 18.
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Tater Rat, .822 &9 90
2 52 385(92) —_— 61-5{100)
93 52 — 13 87 (30)
Y 25 7 ? 85 (100)
o5 g3 | 20 35 488
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Ain ohjection may berazised to the proposal to account for
anomalous products as in 3cheme 18, in that, where as mch as
549 (Tzble 3) of cauphene is produced by isomerisation, the product
ratios should show a greatsr tendency towards equilibrium ratios

)43,44

(i.e. < 5% tricyclene and that the optical activities

can

w

of camphene (30%) and bornylene (97%) should be lower, Thi
be srcued against on two countss; (a) equilibration studies on the

43544

camphene and norbornene42 gystens show that the system with
the double bond endo -~ to the 2,2,1 - systom (£22311422£%§§§, in
this case) is the lecst stable and hence its conversion to the
others (89 and 90) should bo faster than their mutual conversion,
or their back conversion i norbornene, and (v) Herndon and
Mannion66 have shown that under the conditions requircd for the
pyrolysis of the carboxylic esters 85 and 87 bornylene undergoes
retro Dieis~ilder fission giving polymeric products undetectable
by gz.l.c. and hence thesc authors suggest that bornylene may
initially be formed in sreater amounts than reported (see tavle 3) .

The seven nmcrmbered tronsition state 91 suggested by Bunton52
is thus not necessarily involved, hovever stronger evidence for
its cxistence is reported below (see discussion on entry 17).
Entry 16

The pyrolyses (scheme 19) are reported of isc bornyl -
methylxanthate 922994 _ venzoate 25?2, ~ N-phenyl carbonate 24?5
and - acetate 25?3 yielding bornylene 88, tricyclene 89 and
camphene 85 in the yiclds and with the degree of opticzl purity

(where these are known) as shown in table 4.
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r’ [y
The results of the acetate)?gi and benzoateB%gi pyrolyses
nay be rationalised on the basis of acid isomerisation of bornylene

88 as in scheme 18 discussed for entry 15, but the high yields of

5?22

38 s o . .
and N-phenyl carbamate 94 are indicative of o cuncerted mechanism

optically pure cauphene S0 obtained on pyroclysis of xanthate

. . 2 .
for its fornmation, Bunton5 advances the sgseven membered transition
state 96.
It should be noted that the fragmertatior of hornylenc under
conditions of caxboxylic ester pyrolysis reported by Herndon
. 66 . : P :
and Mznaion — (sec p.17 ) ie not of mejor importance in pyrolysis

25

at lower temperatures since Veughan “isolates camphene in > 60%

en
yield from pyr-olysis of the N;phgl carbamate 94 at 2200.

Entry 17

The earliecst reference t. the pyrolysis of C?(-—fenchyl
esters is that of Q&istSS whs in 1918 pyr:lised the xanthate 97
claiming to obtain (ses scheme 20) cyclofenchene 101 and

C}(— fenchene 102, “oth of high optical purity. Solomaa 6

in 1959 in a series of throrough experimenis on the xanthatg_gl,
thicno-carbonate 98, thiolo-carbonate 99 and carbonate 100,
confirmed the production and optical purity (ca. 100%) of
cyclofenchene but found only minor amounts of mixed olefins,
the exact amount varyinzg with the ester employed and the
pyrolysis conditions.

Though no mechanism has been advanced to explain this case,
the 7 membered transition state 103 later suggested on poor
evidence by Bunton in the case of bornyl ester pyrclysis (entzy

15,91) is plausible and would explain the high yields and optical

puritics obtained.
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TABLE 5
Acetotes = Tcup. | Alcohol (%) Ketone(%
l-hydroxyneocarvomenthyl| 449 77 ' 23
Lohyaroxy meo i 8henthyy | 170 | 7 7
d=hydroxynco uwrnthyl 444 35 €5
l-hydrozyneodihydrocarvyl 480 70 30
3-hydroxy—=4=-neocaranyl
420 76 24
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Tntry _:.Lﬁ

6 . . '
5 in 1922 pyrolised (see scheme 21) camphenilyl

Kemppa
methyl xanthate 104 claiming to obtain apocyclene 105 and
apobornylene 106 in the ratio 6:4,

% is clearly impossible to rationalise the formation of
both products from one alcohol in a cor,érted reacticon.

51

However Beckman and Bamberger” have sugzested that, in all
reports prior tc 1951 camphenilol must be suspected of being
a mixture of endo - and exo - epimers.

It is thus possible to postulated the seven membered
transition states of Bunton’o (see 91,95,103) of the form shown
107 and 108 tc account for the observed products.

Entry 19.

Leffingwell and Sha,ckelford58 on pyrolising a series of
trans - O~ acctoxy alcohols (eg 1 - hydroxy - neoisccarvomenthyl-
acetate ;L_C_)g) obtained products of both normal elimination (.3
}}_L) and of a ring cintraction process giving methyl ketones
(eg ZLZ_L_(_)'). Though these vorkers postulate an ortho-acid intermediate
112 it can be seen](Q9 that this rcarrengement may be an example
of the cyclic seven-membered transition state mentioned above,
(entries 7,14,15 and 18).

. 8 . .
Table 5 list resulté with similaxr conpounds.

Entries 20,21, and 22

Poppegg’ha.s recently extended the earlier work of Za.lkow6o’6l
on the pyrolysis of D(-—aceto:w unsaturated ketoneg of the
pulgeone tvpe 117 and 118 to steroid systems (eg. 114).

The CX, ’3 - unsaturated - 5 - acetoxy - ketone 115

has been inplicated in the latter case (see scheme 23%).



118 | 117 122



204

The only mechanism advanced for this rearrangement to the

furencid systems 116 ond 119 has been the ionic route (scheme 24)
60,61. . . . .

of Zolkow, t is posgible, however, to rationalise the formalion
of furanocid structures 116 and 119 through an extension of the

, ey . L 40 . .
5-menbered - ()4 —elimination route of Kwart (see discussion
entry 7 scheme 7) as shown in scheme 25 if one allows the

. .. 16 , .
pogsibility of acetate allylic isomerisation™ , as shown in

scheme 26,
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While the possibility of mechanismg other than those
of genuine thermal elimination may account for some of the
above examples of remrrmngement during esters pyr-lysis some
strong evidence (sec discussion of entries 3,4,5,16 and 17 in
perticular) remains. A1l of the more reliable cases can be
rationalised or: the hasis of three mechanisms,

() _€©X - clinination

The C}(F-elimination route (gchemo 27) soundly established
. 0 . .
by KWart4 (see discussion of entry 7) may also account for the
formation of furans on pyrolysis of 2{—-acetoxy - C>< s /E;

- uvnsaturnted ketones {scheme 28)

(b) Seven membered - cyclopropyl route.
“hile this route (scheme 29) wes originally sugrested by
52 . .
Bunton””™ cn poor evidence, the better evidence, though not
. 26 . s .
recognised as such, of Salomaa suggests that it is valid

(see discussion of entries 15, 17 and 18), It is also possible

8,50 . . . .
as has becn su*~ested4°” that this mechanism explains the formation

23
of ring contraction preducts on pyrclysis of O~ acetoxyketones
(scheme 30) (@iscussion s enteies 7,8,9,10,11,12 and 13).

‘ \ ‘ L3 . >t ' 3 _t
(c) _CKy (Y, - climinabion with JBo il ohifh.
5
This suggestion (schemc 31) made originally by Bunton
would seem %o be valid for the pyrolysis of xanthate and N-phenyl
carbamate of isoborneol (see discussion of entry 16) and can be
applied with var;ing dejrees of cronfidence to entries
3,4,5,14,18 and 19.
. 4’8’53 9 S oo l 3
The suggestion that the pyrolyses of bornyl and
isobornyl esters (an& chlorides) proceed with "Wagner-iieerwein'

rearrongement (sec scheme 32.) of the carbonium ion exigting/



SCHEME 34

- E&gs-gsc% }'
23 '

1




226
/existing prior tu hydrogen abstraction by the acylanion, is

not in our view a valid one. It has been suggested (p.2 )
thﬁ;charge separation must not be much greater than the original
C - 0 bond length, if the dissociation encrgy is not prohibitively
to exceed the o’oserveds3 acfivation energies and it seems to us
that such a restriction would rule out the proposed mechonism,
The route cannot explain,as has been attempted4’8’53,the formation,
in the gas phase, of tricyclene from isobornyl esters, since
thiz would invelve the acyl anion in somchow moving round to the
other face of the molecule t‘o abstrnct the CG_-g‘x}gg—proton
(scheme 32).

This route would alsoc lead, by internal return, to rearranged
esters (scheme 34) and in the case of isobornyl xanthate the
more stable dithiolocarbonape26, vhich does not pyrolise under
the conditions used to pyroiise the xzanthate, would surely not
have escapcd detection,

In the following sections of this thesis an attempt is
made to adduce further evidence for and examine the synthetic
scope of the "cyclopropyl" (scheme 29) and CX; ¥ - elimination
with [3 - shift (scheme 31) routes and investigate some

mechanistic aspects of these reactions.
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PART II

ADAMANTANOTD SERIES

1) Pyrolysis of 2-Adamentyl Esters 24
2) Reactions of Protoadamantene 40
%) Reactions of 2, 4 - Dehydroadamantane : 51
4) Pyrolysis of 10 - Protoadamantyl methane sulphonate 53
5) Miscellaneous Adamantanoid Reactions 55
6) Buropium Shifted n.m.r. Spectra of
Protoadamantane Derivatives 57
Experimental T0
Nomenclature

After some thought, it was decided to continue the use

of trivial "Adamantanoid" names fors-

adamantane ........(trlcyclo—(),3,1 l5 7) - decane)

protoadampntane.......(trlcyclo-(4,3 1, 03’ ) decanws)
2 4’03’ )

and 2,4 - dehydroadamnntane...(tetracyclo-(4,3,l 0 -decane.,

This was done for reasons of brevity and to awvoid

confusion over the current67 use of the trivial names.
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Introduction

Considerntion of the rccorded examples (table 2) of anomalous
pyrolyses leads one to accept the suggestion of Bunton52 on the
two possible mechonisms involving 1,3 - elimination. The examples
appeartc have a common steric situation.

In the formntion of cyclopropyl compounds the hydrogen
abstrocted is usuzlly syn-porallel to the C-0 bond of the ester
function as in 124.

In the caose of double bond formation with resrrongement, the
abstracted hydrogen and ester C-0 bond bear the same relationship
os above while the migrating C-C bond is ggi;rpéfiplanar to both
as in 125,

It occurred to us that, if this zecmetry is optimal, 2
suitablce test case for the general zpplicability of the reactirns
should be that of 2-ndamantyl esters (scheme 35) wherc the above
steric ccnditions are risorously obeyed. The scheme become more
attroctive when it was seen that the cyclopropyl route (schgme 354)

68 126, while

should, if possible, lead to 2,4 - dehydro-adamantane
the route involving rearrangemcnt (scheme 35B) should produce
protoadamanten969’7o 127, Both of thesc compounds are known
crystalline hydroccarbons whoes potential for synthetic and
mechrnistic expioration intercsted us.

It should be noted that the complicaticn of 1,2 - elimination
should be avoided in this systen. Schleyer71 has pointed out that
the orbitals of the C-H bond 2t position =~ 1 and the developing
vacant - or p-orbital at position - 2 are orthogonal (fig.T)
thus minimnising the poséibiiity of overlap and making the formation
of a double bond between them unlikely. This is, of course, an
65

alternative expressicn of Bredt's rule - on formation of bridgehead

double bonls in fused polycycles.
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Results

2-Adamontancl 128 was prepared72 from commercinlly available
2 = adamantonone and its - acetate73.;gg, -~ S - mefhylxanthate
130 (m.p. 108 - 109.5°C), ~p-toluenesulphonate 't 131 and
-methylsulphonate 132 (m.p. 67 - 68°C) derived by cdaptations of
stoandard procedures. All showed the expected physical and
spectroscopic characteistics as recorded in the relevant

experimental sections below.

1-Bromo-adammtane 134 obbained 2?12 by bromination of
comercially available a2damantane 133 was hyﬂrolised72 to give

adamonton —= 1 ~ ol 135. The alcohol 135 was treated with
leoadtetra=-acetate and iodine to furnish the iodoketone 1§6 and
hence, without intermecdiate purificatiosn, protoadamantan-4-onec

69 7

137 by a combination of the methods of Gill™ 7 and Lunn' = as
described in the experimental section,
Lithium~aluminiwm-hydride rcduction of 137 gave a mixture of

epimcric proto-alumantansls (138). Pyrolysis of the unisolated

68
xanthates (139) gave protoadamantene  127.%

The pyrolysis apparatus, described in the Experimental
section, consisted of & horizomtal, electrically heated
(450 - 560°) silica tube lightly packed with glass wool. The
substance to be pyrolised was introduced into the tube either as
a lispersion in inert sclvent (10 - 100 mg) (Methed A) or by

sublimation (100 - 5000 mg) (Method B) and the products were/

% We are indebted to Dr.R.B. Gill of the University of
Nottingham for the gift of a sample of 4-protoadamantancls and

his alvice on the production »f protoadamantene.
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collected partly on the c¢514 walls of the tﬁbe emerging from the
furnace apd pnrtly in the cold trap (-195°C) placed in series
with it. A foreward flow of helium or nitrogen (0.05 - 0.5 m.m,Hg.)
was maintained throughout the experiment.

It was found that the amount (or absence) of glass wool in
the pyrolysis tube had very little effect on product ratios and
only small effects on yiclds. This would suggest that the reactions
occurring o~re not of a hetrsicneous or ralical chain nature since
such reactions are usually extremely sensitive to surface/volume
variation53.

Pyrolysis of 2-adomantylacetate 129 (0.5 mn HE,. 3800, SOOO,
56000) afforded rocoverel starting moterial in > 90% yield.
It wos consilered inadvisable to exceed 560O gince skeletal
breakiown of alamantane has been observed79 above 600°,

2-idamontylxanthate 130 gave (0.5 ma, 550°C) recoverca
xanthate 130 (50%), -thislocarbonnte 142 (45%, Viax. 1649 and

870 ot

thiulocarbonatego), prot:adamantene 127 (2%),
dehydroadamntane 126 (2%) and adamontone 133 (1%). A repoat run
gave 130 (48%), 142 (45%), 127 (3%), 126 (3%) and 133 (1%).
The thermal rearrangement of alkyl~-xanthates 1. thislo-
. 26,81
carbonates has been previcusly observed,
2-Adamentyl-p-tolucnesul phonate 131 and 2-adamentylmethane-
sulphonate 132 led to the desired proiucts under the apprupriacte
conditions., Using the injection technique (method A) the tosylate
131 afforded (at 0.5 mm, 550°) more than 90% yield of C10
hydrocarbons, consisting ( <%:95%) of protoadamontene 127

an? dehyirocadamantane 126 in vorying proportions (2:3 to 331),

sdamantane ( < 5%) a1d an unidentified hydrocorbon (mt314)

(co 1%). [/
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/4t 760 mm,Hg and 5507 the amcunt »f adamantane rose Aromatically

to 80% of hydrceorbon fraction (c. 50% theoretical yield).

Though no evidence was obtaine? of the mechanism of formation
of adamantane from the sulphonates 151 and 132 it was vhought
that it might possibly arisc throush such a means as indicated
in scheme 36 by analogy with the disproportisnation of 2-adamantansl
128 in sulphuric acid. The proposetl di-estors might not be
expected to survive the pyrzlysis conditions,

Such a disproportionation (scheme 36) should oceur to a
gignificant extent only in the hot liquid phase. Adamantane
production on pyrolyses was minimal when conditions were used
which minimisel the extent of conlensed phase. (i.c. When lowest
pressures were usel and where sample was sublimed more rapidly
into the system.)

On a lorser scale (250mg - 2g) the sample was introduced by
sublimation and under these conditions, (0.3 - 0.5 mm.Hg and
520 ~ 550°) the recovery of hylrscarbon fell to about 50% of
thecry while the ratio of protoalamantcne 127 to dehylro-adamantane
126 rose to 4:l.

On the assumption that the products particulzrly the
dehydroalamcntane were being portially festroyed by toluenc-p-
silphogic acid formed during the pywr-lysis, the inside of the
pyrolysis tube an? the glass weol at the exit end of th2 furnace
were coatel with s:lid scdium carbonate., This resulte? on a
1 - 2g scale, in a better than 959 yield of hydrocarhon consisting
of protoadamantene 127, dehydroadomantane 126 (in ratio 2:3)
and less than 2% adnmantone. The reactivity of the products with
methnone sulphonic acid was tested, 2, 4-Dehylroadamontane (126)
was totally converted to 2-adamantyl mesylote 132 in excess
neat acid in less than 15 mins. at 20%C while protoadamantene

required around 45 mins.



TABLE 6. Pyrolysis of 2-Adamantyl Sulphonates.

e “ - ,w-.f . - v & v
;scole temp.|press] yield @ ke
RUN|Ester | thod mg | °C  [mmHgappros) 126 (1,127 133
T &t
1 Tos. A 1 20(450{ 05| &0 60 37 3
2 A v+ {550 S0 50 50 2
3 A '*1550 | - S0 40 60 2
A A | v |4501 760; 50 35 20 | SO
5 Al . |550] | ] 10 5 |80
6 B {100/550{0-3] | 80 13 5
7 .| B12500520{ « | *{ 70 28 2
8 | Mes, B {150/ 520] r« i 40 80 16 | 2
9 B*1040{ 520/ 05 | 90| 40 59 | 1
10 8"|2200 550 0-05 95| 40| 59 | 1
T ' -510- 103 -
|
¥ N02C03 " coated packing and tube.
T Runs 1=5 from tel.cs ; 6-10 from wt. of crude hydrocarbon,
X  Series of runs without glass-wool packing.
e~
Oy |
d \_
/A D}_’ v \
5 :
ILO*/ ¥
143 145




28.

The pyrolysate recovered with iscpentane was filtered
throuzh alumiha to free it from acid compounds and  -chromato-
graphed over silver nitrate/alumina (15%) Isspentane elubed
dehy’roalamantane (57%) m.p. (before recrystallisation) 196 -

68

2025 - 203.50) and ether eluted protoadamantene
69

199° (1it.
(37%) m.p. (before recrystallisation) 179 - 182° (1it.>7183 - 185°)
Table (6) lisgts resulits of pyvrolyses of mesylate and fosylate
of 2-adamantanol unier a variety of c.nditions,
At about this time the pyrulysis o»f 2-adamantyl amine

83

oxides was investipgated ” in this laboratory with a view to
establishing the incidence of an analogous rezction proceding
through a six rather than 2 seven membered tramsition state
(143). A‘relevent precedent exists in the pyrolysi582 of
isoamylamine cxide 144 to give apprccizble amounts of 2-methyl
but - 2 - ene 145 app .rantly by }5 “hydrogen abstraction and
hydride shift (144 arrows)., However pyrolysis of the 2-(dimethyl
amine_oxide) of adamantane produced 83 only products typical

84

of Meisenheimer rearrangement ‘.
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Considerntion =f mechenisn of cyelopropyl fermation.

The 1,3-elimination lez’ing t3 cyclopropyl ring formation
may be ratisnolised by anclogy with the normal 1,2-elimination.
Thus in the anomclous mechanism, the normal formation of a new

TF bond between two centres (scheme 36) is replaced 2y formation of
anew G -bond botwoen simil-r centres (scheme 37). ’

A comparigon of the orbital symmetry implications of the
two pathways, best scen by s.asidering the reverse reactions
(scheme 38 i and B) shows that both could occur by o thermally
alleowed [?s,2s,2§] 31 process, Considering the revefse of

the cyclopropyl route (scheme 38B); the coycloprepyl ring is opened
in a disrostatory marner (symmetrically-s), new (:f‘ bonds are
formed on the same face of the cycloprepyl ring (s.) and the
new [l bond is formed without sign inversion (s).

The possibility of asncthor thermolly allowed proccss should
be noted (scheme 38c). In this {:23,25,2q3 31 process
(again best secn by consilering the reverse reaction) the
cyclopr.oyl ring is considercd og opening in 2o conrototory
fashion, new (j*—bon&s are formed on opposite faces of the
cyclopropyl ring and the new 71'Txn@,is formed as hefore
(scheme 37 A & B). The strain invslved in attaining the geometry
necessory for this last process may moke its observation unlikely
and it has, to our knowledge, never been chserved.

It wuld scem that 1,3«elimination to form cyclepropyl
ring and 1,2 - eliminatizn t~ olcefin can occur at similnr rates.
In the pyrclyscs of 2-ndnmontyl esters reported above reaction
occurre:. wder conditions similar to those required for 1,2-
climination (sec rclevent scetions dealing with cyclohexyl-

carvinyl anl 1-Cecalyl esters below) while Bunton52 and /
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/other353’54’56 have ~bserved cycloprpyl ring form-tion in
competition with olofin_formation in 2,2,1 - bicycloheptane
éystems (seo Inﬁroduction)table 2 cntries 15 ~nd 18 and diécussion
p. 16 and p. 19 ).

is discussed above (p.5 ) cinsideration of rate theory
leals tv o rate expression 5L dhe forms

*
As - H

*
e b e———

k= B ¢ ol T - - - EQN, 1

and hence tw: reactions may be compored n~nd the basis of

differ:onces in activation entr-py ( AN s¥%) and activation
3%
enthalpy ( A H )
9., &As0) | £ AEO
; k kT EQN.2.
¥hile, in comparinz the effect on rate of different ester
functions (p. 6 ), we assumel B( A\ S¥) = 0, we connot Zo
s. in cowparing the 1,2 ~olefin forring and 1,3~-cyclopropyl
forming routes., It secms reasonable to assume thot the 1,3-
route will normally have a much more negative activation entropy
requirement owing to additional degrees of frecdom arising from
the additional intervening atom. Since ln(ratc) Of ) ZS_S*, it
is not surprising that all of the recoxded exumples with the
exeption of (:zl-acetoxy ketone cases (see table 2) of the
1l,3~route occur in rigid bicyclic systems where lower ground
stote entrzpics will minimise the negative, rate reducing,
nature of the activotion entropy. However, even in thgsc systems,
it is likcly that Llsﬂ‘values are more negative for 1,3~ than
for 1,2~eliminnticn and, for thc 1,3-route to compete, the t}Iﬁé

valucs involved must be less than those involved in 1,2 - elimination.
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If one uscs the argument developed sbove (p. 6 ), that, for
concerted reoctions where bond breaking and bond making in the
tranéition state have proceeded to the same extent, one may
assume that /\ H* is proportional to [SIL Thus the relative
easé of two reocctions depends con the relative enthalpy chonges.

On comparing the 1,3 - and 1,2 -routes in a 2,2,1 -

same cster znd five the same acid ani since there should Dbe
negligible difference in the C-H bonds broken, the only factor
affecting relative nctivatisn enthalpy ( [} H*) shoul? be
enthalpy of formation cf the respective profucts 39 and 40.

It has bcen shown42 that equilibration of the two structures

39, 40 lcads to an excess of nortricyclene 40, (3:1). Thus
activation enthalpy for 1,3 -~ elimination should, in such cases,
be less than that for 1,2 -elimination,

In the case of C>(—acetoxy ketones (table 2, entries 7 - 13),
while the negotive A\ g requirement will bhe greater than that
for the rigid bicyclic systems above, the di-axial confeormation
150 is readily accessibles in cyclic ketones. In addition the
rate inhibiting effoct of the more negative A 5% will be offset
by the enhancing cffects of the carbenyl on (a) the C-H bond to
be broken ((:K;—acetnxy ketonesl and esters85 are found to react
at a ratc considerably grenter than that of the corresponding
alkyl acetates) and (b) the stability of the cyclopropyl ring
formed.,

It is perhaps significant thot no examples have been
detected in the literature of the cyclopropancne r.ute occcourring
in pyrolysis of acyclic keto-acetates, In such species the

activation entropy micht be expected to be much more negative.
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While no data on activaticn parometers oxists for authentic
and unique cyclopropyl ring formation during pyrolysis two reports
are recorded whiclh may be of value,.

57

Bmivon o pyrolysis of horuoyl acetate 87, obtained, as

" determined by g.l.c, bornylcne 88 (51%), tricyclene 89 (23.3)

a R . v . 0
and cemphene 90 (14.8%) an lerived irrhenius parameters (330 -

on . N R ~
370°) of 4 9.96 ¥ 107 and B 45.5 Kenl/mole, While the E valuc

4=
. . Z . .
is typical for seconinry acctates "3, the 4 value is somewhat low,
. . . . o 12 13 4
acetote pyrolyses normnlly occurring with 4 of 10 - 10 3, b5
Considerable dcubt must exist however on the extent to which
these valucs reflect values for tricyclune 83 formotion, Though

~,1.c. cvilence suggests 23%% yield of 89, the work of Herndsn and
& / O

Monnis 6D(p. 17 ) sugeests that the yiell of tricyclene 89 is
or, .
mich lower, the mejor proluct, g@fb% 88 bheing unstable to

reaction conditions and hance undetcctanle by Bmven's g.l.c.

cenditions..
~

12 . o
sepern’ . on pyr.lysis of exo-38A and endo=2,2,1 -

(s

Kwart anl Taa

Bicyclohopt-2—y1 ncetate 38B obtaineld norv.rncne _5_9_, nortricyclene

40 en® cyclopentadiene 41 in varring yiells (yiell of 41 rongel

from 50 - 97%). Vhile the exo-isomer 384 showed activation

jaa.rame‘ters typical of o rizil (-Oic,H) cclipsed, ester

( o B* 44 Kcal/mole, A S*¥ + 1 e.u.) the endo-iscmer 38B

showed activaticn enthslpy anl entropy lower than the lowest

valucs ever reportei4 (i.e. L\Hw 28 Keal/mole /_\S* - 33,7 e.u.) .
While these values may partly raflect those of the cyclopropyl

L2,66

rcute, the posaibility of surface catalysel rcactions which
the high yields of cyclopentaliene 41 and the very negative

activati-n entr.py tend t. suggest, cannct be ignoredl.

“is
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i2 e . i . . .
The authors™ " try, unconvineingly, to raticnalise the results
:m the basis of differences in 1,2 - eliminati-n in the exo- and
encto -~ cases, the significance of the formation of noriricylenc
being masked by the formation of significant omounts of the same

product on pyr-lysis of the exc~isimer presumably through acid

or surface catalysel rcactions.
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Mochanistic consideration of resrrangement route.

While the mechanism of the cyclopropyl (or homs-retro-enc)
route in ester pyrilysis moy be discussed by analogy to the
normal 1,2 - (or retro-ene) route, this is not possible vwhere 1,3-
eliminetion is accompanied by rearrangem:nt. Thus scheme 41 (b;29) can
be scen %: be analagous to écheme 42, but a¢ 43 is completely
differcent. While 1,2, - alkyl shifts invelving cativnic (e.g.
Wasner-Weerwein) and aniomic (e.g. Stevens) centres hove been
stulied no precedent ajpears 1t exist for the concerted 1,258hift
in scheme 43. Consequently, it is difficult t¢ determine whether
a comcerted thermzlly nllowed pathway is to De expected for this
route, 4 hetrolytic mechanism such as has becn suggestel by
M'a,ccoll4 and Kcoyman5 miht explain the formation of rearranged
peolucts (scheme 44).

