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R
SUMNARY

In an attempt to determire the preferred siercochemistry
of the 5,2' reaction of cyclohex-2-en-l-yl systems, it wes

desired to study the reactions of the cis and irans é-alkyl

cyclohex—2-en-l-y1l 2,6-dichlorcbenzozates (g&, 82, 233 29, £ ,

41) with piperidine. Problems encountered in the pressretion
of these suverficially siuple compounds forced the cartailment
of this exercise, however, a2nd only the trans 6-isopronyl

ester (40) was successfully obteined in » nure stoie., Attermts

were made to find other 6-2lkyl cyclonex-z-en-lfyl derivativés
which would be suitable substrates for rezction with pineridine.
These vere found in the Eif and. tr ns 3,5-dinitrobenzoztes (84,
§§), and the cis n-nitrobencoate (gz); |
Analysis of the reactions of these compounds with
piperidine was complex - the ecsters rezcted by substitution
(SN2, SNZ') 2nd eminolysis, and were subject to isomerisation,
by epimerication and 2llylic recrranrement, during the course
of reaction. However, it did eventually nrove nossibhle to |
estcoblish that the sz' recction, vhen involved, proceeced only
in syn fashion, rerardless of +the initial confifuration of the
substrate.  The confi~uration of the S.2' nroducts (229, 43)
was confirmed by their comparison, after hydrogenation, iith
zuthenticzlly nrenared N={4-z21kyl crclokexvl) piperidines (}22,

196).

The complexity of the resctings sr-sienm precluded full

kinefic anslysis. but it wnc noscible to determine zpnroximzie
initial octes for ithe som I.7' rerciions of the cis ond iros-

3,5-dinitrobenzoates (84, 85) with piveridine.

The implications of these findinss nre discrsced.
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l. The SN2' reaction,

The intrinsic strmctural simplicity of the 2llylic
framework (;) masks a cemplexity of chemical behaviour which has
puzzled, and fascinated organic chemists for many years.

.The presence of the double bond in the ﬁ,g-position confers
enhanced substitutional reactivity upon displaceable groups in
the allylic position («). This simple reactivity enhancement is
overshadowed, however, by the ezse with which allylic systems
undergo ;ﬂearrangement (1+2; 3»4), Thus, in practice, allylic
systems undergo substitution reactions with varying amounts of
concomitant rearrangement. |

The simple, or "normal", substitution of an allylic system
is designated an S reaction (3;»;;-24»5). In this, no
rearrangement accompanies the substitution reéction.

The substitution plus rearrangement, or "abnormal
substitution,‘reactign of an allylic system is designated S?
(1>43 2+3). Here, substitution is atiended by total
rearrangement and the product has the "incoming" substituent.(Y)
attached to a2 carbon atom two removed from that which bore the
"outgoing" substituent (X).

Such substitution reactions may be either nucleophilic or
electrophilic, designated by the subscripts N and E, re;pectively,
and may involve either a unimolecular or bimolecular transition
state, designated by the suffixes 1 and 2, respectively.

Thus, the 812. reaction is defined as "bimolecular

X

nucleophilic substitution with allylic rearrangement" (1-»5).

In general, the S 2' reaction is not competitive with

N
"normal" SN2 reaction in a2llylic gystems and study of the SNQ'
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reaction, therefore, requires that its rate be enhcnced relative

to SNQ reaction. This is commonly accomplished by decreasing

the rzte of SN2 reaction by the use of steric "blocking groups"

on the o-positicn of the allylic system, 2lthough, as will be
demonstrated later, methods which involve increasing the rate

of SNQ' reaction by stabilisation of that reaction's transition

state have also been employed.

2. History.

The earliest suggestion of an SN2'-like mechanism was made

in 1928 vy Burtonl, in considering a cyclic variant of the SNQ'
reaction in which an allyl system is attacked by an H-~X molecule
(6)-

The credit for the modern postulate of the SNZ' reaction is

3 4

jointly given, however, to Hughesz, Winstein™, and Bergmann',
who, working independently, made their proposals a decade after
Burton's original suggestioﬁ and, as it turned out, more than a
decade before {he reaction was experimentally demonstrated.

This "first ‘authentic example" of the S.,.2' reaction was

N
reported in 1949 by Kepner, Winstein, and Youngs (7> 8 + 9),
following a period in which attempts to find an example of the
§,2' reaction had proved to be fruitless®? 77819 1eaging to the
propositionlo by Catchpole; Hughes, and Ingold, in 1948, that the
SN2' reaction was non;attainable because of shielding of the
B-Oarboﬁ étom by the electrons of the 1v=bond.

"This "first example" was not readily accepted, hcwever,

especially by the English group of workers in this field, who
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based their objections on a suggestion by Dewar11 that the
"abnormal" product (9) may have been formed by O-alkylation of
the diethylmalonate ion, followed by Claisen rearrangement of
the resulting vinyl ether (10).

This objection was overruled by WinsteinlZ, and DeWolfe and

13

Young™ ™y on the basis that the intermediate ketene acetal (19)
would be more likely tc react with the alcoholic solvent to form
an ortho ester rather thar the "abnormal" product (9), and by

14 that O-alkylation, followed by

Stork and White's demonstration
rearrangement, did not occur in the reactions of other allylic
systems with diethylmalonate anion. However, the English
school did not unreservedly accept this evidence and remained
unCOnvinced.15’16’17
Progress was rapid after this initial controversy and soon

many "examples“ of the S_.2' reaction were reported. Many of

N
these, however, failed to satisfy the criteria demanded by
DeWolfe and.Young13, and Kepner, Winstein and Youngs, for a
reaction to be designated SNZ', viz.

"], The rate of the reaction must be proportional to the
concentration of both the substituting réagent and the compound
being substituted (usually this implies second-order kinetics).

2, The reaction must give isolable amounts of abnormal
suﬁstitution products.

3. It must be demonstrated that neither the starting material
nor the normal substitution product undergo rearrangement under
the conditions of the reaction."

Several examples were; fortunately, shown to fulfil these
criteria. England and Hughes18 studied the bromide exchange
reactions of o~ and y-methyl ailyl bromides with radioactive

.

lithium bromide and showed that the SNZ'reaction vas involved,

4



C
H.C?% H\CH/CHB

R.NH
2 | 2"
| Ct |
"
CH
HLCT ey~ CH,
4
RN
13
R=CH C
3 Hz
ch
HchcH\?H/CH3 HZC/ H%?H
. ;|
@NR3 R3N® CH
oclL ClLO
14 15
30% 7%
R = CH

CH
H C#" SCH” s

RN. .Cl

12

CH CH

HZC/ XcH” T 3
R3N®

Cl®

63%



16-23

while De la Mare and Vernon .published a seriec of papers

on SHZ' reactions of &liylic chlorides having sterically
hindered «x—=carbon atoms,.
"Abnormal" substitution reactions using amines as

4 and by

nuclecphiles were reported by Jones, Lacey and Smith2
Young, Webb and Goering25 who, 2n 1951, described a study of the
reaction of diethylamine with o—metkyl allyl chloride (11-»13).
The observed increase in the SN2'/SN2 ratic, compared with
reactions using other nucleophiles, caused them to ponder
upoh thé possibilitj that hydfogen bonding between the incoming
and departing groups could be involved.

Because of the possibility of hydrogen boﬁding in thisa5

14 18 26

and other related systems s England and Hughes™  , and Ingold

preferred to consider such reactions as S _i' (substitvtion by

N
intramolecular rearrangement of an intermediate compound)lbuv,
cbnsidering therintrin51ca11y weak character of a hydrogen bond
when compared with the covalent bonds nbrmally associated with
Sﬂi' reactions, it would appear to be subjective whether such

reactions should be considered as SNi' or s cyclic variants

21,28 that

of the SN2' reaction. Indeed, it has heen shown
hydrogen bbnding is not a necessary requirement for SNZ' reaction
of allylic chlorides with amines since this mechanism

accounted for (05 of the products from reaction of m-mgthyl

allyl chloride Qg) with trimethylamine (11 14 + 15 + 16).

The initial flurry of(activity on the SNZ' reaction in the
late 1940's and early 1950's culminéted,in 1956, in Stork and
Hhite's.apparent demonstration of the syn relationship between
entering and devarting groups in the SNZ‘ reaction of

substituted cyclohex—2-en=-l-yl 2,§-dichlorobenzoates with






. piperidinel4. (This subject is digcussed fully in INTRODUCTION 13,
Stercochemistry ne 12)

Thrs, by the mid-1950's, the SNQ' reaction had beenAwell
established and its stereochemistry determined. This led to
a lack of interest in further studies, which was to last for
about ten years. Indeed, during this period, the major works
were review articles summarising the early history of the
reaction}3’17’29’3o’31~

Interest was revived in the late 1960's and, since then,
several groups of researchers ﬁave been active in this field.
Perhaps inevitably, the rebirth of interest was accomparied by
a reneval and extension of the controversy surrounding the
reaction mechanism,

The approach of Cromwell and his co-workers to the study
of the SN2' reaction was founded on the concent of making it
competiiive‘with "normal" SN2 reaction by stabilising its
transition state. This is in contrast to the majority of the
early studies in which steric hindrance of the SN2 reaction
was enployed to render the SN2' reaction observable,

His aim was achieved by the use of a B-carbonyl substituent
on the allylic system, the rationale beirg that the developing
negative charge on the B-carbon atom of the allylic system,
in the transition state, could be delocalised over the B~carbonyl
system a2s well as the leaving group, thereby stzbilising the
transition state (17).

Products arising from SN2'—1ike reactions were observed

32-42

in many of these studies, and several of the systems

considered were subjected to full product and kinetic
34,35,37,39,40

analysese
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Typiczl is the reaotion‘of‘BTbromo-2—benza1-l—indanone (18)
with di-icovronylerine, in acetonitrile. ‘

The reaction was shown to fulfil the criteria for
classification as an 52! reacticn,5’13 viz,
1. It was shown to be kinetically first order in amine and
first order in substrate (18).

2. "Abnormal" product was isolated.

3. It was shown that both the starting material (Eg) and the
"normal" substitution product (29) did not rearrange under the
reaction conditions.

Hovever, caution must be exercised in designating this,
and the other similar reactions investigated by Cromwell, as -
SNQ' because studies of an analogous system (21)34 (in which
Br has been replaced by Cl) showed a ratio kBr/kCl = kl§/k2} =
3.7 (at 3000), vhereas the expected ratio for a concerted,
synchronous §;2' reaction would be much higher43 (~40-50).

The dichotomy between the observed and expected values
.suggests a transition state vhich is only partially influenced
by the nature of the departing group, 2 situation explained by
the probability that the B-carbonyl substituent, by absorbing
some of the developing negative charge in the transition slate,
perturbs the simple, synchronous SN2' process.

Cromwell suggested that the B~keto allyl system rmst be
congidered in its entirety and not as a combination of discrete
allylic bromide and enone moieties, each reacting independentily.
Thus, such reactions are, perhaps, best described as highly
perturbed’ SNZ'-like procecses in vhich bond-breaking is running

slightly ahead of bond-making, in a concerted reaction,
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A similar approach to facilitation of the SNQ' reaciion van

utilised by Bordwell znd his co-workers who employed a sulphonyl

substituent to stzbilise the transition state of the reaction.

Thus, Bordwell, Hemwall and Schexnayder showed44’45,46

that 3-methyl-2-tromobenzo-[b] -thiophene 1,1-dioxide (25)
reacted with piperidine to give a product (29), formed by a

process involving an §.2'-like reaction (26- 27},

1
' They suggested that the sulphonyl group facilitated the
AT

SFZ' reaction of this, and other systems’

reasongs-—

s for the following

1. Electron-withdrawal by the sulphonyl group increases the
susceptibility of the vinyl carbon atom to nucleophilic attack
and, by the same token, decreases the tendency of the allylic
system to feact via an allylic carbonium ion mechanism,

2. The presence of the sulphonyl group may facilitate the SNZ'
reaction by delocalisation of the developing negative charge on
the p-carbon atom in‘the transition state. The sulphonyl group
' may accept this excess electron density via the conjugated
aromatic ring, c.fs Cromwell's use of a B-carbonyl substituent
to deloczlise the developing negative charge on the B-carbon
atom in other S5.2!-like reactions.

A7

Bordwell and Schexnayder ' were, however, dubious about the

designation of rezctions as SN2' without what they regarded as

48

adequate authentication and this led Bordwell, in 1970, to

question the very existence of the S5 2' reaction, concluding

N
that, "there appear to be no urnambiguous examples of the SNZ'
concerted mechanismy" and that, "the concerted SN2' réaction

mechanism may well be a myth,"

His arguments were based upon the assertion that not 211 of

<



R.CX Mo

2 G ,
8 S D
5 0,

CH



the other possible mechanistic routes to the observed products

in supposedly SN2' reactions could be eliminated.

However, his criticisms were later refuted, for come
b ?

20,21,23 49 1.

examples at least, by De la Mare and Vernon,

their rebuttal of Bordwell's attack, they made incidental use

50,51

of a study by Eberhardt, McKee and Fry, who showed that,

in the reaction of diethylamine with x-metliyl allyl chloride
(11), significant kinetic isotope effects were observed for all
~ three carbon atoms of the allyl system (120:140) and for the
chlorine (3501:3701). Thus, bonding changes at all the atoms
of the reacting system were implicated in the rate-determining

step, sugresting a concerted process. This reaction is, indeed,

48

one of the examples which Bordwell was very reluctant’~ to

classify as S5.2',

N

The controversy continued, however, = writing in "Organic

Reaction Mechanisms", Stevens statedsg, "the paper by De la Mare

and Vernon49 refuting Bordwell's attack on ‘the SIQ' process is

I

.convincing, which Bordwell's attack never vas," while Jefford,
Sweeney, Hill and Delay53 concurred with Bordwell that, "the myth

concerning syn-facial SN2' displacements should not be

perpetuated and that such processes should henceforth dbe

regarded as SIi'."

K
Bordwell returned to the fray in 1972, when, with Mecca,
he showed that the halides (30,31) reacted with piperidine to

54,55

produce the enamine (33) via the "abnormal" substitution product
(32). Kinetic examination of these reactions and of the
kBr/kCI.ratios obtained (25/1 for reaction in dimethylformamide,
26/1 for reaction in methanol) proﬁpted‘the authors to propose

that the data obtained were best explained by an ion-pair

-

<






mechanism, rather than a concerted SNQ' mechanism, although

they did concede that a concerted S_2' process could not be

N
eliminateds Indeed, their rejection of the S

48,506

N2' mechanism was

:based upon extrrnal observations, rather than evidence
aceruing from this particular experiment.

A valuable ally for Bordwell's idea of "ion-pair" rather
than "concerted" SN2' reactions, was found in Sneen, a champion
of nucleophilic reastions occurring via ion~-pairs.

57

Sneen and Bradiey suggested” ' that the considerable volume

of kinetic data obtained from a study of the reaction of

ogb-dimethyl allyl chloride in ethanol (in the presence or

absence of added nucleophiles) was best explained by an ion-pair

process, in which the intermediacy of discrete, distinct,

allylically-related ion-pairs was implicated. They further

proposed that such a mechanism allowed the interpretation of

the long-standing problem of the "product spreads" observed in
the solvolyses of other allylically-related chlorides, viz.

khat these "product spreads" were a result of the indiscriminate

behaviour of relatively high—energy intermediates (ion pairs)

towards added nﬁcleophile or solvent or further ionisation

(to solvent-separated ion pairs).

In a subsequent paper, Sneen and Kay58 described the
competitive reaction of the primary, 5151 and tertiary,
xyx~dimethyl allyl chlorides (éﬂ, ég) with solvent and with
sodium azide. Both substrates were shown to undergo kinetically
second-order reactioné with sodium azide, that of the tertiary

allylic.chloride being either S,2' reaction or bimolecular

N
micleophilic attack at a tertiary carbon, a process enviesagzd

by the authors as occurring via a rate-determining displacement
L]

10
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on a pre-~{formed ion-pair;59 Becapse the products (§§, éj) of
the reaction were unstable under the reaction conditions, and

equilibrated at a rate comparable to their rate of formation,6o
the zuthors were unable to distinguisch between the SN2' pathway
(35> 36) 2nd the SN2/ rearrangement pathway (35 37->36).

Ih'an attempt to unify the diverse recactions of simple allylic
compouhds, Sneen znd Cartersl proposed that ar ion-pair mechanism
was operative in the competitive reactions of o~ and y-methyl
'allyl chlorides (11, 38) with solvent, and with added nuclenphile
(phenoxide ion),

They éuggested that such a mechanism would replace the
"traditional SNZ' mechanism" which requires unprovoked attack '
of a nucleophile at the 5—carbon, gince it would provide provocation
for that attack, thereby making fhe.SN2' reaction "intellectually
satisfyiné." |

In summary, the @istory of the SNZ' reaction has heen a
tale of controversy, which seems certain to continue for some
time. Regarding the.recent "jon-pair" SN2' versus "synchronous,
concerted" SN2' ergument , it appeérs likely that the truth will
be found somewhere between these two extremes, since neither
can satisfactorily account for all of the results obtained from
reactions which have been shown to fulfil the criteria for
classification as SN2'.

Thus!Bordwell's and Sneen's arguments for "ion—pairﬁ SN2'
mechanisms, although explaining mich of the data obtained, do not
satisfactorily account for the low activation energies and high
negative activation entropies encountered in many SN2' reactions

(criteria normally taken to be indicative .of a concerted

process63’64), nor for the kinetic isotope effects observed by

<

1T
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Fry.50’51

In contrast, the concept of a fully synchronous, concerted
process is unable to exvplain the appearznce of the "product
spreads" observed in many solvolytic reactions of dllylic
halides,61 although it does account for the low activation
energies, high negative activation entropies, and kinetic

isotope effects mentioned abovee.

3. .Stereochemistry

The first suggestion of a stereoelectronic~preference in the
SN2' reaction was made by Young, Webdb, and Goering,24 vho
postulated that the incoming and departing substituents should
bear a syn relationship to one another, a stereochemical course

14

later supported experimentally by Stork and White in their

demonstration that‘piperidine approached syn to the devarting
2,6-dichlorobenzoate anion in the_SN2' reaction of piperidine
with the trans 6-alkyl cyclohex—2-en-1-yl 2,6-dichlorobenzoates
(39, 40, 41).

In a éimilar experiment using diethylmalonate anion14
(see p.» 4), cyn attack was ;gain observed, although this time
the SN2' reaction was accompanied by "normal" Sy2 reaction.

Of the three possible conformations of the transition state
of the reaction (A, B, C), the authors favoured C, 2lthough in
this case the C-=C bond to be broken.is in the least favourable
conformétion for interaction with the developing t1-bond system.65
Reservations about the conclusions reached by Stork and White

26,48

have been raised because of the possibility that the syn

12
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stereochenistry observed was not a‘result of a stereoelectronic
requirement for gzgiattack in an SNZ' reaction but, instead, was
simply the result of an erergetic prefererce czused by hydrogen
bonding between the incoming piperidire and departing
dichlorobenzoate anion, a factor which is possible only in syn
approach,

-In spite of this, the conclusion by Stork and White has,
generally, been accepted and has come to be widely‘regarded as
th. "definitive work" on the stereochemistry of the SN2' reaction,
This statement is supported by the fact that, of the 67 references66

14 during 1964-75, more than 959 unreservedly
/

to0 their results,
accepted their conclusion as being the required stereoelectronic
course of the SN2' reaction;_

The publication of their work also marked the end of the
early period of the history of the 52! reaction (see p. 5) and,
since then;most of the stereochemical studies have been concerned

with hydride attack on allylic‘systems and with other related
éNQ'-like reactions, Formally, such reactions should be

classified as S, 4' but for the purposes of determining the

N
preferred stereéelectronic coﬁrse of the SNZ' reaction, they may
be ﬁsed as valid examvnles of a specizl class of SN2' reactions.

Several §.2'-like reactions in the steroid field have been
studied from a stereochemiceY viewpoint.

In 1959, Ireland, Wrigley, 2nd Young67 demonstrated the syn
relationship of hydride and chloride in the reductive
dechlorination of 6ﬁ-chloro-cholest-4-en—3p-y1 benzoate (&2) with
lithium aiuminium hydride (LAH) via the intermediacy of a species

(46) in which the aluminohydride was complexed to the carbonyl

oxygen. The stereochemistry at C-4 was determined by use of

13
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lithium aluminium deuteride (LAD).

In an analogoué system,; 6P-bromo-4-methyl cholest-Ai-en-3-ore
(ﬁg), Knapp and Schroepfer68 demonstrated that, depending on the
amount of LAH (LAD) used, productsvcorresponding to both syn ané

anti S_2'-1ike reactions were obtained (49, 50).

N

In studies on the acetolysis of 4p~bromo-SB~cholestan-3-one

(51), Satoh and Takahashi®??TO postulated what they believed to be

the first example of an S _2' reaction in which the nucleophile

K
ard leaving group bore an anti relationship (52- 53). They
ascribed the stereochemistry of this reaction to conformational

factors which permit anti attack more readily than syn attack.

Studies of the stereochemical course of reductive
dehalogenation in bicyclic compounds have been repoxted;

Jefford, Mahajan, and Gunsher71 demonstrated the syn-faciality
of entering hydride (deuteride) and departing bromide in the
reactions of exo 1-mgthy1-3,4-dibromo~bicyclo(3,2,1)oct-2-ene (§§)
and its 211lylic isomer (56) with LAH and LAD,

. In a subsequent paper,53 Jefford, Sweeney, Hill, and Delay
demonstrated that analogous bicyclic systems, also, reacted with
nucleophiles in a Ezg-facial manner, but concluded that this
Ezf;faciality was.a result of an SNi‘ reaction, via an intermediate
species in which the reducing agent was complexed to the departing
halide ion, rather than an SN2' reaction which, they proposed, may,

T2

for theoreticzl reasons,

The reason ior the sym-facizl STi'reactions observed in their
i
studies was suggested to be noi only steric hindrance to anti SNi'

73

proceed in either syn or anti fashion.

reaction, but also a stereoelectronic preference'~ for a syn cyclic

SNi' mechanism,

14

An anti SN2' mechanism has been claimed, by Borden and Corey,

14
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to.be operative in the LAH reduction of the provargylic derivatives
(59, 60), forming alienic compounds (bl, 62)s They demonstrated
that reaction with the bulky species tri—tggj}butoxy lithium
aluminium hydride (But0)3LiAlH led only to reduction of the
carbonyl‘group of the camphor meoiety, thereby indicating that
prior ionisation of the compound to zn acetylenic cation was not
the prefcrred pathway for the transformetions (59 61, and 60> 62).

' Their results indicated that the reaction was proceeding by a
kinetically second-order route in which optically active allene-
was produced by an SN2'-1ike reaction involving an anti
relationship of nucleophile and leaving group.

In an interesting footnote, the authors noted,"Stork and Wnite
have found, in contrast, that in a cyclic system with very different
nmicleophiles and leaving group, the SNZ' reaction proceeds in a
predominantly tzgggf fashion. We are undertaking experiments to

determine the stereochemical preference of this reaction in an
‘a?yclic system with the same nucleophiles and leaving groups as
used by these authors." However, no account of this work has
appeared, to date. |
An ggié S 2;-like mechanism has been employed to explain the

N
production of trans 4-methyl cyclohex-2-en-1-ol (64) from the

reaction of 1,3 cyclohexadiene mono-epoxide (63) with lithium

dimethyl cupraté.75’76

* The use of the term "trans" is in error; Stork and White

demonstrated that the mucleophile and leaving group were syn
related, i.e. starting from trans 6-alkyl cyclohex-2-en-l-yl
esters (39, 40, 41) they obtained N-(trans 4-alkyl

cyclohex-2-en-1-y1) piperidines (42, 43, 44).
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7

Milaszewski ' has presented cvidence for the operation of =n

anti SN

substituted p-nitrobenzoate esters (65 and 66) in 2,2,2

2 mechanism in the solvolyses of the phenylthio-

trifluoroethanol.
It was proposed that the reaction occurred by an
intramolecular §,2'-like (SNi') mechani sm (§§,§§4>§Z), giving the
species (§§, ég) which were trapped by solvent. Product analysis
_ suggested that both the trens (65) and cis (66) epimers were
reacting by the same pathway, while kinetic studies demeonstrated
the involvement of both the sulphur and the double bond in the
rate—~determining, ionisation step. The degree of sulphur
participation in the rate~determining step was found to be 96%
for the trans isomer (65) and 83¢ for the cis isomer (66).
Coupling of these figures with the relative rates for the reactions
(k65 = 1.45 ke = 0.27) led Milaszewski to the conclusion that the
st;;eochemist;; of the 5.2 reaction could be either anti (as in 65)
- or syn (as in 66) and that there was a 611 preference for sulphur
to participate in an anti fa;hion.
In summary, therefore, the stereochemistry of the SN2'
reaction, like the very existence of the reaction , appears to

be in some doubt and further studies to dispel some of this doubt

would be welcomedQ'

4, Theoretical studies.

The first theoretical studies of the SN2' reaction to use a
molecular orbital (ro0) approach were performed by Fukui and

ijimoto78’79 vho, in a general application of MO theory t¢ the
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retionalisation of the stereoseléctivity observed in certain
non-cyclic recctions of planar, conjugated systems, concluded
that, for the specific case of a 1,3 non-cyclo~interaction (of

which the SN2' reaction is zn example), the syn mode of interaction

shoﬁld be energetically favoured relative to the anti mode, i.e.

that the S.2' reaction should exhibit a stereoelectronic preference

N
for syn ertry of nucleophile and departure of leaving group.
' 80
This conclusion was supporied by Drenth vho, by use of a

| simple Hiickel MO treatment, demonstrated that the syn transition

state (19) was of lower energy then the corresponding anti
transition state (1}).

In a qualitative approach, analogous to Woodward and Hoffmann's
treatment of sigmatropic reaqtions81, Anh72 considered the
transition state of the SN2' reaction as an allylic cation
interacting with two anions, X and Y. As in a sigmatropic
reaction,81 the most }mportant interactions are those between the
lowest unoccupied molecular orbital (LUMO) of the allyl cation
and the highest occupied molecular orbitals (HOMO) of the anions,
X and Y. Depending unon the relative timing of the bond-making
and bond—brgakihg processes, he concluded that the reaction could

proceed either in.syn fashion (for a concerted reaction in which

. bond-breaking is running ahead of bond-making), or in anti fashion

(for a fully synchronous process).
82,83,84

In a further extension of the Woodward-Hoffmann Rules,
Mathieu,85 and Rassat86 suggested that the stereochemistry of
non-cyclic, concerted reactions could be determined by consideration
of the parity (oddness or evenness) of the mumber of electron.
pairs.involved in the reaction. Thus, in the SNZ' reaction,

which involves 3 electiron pairs, syn §tereochemistry is %to be

by



" preferved (zge'lé).
87

Another quaiitative approach wag employed by Liotta;, who
applied his "orbital distortion technique"88 to resolving the
dichotomy between the syn stereochemistry demonstrated by Stork

A

and Hhitel for the reaction of piperidine with allylic 2,6~

dichlorobenzoates (39, 40, 41) and the anti stereochemistry
15 76

demonstrated by Rickborn, - and Johnson = for the reaction of
1,3 cyclohexadiene mono-epoxide (é;) with lithium dimeithyl cuprate.
He concluded that the SN2' reaction should, indeed, have syn
stereochemistry and that the work of Rickborn, and of Johnson,
was best explained by the assumption89 that the first step
involved a one-electron transfer from the réagent to the subsfrate
to form a radical anion intermediate whose confcrmation was the
cause of the subsequent 3233 stereochemistry of attack by the alkyl
group;

In the first Quantitative attempt to ﬁetermine the
stereochemistry of the SN2P reaction by theoretical calculations;

2

Yates, Epiotis, and Bernardi’~ used ab initio and semi~empirical
methods o show that the stereochemistry was determined by
non-bonded interactions and electrostatic factors, rather than by
an inherent electfonic requirement‘for a particular
stereochemistry. Thus; they proposed that the stereochemistry

of +the S.2% reaction could be externally controlled by suitable

N
manipulation of the electronic and steric properties of the
nucleophiles and allylic suistrates employed, and that, in

particular, neutral nucleophiles would favour syn attack, while

charged nucleophiles would favour anti attack.

18



5¢ Introduction {o_this study

Consideration of the results alrea&y obtained regarding the
stereochemistry of the SNZ'vreaction leads, almost inevitably,
4t0 the conclusion that the requirement demonstrated by Stork and
¥hite for SN2' reactions to occur in syn fashion14, mist, now, be
regarded with some degree of doubtes Thus, any study which will -
. reinforce, or contradict, the work of Stork and White would be
welcomed as a means of determining whether there really is a

preferred stereoelectronic course for the S _2' reaction - it is

N

to0 this objective that the work described in this thesis is
directed.

The impetus for the work to be reported originated from an
apparent irregularity of benaviour in the enzyme-mediated
biosynthesis of terpenoids and steroids. Two of the fundamental
reactions in this process are the enzymic interconversion of
- isopentenyl pyrophosphate (Z&) to dimethyl allyl pyrophosphate
(Z?) and the subséquent enzymic condensation of these isomers,
producing geranyl pyrophosphate (Zé);

The isomerisation reaction has been shown to exhibit an
EEE} relationship92’93’94 between the electrophile (Hc) and the

leaving group (Hx), while the forma2lly analogous condensation

94495

reactioh exhibited a syn rglationship of electrophile

(dma~OPP) to leaving group (Hx);

96,97 72,78,98

Intuitively, .and from orbital symmetry arguments,

both of these formally Sp2' reactions should proceed in anti

fashion. Cornforth and Popjak95’96’97

neatly circumvented
this apparent contradiction by their now famous postulate

involving an unidentified mucleophile in the condensation reaction,
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In tuis co-called "X-groun mechanism", the mucleophile X ard

+dimethyl allyl pyrophosphate (7_53) were added in -r%i fashion
across the double bond of §§9pcnten&1 nyrophosphate {74),
followed hy a subsequent trans elimination of Hi and X,

No proof, other than the stereochemisiry of the observed
product (76) is available for the "X-group mechanism" however,

9

and Cunningham and Overton 9'have, recently, suggesied that SE2'
reactions observed in steroidzl systems may proceed in eithner syn

or anti fashion provided that tlie carbon to leaving group pond

may éttain a2 significant degree of coplanarity with the tr—-system,
The stereoselectivity observed in their experiments is ascribed
to steric, rather than stereoelectronic,factors; a conclusioﬁ-
reinforced by quantitative, semi—empirical (INDO) molecular:
orbital calculations.loo
Extension of this theoretical approach to study of the
stereochemistry of the SN2' reaction suggested that ‘steric factors
may be dominant in that case, 2lso. These studies apﬁeared to
indicate that, in the simple case of propene being attacked at
C-3 by a hydride ion, either syn or anti stereockemistry was4

100 )101

possible, and that, in a model system (1§ for that studied

by Stork aﬁd White,14 the syn mode of attack was preferredloo
because of steric hindrance by the é-21kyl group to anti attacke.
In the epimeric case (12), hovever, both modes of attack were
predicted to be feasibleloo because the steric barrier to ggi}
attack had been largely reﬁoved, gince the 6-alk§1 group vas
quasi-eguatorial when the molecule Qas in the most favourable
confermation for overlap of the C-0 bond with the developing
ﬂ-syétem.65’99

This thesis is a report of experiments performed ir order to
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- test the above prediction, regarding the stereochemistry of the
SN2' reaction.14 In particular the present report will describe
attempted syniheses of compounds of the ~eneral formula (§Q) and

their subsequent reactions with piveridine..

21
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Part A. Synthesis of allylic esters for use as substrates in

JQ' reaction.

study of the SI

1. Summary.

Initially, it was intended to prepzre the cis and trans
6-alkyl cyclohex-2-cn-1-y1 2,6-dichlorobenzoztes (39, 40, 41, 83,
82, 83) for use as substrates for the 52" reaction, since Stork
and White'? hea already employed the trans epimers (29, 40, 41)
for +this purpose.

Difficulties encountered in the preparation of these esters,
however,lled Yo an expansion of this objective to include thev

synthesis of other displaceable ester derivatives, in particular

the cis and trans 3,5-dinitrobenzoates (84, 85) and the cis

2,4-dichlorobenzoate (86) and p-nitrobenzoate (87).
The synthetic route to these compounds is shown in Schemes

1 and 2, and will now be discussed.

2. Preparation of anisoles and anilines required as substrates

for Birch reduction (Scheme 2). .

I-Iethylationlo2 of 2-isopropyl phenol (102) and 2-tert.butyl
phenol (103) produced the desired 2-2lkyl anisoles (§2,'29).

'rhé aniline derivatives, 2-tert.butyl aniline (91) and its
N,N-dimethylated analogue (23), were prepared from tert.tmtyl
benzene (104) by known procedures:-

103

Nitration of tert.butyi benzene (19&) proved troublesome,

'producing a2 mixture of PLC-sepzrable nitrated compounds,
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including 4-nitro-tert.butyl benzene (108; 707), 2,4-dinitro-

tert.butyl benzene (105; 2¢!), and 3,4-dinitro-tert.butyl benzene

(1093 27). However, under more forcing conditions, it wes

possible tc obtain 64% yield of the desired 2,4-dinitro-compound

(105).
Removal of the A-nitro group via selective reductionlo} to
the 4~-amino compound (lgé) and reductive deaminationlo3 vrroduced

104

the 2~-nitro compound (191) which was reduced to 2-tert.butyl
aniline (91).. |

" Attempted methylation of this by formyIafbion/reductionlo5
was not successful andrthe desired N,N-dimethyl 2-tert.butyl
aniline (92) was subsequently prepared by treatment 98 of the

aniline (91) with methyl iodide.

3. Birch reduction; preparation of 6-alkyl cyclohex—2-en-l-ones

Stork and White found102 that Birch reduction of 2-alkyl

anisoles (88, 89, 90) and 2—a1ky1-anilines (91, 92) yielded -
mixtures of the desired 6-alkyl cyclohex—2-en-l-ones (93, 94, 22)
and the corresponding saturated ketones (119, 111, 1123 Tablel).
These unwanted saturated ketones were, presumably, formed
by reduction of intermediate 1,3-cyclohexadienes (113-117),
resulting from conjugation of the initially formed enoi ethers
(118, 119, 120) and enamines (121, 122). Such 2 orocess is
knovmn, for anisoles, to be dependent upon the acidity of the

107

proton source employed.
s . . . 108-110
.This study will show, in =zgreement with other reports

for similar systems, that the best conditions for obtaining
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dihydro rather than tetrahydro products from Birch reduction

involve the use of lithium, with tert.butanol as proton cource,

and tetrzhydrofuran (THF) as co-solvent.

Thus, the procedure110 adopted for the Birch recduction was

a modification of that used by Stork and White102, in the hope

that an improved ratio of unsaturated to saturated ketones
would result,

It was anticipated, wrongly, that Birch reduction of"

2-tert.butyl anisole (90) would be unsatisfactory102 and that

the most suitable substrates for Birch reduction in the

102
)e

tert.butyl series would be the anilines (91,92 As will be

seen, however, this expectation was reversed for the reduction

process chosen;llo

2 Results

(i) Methyl series

Birch reduction of 2-methyl anisole (§§) and acid hydrolysis
of the product produced a ketonic mixture, apparently containing
the expected102 saturated (IR: 17200m—1,1ac=0) and unsaturated

(IR: 1690cm™t

sy ¥C=0 o, B unsaturated) ketones (110, 93).

Isolation of 6-methyl cyclohex-2-en-l-one (93) from this
mixture was, accordingly, pursued via the chemical separation
method developed by Stork and White 02 (Scheme 3). This
involved reaction of the mixture with piperidine, separétion of
the resulting piperidino-compound (lgé) from the inert saturated
ketone (1}9), and subsequent regeneration of the desired
6~methyl enone‘(2§) by base-catalysed elimination of the methiodide

derivative (lgg).

However, the material recovered from this process was very
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similar to the original mixture, showing IR absorptions a2t both
1690 and 1720cm Y,  This suggested that the B, x unsaturzted
ketone (125) mey be present since this compound would show IR
absorption at'172Ocm-1 and would be expected to react with
piperidine, by prior isomerisation to its o, analogue (93), to
produce the piperidino-compound (lgé); Base~catalysed elimination
of the quaternary methiodide -would then lead ©“o regeneration of an
equilidprium mixture ot the oty B and By 5 enones (2;, 1&2).

Further investigation of the Birch reduction thus appcared
apprépriaie. 1R and Nmr examination of the products, before
acid hydrolysis, from a second reduction showed the major
component (74% by GLC) to be the expected 3,6 dihydro anisole
(118).

On acid hydrolysis, ketonic mixture similar to that from the
first reduction was obtained.> This mixture was inseparable by
TIC and column chromatography but GLC demonstrated the presence
of four components (relative 4 s 2, 5, 15, 78) and Nmr- identified
the major component és the desired 6-methyl cyclohex-2-en-l-one
(93) Attempts to identify the c;ther components by further Nmr
investigation, utilising double irradiation techniques, were
unsuccessful, but GC-MS analysis shoﬁed the 5% component to bé the
expected 102 2-methyl cyclohexanone (1}9), while the 15/ component
was shown to be isomeric with the desired enone (93)s The UV
spectrum of the mixture showed only the absorption expeeted for the
major product (Aﬁng 224nm,€7350).

Assuming the major contaminant (15%) to be the previously
proposed/3,3 enomne (%g;), unsuccessful attempts were then made to

alter-the ratio of this product to the desired enone (93) by

treatment with base., The failnre of this attempt sugecesnted
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equilibration between the c,B and B,y enones (93, 125) and a
chemical separatior method was, therefore, devised. 1t was

hoped that selective epoxidationlll’ 12

of the P,y isomer (125)
would lead to a mixture of the B,y epoxide (126) and «,B3 enone
(93) which would be more amenable to chromatographic separation
than the parent mixture (2}, lgé). Results were @isappointing,
however, - instead of selective epoxidation, BaeyerJViiligyr
oxidation occurred, producing a mixture of lactones and this
method was, consequently, abandoned.

‘Because of these failures, the chromatographic behaviour of
the ketonic mixture was explored further, T4 and column
chromatography on various grades cf silica ana alumina were
unsatisfactory, either because no separation was achieved or,
particularly with alumina, because the material applied {to the
column was not recovered in i{s original state. The only
technique found to give a practicable separation was TIC on
AgNOB-impregnated silica, Although rather unwieldy on a large
scale, this method e#entually produced 66% recovery of apparently
pure (by TIC and GIC) 6-methyl cyciohex—z-en—l-one (93) = or s0
it was thought!

For, although the IR, Nmr, MS and UV specira of this material
appeared to confirm its identity as the desired 6-methy1 enéne
(23), it was later found to contain 165: of its 2-methyl isomer
(127). This discovery was made after LAH reduction and separation
of the alcohol products when 2-methyl cyclohex—2-en-l-ol (128) was
identified, sugresting the presence of its enone precursor, V
2-methy1.cyclohex-2-en-1-one (}31) as an inseparable impurity in

the sample of supposedly pure 6-methyl cyclohex—2-en-l-one (93).
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(i1) isoPronyl neries

Birch reduction of 2-§§3pvopyl anisole (gg) produced a four
component mixture, comprising starting material (t_ﬁi}, 14%) and three
.products (relative %: 11, 14, 61). IR and Wmr analysis of the
mixture identified the major component (61%) as the expected 3,6
dihydro enisole (119).

Acid hydrolysis gave a mixture shown to contain 2-isopropyl
anisole (g?, 14%) and four other components (relative s 10, 2,

20, 54). Analysis of this mixture was complicated by the fact
that the major impurity (20%) and the anisole (893 14%) were
inseparable on available GIC systems, but an estimate of the amount
of anisole was obtained from Nmr. As in the methyl series, the
mixture was seen to contain both saturated and unsaturated
ketones (IR: 1720, 169Ocm_1) while its Nmr spectirum demonstrafed
that the major product was, indéed, the desired 6-§§9propy1
cyclohex~2-en~l-one (2&)}

TIC and column chromatography failed to separate the ketonic
components of the miéture, but preparative GILC did effect a .
separation, albeit at high cost in labour and yield - only 34
recovery of the desired 6-i§9propj1 enone (94) was obtained. -

Consequently, efforts were then directed towards improvement
of the yield from Birch reduction and of the separation efficiency.

Repetition of the reduction, over a longer period, yielded

a mixture containing only 2% of the starting material (§2),
which, by that time, could be separated from the major impurity
on an improved GIC system, and an increased amount (69:) of the
desired enone (2&).

Other separation methods were investigated. Of these,

113

"dr&-polumn chromatography" appeared to be the most promising

and after extensive testing, was shown to be the method of choice.
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Using this method, 51?* recovery of the enone (2&) wes achieved
»~nd that in a very much shorter time than was required for
preparative GIC.

The major impurities were also identifiable after separation
by Ydry—column chromatography" and were showvm 4o be 2-isopropyl
cyclohexanone (}l}, 149 of mixture) and 2-isopropyl cyclohex;Z—
en-l-one (129, 15% of mixture ).

(iii) tert.Butyl series

Birch reductioﬁs of 2-iert.butyl aniline (Y1) and of its
N,N—dimethylated analogue (92) were totally ineffective,yielding
high recovery of starting materials and only trages of producise

This unexpected102 discovery led to attempts being made to
reduce 2-tert.butyl anisole (Y0) using the improved Birch

' re&ﬁction procedurello, although Stork and White had foand it %o

be an unsa+isfactory substrate under their conditions.1

Birch reduction of this anisole (Y0) gave 95% yield, after
acid hydrolysis, of a four-component mixture, comprising three
products (re1a+,ive s 17, 18, 40) and starting material (90, 257).

As in the methjl and isopropyl series, the mixture vas séen
to contain both saturated and unsaturated ketones (IR: 1720,
16850m"1). ' Nmr analysis of the mixture was more complex than
Yefore but it did prove possible to determine that the major
component was the desired 6-§g£j.buty1 cyclohex-z-en-l-ope (g§).

Although the three ketonic products were inseparable by

“normal"™ TLC, the use of mul%iple development techniques resulted

%  In practice, this figure was often further increased (by up

to 20%) by rerunning partially separated mixtures.
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Tekle 2. Innlysis of 6-21lz71 cyclohef:—?—en—l—ones.
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in a paftial separaticn, vhich was exploited by chromatogremming
'the mixture on a silica gel column.,

Extensive testing led to 2 practicable method for separating
the ketonic components which, in order of elution, were shown to
be 2-tert.butyl anisole (90), 2-tert.butyl cyclohexanone (112),
2-tert.tutyl cyclohex-2-en-l-one (130) and 6-tert.butyl cyclohex~
2-en-l-ore (95). Using this method, the desired enone (95) wes
recovered in 66% yield.

Repetition of the Birch reduction under different concitions

produced a mixture comtaining 35% of this enone (95), of which

58 was recoverable, using the method above.
/ ’

be Analysis of 6-alkyl cyclohex-~2-en-l-ones

The relevant spectroscopic énd_analytical data of the 6-alkyl
cyclohex-2-en-l-ones (93, 25,.22) formed by Birch reduction are
shown in Table 2,

The enones (93, 94, 95) exhibited very similar IR, Nmr and
UV specira. Particﬁlarly significant were the Nmr signals due
to the vinyl protons. HP appeareﬁ to lower field than H,, as
expected114. They were vicinally coupled (J = 10 Hz.) and Hp
had additional vicinal coupling to the two protons at C=4 (J = 4Hz.)
and a further, smaller coupling, presumably via a "W" configuration
to one of the protons on C-5 (J = le.),115 while H_ had additional
allylic coupling to the two protons at C-4 (J = 2Hz.). |

The fact that the coupling of the two protons at C-4 to either
Havor Hg produced a trinlet suggested that the C-4 protons were |
symmetriéally disposed about the plane formed by C-2, C-3 and

£
C-4A, . This would be expectedll“’ 117 for the monovnlanar "half-chair"

conformation (Figure 1la ) in which the carbonyl and doubls bond
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" de not lie in the same plane, tut .would rot be possib]ellé’ 117
for the 1, 2 diplanar or "envelope" conformetion (Firure }b)
vhere the carboryl and olefinic groups are coplanar. In {he
Yenvelope" conformation, the vicinel coupling of Hp to H2 would

117

be negligible ' since the dihedrzl angle (¢?) between them i=

]
approximately 900 while the coupling to Hl would be aponreciable,

117
(¢1 ~30°).  Thus, coupling of Hp tc the protons at C-4 would
produce a doublet for this conformation, while for the "half-

chair" a triplet would be exvected since ﬁl z:¢2 in that

conformation, Conversely, the allylic coupling of H, to H

1
would be negligiblell8 in the "envelope" conformation (¢1 A430°)
vhile that to H, would be appreciab1e118 (¢é ~ 90°), thus

producing a doublet for this conformation but a trivlet in the
"half-chair" (¢.%¢ ).
1 72

Thus, the observation of triplets for the coupling of H,
and Hﬁ to the protons. at C~4 suggests that the preferred
conformation of the enones (93, 94, 2§), in solution, resembles
the "half-chair" rather than the "envelopeﬂ;

The conformation of cyclohex=2-en-l-cnes in solution

119

has been a matter of debate s for some studies have shown that

the carbonyl and éonjugated olefinic bond are not normally

120, 122, 123, 124

coplanar 121 (Figure 12) while others have

favoured the coplanar structure (Fipure 1b) on the basis of

'micpowave,122 Nmr;123 and circular dichroism124 analysise

Ce Conclursions

Summaries of the results obtained from the various Birch

reductions are given in Tables 3 and 4.