Th.: rates 5f (2) 1,% - elimination with rearrangement
(b) 1,3 - eliminatisn with cyclepr-pyl ring formetion and (c)

1,24 climinati:n would appear to be »f the same orier of magnitude.
In pyrolysis of 2-adamentyl esters, the prolucts of routes (a)
and (b) are forme! in similar amounts (pritualamontene :2,4~
dohylr-aianantane 253), vhile in pyrslysis of iscbornyl esters
(table 2 entry 16 and p. 17 ) the prolucts of routes (a) and
(c) are als« formed in similar amounts (camphene @ tricyclenc,
3:2). )

If we cohnsider all three routes as concertel, that nccurring
with rearrangement, shoull (as shoul?d the cyclopropyl route
discussed above (p 29 ), have o larger negative nctivation entropy
than thc normal 1,2 - elimination, involving as it does an

adiitional intervening atom and rearrangement of an additional bond .



35.

Thus from the expression deriwved abvove (p. 30):-

in Elf = e gg;yééjff e éﬂ:;lgigf)
k kT

2

i~

EQW.2.

If for the "rearringement" route ZS\S* values are more
negative, the route shoulld .nly be able ’cd compete where [,.\H*
values are lover.

The high ( ¢. 3:2) ratic of camphene to bornylene observed
o pyrolysis of isobornyl est%%b5%rabg%ly roflects the greater
stability42’45 of camphcne,

No activation parameters have been reporited for authentic
1l,%3-elimination with rearrongement, The rooults of Emuvons3 on
isobornyl acciate (4 4,35x1011E 42 Kcal ) must be regorded as

66 X
suspect in view of Manrion's ~ suggestion {p.17 ) that the camphene
yield, reportel as 48%, is probably mmuch lower an? hence the
Arrhenius parameturs largely reflect the formation of the major
proluct bormylene which nrises through a 1,2 - elimination,

One point »f mechanistic interest considered, bHut without
success was that of extent of C-H bmnd brealing in the transition
state. It scemed reasonable to attempt to prepare the 4-peri-
deuterio-2-ninrmantyl ester 151 (or its 4-3idcuterio- counterpart
152) and study its pyr-lysis. It will be noticed (scheme 46) that
apart from thce deuterium in 151, a plane of symmetry passcs through
the ester function anl between the twe pogsible removable hydrogens.
In the absence of a deuterium isctope effect on the rate of either
of the elimination reactions observe’, both will proceed with
equal chance of removal of H or D and the prolucts will both

have a deuteriun c ntent 50% of that of starting material.
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If however there is a kinetic isotope effect on either
reaction, the product of th-t rezction shoull retain more than

50% of sterting deutcrium. Por exzmple if, for cither route

kHykD = 2(03} 1005 theoretical meximmun at 550040),

there is a 2:1 chance of rcaction proceeding with removal of
hydroven rether than deuterium an? the proluct of that route
will hove a deutcrium content 65.7% of that of starting materiall.

The range of values of Zeuteriun content is fairly small
(66.7 3 50% as k:H/I‘:D max. » zero) and 8o thc method requires
highly specific leuteration,

The hydrogenclysis of halide 153 with metal hydrice (schene 47)
was rule? out bececause the stereochemical course of hydrogenolysis
. e ps L s . . 86 ..
is not always specifically that -ith inversion . In the similar
hylrogenolysis of tolucnc-sulphonate 154 (scheme 47) the product
expected is the diol 155 by anclogy with the S=0 bend attack

87
observed in Z2-alamantyl sulphonates .
. . L. 38 . .

Tosylhyirazone reluction  (scheme 48) scomed attractive but in
sur hands the tosylhyirascne 157 could not be isclated from the
reaction of ketel 156 under normal or forcing conditions.
Relduction of total protuct without hydrazone isclation resulted
in very poor yicelds of 2-ad-m~ntancl 158.

It should Be noted that our experiments on preparation of

4-axial-hydroxy-2-adanantanone 1§6 fron the lactone 159 support
89

) 8

the recent obscrvationg of Sasaki~” and extond those of McXervey
in that treatment of lactone 159 with hot 50% sulphuric acid
gives initieclly the equatorial ketol 160 and that this is then

converted to an equilibrium mixture favcuring the axial-ketol

156 over a period of several hours.
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Schemes 49 anl 50 rely on the known67 facile rcarrangement
of the protondamantane skeleton (161, 127) to that of alamantane
through the C4 - carbonium ion, This would involve a catién
system prone to resrrangement and hence scrambling dnd’probably
would not leal to sufficiontiy gpecific deuteration,

However, since information on the action of methane-
sulphonic acid on protoadomantene was requirel for the pyrolysis
work in any case, scheme 50 was attempted.

O-Deuterio-methane~sulphcric acid was prepared by treatment
of methane-sulphonyl chloride with D20. A solution of anhydrous
ethanol in the preparcd acid was male in 1:10 molar ratio
assuming acid to be water free (i.e. 100%). This showed on
n.m.r., nethyl singlet of sulphcnic acid (63.2) and methyl twviplet
of ethancl (61.14) in the integrated ratio of 1:9.73 only

" possible if the acil is ce. 97% pure. The signal from the
acid methyl coul? then be integrated agoinst that from acid
hydrcgen. The ratio observed (39:1) compared with that from
undcuterated materizl (39:13) inlicated a deuterium content of
ca. 93%..

Treatment of protoalamantene with excess deuterio-acid at
roon temperature for 4 hr. (mixture became homogeneocus after
45 min,) geve 2-adamantyl methane sulphonate (78%) m.p. 61-64°.
Recrystalisation cave moterial m.p, 65—66O (mixed with authentic
materiel m.p. was 65-66").

Mass spectrometry revealed a deuterium content of: 10.1%&2,
75.5%, and 14.35d (after correction based on spectrum of
unlabeled matericl). The appearnce of scme di-deuterio
material is to be expected throuzh a fapid protonation—

deprotonaticon mechanism such as in scheme 51.



*average of two recordings

—(EHB
EIG, 7
*—v.. ' .' N
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TABLE 7
Integration normalised.for CHS0s- = 3H
~ Entry %3503-— C4CsH Csoat! Cx-H
a 3-00 1-99 2:08
b g t96 | 2-08 deo
c* . 2-02 2-12 y
d : 2-02 212
e’ ¥ 0-86
£ ‘o 177 145
*
g Ve 1.91 1.57 )
¥
h ' 1.85 1.58
A
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The pogition of the deuterium wns determined by n.m.r.
Thus, the lo-sulphonate 132 (20 mg.) was taken up in oDel,
with 80 mg. cf europium tris-(1,1,1,2,2,3,3,~ heptafluoro -

7,7 = dimcthyl -4,6 - octane - dione (hercafter referred to

as Hu (i‘.o.d.)B). The n.m.r. spectrum of the mixture showed the
peaks shown and aszignel in figure 7. lssirmments were checked
by double irradiation. The appearance of sile bands fron
Eu(f.o.d)3 in the upper region of the spectrum mde accurate
integration of this portion unreliable and integraticn was
confined to the lower end 5f the spectrum. Twenty five runs
across the region from 558 - 235.2 were made using a Varian
C.2.T. (no.C=1024) in c.onjuncticn with a Varian HA 100 spectrometer.
The integrated intensity each of the peaks ( S 7.975 5.65,5.42)
was lrawn out six times. The same pricess was repeated twice
manually over the region E} 12 - é; 5.2,

The whole of the above process ﬁas then duplicated using
the deuterated methane sulphonate prepared above. The figurecs
obtained when normalised for three protons in the sulphonate
methyl group in each case are shown in table T,

The mesn integral for protons at C1 and C3 in the
wndcuterated sample was 2,00 z 0.04 while for deuterated material
the walue wos 1.85 £ 0,08, This indicates little (ca. 0.15D)
deuterium at the bridge head and inleed it is possible thot

his arises from the 10% of seccnd deuterium (dz) incorporated
(See scheme 51).

For the C4axia1 and C9 axial protonge the mean integrals
vere; do 2,10 £ 0,02,2, 1.53 2 0.08. Thus around holf
(0.47D) of the deuteriwm was in these positions. This result
supports the suggesteﬂGI nature of the cationic spcecics associated

‘ with the 2-adomantyl catimn 162 providel only the cations/



39

/oations shovm in scheme 52 are involved and that protonation of
protoadomantene 127 occurs mainly from the exo =~ side, the
results obtained arc those expectedl through scheme 52,

Protunation of protoadamontene 127 from the endo~-side

..(Scheme 53) would lead to cntion 163 ant henee less of deuterium

from the CA anl €9 axial positions of the mesylate formed,

The denterated mesylate was thercefore unsuitable for the
stuly of the leuterium isotope affect during pyrolytic

rearraﬁgement, and thig was not further pursued.

e,

\I
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SECTION II 2

SOME REACTTIONS OF PROTQADAMANITEWE.

ANTRODUCTIOHN.

Protoadamantene 127 with its rigid, largely unstrained
skeleton should make an intercsting model for reactions involving

addition to a double bond. It differs from the widely used90

norbornene mainly in that the ends of the double bond are not
identical, having greatly differing 1,% - non-bonded interactions
and capability for rearrangement. In protoadamantene the development
of carbonium ion character should only be accompanied by rearrange-
ment and anchimeric assistance when such development is in the

4~-exo- sense (scheme 54).

Accordingly, the olefin was subjected to epoxidation, hydro-
boration and oxymercuration with the results &etailed below.

In the course of this work all four 4 - and 5 - protoadamantols
were isolated and their suspected configuration confirmed by their
europium shifted n.m.r. spectra (section II 6). However, since such
a determinttion is somewhat involved, it was preferable to use
initially a simpler method based on protoadamentene epoxides and
the products of their hydride reduction., This is described below.
RESULTS

(2) Epoxide formation and hydride reduction.

Treatment of protondnmantene 127 with m-chloroperbenzoic acid/
92

sodium carbonate in methylene chloride gave two epoxides
(6/1, g.1.c) of which only the minor (endo-) epoxide 164 m.p.
212 - 214°C, could be isolated.

The major epoxide 163 decomposed both an attempted t.l.c.
separation and fractional crystallisation to furnish a more polar
substance which could bc conveniently obtained by chromatographing

the epoxide mixture over Grade II =c¢id alumina. The product so

obtained showed on n.m.z. (CuC1;) four low ficld protons (&5 3.86)
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and twelve up--ficld (8 2.5 = 1.2) and in ])20/0'1)()15 two low field
( ES 3,89) and twelve up-field, Infra-red (5 X 10-3M zoln, in 0014)
showed very strong hydrogen bonding (3518 and 3530 cm-l
ie. &Y =86 cm-l). The structure assigned was therefore that
: , ) 51493, 94

of 2 ax, 4 ax, - adamantancdiol léi m.p. 341 - 344 (1it. 305 - BlOOC )
Subsequent to our investigetion, a report of formation and hydrolysis
of the epoxilde mixture by Schleyer and co-workergﬁappearcd in the
literature.

Thesc latter workers, though failing to isolate either epoxide,
assigned configurations exo - to the major and endo- to the minor
epoxide on thc basis of ease of hydrolysis. One can, more rigorously,
assign configuration on the bagis of n.m.r. spectra.

The n.m.r. spectrum of epoxide mixture shows a
clean 1 H quartet at 6 1.1 with splittings of 4 and 12 Haz,
Such peoks appearing in 2,2,1 - bicycloheptane - exo - epoxides

95

are thought to arise from anisotropic shielding of one of

the protons at C,‘7 by the oxirane ring, Though there has been some
doubt as to whether it was the 7 syn - or 7 anti - proton in the
above, it would seem that the requirement for the effect is that
the proton should lie close to the perpendicular through the centre
of the oxirane ring. Consideration of Prentiss-Hall models of
exo- (163) and endo-(164) - protoadamantene-epoxide shows that
the effeet is only to be expected in the exo ~ case (léi) and the
observed splittings are only consistent with the signal expected
from the CT-proton anti - to the oxirane ring,where the dihedral
angle (80 - 90°) with the Cq-proton would result in only two
significant couplings of the observed magnitude,

The oxirane protons of the minor epoxide appear as quartets
(J

=Tond Jy _ o= 6 Hz) while those of the

-5 I3y 5
major (in the mixture) are triplets (J4 o5 = Is 4 = Js _g =4 Hz.).

This is consistent with the considerably smaller dihedral C5 - 04
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and 05 - CG angles in the minor cndo -~ opoxide model.

Reduction of the minor epoxide 164 (Li A1 H 4) afforded the
5 - endo - alcohol 156 m,p. 258 - 260° (954, 4~endo~-alcohol 167
(3%) and 2-adomentanol (25%) as judged by 2.l.c. Note, the major
olcohol produced from this endo - epoxide must be endc - and its
oxidation {Jones) gave the 5-ketone isolatedby oxidation of the
products of hydroboration of protoadsmontene Cescribed below (p.43)
not the 4-ketone preparcd independently by the method of Gi1l® 9

At this point we are in a position to partially resulve the
g.1.c. problem nssociated with these alcohols, namely that the
mixtures of all fcur 4 - and 5 - protoadomantanols showed only
two peaks on all (ten) colums used., The best seperation was
obtained on a 50 m. capillary carbowax 1540 column vhergtraces
of the form shown in fig., 9 were obtained. Pezi A, of shortest
retention, was found to correspond to 2-adamontencl observed in
small amounts in most runs. Reduction of endo-epoxide gave
5 gggg:protoad amantanol 160 at peck B as the major product and
4-endo-protocdamantanol 167 at peak C as the minor. Reduction of
4~proto-zdomantanone gave pexks at B and C but, since the 4-endo-
alcohol ;él has already been assigned tc peak C, L=exo~protond-
amontanol 169 must correspend to peak B. The determination of
retention of 5-exo-protoadamantanol 170 required the hydride
reduction of protoadsmntan-5-one described below (p#4 ) which
showed the major product, the 5 endo-zlcohol 166, at peak B and
a minor, presumably the 5 exo - 170 at peak C, Thus the relative
retention of each alcohol as shoim in fig, 9 was obtained.

It is then possible to analyse thc results of reduction of

the epoxide mixture and to determine the reduction course for the

major unisolable exo-epoxide 163.



QH
> ' HG.
163 - | E 169=A 170=B
HO
164 : 166 =C

If the three aloohols are produced in the ratio A ¢ B : C as shown

hen "Bé:"e =2  (i.6. £elec. Tatio of Cwj 3 C=5 ketones on

oxidation )

A+ C 80

~megme- = 2%

17 (1.e. ratio of two alcohol peaks on g-.Ji.c.)

Then A = 2B+ 20  cecoceeee (1)

‘end 1TA + 17C = 80B  ==eccmeme= (2)
(1317
. 1TA = 34B + 34 =eeme- (3)

Ti2) = (3) 51 C = 46 B
Let B w1 C = 0.9
Subst, in (1) A = 3.8

Isomer 4=exo B=exo | ’ ’5-énd9.‘ o
Ratio 3.8 ' 1 0.9
% .67 17 16

0

137 168
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Reduction (LiAl.HA) of epoxide mixture gave (g.l.c.)
2-adamantanol (3%), 4 exs - 159 ond/or 5 endo - (166)-protondamantanocl
(80%) and 4-endo (167) and/vr 5 exo - (;19)-protoadamantanél (17%)
Oxidation of total reduction prodﬁct gave (g.l.c.) adamantanone (3%),
protoademontan - 5 - one 158 (32} )and protoadamantan-4-one 137 (650)

Approximating that no ademnnmtanone (%% in féct) and no
4~endo-alechol ;él ( minor 3. product of minor 14« epoxide in
nixture) are produced, the method in scheme 56 shovs that exo-
epoxide ;éi reduced to give A-exo-alcohol 169 and 5—ggg¢alcoh§l
170 in the ratio 3.8/1,

Use of LiAlHﬁ

Hydroborationgs of protoadamantenc 127 under gtoniard conditions

- AlCl3 mixtures gave similar results,

(p. 82 ) gave a mixture of all fuur pootoadamantan - 4 and 5 - ols,
As discussed above (p. 42) direct analysis of the mixture by g.l.c.
(or t.l.c) was impossible., Preliminary wcrkézhad indicated the
prcsence of four penks on g.l.c. Two of these were later ghowm to
correspond te ketones arising by air wxicdation of the aleohol
mixture.

Oxilation (Rqu/NaIO4) of the total hydroboration product
‘afforded twe ketones separable by ccentinuous development preparative
t.l.c., protoaéamantan-4-anes9’77’78~ 137 m.p. 212-214° ¢ (56,5%)

and protoadamantan—5—on91091§§ m,p. 222 - 225°C (£40.5%). Small
amounts (2,3%) of adamantanone were also present, The prmtoddamantan-
5-one 168 was reduced by the Cagliotti method to a mixture of
protoadamantene ond protoadamcntane (2/1) supporting ité skeletal
integrity. The curopium shifted n.m.r. spectra of these ketones
are reported sepcrately below (p 57 ).

Preparative t.l.c, of the hydrofhcration mixture yielded

three isclable bands of material,

ld



SCHEME 57

137 168
HO
H ‘ HO HO,

167=A 169 =B 166=C 170 =D

If the alcohols are produced in the amounts A,B,C, and D as shown
then (1) 22 1°4 (i.e. ratio by g.l.c. of O-4 :0=5 ketone
C+D on oxidation of total hydroboration

product )

(2) %{-g- =0,67 (i.e. ratio of two alcohol peaks on g.l.c.
of total hydroborstion product )

(3) - % = 0.71 (i.ee gelec. ratio of C=4 :C=5 ketone
o on oxidation of material of -
sREATEST polarity isolated by t.l.c. )

Let A= 1 then D = 1,41
Substitute in (1) and (2)
1+B _1+1.41

T =4 and  -ggtiom = 0,67
or B = 1.4C = 0.97 ___(,y end B+ C = 3.58 mememn(5)
(5) - (4) 2.4 C = 2,61
) C = 1,09
subs, in(5) B = 2.49

A:B:C:tD is1: 2,5: 1,1: 1.4
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The least polar band corrvesponded on t.l.c., and g.l.c. tc the
major product of hydride reduction of (a) the C - 5 ketone 188
and (b) endo-pretocdamntenc- eporide 164, Reoxidation gave only
the 5 = ketone 168. This material was therefore protondemanten - 5
cndo-ol 166 m.p. 258 - 260°. o
The middle t.l.c. band on its comparison with the known69’78’99
A-exo-alcuhol 169 and its oxidetiom productg ¢ mparison with the

69,77,78,99

known 4=ketone, proved to be protosdamontan-4 exe-ol 169.
The most polar band shoved only <ngbeck on g.l.c. but oxildation
(RuO2 - NaIO4) gave A=ketune 151158%Qand 5-ketone 168 (42%) as
Judged by g.l.c. This band therefore contained protoadomanton-
4 endo-ol 167 and prstoadamantan~-5 exc~ol 170.
If we assume (a) t.l.c. does not lead to rearrcngement and
(b) oxidation of total hydroboration product and of material of
egreatest polarity, isclated by t.l.c. gives ketone ratios
truly reflccting the alcchol ratios (n.b. no alcchol remains), we
may derive the praduct ratios for the hydroboration reaction as
shovm in scheme 57. Bydroboration of protoadamontene yields
4 endo=, 4 exo-, 5 endo- and 5 gxo- alcohols approximately in the

ratio 1 / 2.5 / 1.1 / 1.4.

The 5=-gxc-alcchol 170 could not be.obtained pure from the
hydrcboration mixturc since it is insepgrable from the 4-endo-
alcohol. Likewise reduction of the 5-ketone 137 gave only 2.3%
of the 5=~exo-alcchol and separation was complicated by the presence
of 2+3% adamantan-2-0l,

Attenpts tc obtain the aleohol 170 by equilibration of the

S5-endo epimor failed under a variety of conditions (p.85 ).
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se of Li AlHAr / AL Cl 3 in the presence of excegg acetcne or
fluorenone,or use =f aluminium iso-propoxide and. acetone gave the
5=ketone implying that the difficulty was not in abstractikon of
hydride from the exo- face but in its supply to the endo-face,
to give exov-alcohol,

The 5-¢xo alcchol 170 wes obtained after co.mpletion of this
work, by Mr. Kong Lui: of this laborntory, in 704 yield by reluction
»f S=ketone 168 with lithiun in ammonin.

101

Oxymercuration of protondamantenc in the usunl manner (p.ar
§e) wene 87

gove A=gxo-aleoh:l 189 ( € 95¢%), S-endo (156) .:’ 5=ex0=(110)= and A-endo
aloochols (P 3%) and adcmantan-2-ol (). Oxidation gave 4-ketone

137 (94%), S-ketone 168 (3%) and ademantanonc (3%). Amounts vere
determined by g.l.c. dnalogous results cbtained by IA.'IcKe:c've;y*lo2 '

and Schleymf:lo3 were brought to our attention subsequent to our

completion of this work.
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II 2 cont. DISCUSSION

The use of Prentiss Hall scale molecular models shows that
consideration of both the saturated and unsaturated protoadamantyl
skeleton should be dominated by the 1,3 = nonbonded interactions
(see fig.1l0 and 11) on the exo-face with the hydrogen at C7 and
on the endo-face with those at Cl0 and C2. In the rigid olefin
(£fig.10) the magnitude of the interaction with theiff bond is in
the order endo 4 >> endo 5 59 exo 5 >i> exo 4,

The smaller steric interaction on the exo-face is presumably
the reason for the formation of the exo-epoxide in excess over
the endoc - epoxide (  6/1 ). The very similar nature of the
1,3 - interactions in the epoxides is reflected in the product
ratios for their steric approach controlled 104 hydride reductions.
Thus reduction of exo-epoxide 163 gives 4 exo - 169 and 5 - exo -
170 alcohols in the ratio C. 4/1, while the endo-epoxide gives
95% 5-endo-alcohcl 166 since hydride approach in the 4 exo-sense

is much less hindered than in the 5 exo-sense.

The rore flexible saturated system fige 11 has the added
problem of conformatione Completion of the model up to the-stage
(fig.12) where the C4-C5 bond is omitted shows that, with the
C3-C4 and C5-C6 bonds parallel, the distance C4 = C5 is less than
the scaled ﬁond length and the model can only be made in the twist
conformation shown in fig.ll. This conformation andthe angle of
twist (C.30°) are discussed in relation to the europium shifted
spectra of the alcohols reported below (Section II6. p.k3)

Based on this conformation the 1,3 - interactions with syn-hydrogens
at C7, C2 and Cl10 should be in the order 5 endo - ) 4 exo - >

5 exo = ~ 4 endo,
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The above shows agreement with the adsorbtion of the corresponding
alcohols on silica thus 5 endo-alcohol l§§ appears least polaf,
4 exo - 169 next least, while 4 endo- 167 and 5 ¢xo - 170 - alcohols
are inseparable and most polar.

Consideration of europium shifted n.mr spectra (Section I16 p.bd )

gives the same order as above for the magnitude of the 1,3 - interactions.

The results of hydroboration of protoadamantene. (the proto=-

adamantanols - 4 endo - 167 5 5 endo - 166 ; 4 exo - 169 and

5 exo ~ 170 formed in the ratio 1/ 1.1 / 2.5 / 1.4 ) tend to confirm
the suspected nature of the mechanism. The most recent view 105 is
that reaction proceeds through formation of a B -‘Tf complex in a
rapid equilibrium step (scheme 59) followed by slower collapse of
complex to borane. If the eguilibrium (kl, k_l) is much faster than

the final collapse (k2) then, applying the steady state approximation

for complex i.e,

dEOHPIGX1 = 0
dt
then
k observed = kzkl
k-l + kz

@

then kobs. ~ ka _1
k.

n
=
=



exo
N\
X
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Thus boron (and hence oxygen since the oxidation of boranes
appears to occur with exclusive retention of configuration106)
should appear preferentially on the face of thgﬁolecule shéwing
least hinderance since such a B-—TT complex should be favoured
at the equilibrium stage. This effect would appear to be minor
where BH3 (ie excess B2H6) is concerned. Though the exc- face
of protoadamantene 127 is significantly less hindercd than the
endo- , the corresponding exc - alcohols (166 and 167) and endo -
alcohols (169 and 170) are formed in the ratio of only 2/1.
(n.b. a lower sclectivity than epoxide formation; exo-/endo = 6/1, p.s0) .
Steric effects on direction of hydrogen transfer (fig.14) would
also appear to be small., Thus, using excess diborane, 4 exo-alcohol
169 is formed in only slight excess (2.4/1.4) over 5 exo - alcchol 170.
This might be expected where the boron substitution (R  in fig.l4)
is not of great steric size. |
There would appear to be little or no carbonium ion nature in
the boron = Tf complex since negligible ( :¥ 2%) rearrangsment to the
adamantane skeleton was observed. It should be noted that bromination

of protoadamantene94 leads almost totally to rearranged product.

(scheme 60).

The results obtained on reduction of protoadamantan -« 5 -~ one

(95% endo - / 2% exo = alcohol) and the observed failure of the

5 -~ ketone to accept hydride on the endo - face on attempted
equilibration of 5 endo - alcohél, confirm the magnitude of the non-
bonded interaction between the 5 endo - and 10 syn - positions in the

protoadamantyl skeleton.
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Oxymercuration ~ Discugsion

96,107-115
9

The solvo-mercuration of olefins, though much studied
remains poorly understood.

Vinstein and co-workersll1 established that in the presence of
acid a series of eguilibria (scheme 61) are set up, namely;
(2) formation/dissociation of olefin - mercury complex (step 1)
(b) solvation/desolvation of complex (step 2) and
(c) deprotonation/protonation of solvated complex (step 3).

Thus, since all steps are equilibria, solvomercuration in
acid media should give thermodynamically favoured products as

114

is observed .

112,113 have established

More recently Kreevoy and co-workers
that acid~catalysed de~cxymercuration takes place through
(a) rapid protonation/deprotonation of organo-mercurial
(b) slower desolvation and (c) rapic breakdown of mercury-olefir. complex.
If one accepts Kreevoy's hypothesis that acid-catalysised
desolvo-mercuration is the microscopic reverse of solvomercuration
and assumes that absence of acid does not change the nature of
the reaction but cnly the rate of steps involving H+, then one
can derive a scheme (scheme 62) for the more common acid-free
solvo~-mercuratione.
The formation of olefin - mercury complex (step 1) -~ remains
a rapid equilibrium. Deprotonaticn/protonation (step 3) becomes
a fast irreversible reaction and since step 2 is the slowest step
and its product, the solvated complex, is being removéd by step 3

as fast as it is formed, step 2 becomes a relatively slow irreversible

reaction.
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Thus the kinetics take the form:=
Rate = k? E Hg - complex]
and applying the steady state approximation

A EH&- comple:g1

ie = 0O
t

—

then kl [_ olefinl X \tHg 1 = k-l EHg - comple::] + kzx

E—Ig - comple:ﬂ

ate - Kok [olefin] x [ Hg]

k =
or observed k

If, for the purpose of simplification, we assume lﬁl >>’ kz

then k. = = k, X 1

Thus two factors should influence thc steric course i ihe

reaction (a) comparative thermcdynamic stability of complex on eithcr

—— = K then K exo relative to K endo) and

face of the olefin (if k1
k—l

(b) ease of solvent attack on mercury complex (k?)
If one considers only the alcohol stereochemistry the preferred
side of attack of the mercury is relatively unimportant since solvent

107—110) or on

attack on the same side (as in 2,2,1 - bicyclcheptenes
the opposite side (as in cyclohexenesll4) seems equally likely,

The above explains the results of oxymercuration of protoadamantene
( > 95% 4 exo-alcohol formed) in that solvent approach in the 4 exo-
sense is favoured owing to the minimal 1,3 ~ interactions in that direction
and complements the work of vhitham andChamberlain114 on oxymercuration of
substituded cyclohexenes where product stereochemistry appears to be
dictated by ease of solvent approach. The result (< 3% rearrangement to
adamantane skeleton see p.é@ scheme 60) agrees with the negligible extent
of carbonium ion development andhence rearrangement observed in the case

of 2,2,1 = bicyclcheptenes 107 - 110
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(IT-3) 2,4 - DEHYD.OADAFANTANE DERIVATIVES

Wie were interested in the possibility of introduning a second
cyclopropyl ring into the adamantane nucleus to obtain compounds of
*116 . .
the type 175 or 176 « Various routes were considered but one, the
pyrolysis of the nethylsulphonate of the known 8, 9 - dehydroadamantan -

7

1
2 - ol 177 1 , (scheme 04) seemed attractive.

Study of the reportedll’

synthesis of 177 showed it to be a
formidable task involving nine steps and with overall yield 6f <: 3%.
At this time the fortuitous uncovering of an example of
©X - cyclopropyl oxidation cccurring during ozonclysis (scheme 65)
) 118 i . . .
carried out previously in this laboratory and the reference to the
.. . . 119 , N
similar result obtained by Ourrison on ozonolysis of the trachlo-
bane derivative 178 (scheme 66) turned our attention to this possible
route., The formation of a )3 - cyclopropyl oxidation praduci E
on ozonolysis of the derivative of cycloartenol {8 has also been
12
observed. 0
Dehycéroadamantane 126 was treated with czone in methylene chloride /
pyridine (5:1) for 8 hours at -30°C. Chromatography (t.l.c.) showed,
in addition to starting material, three other spots two of which stained
with dinitrcphenylhydrazine, The lesser of these was found on isolation

(tel.ce) to correspond to 2-adamantanone. The major on isolation (t.l.c.)

showed i.r. absorbtions at 3038 cm“l and 1703 cm"l and was considered

1 ]
to be 8,9 - dehydroadamantan — 2 - one 181 (reported 17 3040 cn 1
1705 cm-l). This material was not obtained pure; g.l.c. analysis

showed two minor impurities of 1% and 8%. The appearance of minor i.r.
absorbtions in the region around 3430 cm-l suggested that one of the

impurities might be the corresponding alcohol 177.

*A reportll6 of the formation of the dicyclopropyl conpound }Zﬁ by
thermolysis of the ditosylhydrazone of adamantane - 2,6 - dione appeared

subsequent to our completion of this work,
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The unreacted hydrocarbon from the first ozonolysis was separated

by chromatography (colunn, alumina grade III) and re-ozonised. The

1177

combined product on reduction with sodium borohydride gave after

t.lecs separation 8,9-dchydro-adamantan~2-ol 177 (40% from hydro=-

(117 210 - 212°), (Spectroscopié data of the

117

carbon) m.p. 207 = 209°
isolated material are given with those previously reported in the
relevent experimental section).

Attempts to prepare the methane sulphonate ;§§ by nornal methods
failed as did attempts using alkyl lithium reagents121 to prepare the
alkoxide in ether with its subsequent treatment with methylsuiphonyl
chloride. Failure was probably due to the instability of the methane

117

sulphonate., Rate studies” have suggested that the rate enhancement

for solvolysis of 8,9 -~ dehydro - 2 ~ adamantyl tosylate compared with
2-adamantyl tosylate should be around 4 X 108,
Pyrolysis was carried out on the known 3,5 - dinitrobenzoate 183

(117

MmepPs 119 = 12.0o 121 - 1220) by injection of the ester in ether

into the pyrqusis tube swstem described above for the 2~adamantyl ester
pyrolyses (p.éS ). Temperature and pressure used Qere 55000 and

0.1 mmHg respectively.

Analysis of the product (t.l.c.) showed absence of starting material
but (gel.ce/telec.) showed a large number of h&drocarbon products of
retention similar to adamantana,

It would seem that pyrolytic elimination had occurred but that the
product(s) had not survived the reaction conditions.

Insufficient time was available for further investigation of the

reaction. \Work is still proceeding on this problem in this laboratory.

0S0,CHy 0Co

lVOz

182 183
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11 4, PYROLYSIS OF 10~PROTOADAVMANTYL METHANE SULPHONATE

122
A sample of 10-protoadamantyl = methanesulphonate 184 was

made available to us by Frofessor C.4i. Cupas of Case /estern Reserve
University, Ohio. Solvolysis of 184 having failed to yield meaningful
results, it was hoped that pyrolysis might prove more fruitfull, Vith
the 1,3 = elimination route (scheme 67) in mind, the model is interesting
in that the skeleton does not provide the exact anti-periplanar
relationship of removable hydrogen, bond capable of migrationvand
ester §-0 bond,shown in the 2-adamantyl case. In addition (see scheme
67) four novel products might be obtainable.

Preliminary small scale pyrolyses (c.10 mg.), carried out at
450 - 500°C and 0.3 - 0.1 mm Hg. by injection of mesylate 184 in ether
into the pyrolysis tube system as described above (p.25 ;?s;adamantyl-
p~=toluene=sulphonate, indicahted the formation of at least one major
product in addition to adamantane.

Pyrolysis of the mesylate 184 at 540 - 560°C and 0.06 mm Hg, in
a tube coated at its exit with sodium carbonate in the manner described
above (pe 27 ) for pyrolysis of 2-adamantyl mesylate, gave, after
separation over 15% silver nitrate/alumina, adamantane (35%) and
another white crystalline hydrocarbon (11%). Chromatcography (gelec.)
had indicated that the new material was formed in about the same amount
as adamantane but losses occurred in handling owing to its extreme
volatility.

The new material (melting above 200°C) had i.r. absorbtions at
3020 and 702 cm-l, the n.m.r. specrum shown (fig.16) and molecular
weight (mass spectrometry) of 134, The data, though indicating that

the material was olefinic, is consistent with either of the expected

olefins (185 or 186).
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Ta establish the strueture of the olefin it was necessery to
compare its methylated oxidative cleavage product (ﬁ[ or EB_)
with independently synthesised material,

Endo ~ 4 ~ carboxy - bicycle - 2,2,1 - heptane 192 was
isolated from a commercial (Koch Light Ltd.) mixture of endo and

exo material by fo::’mad:ionlzllr 125

the iodalactone 126 191. The hydroxylactone 193 was prepared

isolation and reduciion of

by treatment of 192 with performic acid as described by

Henbest 127

and oxidisea 128 (Ru0 4) to the ketolactone 194 .
*

Barium/ammonia reduction gave the keto-acid126 195 which on
methylation (CHZNZ)’ treatment with triethylphosphono~ethyl-

129

acetate/sodium hydride and hydrogenation over platinum

gave the giester 196 which was further hydrolised and re-
esterified giving the dimethylester* _ﬂ : i,r, 1739? 1435 cm-lz
n.mr. & 5.64 (3H,s), 3.62 (3H, s) 2.75 (1H, m), 2.48 (28, m),
2.34 - 1.22 (9H, m) : mass spec. M' 226,120 CoH; g0, Tequires
226,120,

Mr. ILuk Kong 131 has continued work on identification of
the olefin produced. He has found that osmium tetroxide
treatment of the olefin and methylation of ‘bhe diacid formed
gives a product which does not correspond (geleCej io.T.; n.m.r;)
to the dimethyl ester _]_.al. Spectoscopic date 151 sugnests
the dimethyl ester 1§8. Work om verification of the siructure
of the olefin is continuing in these laboratories.

We are at present at a loss to explain the formation of

so mch (» 50%) adamantane during the above pyrolysis.

* This work was carried out in cellaboration with

Mr. Luk Rong in these laboratories.
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II.5 MISCELLANEOUS ADAMAHTANOID REALCTIONS.

At one point 1,3 - eliminations of the type shown in schemes

694 and 69B were considered. These have precedent in the work of

58

Leffingwell and Shackelford” on (A ~hydroxyacetates discussed in the

introduction above (p. 19).

67

The routes available to the starting adamantane-1,2-diol 200
are arduous and time consuming and so some attempts were made to find

simpler ones.

It was thought that reverse pinacol reaction of protoadamantan-i4-one

137 might yield the diol 200. Several methods were attempted but all
failed.

Refluxing ketone 137 in glacial acetic acid overnight geve no
change as did stirring in 50% sulphuric acid at 2.00 or 50o for periods
of up to 14 hr. Similarly an attempt to trap the diol 200 by oxidation
vhere the ketone 137 was stirred at room temperature with Jones Reagent
(CrO3 / 50% HZSO4) in acetone for 3 hours gave starting ketone as the
only isolable material.

Some rearrangement could be achieved by stirring the ketone 137 with
50% sulphuric acid at around IOOOC, however adamantanone was the only new
product identified and extensive charring occurred on prolonged treatment,

It was thought possible that a rearranged product such as _Z_QSmight
be obtainable on attempted ketolisation. The ketone furnished a normal
ketal, as judged by n.m.r., which on regeneration in glacial acetic

acid gave the starting ketone 137.

The ethyleneglycol-mono=-(l-adamantyl)-ether 204 was prepared in

high yicld by treatment of l-bromoadamantane with ethylene glycol in the
77

presence of sodium carbonate, Lunn has reported the closure of the/
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the similar 2-adamantyl-ethanol 202 using lead tetra-acetate, alone or
with iodine, to give the tetrahydrofuran 203. The glycol-mono-ether

ggé does not close to give the dioxane.ggg under siimilar conditions,
Instead, particularly where lecad tetra-acetate is used alone in refluxing
benzene, an unstable product is formed, the mass spectrum (M+224), NeMele
spectrum ( é; 5.25, 2H singlet) and i.r. spectrum ( \('max. 1735 cm-l)
of which suggest structure ggé. This material gives l=-adamantanol 122
on attempted chromatography or recrystallisation. Several examples of

C%(- cleavage of alcohcls on treatment with lead tetre-acetate

appear in the'literature.lso

Since oxahomo-adamantanone 210 (prepared in quantitative yield by
m=chloro=perbenzoic acid treatment of adamantanone) was on hand for
other work, it was decided to attempt the sequence shown in scheme 70,

Overnight reflux of 210 in methanolic potassium hydroxide
followed by acidification and treatment with diazomethane gave an
unstable hydroxyester thcught to be 212. Oxidation (Jones) gave the
ketoester 213 m.p. 85 - 87O (87% from 210). No conditions attempted
were successful in achieving acyloin condensation to the keto=-alcohol

gly, Time was not available for further work on this scheme,
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I1.6 ‘ EUROPIUM III SHIFTED n.m.,r. SPECTRA OF
~ PROTOADAMANTANE DERIVATIVES.

The following chapter deals with the n.m.r. spectra, obtained with
the aid of trise(dipivaloylmethanato )weuropium III, of a series of
proto-adamantyl alcohols and ketones namely : 4 endo - (167), 4 exo ~ (169)
5 endo -~ (166) and 5 exo - protoadamantanol 170 and of 4 endo -
methylprotoadamantan - 4 exo -~ ol 216, 4 exo - methylprotoadamantan =

4 endo - ol 217, 4 endo - phenylprotoadamantan = 4 exo =~ ol 218,

protoadamantan -~ 4 - one 137 and protoadamantan -~ 5 - one 168,

A wide variety of techniques have been used 132-133 to assign the
spatial distribution of protons on data from lanthanide: shifted spectfar
~ Reoent theoretic;l considerations 134 pave shown that the induced shiftﬂ

in proton resonance frequency should be given by the equation

r

a ﬁ . .
% = E%Fm&xl@%ﬁﬂ_x 2Ai< > x ga(T 271 )2743)<f[ox ”J> ("'j

i.,e. a factor in T'z, a factor in © and r, ai factor involving crystal
field coefficients and a factor in spin states of the lanthanide.
This may be simplified if we (a) consider the crystal field term

ZAZ <r2> the same for all complexes (b) take J factor = 0,
which appears 134 to be the case for europium III complexes and

(¢) use constant temperature.
2
Thus A\( - A 3Cos @ = 1
;o T
vhere r is Bu -~ H distance and © is the angle of the Eu ~ H line with the
principal magnetic axis of the complex (this is usually taken as the

0 - Eu - H angle).

While some examples of computer aided analysis of spectra by varyiﬁg

r and @ of a model to find the best fit of observed and calculated

results have been reported 135f136’141, most! workers +321133 have/
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have ignored angle effects and used a variety of inverse relationships
in distance. Since Eu position cannot reliably be prodicted most workers
use O - H distance (R). In the following chapter we will show that while
use of 0 - H distance in place of Eu - H distance is allowable in
cases where rotation of Bu complex @bout the ¢ - O bond is unrestricted,
in cases where there is steric ccnstraint on the allowable positions
of Eu, the approximation gives misleading results., The reader is
referred to discussion of steric effects on europium position in (P.&T)
5 = endo - protoadamantanol 166 and the methyl- and phenyl- substituted

alcohols 216, 217 and 218,

A recent reportl34 has suggested that rigorous evaluation of
angular () and distance (r) factors is unwise unless a thorough set
of experimental conditions are attempted to evaluate the other factors
in the theoretical equation mentioned above. In this study, we have
used the reagent to produce a spread sp.ctrum. The peak furthest
downfiéld was assigned to the carbinol prcton of the alcohols used and
the other peaks assigned on the basis of the couplings revealed by
double irradiation. The O - H distance as judged from a model vas
only used as an 2id to peak assignment where (a) the O - Eu - H angle

was likely to be small and (b) for any two or more protons were £; R

was large (R being O - H distance). This usually implied protons close
to the oxygen function.

All of the coupling constants observed were consistent, when
related through the Karplus relationship, to the angles observed in

the model.

NOMENCLATURE
Though all geminal positions may be distinguished as exo -,
endo -, syn - or anti - to the 4,3,1 - ring system of proto-adamontane

(i.e. 4,43,1,0 3’e—trioyclodecane), the confusion with the accepted67 /



59i
usage of "exo" and "enda - protoadamantyl" has led us to use the
"arbitrary distinctions €€ and F; 2§ Shown in the Televant diagrams

below;
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Pmr spectra of h-exo=-protoadamarntanol (,20‘) o}
[0.4 in CbeCl l].° A. Normal spectrum at 100 Miiz;
B3. 100 Mz spgctrum of solution used in A

with added Eu(dpm)} (v.26M).

Table 8 Shift- OH distance correlation forl-exo=protoadamantanol.

Proton 4en |5ex TR(3 {8 |[Ben|6 | T« 2°<"2P'10°<9°" 9{5 108 \

O et I | 551 65| 65| 7085 |90 |105 hos [110}120 | 435 | 140 [145 |us
k‘ i

shift order 1 213 415 {6 |17 8 9 10

maonV= 1

Table: 9  Coupling constants fox 4-exo-protoadamantanol

protons J Hz | protons J Hz
20({=2 P 12,5 S5ex-5en 15
2p=3 1 5ex~-6 8
3-4en 3.5 *6=Tp < 4
4en-5en 6.5 Ta=Tp 12.5
den-Hex < 1 r 7?-8 < 4

* Not mutually dlstinguishable
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~ B. 100 MHz Spgctrum of solution used in A
with added Lu(dpm) 3 (0.261). .

_Tablo_ 10 Shift-0Il dint, correlation for 4-endo-protondamanianocl
Proton 4ex \Sen 13 |20t |Sex |2p 110pl8 | 7p| 6 | 1 |7«|9pl10%] 9«
Rel. OH dist.| 55 [67 |70 {72 (80 |93 }20 126 1135/142  |150 | 155
Shift order 112 3i4 5 6 T 8 9 |10
max. AY = 1
-Zeble 11_ Coupling constants for 4-endo-protoadamantanol

Protons J Hz Protons J Hz
1=22 <1 dex-5Hen 8.5
24-2 B 13 S5ex5en 14
29~3 3 5ex~6 8
2‘,—3 8.5 5en-10a, |4 2
2{=9u, 3 =9 p 10
3-4ex 3.5 10x~10p 13.5
3-8 8.5 3-5ex £ 2
Jex=-5ex 8 S5ex=10y £2
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[O0.411 in CDC1 A, Normal spectrum at 100 Mliz;
Be 100 Mz spe olnnn of molutlon usod in A
Wil addad I‘H(tllml) (U JUN).
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STADLE 12 Shift-0ll dist. correlatiom for 5=-endo-protosdamentanocl 166
Proton ' Sex 4en 10P 2 6 dex 1 3 10x

Rel. OH diste CpCs| 55 63 67 70 80 88 105 110 105

bridge twist 30

CZ‘Cs bridge twist

45° 55 70 60 59 75
Shift order 1 2 3 4 5 6 X 7 8
~-Toble 13 Coupling constants foxr 5-end6-protoadaman'banoll
Protons J Hz Protonw J H%.
ax-zF. 12 den~-5ex Z 1
243 < 2 Sex=6 8 ‘
3~4en 3 6=T & 4
3-dex 3 6-10 o 3.5
4ex=~den 16 6-10 p 2-3
4ex-5ex 8.5 Ta=Tp 13
108-10 14.%
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Table 14 Shift - OH dist, correlation for 5-exo~protoademantanol 170

Pr oton Sen |dex | 6 | Tp |4en| Tu|10p| 2« 3 10 ¢4 8

Rel. OH dist.|55 |65 [0 |75 {80 [105 {105 110]120 [122 |130

Shift order |1 2 1314 {5 |6 |8 {91710

—..Table 15  Coupling constants for 5-exo-pro‘boadman‘banol170
Protons J Hz
24=2p 12
2¢=3 & 2
4ex-den 13,5
. 4ex=5en 7.5
Sen=6 & 2
610 o , 3.5
Tz ,7"; ‘ 12
100\-10],_ 14
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II6 cont. - RESULTS.

The Eu-shifted p.m.r. spectra of 4 exo-protoadamantanol 169 and -

4 endo-protoamonantanol 167 appear in figures 19 and 20, Tables

(8 and 9) and (10 and 11) give shift order vs. O - H distance (in
arbitrary units) correlation and coupling constants observed for each

of the alcohols 169 and 167.

The Eu-shifted p.m.r. spectrum of 5 endo - protoadamantanol 166

is shown in fig. 21. The shift/0 - H distance correlatioﬁ (table 12)
is interesting in that, with the C4 - C5 bridge twisted at 300 the
first five downfield peaks appear in the expected order @SV( cC R)
while when the bridge is twisted tc 450 the peak order bhears no
relationship to O -~ H distance, This supports the data on vicinal

coupling ccnstants compiled below (p. 63 ) which suggests a C. 300

twist angle for the C4-C5 bridge.

Table 13 lists coupling constants derived for thim alcohol,

The Bu-shifted p.m.r. spectrum of 5 exo~protoadamantanol 170 is

shown in fig. 22. The seven peaks at lowest field can be assigned
unequivocal 1y using double irradiation but assignments H - 10 P ’ |
H-2«K and H - 10 & depend on comparison of peak shape and coupling
constants observed with those oBserved for the same preotons in the
spectra of the other alcohols, (see figs. 19-22, tables 9,11,13,15).

Table 15 lists coupling ccnstants ‘observed. Table 14 lists O - H
distance in the model with shift order cbsexrved. The apparent anomalous
position of H3 resonance is probably a result of the normal dcewnfield

shift of methine relative to methylene hydrogen.



PEAK ORDER

CHa_.OH Ph\_-OH
TABIE 158
Proton OH aist, 216 218
Sex 65 75 1 2!
7"‘3 65 1
3 70 2 2!
8 85 3 %
3
Sen 90 4
6 105 6
T4 105 8
24 110 5 . .
28 120 7
10 % 135 9 St
9 o 135 10 .
9 B 140 9
10 ‘S 145 9
1 145 9
TABIE 16
Proton 5en|{ 3 |20 |5ex 2P10[s 8 7P 6 1 |Ta 9F 10.4| 9t
Rel, OH aist {67 | 70{72 {80 | 931120 h20 | 120|426 |135|142]145 |150 {155
PEAK ORDER
max y\ =1 11 3121 4 6/7 15 | 8] 7| 8818|819
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The Eu(d.p.m)3 shifted spectra of 4 endo-methylprotoadamantan -

4 exo = ol 216, 4 exo ~ methylprotoadamantan — 4 endo - ol 217 and

4 endo = phenylprotoadamantan - 4 exo — ol 218 are shown in figures

23, 24 and 25 respectively.

It should be noted that the stated configurations, though suspected
on the grounds of solvolytic reactions, are based on the spectra appeaiing
here (see p.62 ). The spectra were obtained and the pezks assigned
by us in the manner described for the unsubstituted alcohols.

The methyl-alcchols 216 and 217 were supplied by Professor Schleyer;
who,with co-workers at the University of Princeton, had prepared them
by action of methyl-grignard on 4 - protoadamantanone. The phenyl-~
alcohol 218 was prepared by Dr. D Lenoir of the Organic Chemistry Institute
of the University cf Bonn by the action of phenyl-lithium on 4 =
protoadamantanone. We thank Professor Schleyer and Dr, Lemoir for the
opportunity of collaboration in this work.

Table 15Bshows the correlation of induced shift with 0 - H distance
for protons in the substituted exo-alcohols 216 and 218, The 0 - H
distance valucs are in mm as shown in a scale Prentiss Hall model using
a 30° twist angle for the G4 - C5 bridge.

It might be expected that endo-substitution might effect the
€4 - C5 bridge conformation (fig.26) through increased 1,3 ~ interactions,
however the observed coupling constants for 216 (J5exo -6 =8 and
J5endo ~6 = 2 Hz.) suggest, when related to dihedral angle
through the Karplus relationship, that the bridge twist remains st
around 30°,

Table 16 shows peak order/0 - H distance correlation for the

endo - alcohol,g_l;
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II.5 - DISCUSSION.

ﬁ&_ Configuration

It should be possible to determine the configuration of any
protoadamantyl derivative capable of giving a lanthanide shifted
' spectrum from the data described abeve,

The configurations of the 4 - alcohols have been assigned on

chemical evidence Ty othera 67,69:T1,78 and, along with the 5 =~

alcohols, by us on the basis of rzduncticn of the ccrresponding
epoxides 163 and 164 (v, 42)., The atove spectra confirm these
assignments. The confizurations of the 4~subsiituted alcohols 216,
217 and 218 however, were not established prior to this investigation
and a simplified justification of tha assigrwsnts shonld iliustrate the
method.

<

The protons refexzed to Lelow san be distingnished by double
irradiation and the peak shiepes and coupling cinstants sc derived can
be related to those observed in other spectra and to those expected
from the model.

The £lcohol 216 can be seen (fig,23) to be 4-positional since both
C5-protons (couplings with 06 ~ H make these identifiable) con be seen,
while C4 protons are absent. The alcohol fun~%ion. can be seen to be
exo - since the greatest downfield shift is showm by the 5 exo -
and 7 P protons.,

The alcohol 217, at the 4~position since both C5 - prctons appear,
is endo since the protons showing greatest downfield shift are those at

¢5 (endo) and €2 ( €< ). In addition the C10 (13 ) - proton shows

considerablce downfield shift.
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TABLE 17 OH |HOy |oH QH

el

¢ obs, , '

Al B c|—— Tops He ¢ cdlc,
3 -f4en| 60| 50|75 3.5% 3 55-60
3 - 140 65| 72[ 45| 35% | 3 55-60 |
LenSeq| 301 42] 0 |65 &5* 6,65 35-4 2
her5ex | 92| 77(1201<2 ,<1% [ <1 80-100
hex5 op | 145(155{120 85,8™ | 75,9* [140-4156
hex-Sex| 281 40] O 88" /8587 24-35
56 | 90[10062] <2 | <2 1<2 | 80-100
56 |32/2055] 8 | 8 |88 26-35 |

¥ unshifted spectra

A

c—C
4 5

Bridge angle of 30°

"

v 40°

(1]
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The phenyl-substituted alcohol 218, 4-positional for the reasons
above, is exo-, the protons showing greatest downfield shift being

those at c7(P ) and €5(exo =).

B. Conformation,

As can be seen from a model (see fig. 28), there exists in
protoadamantane only one area of conformotional mobility, the C4 - C5
bridge. As the twist angle (€ in fig.28) is altered all eight dihedﬁal
angles between protons at €6, C5, C4 and C3 alter.

Table 17 lists dihedral =ngles shown on a model as twist angle is.
altered from Oo through 300 to 4OOand correlates these with the angles
predicted by application of the Karplus relationship to the observed
coupling constants for the unsubstituted protoadamantanols. The fit
appears quite good for a twist angle of 300 as was suggested from the
shift/0 - H distance correlation for the 5-endo alcohol 166 (see p.60
table 12). A similar ccnclusion has been reached by Schleyer and
co-workers based on n.m.r. spectra of 4 exo (169) and 4 endo (167)

10
alcohols and »f protoadamantane - 4,5 - diols. 3

There would appear (table 17) to be little variation in coupling
constant values for shifted and unshifted spectra. Thus, complex
formation would appear to have little steric effect in this case.

It is important that only average values are congidered goupling
constants for many of the protons show slight variation from onelzompound

to another but this is within the range of substituent orientation

effects 123, 137.
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C Long Range Coupling '

Though the observation of such coupling was made more difficult by
the peak broalening which accompanies lanthanide induced shift, coupling

was observed between the protons (see fig. 29) Hy = Hg oot Hz = Hg oy

H5 endo '\Hloeg ' H5 exo HlOg( and HQo< - H9o< principally in the
spectra of alcohols 167, 216 and 217. In all exeept the last, coupling

was not accurately determinable (all < 2Hz.) In the case of' the "W"

coupling Hyc, = Hgy,  the cqgifant observed (in 167, 216 and 217)
end

was 3Hz.
P 5. 29

D Geminal Coupling

137
123,137

.Theory of geminal coupling has been established for some time
‘and some advﬁnces have been made in relating theory to observeddta.
The correlation is sketchy sincé observation of geminal coupling has been
limited to methylene groups adjacent to anisotropy inducing or atrongly
electronegative functional groups bLoth of which are likely to affect
the sign and/or magnitude of the coupling observed. Using lenthanide
'shift recagents it is possible to observe methylene groups remote from

functional groups.

(1) _B_-Electronegative Substituent Effects:-
i =
123,137
It has been suggested that /3 - eglectronegative substituents

should cause algebraic increase in geminal coupling if the substituent

is perpendicular to the H - H axis (fig.30) and algebraic decrease
(

23

if perallel (fig.31). Reported datat®? on this is, however, scarce.

\

1
AN N
B




TABLE 18

Av. valueg J

|

for alcohols 166, 167,169,170;

-

Protons at C :=| 2 L |5 7 |9 |10 |
Tgm 0+ [12:4|14:8145 /12510 |14 J
TABLE *( 19 _
Bond sngle distortion Average J em obs, Ymax. (om-1 )
order (increassing @ ) .
- , ‘ for corr, kfz%rg A
10 1748 ) 174 0%‘
2 12+4 1743 140
7 125 —_—
2
10 14 1712’1594 122
s 145 1727100
70
14-8 1723,1714 78

17291719
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In the case ¢f 4 exo - (169) anl 4 ends - (167) protoalamantanols
(see fig. 32 and 33), the former, if the geminal coupling constaonts are

122,157 should have the larger ccupling constant.

negative as expected,
This is observed (J(C5) in 4 exo (169) = 15 Hz. ; J(C5) in 4 endo - (167)
= 14 Hz.)