(i) The isolated yields of 6-alkyl cyclohex—2-er-l-ones (93, 94,
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Table 3, Summery of resulis from Birch reductions of 2-alkyl

anisoles.

z Product distridution (%) recovery '
' Oe 0 0 0 0 of . Ireported
! N R » i n | 6-rlxrl|vield yie1at??
. Subsircte ! " - 'h B o i DA Do ]
» ‘ 7 enonevf _ < boe
‘gga R=Me - 5 15 13 65° 66T | 43 " 52
i§ga r=Pr’ | 14° 10 - 20° 54 388 | 17
, . 13
20" Repr® | 2 14 - 15 69 517 | 30
i ) .
1 00 R=Bu® | 25 17 - 18 20 669 | 25
e 4 s 10
igg R=Bu 28 18 - 19 35 58 19

- - 110 . . .
2., Stendard conditions b. Lonrer recction time c. Higher

concentration of substrate d. Lnalysis after LAH reduction
e, Analysis b n.m.r. . ceparated by AgHOS—impregnated telecCe
co Senrroted by prev. felecCe h. Separated by dry-column chroma-

113

tography je Senarcted by column chromatographj.

Table 4. Distribution of ketonic products from Birch reduction.*

2. ratio of unsaturated tc¢ saturated ketones.

b. ratio of 6-21kyl to 2~2lkyl enones.

Substrate 2. Cols, 1] 2. Col, 2 2. Cols 3 be.
28 R=Me 93:7 94:6 15325 83:17
89 R=Pr* | £4:16 88:12 50150 73:27
90 R=Bu® | 70:30 77223 67:33 69:31

110

¥ All values reported refer tc standard conditions

Col. 1 = 6-alkyl erone/scturated ketone

[}

Q
o
=
L]
N
[

‘6= 2nd 2-2lkyl enones/scturated ketone

. 102 )
renorted ratio of enone/saturated ketone

¥
o
i
*
w
]



22) are seen 1o be superior to tho§e obtained by Stork and
Hhiteloz for the iggbropyl and ter{.butyl ceries, thus
justifying the choice of reduction procedurello (Table 3).

(ii) Similerly the ratio of unsaturated to satuvrated ketone
has been imoroved for each of the series (Table 4a) . Direct
comparison with the results obtained by Stork and whi'belo2
(Col. 3) is hampered, however, by thre difficulty of knowing
vwhich of the values (Col. 1 or 2) corresponds to their result

| (Col. 3) since it is possible that the 2-2lkyl cyclohex—2—en-l-—
ones (127, 129, 130), although undetected, may have been present
in their samples of 6-21kyl cyclohex-2-en-l-ones (2}, 94, 22)
and may therefore, have been unwittingly included in the
reported102 ratios of unsaturated to saturated ketones.

The observed decrease in this ratio (as determiried from this
study, Table 4, Cols. 1,2) as the size of the 2lkyl group increases
is presumatbly relatec to either the ease of conjugation of the
intermediate 1,4-dienes (118, 119, 120) or to tre ease of
| ;eduction of the resulting 1,3-dienes (113, 114, 115) or to both,
(iii) The formation of the 2-alkyl cyclohex—2-en-l-ones (127, 129,
130), 21though unexpected according to the work of Stork and

White, 192

is, in fact, in agreement with results obtained ty
Smith,lo7 who, using sodium, with ethanol as proton source, found
that 2-methyi (§§) and 2-isovropyl anisole (§2) produced mixtures
céntaining the 2-21kyl cyclohex-2-en~l-ones (127, 129) in addition
to their 6-21kyl isomers (g}, 94) and saturated ketones (110, 111).
The reason for the occurrence of 2,5-reduction to give the
enol ethers (131, 132, 133) from which the 2-alkyl enones (127,

110

129, 130) were formed appears to be reiated toc selectiviiy

in the addition of the first ﬁroton to the initiz]l radical
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anions (1;4, 135, 136). Whether this is directed exclusively,
‘ 2
or only partly, by the charge d:'Ls*l'.ri’nutiovzl'5 is still a matter of

D6
deba‘tel“6 131

and is unlikely to be settled until an
experiment2l method can be devised to decide which proton is added
first,
The observed decrease in the ratio of 6~to 2-alkyl enones
28 the size of the alkyl group increases (Table 4b) may be
associated with the greater electron-releasing effect of the
alkyl group to the para (C-5) rather than the ortho (C-3)
132

position, thereby leading to an increased amount of 2,5
reduction as the ability of the alkyl group to supply électrons
increases,

(iv) Although evidence for its presence is circumstantial, the
proposed formation of the B,y-enone (125) from reduction of
2-methyl anisole (88) is not entirely unexpected since it has been
demonstratedl33 that the equilibrium ratio of «,A and B,y isomers

33

of some 4-alkyl cyclohex-2-cn-l-ones is 70:30,1 although for

cyclohex-2-en~l-one, itself, the ratio is 99:1.134

4;. Reduction of 6~2lkyl cyclohex~2-en~l-ones: preparation of

6-z1kyl cyclohex-2-en—~l-ols,

The objective of this section of work was to prepare the
6-21kyl cyclohex=2-en-1-ols (2§-}9}) by reduction of their enone
precursors (93, 94, 95). ' .

Initially, efforts were direéted towards the separation cf
the alcoholic products from non-selective reduction processes,
but em;hasis later shifted, because of separation problems, towards

stereo~ and regioselective reduction. When disappointing results
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vere obtained there, the circle was completed by returning

attention t~ the improvement of the available separation methods.

a. Product analysis

The various reductions of the enones (2?, 2§7 2§) produced
complex mixtures of products, whose an2lysis was complicated by
difficulties in their physical separation and by the failure of
GIC, the main analytical technique employed, to distinguish all
of the components. Potentially the most serious of +these
complications was the failure of GIL to separate, in the isopropyl
and tert.butyl series, the trans saturated alcohols (}§§, l;g)
from the corresponding cis unsaturated alcohols (98, 100).

This problem was circumvented, however, by two-facts: i) the cis
saturated alcohols (141, 142) wefe estimable by GLC and ii) the
ratio of cis to trans saturated alcohols could be determined from
appropriate reduction‘of the corresponding saturated ketones

(111, 112), thereby permitting esiimation of the amount of irans
saturated alcohols (}3@, 139). In practice, however, this
problem was seldom as serious as héd been feared since the amounts
of saturated alcohols (138, l;?, 141, 142) formed were generally
slight. (<59)

In spite of these and other difficulties, it eventuzlly proved
possible to identify, thourh not nécessarily isolate, the products
of the reductions by a combination of analyses of the prbduct
mixtures, themselves, 2nd of separated anc partiaily sevaratied

*
components, Technigues of particular value for the analysis of

* The detailed analysis of the 6-alkyl eyclohex-2-en-l-ols (96-

101) is given later (p. 39).
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- non-separated components were GLC co-injection writh zuthentic
materizls [%nones (93, 94, 95), saturated ketones (110, 111, 112),
cis saturated 2lcohols (140, 141, 142) and trans saturzted alcohols
(137, 138, }ég)] vhen these became available, and GC-lS.

The GC;MS analysis of the reduction products from the
apparently pure 6-methyl enone (2}) is worthy of noté since this
detected the unexpected presence of three isomeric allylic alcohols
(96, 97, 128). Differentiaticn of the structural izomers as
6-methyl (f)_6 , Z?) or 2-methyl ('.LZ_B) wes strzightforvard since the
cis and trans 6-methyl alcohols (96, 97) showed virtually
identical fragmentation patterns while that of their 2-methyl
isomer (128) was quite different (Figure 2). Their major
difference was the lack of a base pezak at nMe 70 in the latter,

_attributable to the fact that, unlike its 6-methyl isomers (96, 97),

" the 2-methyl alcohol (127) will not undergo x—cleavage followed by
prooene loss‘because of the already high electron density on the

methyl-bearing carbon (Scheme 4).

b Separation of products

Extensive efforts to separate the pfoduct mixtures were
fraught with difficulty. It proved 2lmost totally immossible to
obtain a separation of the epimers of the methyl and isoprooyl
ellylic alcohols (26, 973 28, 99) from one enother by TIC or
column chromatogravhy on various grades of silica or 2lumina,
although some success was achieved in senarating these allylic
2lcohols (gé-gg) from the other components of the product mixtvres.
Of particular value in this context was the use of TIC on-AgN03~

impregnated silica , which 2llowed 2 separation of the 6-methyl

alcohols (96, 97) frem their 2-methyl isomer (128) and from the
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Prenarative CILC sepcretion of 211v1ic alcohols.

OH OH
compound vrecovery purity compound re-covery nurity
R
no. ¢ <« no. g o
e g_6_ 21 86 97 27 - 93
rrt| 98 16 98+ 99 60 99+
E‘:‘u)c 100 29 26 101 29 88




. saturated enalogues (137, 140).

The only liguid chromatographic separation of the allylic
epimers achieved was in the tert.butyl series (100, 101), 21%
recovery of the cis epimer (100, 96% pure) being realised on a
silica column, while 75% recovery of 975 pure alcohol (100) was
obtained by multiple development PIC. ~ However, neither method
successfully yielded high recovery of the minor component, the
trans alcohol (101) - in fact, only 27% recovery of only 58& pure
alcohol (101) could be achieve;:

Similarly, efforts to separate the alcohol epimers (2§-}9})
via their 2,6-dichlorobenzoate derivatives (39, 40, 41, 81, 82, 83)
were frustrated. (see later p.47 )

The only separation method to be successfully used at that
time was preparative GLC, Although comprbmise had to be reached
between the attainment of reasonable recovery and z reasonable
degree of pufity, it wes possible to obtain sacrificially small
quantities of each of the allylic alcohol epimers (2§“19}) (Table 5);

The obviously unsatisfactory separations so far obtained
_ prompted further'study of the reduction processes themselves with
a view to achieving a higher degree of sfereoselectivity, thereby
lessening the separation problem. For several reasons,
particularly availability of the enones (2;, 2&, 22), further
investigation was largely restricted to the isonropyl series.

The results obtained were disannointing, however, the desired degree
of stereoselection being only partially attainable in the abserce
of conjugate reduction (see later - pp. 22-46, Tcble 9);

Accbrdingly further chromatographic exneriments were

undertaken, utilising the techniques of "dry-column

113

chromatography" and PLC on highly activated silica layers but

these, too, were to no avail.
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The separation of cuitable derivatives, other than the
2,6=dichlornbenzoates (40, 82) was pursued, exploiting the fact
that with different reducing agents it had been found possidle
to alter the ratio of cis to trans alcchols (98, 99) from ~1:2

—

(ex LAH) %o ~3:1 (ex di-isobutyl aluminium hydride, DBAH)., From

these two different mixtures of alcohols, two mixtures of the
corresponding 3,5-dinitrobenzoates (84,85) were prepared in hich
yield. Very slow fractional crystallisation from hexane afforded
th2 cis ester (84) from the cis-rich ﬁixture and the trans ester
(85) from the trans-rich mixture. Monitoring of the

: ¥*
recrystallisation procedure, by LAH reduction of the ester mixtures

and GIC analysis of the resulting allylic alcohols (98, 99),
allowed the recombination and recrystallisation of appropriate
fractions from the mother liquors, a factor which increased the
overall recovery of the cis and trans esters (84, 85) to 68 and
607 ,. respectively.

By that time, th; pure trans allylic alcohol (99); isolated

by preparative GIC, had already been converted in 15¢ yield (see
later p. 47 ) to its 2,6-dichlorobenzoate derivative (49); Thus,
it seemed, the final requirement in the isopronyl series was to
convert the cis 3,5-dinitrobenzoate (84), via hydrolysis and
re-esterification, to the cis 2,6~dichlorobenzoate (€2).

In practice, this final stege was not satisfactorily
aécomplished - a fact which was to have more than the obvious
significance, For, as it happened, the 3,5-dinitrobenzoate
derivatives themselvées, (84, 85) were later found to be suitable

substrates for study of the SN2' reaction. By the time this was

-

* ' . ~ ,
The esters (84, 85) could not be directly analysed.
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discovered, however, almost all of the precious cis 3,5~
Jdinitrotenzoate (84) had been hydrolysed to the alcohol {98) ond
used in attempted‘preparation of the cis 2,6~dichlorobenzoate (82)!
Consequently, some of the studies of the SN2' reaction of the
cis 3,5-dinitrobenzoate (84) h2d to be performed using cis ester
(84) contaminated with up to 11% of its trans epimer (85), this
beiﬁg the hirhest degree of stereochémical vurity obt=ainable from

the few remaining samples of mother liquors of the original

recrystallisations.

c. Analysis of 6-alkyl cyclchex-2-er-l-ols : proof of

stereochemistry.

The spectroscopic and analytical data for the alcohols are
shown in Table 6.

The configuration of the alcohols was assigned as cis or trens
on the basis of their Nmr spectra and confirmed by hydrogenation
of the a2llylic epimers (96-101) and comparison of the resulting
saturated alcohols (lgj-lgg) with.authentic materials. Further
confirmation was afforded, in the isopropyl series,by the meiting~
points of the trans 2,6-dichlorobenzoate (§9)14 and trans 3,5-
dinitrobenzoate (§§).102

Nmr showed the three cis alcohols (2§, 98, 199) {0 have very
similar spectra (Figure 3a) which were quite different from those
of their trans epimers (97, 99, 101) (Fisure 3b).

In varticular, the vinyl and carbinol resonances of the cis
and trans epimers were very distincfive. (Pigures 3a, 3b).

The speétra of the cis =2lcohols (96, 98, 100) exhibited narrow

(wy = 5E=z) sisnals for the vinyl protons while those of the trans
%L <

epimers (97, 99, 101) were broader, more compleX resonances.
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© The chemical shifts of the vinyl nrotons were ceonsistently to
lower field for cis, the chemical shift differences betwesn the
epimers being 16, 17, and 19Hz;for the methyl, isopropyl and
Egzj.butyl series, respectively.

Similar distinctions bhetween the epimers were noted for the
carbinol protons, the chemical shift differences in this case being
20, 9 and BHz respectively, while the differences in signal width
were more pronounced (q% = 8 for cis, w, = 14-16Hz for trans).
The difference in the half-band widths (u%) of the carbinol protons

is ratiohalised‘by reference to Figure 4. The carbinol proton H1

is vicinally coupnled to H6 and H, and allylically coupled to H

2
The magnitude of the coupling constants is éependent upon the'

117

32

relevant dihedral angle (0,$) between the coupled protons.
Because of the geometric constraints placed upon the cyclohexenol
system by the double bond, the coupling constants Jl,2 and J1’3
will be little different for the cis and trans epimers (Figure 40D,
chet) but the magnitude of J1,6 will be considerably greater

for the trans than for the SEE epimer (Fisure 4c, ¢c # ¢t) and

the half-band width of the carbinol proton will consequently be
g-eater for the trans epimer, as found. '

This analysié of the signals due to the carbinol protons is in
qualitative agreement with results from the corresponding saturated
alcohols (137~142, p.54 ) where 8§(cis CHUH) has been found to lower
field’than §(trans CHOH) and Wy (cis CHOH) has been found to be
smaller than w, (trans CHOH) znd is in general agreement with

2 .
1 6
similar studies in other cyclchexanol systems-35’ 13

The.overall analysis anparently contradicts Nmr'studyl37
of the hydride reduction products (143, 144) from 6-phenyl,

3~-methyl cyclohex—2-en-l-one (145), where the carbinel proton of
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115 for the »nrotonz of cis and

trons £

crclohen-2-en=1-0l (29, 00),

* .
cis trans
[Lenthonide 0.21 0.41 042N 0.4
H, 4.5 10,2 6.3 12.5
H, 1.8 3.9 2.5 Te5
Hy 0.8 1.8 1.3 2.7
l
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the trans epimer (lﬁé) ves found fo,lower field +hza that of the
._ig epimer (1£§) and fhe trens vinyl proton wes found to erhibit
no coupling wvhile the cis proton gave rise to a 3.TH= doublet;
Further configurafional confirmation was obtained fren

extenéive studies of lanthanide-shifted spectra of the isonronyl
alcohol epimers (2?, 22) couvled with double irradiation
techniques; Unfortunately, signal broadening masked the
coupling information being soucht but it did orove possible to
identify the mejority of the protons by combinations of
decoupling experiments, 2lthough reliasble counling constonts could
-not be obtained. The most significant information to emerge
from this study was, in fact, the magnitude of the lanthanide-
induced shifts (LIS) of the various protons (Table 7).

For alcohols, the oxygen-lanthanide bond length has been

estimated to be 2.5-3,0§ 138,139,140

"to Dbe 115-140° 138,139,140

and-the angle C-0-lanthznide
Using these values, a comva}ative
assessment of the LIS for the protons of the c¢yclohex-2-en-1-o0l
ségtem cen be nade Yy study of molecular models, since the
megnitude of the LIS is known to exhibit both distence ' and
anguler dependenc.eM'2 unon the relative snatial disvosition of

the lanthenide ion and the proton. Obviously, such estimates
will vary with rotation about the C~0 bond, meking some of the
predictions difficulte. Howéver, the LIS of protons H5a and H6’
although different for the different rotemers, will still show the
same qualitative relationshin viz; that in the cis alcohol (gﬁ)
H5a will be aporeciably }urther cshifted dovmfield than in the
trens alcoﬁél (22) since, in the former, it is neeorer the lanthanide,
vhile for H6’ the reverse will a»nply (Fi;ure 5)e The cnrrelation

between these nredictions and the observed recults (Table 7)
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Rnferences from Table 9, overle~f,

2. 2n2lysis by GLC
be non-separchie by GLC
¢s solvent: ether
de  solvent: THF
e. solvent: isonronaenol
f. solvent: ether/THT
g
*

. Table 10.

L

]

ATP

Selec

X Sel

LiAl(Cre) H
Al(PriO)3
= Li(gec.butyl),Bd

= K(ggg.buty1)3BH

inverse azddition of reducing acent to substrate.

these reductions »lso produced unidentified compounds (~107
- '

Product distribution” from reduction of 6—tert.butyl

cyclohex—2=-cn=-1~one (95).

Ce

sclvent: ~ ather

o o oH
Reducing a2gent| Time [Temp.
| . . |o b b
nrme eouive. | min. Ci 12 95 142 139 100 101
1an® | 4.0 60 | 0 9 - 9 70 12
" 8.0 10 | 25 3 - 3 69 25
" 4.0 10 | 25 2 - 3 71 24
" 3.8 20 | 25 2 - 3 T6 19
DBAH® | 1.5 10 | 0 - - 6 77 17
" 1.5 10 |25 - - 5 81 14
e ar2lysis b CLC
b. nonysepérable by CLC




T?"v}ﬁl e 9 .

SR ! ' . .
Product distribution” from reducticn of 6-isopronyl

cr-clohex-2-en-l-ore (94).

0
I
Jecuveings prent| Mimel Temm.
nrre equiv, {min. % 111
127 110.0 20 |-40 5 14 -
w20 20| o0 1 - 2
"6 20 | 25 1 - 2
f " 3.0 20 | 25 2 - -
o 1.5 20 | 25 1 5 - -
% 32 | 1.5 20 ; -T0 2 - 2
L B 20| 0 1 - -
" 1.5 20 | 25 o - 2
" 1.1 20 | 25 2 - 1
" 1.05 = 20 | 25 2 - 4
st 1.5 20| o 8 - 9
" 1.5 20 | 40 A - 16
" 1.5 20 | 60 6 - 4
m1d 20,0 20 |-70 | - 99+ -
" 120.0 20 o | 44 29 6
" 20,0 201 25 | m - 3
arr® 18,0  m|o9T | - 96 -
o e lyenle s a6 -
" " 21h | ® 3 38 1
Selec” | 0.95 | 20 |-78 95 5 -
no€los | 20(-18 193 5 -
" E25.0 20| 0§ - - 99+
" ;és.o 20 | 25 | - - 99+
¥ go1’! 1.25 | 20| 25 | 174 1 25
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31 66
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40 55

49 21

51 42
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68 29
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49 33
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Te¥le &, Product distritution from reduction of 6-methvrl

OH OH

0 OH O OH O OH

Reducinge a~ent] Time| Temn, . .[:j:]’ [:j:]' [:i:ﬂ,
voere  |eovive |min. %€ | 110 92 10 127 9% a7 128
11® | 5.0 10| 0 - A" 29 53 14
" 2.3 30 0 2 lOd 28 42 18
" 2.0 30 | 25 - rd___ 26 =2 17
w 140 |20 f25 | - 4° 25 54 17

mamn €l12.0 60 25 1 A 54

PO ’-.4 ~ . v Al 13 22 10
" 2.0 64:) 25 - .'"Ad 22 22 14

. znalysis by GL&

b. contrined approximatély 16 of the 2-methyl isomer (127)
C. solvent: ether

4, non-geparable by CLC

e. solvent: THF

| - i:/ro ‘
/ .
6 C |

147

=

]
o




provides further supnort for the confipgurational =zzsisnment.

d. Conclusions

(1) Regiochemistry of reduction vrocestes,

The results obtsined from the various reductions are
summericed in Tebles 8, 9, 10,
As con be readily seen, conjurate 1,4 reduction was 2 minor

pathuey, excent for those reductions emnloying the "soft"

43

borohydride resgents, HaBH4, Li(ggg.butyl)3BH1 and

124

K{sébv butyl)BBH sy and those involving . very large excesses of
reagent, e.g. Li(Ol'e) AlH.

Such a result is in qualitative agreement with the
suggestion145 that, in the reactions of enone systems, the ratio
of 1,2 to 1,4 addition is dependent upon the "softress" or

146

of the reducing speCies; Since the B-carbon atonm
127

"hardness"
~of '2n enone system is "softer" than the carbonrl carbon,
_addition of "soft" reagents will occur preferéntially at the
p-carbon.

In this context, it was hoved that, zlthourh ¥(gee.tuty1) i
had procduced onl& 1,4 reduction of the isoonropyl enone (24), the
analogous Li rearent would, by the "symbiotic effect",lla e
soméwha "horder" and nichit, therefore, perferm 1,2 reduction.
In the event, such 2 hone was unfounded since, even with inverce
addition of 2 deficiency of Li(§gg.buty1)33H, only 1,4 reduction
occurred, »roduvcings the saturzated ketone (111); Such 2

recioselective reduction of the conjugated double bond has obvious
. . . 149

synthetic utility ond, indeed, this wes denonsirated shortly

afterusrds by the production of a 98¢ yield of 2-methyl 2,3

dihydrocarvone (146) from carvone (147)-by reductive alkylation
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using K(ggg.bu%yl)é}ﬁ rnd methyl iodide.,

The cbservation of 1,4 reduction with these tri=1kvl
borohrérice recpenis is not universezl, however - the
prostzglendin intermediate (148) vossessing en ecyclic «,B-enone
srsten hrs been reduced O in 1,2 fashion by Li(ggg.huty1)3BH
vielding 2 T78:22 mixture of the 155 and 15R epimers (%ﬁg, 129).

This apporent contradiction is ascribed to steric sensitivity of -
. the reduction process, as suggested bj the fact that the

p-oubstituted enores (151, 152) gave exclusive 1,2 reduction "

althoush the B-unsubstituted enones (147, 153, 154) rave 1,4
reduction.149

The behaviour of-the different aluminohfdride reacents as
.regards the regioselectivity of the reduction process is not so
recdily rntionalised, 2lthough the absence of 1,4 reduction with
LAH, itself, vas exnected since 1,4 reduction of enones @y LAH
is normally unimportant unless the double bornd is conjugated both

- to the carbonyl and another electron-withdrawing group151’152

* 2 |~
or is in a streined rin,gt.15".’1“'4

The substantial zmount of 1,4 reducticn found with Li(Oile) A
is epparently out of step with the prodiétions made from the

145,146

"hard-soft acid—bése" principle a2nd with exverimental

observetions mede Tor cyclopent—2-cn-l-cne (12§)154 end 5,6
dihydro-gggg~di§yclopentadien—1—oﬁe (1§§),154 vhere saturation
of the double bond was less nrevclent using Li(Cﬁe)3A1H then with
LAH itself, .

The utility of DBAH as a regiosclective 1,2 reducing crent
for crclonent—~2-en-l-one (1:2) has 2lready been demonstratedlss.

In this study, reduction of the enonmes (94, 95) by DSAH in

ether proceeded in 1,2 fashion tut reduction of enone (94) in
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Toble 11, Stereochenictry nf reduction br LAHT,

0 .0

nroducis

cis trans cis trens
R no., ¢ no. %' no. ¢ iﬁ?o; <
e % 3 91 69 y_g 20 127 70
ppl 98 35 99 65 141 /40 138 | 60
Du® 100 74 101 26 | 142 47 130 53

7. 211 reductions in ether, at 25°C, with analysis by GIC.

0 0
i ;Ph é,xPh

157 v 158



THF preoduced subrtentisl amcunis (3157) of 1,4 redvction. This

«iolvent denenderce is nrebobly due to comnlex formziicn betveen
o i 156 . o

DBAH and THF, nd thus rednctions in the two solvents canrot

be directily compered, since the nature of the reducing species

is different.

d. Conclusions

(i1) Stereochemistry of redvction nrocesses

The stereochemistry of the redvctions by LAH is in general

o
2T the amovnt of ouneci-axial (cis)

13

agreeﬁent with Barton's rule,
a2lcohol increasing as the steric hindrance to axial annroach of
hydride increases i.e. as the size of the 6-21kyl group increases
(Table 11),

The stereochemical results obtained from the LAH reductions
of the methyl and isopropyl enones (2;,2&) tlosely resemble those
from the reductions of the corresnonding saturated ketones
(119, 111) (mable 11), in agreement with a study of the LAH .
redvctions of the 6-phenyl enone (lgj) and its saturated
analogue (15°) from which it wes concluded thot the double bond
exhibited 1itt1e.effect on the stereochemistry.158

Reduction of the 6-tert.butyl enone (95), however, chowed =
marked increase in stereoselectivity relative to its saturated
analogue (llg) and to its methyl and isopropyl homologues (93, ¢4).

The formation of the cis allylic alcohol (100) 2s mejor reduction

(+
ct

product (Table 11) demonstrates, in contrest to tre immediately
preceding discuésion, the hagards of predicting the stereochenical
outcome of zn enone reduction fror results for the correspondines
Sature%ed Xetone. Por, attractive os thfs m2y be, the different

Eeometrie5159’16o’161 of the tvo systems reouire that such a

A4
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prediction be made with ceution, as evidenced br this stucdy, ond

even more striltingly, by several resulis from the siteroid.

fie1d,161-165

Similarly, rationalisation of the stereochemistry observed
in 1,2-hydride 2ddition to 2n enone system mey be difficult,

reouiring, at the very least, knouwledce of the conformations

120-124 '
0-124 and product znd of the direction of

) 166

apnronch of the anion, Indeed, the commonly emnloyed assumption

of tre substrate

thal an anion aporoaches a2 carbonyl group along an arxis passing
throush the trigor2l carbor and pervendicular to the vnlane of
the substituents of the carbonyl has recently been disputed by
theoretical studies;167’168’169 |
The'result obtzined from LAH reductior of the isovronyl
enone (94) (Tsble 11) is, in fect, in close agreement with the
36:64 ratio of cis : trans allylic alcohols (159, 160) frem
LAH redvction of pineritone (lgl).17o Similarly, the result from
reduction of the tert.butyl enone (95) is not unvrecedented since
cis 2lcohols (;g}, lég) were the major products from LAH reduvction
of the 6-nhenyl enones (1&5, lij), a result rationalised by steric
factors.171
The observed.sharp increcse in stereoselectivity on soing
from the iggpronél to tert.buiyl enone (T=blell ) illustrotes the
special effect of 2 tert.tutyl substituent as a steric "blockine
group", Both methyl and isoprovyl grouos in the enones (93, o4)
can adopt 2 lowest energy conformation in which threir hindrronce
to quesi-avial avoroach of hyéride approvimates to a l,3-diaxizl
H intefaétion (PFi~ure 6a,b) vhile the minimum hindrance offered
by a ﬁng.butyl groun approximaﬁes_to a 1,3-diaxial H-methyl

interaction (Firure 6¢), thus leading to a decrease in gggg}—axial
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Table 12. Variation in the stereockemistry of 2llxrlic rlcolol

. ~ o . a
products 1ith chance of reducing crent.

, i
OH OH
R : R
Substr-+te | Reducings ?gentb cis trens
1 93 LiH 21 69
2 923 aBY , 50 50
3 94 LAH - 35 65
4l 94 s A 7 23
> 94 DBAH 70 30
6 95 LAH T4 .26
1 95 DRAH 85 15
2. enalysis by CLC be ether; 25°C
c. T = LiAl(OHe)BE; solvent, THF; 25°C
OR ‘ OR
| .
~
, 143 R= 164 R=H
OH 165 ‘pare OH 166 R=tc O
R R R
t ' t
167 Bu 168  Bu 159 Ye
171 e 172 e 170  Ph

173 PR 174 Ph




atteck,
The incrcase in the ¢is ¢ irans =lcohol ratio as the steric

bulk of the recducing svwecies was increaéed (Teble 12, entries 1-4)

is in qualitative agreement with results obtainred in cyclohexcnone

syctems.]'?z’l73

Similarly, the increcse in amount of cis alcohol
formed with DBAH relative to LAH wes no% unexnected since the
anelogous AlH3 has been shown to produce a greater amount of
~quasi-a2yial alcohol than LAH in enone reductions. ots111,174

One surprising teature to emerge from this study wes thet,
for the isopronyl series at least, the cis alcohol (98) apneared
to be thermodynemically favoured over its trens epimer (99), as
evidenced by the increase in the rat;o of cis ¢ trans alcoholé
(2§:22) as reaction temperature was increzsed or amount of hydride
was decreased, particularly for reduction by DBAH in ether and,
less markedly, for LAH (Table 9). This unexpected result was
confirmed by lNeerwvein-Ponndorf-Verley reduction,175 whicﬁ

_demonstrated that the ratio of cis : trans alcohols (98:99)

increased with “ime,

3¢ tmr

This finding is, in fact, in 2greement with
studiesl76 171 of conformational preference in cyclohexz-~ n~l-ol
(163), 2-methyl cyclohex—2-en-l-ol (164) and their acetates
(165, 166), vhich vroposed that the ouasi-axial orientation
of the hydroxy—vor acetoxy- grouns was preferred dy 0.97—1;60
Kcal;mole-1:  Aysilable recults from equilibrium studies of
S-substituted cyclohex—2-en-l-ols anpear 1o coniradict one
another, however - for.*he cig and trens 5-tert.butyl cyclohex-
2-en—1~ols (167, 168), 2 g___}-equatorlal preference of

0o4Kca1.nole-1 is sugrested, 178 vhile sindy of the lleerwein-

Pondorf reductions of the 5—methy1 and S-phenyl enones (169, 170)
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znd subserrent eauilibration cof the resulting alcohels

—_—_— - .. 179 . .
L(171, 172 ¢ 173, 174) demonstraied thot the quasi-aricl
orientztion of the hydroryl group wos favoured by a factor of

2 (= 0.4Kca1.mole—1 160).

5. Esterification : nrenarsition of 6-2lkyrl cyclohev¥-2~en-l-yl

esters,

a. '2,6;dichlorobenzoate esters

Unexpectedly, this final stage of the proposed synthetic .
route (Scheme 1) to the 2,6-dichlorobenzoztes (39, 40, 41, 1,
§?, §§) proved to be.the most troublesome. - Indeed, only'one of
these desired esters, the trans 6-icopropyl ester (40) was ever
"successfully" prepared, and that wes in oﬁly 15ﬁ yield, a result
in merked contrast to Stork and iWhite's report14 of the T0-&0K.
yields of trans esters (39, 404 41) achieved by treaiment or
the corresvonding alcohols (96, 22, 101) with 2,6 dichlorobenzoyl
chloride (171) in 5yridine.

Mot surorisingly, initial esterification attempts employed
this method14 with either stereochemically pure 2lcohol or
mixiures of the alcohol epimers (2§—1§}) as substrates. 1In no
cese wes a yield greater than 15¢ achieved nor, despite extensive
efforts, wes cny separation of ester epirers reclised.

Alterntion of the rerction conditions failed to ~ffect this
situation and studies were, accordinély, undertaken to investigate
the imprsvement of this method, using 2 model compound, 3, 5, §
trimethyl cyclohex—2-en-1-ol (172).obtained from reduction of the

corresponding enone (173).. The best yield obtained from this

a7
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~ 2lcohol under the conditions emnloyed by Stork and WhitelA

wo.s 8% out chanres in the rezction time, {temmerature and work—up

procedure succeeded in increasing this to 53¢, Howeve:, application

of these conditions to the esterificztion or the 6-21llyl substrates

(29—}9}) teiled to immrove upon the z2bysmal resulis vreviously

obtained and this esterification method wes consequently a2bzndoned.
Using the model comnound (lzg); 2 search wes made for other

esterification methods.

(i) Under = variety of conditipns, pre~fornation of the lithium

2lcoholate (174) by treciment of the alcohol (172) with n-butyl

lithium before reaction with 2,6-dichlorobenzoyl chloride (171)

produced mixtures contairing the desired esfer (175) but elso,

. *
as major product, the allylic chloride (176)

(ii) Equally unsuccessful vere attermts to encourage esterification
82

by preformation of the analogous sodium alcoholates1 (llz, ll?)

of the model compound (172) and cis 6-isonpronyl 2lcohol (98),

respectively.

(iii) Acid-catzlysed esterification via the medium of an ion-

9

«

exchange resin (IER)183 wos extensively investirated since it
arpeared that a nrobable rezson for the low vields obtained by
other methods wes that the 21lylic alcohols and/or esters were
‘undergoines base—catalysed elimination to form the dienes (lzg-lgg),
vhich moy volymerise under the reanction conditions. Such an
explanation would account for the large quantities of intract-hle

. - . 2 w9
tars formed in the esterificaiion reactions, narticularly those

[ SR

* A similar method has, in fact, been used a2s a generzal synthesis

of allylic chlorides.181
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2t elevaied temerctures.
. This study established optirmm reaction conditions, under
vhich 36¢: yield of pure ester (112) was obtained, a2nd demonstrated
that the esterification rerction avneared to be in cometition
with decomposition of the 2lcohol (172) ard ester hrdrolysis.
Hovover; under these ontimn conditions, the cis 6-isovronrl
alcohol w2s not esterifiecd, tut elevation of the reaction
temperature produced 37-44 yields of mixiures, comorising the
desired ester (42) and an unidentifiable impurity (ratio 2:1).
Howe%er,.no nhysical sevaration of this impurity could be
achieved, while attempts to avoid its formation by employing
different 1EHs or solvents were also unsuocessfﬁl.
By that time, in'fact, it h;d become apparent that the model
alcohol (172) was not sufficiently similar in its reactivity to
the 6-21kyl substrates (96~101) to justify its further use.
Later studies were, therefore, restricted to the 6-a1ky1
substretes, in particular the cis 6-isoprooyl 2lcohol (98).
(iv) Attemnts to prevare the ester (82) by rezction of the alcohol
(98) with the mived anhydride (183) formed from 2,6-dichlorobenzoic
acid (184) and trifluoro=cetic anhydride (;§§)184 vere unsuccessful,
the major product in each cazse being the allylic tritfluoroacetate
(186).
(v) Similarly, vromotion of esterification by dicyclohexyl-
carbodiimide (1§j)155 failed, only traces of ester (gg) beings

formed even 2fter extended recction times,

be. Other esters

It anveared that the primary cause for the failures noted

above was steric reoulsion betwcen the 6-21kyl group of the
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. cyclolezenol and the chlorine substituents on the arometic ring
of the benzoylehloride, since the absence of either of these
factors h~d been chown to permit esterification, e.g. theirelative
ease of formation of the 2,6—di§hlorobenzoate (175) from the
6-unsubciituted alcohol (172) znd of the 3,5-dinitrobenzoztes
(84, €5) from the 6-isopropyl alcohols (98, 99)

Thus the preparation of cis 6-isopropyl cyclohex—2-en-1-yl
2,A~dichlorobenzoate (§§) was investigated in the hope that steric
strain would be sufficiently lrwered in this ester to 2llow its
formation,

On treztment of the alcohol (98) with 2,4-dichlorobenzoyl
chloride (188) in pyridine, under various conditions, 2 3:1 mixture
of ester (26) and unidentifiable impurity was obtained., The
impurity, showm to contain the 2,4-dichlorobenzoyl moiety and
epprorimately 6 2liphetic protons (IR, Nmr.), was inseverable from
the ester (§§) by extensive chromztogranhy or crystallisation or
by preferenti2l hydrolysis under mildly alkeline conditions.

Similar resilts were obtained vhen the sodium alcohclzte

)182 wes reacted with 2,4-dichlorobenzoyl chloride (1£8),

eLL:
vhile treatment of the 2lcohol (98) with the mixed arhydride
(1§g)184 of 2,4-dichlorobenzoic 2cid (190) 2nd trifluoroacetic
anhydride (185) oroduced onl& the itrifluorozcetate (1§§);

Consecuently, it was decided to weive the comdition'” that
2 suitable rroup for displacenent by piperidine would, of |
necessity, vnossess substiiuents on the aromatic ring capable of
sterically "blocking" mucleophilic atiack by piveridine zi the
carbonyl‘carbon;

Once this hed been accepted, the problems of esterification

vanished - the preparation of the cis p-nitrobenzocte ester (§j)

50



was readily accormplished vhile the cis ond trens
3,5-dinitrobenzoctes (§§; 85) had slready been successfully
preparcd;

» Trial experinents demonstratgd that these compounds wouldl
react with piperidine by displecement of the ester group in
addition to straightforward attack ot %he carbonyl; and the stare
was; herefore, finally set for a study of the stereochemistry
the SHQ' reaction to be commenced; albeit with substrates (40, 84,
§§; a7) different from those originally envisaged (;9; 40, 22, 81,
82, £3).
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- Part B.  Synthesis of authentic W={21kr1 cvcloheryl) nineridines.

Before the stereochemistry of the SH2' reaction could be
determined, it was necessary to devise an analytical neihod
vhich would unembiguously assirn the configuration of the reaction
products, This was achieved by GLC commarison of the amine
products*, after hydrogcnation, with the corresponding, authentic
saturated amines;

In practice; the syrthesis of the authentic amines (lg}-lgg) |
was completed before it wes realised that esters of only
6-isopropyl cyclohex—2-en~l-ol (9§, 99) would be aveilable as
substrates for the SN2' reaction; As 2 consequence of this only
the isopronyl emines (;25,-125) wvere used for the purpoce for which
they were intended;

It was planned to prencre saturated analogues of the producis

vhich would be formeé by either SH2 or S,2% displacements of the

N
esters by piperidine, but this proved possible for only the nethyl
series (12}-125); Por the isopropyl and tert.butyl series only
the amines corresponding to hydrogenation of the possible SN2'

products could be obtzined (195, 196 : 197, 192),

Prenaration of each of the epimers in 2 stereochemically pure
state wos unnecessery since if either epimer could be identified
then the other vwas necessarily 2scigned, also; Consecuently, only
the trons enimers (192, 194, 196, 192) were prenared stereochemical’y

pure, the cis enimers (191, 192, 195, 197) being identified from

———

* Stork and NhiteIAassigned the stereochenistry of the producis
b mep. 2nd mived me.p. comparisor of derivatives of the zmine

products, after hydrogenatior, with authentic materials.
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Trhle 12, Product cdistribuiion” from hydror~enation of nhenols.

OH 0] OH OH
R u,/pto, -R
—
Ra Rl Ri RI
Substrate Pressure o g g R R
102 20 atm. 23 64 13 | Prt X
199 A0 atm. 5 28 47 H Pr’
102 50 ztm. 46 46 8 Bu® H
a. enalysis by CLC
R
271  R=Pr-
.b

222 R=Bu




Scheme 5, Synthetic route to ruthentic -(7lkyl crclokexyl)

nineridines,

cH CH 0 CE 0Ts nip
o R R R R
—> —_ —> —_—> —>
a b c d e
1L R’ ®
R g' cis trens Eif trersl cis trans gi§ trans
Ye H | - | - - | 110 (140 137|200 210 101 192
H le - 200 202 204 200 202 {211 212 {192 194
Ppr H | 102 |141 138 | 111 141 138 {213 214 | - =
H Pr* | 199 201 202 205 201 203 {215 216 |19%5 196
wt om {103 (122 139 | 112 1142 129 f217 218 | - -

: | .
BB’ | - | - - | 206 (207 208|219 220 |197 198
07s = toluene-~p-sulphonate
pip = viperidyl

. . o
2. H,/Pt0,/ecetic 2cid/25°C
b. Jones oxidotion
3 R
c. LAY or Selectride
d. toluene-p—-culnhonyl chloride/pyridine
€. pineridine
* “ reductions by LAH produced mixtures of the cis/trans epimers

while Selectrice reduction gave the cis evimer.



epimer mixtures;
The srnthetic foute to there compornds is shovm in Schene 5;
Hydrogenstion of the phenols (102, 129, 103) produccd mixtures
of 2lcohols (141, 138 : 201, 203 : 142, 139) =nd Ketones
(111 & 205 : 112) (Teble 13), contrminated vith varying amounts of
the 2lkyl cyclohexanes (gg}, ggg) forméd by hydrogenolysis of the
C-0 bond; From the 2-21%1 phenols (192’ 19;) the major 2lcoholic

186

products were the cis epimers (141, 142), =s expected, = vhile,

from 4-isonropyl phenol (199), the cis and trors alcohols (201,
203) were formed in approximately eaual zmounts. The concomitent
hydrogenolycis reaction wes an inevitable =nd exnected consesuence

of the choice of Pt0. as catalystkls?flt could have been ninimiesed

2
' . . 188 R

by use of Ruthenium a2t high temperature and pressure but suiteble
epparatus was not available.

The cyclohexcnones (110-112, 204-206) were either readily
available or were obioined by Jones oxidation of the corresponding
alcohol/ketore mixtures,snd were svbrequently divided into two
fractions,of vhich one was redvced by LAI to nroduce 2 mixture of
cis 2nd trans 2lkyl cyclohexenols (Teble 14) vhile the other was

o (enn 143
stereoselectively recuced by Ll(ggp.butyl)3BH to procduce the
cis epimer (Tabvle.14).

The stereochenical assignment of these alcohols, uron vhich
the remzinder of the synthesis depended was rigorously ond
unenbiguoucly defined by the following consideretions:

. ' -2 1"‘3.1. ~ L =21
(a) Ll(sec.butyl)3BH is Ymowm to reduce 2- and 4-21lkyl
cyclohexanones with vefy high stereoselectivity to the axial (cis)
2lcohols. Conversely, the major products from the corresponding
: . 157 + 121 (tre ~1
LAH reductions cre exnected to be the equatorizl (troms) alcohols.

(v) IR: The observotion of the y¥C=0, 8 0-H band 2t 955-980cn -
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223 R=Pp>
224  R=Bu’

Firure T. U-(4-tert.buiyl c-clohexyl) niveridines.

trrns (];gg)




-1 ) 18¢
for trens has previously been recorded

\O

for cis and 1050-1060cn
(Toble 14).