A similar argument (see fig. 34 and 35) suggest that the C4 geminal

coupling ccnstant for 5 endc - alcohol 166 (J(obs.) = 14 Hz,) should

be more negative than that for 5 exo-alcchol 170 (J(oba.) = 13.5 Hz.)

(ii) carbon - Carbon Bond Angle
123,137

Theory anld observation show that in general g decrease in
geminal H-C-H angle proluces an increase in magnitude of observed geminal
coupling while increasc¢ of H-C-H angle causes the opposite effect.

Hence, observesl ccupling can give an indication of H-C-H angle anl,

since this angle is inversely related to internal carbon - carbon bond
angle, can give information on the latter.

Correlation curves of angle against J have been produced but these
are often useless since they rely on data from pr.tuns adjacent to
functional grcups which can greatly effect the coupling observed.l23
For example oxirane couplings are often includel though they, unlike
the general case, are positive and P -electrconegative group orientation
is seldom taken into account.

Table 18 lists the average values of the geminal coupling ceonstants
derived from the four unsubstituted prﬁtoadamantanols. Table 19
correlates these couplings with angle distortion observed in flexible
scale molels (Prentiss Hall) and with the infra red absorbtion wave
number for the corresponling ketones where known. Table 19 is best
consulted in conjuncti-n with figures 36 -~ 39 which show the centres

under discussion more clearly.
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For positions 9, 2, 7 and 10, where the methylene is between two
methine positions anl remote from the alcchol function the correlation is
good and increase in magnitude of J accompanies increasing carbon-carbon
angle,

For positions 4 and 5 both on the same two carbon bridge and
adjacent to the alcchol function the situation is not so clear.
Considering hydroxyl orientation for both epimeric pairs of alcohols,
there is a net O-H parallel to H-H-axis effect which will result in an

average coupling constant more negative than that dictated by strain

alone, however this would appear to o small effect (see p. 64 4 65 )

-

One cannot correlate the angle strain and i.r. dote on corresponding
ketones (see table 19) from the single carbon bridge series (€9, €2,
C7 and C10) with that from the two carbon bridge examples (C4,C5), since
one cénnot assess the effect on the inserted carbonyl of the adjacent
methylene, in the latter twc cases. The carbonyl i,r. data and the
coupling constant data (table 19) do agree in that the C4 angle appears

to be larger than the C5 angle in—fhé protoadamantyl skeleton.

It would seem that obgervation of geminal coupling with the aid of
lanthanide shift reagents could be useful in investigation of angle |
strain. The strength of the method is that it relates directly to
unsubstituted, Sp3 hybridised carbon atoms. It alsc avoids the problem,
enccuntered usging infra-red absorbtion data from ketcnes, of multiple
peaks (see téble 19). Its weakness is that the effect is small and

moy be swamped by other factors effecting coupling.
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Steric Effects on Europium Position

Throcughout the spectra discussed above there occuis scattered
evidence that the use of 0-H distance to predict relative n.m,r. shift
is not satisfactcry.

In the case of 5 endo-protoadamantanol 166 (see table 12, p.60 ),
though the six protons at lowest field have shift order consident with
O-H distance order, this latter order suggests that the proton at C1
should appear dcwnfield of those at €10 ( €L ) ani C3. It does not,
indeed its res.nance position, from d-.uble irradiation experiment,
appears to be in the peak at highest field. This is presumable because
the extreme 1,3 - interactions (see fig.40 )will result in exclusion of
europium complex from the endo - face cof the molecule thus increasing
Eu - Hi distance,

For 4 exo - protcadamantanol 169, n.m.r, shift order correlates
~well with 0-H distance order (table 20)- but this is not the case
with the 4-methyl-(216) or 4-phenyl-(218) substituted alcohols (table 20).
In the 4-methyl-alcohol 216 protons at positions 7¢4 4, 1, 9 ]3 .

10 o and 10 B (fig. 41 anl 42) show very little change in chemical
shift on addition of europium complex while that at position 9 g shows
a small uﬁfield shift., In bo£h'gl§ and 218 the proton - 7‘3 appears
at relatively low field,

The above may be explained with reference tc figures 41 and 42
showing how steric cffects of the methyl (or phenyl) should cause the
average position of the europium to be much closer to the proton at 7 ;3
(causing downfield shift) but increase the 0=-Eu-H angle (O) for protons
at Ted s 1y 964 o+ 9 P , 104 and 10 R +5 about 50°

A 3c052 8 —1

= r3

Memo Pe 57

&
V.

i.e. .effect -~ O as O ——3  54°
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In the case of 4 exo-methyl-protoadamantan - 4 endo - ol 217,
shift order again correlates poorly with 0-H distance order.

As can be seen from the spectra of the substituted alcchols
(p. 61 ) there is an overall lessening of europium shift effect
with substitution. Such a dimimution in hindered alcohols has recently
been reported by Demarco and co-workers.l4l It is not clear whether
this is tctally due to increased O-Eu bondlength or whether, as we

think may be possible at least parfly, to restrieted rotation about the

oxygen causing Eu-0 time average distance t< tend tc Eu-0 bond length

(see fig. 43,44).

fig., 43, free rotation fig. 44 restricted rctation

y

gu

. E/
' ‘
:

T R '..,1.'

<

9
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A
/

— iemt

d =r_ sin 30°

r =24



TABLE 21 LA I AR A A S
REL, }S-ONE 74 74 83,5 87 87
O"H DIST. IO”ONE 72 74 85 88 98 114 L
SHIFT ORDER | 1 2 3 5 4
5-ONE y 5
A"O‘NvE ' 1 2 3 4 ‘
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II1.6 cont, Ketones

The p«m.r. spectra, obtained with the aid of tris(dipivaloyl-

methanato )~europium III, of protoadamantan ~ 4ene 137 and

protoadamantan-5-one 168 are shown in figures 45 and 46, Though the

ratio of shift reagent to substrate was higher than that obtainable for
the corresponding alcchcls, ifhe induced shifts are no larger. This
presumably reflects the less efficient complexing of lanthanide with
carbonyl oxygen lone pairs.

Peaks at lowest field were initially assumed as those arising from
protons adjacent to the ketone function. Further differentiation was
made by use of double irradiation., All peak shapes were compared,
where possible, with shapes revealed in the spectra of the alcchols above;
The shape of the peak from the proton at €3 in 4-protoadamantanone has
already been described by Lunn.77

The shift order is generally that predicted by O-H distance order
as measured on models (see table 21) however the 7’F5 ~proton in
4~protoadamantanone and to a lesser extent the 2 O -proton in
5-protoadamantancne show at relatively upfield positions. This may be

a result of their being in the shielding cone of the carbenyl in each

case (see fig. 47 and 48).

A warning should be made on the use of shift reagents with ketones.
The n.m.r, spectrum obtained using < 0.5 mole ratio of reagent to
ketone 168 showed at lowest field a broad singlet (1H) and a sharp
singlet (2H). Increasing the mcle ratio of reagent coused downfield
shift and broadening of these peaks and only at mole ratios of 0.6 -

0.75 (the maximum obtainable) was the form shown in figure 46 obtained.
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PART 1T EXPERTMENTAL

The following instruments were used: i.r,, Perkin-Elmer 225 and
257; nemers, Varian T 60 and H A 100; mass spectrometry, A.E.I. MS9;
8eleCe, Perkin-Elmer Fll; g.c.m.s., LKB 90004, Solvents for
spectroscopy: i.r., 0014; N,MuTa, CDCl3 with internal tetramethylsilane.
Merck Kieselgel G was used for t.l.c. and Woelm alumina, deaétivated to
the appropriate Brockmann grale, for colum chromatography. All

melting points recorded are uncorrected.

Adamantane 13% and Adamantonone were purchased from Ralph N. Emanuel

Ltcd.

2=Adamantanol 128, prepared by lithium aluminium hydride reduction of

72

2-adamontanone in the usual'™ manmer had m.p. 295-29800 (lit.72

296 - 299°)

2-fdanantylacetate 129

2-Adamantanol (207 mg) with sodium acetate (0.3g) in acetic
anhydride (lOml) was refluxed for 12 hr. Preparative t.l.c. zave 197mg
(75%) of a colourless oil, homogeneous by t.l.c. and g.l.c. (1% Ap-L
and 5% Q F 1); i.r.; 1730 om *3 numr., § 4,92, (mlt.,1H),

2,2 - 1.4,(m., 17H) , 2.08(singlet).

Reduction of the acetate using excess lithium aluminium hydride in
refluxing ether for 4 hours gave a quantitative yield of 2-adammntanol
mep. 295 - 297°C.

2=-Adamantyl-S-methyl-xanthate 130

2-Adamantancl (0.61lg, 4.02 m. mole) was added in hot dry benzene
(10 ml) to a suspension of solium hydride (0.12g, 5m. mole) in 2 ml of

the same solvent. The mixture was stirred at reflux under a static/
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static nitrogen atmosphere for 6 hr, Carbon disulphide (5 ml,) was
added to the cooled, gelatinous mass and the resulting red mixture stirred
at SOOC for 4 hr, The addition of methyl iodide (6ml) caused rapid |
discharge of the red colour but reflux (40 - SOOC) and stirring were
maintained for 14 hr. The cocled mixture was filtered through celite,
the flask and celite washed with benzene,and the total filtrate evapor-
ated to dryness yielding 0.885 g (91%) of yellow crystalline material
m.p. 104 - 108°C. A sample recrystallised from ether/methanol (1/2)
gave white needles m.p. 108 - 109.5°C.
Found C 59.3% H 7.3%

€108 608, Requires C 59.5% H 7.5%
nmr. : & 5.7, milt., 1H; O 2.6, s, 3 § 2.4 - 1.6,m,148
i.r. :(;*1222, 1212, 1050, 959, 918 cm *

74

2-Adamantyl-p-toluene sulphonate 131 was prepared in the usual

mamner by treatment of 2-adamantanol (2.03g, 13.4m.mole) with p-toluene-
sulphonyl chloride (3.4g¢ 17.5 m.mole) in pyridine at room temperature
for 3 days,which gave (from methanol) white plates (3.4g, 88%)

melting 79 ~ 82°C. Recrystallisation gave material mp, 82-83°C

(11174 82.7-83.7).

2-Adamantylmethanesulphonate 132,

2-pAdamantanol (6g, 0.04 mole) was treated with methanesulphonyl
chloride (5.73g, 0.05 mcle) in pyriline (20ml) for 3 days at room
temperature. The mixture was poured into ice-water (150 ml.). The
s»1id, filtered off and recrystallised twice from methanol, gave 8.3g

(90%) of white plates m.p. 67 - 68°C.

Found ¢ 57.3% H 7.7%
011H1803S Requirea C 57.4% | H 7.9%

n.m.I‘. H b 4~¢76, ml.to’ lH ; 8 2.92,A, 3H ; 6 2.3 - 1.3’ m, 14H
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1~-Bromo-adamantane 134

A modification of the method of Stetter'C was used. Adamantene
(10g) was refluxed with excess bromine (15 mL) for 5 hours. The
resulting mixture, taken up in ether, was treated sequentially with aq.
sodium bisulphite, ag. sodium bicarbonate and brine giving, after
Adrying (MgSO4) and evaporation, 18.6g (85%) of pale yellow crystals
melting 112-11500. A sample recrystallised from methanol melted at
118 - 120°%  (1it.7° 119.5 - 120%).

1-Adamantanol 135 was prepared in 65% yield by treatment of l-bromo-

adamantane 134 with hydrochloric acid in D.M.F, according to the method
of Geluk and Schlatmann'Z. M.p. found was 284 - 286°C (lit72 283-285")

4~-Protoadamantanone 137

11

A medification of the methods of Black and Gi1169 and Iunn’' ° was
used, Adamantan-l-ol (llg), lead tetra-acetate (36g) and iodine (21g)
were stirred in dry benzene at 60° for 2 hours. The mixture, cooled,
filtered, washed with aq. sodium bisulphite, water and ag.sodium
bicarbonate gave, after drying (Na2804) and evaporation, a semi-
crystalline mass,which on t.,l.c. analysis showed substantial amounts of
starting alcchol, The above treatment, repeated on the crude material
using half quantities of reagents, gave 19g (90%) of crude endo-3-
iodomethyl - (3,3,1) - bicyclononan-7-one
(i.7. (cc1,) 1708 em numr. 8 2.95,(28, 4, J = 6.3 Hal;

1.40 - 2,60,(11H, mlt); - 0.9,(2H, t.)69’77 )

The crude iodoketone was stirred in pyridine (25 ml) at 55°C for

4 hr,, cooled and poured into ice-water. The resulting oil, in ecther,

was washed with dil. HC1l, and water and dried (MgSO Removal of

4)'
solvent g ave a brown resin (9g) which,on chromatography (300 g Grade III
gumina), gave a white crystalline material (4.9g, 45% yield overall)

which melted at 205 - 209°C. Sublimation gave material/
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3.
aterial m,p. 210 - 212°C (lit69 212 - 214°), i.r. (CC1 ) 1725,
1715 onl (1724, 1713°%)
69

Protoadamontene 137 from protoadomontannls®

Protcadamanton-i~one was treated with lithium aluminium hydride
to give a mixture of protoslamantancls (2/1 ends to exo- )00’ 10

The crude alechol mixture (100 mg) was trected in refluxing benzene
(10 ml) unier nitrogen with solium hydride (40 mg) for 5 hours. Carbon
disulphide (Iml) was added thrcugh a septum and the red sclution stirred
at 30°C for 3 hours. Methyl iodide (2ml) was then added and étir&ing
continued for 14 hours., The cooled mixture was filtered through celite
and evaporcted to dryness giving 300 mg of yellow crystzlline material,

The crude xanthate in ether (1ml) was injected in 0.2 ml portions
into the pyrclysis system described belov (see diag. 4SA below)
maintained at SOOOC and under a helium flow at 0.5 mm Hg, The pyrolysate
collected at -19600 was chromotographed in pentane through a column of
Grade III alumina (2g.). The fizst froctiocn (10 ml) was retained and used
for g.c.m.s. analysis (19 Apl, 80°) showing a major peak (90%) Retention
Index 1100, M' 134 and o minor (10%) R.I. 1108, w 136 (corresponds
to adamantane).

Pyrolysis of 2-adamantyl esters

The apparatus used (shovn in diagram 49) ccnsisted of an electrically
heated silica tube (70 X 2.5 cm) with provision for either injection
(method A sec diag, A9A) or sublimation (method B see liag. 49B). The
heated part of the tube (60 cm) was lightly packed with glass wool for
most runs. Injecticn was from a glass syringe through a 6 inch needle
directly int:. the glass wool in the hot zone. Pyrolyses were carried
out in a slow stream of He gas at 0.5 - 0.05 mm. Hg. and at temperatures
from 460° to 560°, The initial stage of work up was the same in all

cases unless otherwise stated below. The tube exit was heated to drive/
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drive over any product condensed there. The u-tube was disconnected,
fitted with drying tubes (8i0,), brought to room tempersture and washed
out with isopentanc (c. 10 ml). This solution was passed through a blug
(ce 38) of grade I basic alumina and concentrated by removal of solvent
at atmospheric pressure., This ma.terial, and a subsequent ether wash

of the trap treated in the same way, werc analysed by t.l.c. and g.l.‘c.

Pyrolysis of 2-Adamantylacctate 129

The acetate 129 (100 mg) injected into the pyrclysis tube as an
ethereal soln. (50%) at 380°C and 0,5 mm. Hg survived unchanged as
determined by g.l.c. and t.l.c. ( > 90% recovery). Repeated attempts
at 500° and 560°C showed no change.

Pyrolysis of 2-Adamantylxanthate 130

The xanthate 130 (150 mg) was injected in 0.1 ml portions as an
ethereal solution (C.10%) into the tube at 500°C and 0.5 mm.Hg. The
product, after initial work up as usual, showed on t.l.c. (5% ethyl
acetate/petrol) a minor spot Rf, 0.8, a major spot REO0.4 (corresponds-
to xanthate ;.j_Q) and o major spot Rf,0.,25 and.on.g.l.c. (1% Ap-L.

‘programued 80°/10 min; 80 - 180° at 8°/ min) protoalamantene (2%, tg- -

" 5.8 mln), adamantane

(5%, .t 6.4 min), 2, 4-dehydroadamantane (2%, tp J o2 min) 2-adammtyl
Xanthabe (48% 23.6 min) and a fifth
product. (43%, tp 2744 min),

. The above pyrolysis repcated at 55000 and 0,5 mm Hg gave the same -
peaks in. the respective ratios 3%, 1%, 3%, 48% and 45%. .The fifth .
- component, separated by preparative t.l.c. (25% ethylacetate/petrol) ,was
‘a clear oil, M+ 242, \/rrmc 1649-and 870 cm"l, typical of thioclo- -
80. ‘

carbonate .

Pyrolysis of 2-Adamantyl-p-toluenc sulphonate 131

A Portions of sulphonate 131 (20 mg) in ether (0.2 ml) were injected at -

‘a variety of temperatures and pressures. The extent of sulphonate/
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sulphonate conversion was judgeld appreximately by t.l.c. and the
compos;tion of the hyirocarbon fraction analysed by g.l.c. (2m., 1%
Ap - L, 80°). Retention indices and molecular ions (¥ by g.c.m.s.) of
authentic (subsequently isolated and characterised) hydrocarbons were
protoadamantene (1100, M’ 134), adamontane (1108, M' 136) and 2, 4 -
dehydroadamantane (1126 ut 134). These were detected in the pyrolysis
product in varying amounts (see table 6 p.28), A4 fourth peak ret.
index 1085, M' 13 appearing (< 2%) in most runs was not identified.

The mass spectra of all hydrccarbons of MT134 were inlistinguishable.

B The sulphonate 131 (100 m) wes placed in a silica boat in the
pyrolysis system set up for sublimation (liag. 49B) and the tube

pressure and temperature were stabilised at 550O and 0,5 mm Hg, The
inlet was tuen heated by means of heating tape supplied through a
variable transformer, Conditions were used which on prior invegtisation
had achieved a maximum temperature of 150° over 15 min. After 30 min.,

the pressure was brought to atmospheric and the pyrolysate treated in

the usual way., Though material from the trap showed (t.l.c.) absence

of tosylate,an ethér wad of of the pyrolysis tube gave 10 mg. of tosylate.
The above process was repeated at 520°C, The composition of the

hydrocarbon fractions are rccorded on table 6 (p.28).

c The tosylate 131 (30 mg) was placed in o silica boat at the inlet
of the pyrolysis tube as set up for injection (aiag.494) at 540°C and
0;5 mn Hz, The tube was then pushed into the furnace till only the
inlet holding the septum projected., Material passed rapidly through
the tube and was collected and worked up as before, Analysis by g.l.c.
(1% 4p - L) showed adamantane as the major (80%) volatile product and

t.l.c, showed that conversion was low (c. 30%).
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_I_’;,:g” : _0332913 of 3-‘Agla.ma.n‘tyl_methonesulphonate 132

Ty

(1) Mesylate 132 (150 mg) was pyrclised using apparatus as in
diagram 49B at 520°C and 0.3 mm Hg. Sample introduction by sublimation
was carried out as described abwve for the tosylate 13l. Collection
and work up as before gave 35 mg (40% of theory) of a hydrocarbon
mixture showing the product ratios listed in table 6 (p.28).

(ii) The standard apparatus (diag. 49B) was used however the exit
end of $he tube and the glass wool within were coated with sodium

carbonate, This was applied as a slurry, water being removed by

rotating the packed tube in a bunsen flame and leaving the tube in
the furnace at 520O for at least 3 hours before use., The mesylate
132 (1.04 g) was then sublimed into the tube and pyrolised at 520°

and 0.3 mm Hg in the manner described above for mesylate 132 and

tosylate ;L.[ After 20 min. the material collected in the usual manner
was passed through an alumina plug (10g, grade III) being eluted with
isopentane (50 ml). Removal of solvent through a vigreux colum at
45 - 50°C gave white crystalline material (0.55 g, 91% of theory)
consisting of (g.l.c.) protoadamantene (40%), 2,4 - dehydro-adamantane
(59%) and adamantene (1%).

The above process was repeated on a 2.2 g scale at 550°C and
0.05 mm Hg, In this case sublimation was made more rapid. Prior
investigation showed conditions used gave maximum inlet temperature of
2200 in 15 min, Higher yield (95%) and lower adamantane contamination

( € 10%) were achieved (see table 6 p. 28.)

-

Glags wool packing

Four pyrolysis runs were made on mesylate 132 using sublimation
sample introduction as above in the tube coated at its exit end with
sodium carbonate but without glass wool packing., Temperatures and

pressures used were in the range 510 - 530°C and 0.5 - 0.3 mm Hg,



' 7.
Sample sizes were 20 mg; 100 mg, 250 mg and 730 mg approximately.
Protoadamantene and 2,4 - dehydroalamantane were produced in similar
amounts in each case (40% and 60% * 5%). Conversion (as judged by
tilics) was quantitative for the smallest sample but was progressively
lower for the remainder,

Isolation and Characterisation of Protoadamantene 127 and

2,4 - Dehydro-adamantane 126.

The hydrocarbon mixture (1.28g) from pyrolysis was chromatographed
on 15% silver nitrate/alumina (50g). The first fraction (100 ml
isopentane) gave, on removal of solvent througha vigreux column at
50°C and 760 m Hg, 2,4 - dehydroadamantane 126 (730 mg, 57%) as a
white crystalline solid m.p. 196 - 199° (after sublimation mp., 198 ~
202, ::-eporteclé8 202.5 = 203.500). Combined g.l.c./mass spectroscopy
showed; adamantane (1.5 retention index 1108, Mt 156 and
dehydroadamantane (98.5%) T.i. 1126, ut 134,
i.r, (COL,) 2030 w, 2960 s, 2935, 2855, 1422, 1032 cm’
nemr. (100 MHz, CCl ;) series of miltiplets §2.5 - 0.8.

The second fraction (100 ml ether) cave, on solvent removal as
before, protoadamantene 127 (475 mg. 37%) as white crystals m.‘pf'
179 - 180 (after sublimation 180 - 182°, reportea®? 183 - 185°).
Combined g.l.c./m.s showed unknown peak ( € 0.5%) retention index
1085, M" 134 and protoadamantene ‘' { > 99.5%) r.i, 1100, m* 134,
t.r. (C01,) 3035 m, 2948 s, 2928 s, 2952 s, 1635 w 1452 m, 693 s cm *
n.m,r. (100 MHz, 0014)5 6.13,(QH, m ); 2.8 - 1.2,(19H, m ).
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0O-Deuterio-methanesulphonic acid

Methanesulphonyl chloride (1l.4g, 0.l mole) and D20 (3g, 0.15
mole) were stirred at 100o under a flow of dry nitrogen for 12 hours,
during which time HCl was given off. Excess water and HCl were
distilled out at 70° and 0.5 mm Hg ,nd the residue azeotroped (twice)
with dry benzene. A drop of residue then showed no precipitate when
added to silver nitrate in agueous acetone. A neat sample showed
n.m.r. absorbtions at 8 11.15, s, integrates as 1lH, and 5 3.28, s,
integrates as 39H, similarly a sample of CH3SOBH (ex. B.D.H. Ltd)
showed § 11.07,(s, 1.1 H)and § 3.17,(s, 3H Both peak positions
varied when water was added,

To 3.23g (33 m mole) of the acid prepared as above was added
153mg (3.3 mole) of anhydrous ethanol. Integrations of nem,r.
signals from methyl triplet ( § 1.4) and singlet ( & 3.2) were
in the ratio 1/10. This should be the case only if the acid was
pure. ( > 90%).

Treatment of protoadamantene 127 with O-deuterio-methanesulphonic acid.

Protoadamantene (80 mg) was suspended in the acid (5 ml),
prepared as above, and stirred at room temperature. The mixture
became homogeneous after 45 min and was stirred for a further 3% hours.
iiater (10 ml) was added, the mixture extracted with ether and the
ether washed with water, aq. sodium bicarbonate and brine before
drying (NaZSOQ). Removal of solvent and recrystallisation from
petrol gave material (120 mg, 78%) which had m.p. 64 - 66°C.,

When mixed with authentic 2-adamantyl mesylate 132 the m.p. was
65 - 66°C.

Mass spectrometry showed a parent ion (M+231) too weak for

+

accurate deuterium analysis which was achieved from the ClOHléD

10.1%

peak (E 135) showing do 14,3%, d1 75.5% and d2
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m

; 134 135 136 ‘
undeuterated material 45 14,5 6.2%
deuterated material 8.5 47.5 22,5%

The n.m.r. spectrum obtained with the aid of Eu(f.o.-d.)3 is

discussed in the foregcing text (p.38).

4 - Oxahomoadamantan - 5 ~ one 210

To adamantanone (6g) in CHCl3 (100 ml) was added, with
stirring; over 20 min5 m=chloroperbenzoic acid (7.75g). After
4h the white solid was filtered off. The filtrate, washed

(aqs Na,S0,, aq.NaHCO, and ag.NaCl), dried and evaporated, yielded

3 3
210 (6.6g, 99%) m.p. 287-295°, Recrystallisation (ether-petrol)

gave m.p. 299-301° (lit91 287-2950), ie.re. 1737 cm-l.

4a - Hydroxy-adamantan-2-one 15689’91

The lactone 210 (5g) was stirred in 50% sulphuric acid (25 ml)
at 90° for 24 h. Removal of aliquots showed, by g.l.c. on 5%
QF1 at 1300, that lactone was slowly converted to another material
(a ketol by i.r. 3360, 1710 cm"1 in nujol) which in turn was
converted to lié. Product ratios showed no further change after
24 h, Ether extraction of the diluted (100 ml water) mixture and
wa;hing and drying as usual, gave, on evaporation of solvent, semi-
crystalline solid (4.8 g) which on three crystallisations from
ethyl acetate gave 156 (1.8 g, 36%) m.p. 322-324° (litgl 316-320°)

Attempted Cagliotti88 Reduction of Ketol 156

The ketol (39 mg) in methanol (5 ml) was treated with
p-toluene-sulphonyl hydrazine (48 mg) at reflux for 5 h. Partial
removal of solvent and ice cooling gave no solid. T.l.c. revealed

only starting ketol (40% ethyl acetate-petrol).
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The above was repeated at reflux for 8 h. and again for 14 h.
in methanol containing 2 drops conc. H.Cl. with similar results.

The last attempt was repeated. Reflux was continued for 48 h.
and the whole product, after methanol removal, taken up in ether.
Washing (aq bicarbonate and brine), drying, and solvent removal gave
an oil (25 mg) which was treated with excess lithium aluminium‘
hydride in refluxing dioxan for 14 h. The major product, on
preparative t.l.cs and i.r. and n.m.r. comparison, appeared to be
2a, ha-adamantanediol 165. T.l.c. showed only a tréce of 2=~

adamantanol.

II2 EXPERIMENTAL
92

Epoxidation’~ of Protoadamantene 127.