(c) ¥mr: fThe chemical shifts of the cis carbinol rrotons were
consistently to lower field than for the trens evimers end the
half-pand widths of the former were consistently much smaller

(w3 = 8Hz,) then for the trans epimers (w = 21-22Hz,), in agreement

?Q

with other studies,i 07136 (Table 14)
(a) GIC: The retention indices of the cis 2lcohols were
consistently smaller than for the irans epimers on a polar column
(Carﬁowax 20m), =s pfeviously reported.19o’191' (Pable 14)
Tosylation 2nd subsequent displacement of the toluene-p-
sulphoncte group by plverldlne was successfully accompllshed~except
in the sterically hindered 2-isopropyl end 2—§§g§;butyl series
vhere eliminetion to the corresponding olefins (gg;, ggg) occurred
either upon tosylate formation or subsequent zitemmted displacement:
Corroboration of the conficuration of the amine products was
obtained from' their Nmr spectra, in partiicular those of cis and
trens ! -(4—tert tutyl cyclohexyl) piveridine (197, 192) (prepared
from the traons ond cis tosylates (220, 219), respectively).  These
shoved that, in 2ddition to %le five protons o« to ¥, the cis enimer
(12]) had é further two low-field (6>1.95) protons commared with
trons (1Qu), these being ascribed to the axial protons on C-2 and
C-5 of the cyclohexene ring (Figure 7);

Atterpts to obtoin further configurational confirmation by
study of lenthenide-chified snectra of the cnine (107, 192) were
hempered by the failure of thece amiﬁes to effectively commlex with
1anthaniﬁe ion; The most successful shifit reasent used, ?u.(fo )?,
merely served to show that the trons epirer (128) could complex

more easily (meximum shift =2, .2ppm) then the cis epimer (197)
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Tehle 18, CL? retention indices of cuthentic tertiary omines.
5 Cezrbowex 2005 Cearbowar 2017|107 Cerbowox 2010
+ 1¢ 1oH + 1< PUI + 2 PRI
m, 120°%C m. 90°C m, 110°
pip
Q 1420 1310 :' 1445
|
1585 1350 ' 1550
PP 393 pip I
1600 1365 ; 1570
191 i
[:::T' 1680 1390 1605
pip” '
| 194
- |
i
m, 160°C ™. 110°C | m. 130°C
’I:::]’L\ , 1890 1520 g 1695
»ip i ‘
195 | -
[:::]’L\ 2010 1610 1800
vip~ | |
196 , |
7. 180% 7. 130% | m. 150°C
. 1805 . 1555 1720
nip .
197
2030 ' 1670 1870
pip 7
198

pip = pineridyl



(maximum shifs <Oi§ppm) in accordrnce with the gresier steric
hindrence to corpler formation in the 1lotter (Figure 7).

GLC =nelysis of the amines on a variety of conventionsl colurmns
wes ineffective since the pealis observed were very bodly "tailed",

a feature comnmon in the CGLC cnclycis of anines;192’193’194’195
This major onalytical difficulty was o&erCOme b;- the nrevaration
end use of nolar columns (5-10: Carbowax 20m) incorporzting non—.
volatile bases (KO0H, polyethyleneimine), 2 technicue vhich proved
invaluable.193’195 Three separate columns of this {ype were
prepared and.each ceries of zminec was studied on each column
(Tevle 15).

The results obtained demonstrated clearly the different
charactericstics of the three. columns, a factor which was to be of
significence in the commarison with authentic materials of the
emines obtained from hydrogenation of the amine products from the

SN2' reaction.
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Part C. Study of the stereochenistiry of +he SN2' rerction.

1. Summery

It is demonstrated in the seguel that the 6-isopropyl Cyclbher—
2—-en-1-yl ecters of general formuilee (225, 226) react with
viperidine by a veriety of pathurys (Ficure 8).

2o "Normel" substitution (k0,10) producing ¥-(6-isonropyl cyclohev—

* .
2-en-1~yl) piperidines (gg], gg§).

b. “"Abnorm2l" substitution (% ) producing N-(4-isopropyl

11712
cyclohex-2-en-1-yl) piperidines* (229, g});
c; Aminolysis (k5,6) producing 6-isonropyl cyclohex—2-en-l-ols
(99, 98).
d. Epimerisation (Kl) followed by reasctions 2, b or ¢ szhove.
e. Allylic rezsrrengement (k2,3) producing 4-isoprovyl cyclohex=—2-
en-l-yl esters* of generzl formulae (230, g;;); These, in turn,
react by
(1) "normal" substitution (k13,14) producing 4-amines (229,43).
(ii) aminolysis (k7’8)‘producing A-~icopropyl cyclohex—-2-en~1-
ols (232, 233).
In addition to the reactions abeve, the esters are concumed by
base-catalysed elimination to the diene (l§9) viich polymerises.

under the reaction conditions while, over extended reaction times,

the a2mine products are decomposed.

* Hereafter, these cornounds will be abbreviated %o
6-ester = €-isopropyl ‘cyclohex-2-en~1-yl ester

d-ester = A~ ". n " "

6-cmine = N-(6-isopropyl cyclohex~2-en~1-yl) piveridine
4-zmine = N=(4- " n " ) "

-
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dirvre 10, CLO =n7lvaie of the nroducts from rocction of the

2,6=cichlorabenroste (40) 1rith niveridine,

. nrocucts . ofzer hridrorenction

— —— e —_—

pip

it

. . . . - 0 . .
CLC conditions:t 59 Corbover 207 + 1¢ T0H; 120 Cs nitrocen 20v.cei.

/C \O

jog

(o]
(U]

4,

|




“ieare 9. A1G anclveis of the nroducts from reactions of the
- - rd & -

3,5-dinitrobenzortes (f2, €5) with »niveridine.
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- 2 Product analysis

The lirited availobility of ester substrates (40, 84, 85, £7)

reouired that analysis be performed on 2 very small scale, while the
complexity of the reaccting system dictated that the analytical method
mist be sufficiently sensitive todetect even sma2ll amounts of minor
procucts in multi-COmponént mixtures:

GLC analysis on specially devised sunnorts fulfilled thecse
requirements admirably - not only did it serve to separate most of
the products but it 21so ident;fied them;

The'efficiency of the GLC system is amply demonstirated by
analysis of the products from the reactions of the cis cnd trens
3,5-dinitrobenzoate esters (84, 85) with piperidine (Figure 9),
vhile the sevnaration of the four possible amine products is clearly
shown by the simpler analysis of the products from reaction of the
trans 2,6-dichlorobenzozte (40) with piveridine (Firure 10a); In
this latter éase; steric hindrance from the chlorine substituents
prevented aiinclysis by vniperidine, yielding a2 product mixture
conteining four amines only (227, 228, 229, é}):

GC-MS showed the four amines to be two pa2irs of stereoisomers
(Figure 11), the 4-amines (229, 43) end 6-zmines (227, ggg); The
slereochemistry of the 4-2mines (ggg, &}) wvas assigned by
hydrogenation and coinjection of the resultant saturated amines
(Figure 10b) with authentic N—(4-g§9propy1 cyclohexyl) niveridires
(195, 196) on three cevrrate CIC columns.,

The stereochemisiry of the 6-cmines (227, 228) could not be

defined,hovever, as the zpprooriate, authentic saturated 2mines

(234, 235) were not avsilable.
GLC ¢id not comnletely seperate all of the allylic alcohols

produced (98, 99, 232, 233). shoving only three pecks, os the tronms-6



- (22) and cis-4 unsaturated alcolols (gg;) vere insepcréble on 211
the systens useds  The corresponding satureted zlcorols (141, 137,
203, 201) obtrined by hvdrogenation vere, however, separ;ble, and
were used to estimate the amcunts of trans-6 and cis-4 alcohcls'
(2?, gé;) present; - The identity of the four alcohols was
established by GC-!S and by co—injection of the saturzted alcohols
with authentic meterials,

The 6-ester starting materizls (225, 226) and their 2llylicelly
rearranged 4-isomers (g;p; gg;) vere unsuitable for direct anclysis
by GLC and were determined by énalysis of the 211ylic alcohol
products (22, gg; 232, g;;) obtained on reduction by LAHi

Yhen the ratio of piperidine to products wes high, a2s in the
earlier stapes of the reactions, the anelysis wes complicated by
excessive "{2iling'y caused by piperidine, interfering with accurcie
estimation of the area of the procduct peaks; This problem vas
overcone by'very careful ﬁashing of the analytical samnle with 2
few microlitres of distilled water to selectively remove ercess -
piperidine before CLC ahalysis; The selectivity wes monitored by
GIC anzlysis before and after washing.

Further anclytical problems were caused by +the precence of
compoﬁnds anpcrently formed by decomposition of the amine procucts
after exiended rezction times (Figure 9); The identity of these
corpounds wes not fully established althouch they were showm, by

GC-~1'S, to have molecular weights of 113 and 127 ond fo contain

piperidine,
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Yeme 6. DRenorited’  recction of trans 2,6-dichlorobenrzonte

esters (29, £0, A1) 1ith nineridine.
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3. Trens substrotes

| Stork end lhite reportedl4 that {the {trons 2,6 dichlorobenzosies
(29, 40, ﬁ}) reacted vith pipericine to »rocuce the treons A-zmines
(42, 43, 44) in 60-73 yields (Scheme 6).
They clainmed that:-
1. cis A-emines (236, 229, 237) were not formed.
2. 6-zmines (238, 239, 227, 228, 240, 241) were not formed i.e.
"riormel" substitution did not ocour.
3; Rearrangement of esters did not occur during the reaction;
4. Reactions exhibited second order ¥inetics.

They concluded,on the basis of this evidence, that the i{rens
4-z2mines (ég; 43, 44) vere formed from the trems 6-esters (39, 40,
41) b the syn 82" mechenism.

This study will dispute claims 1, 2, and 3, cbove, but, as =
result of further work with other displuceable estér groups, will
uphold the conclusion that the SN?' reaction, when involved, erhibits
only syn stereochemistry;

Unfortunately, the synthetic problems described earlier
precluced full investigation of the SN2' reaction of the substrates
14

(ég, 40, g}) employed by Stork and thite,” ' but sufficient evidence

was obtzined from study of the available trens 6-isopropyl cyclohex-

2-en-1-y1 2,6-dichlorobenzocte (40) to 21low certain conclusions

to be made 2nd, irmortontly, to permit anelory with the more
re2dily aveilable and so more extensively studied trans 6-isoprooyl

cyclohex=-2—en-1-yl 3,5-dinitrobenoate (85).
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Tehle 16.

(2) Procucts  from recction of the trrons 2,6-dichlorobenszoate (40)

pip

pip

reaction | term.| time | solvent 223,228 229 43
no. % h. % e v
1 120 | 24 - 13 22 65
2. 120 AL - 14 26 60
2 160 {140 | n-vvlene 14 32 54
A 120 | 18 n-vvlene 14 2L 62
" " "

84

~
(b) Fster isomerisction” during recction of the troms

2,6-dichlorobenzoate {40) with viveridine.

[
.AI'C()Z

'/\FC(?Z

ArCOZ

reaction |*temp.|time | colvent 82 20 242
no. % h. 7 ¢ 7

A 120 0 |m-rvlene: 99+ -

" 84 " 6 62' 32

2. 2ralysis hy CIC (esters an2lysed ~s alcohols, ofter LLW reduction)

bH. the ¢cis ond trans enimers were rot rigorovsly identified.




(i) trens 6-isonronyl crclohex-2-en-1-yl 2,6-dichlorobenzonte (40).

When the trons 2,6-dichlorobenzozte (40) ves heated with

piperidine, in the absence of added solvent, under tke conditions

14

employed by Stork and thite, a mirvture of aminec resulted,
(mable 162, rerction 1). The expected14 "abrnormal" substitution
product, the trans 4-cmine (g;, 65¢) was accompenied by subsienticzl
amounts of its cis 4-epimer (229, 22¢) 2nd the "normal"™ substitution
products, the 6-amines (227+228, 137).

The appéarance of both "normel" substitution products, cis and

trans 6-amines (227, 228) was surprising, suggesting either that the

trans 6-ester (40) was producing 6-cmines by a non-stereospecific

Sﬂl process, or that partial epimerisation to the cis 6-ester was

occurring, followed by SNZ reaction,

The reaction was investigatéd under different conditions,
ﬁariables being time; temperature, and the presence or a2bsence of
solvent (m-vylene). Surprisingly, this demonstrated (Table 162)
that the ratio of the.isomeric 4-amines (ggg; 43) ves dependent
upon reaction conditions and ﬁaried during the course of reaction
(Table 16, reaction 4).

If, a2s was initially thoucht, the cis and {rons 4-anines
(222, ﬁé) vere formed by anti and syn SN2' reactions, resvectively,
from trens 6-ester (40) their rutio would remain constant during
reaction and would be a measure of the ratio of the anti and syn
rate constants; The observed non-constancy of the 4-zmine ratio
suggested that thev were not formed by the some kinetic vpathwey
(352') from the some substrote (trans.6-cster (40)).

Analysis of the resicdual estér, after reaction, showed that,
during the course of reaction, the irans §—ester (20) had »artially

epimerised to the cis 6-ester (82) and, more significantly
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Mehle 17. Sormorison of the nroducts from recciions of the irans

2.6-cichlorobenronte (£0) 1-ith nineridine ond the trons

- 2,F-dinitrobenzonte (25) with pineridine.

pip

pip pip

Tster Terp. | Time | Solvent 227,228 229 43
N O, , 4 /
subrirate & h, ¢ i vt

ON
N

2,6~DCB | 140 | 18 |m-xylenc 14 24

(20) | 8a m 15 3 52

(e5) " 90 n 9 30 61

anelysis by GLC

.

]
.




21lylicrlly rearranced to the trans d-ester (242) (Teble 16D).
The 62:22 ratio of trens 6-(20) to other esters (82, 242} wes very

similar to the ratio of trans 4~ to cis Z-amines (43, 229) sugresting

a2 link between the ester rearrangement and the observed
stereochenisiry of the 4-zmines,
Unfortunately, further studies had to utilise ancther substrate,

trens 6-isonronyl cyclokex—2-en-l-yl 3,5-dinitrobenzozte (85) as tue

supply of trens 2,6 dichlorobenzoate (59) had 5een exhausted,
Howvever, these confirmed and extended the initial results with the
2,6-dichlorobenzoate.,

Sufficient information had 2lready been obtained, however, to
dispute cleims 1, 2, and 3 made by Stork and White;l4 2lthough,
at that time, final judgement could not be passed on their

conclusione.

(ii) trens 6-isopropyl cyclohex-2-en-1-yl 2,5-dinitrobenzoate (85).

This substrzte wes less suitable for study of the SNZ' reaction
éhan its 2,6-dichlorobenzoate analogue (40) becauce its reactions
with pipericdine produced 2 more complex mixture, produvcts resvliing
from aminolysis'also being-formed;

Disregerding .aminolysis, however, the trens 3,5-dinitrobenzoate
(§§) reacted similarly to the 3332572;6 dichlorobenzoate (20),
vielding 2 mixture of "normel" and "abnorm=l" substitution products
(Teble 17); The amount of "normal" substitution wes less than for
the 2,6 dichlorcbenzozte (gg), vresumably reflecting en increrced
steric barrier to nucléophilic attack by piperidine at the 21lylic
position of the 3,5-dinitrobenzoate (85).

As before, the ratio of cis to trans 4-znines (229, 43) wes not

constant during the reaction, increzsing with reaction time and also
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T-hle 18,

Cormrricson

- - 3 . C.
of nroduct dictrituation ©nd substroie

icormeris~tirn Cu

ring re- ctlon of the tr?

2,5="initrobenzoct (Qr) with niperidine.
amines —:i;;’OTS - ecters
% ArC 2
P! \ HO : A O2
crs trans cisg trans Cl% trens
coo 3 | 98 9o 222 | P4 8 222
mme (n) | T | T % T | T —
a 4 « 44 ' o ' o
i i ' ‘ {1~ 4 /-
0 - - - - - 3 97 -
18 18 a2 1 8o 10 7 79 14
22 2] 69 2 T4 24 8 68 24
66 21 62 2 T3 25 9 62 29
90 23 67 2 71 27 10 A7 A3
2 analysis by CLC .

1rsed 25 the
ssed as § of

esced as < of

~

2llylic alc

0
145°C, m-rylene

olt0l »rocucts Trom LAE reduction
total fA-omines (229+442).

a2lcohols (°8¢°972 2) ex. sminolysis

recsed os § of totel esters (82+440+4242) os determined
LAT peduction.




with temnerature. - Anz2logy between the substitutional behaviour
of the two ester syétems (59, 85) is, therefore, velid end the
qualitative conclusions to be drewn from 2 study of the 3,5~
dinitrobenczoate (§§) mey reasonably be apvlied to the 2,6-
dichlorobenzozte (ég);

Initial experiments supnorted the'previously inferred link
between the stereochemistiry of the /4-a2mine products (Egg, ﬁé) and
the ester epimerisstion and rearrangement (Teble 18); In addition,

the distribution of the alcohol products from aminolysis was seen %o
alter during the reaction, the observed change reflecting the ester
isomerisation, a2t least for the first forty hours of reaction
(Tzble 18).

These relationships were explored further by studying the

jol

reaction of the trens 6-ester (85) with piveridine at different
temperatures, in the dual hope of establishing the source of
the 4-2mines (%gg; é}) and of reducing, by lowering reaction
temperature, the complication of ester isomerisations 1In practice;
this latier hone was deghed for, 2lthough ester isomeration wos,
indeed, reduced as the température was lowered, the ratio of
aminolysis to sﬁbstituﬁion increased until aminolysis became the
dominent reactions

However, the relationship between 4d-znine stereochemistry end
ester icomerisation wes clear; As reaction time or temnerature

varied, so did:-

1. ™he rotio of cis/trons Z-omines (229, 43) (Ficure 12).

3. ™The ester cormosition, os determined after LAH rednciion

(Ficure 14). -
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The proeduct d1 stribution wes "1so inflvenced by the roture of
the solvent @s showm by the fact thet addition of trifluerocethanol,

ch ionising ron-rucleophilic solvent, to the rolven’ sysiem coused

c+

chenges in the ester composition end, consequenily, in the ratio of

cis to trens /A-smines and alcohol distribution (Figures 12, 13, 1/,

.

15) sugresting thot the ester isomerisation mey proceed, at least
pertially, by @n ionic mechanism;

Control evmeriments (Figure 15) in vhich the trans 6-csier (;5\
was subjected to the reaction conditions in the absence of vineridine
also showed varietion in the ester composition with time and

temperature, but these could not be directly related to values
obtained from the reactions in the presence of piveridine, as it
appeared that the observed result; were a combination of ester
isomerisation and ;ster decormosition recctions, the latter,
presumadly, being catalv ed, in the absence of base, by 2,5~

~dinitrobenzoic acid (Eﬁé), liberated by the slight thermal
decomposition of the ester. This decomposition reacticn wes
.effectively éuppressed by verforming the control exneriment in the
presence of =n added, relatively non-rucleophilic,base (e;g.
triethylemine) vhose primery funciion was to secuesier any acid formed
by thermal decormmositione.

Comparison of the data obtcoined for 4-anmine stereochemistry,

2lcohol distribution, ester isomerisation curing reaction, end

3.4

ester isomerisation in 2 conirol experiment readily showed the

inter-relctionship of trese ourntities (Firure 16, Tatle 19).
This 1n‘o“ret10n sttongsly su~ve°ted that the enireric Z-zonmines

(gg?, 43) were not being formed from the same souvrce. Rether,

the {rans A~rmine (42) was formed directly from the trens 6-ester

(85), presumebly by syn sz' reaction (althourh this had yet tc be
——— - v L Y "\
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Tieure 17, Fotential routes to irens A-emine (43) from trens

G-ester (8%).

Tl
SO v
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proved), vhile the cisg 4-cmine (229) was formed from the isormericcd

cis 6- end trens 4-ezters (84, 242); it wes, therefore, not 2

product of anti SHQ' reaction.

Heving estzblished pleusible sources for the 4-cmines (229, AS);

it then beceme necescary teo determine their modes of formation from
these sources (Firures 17, 18).
| Potentinlly, the trens A-cmine (43) moy arise from the trans
6-cster (25) by 2 veriety of vathways (Pirure 17) but a1l except syn
SNZ' wvere eliminated:— A -
1; Roﬁfes involving amine epimerisati&n or allylic rearrancerent
- (By D, Py Hy J, K) were eliminated by control experiments in which
different mixtures of the four isomeric amines (ggj, gg?, ggg; g})
were subjected to the reaction conditions in the absence of ester;
ﬁo isomerisztion of the aminés occurred, either by epirerisation
or allylic rgarrangement;
2, Epimerisation of. the trans 6-ester (85) to the cis 6-ester (24)
wes showm to be slicht (Table 19), effectively eliminating routeé
(C,D,E,F) involving this step from being significant pathweys
to the trans A-cmine (éé). Routes D and T have, in fact, 2lready
been eliminoted in 1. above and later étudies with the cis b-cster

(84) will confirmhthe non-verticipation of route C, as the cecond

sten (anti S.2' reaction) does not occur.
4y

3; Hydrogenation siudies demonsirated that only trace amounts
(41%) of the cis 4-ester (244) were present in the reaction mirtures
end in conirol experinents nerformed in the absence of nucleonhiles
these smell quantities could be setisfactorily accounted for¥* by

21lylic fearrangement of the cis 6-ester present (£4) (7adble 19).

* By anrlogy with later study of the cis 6-ester (§§).
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Pirure 18, Potentiel routes” to cis ZA-cmine (229) from %recns

Est
enimerisation syn 5,.2°!
A. > — >
' pip
84

85 - 229

cllylic
B. n rearrﬂnFGmQEt sﬂe "
Est”
242

2. Routes involving omine isomerisation zre not showm.

I
‘ OzN C\%J/’
pip = piperidyrl Bat =
NO,

O,N



rather than by the epimerisaticn of trens Z-ester (242) to cis
L-ester (244), thereby eliminnting route G.
4. Kinetic siudies (sce later) established +hat the rote of

formetion of the trans 4-azmine (43) wes nroportionzl to the

concenirziions of the trons 6-ester (§§) and piveridine., Tris
further eliminated the complex routes B-,C_,D,E,F,G,H,J,’K since for
these routes to erhibit second-order kinetics, all of the stens
involved would have to be second-order, which is unlikely for +he
epimericetions and ailylic resrronsements, or the rate of reaction
would'havé to be indeﬁendent of these isomerisations i.e. they would

require to be very fast relative to the 5.2 or SN2' reactions

N

involved - this has 2lready been showm not to be the case,

A1l other plausible pathways having thus been eliminated,
the inevitable conclusion from this study rmust, therefore, be that
the trans 4-zmine (43) wes formed from the irens 6-ester (85) by =

syn 312' reaction,

¥

Conseauently, the cis A-omine (229) cennot be formed by anti

SN2' reaction from the trans 6-estgr (§§) since this would resuire

the cis to trans 4-amine ratio to be constant and it must, therefore,

be formed by other pathways (Firure 18), most probably involving
prior epimerisation or allylic rearrangement of the trens 6-ecter

(85).