Protoadamantene (350 mg, 2.6 m mole), m- <chloroperbenzoic acid
(600 mg, 3.5 m mole), and sodium carbonate (280 mg, 2,6 m mole) in
methylene dichloricde (15 ml) were stirred for 16 h. at 20°c.
Washing with agq. sodium sulphite, hydrogen carbonate, and brine,
an! solvent removal from the dried organic layer, gave a crystalline
product (316 mg, 81%, calculated as epoxides) consisting of two
major components in the ratio 1/6 by g.l.c. (1% Ap - L, 110°c).
Preparative t.l.c. (ethylacetate - light petrol, 1:19), using
continuous horizontal development and Sudan Yellow as tracking dye.
effected separation of the minor component, 4,5 endo-epoxyprotoad-
amantane 164 (30 mg), m.p. 212-214°C (after sublimation), V max.
3005, 2975, 1114, 1038, 932, 883, 862, and 843 cm  ,NMI §3.34
and 3.12 ( 2 quart, 1 H each), 2,7 = 1.1 (12 H,m) (Found; C, 79.77;

H, 9.2. C O requires C, 79.95 ; H, 9.39%).

10 g

The major exo-epoxide decomposed on attempted isolation by

t.lece or by fractional crystallisation.
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The nemer, spectrum of the mixture of epoxides showed in
addition to signals from the minor epoxide, the following
multipleﬁs assignable to the major epoxide.

: S 3,06 and 2.82 (2t, 1H each); 1.1(1H, quart., J 12 and 4 Hz)
and 2.7 = 1.3 (11 H; m).

2a, ha ~ Adamantanediol 165.

The epoxide mixture described above (120 mg) in ether (0.5 ml)
was adsorbed on grade II acidic alumina (10g). Light petroleum
eluted the minor epoxide (12 mg),followed by mixtures eluted with
light petroleum=ether (50:1). Methancl-ether (1:9) eluted 2a,

La-adamantanediol (80 mg, 59%), m.pe 341-3440(corrected)

93

(recrystallised from petrol-ethylacetate).(lit 305-3100,

1it142312-326°) \/max (5 X 1072 M) 3616, 3530, 2912, 2868,

2854, 1233, 1100, 1077, 1056, 1007, 970, and 922 et

nemer,(CDC1_ - D20)53.89 (2H m) and 2.5 - 1.2 (12H, m)

3

Lithium Aluminium Hydride Reduction of endo - 4,5 -

Epoxyadamantane 164,

T@e epoxide (20 mg) was refluxed with excess lithium aluminium
hydride in ether cvernight. ‘‘ork up as usual gave crystalline
material (16 mg), identical by t.l.c. with the similar reduction
product of protoadamantan~-5-one described belowe. G.l.c. showed
in addition to § gggg-protoadamantanol (95%), peaks for 2«
adamantanol (3%) and 4 endo-protoadamantanol (2%). The Joncs
oxidation product showed on g.l.c. 5=-protoadamantanone (95%),

2-adamantanone (3%) and 4-protoadamantanone (2%).
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Lithium Aluminium Hydride Reduction of Protoadamantene-epoxide

Mixture.

The epoxide mixture (25 mg) was reduced as for the en&o-
epoxide above. G.l.c. analysis of the productvand of the mixture
of ketones obtained from it by Jones oxidation}allowed an estimaté
of the alcohols formed in the reduction. This is discussed above
(p.43).

Two 10 mg portions of epoxide mixture were treated in
refluxing ether for 6 hours with (a) LiAlHQ(Smg), AlCl3 ( 9 mg) (mole ratid
2:1) and (b) LialH, (5 mg), AlClg (18 mg)

(mole ratio 1:1). G.l.c. analysis after the usual work up showed
peaks for 2-~adamantanol, 4 exo- and/or 5 endo-protoadamantanol
and 4 endo = and/or 5 exo-protoadamantanocl in the ratios

7 ¢ 90 : 3 and 10 : 85 : 5 respectively.

96

Hydroboration of Protoadamantene 127

Into protoadamantene (268 mg, 2 m mole) in tetrahydrofuranm
(5 ml) stirred magnetically under nitrogen in a two neck flask
equipped with reflux condenser and rubber septum, was injected
an excess of diborane in THF (2 ml of 1 M soln. "Alpha
Inorganics") at OOC. The mixture was stirred at Oo for lh and
23° for Sh. An alkaline solution of hydrcgen peroxide (1 ml 30%
H202 + 1 ml 10% NaOH) was added dropwise followed by stirring at
30 - 40°C for 15 min and at 20-23°C for 1 h. Potassium carbonate
(1g) was added, the suspension stirred for 5 min and the aqueous

'

layer separated and extracted with ether. The combined organic
layers were washed with brine and dried (Nazsog). Removal of

solvent gave an oil (400 mg) which on preparative t.l.c: gave a

crystalline mixture (250 mg, 82% calculated as protoadamantanols).
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Analysis by ge.l.c. on QF 1, SE 30, Ap-L, butanediol succinate,
dinonyl phthalate, bis-(2-ethylhexyl) sebacate - sebacic acid,
polyethylene glycol adipate, Bentone 34 and Carbowax (3m.)
showed only two peaks. On standing in air a sample developed
additional peaks.later shown to correspond to 4= and 5=
protoadamantanone. A(50 X 0.0005)m Carbowax 1540 column
at 13500 showed three peaks apparently corresponding to 2-
adamantanol (tRll min, 3%), 4 exo-protcadamantanocl (tRIZ min 58%)
and 4 endo-protoadamantanol (rR 13.6 min, 39%). Preparative t.l.c.
of a sample (10 mg,) using ethylacetate-petrol, 1:4) furnished
three bands of material (Rf. 0.35, 0.43, 0.48). Each band was
separately oxidised as follows: the material (1-3 mg) was
dissolved in acetone (0.2 ml) in a sample tube and 2 drops of
2N Jones Reagent added., The tube was capped and shaken for
2 min. Ether (0.4 ml) and water (0.4 ml) were added, the tube
shaken, and the aqueous layer remcved with a pipette. Anhydrous
potassium carbonate (c.100 mg) was added, the tube shaken, and
portions of the supernatant removed for g.l.c.

The top band (Rf.0.48) corresponded on t.l.c. to the
alcohol wroduced by reduction of the minor epoxide lé& (see
above) and of 5-protoadamantanone 168 (see below). On gel.c. it
corresponded to 4 exo-alcohol 169 but oxidation gave 5-
protoadamantanone 168 (isolated as below) (ie 5 - endo alcohol.)

The mid spot (Rf. 0.43) corresponded on t.l.c. and ge.l.c.
to 4 exo alcohol 169 and gave 4-ketone 137 on oxidation
(ie 4-252—alcohol).

The bottom spot (Rf.0.35) corresponded to 4 endo-alcohol
167 on t.lec. and g.l.c. but gave on oxidation L « and 5 =
protoadamantanone in the ratio 71 : 100 (ie 4 endo + 5 exo =

alcohol).
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The ratio of alcohols produced in the reaction is discussed

above (p.42;43).

97,128

Oxidetion of the Hydroboration Product

The mixed alcohols (200 mg) were dissolved in 0014(10 ml)
and ruthenium dioxide (20mg, Johnson-Matthey Ltd.) added. Aq.
sodium periodate (10%) was run in dropwise with stirring until a
permanent yellow colour persisted. On adding MeCH(0.5 ml) after
15 min the clear mixturc became black. The product, obtained by solvent
extraction as usual, consisted of a crystalline mixture (200 mg, 92%)
of 2-adamantanone (3%,retention index 1325), 5-protoadamantanone
168 (40.5%, 1338) and 4-protoadamantanone 137 (56.5%, 1364) (by
gelec. on & m. capillary, 2% SE 30, 150°¢).

The major Ketones were separated by horisontal-continuous
development - preparative t.l.c. using Sudan Yellow as a tracking
dye. Protoadamantan-5-one 168 (80 mg) thus obtained had after

100

sublimation (110°, 14 mm Hg) m.p. 222 - 225° (1it =~ 226-227°);

-1 .
Vmax 1727 cm =~ (Found C, 79.85; H, 9.4 ; °10H14° required

Cy, 79:95; H 9.4%). Protoadamantan-k-one (100 mg) m.p. 210-212°
69

(1it.>” 212-214°) was identical (n.m.r. and i.r.) with authentic

material.

CacliotiBB Reduction of 5-Protoadamantanone 168

The ketone 168 (12 mg, 0.08 m mole) and toluene-p-sulphonyl
hydrazine (17 mg, 0.091 m mole) were refluxed for 12 h in methanocl
(5 ml) containing HCl1 (1 drop, cona) The product, obtained ffom the
dried (MgSO4) ether solution, was reduced with excess lithium
aluminium hydride in refluxing dry dioxan for 3 h., according to

Djerassi88. The hydrocarbon product was separated by filtration/



85,
filtration through Grade II neutral alumina (2g) in light petrol.
G.l.c. analysis (2m 1% Ap-L, 80° and 50 m (x0.5 mm) Carbowax 1540,
65°) showed that the product consisted of protoadamantene (32%)
and protocadamantane (68%), compared with a sample prepared by
hydrogenation of protoadamantene in ether over 10% palladium-

0

charcoal mep. 208- 210 (1it1°° 210-212°).

Lithium 4Aluminium Hydride Reduction of 5-Protoadamantanone 168

The ketcne (50 mg) was reduced with an excess ofvhydride in
refluxing ether for 3 h. The product (48 mg) afforded,on
preparative t.l.c. and sublimation,5-endo-protoadamantanol léé
(35 mg) as white needles m.p. 258-2600, Voox 3600 cm-1 (Found

O requires C, 78.9; H 10.6%)

€78.85; H, 10.55 C  H .

G.l.c. (50 m. Carbowax 1540, 13500),of the crude reduction
product, showed a major peak (95%) of 5 endo-protoadamantanol 166
inseparable from the 4 exo-alcchol and a minor peak (5%) of 5 exo-
protoadamantanol 170 inseparable from the & endo alcohol 167. Re-
oxidation of a sample of crude product showed (g.l.c. 4m. capillary,

2% SE 30, 150°) 5-protoadamantanone 168 ( > 98%).

Attempted equilibration of 5 endo-Protoadamantanol 166

(a) The alcohol (20 mg, 0.13 m mole) in isopropanol (5 ml, redistilled
from calcium hydride) was treated with aluminium isopropoxide143

(20 mg) and acetone (2ml) at reflux for 48 h. The mixture was

poured into dil. HCl and extracted with ether,the ether being

washed with water, aq. sodium hydrogen carbonate and brine before
drying (Na,SO,)e G.l.c. (50 m X 0.5 mm Carbowax 1540, 135°C)

showed (A) 5-protoadamantancne (tR 7.6 min, 85%), (B) 4-

protoadamantanone (tR 9 min, 2%), (C) 5-endo alcohol (tR9.8 min,

13%) and (D) 5 exo=-alcohol (tR 11 min 1%)
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(b) The above process repeated,but without using acetone,showed
by gelsce ¢ 4 65%,B 2% , C 32% ., D 1%
(c) Lithium alumini@im hydride (76 mg, 2 m mole) and aluminium
chloride (1.07 g, 8 m mole)144 were mixed in ether (60 ml,
redistilled from LiAlHQ) iﬁ a flame dried flask under a flow of dry
N, ¢ The alcchol (20 mg, 0.13 m mole) in ether (5 ml) was treated
with 1 ml (0,13 m mole, H ) of the above solution and the mixture
refluxed for 2 h., Acetone (1}“1) was added and reflux continued
for 1 hr. G.l.c. after work-up as before showed A 75% ,B . 2%,
C 29, D 1%
(d) A variety of conditions were used using differing ratios of
LiA1H4 to A1C13, in ether,THF and dioxan, and in the presence of
acetone fluorencne or in the absence of ketone. The best method used
(ie that which showed highest conversion to 5 exo-protoadamantanol)
is described below.

In a dry flask equipped with magnetic stirrer, reflux
condenser and rubber septum was placed aluminium chloride (7 mg
0.05mmole). The system was flushed with nitrogen and the Nz
atmosphere maintained using a balloon. Lithium aluminium hydride
(0.016 m mole) was then injected as 1.6 ml of 0.01 M solution in
ether. Aifter stirring for 30 min, the alcohol (10 mg., 0.065 m
mole) was added in dry dioxan (6 ml) and the mixture heated at 110°
for 1 h. Flucrenone (1 mg in 1 ml dioxan) was added and reflux
continued. The ratio of components determined by g.l.c. was
Ay 25; B, 2; C, 60 ; D 13% (after 24 h.) and A, 58 B, 2 C, 15
D, 25% (after 3 days). After 4 days a number of unidentified peaks

began to appear in increasing amounts.
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Hydroxymercuration of Protoadamantene 127

Mercuric acetate (160 mg) was cdissolved in water (2ml) and
tetrahydrofuran (2 ml) added. Protoadamantene (77 mg) in THF (2 ml)
was added and the mixture stirred at 18-20°C for 4 hours. The
mercurial was reduced by addition of a mixture of sodium hydroxide
(1 m1, 3 M) and sodium borohydride (2ml, 0.5 M in 3 M NaOH). Brine
was added; the THF layer extracted.,and the aqueous layer re-extracted
with ether. Solvent removal from the dried (NaZSOQ) combined
organic layers gave an oil (80 mg). T.l.c. showed one spot
corresponding to 4 exo-protoadamantanole. Gel.c. (50 m. X 0.5 mm
Carbowax 1540, 135°C) showed 4 exo = and/or 5 endo - protoadamantanol

(tP 12 min, 95%), 2-adamantancl (t_11 min,c, 2%) and & endo -~ and/or

R
5 exo - protoadamantanocl (tR13.6 min, c. 2%). An oxidised (Jones)
sample showed on g.l.c. (&m. cap. 2% SE30, 150°) three peaks; 2-
adamantanone (tR9.3 min, 2%), h-protoadamantanone (tR 10.2 min, 95%)

and 5-protoadgmantanone (tRll min, 3%). The total oxidation

product was identical by ir with authentic k4~ketone.
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Experimental 1I. 3

8,9 ~ Dehydroadamantan-2-one 181
118,119

Ozon was bubbled through a solution of 2,4 -
dehydroadamantane (500 mg) and pyridine (2ml) in methylene chloride
(10 ml) at -28°C for 8 h. T.l.c. (ethylacctate - petrol, 15 : 100)
shovwed in addition to starting material a minor spot (Rf.0.5)
corresponding to 2-adamantanone and two major spots (Rf. around 0.35)
the upper of which stained with 2,4 - dinitrophenylhydrazine. The hy=-
drocarbon fraction was separated by chromatography on Grade III
alumina (10g) being eluted with isopentane., I.r. comparison showed
this to be identical with starting material. The remainder of the
material was eluted with ether and a portion (50 mg) subjected to t.l.c.
The band showing a positive D.N.F. test was isolated giving 20 mg

of crystalline materialj; i.r. (CHCIB) 3038, 2940, 2862, 1703, 1340,
1050, 935, 886 (lit.ll7 gives for the ketone 181, 3040, 2940,
2864, 1705, 1343, 1053, 939, 880 cm™l).

8,9-Dehydroadamantan-2-0l 177

The unreacted hydrocarbon from the above reaction was recycled as
before. The product of this and the previous run were combined
(490 mg) and treated with excess sodium borohydride in methanol,
according to Baldwin and Fogelsong,117 yielding on preparative t.l.c.
and sublimation, a crystalline material (250 mg, 44% from hydrocarbon)
mp. 207 = 209°C (1it.}'7 210.5 - 212.5°); i.r. (cHC1,) 3618,3430,
3035, 3010, 2940, 2960 em L.

Gelece (2m, 5% GFL, 100°) showed two peaks of 2% (ty 1.6 min)

and 98% (tR2.2 min) .
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8,9 - Dehydroadamantyl - 3,5 - dinitro - benzoate 183.

Dehydroadamantanol (100 mg) was treated with 3, 5=-dinitro-
benzoyl chloride (210 mg) in pyridine, according to Baldwin and
1
Fogelson 17, yielding the 3, 5 - dinitrobenzoate 183 (146 mg, 71%)

17 121.5 - 122.5°), n.m.r. § 9.2 G3u, )5

mepe 119 - 120° (1it!
5.56 (1H, m) ; 2.5 - 1.2 (12H, m).

Attempted formation of 8,9-Dehydroadamantyl-2-methane~-sulphonate 182,

(4) To methanesulphonyl chloride (230 mg, 2 m mole) in pyridine (5 ml)
was added with stirring 8,9-dehydroadamantan~2-0l (200 mg, 1.3 m mole).
The solution’yellow at first’rapidly became bright pink,fading

slowly to brown on stirring for 3 days at OOC. Ether (25 ml) was’
added and the solution washed with dil. HCl, ag. sodium hydrogen=
carbonate and brine before drying (Nazsoé). Sclvent removal gave

a yellow oil (500 mg). T.l.c. showed six spots,the major correspond-
ing to starting alcohol. N.m.r. showed a large number of singlet

peaks around 8 3 where the s-methyl signal might be expected.

(ii21 4 two necked 10 ml flask fitted with magnetic stirrer

and the N_ atmosphere maint-

and rubber septum was flushed with N2 2

ained by use of a ballocn. 8,9-Dehydroadamantanocl (240 mg, 1.6

m mole in 1.5 ml ether)was injected, the solution cooled to OOC,
and treated with butyl lithium (1 ml, 1.8 M soln.) at 0°C for

30 min with stirring. Redistilled methane sulphonyl chloride

(183 mg, 1.6 m mole) was then added in ether (2 ml) and the mixture
stirred at room temperature for 3 h. After filtration and removal
of solvent - 15°C, 20 mm Hg), crystallisation from petrol was
attempted without success. Removal of solvent gave an oil which

showed on nemer. multiple peaks in the region 82.8 - 4 pepem.
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.

Treatment of 8,9-Dehydroadamantane 126 with Methane sulphonic Acid

Dehydroadamantane (10 mg) was stirred at 20-22°C with methane
sulphonic acid (1 ml). The solution became homogeneous after 7 mine.
Stirring was continued for 1 h, The mixture was diluted with 10
ml ether and washed with water, aqg. sodium hydrogen carbcnate
(twice) and brine. Drying (MgSOQ) and solvent removal gave an oil
(14 mg) which on recrystallisation from petrol yielded 2-adamantyl
methanesulphonate (8 mg, 47%) m.p. 66-67°C (mixed with authentic
material m.p. 66-670).

Attempted Pyrolysis of 8,9-Dehydro-2-adamantyl 3,5-Dinitrobenzoate

The dinitrobenzoate (80 mg) in ether (0.3 ml) was injected into
the pyrolysis system described in detail above for Z2-adamantyl ester

pyrolysis in two egual portions one at SSOOC and O.1 mm Hg and one at
o
490 C and 0.2 mm Hge T.l.c. of the product, treated in the usual

manner, showed the absence of dinitrobenzoate and the presence of non
polar material. G.l.c. (1% Ap-L, 80°) showed adamantane (c. 20%) and

five peaks of similar retention.
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Experimental II.4

Pyrolysis of 10-Protoadamantyl Methanesulphonate 184.

The sulphonate, m.p. 79-8100, was supplied by Professor C.
Cupas, having been made by standard methods from the corresponding
alcohol derived from the known lO—protoadamantanone.122

Pyrolysis (20 mg in 0.1 ml ether) by injection of sample in the
manner described in detail above for 2-adamantyl tosylate (p.74) at
SOOOC and 0,5 mm Hg gave complete conversion of mesylate as Jjudged
by t.l.c. Analysis by g.l.c. (1% Ap-L; 80°);:0$:§5r unknown (35%,
tg 5.4 min), adamantanev(éO%, tp 6.6 min) and a series of minor peaks
(5% together, tp 6, 7.8, 8.4 and 9.2 min). Three further attempts
at 480°, 520° and 550° showed almost identical results.

Pyrolysis by sublimation of sample (200 mg), in the manner
described for 2-adamantyl mesylate (p.76), in a tube coated at its
exit end with sodium carbonate, at 550° and 0,06 mm Hg, gave, after
the usual work-up, crystalline material (80 mg, 67% based on M.W.134).
G.l.c. (1% Ap-L, 80°) showed the unknown (40%), adamantane (58%)
and the minor peaks described above (c.2%). Chromatography over 15¢,
silver nitrate-alumina (5g) gave, on elution with isopentane (50 ml),
adamantane (95% by g.l.c., i.r. and n.m.r, identical with authentic
material). Elution with ether (70 ml) gave a white crystalline
hydrocarbon (13 mg, 11% from mesylate, > 98% one peak by g,l.c.)
subliming at 122-126°C, 760 mm Hg; i.r. 3012, 705 cm '3 n.m.r.
@%M)Sfi%(ﬂhm)3&%(m;mmﬁ);&9~12(mm1®.A
sealed tube m.p. was not satisfactorily achieved owing to lack of

sufficient material however m.p. was above 2OOOC. Molecular weight

(by mass spectrometry) was 134).
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Purification of Bicyclo-2,2,1-heptene-5-carboxilic Acid.

The crude acid (10g, ex. Aldrich) dissolved in aq. sodium
hydrogencarbonate (200 ml, 0.5 M) was added to a solution of iodine
(37g) and XI (72g) in water (150 ml) and allowed to stand overnight
in the dark. The resulting precipitate was washed with water;
shaken with chloroform and agq. sodium thiosulphate, and the layers
separated. The aqueous layer was re-~extracted with chloroform and
4)'

Solvent removal and recrystallisation from petrol-ethylacetate gave

25

the combined organic layers washed (aq. NaHCO3) and dried (Na,SO
the iodolactone 191 (12.1lg, 66%) m.p. 55-57°C (lit1 55-58°)

The iodolactone 191 (12g), in glacial acetic acid (30 ml), was
treated, at 15°C, with zinc dust (8.6g) over 10 min. Further acetic
acid was added (10 ml) and the mixture stirred at 15°C, with zinc
dust (8.6 g) over 10 min, TFurther acetic acid was added (10 ml) and
the mixture stirred at 1500 for 3.5 h and 2000 for 2 h. The solid
was filtered and washed with acetic acid. The filtrate was
diluted with water (200 ml) and extracted twice with ether. After
drying and ether removal, the organic residue was distilled, (13490,
16 mm Hg) and recr&stallised from pentane, furnishing bicyclo-2,2,1~
heptene-endo 2-carboxylic acid 192 (5g) m.p. 45-46°¢ (lit125
44 - 45.5°) |
Hydroxylactone 1932/

To the acid 192 (5g), in 98% formic acid, was added, over
5 min and at 45°, hydrogen peroxide (10 ml, 30%). The mixture was
stirred at 500 for 1h, steam distilled till no more formic acid
came over and saturated with sodium carbonate. Continuous

extraction with ethylacetate and solvent removal &ave 193

(4.8¢) m.p. 157 - 158° (from ether) (114227 160°);

i.r. 3612, 1770, 1054, 1012, 890 cm .
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Ketolactone 194128

A suspension of ruthenium dioxide (0.3g) in CC1, (130 ml) was
added to hydroxylactone 193 (4.6g) and sodium periodate (15g) in
water (130 ml) and stirred for 48 hours. Isopropanol was added
dropwise till the yellow colour was discharged. The agueous layer
was separated, filtered through celite and extracted continuously
giving, after solvent removal, an oil (3.8g) shown (g.l.c., 1% 0 V 17)
to consist of 193 and 194 in the ratio 1 : 4. Chromatography over
silica (400 g) gave, on elution with 1% CH36H/chloroform,_124 (3g)

m.p. 200 - 203°%¢ (1141%8 202 - 203°); i.r. 1755 om *

Experimental II.5.

Attempted Rearrangement of Protoadamentan-4-one 137.

The ketone 137 (20 mg) was dissolved in glacial acetic acid
(5 ml) and stirred at room temp. Samples (0.5 ml) were removed
after 1, 3, 5 and 15 h, diluted with aqg. bicarbonate and extracted
with ether. The dried ether layers werce concentrated and subjected
to t.l.c. and g.l.c. (4m, 2% SE30, 150°), showing only the starting
ketone 137.

Ketone 137 (10 mg) was suspended in 50% sulphuric acid and
stirred at 20° for 14 h., Analysis, (t.l.c. and g.l.c.) as before,
showed no change.

The above repeated at SOOC gave material which showed streaking
on telece Gel.c. showed only starting ketone ( > 95%).

A repeat run at 100°C gave material showing considerable
streaking on t.l.c. G.l.c. (as before) showed adamantanone (10%)
and protoadamantan-4-one (70%). Minor unidentified peaks were also
observed, After 14 hours the sulphuric acid mixture was dark

brown in colour.
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The ketone (20 mg) was dissolved in a sclution of chromium
trioxide (0.5g) in acetic acid (5 ml) and stirred for 6 h. at
room temperature., Ether (15 ml) was added and the mixture washed
with water, ag. bicarbonate and brine. Removal of solvent; from
the dried (Mgso4) ether laycr, gave an oil (15 mg) which, apart
from material on the base line, showed, on t.l.c. (10% ethyl acetate-
petrol), only starting ketone 137,

The ketone (35 mg) was treated, in benzene, with p-toluene-
sulphonic acid (20 mg) and ethylene glycol (5 ml) at reflux for
14 h in a "Dean and Stark" system, Water was uptaken by silica
gel., Work up as usual gave a clear oil (42 mg) homogeneous by
t.l.c. and g.l.c. (5% QFL, 2% SE.30); n.mr. & 3.8 (48, m) j
2,5 - 1,0 (148, m),

Treatment of the above 0il (40 mg) with methanol - HC1
(10 ml + 2 ml, 8 M) for 12 h, addition of ether and ether extraction
and washing as usual, gave ketone 137 (27 mg) on comparison by
t.l.cey g.l.c. and i.r.

Ethylene glycol-mono-(l-adamantyl-ether 204

was preparcd by treatment of l-bromoadamantane 134 (315 mg) with
sodium carbonate (2g) in dioxan-ethyleneglycol (10 ml)flat reflux

for 15h. The cooled, filtered solution was washed with water and
brine, dried (NaZSO 4) and evaporated yielding material (280 mg,

96%) m.p. 31 - 33°. Preparative t.1,c. and sublimation (80°, 0.1 mm
Hg) gave material m.p. 34 - 350 s i.r. 3595, 2905, 2845, 1448,

1350, 1300 cmt ; n.m.r. (epc15 - D,0) $ 3.53 (48, m) ;

2,13 (3H, m) ; 1.9 - 1.5 (128, m), (Found C 73.3, H 10.3

012H2002 requires C 73.4, H 10.3%).
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Treatment of 204 with Lead Tetra-acetate.

A. The glycol-mono-ether 204 (150 mg) was treated with lead tetra-
acetate (346 mg) in refluxing benzene for 16 hr, The mixture,
filtergd, washed with bicarbonate, and dried (MgSO4), showed, on
t.l.csy two spots. The minor spot (Rf 0.3), on separation, was
identical (t.l.c., g.l.c., i.r., n.mr,) with authentié 1-adamantanol,
The major spot (Rf 0.65), on attempted isolation, by t.l.c. or
crystallisation, decomposed to give l-adamantanol. The material
showed, in addition to pealis ascribed to l-adamantanol, i.r. 2910,
2850, 1738, 1363, 1353, 1258, 1222, 1158, 1005, 932 cm—lg NeM.T,

& 5.25 (28, s) 5 2.15 (3H, m); 1.96 (3H, s) : 1.8-1.5 (12H, m) ;
mass sSpec. mt 224.
B, Treatment of 204 (50 mg) with iodine (63 mg) and Pb(OAc) 4 (111 mg)
in benzene at 20° gave material, after work up as before, showing
(tel.c.) 204, adamantanol and nine other components,

Methyl (bicyclo - 3,3,1 - nonan - 3 - one - 3 endo - carboxylate)213

4~Oxchomoadamentan ~ 5 - one (see p. 79) 210 was treated with 10%
methanolic - KOH overnight at ref}ux. The neutralised (HQSO4)
solution was extracted with ether, washed and dried (Na2SO4). T.l.c.
showed streaking and lactone 210, The ether solution was treated
with excess diazomecthane vielding, after the usual work up, an oil
(430 mg) homogeneous by t.l.c. and g.l.c. ( > 98% on 1% Ap-L, 1500) ;
i, (lig.film) 3350, 1730 om *; numz. & 4.05 (1H, m) 3 3.6

(38, s) 5 2.8 (1H, s, exchenges in D,0) 2.4 - 1 (13H, m)., The
material decomposed on standing to form lactone 210 as judged by

telece and g.l.c.
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The above material was oxidized (Jones), without further
purification, yielding after the usual work-up, a crystalline solid.
Preparative t.l.c. gave material (213) (400 mg, 67% from lactone 210)
m.p. 85 - 87°; i.r. 1737, 1710, 1205, 1170 onl, namr. § 3.62
(38, s) 3 2.48 - 1.0 (134, m). Analysis could not be obtained as
the material was thermally unstable (on standing for 10 days at
room temperaturc the m.p, was > 2900). Mass spectrometry showed
M 196.

Attempted Acyloin Condensation of Keto-ester 213,

To a dry flask, fitted with "dricold” condenser, dropping
funnel and magnetic stirrer, under an atmosphere of Nz was added
ammonia (20 ml) and sodium (115 mg). Keto-ester 213 (290 mg in
20 ml ether) was added over 30 min and stirred for 1 h., Methanol
(0.5 ml) was added and the solvent distilled off, The residue, in
ether, was washed and dried yielding a semi crystalline material

(205 mg). T.l.c. (ethylacetate - petrol, 15 s 85) showed ten

components, The desired product was not isolated.
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It had been hoped that the 1, 3 ~ elimination mechanism
discussed above for the pyrolysis of adamantyl esters might explain
the observation of two other reported phenomena occurring during
ester pyrolysis namely (a) the production, in some casesl'2’17’l46’147,
of minor amounts of olefin isomers with the double bond P ’ X -
to the deporting ester function and (b) apparent anti 1, 2 -
eliminationsl’ll’27’28’29. 2

68, on pyrolysis of isoamylamine N-oxide 220, obtained,

(a) Copel
in addition to the expected product 221, significant amounts of
2-methylbut-2-ene 222 which he suggested might have arisen by

c() ¥ -elimination with shift of the P-hydrogen. (scheme Z4Y.71)

While earlier reportsl45’l47’l48 had indicated some disagxeement
over the specificity of ester pyrolysis it became generally
acceptedl that elimination occurred to give X, P -elim:i_na.tioﬁ

products only. However, Eglintcn and Rodger17’146

on pyrolising
cyclohexylcarbinyl acetate 223, o’o{ained l-methylcyclohexene 224

(6 - %) in addition 4, the expected methylenecyclohexane 225,

Mese workersl7’146 had used more scphisticated analytical methods,
including g.l.c, on silver nitrate cclumns, than had been available
to earlier workers and had found that the amount of anomalous
product did not vary much over a range of pyrolysis conditions. It
was decided therefore to try to duplicate this work a.nd»ascertain
whether the anomalous product might arise through a 1,3 - mechanism
such as is shown in scheme 72. In addition it was decided to attempt
pyrolysis of methyleyclohexylcarbinyl acetate gg_s_ for, though
pyrolysis of this ester has been reported149 as giving rise 'Fo only
the expected products 227 and 228 the analytical method usgd,
fractional distillation followed by infra red spectroscopy, would

not have detected minor amounts of l-ethylcyclohexene 229 which

might be produced through a 1, 3 - elimination such as in scheme 72.
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(b) Many instances are recorded1’25ll’27’28’29

of ester py:bdiysis
ocourring with apparent anti-elimination. A typical example is that
reported by Djeragssi and Briggsll where pyrolysis of g_:i:_g-é-
methyleyclohexyl acetate 230 or - xanthate 231 led to formation of
1 - methylcyclohexene 224 in addition to the expccted 3 -
methyleyclohexene 233, |

In this casel;,'when the methine hydrogen was replaced by
deuterium, the 1-methylclohexene .224 produced showed between 40 ~ 80%
retention of deuterium, A similar result is described by the same
'authorsll on pyrolysis of & mixture of 2,6,6 ~ trideuterio-2~
methyleyclohexyl - S = methyl xanthates 234 where the l-methyleyclo-
hexene _’224 formed showed a deuterium composition which included 6%

d3 species.

Thomas and Willhalm:

50 have reported a similar result on
pyrolysis of an epimeric mixture of trideuterated - carvomenthyl-
acetates 235 where the minor product menth - 1 - ene 236 contained - *
around 20% d3. b

Djerassi and Briggsll have suggested an ion pair route (scheme
73) as giving rise to the anomalous product_ggﬂ: This route
however would not appear to explain the results observed by Huckt-;'l28
f01; :c;:.:g_n_g-l-decalylxmwhate 237 where pyrolysis gave 20% of the "anti-
elimination" product A 1,9 - octalin 238 in addition to the
expected product 239 (80%). In this case the ion migration route
(scheme 74) would result in carbonium ion formation at the bridge-.
head and should hence lead to the thermodynamically more s;ﬂ:ablelf’:L

O 9,10 - oetalin 240 which is not observedze.

We considered it possible that the apparent anti-elimination

wos oocurring via 1,3 - elimination with hydrogen shift (scheme

75 and 76) in a manner analogous to the 1,3 - elimination with alkyl

shift described for 2-adamantyl esters (scheme 77)(see Part II,1,p.24)
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and other examples listed in the introduction of this thesis., In
the decalyl case (scheme 76) it was considered that steric effects
might restrict the approach of the ester function to the axial C10
hydrogen and so preclude the formation of A 9,10 - octalin 240.

It was decided vto attempt to investigate the above hypothesis
using the (le, 9c, 10t )*~1-decalyl system. This system was chosen
since the favoured conformation of the fairly rigid ring system should
be that in which the cleaved and migrating bonds bear an anti-
periplanar relatiomship to each other which appears to favour the
1,3 elimination mechanism. (see schemes 76 and 77 and discussion of
2~-adamantyl ester pyrolysis p.24).

Huckel?® had pyrolised xanthate 237 (prepared in situ and
uncharacterised) and had identified the A 1,9 - octalin 238 as its
nitroso~-chloride adduct. The first requirements therefore were to
prepare xanthate 237 of proven configuration and purity, check that
pyrolysis did indeed give significant amounts of A 1,9 - octalin 238
and show that this olefin (238) did not arise by isomerisation of
the expected A1,2 - octalin 239, In addition, if the 1,3 -
mechanism were to operate the trideuterio-xanthate 241 should give
trideuterio - A 1,9 - octalin 242,

Use of the 9-monodeuterio xanthate 244 would facilitate mass
spectrometric and n.m,r. analysis of the pyrolysis product, Some
unsuccessful routes to 244 are discussed below.

In addition the l-monodeuterio xanthate 245 might be required
40

to test the existance of an OA ~elimination™ mechanism (scheme 78).

* the system of nomenclature, capable of distinguishing all four
sterco-isomers of any positionol isomer of decalol, is that suggested

by Hv.ckel38 :
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RESULTS (A) Cyclohexylcarbinyl and Methylcyclohexylcarbinyl Series.

Cyclohexylcarbin01152 246, its acetate17‘ggi and its - p -
toluenesulphonatel53 247 were prepared by adaptations of standard
procedures as was methylenecyclohexanel54_ggz. 1-Methylcyclochexene
224 , prepared by iodine-catnlised dehydra.tionl55 of l-methylcyclo-
hexanol 248 was found (g.l.c., 15% Ap-L) to contain . 5% 225 and

3% of 3-methylcyclohexene 249.

A mixture of methylcyclohexene isomers, (224 , 225, 249 and
250) was obtained by passage of 225 over alumina at 300o 156.
Compounds 224 and 225 were identified in the mixture by g.l.c.
157

comparison with indepencently prepared samples. Two peaks
appeared corresponding to 3-methyl-249 and 4-methylcyclohexene 250,
but no unique assignment was made. Skeletal rearrvangements in the

above equilibration process are reported156 not tc exceed 1 - 5%,

Methylcyclohexylcarbinoll49_gig, its acetatel49 226 and its
p-toluenesulphonate 253 m.p. 25.5—26.5‘were prepared by standard
methods and characterised as described in the Experimental section
as was l-ethylcyclohexanol 254.

Todine catalysed dehydration‘o%s;g%hylcyclohexylcarbinol 252
gave an olefin mixture which on comparison (g.l.c., 30% silwer
nitrate-triethylene glycol - celite) was shown tc contain
vinylcyclohexane 227 (5%), ethylidenecyclohexane 228 (15%) and
l-cthyleyclohexene 229 (80%). Similar treatmeg%”%% l-ethylcyclo-
hexanol (254) gave an olefin mixture consisting mainly (80%) of
1-ethyleyclohexene 229; n.m.r. & 0.95 (3H, t); 5.4 (1H, m). The
second largest component from dehydration of both (252, 254) was
ideﬁtical on g.l.c. as above and was undoubtedly ethylidine-

cyclohexane 228,
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0156 ihe olefin mixture (227,

4 On passage over alumina at 300
228, 229) from dehydration of 252 showed (g.l.c., 30% silver nitrate
column) one other peak. This, since no others appear on repeated -
passage, must represent both 3-ethyl-255 and 4-ethylcyclohexene
256.

The silver nitrate g.l.c. colums used, while being the best
available for separation, gave variable relative retentions as

previously reportedl5l and contaminated g,l.c. detectors used.

This restricted their use.

Pyrolyses-Cyclohexylcarbinyl— and Methylcyclohexylcarbinyl Esters.

A1l pyrolyses were carried out in a silica twbe (70 x 1.5 cm),
lightly packed with glass wool and heated to around 5006 along
60 cm, of its length. A forward flow of nitrogen at 0.5 - 1 mm Hg.
was maintained throughout., Collection was by means of a 'U! tube
immersed in liquid nitrogen. Details of individual pyrolyses are
given in the following experimental section.

Pyrolysis of cyclohexylcarbinyl acetate 225 gave methylenecyclo-
hexane 225 only. While g.l.c. shoved a minor (5%) contaminant, this
corresponded to cyclohexene and was thought to arise from cyclohexyl-
acetate (2-3%), in the starting material, which had been formed from
cyclohexanol (1~2%) impurity in the starting alcohol 246.
1-Methylcyclohexene 224 was noit present in amounts » 0.1%, except
in samples where the crude pyrolysate had been allowed to stand at
room temperature for some time (10 - 15 min. standing gave 3 - 4% of
anomolous product 224).

The pyrolysis of cyclohexylcarbinylacetate ggi_reportedl46 as

giving rise to l-methylcyclohexene 224 was carried out at atmospheric
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RUN 25% | . 224 %] 249 + 250 %
1 5 80 15
2 20 70 10
3 15 75 20
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RUN | 227 228 229 255 4
1 0-5 5 75 Té' 5
2 6 15 70 9
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pressure while our method used pressures of 0,5-1 mm,Hg., It seems
unlikely that higher pressure promoted on alternative unimolecular
pyrolysis mechanism and J.ikely that it caused more olefin-acid
contact and hence acid catalysed rearrangement of the initially
formed olefin 225,

Pyrolysis of methylcyclohexylcarbinyl acetate 226 gave vinyl-
cyclohexane 227 and ethylidene-cyclohexane 228 as the only olefiﬁ
products (99%%).

Pyrolysis of cyclohexylcarbinyl-p-toluene sulphonate 247 led
to a mixture of methylenecyclohexane 225, l-methyl-_?_g_A_,;, Z=mothyl -
249 and Z-methyl-cyclohexene 250 in varying amounts {table 23).
Metifzylcyclohe:qucarbinyl-p—toluenesulphonate gimilarly gave
mixtures of vinylcyclohexane 227, ethylidenecyclohexene 228,
l-ethylcychohexene 229 and 3 - (255) and/or 4-ethylcyclohexene 256
(the latter two are not mutually distinguishable by g.l.c.
conditions used) (table 24).

In view of‘the large amounts of and the veriable yields of,
all possible double~bond isomers in the above pyrolyses, it seems
almost certain that extensive acid catalysed isomerisation was
occurring. While the amount of isomerisation might have been
reduced by coating the exit of the pyrolysis tube with sodium
carbonate, as described for the pyrolysis of é-adammtyl egters
above (p.76), it would have been impossible to rule out acid-

catalysed-isomerisation even under these conditions.

There is thus no evidence to suggest that _CA o ?)/ -

elimination with 13 - hydrogen shift is involved in formation
: !
of l3 ’ X -iscmers on ester pyrolysis in the gas phase.

Such preducts most likely arise by acid catalysed isomerisation

of the initially formed X, ]3 -elimination products.
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RESULTS - Decalyl Series

The aims of this section have been outlined above»(p.99 )
Considerable difficulty was experienced in hydrogenating
commercially available 1- oxygenated - naphthalene derivatives.
The smooth reduction of 1- naphthol 260 at 100 Kg/cm2 over ruthenium,

58

reported by Cope1 » gave, in our hands, only starting material 260 .
and what appeared to be 1 - naphthyl-ethyl-ether 261, The similar
method reported by Stone159 using rhodium~carbon, gave only 5,6,7,8-
tetrahydro-l-naphthol 262 as did the method of Myres0C using rhodium
alumina catalyst at 3-4 Kg/cmz. The reduction of tetralone 263
over rhodium alumina at 3-6 Kg/cm2 was only partly successful as

was the atmosgpheric pressure reduction of l-naphthol gég over
platinum described by Dauben;61. One highly successful run using
rhodium~-alumina at 100 Kg/cm2 and 5000 gave 97% hydrogenation and a
64% isclated yicld of (lc, 9c, 10c¢)-~l-decalol 264 m.p. 90-91°C
(11,58 93°), but this could not be repested.

Another method which we used with some success was the bartial
hydrsgenation of tetralone 263 followed by Jones oxidation to a
ketone mixture and separation of the decalone 265 by extraction and
decomposition of its bisulphite adduct. Tetralone is apparently
incapable of forming such an adduct, The l-decalone obtained by this
method was treated at reflux with sodium methoxide in methanol to
obtain t-l-decalone 265 m.p. 31-33" (from pentane)(1it >°32°.

(le, 9c, 10t)-1-Decalol 266 m.p. 47-48 (1it38 49°) was obtained
in 63% yield by catalytic hydrogenntionl62 of t-l-decalone 265 with
platinum in acidified (HC1) methanol.

3865°;161 55.59°) was

(1t, 9c, 10t)-1-Decalol 267 m.p. 57-59 (1it
obtained by separationl63 by t.l.c. of the major product of lithium
aluminium hydride reduction of t~l-decalone 265 which afforded a

5 : 1 mixture of 267 and 266.
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(1t, 9c, 10c)-1~Decalol 268 was not isolated but a fomrth peak
on g.l.c. (5%,Q.F.1) considered as corresponding to this alcohol

was distinguished from peaks corresponding to the three isolated

alcohols (264, 266, 267) in the mixture of saturated (i.r. checked)

alcohols resulting from hydrogenation of l-naphthol, This alcchol

58 who subsequently

268 was identified in a similar manner by Huckel
prepared it (m.p. 5500) by oxidation with ozone of cis-decalin.,

F> -Deuternted decalols 270 and 271 were required and, since
the normal method of preparation (hydrogenation of t-l-decalone 265
under acidic conditions) was expected to lead to deuterium loss or
scrambling, alternative reduction methods were investigated and
results followed by g.l.c.

Lithium aluminium hydride reduction of ketone.géj gave only
minor amounts (¢,20%) of the desired axial alcohol 266, the major
product being the equatorial alcchol géz. Separation of the two
proved difficult., Chromatography (t.l.c.) gave pure axial -266
only with considerable sacrifice of material while crystallisation
of 266 proved impossible in the presence of even minor amounts of
its epimer 267,

Use of lithium (tri-t-butoxy) aluminium hydride gave better

axial-266/equatorial 267 ratios (70/30) but conversion was rather

low ( € 50%), Lithium (tri-methoxy) aluminium hydride,
prepared in situ, gave better conversion (80%) but poorer ax./eq.
ratio (1 / 1),

164

Having regard to the success of Brown in achieving high
ax./eq. ratios on reduction of cyclic ketones with dialkyl boranes,
the ketone 265 was reduced using dicyclohexyl-borane, prepared

in situ, giving axial - 266 and equatorial - 267 alcohols in the

ratio 81/19.
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O-Deuterio~methannl was prepared by treatment of trimethyl-
borate with D,0 and this, with sodium (5%), used to deuterate
ketone 265.

Though mass spectromgtry indicated 62% d3 content for the
ketone, trideuterio ~ (1lc, 9c, lOt)-l—decalol.gzg produced from it
by reduction with dicyclohexyl borane had deuterium content 80% d3,
15% Ay, 3% d; and 2% 4. |

1-Deuterio-(1lc, 9c, 10t)-l-decalol 272 (95% dqs 5% &_ 4 no
low field proton on n.m.r.) was prepared from t-l-decalone by

reduction with dicyclohexyl-decuterio~borane,

Attempted routes to 9-Deuterio-(lc, 9c, 10t)-l-decalol 271

Hydroboration of A 1, 9 - octalin 238 gave the decalols 267
and 268 (c. 1:1) as judged by g.l.c. (5% QF1l). Use of BoDg should
give the corresponding deuteroted alcohols,but these are inseparable
by t.l.c. While it might be possible to oxidise the mixture
without deuterium loss, re-reduction would give an intractable
mixture of all four isswmeric alcohels and ketone separation
without deuterium loss is unlikely,

It was hoped to hydrilise enol esters of the type 275 or 276
in deutercnic solvents under conditions which would not give

9 -deuterium loss. It was found however that the enol-
trifluoro-acetate 275 hydrolised too readily tc be isolated, while
the enol-acetate 276 required minimal conditions (e.g. 10h, reflux
in methanol over sodium carbonate) likely to cause 9 -deuterium
exchange.

Lithium aluminium hydride™®? reduction of enol-acctate 276
gave mixed l-decalols and l-decalones (35:45 at 20O and 20:80 at
-70°C). At -70° the decalone ratios were 56-trans : 44 —cis as
judged by g.l.c. on 2% SE 30 at 900. Thus, though LiA1H4—D20 should
give deuteratcd alcchols and kctones, the difficulties would be

those discussed above for hydroboration,
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Treatment of enol acetagte 275 with methyl lithium in ether
followed by DZO quenching gave a multiplicity of products from
which it seemed unlikely that deuterated ketone could be isolated.

Routes to deuterio-decalol 271 were abandoned at this stage.

Decalyl xanthate -~ Formation and Purity

Initial attempts t- form (lc, 9¢, 10t)-l--decalyl-s-methyl-
xanthate 237, by treatment of the alcohol 266 with sodium hydride
in refluxing benzene followed by carbon disulphide and methyl iodide,
appeared on n.m.r. evidence (double s~methyl, and broad methine
pe&ks) to give rise to epimeric impurity. Use of potassium
hydroxide2 or sodamide2’28 ga—e vexry low yields of xanthate,
Nace? has reported formation of f% —cholestanyl-xanthote in 6%%
yield in an attempt to form O -chclestanyl-xanthate and, indeed,
comments that "such epimerisation .. .. may occur more frequently
than is realised and account for some reports of trang-—
elimination". Thus it was important {o find a method of
establishing epimeric purity.

Synthetic mixtures of trans~fused--l-decalyl xanthates
showed-one spot on t.1l.c., while the only gel.c. colum not
causing decomposition (SE30) gave only one peak.

The analytical method finally used was the reduction of
xanthate with lithium aluminium hydride in ether, followed by
analysis of the resulting alcchols by g.l.c. on a colum (5% QFL)
known to separate all four isomeric l-decalols. The method is not
ideal since tests showed that (1t, 9c, 10t)-1-decalol 267 (eq.)
could not be detected in admixture with (lc, 9c, 10t)-l-decalol
266 (ax.) below a limit of 2-3%, owing to peak tailing. Use of the
method showed 5-20% of epimeric impurity in xanthate 273

produced by standard methods.
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Control experiments showed that axial-l-decalol 266 was
epimerised on treatment with sodium hydride in refluxing benzene
and epimerisation continued on treatment with carbon disulphide and .
methyl iodide. Reducing temperature seriously reduced yields.

Use of a dry nitrogen atmosphere and of fresh sodium hydride,
washed free of its suspending white oil, gave significant improve-
ment., Even better results were obtained when, in addition, lower
(25-400) temperaturces were used during the period »f reaction of
the alkoxide with carbon disulphide and methyl iodide,

The above improvements were used and each batch of xanthate
was tested by hydride reduction. Only material shown to produce

> 97% of one alcchol was used in critical experiments.,

Attempts to avoid epimerisation by use of synthetic methods

similar to those reportedléGfar trithiccarbonates failed thus:-

Axial-l-decalol 266 in triethylamine or pyridine, on

sequential treatment with thiophosgene and methyl thiol, or sodium
methylmercaptide, gzve only minor amounts of xanthate 237 as
judged by t.l.c. The major product (g.l.c.) was a mixture of
octalins. Similar results were obtained on treatment of
thiophosgene with sodium mercaptide followed by treatment with
decalol 266 plus triethylamine.

The preparation and pyrolysis of N-dimethylthiocarbamates has
been reported.167 In the hope that this might avoid epimerisatiqn,
we prepared (lc, 9c, 10t)-l-decalyl-N-dimethyl-thiocarbamate 212;
The n.m.r. spectrum of 279 showed more than two methyl- and more
than one methine peaks indicating that epimerisation had

taken place.
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Octalin Standards

Powell and Whitinglﬂ

have described the analysis by g.l.c.
of octalin mixtures from pyrolysis of 1~ and 2-decalyl methyl-
carbeonates., We prepared mixtures of octalins as follows

t - Al,2 - 239 and A\ 1,9 - octalin 238 by pyrolysis of

(1t, 9c, 10t)-l-decalyl ethylccrbonote 281 3 A 1,9 - octalin 238
(90%) by sodium ethoxide treatment’® of (lc, 9e, 10c)~l-decalyl-p—
toluene sulphonate 282 ; A 9,10 - octalin 240 as major (80%)

151

procduct of phosphoric acid treatment of isomeric 2-decalols

(ex. Koch Light Lt4.) ; t+ = A\ 2,3 - 284 and t - 2 1,2 - octalin
239 by py:vc‘ol:)r.ssi:-;151 of epimeric, mainly trans-fused,2-decalyl
ethylcarbonctes 285 3 and cis-fused - A 1,2 - octalin 286 as the
major (c. 90%) product of pyrolysis of (le, 9c, 10c)-l-decalyl
xanthate _2;§_'_7_28’29. (This, anomalous pyrolysis, is discussed below).

Using the rational of Powell and Whi‘l:ingl51 it was possible,
from the above olefin mixtures, to identify on z.l.c. (15‘/’5 Ap~L,
120°) : A\ 9,10 - 240, A 1,9 - 238, t ~ A 1,2 - 239 and
1~ A 2,3 - 284 octalins. Difficulty arose over cis - D o1,2-
octalin 286 which was not separcble, in our hands, from A 1,9-
octalin 238 and over cis - & 2,3 - octalin 288 reported151 as
being inseparable from A 9,10 - octalin 238.0mn F)})-L..

The absence of apprecicble amounts of cis-fused octalins in
the mixture from pyrolysis of xanthate 237 was established as
follows: The total pyrolysis product, apparently O 1,9 - 238
and t - A 1,2 - octalin 239 was scparated on a 15% silver nitrate-
alumina columm, The A 1,9 - i‘ractign, which might have
contained cis - A 1,2 - octalin 286, was treated with excess

diborane in T.H.F. followed by Jones oxidation. Analysis by g.l.c.
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showed  1-decalone ( > 98%) under g.l.c. conditions (5% QF 1)
shown to separate this ketone and cig - and trans-fused 2-decalones
obtained by oxidation (Jones) of a commercial (Koch Light) mixture

of cis and trans-fuscd 2-dccalols.

Pyrolysis of Decalyl Esters

The apparatus and general conditions used were those described
above (p.102 ) for cyclohexylcarbinyl esters. Individual pyrolyses
are described in the Experimental Section below, Unless otherwise
stated, pyrolysis was carried out by injection of sample in ether
into the hot zone of the tube at 500° and 0.2 - 0.5 mm Hg. in a

flow of nitrogen.

Pyrolysis of (lc, 9c, 10t)-l-decalyl-S-methylxenthate 237

consistently gave, in six pyrolyses, t - A 1,2 - octalin 239 (85%)

1+

and A 1,9 - octalin 238 (15% = 3%). The corresponding -~ ethyl-

carbonate 290 gave t - A\ 1,2 - octalin 239 (90%), 21,9 -
octalin 238 (8%) and /N 9,10 - octalin (2%) in two pyrolyses.‘

The orude N-dimethylthiocarbamate 279 gave t- A 1,2 - octalin 239
(70%) and A 1,9 - octalin 238 (30%) in one run, A1l percentages
were determined by g.l.c. on 15% Ap - L at ¢gg to '1000.

The relatively small amounts of anomalous product _Z_LB'and the
presence of 240, expected from catalysed rearrangementl5l, in the
carbonate 290 case, led us to concentrate on the xanthate py:r'olysis‘.

Pyrolysis of (le, 9c, 10c)-l-decalyl xanthatc 287 (m.‘p- 86-87°,l

1it298 87°) gave cis - A1,2 - octalin 286 and, on n.m.r. evidence,

AL9 - octalin 238. Integration of signal from AN 1,9 -
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olefinic proton against that from A:'l,Z - octalin protons
suggests about 12% of Z} 1,9, A similar result is reported by

28429 ( N1,9 - 10%, A 1,2 - 90%) and Wniting™’T reports

Hucleel
a similar apparent anti-elimination on pyrolysis of the corresponding
methylearbonate (A 1,9 - 25%, A 1,2 - 75%). This pyrolysis was
not further studied because g.l.c. geparation of the two olefins
produceld was not achieved. |

Pyrolysis of (1%, 9c, 10t)-l-decalyl xanthate 280 gave in our
hands A 1,9~-octalin 238 (60%) and t - A 1,2-octalin 239 (20%) .

Pyrolysis of 2,2,9 - trideuterio - (lc, 9c, 10t)-l-decalyl-
xonthate 241 (5‘368, dzls, ;10 and d_6%) gawe (g.comes.) A 1,9 -
octalin 281g(20% ; d32? 4,54, 8,34 and ao9%) and £ - 1,2 -

octalin 282 (80% ; 450, 4,65, 4,25 and d_ 154). On n.m.r.,

3
unlabelled A 1,9 - octalin 238 shows a broad singlet at 5.35 ppm
while the labeled 281 has a sharp singlet (5.35). The material
282 has asharp singlet at 5.48 p.m.m. A secondpyrolysis gave 281
20% and 282 80% with mass spectra almost identical to those above.
While the above results already rule out ¢ -elimination4o,
l-deuterio—(lc,9c,10t)-1-decaly1 xenthate 244 (dlgz%) was pyrolised
giving A 19 - octalin (18%, T3% dl) and t - 1,2 - octalin
(82%, 80% al)-.
The apparently sisnificant deuterium loss on formation of
AN1,9 - octalin from 244 can be partly cxplained thus @
Equatorial xanthate which should have dl content of zero may
account for up to 5% of total xanthate (d,82%). This will give
A1,9 = and 41,2 - octalin in the ratio 60 s 40 and so arcund
3/20 of A 1,9 - octelin will have 4 = O while the remainder

has d, = 82 (approx))giving a net deuterium content of around 70%.