The fecsibility of these two possible routes was demonstrated

by experirent.

1. The cis S-ester (84) wes shown to re@et by syn 52! reaction,
producing cis 4-amine (229) (see 1atef); However, as the
epimerisafion of trans 6-ester (85) to cis 6-ester (84) wes slight,
and only 2’ of the cis 6-ester (éﬁ) was present in the starting

material, this route can be only a minor contibutor to the formztion
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.of the cis 4-omine (229).
2 The =211ylic rearrznrement product tra trans 4-ester (9/2) ves

shovm to rea

Q

t by "normal" SN2 reaction to produce the cis A-amine

(33?) by treatment of 2 mixture of trans 6- ond trans ZA-esters

(??, Eﬁf)* with piperidine. Compzrison of the results of this
experiment with those from & control experiment, using trons 6-ester
(85) elone, demonstrated that the quantity of cis 4-amine (229)
formed was directly related to the amount of irens 4-ester (242)
available and that the cis A-amine (2°9) was therefore being
predoninantly Tformed by "normal" SN2 reaction of the trans 4-ester

(242) (Figure 19).

.

Y. Conclusions
It has, thus, been demonsirated that the trans 3,5-dinitrobenzocie
(85) and, by analosy, ‘the trens 2, 6-dichlorobenzozte (40) will
“undergo substitution, by piperidine, by a variety of pathways,
including the S 2! reaction. In these systems the stereocremistry

n

of the S 2' reaction was syn, and no evidence, vhatsoever, for onti

N

: . 4
SNZ' reaction wes found. Thus, a2lthourh the evidencel‘ presented

by Stork and Vhite is disputed, the present study justifies their

(,

conclusion that the SN2' recction occurs only in syn fashion in tr

¢yclohex-2-en-1-yl systems.

* This was aveilable from partie 1 recrrangenent of trans 6-esier

(85) by heating it in the absence of nucleophile. Use of a mixture
(85, 242) circunvented the rmch more lensthy preparation of pure

trens A-ester (242) by indenendent synthesis.
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tle 20

P

o Comrericon of the distribution of cmine nroductis fronm

recctions of the cig (£4) and trems

-esters (85) with

nineridine.

RIP
pip
cer,28 229,43
To Substrate Terp. Time ~omines A—zmines
% h. ﬁa ﬁa
40 ltrens 2,6-10B| 140 84 16 84
&% |trans 2,5-DIB| 135 70 10 20
4 cis 2,5-DI'B | 140 70 30 70
27 |cis p-IB 125 85 21 79
2 analysis by CLC
trens 2,6-DCB = trans 6-isopronyl cyclohex—2-en-1-yl
2,6-dichlorobenzocte (40)
trens 3,5-DIB = " 3,5-dinitrobenzoate (gi)
cis 3,5-DI'D = ¢is 6-isonropyl cveloher-2-en-l-yl
' 3,5-d¢iritrobenzoate (84) |
cis p-¥B = " p-niirobenzoate (£7)



a, Cie Substreies

“a. Results

Interovretation of +the resuits obtzined from +the reactions of
*

the cis p-nitrobenzoate (gz) and cis 3,5-dinitrobenzoate (£4) with
piperidine, vroved to be more complex +han had been found in the
trons series;

Additional problems in the cis series were ccused by
1. Grectier cnounts of "normel" substitution oroducts (Teble 20);
These were difficult to analyse-because of their poor separztion
from the sninolysis products (Ficure 9).
2; Correlation between the stereochemistry of the 4-smines and the
isomerisation of the ester substrates was mede more difficult by
the different reaction rates of the original and rearranged

substrates.

.3; Unlike its trens epimer, the cis 3,5-dinitrobenzoate (84) wes
isomerised significantly‘by both erimerisation and allylic
rearrangement; The trans 6-cster (§§); once formed by epimeris~tion,
was; itself, ﬁrone to allylié rearrangement; Conseduently, during
the course of recction of the cis 6-ester (84) with piveridine, 211
four of the interconverting esters (§§; §§; 244, 2£2) were present

in varying, but significant, emounts.

4. Stereochemioally pure cis 3,5-dinitrobenzoate (84), free from
its trrns epimer (85) wes rot avnileble end this cormlicated

interoretation of the resultise.

*  Quly preliminery studies were performed using this substrate (57)
since,folloving evtensive study of the trans 3,5-dinitirobenzoate (§§),

the cis 3,5-dinitrobenzoate wes considered a better substirste for

comparative studye.
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Pi~ure 21, Dot

Est
s Sy2!
A, >
pip
84 229
Est
" epimerisation onti 5,2° "
B. > - >
85
Est
L ' TearT. Sy2
Ce " —_— — —_— "
v Est-’
85 242
_ rearr. epg SN2
D. " —_— —— _ "
Est Est™
. 244 242
epﬂ = enimerisation pip = piperidyl

rearr. = 2llylic rearrancsement

st

2. 7routes involving amine isomerisation are not showm
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(1) cis 6-isonronyl cycloher—2-en-1-yl 2,5~dinitirovenzoate {24).

-~

The stereochemiﬁtry of tke A-zmine nroducts (gzg, é}) from
reaction of the cis 3,5-dinitrobenzoate‘Q§§) with piveridine, wes
shotn to a2lter during the course of re-ction a2s wzs the cormosition

of tﬁe ester, either in the reaction mixture, itself, or in &
control experiment, employins triethylaiine (Figfure 20, Table‘21).
This reaction wes studied for only 30 hours, as, afier that tirme,
amine decorposition beczme serious;

The observed chenge in the ratio of stereoiscmeric A-zmines
(gg?, f}) varalleled the chenge in ester composiiion although i
correqundence wvas not so close as with the {rans 3, 5~d1n1trobenvo ve
(§§); The discrevency was probably due to differences in the
reaction rotes of the cis 6-ester (84) and its isomers, particulerly
the tranc 6-ester (§2); Kinetic studies (see lzter) establiched

that the cis 6-ester (8) reacied 1.13 times =5 fest as its tr-ns

epimer (85) by sym S,2 action, but thet the irens enirier (2£)

P“
rezcted ~lrmost twice as fast as cis b-ester (gﬁ) by eminolysiz.
donsequently, the rotio of stereoisomeric A-zmines did not mirror
the esier isomerisation exacfly but showed an avvzrent evcess of
cis-4 zmine above that expected, since the trans 6-ester (£5)
preferenticlly reactecd by aminolysis;

Allowving for this, the chance in the raiio of the stereoironeric

d—-2mines was seen 4o be directly related to the ester isomerication

and it wos concluded,in onalocy with the irons series,thot the gis
A-omine (229) was formed directly from the cis G-ester {84) while

the trans 4-cnine (43) ‘wes formed from the isomerised esters (8%, 2/2),

Verious pathweys are aveileble for the formaiion of the cis

A-zmine (229) from cis 6-ester (84) (Pirure 21).

1. Studies with the irans 6-ester (89) have already chown that



.

b
57 to0 trons £

irure 22, Potential routes _
S-ester (22).
Tet et
’ enimerisatjog svn 372' _
. - bt >
pip”
84 85 : 23
earr S..2
B. " r ° - ~ b - "
Cad Coadl
e
- v
244
rearr. = 21lylic rearrangement

pip = pineridyl

NO,

a. routes involving amine isomerisation are not shown



anti SNZ' reaction éid not occur, thereby elimineting route B.

.

2. Only trace anounts (<2) of trens Z-ester (242) were formed
under reaction conditions or in control erperiments (Table 21)
sugcesting thet only minor ~mounis of cis A-amine (229) could be

“forrned via routes C and D. [?tudies in the trons series heove

already demonsirated that the irans A—cster (242) will; indeed,

react by Sy 2 mechonism to produce cis /A-omine (22921.

X
3. Kinetic studiec demonstrated that the rate ~of formation of
the cic ﬂ—‘mlne (2 ) wes vrovortional to both the concentration
of gi§ 6—ester (§£) and piveridine, This informction confirmed

the non-participztion of routes C and D since these would not be

expected to erhibit second-order kinetics (see p.65 ).

Thus, the only plausible route to cis 4-amine (229) in agrecren

with the avoilable data is the sya S,.2' route (Route 4),

i

Consequently the trens 4-zmine (A’) cannot be formed directly
from cis 6-ester (84)-by anti Sy2" reaction, and it must be forned
indirecily from the isomericed troms 6- end cis A-esters (85, 244)

(Firure 22).

The trans -ester (8=) hos 2lready been shoim to produce +rrns

A-zmine (23) by 2 svn S,2' vrocess, but attempts to ascertnin 2het

hif
the cis A;ester (gﬁﬁ) would produce ircns—A-cnine (42) vy Sy2
recction were frusircied by cometition from the syn SPZ' reaction
of the trens 6-ester (85). However, it 2ppecred reasoneble to
assume thnt +the cis 4-ester (gﬁé) would underso SNQ reaction with
pineridine since its trans eniner (gﬁg) h=d been chovm to do co.
1In any co se, the amount of trans f-amine (l’) formed could be
accoun ted for by syn S,2' rezciion of the irans 6-ester (85) withoun

any reed for con‘rituiion fron nossible 5,2 reaction of the cis

4-ester (244).
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(ii) cis 6—1“0“r0ﬂv1 crcloher—=2~en~1-v1 p-“1tvob nro~te (87).
Preliminery studies indicated that the cis p-niirobenzocte (27)

— 4 —_—

was reecting similerly to the cis 3,5-dinitrobenzoste (84) and thet

nalogy between them is probobly valid; Yovever, further studiés
would be necessery to demonsirate this riforously.

The Eif DP-nitrobenzoate (§3) yielded products from "normal"

and "ebnorn~l” substitution and aminolysis (TMable 22, reectlon 1).
As with its 2,5-@initrobenzoate enz2logue (84), the retio (67 : 23)
of the A-znine stereoisomers (g_g £§) ras not closely paralleled
by the rotio (50 :.RO) of unrearransed to rearranzed zlcohols

(98 : 99 + 233 + 232) nor, in snother evperiment wes the d-anmine
ratio~(89 ¢ 11) mirrored by the ratio (81 : 19) of unrearranged
rearranced esters'(Table 22, resction 2). These differences vere
prbbably éue; 2s has been inferred for the cis 3,5—dinitrobenzoéte

(84), tc the differing reaction rates of the unrearrenced and

rearransced ester, .

be Conclucions

The cis 2,5=dinitrobenzozte (35) hos been showm o react with

nineridine br 372' recchtion. The stereochemiciryr of this reaction

as

was shown to be svn and any notentizlly "enti 5,2'" product :es

0 —
om—- -t

setisfactorily zccounted for by 2lternative ncihusys. Insufficient

evidence wes obinined for the cis D-nitrobenzoate (87) tut all tae

svoilohle dosa sihoved its behaviour to Be similar fo *he cis
3,5-dinitrotennonte (&%)

T0



Tzhle 22, Retes of forration of

©. cig f—omine (220) from cis 6-ester (82)

b. itrans Z-zmine (42) from irnns G-ester (E8)
2. cis A-zmine (229) be irans 4-cmine (43)

Concentrztion] ITnitizl |l = rate | Concentration] ITnitizl |k = rate

Tstinip|m-xyl rate constant | Zot|pnin |m-xyl rate constant

T P Yt R ot R I
M7 )Jlo )Jlo ¥.1le "he 1.7, "h mer, )Jlo )Jlo "el. "he 1.1 "h,

. -2 -2 =3 3
10 9 100 {2.33x10 ~{7.00=10 |10 ] 100 [2,04::10 16,1310 °

- - - -
5 9 100 |1.17x10 ~}7.02x10 °| 5 9 100 }0.96x10 ~|5.78x10 3
=2 -2 ol -3
10 |2.5| 100 {1.12::10 ~ 16,7310 {10 [£.5] 100 {1.02x10 ~{6.19-10
a3 = 1 1 ) = .
Rc:tlo I‘-?_i_ -.trs'ns 1 13
Tst = 6-isopropyl cyclohex—2-en-1-vl 2,5-dinitrobenzozie (gg, es5)

a

e
ke

il

niperidine

n-xyl = m-xvlene




Tifure 23h,  FTinetic order of the reaciion of {rons 6-ester (85)

vwith pin~ridine io mroduce ircns A-nmine (43)3

,
. 4. . X . PO o
veristion in the concentration of trons A-mmire (A3

1ith tine.

. 2
7oA [‘;rans [—?nlne]

60

2041

201

10 4 /

>,
>

07 T T T —T T
10 15 20 25 mime (h)

w

Initial concentrations of reactaonts [‘brans 6—estelﬂ Evipcridine]

(1?300; m-rvlene, ]a’..‘-Opl..) ne. pl.
reaction 1 10 9
recction 2 10 £.5
reaction 3 5 9

2. erpressed as % of the internrl standard (n’C2OH42)



Tieure 272 TYine*tic order of the rerction af cis S-ecier (

24)

with pineridine %o nroduce cis A-amine (229):

veriation in the concenitratioc

n of cirg Z-arine (229)

tith time.

A [C__.S /»—?mine]a : '
70 4

60 1

50 ]

20

20 A1

B
10 - o

. . —»
20 25 mime (h)

Initial concentrations of reactants

[g_i__g 6-e stezﬂ E)iﬁeridim_e]
(123%; r-xrlene, 100pl.)

me. -Pl .
reaction 1 10 9
reaction 2 5 9
reaction 3 10 4.5
2. exnressed as § of the intcrnel standard (n.C

20H42)



T n $ 3 ~ea 13, s
5e Reaction lminetics

The comnlexzity of the resctine cystem (Firure 8) harmered
Iiretic anelysis of the recctions of tre ester substrates.(§£3 §§)
rith nmineridine =nd 211 nttempté to obtain rate datz by followiﬁ;
the reaction course in = sinsle experinment foiled.

However, by merformins reactions with differcnt initial

[

concentrations of subsirates (24, £5) and pireridine,kinetic

r\

informaiion wos obtained for the syn "ezbnormal™ subsiitution (UP_ )
end ~minolysis recctions (Firures 23, 24, moble 23).
The rates of formation of cis A-cmine (229) from cis 6-ester

nd tran

)
Q

(84)

upon the concentrations of substrate and piperidine and were,

fA-zmine (43) from trens 6-ester (85) were dependent

therefore, desirnoted as S 2' (Firure 23, Teble 23). The kinetic

N
order of the rates of formotion of trsns 4-amine (43) from cis
6-cster (84) =2nd cis 4-amine (229) from trens 6-ester (25) could
not be determined becouse they were not formed by 2 direct proc
(Fisures 18, 22) 2nd because of increzsed insccuracy in their
estimct on relative to the major reactlon products.

From the curves showm {Firure 23) iritiel rates for the syn
SN2' reactionsrof the cis =nd irans subsirates were calculated
(Table 22). Althourh the accuracy of thece mecsurements must be
suspect since it proved irmossible to eciablish the GLC response
fa ctor" of the amines in relaiion to the hydrocarbon internzl
stend~rd emnloyed, their use is justified for comparaiive purnoces,

nd trons A-cnmines (229, 13) 1ill, very nrobobly,

| 4o
4]
™
3

nee the ¢

6}
e

hove the some CLC resnhonce fociors.

Thus,the cis 6-ester (34) was seen to recct only slichtly

LiL

5 3 [ At - :
fagter then its trons 6-epimer (8=), tre rotio Lcis/ktr:ns bein~

T1



oEuare 24,

Tormrrative ctuds of

+the rotes of formcticn of

rnd irrrne 6-rlcchols (97, 99) from fminolyrsis of the
cis rnd trons G-esters (€7, 05), reomectivelr, by

pineridine. .

A E_ﬂﬁmmﬂa

200 A

150 -

100 7

oT Y T
5 10

Reaction conditione:

I ernressed a2g S of the irternsl stenderd (n.C

15 20 25 20
122°C; n—xrlene, 100pl.

6-ester, 10mr.; pincridine, 9pl.

20t2)

- Mime (h)



Llthoveh rate constonts for +he aminolysis recctions of the
, Cis 6~ 2nd trons b-esters (24, €5) could not be determined becruse
of the comlex nnture of these reactions, estinate of their rectio

as "k",
cis

\O

/ "kgransiul. could be made from compcrison of the

curves for their rotes of formation (Firure 24).
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6. Ceucrel conclu~ions.

0

This study heos showm that the "abnormal" substitvtion rezctions

6]

of cyclohex—-2-en-1-yl esters with pipericdines are, promerly,

1, The reaction rotes were pronoritionzal to the concentrations

of substirste and reacent.

.

2. The "abnormel" syn products ¢id not arise by rearrcngement of

the substrate or "normal"™ substitvtion producis.

&

3e The 5,.2' reaction occurred with syn sicreochemisiry regerdless

© =
of the confiruration of the substroie.
Severeal irmplications rezult from these findings-

.

l. The conclusion reached by Sitork and Whije14 is confirmed
2lthourh the evidence uoon vwhich it wes based is dispuied,
2 The proposal mcde in the 1nt*oductlon to this thesis (p.20 )

that the syn stereochemistry observed by Stork and '.-Ihitel4 may

have been due to steric hindrance to anti SN2' reaction, caused

by the trons 6-elkyl groups (39, 40, 41) must be felse, since, in.

the cis 6-isopropyl esters (84, 88) this "steric hindrance" has

—— . ema——

been largely removed. 1%t appears that the SNZ' reaction does,
indeed, have a stereoelectronic preference for cyn nucleonhile

~entry, at least in the rezctions of cyclohe —cn-l—vl syctems

3.. .The nossibility of hydrosen bonding between incoming piperidine

. 18,26
end departins anion hos, previously, been used” ? to cueudlon the
3 A3 LS 2 -~ h C’ 'b-, t!-t »l- .....,d vr-,‘.;,t 1 g.m.l__ 1.
validity of the conclucion reached by Stork ~nd ‘nite. Similerly,

hydrogen bonding mey contribute to the observed stereochemisiry in

the present study but it is improbable that ithis weak intermoleculay

L. . 197,198,19
force would be of sufficient megnitude™” Ty 9 to be solely

Tesponcible for this ciereoselectivity, particulorly since no

13



Pimure 25, Possible trancition states for syn 5,.2' resction.
. P

2. ¢is G-ester

|
|
10

o=
ls-}

)

R = isonronyl
_ X = 2,5-dirit{robenroate
M = piperidine



evidence, vhoisoever, for anti S5,,2' reaction wos unzovered.,

)

'Indoed it bas been showm that hydroren bondings is not necessary

for the rezction of emines with allylic chlorides, since

ae no H/D kinetic isotope effect wes observed in rerction of

x-methyl 211yl ohloride (11) with 4l 2na mt,1p, 209,201

b. reactions of a~methyl allyl chloride (11) with dimethylamin9202

. .28 .
end trimethylamine = were chowm to nroceed =zt comverzble rates

4. Only = smell difference in reaction rate was observed between

~ns

the cis and trens subsiretes (84, 85) (k e/ktr = 1.13)
suggéstiﬁg that the {ransition state geometry of the reacting vort
(Nu~CL£~C X)of the two epimers wes similar i.e. thai the cis and
tr ns ester groups were both quasi-axizsl a2s in g or B (Figurelzs)
or both quasi-eguntorial as in_gf If the ester sroups in +the two
epimers were not: conformatlonull similar, the difference in their
reaction rates would be much greater since it is knowvm that the

Y

rates of displacement. of quasi-axial and quasi-equatorial

65,0
substituents substanticlly differ. 2499
In trensition states B ond C, steric hindrence to syn SPQ'

action would be considerably greater for the cis than for the

trons esters, the former possessing cuasi-arial isooronyl groups

.

which would interfere with the syn apvroach of nucleophile,
Such transition states would,therefore, be expected to cause 2

rate decrease on going from trons to c¢is, vhereos the opnosite is

observed. ‘hen the C-0 bond is quasi-axial, hovever, as in A,
steric hindrznce to syn anproach of the nucleonhile world be

similer for cis ond trens esters., The observed rate increase in

going from trons to cis can then be ascribed to conformationcl

factors, notably to the desree of overlap between the C~0 bond

64 . .
and the tr-svstem being more favourable 999 in the cis case, vhere

T4



the isonropyl croup is enuatorialy ‘then in the trans, where the
o212l iconrovyl ~roup will distort the ceometry, crusing the C-C
bond to be tristed further out of the vlone of the 4r-srstem than

in the cis ester. Thus thre syn SN2' reaction annecrs to proceed

)]

via o trensition state (A) in vhich the C-0 bond hes attained

o

marirum possible coplenarity with the M-system, in contrast "to

14.

Stork ard Vhite's proposal™ that C was the fevoured trensitien
staete for reaction of the 2,6-dichlorobenzoctes (29, 40, 41).