1
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The N 1,9 = octalin, supposedly 283 was separated by
chromatography (15% silver nitrate-alumina) and hydroborated in T.H.F.
Oxidation and mass spectrometry, after the usuval work up, showed |
decalone (M*' 152). Accurate deuterium content could not be
established, owing to contamination of sample, but was less than 10%,

indicating that the olefin had the expected structure 283,
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DISCUSSION

Pogsible Mechanisms of Avparent Anti-Elimination

From the results above on pyrolysis of trideuterio-xanthate 241
and l-deuterio-xanthate 244, it is obvious that neither 1,3 -
elimination with 2 - H shift ($99-100), which would. require the
formation of d5 - octalin from 24f, nor c4_ ~elimination (p.99-1oo)
which would require do - A 1,9 = octalin formation from 244, can
explain the apparent anti-elimination in (le, 9c, 10t)-l-decalyl
esters. Let us then consider alternative explanations.

Nace2 has suggested that mony apparent anti-eliminations may
arise through epimeric impurity in starting ester (see D 107 ).

Since the epimer, (1t, 9c, 10t)-l-decalyl xanthate 280 gave

ALl,9 - octolin and t© - A 1,2 - octalin in the ratio 3-2,
to account for 15% of  ,A1,9 - octalin in pyrolysis of the
(lc, 9c, 10t) - xonthate 237 on the basis of epimeric impurity one
would require 25% of such impurity. Analysis by the hydride
reduction procedure showed that the limit of epimeric impurity was 5%;

TIn the case of (1lc, 9¢, 10c) - xenthate 287 the sharp (86-87C)
melting point alonc indicetes a high degree of purity.

Since epimerisation might osccur under pre-pyrolysis conditions,
the (lc, 9c, 10t) - xanthate 237 was pyrolised (a) at lower (300 -
35000) temperatures and higher nitrogen flow rates and (b) in an
evacuated scaled tube at 180-210°C for 20 min. Both of these
methods resulted in about 50% recovery of xanthate. The olefins
were once agein in the ratio 5 - 6/1 and the recovered xanthate
appeared identical by n.m.r., i.r., and hydride reduction (g.l.c.)

with starting material. Repeated partial pyrolysis of recovered
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xanthate gave identical results,

Thus it seems unlikely that xanthate isomerisation is
responsible for the anomalous product. The possibility that
xanthate 237 isomerises to a material which then pyrolises much
faster than the original, and is hence not detectel, cannot

entirely be ruled out,

A second source of apparently anomalous pyrolysis products
appears (on examining the literature) to lie in incoirect
characterisation of olefin products., The g.l.c. scheme (pqog )
for detecting tﬁe octalins, however, seems foolproof and well

151

tried anéd the isolated products have the expected i,r, and n.m.r,

characteristics,

A third serious possibility is that the anomalous 1521,9 -
product arises by isomerisaticn of the normal A 1,2 - product.
Pure t - 125_1,2 - isomer 239, scparated by AgNOB/alumina
chromatography, was passed through the pyrolysis system under
pyrolysis conditions (a) alone and (b) in the prescnce of a large
excess »f cthyl-S-methyl xanthate 284 and dimethyl-trithio-
carbonaiell 285, 1In no case wac isomerisation detected ( j?’ 0.5%)
in one run. Three runs of olefin alone gave 2-3% of A1,9 -
olefin, but D 9,10 - olefin, not present in the original
pyrolysis, also appeared in increasing (2-5%) amounts. Thus,
igomerisation of major product,t=A 1,2 - octalin does not account

for the anomalous A 1,9 - olefin,
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A fourth possibility is that authentic A 1,9 - olefin‘
might arise from authentic (lc, 9c, 10t) - xanthate 237 through
surfacc catalysed processes. McC0118 in his review of halide
pyrolyses covers such processes in detail and Djerassill reporting
on 2-methylcyclohexyl-ester pyrolyses also refers to the possibility
in xanthate pyrolyscs.

Such a course scems unlikely in the case of (le, 9c¢, 10t) -
xanthate 237 when one considers the very similar results obtained

by Hucke128, who distilled the product olefins (238 20%, 239 80%)

slowly from molten xanthate at atmospheric pressure and 205-210°C
and those qbtained in this work employing vepour phase pyrolysis at
500O and 0,5 mm Hg, reaction occurring in 0,5 - 3 sec. Similarly,
changes in tcmperature from BOOO to 5500, in pressure from 0.06 to
1 mm Hg and in scale (5 - 1, 140 mg) in the same system, have little
effect on product ratios as does the conduct of pyrolyses on either
fresh or repeatedly used tubes and packings; The sealed tube
pyrolysis at 180 - 2100alsc gove very similar results.

Since the normal pathway leading to t = A 1,2 - olefin is
open to (le, 9c¢, 10t) - xanthate 237, involvement of hetrogeneous
processcs in thg, formation of A\ 1,9 - olefin should lead to
large variation8’11’53 in product ratios with changes in pressure,
surface to volume ratio and the age and condition of pyrolysis
tubes. This, however, is not observed.

5161811 }ve considered pyrolytic climination

A
Some authors™’
to occur through a non concerted path where the first step is

homolytic or hetrolytic cleavage of the ¢-0 bond of the ester.
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Such routes might account for the anomalocus product ( 2 1,9-
octalin 238) in this case (sec schemes 81 and 82). We have wgucd
against such routes in the Introduction of this thesis (p.2, 22).
The main argument is on grounds of activatiom energy which must
not exceed that of nofmal pyrolysis (30 - 40 Keal/mole) by more
than about 5 Kecal if the anomelous proiuct is to be observed in
the presence of normal product, It is difficult to sec how, if
the ester radical (scheme 81) or ester cation (scheme 82), is to
move round to the opposite face of the molecule to abstract the
9-hydrogen, the encrgy can be less than the bond dissociation

16

energy (86 Kcal/mole for homolytic ~, and 220 Keal/mole for

hetralyticl6 fission),

The final mechanism for anti-elimination to be considered
here is that it is a (a,s,a) concerted elimina’cioﬁ3 (see
Introduction p. 8) as showm in scheme 83, From a model it can
be secn that the thiocarbonyl group in (lc, 9c, 10t) xanthate 237

(gnd (e, 9c, 10c) -xanthate 287)can approach the anti-9-hydrogen
fairly closely and, though the geometry is not optimal for overlap,
it can be improved by distortion of the O’ -bond framework.

So little is known of transition state energetics of concerted
reactions that it is impossible to say what effect poor overlap

or G’ -bond distortion would have on activation energy.

pac==_Y

None of the above suggestions readily explains the observed
anti-eliminations occurring on pyrolysis of decalyl} esters though
the last (concerted (a,s,a) = elimination) is preferred by this

author. A more rigorous examination of this and other suggestions
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is required, particularly a thorouch refutation of'the involvement
of surface catalysed radiczl chain processes, perhaps by
detailed kinetic investigation, Such work wpuld have required
a great deal of experimental cffort and time, It was therefore
regretfully decided to asbandon this investigation and
concentrate on the experimentally more accessible problems
in the fiecld of adamontanoid chemistry described in the

foregoing sections of this thesis.
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11T EXPERIMENTAL

General experimental conditions used were as described
for Experimental II (p.70).

Cyclohexylcarbin01152 246

Cyclohexyl magnesium chloride, prepared from chlorocyclo-
hexane (14.5g) and mognesium (3.3z), was treated with excess
formaldehyde yiclding, after distillation (75-77°C, 13 mm Hg)
cyclohexylearbinol (8.2g, 59%) b.p. 90° at 18 mm Hg‘(lit152
88 - 930 at 18 mm Hg), t.l.c. homogeneous. G.c.m,s. shows
major component (98%) Mt 114 and minor component (2%) correspond-
ing to cyclohexanolM'100; n.m.r. 8 3.42 (2H, @ J = 6); 2 - 0.8
(128, m) 3 i.r. (liq. film) 3420, 1030, 1040 o

Methyleyclohexylearbinol 2527 1" 49

Acetophenone (60g) in 50 ml ethanol containing 5 ml 10%
acetic acid wos hydrogenated at 95 - 100°C and 100 Kg./cm? for
two hours in the presence of rutheniun (as O;Sg Ru0, -

Johnson Motthey Ltd). The liquid reaction mixture and autoclave
washings (CHClB) were distilled at reduced pressure. After
solvent and a small fraction (v.pt. 185-187;A76O mm, Hg.) had
boiled off, the remainder of the mixture (61.5 g, 96%) came over
‘as an oil (b.p. 189-1920) '

homogeneous by t.l.c. and z.,l.c. (1% SE30, 1% Ap-L, 5% QFLl);

i.r. (Lig.film) 3383 emt no aromatic or carbonyl peaks.

Cyclohexylcarbinyl acetate»22317

Cyclohexylcarhbinol (5g) was treated with acetic anhydride
(15 ml) in the presence of sodium acetate (3g) at 100° for
2 hours. The total mixture was put onto a colum of grade II
alumina (200 g) and eluted with benzenec, The first 200 ml of

eluant was distilled at reduced pressure leaving a clear oil,
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+
g.C.m,8, : major component (97%) M 156 base pesk m/c 9%
minor component (2-3%) M' 142 base Vm/c 82
i.r. : 1735, 1240, 1038 on™t

W1
Methyleyclohexylcarbinol acetate 20g 11149

The alcohnl 252 (QOg) was treated with acetic anhydride
(45 ml) and sodium acetate (4g) for 2 hours at 100°C with
stirring, The mixture was distilled yielding 21g (79%) of a
clear oil (b.pt. 203 - 204°C / 760 mm. Hg.)
t.l.c. (benzene) : one spot Rf 0.5
g.l.c. (1% 4p - L 90°) : One peak
nemr. : O 47,018 M) 2.0,(35 s ); 115,038, d 5-6)
fur. ot 1732, 1242 om

Cyclohexylcarbinyl-p~toluenesulphonate 247

To the alcohol 246 (5g. 0.044 mole) in dry pyridine (20 ml)
at 0°C was adled, with stirring, p-toluenesulphonyl chloride

(10g, 0.053% mole)
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(10g, 0.053 mole). The resulting yellow solution was stirred
for 15 min and set aside at 400 for 2 days. The contents of the
flask were then poured onto z mixture of ice (20g) and conc.
hydrschloric acid (15 ml) and the flask well washed out with
water, On stirrings for 15 min, the resulting solid was
collected by filtration, washed with icé-water, redissolved in
ether and seguentially washed with dilute hydrochloric acid,
sodium bicarbonate solution and brine. Drying over sodium
sulphate and evacuating to dryness gave an o0il (0.3g) which on
recrystallisation (petrol at —7OOC)‘gave colourless plates (7.2g)
mp. 30.5 - 31.5° (11t19351 - 31.5°); nonr. : & 7.5,

(48, quartet); 3.8(2H, d ); 2.43(3H,s) 2.0 (11H, n).

Methylcyclohexylcarbinyl-p=tolucnesulphonate 253

The method used was the same as that described above for
cyclohexylcarbinol, The alcohol 252 (4.6g, 0,036 mole), in
pyridine (20 ml), treated with p-tolucnesulphonyl chloride
(7.6 g 0.042 mole) for 2 Aays gave, after recrystallisation,
needles (7.1g, 70%) m.p. 25.5 - 26.5°; n.m.r. é; 7.45 (4H,q);
A.42 (1H, m) 5 2.42 (3H,s) ; 2.3 - 0.6 (14 H, m) includes
doublet (J = 6) at 1.2. (Found C, 63.7; H, 7.96 requires
C, 63.8; H 7.85%)

17,155
1 - Methylcyclohoexanol 248

To 5g. (0.21 g. atom) magnesium turnings in 10 ml ether
in a flamed dry, 100 ml, three-necked flask fitted with droppigg
funnel, magnetic stirrer and reflux condenser with drying tube,
was adled a crystal of iodine and 10 ml of a solution of 21.3g
(0.15 mole) methyl iodide in 30 ml ether, The flask was heated

till reaction started and the remainder of the methyl iodide



121

solution added dropwise so as to maintain steady reflux.
Reflux and stirring were continued for 1 hour, heating the
flagk as required.
Cyclohexanone (9.8g, 0.1 mole) in ether (20 ml) was then
added dropwise over 20 min and the mixture stirred for 2 hours.
After hydrolysis in ice (20g) and sulphuric acid (50 ml,5M),
the product was extracted into ethergwashed with agqueous
sodium bicarbonatc, dried over sodium sulphate and evacuated
to dryness, yielding a clear oil (9.5z) b.pt. 152-155 (Lit 27 +17

1550) s i.r. ¢ (Liq, film) 3250 cm—l, carbonyl absorbiion absmnt.

1-Ethylcyclohexanol 254

The method used was the same as that described for
1-methylcyclohexanol above., Ethyl bromide (25g, 0.23 mole)
was treated with magnesium (8g, 0.28 g. atom) and the resulting
Grignard trerted with cyclohexanone (17.6 g, 0.18 mole).
Hydrolysis on ice/sulpluric acid yielded after extraction and
drying a clear oil (14g, $0%) homogenecus by t.l.c. and g.1.c.
(1% SE30, ApL); i.r. 3460 — carbonyl absorbtion absent,

7
1—Met§ylcyolohexen9155’15' 224

To l-ncthyleyclohexanol (2g, 0.0175 mole), in a 5 ml flask
with a Vigreux colum and collection condenser, was added iodine
(2.5g, 0.0L mole) and the flask placel in an oil bath at 190°¢,
Fractions, collected over the range 70—8900, were found to
geparate into a colourless aqueous layer and a red organic
layer. Comparison (t.l.c.) of th: orgenic layers sthed them
+o be identical. The combined fractions, in pentane, were
washed with ag. sodium bisulphite then brine and dried over
godium sulphate., Removal of solvent at reduced pressure gave

79, 15 o
0.7g of a colourless mobile ligquid b.pt. 108-110°6f§t >1 1107 )3
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7 0 ’ -
gelec. (15% AP~L, 120°) - One peak ( > 90%)3 i.r. 3020, 800 cm L

9
n.m,r, 8 5.4 (1H,m), 1.65 broad singlet.

1~Ethylcyclohexene 229155

The method used was the same as that described above for
l-methylcyclohexene_ggi. 1-Ethylcyclohexanol (23; 0.016 mole)
was treated with iodine (2g 0.008 mole) at 19O~20000. Fractions
boiling at 75-11000 were collected., These gave; on yrification
as above,1.0 g of a mobile ligquid s i.r. 3015.920 cm~1; N.M, T

& 5.4(1H, m) ; 2.2-1.3 (10Hm); 0.95 (3H, t, J = 6); a.l.c.

(30% silvernitrate in triethyleme ¢lycol ~ celite), 80% one peak

Ethylidene cyclohexane 228 and vinylcyclohegeue. 227

Methylecyclohexylcarbinol (1z, 0.0078 mcle) with iodine (1.27 s
0.005 mole) was heated at 130°, Fractions boiling at 82-96°C
were collected yielding, on treatment as before, 0.4 g of

a volatile oil, N.m.r. shows methyl triplet (sec 1--ethylcyclo-
hexene alove ) and o methyl doublet ( 8 1.15). Absorbtions
in region 8 5 - .1 are complex, G.l.c."(BO% 11@J03/trieth;r1§ne
glycol 25°C), shows three peaks (a) 80%, tp 9.4 nin (v) 15%,

tp 14 min and (¢) 5% ty 26 min. The peak (a) corresponds %o
l-ethylcyclohexene 229 (b) corresponds to the minor product of
methyleyclohexylcarbinyl acetate pyrolysis (prescmably ethyl-
idenecyclohexane) and (¢) to the majowr product of the same
pyrolysis (presumably vinyleyclchoxane). The peak order is that
<a}cp<3<'31;ec115"7 on the basis of interaction of Ag+ with the olefins,

Methylenecyclohexancl54 225

The preparative method used was that described in detail
by Coreyl54 whereby cyclohexanone (10.8g, 0.11 mole Jygy: treated
with triphenylpkosphino—methylene«ylid repared in situ’by

treatment of methyl-triphenylphosphonium bromide (35.7g,o.1o mole)
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with sodium hydride (0.1 mole) in dimethylsulrvhoxide. The .
yield waz 4,8z (50%) of methylenccyclohexane b.pt. 34-36°/5
rm Hg (litl54 %20/ 7 m Hz); g.l.c. (15% LP-L) One peak;
i.,r. 3015, 900, 865 cm~1; n,m.r. 6 6.6,(2}1, sharp s).

. - . 156
Hethylcyclohexene isomerisation ?

Methylenecyclohexane (100 mg) was injected in a stream of
nitrogen into a silica tube (70 X 1.5 cm) filled with granular
alumiﬁa and heated to BOOOC. The tube effluent on condensation
in an acetone/s0lid CO2 trap yielded 93 mg, of an olefin
mixture consisting of (il.c. comparison on 15% AP-L)
methylenccyclohexane (45%), l-metlylcyclohexene (35%) and two
other peaks (15% and 10%).

156

Ethylcyclohexene isomerisation

Use of the method described above for methylcyclohexane
iscmerisation when applied tc¢ the product of debydration of
methylcyclohexylcarbinol (100 mg)(see p.122) gave material
which on g.l.c. (30% AgNOB/triethylene elycol/celite) showed
the presence of vinyleyclohexane (2%), ethylidenecyclohexane
(35%)s l—ethylcyclohexene (40%) an® one other peak (c 20%);
Repassage of material through the furnace as before showed
no further peaks,

Pyrolysis of cyclohexylcarbinyl acetate 223

(Apparatus as in dioZe 49B, p.73,but with a tube 70O x 1.5 cm )
The acetate 223 (0.5g, 0.003 mole) was distilled over

a pericl of 30 min through a silica tube (70 X 1.5 cm) lightly

packed with glass wool and clectrically heated along 60 em of

its length at 500°C (¥ 10°C), & forwerd flow of nitrogen at

0.5 mm Hg was naintained throughout. The product, collected
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in a liquid nitrogen cooled 'U' tube, was taken up in
igopentane, washed with aq. sodium bicarbonate and dried over
aodium sulphate., The solvent was distilled@ off through a
vigreux colum at atmospheric pressure leaving 0.19g (61%

of theory) of clear oil, Use of i.r. showed absence of carbonyl
ebsorbtions, n.m.r. : & 4.6 sharp singlet integrates for 2H,
g.l.c. (15% Ap - L 100°) Two peanks were observed the major
(95%) corresponded on cross injection to methylene cyclohexane
and the minor (5%) to cyclohexene (see p.119 ). No 1=
methylcyclohexene was observed ( £ 0,1%) its expected
retention being checked by cross injection of authentic
material. Use of a 30% AgNOB/triethylene glycol g.l.c.

colum showed only two peaks as above.

Pyroclysis of methylcyclohexylcarbinyl acetate 226

The apparatus method of pyrolysis and
treatment of product were identical to that described above
for cyclohexylcarbinol acetate 223, 0.5 g of ester yielding
0.25g of product. Examination of product (g.l.c.) showed c,20%
unchanged ester. The olefinic material was seperated by
chromatography on 10g of Grade II alumina being eluted with
50 ml of isopentane. Removal of solvent as described above‘
ave 0.12g (37% of theory) of o clear oil; n.m.r. & 6.1 - 4.8
milti-line system; g.l.c. (30% AgN03/triethylene glycol/celite)
shows twc peaks (a) ty 14 min, (35%) corresponding to
ethylidenecyclohexane and (b) tg 26 min (65%) corresponding
to vinylcylohexane. 1-Ethylcyclohexcne (tR 9;4 min) was

absent ( < 1%).
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Pyrolysis of cyclohexylcarbinyl-p~toluenesulphonate 247

The apparatus , method of pyrolysis and initial
treatment of product were those described above for pyrolysis
of the acetates (223, 226). The sulphonate (3g) gave a
brown oil (2.0 g) which gave,on distillation (98-103°, 760 mm Hg),
an 0il (0.67z, 62%); g.l.c. & (15% ap-L 100°) showed four major
and one minor ( ¢ 5%) peak. The major peaks corresponiled to
those obtained by isomerisation of methylene-cyclohexane
(see p. 123),

The above pyrolysis and product treatment was repeated
twice with similar results the combined olefin ratios are
discussed above (see p.103 )

Pyrolysis of methylcyclohexylcarbinyl-p-toluenesulphonate

The apparatus, methol of pyrolysis and initial treatment
of product were the same as those described above for the
pyrolysis of the acetates 223, 2206,

The sulphonate (0.8g) gave a brown oil (0.4g) which on
t.l.c. showed the presence of unchenged gulphonate and more polar
material. Column chromatography on 10g Grade III alumina
gave, on elution with isopentans (50 ml), 0.2g of a clear oil,
G.l.c. (30% Az NOB—celite) showed four major peaks which
corresponded in retention with those obtained on isomerisation

of ethyleyclohexene isomers (see p.123 ).
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EXPTL. III CONT. = DECALYL SERIZS

Hydrogenation of l<Naphthol 260

(a) l-Napﬁthol (10g; vaccuum distilled and recrystallised from
ethanol, m.p. 96-97°) in ethanol (200 ml) was hydrogenated at 100 Kg
/bmz and 50o for 6h. in an autoclave (which had been thoroughly
washed with distilled water and ethanol), over Rh-alumina (lg, 5%).
Distillation of the filtered mixture gave mixed decalols (9.7g) b.p.
120-125 (13 mm Hg) (1it % 119-127, 13 mm Hg). Recrystallisation
from benzene (three crops) yielded (lc, 9c, 1Oc)-l-decalol (6.9g, 64%)
mep. 91-92° (1it2° 93°) i.r. 3620, 1450, 1060, 1032, 942 cm  j

n.m.r. {CDC1_ - D20) 5 3.7 (lHm) ¢ 2.2 = 1.2 (16H m).

3
(b) Attempted hydrogenation of 260 (10g) over ruthenium dioxide

’
(0.5g) at 100 I(g/cm2 and 20°C in ethanol gave as judged by t.l.c. and
gel.c. (5% QF1, 100°) unchanged 260 ( > 90%). Preparative t.l.c. of
a sample gave a2 minor product apparently l-naphthyl-ethyl-ether;

i.r. 3055, 1600, 1582, 1465, 1392, 1272, 1242; n.mr. § 8.4-6.6
(74, m) ; 4.2 (2H, q J = 6.2) ; 1.5 (3H, t J = 6.2).

- . 159 . 2
(c) Hydrogcnation of 260 (10g) in ethanol (150 ml) at 110 Kg/cm
and 20° for Sh. over Rh-carbon (1lg, 5%) gave (t.l.c.) one product (30%)
in addition to starting material. Preparative t.l.c. of a sample

o
yielded 5, 6, 7, 8 - tetra hydro-l-naphthol m.p. 66-67  (from
1199 68°%); 6 00, 660 cm 1;

ethylacetate-petrol) (1lit 687); i.r. 3602, 3020, 1575, 700, cm
NeMeXs 8 7.4-6.4 (3H, m) ; 4.6 (1H, s exchanges in DZO); 2,65 (4H,m);
1.8 (lfH, m)o
(d) Hydrogenation of 260 (5g) in ethanol (50 ml) at 3 - 4 Kg/cm

and 20°, over Rh-alumina (1g,5%) gave, after 12h, 5,6,7,8, - tetra-

hydro-l-naphthol (5g, 98%).
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(e) Hydrogenation of 260 (5g) in acetic acid (20 ml) at room
temperature and pressure over platinum (0.lg, Adams) gave (f.l.c.)
three products which appeared (i.r.) to be a mixture of saturated
alcohols (3620 cm_l), unsaturated alcchols (3602, 1575 cm-l) and
acetates (1730 cm—l)°

t-1l-Decalone 265

1-Tetralone (12g) in ethanol (50 ml) was hydrogenated over
rhodium-alumina (2g, 5%) at 20°C and 6 Kg/cm2 for 12h. The crude
product on filtration and solvent removal was oxidised (Jones).
Reaction and work-up in the usual manner gave an oil (11.5g) which
on gl.c. (5% GF1, 110°) showed two peaks {25%, tR 2.6 min
1~ tetralone and 75%, tR 4,2 min l-decalone)., The o0il was stirred
with saturated aq. sodium bisulphite for 4h. and left at 0° overnight,
The mixture was filtered, the solid washed with ether, and the filtrate
retreated with bisulphite (5g.). 7The coembired =olld was dissolved
in saturated aq sodium carborate (100 ml) which was then extracted
(twice) with ether. Evaporation of the washed and dried ether
layers gave an oil (5.9g). G.l.c. showed : (5% QFl, 110°) one peak
(tR4.2 min) 3 (2% SE 30, 106°) two peaks (&/1, tR 3.8, 4.1 min).

The oil was refluxed with 5% sodium in methanol for 1lh,
extracted into ether, washed, dried and evaporated. Recrystallieation
from pentane at -10°C gave 265 as plates (4.6g) m.p. 31-33° (lit.158
33°); i.r. 1712 cm-l; mass spec. M 152,

265 ~ M.p. 31-330 was also obtained by Jones oxidation and base

treatment as above of mixed l-decalols resulting from hydrogenation

of l-naphthol 260 (above).
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(lc, 9c, 10t)~l-Decalol 266 and (1t, 9c, 10t)-l-Decalol 267

t-l-Decalone 265 (2.95g) in methanol (50 ml) containing one
drop conc. HCl was hydrogenatedl62 at room temperature and pressure
over platinum (O.4g, Adams) for 3h. Gel.c. (5% oF1, 60°) showed
a major (80%, to 5.6 min, 266) and a minor (20%, to 6.6 min 267)
peak. Crystallisation (ethyl acetate-petrol) gave (lc, 9c, 10t)-1-
decalol (1.85g, 63%) m.p. 47-48° (1it20 49°).

Preparative t.l.c. of the mother liquors yielded two bands
(a) (less polar) 266 as above (0.klg, 14%) m.p. 46 - 48° and
28

(b) (1t, 9c, 10t)-l-decalol 267 (0.5g, 17%) m.p. 57-59° (1it™ 63°,

1101 58-59.5°).

1
The alcohol mixture 266 and 267 was also obtained, by reduction
with alumino-hydrides of t-l-decalone 265 (50 mg portions) yields and
product ratios were determined by g.l.c. (5%GF1, 60°).
Lithium aluminium hydride in ether at reflux for 3h. gave, as
L. .162 , .
reported by Moritami® , the decalols (c.100%) 266 and 267 in the
ratio 1 : 4,
v . .. ., 170 .
Lithium tri(t-butoxy) - aluminium hydride in refluxing THF
overnight gave (60% yield) 266 and 267 in ratio 7 : 3.
R . . ., 170 - .
Lithium tri(methoxy) - aluminium hydride was prepareq in situ
using 1 ml of c. 1M, lithium aluminium hydride in ether and 1 ml of
ce 3 M dry methanol in ether. This in refluxing ether cvernight gave
(c. 80% yield) of 266 and 267 in ratio 1:1.
Use of dicyclohexyl borane (see p. 129 ) gave (75 - 90% yield

on three attempts) 266 and 267 in ratio 4:1.
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O =~ Deuterio = methanol

Trimethyl borate (104g) was refluxed overnight with deuterium
oxide (68g) in a flamed dry flask fitted with magnetic stirrer,
reflux condenser and balloon seal., Distillation (with stirring at
60 - 80°) gave the alcchol. N.m.r. of methanol showed . ) 4,78
(integrates 1 unif); 3¢35 (3 units). The deuterated alcohol showed
4,75 (1 unit), 3.35 (64.5 units) consistent with 3 95%
deuterium content.

2,2,9 - Trideuterio~t-1-Decalone

t~l-Decalone (980 mg) was heated at reflux for lh. with 5%
sodium / deuterio - methanol (10 ml). The solvent was removed and
the residue azeotroped with dry benzene. The process was repeated.
The residue in dry ether (10 ml) was washed with two 2 ml portions
of DzO and the ether layer filtered through a plug of freshly
roasted magnesium sulphate. Removal of solvent gave an oil (960 mg)
which by mass spectromctry had d3 content of 62% (alcohols
subsequently produced from this had higher d3). N.m.r. (benzene)
showed O 1.8-0.8 (m). t-l-Decalone 265 showed 92.3 - 2 (3H, m};
1.8 - 0.8 (13H, m).

2,2,9 - Trideuterio - (1t, 9c, 10t) = 1 - Decalol 270

To a solution of sodium borchydride (380 mg, 10 m mole) in
diglyme (20 ml), stirred at 0° under nitrogen in a flask fitted with
dry-~ice/acetone reflux condenser, was added, through a septum, cyclohex-
ene (1.97g, 24 m mole) and, over 15 min, boron trifluoride etherate
(1.7g, 12 m mole). The solution was stirred at O0 for 2 h,

Trideuterio ketone 265 (912 mg, 6 m mole) in diglyme (5 ml)

was added and the mixture stirred at O0 for 2h and room temperature
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overnight. Hydrogen peroxide (5ml, 34, NaOH and 5 ml 30%
H202) wos added dropwise with stirring and stirring continued
at 40-50O for 30 min and room tenperature for lh., The
reaction mixture was “iluted with ether (100 ml) and washed
with water (twice) and brine before drying over magnesium
sulphate, Removal of solvent and preparative t.l.c. gave the
alcohol 270 m.p. 16-48° (500 mz, 54%); n.m.r. }; 3.72
(sharp singlet, 1H). Mass spectrometry showed, on corrcction
for M + 1 and M + 2 from the svectrum of undeuterated material,

dy 80%s dy 15%, dy 3y d 2%,

3
1-Deuterio=(1c,9¢,10%)~1-Decalol 272

t-1-Decalone (304 mg) was reduced with a two-fold
excess of dicyclohexyl deuterio-borane preparsd in situ from
sodium borodeuteride (125 mg), cyclohexene (656 mg) and boron
trifluoride etherate (568 mg), in the manner described above
for trideuterio-l-decalone, yielding alcohol 272 m.p. 46--48O
(190 mg, 62%). N.m.r. showed absence of carbinol proton. Mass
spectrometry, using the usual corrections from spectrum of
unlabeled material 266, showed 4y 95%, d, 5%,

Attempted Routes to 9-deuterio-l-decalol 271

(2) Hydroboration of Als9 - octalin 238 (10 mg) in
tetrahylrofuran using 1 ml of 1M diborane solution (Alpha
Inorsanics) and work up in the usual manner gave (95% yield
by g.l.c., 5% QFL at 60°) decalols 267 and 268 in the ratio
3:2, Other decalols accounted for 5% of product.

(v) BEnol-trifluoroacetate 275 was preparcd by reflux in

ether for 8h of t-l-decalone (152 mg), trifluorocacctic anhydride
(630 mg) and trifluoro-acetic acié (10 mz). Removal of

volatiles left a clear oil (272 mg, V max, 1785, 1678 cmfl).
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The 0il, stirred in water - THF 1:3) for 10 min gave on
extriction into ether, washing anl drying, an oil (V max
1710 cnfl).

The preparation was repeatel and attempts made to
purify the trifluoro acetate by micro-distillation, This and
preparative t.l.c. led tc substantial ketone (V max 1710 omfl)
contamination.

171
(c) Enol-acetate 276 was prepared accorling to House T ’

171

b.p. 65-70° (0.3 mm Hg) (1it™ '~ 68-79° at 6 mm); i.r. 1750,

1695 omY; nomr. O 1.92(3H,s)  ( 1iti '+

1750, 1695 om
1.93 (3H,s) )
The mildest conditions found to hydrolise the enol-acetate
(to 50% by t.l.c.) were reflux in methanol over sodium
carbonate for 14 h,

Treatmentl7l

of the enol acetate (120 mg) in cther (15 ml)
with methyl lithium (1ml, 1M in ether, Alpha Inorganics)
gave at least six products as judged by t.l.c.

Enol-acetate (120 mg) in ether (10 ml) was treated with
excess lithium aluminium hydride (1 ml of 1M solution in ether)
in a modification of the method of Daubenlssc After stirring
for 10 min at 20°%, the usual work up zave (as judged by g.l.c.
on 5% QFl at 60° on comparison with authentic materials)
enol-acet ate 276 (10%), mixed l-decalones (45%) and decalols .
264 (10%), 266 (12%), 267 (21%) and 268 (2%).

Reaction on the same scale for 20 min at —700 gave, as
before, enol acetate 10%, l-decalones (82%) and mixed 1-

; O
décalols (8%). The decalone portion was shown (2% SE 30, 110 )

to consist of trans (56%) and cis(44%)compounds.
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(e, 9c, 10t)-1-Decalyl-S-Methyl Xanthate 237

The most successful method, used tov produce xanthate for
pyrolysis experiments, is described first, Initial attempts
are described loter.

To a flamed, 25 ml, twec necked flagk fitted with rubber
septum, magnetic stirrer, reflux condenser and balloon seal,
was added sodium hydride (240 mz, 10 m mole) and dry benzene
(5 ml). (The hydride had previously been suspended in dry petrol
and filtered through sintered glass under nitrogen), The system
was flushed with dry nitrogen anl? the nitrogen atmosphere
maintained., The alcohol 266 n.p. 48° (860 nz, 5.6 m mole), in
benzene (5 ml), was injected and the mixture stirred at reflux
for 12 h. On cooling, carbon disulphide (2 ml) was added and the
oranze mixiure stirred at 500 for 14h, Methyl iodide (3ml) was
then added and stirring continued at 40—50O for 48h. The cooled
mixture was filtered through celite being washed with benzene.
On solvent removal, preparative t.1.c. gave a yellow cil (890 mg,
65%). With care a portion of xanthate could be extracted, free
of the bright yollow contaminant, as a colourless oil., This,
though crystallising frem methanol at -10°, melted below 5°C;
i.r. 2925, 2928, 1450, 1250, 1223, 1131, 1063, 1052, 1036, 980,
95, 916 emt; nomer. 8 5.74(1H, m); 2.54 (3H, s); 2.3-0.8
(16H, m); mass spec. M# 244, Dbase peak-g 1%6,

Reduction of a sample (20 mg) with excess lithium aluminium
hydride in refluxing ether for 5h, showed on g.l.c. (5% QFl, 600),

after the usual work-up, decalol 266 (98%) and decalol 267 (2%).
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Micro-Cistillation yielled bright yellow dimethyltrithio-
carbonate’l 285 (30 mg) b.p. 70-80°, 0.5 mn Hg; M’ 138; n.m.r.
% 2.76 (s).

Preliminary Experiments on Formation of Xanthate 237

Xanthate preparation, along the lines described above, was
attampted using 1.5 fold, 3 fold and 5 fold excess of sodium
hydride in air. Yields of xanthate by preparative t.l.c., were
15%, 35% and 2% respectively. The n.m.r. spectrum of each batch
showed impurity in the region of the Cl-proton ( & 5.74) and a
minor extra methyl peak ( 8 2.53)- Hydride reduction of a
sample showed decalols 286 (85%) and 287 (15%).

Refluxing a sample (20 mg) in 5% methanolic potassium
nydroxide or in 2% methanolic - HC1l for 8 h., gave larger ( > 20%)
yields (by g.1 .c., 5% QFl) of 287.

The alcohol 266 mp. 48" (50 mg) was treated with solium hydride
(100 mg) in refluxing benzene for 48 h, water added and the organic
layer extracted washel ani dried, Zinalysis by g.l.c. (5% QFl) showed
decalols 266 (75%) and 267 (20%) and l-decalone 265 (5%).

The above treatment of alcohol 36_6 under nitrogen using
solium hydride in oil showed 266 (90%), 267 (9%) and 265 ( .c. 1%).
The process repected using fresh, oil-free sodium hydride

under nitrogen showed 266 ( > 96%).

Attempted Alternative Preparations of Xanthate 237

1-Decalol 266 m.p. 48° (20 mg) in triethylamine (1 ml) was
addel to a stirred solution of thiophosgene (23 ng) in benzene
(5 ml) at 5° and stirred at 5-10° for 14 h, Methyl thiol
(100 mg) was adled and stirring continued for 20 hours at 0-10°C.
Ether (10 ml) was adled and the solution washed with 1il HCL,
aq, bicarbonate and water and dried. T.,l.c. showed a minor spot
corresponding to xanthate and a major non polar spot. G.l.c.
(15% Lp-L, 1300) showed the non polar material (eluted from 5g of
grade 1II a.?.umina in pentane) to consist of t- A 1,2- octalin
(50%), A1,9 - octalin (35%) and minor unidentified peaks on

cofmparison with authentic samples,
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The above, repeated using pyridine as base, showed (t.l.c.)
xanthate as a minor and hydrocarbons as major products,
Similarly, a repeat run using triethylamine as before but with
sodium mercaptide (100 mg) in place of methyl thiol gave (t.l.c.)
largely hydrscarben,

Sodium methylmercaptide (70 mg) wad added, with stirring,
to thiophosgene (115 mg) in ether (15 ml) and stirred at room
temperature for 14 h, Decalol 266 (154 mg) was adled in ether
(10 ml) containing triethylamine (1 ml) end stirring continued
overnight. T.l.c. showed starting alcohol 2§§ and non-polar
material but no xanthate.

(e, 9¢, 10t)-1-Decalyl-thiocarbamate 279

Decalol 266 m.p. 48° (155 mg) in pyridine (5 ml) was added
to N-dimethylthiocarbamyl chloride (250 mg) in pyridine (5 ml)
ond stirred at 0° for 3h, 20° for 4h and 40° overnight. The
extent of reaction being followed hy t.l.c. Extraction with
ether, washing with dilute HCl, agq. bicarbonate and brine,
drying and solvent removol, gave a brown oil (160 mg).
Proparative t.l.c. (ethylacetate-petrol 15:85) gave (Rf 0.5)
starting alcohol and (Rf 0.75) the thiocarbamate 279
(crystallisation was not achieved) n.m.r. 5 5.55 (1H,m);
3.43 (3H,s); 338 (3H,s); 2.4 - 0.6 (16H,m). The presence of
minor peaks around 5.4 and 3.3 p.p.m suggest that this compound
is stereoisomerically impure.

Pyrolysis of 279 (50 mg in 0,5 ml ether) at 500° and 0.5
mm Hg, as described below for pyrolysis by injection of xanthgtes,
gave by g.l.c. comparison  A1,9 - octalin (30%) and t- A\ 1,2~

octalin (70%).
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(1t, 9c, 10t)-1-Decalyl-S-methyl xanthate 280

By the method described for synthesis of xanthate 237
above (p.132 ), l-decalol 267 m.p. 59° (910 mg) treated unler
nitrogen in refluxing benzene (15 ml) with solium hydride
(240 mg) (12 h), carbon disulphile (2 ml, for 5h) 2nd methyl
iodide (3 ml, for 14h) gave, on work-up ns before xanthate
280 as a yellow oil (1122 mz, 78%) i.r. 2925, 2828, 1230, 1132,
1065, 10560, 1054, 930, 970, 928 cm’l; nonr. O 5.34 (1H, m);
2.54 (3H,8); 2.3 - 0.6 (16H,m); mass spcc. M+ 244, base % 136,

(e, 9¢, 10c)-1~Deccalyl =S-mothyl xanthate 287

By the method described for xanthate 237 (p.132 ), 1-
decalol 264 m,p. 920 (705 m{;) treated under nitrogen with
sodium hydride (215 mz) in refluxing benzene for 12h, carbon
disulphide (2 ml for 5h.) and methyl iodide (3 ml for 14h)
gave, on work-up as before, crule xanthate 237 as a yellow solid.
Reerystallisation from methanol gave ncedles (905z, 81%) mep.
86-37° (1it12® 86.6-87.2); n.m.r. & 5.61 (1H,s)s 2.55 (3H,s);
2.3-1.0 (16H,m).

2,2,9 - Trideuterio-Xanthate 241

By the method described for xanthate 237 (p. 132 ),
trideuterio alcchol 270 (1250 ngr) treated with sodium hydride
(300 mg), carbon disulphide (3 ml) and methyl iodide (5ml)
gave, on work up and preparative t.l.c. as before, the xanthate
241 (1450 mg, 67%) as a pale yellow cil, Hydride reduction of
a sample as beforc showed (g.l.c,) decalols 266 (97%) and 267
(ce 3)e Nomor., showed a spectrum as for xanthate 273 but proton
(5.74) appears as a sharp singlet. Mass spectrometry, applying the
usual corrections from unlabelled material showed d368%, d, 16%

4y 10%, 4 6%.
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l-Deuterio Xanthate 244

By the method described for xanthate 237 (p.132),
treatment of deuterio alcohol 272 (138 hg) with sodium hydride
(46 mg), carbon disulphide (1 ml) and methyl iodide (1 ml), gave,
on work up and preparative t.l.c. as before ‘xanthate 244

(111 mg, 52%); n.m.r. as for 237 but showing no proton at
5 5.74. Mass spectrometry, applying the usual corrections,

showed dl 80% and d, 20%.

(1c, 9¢, 10c) = 1 - Decalyl p-Toluenesulphonate 282 prepared in

the usual manner, as described by Hucke138, in 84% yield had
mp. 92-94° (1it.2° 96°)

(1t, 9¢, 10t) -~ 1 ~ Decalyl Ethylcarbonate 281

The method of preparation of carbonates is a modification of
that reported by O'Connor and Nacezl. Bthyl chloroformate
(327 mg) was added dropwise with stirring to dry pyridine (3 ml),
l1-decalol 267 m.p. 59° (15% mg) in 2 ml of the same solvent
added, and stirring continued at room temperature for 24 h.
The mixture, diluted with ether (20 ml), was washed with dilute
HCl, aq. bicarbonate and brine, Removal of solvent from the

dried (MgSO ether layer and preparative t.l.c. gave a clear oil

2
(130 mg, 60%) homogeneous by t.l.c. and g.l.c. (5% QFl, 2% SE30,
1% OV 17); i.r. 2980, 1745, 1264 on 55 n.mz, (5 4.6 = 4.0
(3H, contains singlet and quartet J = 6.2); 2.2 - 1.8 (19H, m,
contains triplet S 1.3).

2-Decalyl Ethylcarbonate Mixture 285

2-Decalol (200 mg, Koch Light Ltd, mainly trans fused epimeric

mixture) was treated with ethyl chloroformate (500 mg) in

pyridine in the manner described above for ethylcarbonate 28l.
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Work-up and preparative t.l.c. as before gave an oil (250 mg)
i.re 1745 cmts nom.r. & 5 -2.9 (35, m. includes q. J = 6.3);
2,3 - 0.8 (19H, m, includes t. J = 6.3).

(1c, 9c, 10t) ~ 1 = Decalyl Ethylcarbonate 290

1-Decalol 266 m.p. 48° (250 mg) was treated with ethyl
-chloroformate (500 mg) in pyridine in the manner described
above for ethylcsionate 28l. Work-up and preparative t.l.c. as
before gave 290 (100 mg, 29%) i.r. 1745 cm-l, n.m.x., is 4.8
(1H, m); 4.18 (2H,q); 1.9 -~ 0.9 (19 H, m, includes %, 1.3).

Micro distillation gave an analytical sample (Founa C,
69,063 H, 10,06 013112203 requires C, 68.99; H, 9.8%)

A2 - octarin 238%°

(lc, 9c, 10t) = 1 - Decalyl - p-toluene - sulphonate 282
was stirred at 50° for 24 h with a solution of sodium (77 mg)
in ethanol (13 ml)., The solutlon, diluted with isopentane (10 ml)
was washed with water, dilute HC1l, aqg. bicarbonate and brine
before drying over sodium sulphate. Removal of solvent at 500,
followed by micro-distillation, gave £>‘1,9 - octalin (240 ng,
55%) : i.r. (1iq. film) 3005, 1655, 812, 804 cm’lg NeMm,T.

& 5.3 (1H, s), 2.6 - 0.6 (20 H, m, note impurity by g.l.c.);
z.l.cs (15% Ap-L, 130°) &1
and AN 210 - octalin 240 (15%, tR 22 min)

A 7210 - octalin 240

Mixed 2-decalols (Koch Light Ltd.) (2g) were refluxed in

'9 _ octalin 238 (80%, R 19.2 min)

orthophosphoric acid (15 ml) at 150° for 4h. The olefin was
distilled out (120 - 1800),dilu’ced with isopentane and washed
with water. Removal of solvent gave an oil (500 mg); g.l.ce
(156 &p - T, 130°) showed 240 (70%, tg 22 min) and @ 7
octalin 238 (c. 20% tR 19.2 min) minor amounts of other

octalins were also present.
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Decalyl Ester Pyrolyses

All pyrolyses were carried out by injection of sample,
neat or in solution, through a 6 inch steel needle into the hot
zone of a silica tube (70 X 1.5 cm), lightly packed with glass
wool, maintained along 60 cm of its length at around 500°C and
under a slow flow of nitrogen at a pressure around 0.3 - 0.5 mm
Hg. (see diags494,0.73 )

Collection was by means of a "U" tube immersed in ligquid
nitrogep; The time taken from injection to observation of
aerosol at the exit was 0.5 - 5 sec. Pyrolysis conditions were
maintained for 10 min and the system flushed with nitrogen. The
discomnected U-tube was washed out with pentane (5 - 10 ml) and
this solution passed through a plug (2 = 5g) of alumina before

t.l.c. and Z.l.c. analysis.

(1t, 9c, 10t) = 1 = Decalyl xanthate 280 (200 mg) in ether (0.3 mi)

was pyrolised at 500O and 0,5 mm Hg, Ge.l.c. showed as follows:
(2% SE 30, 130°) minor xanthate peak (5%, tp 7.2 min) and a
‘ 1,2

major (95%) peak of shorter retention; (15% Ap~L, 130°) - D

octalin 239 (41%), 4_\_.1’9 octalin 238 (59%).
(1t, 9c, 10t)= 1 =~ Decalyl Ethylcarbonate 281 (120 mg) in

methanol (0,2 ml) was pyrolised at 500° and 0.5 mm Hg. G.l.C.
(5% QF1l, 120°) showed starting carbonate (15%) and a peak (85%)
| 1,9

of shorter retention; (15% Ap-L, 130°) showed - octalin
(546, + - Ay 1% - ootalin (45%) ana A 770 - octalin (1%)

Mixed 2-Decalyl carbonates (285) (100 mg) in mcthanol (0.1 ml)

were pyrolised at 500° and 0,5 mm Hg. Gel.c. (15% Ap=L, 130°)
showed two major peaks, the t -~ /N 1,2 _ octalin 239 and t =

(N 273 - octalin 284 in the ratio 1:l.
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(1cy, 9c, 10c) - 1 ~ Decalyl Xanthate 287 (250 mg) in ether

(0.3 ml) was pyrolised at 500° and 0.5 mm Hg, T.l.c. showed

absence of xanthate while g.l.c. (15% Ap - L, 130°) showed only

one peak (tp 15.4 min) apparently cis - &1’2 - octalin. N.,m,r.

showed  Q 5.54 (2H, m), 2.4 - 1 (16.4 H, m) on four integrations.
The significance of the integration obgerved and the

appearance of a peak (C. 0.12 H) at 5.38 p.p.m. are discussed in

9

terms of 1,9 _ octalin impurity in the foregoing text.,

(1c, 9¢, 10%t) = 1 - Decalyl Ethylcarbonate 290 (100 mg)

in methanol (0.2 ml) was pyrolised at 500°C and 0.3 mm Hg., G.l.c.
(5% QF 1, 120°) showed conversion of C. 70%; (15% Ap - L, 1300)
showed t - A\ 1,2 239 (90%), A1,9 - 238 (8%) and &9’10
- octalin 240 (2%).

Pyrolysis of (lc, 9c, 10t) - 1 - Decalyl xanthate 237

Pyrolysis of crude 237 (50 - 120 mg in C. 0.2 ml ether) by
the method described above gave t = /\ 152 _ o ctalin and A 19
- octalin in ratios ranging from 87 : 13 to 72 : 28, "

When samples, which on reduction (LJ‘_A].H4) and analysis of
the decalols so produced showed Y 97% stereochemical purity,
were used,the variation in product ratio was reduced. Three
attempts on cach of two batches of xanthate gave {_‘_\ 1"9/1; -A 1,2
octalins in the ratio 15 ks 3 E 85 s 3 on pyrolysis at temperatures
between 440 and 520° and pressures between 0.2 and 0.6 mm He.

In one attempt of the above pyrolysis (on 750 mg of xanthate
gﬂ) the product, on work up as usual, was isolated by removal
of solvent isopentone giving a volatile oil (€. 350 mg, C. 83‘/‘3;).
This was chromatographed over 18% silver nitrate ~ alumina (20g).
Flution with isopentane gave what appeared to be ,_'_S 1,9 _ octalin.

1,2

Elution was continued till all /\ - octalin was eluted and the

colum flushed with ether, No other hydrocarbons were detected
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by g.l.c. in any fractions.
Solvent removal through a Vigreux colum from combined
7\ 159 octalin fractions gave a clear oil (€. 10 mg) which
was treated with 1 ml of 1 M solution of diborane in tetrahydro-
furan. Reaction at room temperature for 2h and work up in the
usual manner gave an oil (12 mg) which was oxidised (Jones) in
acetone and the product extracted into ether,

Geloc. (5% QF 1 and 2% SE 30) showed t-l-decalone ( 72 95%)
by comparison with authentic material which in turn could be
identified as distinct from the two kétones arising from Jones
oxidation of commercial (Koch Light) 2-decalol. These latter
ketones were not present in the hydroboration ~ oxidation

product.

Partial Pyrolysis of Xanthate 237 was achieved by pyrolysis

(150 mg in 0.2 ml ether) at 460° and 0.2 mm Hg in the normal
manner but with increased nitrogen flow. Contact time wes in
the order of 1 - 2 sec. T.l.c. showed €. 50% conversion,
G.l.c. (15% Ap ~ L) showed 2 177 - octalin and t - AN 1,2
- octalin in the ratio 20 : 80.

The unreacted xanthate, separated by t.l.c. showed i.r.
and n.m.r, spectra identical to those of starting xanthate.
Repeat pyro%}sis of recovered xanthate gave the same olefins in
almost the same ratio (15 : 84).

Xanthate recovered from the second pyrolysis (showing i.r.
and n.m.r. spectra as before) was repyrolised giving the same
olefins in the same (16 : 84) ratio,

Partial pyrolysis was also carried out by placing 210 mg

of material 237 in a sealed evacuated glass tube and heating

it in an oven at 180 - 210° for 20 min., T.l.c. showed €. 50%
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] . 1,2
conversion while z.l.c. showed 2\ 7’ !

- octalin and t - /\
- octalin in the ratio 18 : 82, The xanthate recovered by t.l.c.

was identical by i.r, and n.n.r. with starting naterial.

Pyrolysis of 2, 2, 9 - Trideuterio - (lc, 9c, 10t) ~ 1- decalyl

xanthate 244

Pyrolysis (of 1.14 g) was carried out in the usual manner
by injection of three neat portions over a period of 15 min. into
the tube at 500°C and 0,5 mm Hg. .

Passage of the total product in isopentane (100 ml) through

an alumina columm (5g, Grade III) and removal of solvent gave

an oil (500 mg, T7%).

1,2
A portion (5 mg) on g.c.m.,s. showed t ~ £\ ~’

(80%, a

- octalin
505 4,65, 4; 25 an? 4 10%) and £ 19 _ setalin (20%,
d32, 4554, d;34 and a_ 9%)

The bulk of the pyrolysate chromatographed over 15% silver
nitrate - alumina, as described above for the corresponding_
undeuterated material, gave 4231’9 octalin (25 mg) : n.m.r.

6 5.35 (1H, sharp singlet); 2.4 - 0.8 (13H, m) and t+ - A\ 1s2
- octalin (210 mg) : n.m.r. & 5.48~(1H,s); 2.4 - 0.7 (134, m).
A second pyrclysis (110 mg in 0;1 ml ether) gave the same

products in the same ratio (% 2%) and with the same deuterium

content (X 29),

Pyrclysis 1 - Deuterio - (lc, 9c, 10t) = 1 - Decalyl xanthate 244

The xanthate (111 mg) in ether (0.3 ml) was pyrolised at
490° and 0,3 mm Hg. in the normal manner. G.c.m.s. showed 4>\l’9
~octalin (18%, 73% &; and 27% 4 ) and t - FAN 192 | otalin

(825, 80% 4, and 20% d_).
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A portion of A\ - octalin was separated on silver
nitrate - alumina, treated with 1 ml of 1 } diborane solution and
oxidised as described above (p.140 ) for the corresponding
undeuterated material, MWMass spectrometry failed to give accurate
deuterium analysis owing to contamination of sample with material
of higher molecular weight however peak at m/ e 153 was £ 10%

of 152 peak (l-decalone M' 152).

Ethyl-S-methyl Xanthate 284

Ethanol (1 ml) was stirred for lh with sodium hydride (500 mg)
in benzene (10 ml), carbon disulphide (2 ml) added, and stirring
continued for 2 h. Methyl iodide (3 ml) was added to the red
mixture and stirring continued overnight, Filtration th;-ough
celite and solvent removel gave a clear oil (2g) n.m.Ar. 8 4,65
(2H, a), 2.58 (3H, s), 1.42 (3H,t).

Attempted Rearrangement of t - & 152 -~ octalin 239

(a) Octalin 239 (50 mg) prepared and separated as described
above (p. 139 ) was injected (in 0,1 ml ether) into the pyrolysis
system at 500° and 0.5 mm Hg. G.1l.c. (15% Ap-L) of the collected
material showed only 239 ( > 99%).

The process was repeated on recovered olefin 239, After three
such passages, g.l.c. (15% Ap~L, 130°) showed t - £ 12 | ootalin

2,10 _ ctalin (5%).

(92%), £\ 119 - octalin (3%) and &N
(v) The above process was repeated using t - /\ 132 _ sotalin
(20 mg), dimethyl trithio-carbonate (20 mg) and ethyl-s-methyl-
xanthate (20 mg.) The collected material (after one passage)
showed (g.l.c. on715°/8 Ap=L) t- Ql’z - octalin as the only

olefin ( > 99%).
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