5; This study adds further to the flames of controversy regerding
the 6oncertedness of-the SH2' reaction; The denonstrated
stereoselectivity (stereospecificity?) of the process is indicative

s asgisted by

e

of a concerted process in vhich bond-brezking at Cy
bond-mzking at Cye Thus, the cyclohex-2-en-1-yl systems stulied
apreared to renct with piperidine b- the classical concerted SN2'
mechanism rather than by the ion-pair zlternative proposed by

) 2
Sneend) and Bordue11 . 282035204,205,206
6, Finally, the syn stereochemistry observed in this study of

the SN2' reaction coﬁfirms the predictions made by theoretical

studies.72’78’79’80’85’86’87’91 In-particular this siudy has shoim
that,for a neutral nucleophile, the stereochemistry of the S:2'
reaction is‘ggg, as sugrested by Yates, Epiotis and Bernardi,9

on the basis of cuantitative éalculations; Further study usin;

a charged nucleophile =ould be welcomed 2s a means of_jgsfing

their prediciion that, in that case, =nii stereochemistiry is

favoured,

15
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1. Insirunentation,

M.p. determinations were‘made using a Kofler hot-stage
apparaius, I.r. spectrz were recorded on o Pye-Unicam SP10CO
or Perkin-Klmer 257 speétrophotometer; Unless otherwvise
stated, the wvalues renorted refer to liquid films; 1H Temer,
spectra were rccorded, for solutions in CCl4 with Ne4Si as
internal standard, with = Varian T60 or FA1CO spectrometer,
Unless otherwise stated, the values renorted refer to the 760

13 - | : :
machine, C Nemer. spectra were obtained on a Varian ZL100

instrument using CDC1, solutions. Mess spectra (M.s.) were

3
determined with an A.E.I. 17S12 instrument ‘or an LKB 9000 z.l.c.

linked mass spectrometer. Telece was verformed on Merck

silica gel 60 HF,., layers (0.25mm. thick for anzlytical

54
purposes; 1.0mm. thick for p.l.c.). Silver nitrate-
impregnated silica lavers were prepared by using a slurry of

12.5¢, by weisht, of AgNO. in silica rel 60. ° Analytical g.l.c.

3

was performed on a2 Perkin-Elmer F1ll or Pye-Argon chromatosreph

-

and prevorative g.l.c; was accompliched using & Pye Series 10%
chromatogranh. Peaks are identified Ey their retention time
(R.t) in minutes, or by their retentioh index (R.i.) relative
to n.2lkene standards, A1l orgenic extrzcts were washed to
neutrali{y by'appropriate acidic or basic itreatment before
being dried over HgSO4, Na2804, K2003, or Ha2003. Unless

otherwise stzted, vetrol refers to that fraction of netrolieum

ether vhich boils 2t 60-80°C.
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2. Prevaration of substrates for Birch reduction.

8. 2~a2lkyl anisoles.

Dimethyl sulphate was purified by weshing with water and
dilute ﬁa2003,'and distilled, .7, 78—7900/40mm. To a rapidly
stirred mixture of the appropriate 2—aiky1 phenol, NaOH (1l.1.
equivalents), and water (4ml. per lg. of phenol) in a three-

) necked flask, Me2804 (1.0 equiv.) was added over lh., The
mixture was then refluxed for 24h., cooled, and extracted with
ether, This extract was washed with dilute HéSO4, and water,
dried over MgSO4, and evaporated to give crude product, purified

by distillation and chromatography.

(i) 2-isopropyl anisole (89)

Methylation of 2—i§9propyl phenol (192; 50g.) gave 52.0g.
(94% yield) of 2~-isopropyl anisole (89), b.p. 79-80°¢/ 28mm.

I.r. 12'.50cm-'1 (s, v aryl=0-alkyl)

N.m.r. (100tMHz.) &7.01 (4H, complex) aromatic H
3.78 (3H, s) oo, |
3.35 (1H, septet, J=6.5Hz.) (CH,) ,CB
1.23 (6H, d, J=6.5Hz.) (c_}_13)2c:!z

T.l.¢c. 5% ethyl acetate: petroly R.f. 0.58

G.l.c. 1.5% QFls 80°C; nitrogen 15p.Seies Rete 3.2 nin,

(ii) 2-tert.butyl anisole (90)

Methylation of 2-tert.butyl ohenol (103; 150g.) gave, after
addition of a further two equivalents of I-‘.eZSO4 and refluxing for
a further 72h.. 132g,. ;f product shown to be a mixture of the
desired ﬁfoduct (29) ard starting material (193).

Attempted sevaration by distillation was unsuccessful, as the ‘
products co-distilled. Simiiarly unsuccessful were attempts to

separate the products by ether/NaOH extraction.
19



Chromatogranhy on a short column of Grade 1 basic alumina

with CHCl3 as eluant separated the products, giving 110g. (674

yield) of 2-tert.butyl =nisole (90).

I.r.

Nem.r.

1240cm™ > (s, ¥aryl-0-alkyl)

7.0 (4H, complex) aromatic H
3.8 (3H, S) ' OCEQ

04 :
1 g (9H9 S) (Cg§)3c

M at m/e 164.
5% ethyl acetate: petrol, R.f. 0.58
Capillary Carbowax 20N} 160°C; nitrogen 10p.s.i.

R0t01004 min}

be 2-alkyl anilines.

(i) 2-tert.butyl aniline (91)

Step 1.

Preparation of 2,4~dinitro tert.butyl benzene (105)

Nitration

103 of tert.butyl benzene (1043 20g.) rave 25.7g.

of a pale yellow oil.,

L.r.

TeleCe

G.l.c.

(em™) 1530, 1350 (s, v aryl-X0,)
50% ethyl acetate: chloroform, R.f. 0,80

5% ethyl acetate: petrol, R.f. 0.65, 0.41, 0.24.

1% SE30; 120°C; nitrogen 15p.s.i. R.i. (%)

1310 (4), 1375 (3), 1415 (70), 1555 (1), 1625 (20),

1700 (2).

Separation by p.l.c. gave three fractions (59 ethyl acetate:

petrol).

I.r.

N.m.r;

.

as above for each fraction.

(1001Hz) Fraction 1. (R.f. 0.65, R.i. 1415) Hg

8.13 (2H, 4, J=9Hz) N HA But
© 1.53 (24, 4, J=9Hz) Ay
- ()2N

1.35 (9H, s) (CHy)4C 10

O
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Fraction 2, (Refe 0u41.. Rei, 1625)

8.28 (1H, & of 4, J=9Hz., 2Hz.) H, B!
C
8422 (1H, d, J=2Hz.) B, ,
~ O.N }48
Te82 (1M, d, J=9Hz.) Ry 72 l
1.46 (9H, s) - (CHy)5C 16:
Fraction 3. (R.f. 0.24, R.i. 1700) ;I_
- C
7.92 (14, d, J=9Hz.) H, 02N B
7.85 (1H, 4, J=2Hz.) By (:::)
ON Hg
7.85 (1H, 4 of d, S=OHz., 2Hz.) H, 2 I
: A
1.42 (9H’ s) : 4 (C§3)3C 109

Re-nitration of the remainder of the product mixture at a
higher temperature (5500) over a longer time (2h) was followed
by stirring at room temperature for 48h during which time the
course of reaction was monitored by g.l.c.

G.le.c. 1% SE303 120°C; nitrogen 15p.s.i.

R.i. 1310 1375 1415 1550 1625 1700

origsinal mix. % 4 3 10 1 20 2
re-nitrated % - 1 31 1 60 1
after 24h 2 - - 12 Sl 19 8
after 48h % - - 9 1 82 8

’ Hork—up103 gave, after recrystallisation from methanol,
16.5g. (505 yield) ot 2,4-dinitro tert.butyl benzene (10%),
mep. 61-62% (os literature103).

Repetition of the rezction usins the rmore fercirnge conditions,
described above, on fresh tert.tutyl benzene (1043 50z.) gave
52,8z, (649 yield) of 2,4-dinitro tert.*utyl benzene (105),
mer. 61-62°C,

_I-I‘., N.m.r., T.l.c-.’ G.l.c. as fOI‘ fI‘HC’tion 2’ ebove.
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- Step 2. Prevarction of 2-nitro-4-cmino tert.tmtyl

. | benzene (106).
103

Reduction of 2,4-dinitro tert.tutyl benzene (105; 46g.) .
gave 28¢, (725 yield) of 2-nitro-A-amino tert.tutyl benzene (106),
mepe 57.5-58.5% (literature m.p. 58.5-59.0°¢103),

I.r. (en™l) 3510, 3420 (m, ¥ N-H, primary), 1530, 1370

(sy v aryl-NOz)

Nem.r. (100MHz.) §&7.25 (1H, 4, J=9Hz.) H,

6.67 (1H, d of d, J=9Hz., 3Hz.) By
By

6.54 (1H, 4, J=3Hz.) "
3.56 (2H, broad s, D,0 exch,) NH,,
1,34 (5H, <) R

Telece 50 ethyl acetate: petrol, R.f. (.56,

Step 3. Preparation of 2-nitro tert.tutyl benzene (107).

Reductive deamination103 of

2=-nitro-4-amino tert.tutyl
benzene (106; 21g.) gave 11.8g. (615 yield) of 2-nitro tert.butyl

benzene (107); b.o. 33-34°G/0.08mn.

-

I.r. (cm-l) 1540, 1280 (s,-varyl-NOz)

Nem.r. (100MHz.) & 7.40 (4H, complex) aromatic H

1.44 (9H, s) (cg_3)3c

T.l.c.. 5% ethyl acetate: petrol, R.f. 0.59.

GoItCt 1‘/‘% SE30; 1OOOC; nitrogen 15po$ni‘o’ Roto 6¢2 min.

Step 4. Prevzration of 2-tert.butyl aniline (91),

Reduction ®? of 2-nitro tert.butyl benzene (1075 12.7¢.)

gave T.9z. (75 yield) of 2-tert.tutyl anilire (91), b.p. 111-
112°¢/20mn,
T.r. (em™}) 3520, 2420 (w, v¥E-H, primary), 1310, 1270

(my w»C-17),

Nemer. &7.0 (4H, complex) : aromatic H

82



3.8 (2H, brood s, D,0 exch.) NH,,

1. H, =) CH

5 (9 ] / ( 3)3

T.lece 5% etkyl acetate: petrol, R.f. 0.20.

G.l.c. 15 SE303 75°C; ritrogen 15p.seie., Rot. 6.6 min.

(ii) W,V-dimethyl 2-tert.butvl aniline (92).
~ 105

Fethod 13 formylation / reduction.

Formzldehyde (3ml., 35mmol., 27-A0% AnalaR) wes 2dded with
sheking to a solution of 2-tert.butyl aniline (91; 468mg., 3mmol.)
in AnalzR methanol (10ml.). The solution was refluxed for 30
mlnutes and a2llowved to cool. Then,.NaBHA (400mg.) was added
over lh at room temperature. The reaction mixture was

evaporated to dryness, and the product tazken up in CH 012, dried

2

over NMgSO, and evaporated to 2 yellow-red oil which aprezsred to

4

be a mixture of the intermcdiate imine (245), mono- (246), and

di-N-methylated 2-tert.butyl snilines (92).

I.r. (cm‘l) 3520 (w, ¥X-H, secondary), 1660-1630 (w,
¥C=N)
Nemer., §7.2 (4H, complex) aromatic H t
Bu
5.2 (2H, s) N=C§2
CH
4
other signals ohserved at NHMe
4.8 (broad‘s) NH | Bu
3.2 (4, J=6Hz.) CH, of NHCH,
' T(CH
and 3.2 (S) CEB of I( I-1"3)2 _._
M.s. wt oat m/e 161, 163 corresponding to compounds 245 ard

ggg, respectively.

T.l.c. 5 ethyl ~cetate: petrol, R.f. 0.13 (w), 0.37 (s},

0.55 (w).
G.l.c. - 1% SE30; T0°C3 nitrogen 15p.s.i., R.t. (%), 4.6 (80),
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7.1 (10), 9.2 (10).

Because of the difficulties encountered a2tove, the rezction
sequence was repeated using aniline (2475 280mg., 3mmol.) as a
model compound. Purification of the product mixture by p.l.c.
(SO%Iethyl acetate: petrol) gave 2 yellow-red oil, apparently
6ontaining the intermediate imine Qg§§)'as mzjor product.

ELE’ no vMN-H
Nemer. §7.1 (5H, centrosymmetric multiplet) aromatic E

4,9 (2H, s) N=CH,
T.l.c. 507 ethyl acetate: petrol, R.f. 0,81

‘Method 23 direct methylation.106

An alternative N,N-dimethylation procedure was then testéd
on the model compournd, aniline (géz). On treatment:"o6 with
methyl iodide (2 equivalents), N,N-dimethyl aniline (gﬁg) vas
obtzained and shovn to be identical to an authentic sample.

nethylation1°6 of 2-tert.butyl aniline (g}; 6.4g0) ﬁy this
. method gave 5.8g. (765 yield) of W,N-dimethyl 2-tert.butyl aniline

(92), b.p. 110-111°C/32mm,

I.r. no yN-H

Nem.r. (100MHz.) & 7.21 (4H, complex) aromatic X
2.59 (6H, s) | §(cH,),
1.49 (9H’ s) (C_}_I,3)3C

M.s. u* at m/e 177; also, peaks at m/e 162 (H-15) and

m/e 147 (1i-30), linked by metasteble at m/e 134.

T.l.c. 5% ethyl acetates petrol, R.f. 0.40

C.l.C. 1¢. SE303 70°C; nitrogen 15peseiey Rete 4e4 nin,
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- 3, Birch reduction;llo vreparation of 6-2lkyl n~yclohex—-2-en-l—-ones..

a. General nethod.

The anpropriate aniszole or aniline (5g.) was dissolved in 2
mixture of tetrahydrofuran (THF, 40ml.), tert.butanol (40ml.), and
liquid ammonia (200ml., freshly distilled from sodium). The
mixture was stirred vigorously in a thfee-necked flask fitted with
an acetone/dry-ice condenser. Lithium (1l.4g¢.) was added over 1lh.
After a further lh., ethanol was cautiously added to discharge the
blue colour, Petroleum ether and water were then added and the
organic iayer was rapidly separated, washed with brine, dried over
HgSO4, and evaporated to yield the intermediate enol ether or
enamine. Analysis of the product mixture wes followed by
refluxing of the mixture in dilute HC1l, until hydrolysis of the
intermediate was complete (determined by g.l.¢.). The resulting
ketonic product was isolated by ether extraction, washing with
brine, drying over MgSO4 and evaporation,. Purification was
effected by a variety of methods.

b. 6~methyl cyclohex-2-en-l-one (93).

Birch reduction of 2-methyl anisole (88; 5g.) gave 3.4g. of

a pale yellow oil, after hydrolysis.

T.re (om 1) 3060 (w, ¥C-H alkene), 1720 (m, ¥C=0), 1690

- ——

(s, v€=0, x,Punsaturated), 1650 (w, vC=C).

T.lec. 5¢. ethyl acetate: petrol, R.f. 0.09

Separation of this expected102 mixture was attempted by the

me‘thodlo2 develoved by Stork and ﬂPite.

Thus, treatment of the ketonic mixture with piperidine gave
3.45g.'of acid-soluble material.
I.r. (em™l) 2790, 2710 (w,»C-H, x to ¥), 1720 (vs, ¥C=0),
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Distillation of this product.caused partial elimination,

giving 3.1¢. of distillate containing the desired enone (93).

I.I‘o

]

Nemo.r,

é2.7-1.5 (18H, very complex) CH, CH

as above with addition of 1690cm * (s, #C=0, oc,B
unsat, )

2

1.12 (30% of 3H, d, J=THz.)
cH,

1.04 (70¢ of 3H, d, J=THz.)

plus resonances (21%) for 6-methyl cyclohex—2-en-l-one
(93).

704 ethyl acetate: petrol, R.f. 0.09, 0.21, 0.69.
1% SE30; temperature programme 40-13000 @ L?,Ca.min.—1

nitrogen 15p.s.i., Ret. (<) 3.2 (20), 28-32 (80).

Separation of this mixture by p.lic. (70" ethyl acetate:

petrol) showed the spot at R.f. 0.69 to be 6-methy) crelohex—

2-en-1-one (93).

I.r.

—

N.m.r.

169Ocm"1 (vs, ¥vC=0, a,ﬁunsat.)

(100MHz.) 6.93 (1H, & of t of 4, J=10, 4, 1Hz,) &

3
5.95 (1H, 4 of t, J=10, 2Yz.) g, 0
2.5-1.5 (5H, complex) _ CH, CH, Ha Me
1.17 (3H, 4, J=6Hz.) c§3 H
B
' 1 a3

1¢ SE30; temp. prog. 40-130° @ 4¢°%.min,”7; =

nitrogen 15 p.Soi., Ret. 3.2 min,
102

Treatment of the mixture of piperidino-compounds with Mel

. g (o) .
gave a yellow, crystalline methiodide, m.pe 173-175C (1it.

102

MeDe 174.5-175.0°C). On base-catalysed elimination, this gave a

pale yellow oil shown, By i.r. and t.l.c., to be 2lmost identical

to the.original ketonic mixture from Birch reduction.

Birch reduction of 2-methyl anisole (883 15g.) w2s reveated

to give 13.2¢. of a colourless oil.
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I.r. (em™). 3040 (m, vC-H, alkenme), 1220, 1160 (s,

varyl-o;élkyl).

Nem.r. g5.6 (2H, broad s) vinyl H
3.5 (3H, s) OCH,
2.7 (4H, broad s) CH,
1.6 (3H, s) N

plus other non-ascirn2ble, minor resonances,

G.l.c. 2% Carbowax 20M; 70°C; nitrogen 15p.s.i., R.i. (%)

1140 (6), 1200 (7), 1220 (13), 1300 (74).
Acid hydrolysis of the enol ether mixture gave 10.9z. of
ketonic mixture.
I.r.  (em™Y) 1720 (m, »€=0), 1690 (vs, » C=0, «,Bunsat.)

N.m.r. signals corresponding to 6-methyl cyclohex—-2—-en—l-one

(93, see above, 80% of mixture)
Attempts to analyse the remaining 20 of impurity
signals by double irradiation were non-interpretable,

Culoce 1% QP13 50°C; nitrogen 15p.s.i., R.i. (&) 1170 (2),

1210 (15), 1240 (5), 1290 (78).

2% Carbowax 20M; 70°C; nitrogen 15p.s.i., Rei. (%)

1140 (2), 1290 (5), 1330 (15), 1400 (78).
G.co-m.s. R.i. (M) 1290 (112), 1330, 1400 (both 110).

E10H

U.v. A

U.v oo, 2241me, (€7350), 325nm., (c25)

In an attemnt to 2lter the ratio of vhat were thourht to be
conjugated and unconjugated ketones, the ketonic mixture was

refluxed for 24h. in dilute KaOH, G.l.c. showed that no chance

in the ratio was effected.

111,112 o ive Bsgenone (125) was then

Preferential epoxidation
attempted by stirring the ketonic mixture (536mg., 4.9mmol.),

Na2603 (98mz., 0.9mmol.), m—chloroperbenzoic acid (177Tmg.,
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1.0mmol., calculated as 1.3 equivalents of the amount of Byyenone

in the ketonic mixture) in dry CH,C1, for 22h., The organic layer

vas removed, washed with I-*aHCO3 and brine, dried over IvfgSO4 and
evaporated to give 402 mg. of a yellow oil.
I.r. 1760, 1740 (m, ¥C=0, lactone), 1720 (w,+C=0), 1690

(vs, ¥C=0, x,Runsat.)
Nemo.r, signals corresponding to 6-methyl cyclohex—2-en-l-—-one
plus other non-assignable resonances.

Telecs 5% ethyl acetate: petrol, Re.f. 0.09 (vs), 0.27 (w)

Gilec, 2% Carbowex 20ilg 70°C; nitrogen 15p.s.i., Reie ()

1330 (5), 1375 (4), 1400 (91).

Because of the failure of these separation attempts, the-
chromatographic behaviour of the ketonic mixture was re-examined.

Separation attemnts on coluﬁns_of alumina were unsuccessful.
Use of Gfade 1 basic, Grade 3bneutral, or AgNO3—impregnated
Grade 1 basic alumina-gave product mixtures containing no
monomeric o«,funsaturated ketone.

Various silica éolumns were also unsuccessful,

However, t.l.c. on AgITO3-imprégna'ted silica (0.5 acetic:
acid: chioroform) gave three spots, R.f. 0,25 (m), 0.75 (s),
0.87 (w). - Revetition of this on a preparative scale was less
successful, however., Thus, 3.3g. of ketonic mixture was apnlied
to five metre-long v.l.c. plates coated with AgN03-impregnated
gilica, Double elution gave three poorly defined bandé, R.T.
0.3, 0.6, 0.7. From the band at R.f. 0.6, 1.7g. (66% recovery

*
of a,penone) of apparently pure 6-methyl cyclohex-2-en-l-one (2})

™~

This was shown, later, to contain approximately 16% of

2-methyl cyclohex-2-en-l-one (127).
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was obtained.

Tere, nemer., vV.v. as above

M.s. ¥ at m/e 110

G.l.Co 2, Carbvowax 20Ls 70°C; nitrogen 15peseis, R.i._(i)

1290: (3), 1400 (97).

Coe

6-isopropyl cyclohex—2-en-l-one (94).

Birch reduction of 2-isopropyl anisole (893 15g.) gave 13.6g.

of a colourless oil.

I.r. (em™) 3050 (m, ¥C-H, alkene), 1720 (m, v C=0), 1690

(wy vC=0, x,Runsat.), 1630 (w, ¥6=C), 1250 (s, yaryl-

0-alkyl), 1150 (vs, valkyl-0O-alkyIl).

Nemer. (100MHz.) §5.58 (2H, s)

3042 (BH, S)

3.10 (1H, septet,

2.65 (4H, complex)

0.92 (6H, 4, J=THz.)

vinyl H

0Q§3

J=THz,) (cH )zc_}g

CH2

(cH3 ) CH

plus other non-assignable resonances,

Tolec. 5% ethyl 2cetate: petrol, R.f. 0.3 (w), 0.7 (s).

G.l.c. Capillary carboﬁax 201 70°C; nitrogen 10p.s.i.

R.i. (€) 1280 (11), 1340 (14), 1395 (61), 1450 (14).
Acid hydrolysis gave 1ll.7g. of a yellow-recd oil (equivalent

to 44% yield of desired product from Birch reduction, based on

g.lsce 2nalysis).

J.re. (cm-l

) 1720 (my+C=0), 1690 (vs, ¥C=0, ox,Bunsat.)

25 ),

N.mer. Tresonances corresvonding to the desired enone (94, &4

starting material (89, 14%.), and other compounds (324).

T.l.c. chloroform, R.f. 0.4 (w), 0.6 (s), 0.8 (m).

GoeleCo Capillary carbowvax 201

R.ie. (%) 1395 (10), 1425 (2)y 1450 (34), 1505 (54).

89

70°C3 nitrogen 10p.s.i.



Seporation by p.l.c. (chloroform) vias only partially
successful.  The band at R.f. 0.6 contained T4% of the desired
enone (2&) and 26% of other ketones, while that at R.f 0.0 was
2-isoprovyl anisole (89).

Silica and alumina columns similarly failed to effect a
reasonable separation. -

The product mixture was separated by preparative g.l.c.
(10g. apnlied to 2%, carbowax 20l on Supasorb 60-30meshj; 150°C)
to give 2.0g. (28% recovery) of 6-isopropyl cyclohex—2-cn-I-one
(94, 99.5% pure)

I.r. (om™Y) 3040 (w,4C-H, alkene), 1690 (vs,C=0),

1630 (w, ¥C=C).,

Nem.r. 6.88 (1H, 4 of t 'of d, J=10, 4, 1Hz.) Hy

5.95 (1H, d of t, J=10, 2Hz.)  H, 0 :
HA Pr
2.04 (1H, septet, J=THz.) (CH3)20_}_{_
H
2.5-1.8 (5H, complex) - CH, CH, B g
0.94 (6H, two d, J=THz.) (CH,)0H T

13 Nemer. (25.21Hz.) Pepere downfield from (CH3)4Si.
201.214 (s, C-1), 149.241 (4, G-3),
130;030 (d, C=2), 52.801 (d, C~6),
25.827 (d, C~T), 25.330 (%, C-4), |
23.263 (t, C=5), 20.565, 16,607 (both q, C-5,9)
M.s. M at mfe 128.
Celec. Copillary corbowex 20M3 70°C; nitrogen 10p.cs.i.
R.i. 1505ﬂ
Uve Ao 225mm. (e 9000)
Repoiitiontof the Birch reducticn of 2-isopropyl anisole
(§2; 25¢.) over a longer time.(Q.Sh.) gove, after 2cid hydrolysis,

19.2¢. (equivalent to 53% yield of destred product) of =2
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yellow-red oil,

I.rey n.mere, t.l.c. 2s vrevious Rirch reduction.

G.l.cC. Caplllarv carbowex 20M3 100 C- nitrorgen Tp.s.i.

R.i. (%) 1425 (14), 1470 (2), 1485 (15), 1535 (69).

Because of the low recovery chiained from previcus methods
of separation, the use of dry-column chromatographyll3 was
investigated. Trial experiments indicated that no single
~ solvent could effect a separation-bBut that the mixed system,
30% ethyl acetate: netrol, was suitable, 2llowing reasonazble
separation and recovery.

Thus, 7.40g. of ketonic mixture wes applied to 2 75x5cm.
113

nylon column contzining 750g. of pre—equilibrated silica

(Woelm Grade 3 silica gel 60'HF254 "for dry-column chromatography").

After appropriate slicing of the developed column, 2.51g. (51
recovery) of 6-isopropyl cyclohex-2-en-l-one (gﬁ, 957, pure) wes
obtained. (spectroscopic data as before)

In order to identify the other components of the ketonic

mixture, some of the pa rtlally separated fractions were examired,

These apveared to contzin 2-isopropyl cyclohexznone (111),

2-isopropnyl cyclohex-2-en-l-one (122), ard 2-isoprooyl anizole (89).

I.r. (em™) Praction 1. 2-isoproryl anisole (89, see =2bove)

Frection 2 1720 (vs, ¥C=0), 1620 (w, ¥C=0, x,Runsat.)

Frabtion 3 1720 (S, ‘Vc=0), 1690 (Vs, VC=O, O(,ﬁunsa't.)

Cel.c. Capillary carbowsx 201; 10000; nitroren To.s.i.

R.i. | 1425 | 1470 | 1485 | 1535

Fr. 1| 56 44 - - | ¢

Fr. 2| 93 2 5 - |4
| Fr. 31 3 0 - | 63 7 | %
ToErTITY | 111 | 89 | 129 1 94

'
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BtOH ..
U.v. Fr. 3 kmw. 232nm, (e 8000)

. Other dry-columns produced similer results, ond severzal of
the recovered mixtures conteining >5% impurity were combined and
rechromatogramned to give further amounis of purified 6-isopropyl

cyclohex—2-en-1-one (2&).

d. 6-tert.butvl cyclohex—2-en-l-one (95).

Attempted Birch redvction of 2-tert.butyl aniline (gl) gave
almost complete rececvery of starting material.

I.r., mem.r., t.1.c. as starting meterial (91).

g___l__c 1% SE303 75°C; nitrogen 15p.s.i., R.t. (7)) 2.8 (<5),
6.6 (>95). |
Attempted Birch reduction of N,N-dimethyl Z-tert.butvl
aniline (gg) was equally unsucce;sful, even after extension of
the reaction time to 3h.

I.r., n.m.r., t.1.c. as sterting material (92).

Birch reduction of 2-tert.butyl anisole (903 10g.) gave 9.8¢.
of a colourlesé oil.

I.r. (em™}) 3040 (w, +C-H, alkene), 1660 (m,»C=C),
1140 (s, y 2lkyl-0O-alkyl), plus bhands corresponding to
2-tert.butyl anisole (90).

Nem.r, non-interpretable

G.l.c. Capillary carbowax 20M3 BOOC; nitrogen 10p.s.i.

 Rei. (%) 1310 (3), 1330 (16), 1380 (17), 1455 (41),
1490 (23).
Acid hydrolysis of this mixture cave 8.9¢, (equivalent to
3% yield of desired product, based 6n g.l.¢. analysis) of a
yellow oil.
' I.r. (em™l) 1720 (m, v€=0), 1685 (vs,vC=0, x,Bunsat.),

plus bands correspording to 2-tert.butyl anisole (29).
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Hem.r, resonances attributable to 2~iert.butyl cyclohexanone

(112; 175:), 2-tert.butyl cyclohex—2-en—~l~one {1303
185), 6-tert.butyl crclohex-2-en-l-one (955 40%), and
2-tert.butyl anisole (905 25%).

(data given later - see below).

T.l.cCo, 5‘/‘5 ethyl acetate: pe'tI‘ol, R.f. 004, 007

G.l.C. Capillary carbowax 20ils 5000; nitrogen 10p.s.i.

Re.i. (%) 1410 (17), 1465 (18), 1490 (25), 1525 (40)
Separation by pel.c. (5% ethyl acetate: petrol, double
development) gave two bands, R.f. 0.5, 0.8. The broad band
centred at 0.5 was divided into .three fractions in increasing
order of R.f., value, - |

G.l.cCo Capillary carbowax 20M; 80°C; nitrogen 10p.c.i.

Reie 1410 |1465 | 1490 | 1525

Fraction 1 - 2 - 98 |9 R.f. 0.5-
Fraction 2 12 30 - 58 |4 R.f. 0.5
Fraction 3 14 78 2 6 |9 R.f. o.5+.
Fraction 4 2 - -98 - |9 R.f. 0.8

This indication of a separation was e;ploited by the use of
column chromatography on Grade 3 silica gel 60. Trials using
hexane-benzene aﬁd ventane-benzene gradients were monitored by
g.l.c. and fourd to be suitable. Thus, 8.7Tg. of ketonic mixture
was avplied to 2 2kg. column of silica and eluted with a hexane-
benzene eradient. CeleCe 2nalysis of the fractions collected
was followed b apnropriocte recombination of these fractions to
give, in addition to 2-tert.butyl anisole (90), three products:-
(1). ‘2-§g£j.butv1 cyclohexanore (1123 37lmg., 257 recovery;

95¢ pure)

I.re 17203"‘-1 (S, "VC"'O)

——
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2

1.00 (9H, s) (c§3)3c

Nemer.  (100MHz.) §2.4-1.4 (9H, complex) cH, cu

Y.s. ¥ at mfe 154.

(2).' 2~tert.butyl cyclohex—2-en-l-one (1205 293mg., 199 recovery;
94¢. pure).
I.r. 1685em™) (s, ¥C=0, x,Bunsat.)

N.m.r. (100MHz.) §5.71 (1H, t, J=4Hz.) winyl H

2.36 (4H, complex) - CH, 0 ;
B
1.96 (2H, complex) CH, Y
1.20 (9H, s) (CH,)C 130
M.s. M at mfe 152,
F+OH
U.v, Am;. 233nm. (e 8100).

(3). 6-tert.butyl cyclohex-2-en-l-one (9_5; 2.29¢., 66° recovery;

97¢ pure).

Ioro 1‘685cm-1 (S’ vC=0, “,Punsato)

Nem.r. (100VMHz.) £6.80 (1H, 4 of t of 4, J=10, 4, 1Hz.) Hy

5.91 (1H, 4 of t, J=10, 2Hz.) Hy

2.5-1.8 (SH', complex) CH, Cg’z 0
' Ha J
1.11 (9, s) , (c_}_z3)3c y
M.s. ¥ at m/e 152. B a5
Uov. ATEOH oocim. (e 8000). o

—_— maXe
Repetition of'the Birch reduction of 2-tert.butyl znisole

(%); 36e.) usiné different proportions of the reactants, viz,
THF (200ml.), liquid NH3 (1ooo_m1.), tert.butanol (200ml.), ond
lithium (7.0g.) rave, after acid hydrolysis, 30.7z. (329 yield
of desiréd. product, based on ge.l.c. ar;alysis) of product mixture
comprising 2-tert.butyl cyclohexanore (1123 18&7), 2-tert.butyl
cyclol{ex—Q—en-l-one (];3_0_, 19 )_, 6-tert.butyl cyclohex-2-en-l-one
(955 35%), and unreacted 2-tert.butyl anisole (903 28’).

(v
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Column chromatography, =c beforz, rove T.97. of 85¢ pure

6-tert.butyl cyclohex-2-en-l-one, This was further purified by

dry-column chromatorraphy (Woelm Grade 3 silica gel 60 HF254;

307 ethyl acetate: petrol) to rive 5.6z. of 9% pure enone.

Ioro, nomoro, moSa, 'to].oco, _':-1.0., NeVe 2SS bcfore.

4, Reduction of 6-2lkyl crclohex-2-en-l-ones; prevaration of

6-21kyl cyclohex=2-en-l-ols.

2, General methods.

Reaction conditions (temperature, time, amount of reducing
agent) and product distributions have already been detailed in
Tables &, 9, =nd 10 ond will not, therefore, be renected.

(£) LAY reductien,

A solution of the appropriate 6-2lkyl enone in Na-dried
ether was added dropwise to 2 vigorously stirred suspension of
LAH, contained in an oven-dried two-necked flask, meaintained under
an atmosphere of nitrogen. ‘hen reaction wag complete, water wns
cautiously =2dded to decompose any excess hydride and hydrolyse the

intermediate organo-aluminium complex, The reaction mixture was

acidified with dilute HC1 and extracted with ether, vhich was then

washed with brine, dried over MgSO4, and evaporated to give
product,
(i1) HaBH4 reduction.

Method as above: solvent,'THF;

(iii) DBAT reduction.

vMethod as 2bove: solvents, ether, hexane, THF;'reducing

agent, 0.9M solution of DBAH in hexane.
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(iv) LiAl(oxe)3H reduction.,

. A.solution of LAH in THF was prenared by stirrins 4c. of LAY
in 100ml. of "HF (dried by distillatior from 0932) for 4h.
Filtration of the suspension throush sintered glass, under
nitrogen pressure, gave a clear solution, whose conceniration

vas determined 01

to be 0,155,

A 10% v/v solution of méihanol (dried over CaH,) in THF
(aried over LAH) was prepared and stored over molecular sieves
(type 34).

A solution of LiAl(OMe)BH‘in THF wes then prepared by
injection of the required amount of methanol/THF solution (three
equivalents of methanol) to a measured amount of the LAY/THF
solution.

Reductions were then carried out as detailed a2bove for LAH,

itself,

(v) Li(sec.butyl),BH’ and K(sec.buty1)3BH reductions.

- Method as zbove for LAH: solvent, ether/THF; reducing
arents, 1M solution of Li reagent in THF, 0.5M solution of K
reagent in THF. 1In each case, the intermediate organo-boron‘
complex was oxidised by alkaline !{202208 after addition of water.
Inverse addition of reducing arent to substrate was employed in
one of the reductions involving the Li reagent.

175

(vi) Feerwein-Ponndorf-Verley reducticn.

A stirred mixture of 6-§§9propy1 cyclohex—-2—en-1-one (gﬁ;
20mg., 0,13%mrol,) and aluminium isonrovoxide (0.5r4y 2.45mmo0l.)
in AnzlaP isopropznol (10ml.) was refluxed for 20h. The acetone
produced.during reaction was then slowly distilled over 1h,
Aliquots of the reaction mixture were taken 2t 2, 20, and 21h.,
acidified with dilute HC1 and extracted with ether., The ether

i
\
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" extrects were woshed with brine, dried over EgSOA, and evaporcted
to give products vhich were examined by g.l.c.

t.  6-methyl cyclohex-2-en-l-ols (96, 97).

LAH reductions of 6-methyl cyclohex-Q—en—l—one'(gé) produced
pale yellow oils in 90-997 vields.
I.r. (em™) 3400 (s, 0-H), 3040 (w, vC-H, alkene),

1060-990 (vs, vC=0, § O-H).

Nem.r, see separated compounds.

T.slec. 107 ethyl acetate: petrol, R.f. 0.20

307 ethyl acetate: petrol, R.f. 0.56
chioroform, R.f. 0.53

Gol eCo 2;«4 Carbowax 20}1; 7000; nitrogen.].SPQSOio )

Reie 1290 1390 1400 1445 1470 1490
IDETITY 10 40,037 93 % g1 128
Capillery Carbowex 20k; 70°C; nitrogen 10p.s.i.,
Re.ie . 1285 1370 1380 1425 1455 1475
DENTITY 10 40,137 93 %6 91 128
G.Co-m.s. 5% Carbowax 20M; 110°%.,
R.t. 42.0 44.4 48.4 58.5 69.2 79.8 nins,
M (mfe) 114 114 110 12 12 112
IDENTITY 140 137 93 96 97 128
The identity of the saturated ketone (110), saturated
alcohols (140, 137) and 6-methyl enone (93) was established by
£.l.c. co-injection of these samples with esuthentic materials.
Separation attempts by t.l.c., rmltinle develovment t.l.c.,
and column chromatography were unsuccessful.
P;l;c. on AgN03—impregnated silica separated the 6-methyl
cycloliex—2-en-1-ols (96, 97) from the other products. (As

detected by gelsce and i.7s)

~.
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Attemptis to separate the alcohols (96, 97) as their
< ,6-dichlorobenzoate  derivatives were unsuccessful (see later).
Preparative g.l.c. (57 Carbowax 20M on Supasorb 60-80 mesh )}
of the alcohol mixture rave four fractions.
(1) Z2-methyl cvclohexanol (1&9, 1375 Sme., &’ recovery; 93¢ pure)
I.r. (cm-l) 3400 (vs, v0-H), 1-065, 1050, 1040 (vs, trans
vC-0, §0-H), 980 (s, cis vC-0, §0-H).
M.s. ¥ oat n/e 114,
(2) cis 6-methyl cyclohex-2-en-1-o0l (965 66mg., 21% recoverys
-867:1 pure)
TI.r. (em™Y) 3400 (vs, v0-H), 3030 (m, vC-H, alkene),

1660 (w, vC=C), 985 (vs, ¥vC-0, §0-H).

Neme.r. (100MHz.) §5.83 (2H, complex) vinyl H
3.97 (1H, broad s, w_%_=8Hz.) ~ cis CHOH
2.2-1.2 (6H, comnlex, 1H D0 ex.) CH, CH,, OH
1,05 (3H,-d, J=6Hz.) CH,

M=, M at m/e 112.

—

Anrlysis. PFounds €, T75.023 H, 10.97%. C7H120 requires
C, 74.953 H, 10,7E7.
(2) trens 6-methyl cyclohex-2-en-1-ol (973 172mg., 27 recoverys
93¢t pufe).
I.r. (em™Y) 2400 (vs,O0-H), 2030 (m,+C-¥, alkene),

—

1660 (w,vC=C), 1060, 1035, 1015 (vs, trans ¥C-C, § O-X)

Nem.r. (1001Mz.) &5.67 (2H, comnlex) vinyl H
3.77 (1H, broad s, w =14Hz.) trans CHOH
2,2-1.2 (6H, complex, 1H D0 ex.) CH, €H,, OH
1,07 (3H, d, J=6Hz.) CH,

M.s. ¥t at m/e 112. '
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(4) 2-methyl cyclohex-2-en-1-o0l (128; 53mge,y 245 Tecoverys

8% pure).

I.r.

Nemo.r,

M.s.

(cm_l_) 3400 (vs,v 0-E), 2040 (w, vC-H, alkere),

1640 {vw, vC=C), 1065, 104C, 985, 950 (s, vC-0, § 0-H).

(100Hz.)  5.51 (1, troad o) vinyl I’
3.96 (1H, broad s, wy=11Hz.) CHOH
2.2-1.4 (6H, complex, 1H D0 ex.) CH, CH,, OH
1.79 (3H, s) Ciy

¥ 2t mfe 112.

Reductions by HaBH4 gave yellow oils (93-95¢) yields)

containing more of the saturated ketone (110) and seturated

alcohols (140, 137) than observed with LAH (Table 8). These

vere analysed and separzted as above,

c. 6-isopropyl cvclohex-2-en-l-ols (98, 29).

LAH reductions of 6-isopronyl cyclohex-2-en-l-one (94)

produced pale yellow oils in 90-097 yields.

I.r,

NeMeT,

Tol «Co

G.l.c.

(cm"l) 3400 (s, v0-H), 2040 (w, ¥C-H, alkene), 1050-
910 (vs, vC-0, § 0-H).

see separated compounds.

30%‘ethy1 acetate: petrol, R.f. 0.43, 0.47.
chloroform, R.f. 0.40.

ether, R.f. 0.68.

Capillary Carbowax 20K; 90°C; nitrogen Tpes.i.

R.i. 1425 1510 1535 1555 1620
IDERTITY 111 141 94 138,98 99

The mixtures were separated by vreperative g.l.c. since

t.1.c. ond column chromatography failed to effect a2 separction,

. . Y
Prevarative £.1.c. (27 Carbowex 20M; 115 C) gave

(1) cis 6-isopropyl cyclohex—2-en-l-ol (2§; 91mg., 16¢ recoverys
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" 987 pure).

-1

I.r. (em -, ce1, solution) 2620 (m, ¥0-¥), 2020 (m, ¥C-¥,

alkene), 1650 (vw, ¥C=C), 1050, 910 (s, vC—C, §0-H).

Vem.r. (100Mz.) §5.88 (2H, complex) vinyl H
4.16 (14, broad s, w,=8Hz.) cis CHOH
2.3-1.2 (74, complex, 1H D,0 ex.) CH, CH,, O
1.04 (61, two d, J=6Hz.) ' (053)2c1r

M. s. Moot m/e 140.
Analysis. Found: € 77.103 H, 11.62%, 09H160 requires
c, 17.09; H, 11.50¢.
(2) trans 6-isopropyl cyclohex-2-en-1-ol (22; 700mg., 60 recovery;
99 pure). ' |
I.r. (cm Y, cC1, solution) 3620 (m, vO-E), 3020 (m,vC-H,

« cmm—

alkene), 1650 {vw, vC=C), 1040 (s, vC-0, § 0-H).

Nem.r. (100¥Hz.) §5.71 (2H, complex) vinyl H
4.07 (14, brosd s, w%=14Hz.) trans CHOH
2.2-1.2 (TH, complex, 1H D,0 ex.) CH, CH,, OH
0.93 (6H, two d, J=6Hz.) (033)2&1

M.s.  M' =zt m/e 140,

The other components of the mixture separeted by preparative
g.l.é; wére shown; by comparison of their i.r. and n.m.r. spectra
with those of authentic material, to be cis and trans 2-isopropyl
cyclohexanol (1&}, 1385 see pp.123,131) and 2-isopropyl
cyclohexconone (}l}; see p.d26). Further confirmation was
afforded by f.l.c. co-injection of trese authentic materials with
the mixture.

Rédﬁctidﬁs were investigated using different reducing agerts
2nd conditions in order to achigve hirh stereoselectivity. The

. Q
results from these are given in Table”.
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When these efforts failed the ceperation of the alcohols by

12
dry-column chromatographyl”“ was investigated, Lfter small-

ccele trials, 400mg. of mixture (g.l.c. enalysis below) wes

applied to a 50x2.5cm. nylon column centaining 200g. of Woelm

112

Grade 3 silica gel 60 HF vhich had been pre-~equilibrezted

254
with the solvent system, 207 ethyl acetate: petrol. The resultant
band, R.f. 0.5-0.7, wes divided,and analysed by gel.c.

Gelec. Capillary Carbowex 20M; 110°C; nitrogen Tp.s.i.

R.i. 1425 1535 1555 1620  weight
mixture 2 3 66 29 %

fr. 1 95 2 2 1% émg.
fr. 2 88 4 5 3¢ Smg.
fr. 3 1 2 96 1< 24mg,
fr. 4 - - 94 6 ¢ 66mg,
fr. 5 . - 13 1% 119mg.
fr. 6 . - - 39 61 ¢ 85mg .
fr. 7 - - 6 9% 9 36mg.

Thus, only 349 recovery of 90+ pure cis alcohol (98), and
only 31¢ recovery of 90+! pure trans alcohol (99) were obtained.

Attempted separation of the alcoholé as their 2,6-dichloro
benzoate esters failed (see later, pp 112, 113)

The best separation method for the alcchols was via
fractional crystallisation of their 3,5-dinitrobenzoates (see
pp. 11°-120),

d, 6-tert.butyl cyclohex-2-en-l-ocls {100, 101).

LAH reductions of 6-tert.butyl cyclohex-2-en-l-one (95)
produced pale yellow oils in 92-98" yields.
1.7, (en™) 3400 (vs,+0-H), 3040 (w,vC-H, alkene),

1100-200 (s, ¥C-C, $0-E).
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N.mer. see ceparated compounds.

Telece 307 ethyl acetate: petrol, R.f. 0.65, 0.59.

chloroform, R.f. 0.54.

ether, R.f. 0.75.

CGelece Canillary Carbowax 20il; 90°C; nitrogen 10p+.s.i.
R.i. 1410 1545 1570 1625
IDENTITY 112 142 139,100 101

The cis and irans 2-tert.butyl cyclohexanols (142, 139) and

2-tert.butyl cyclohezanone (112) were identified by r.l.c.

co-injection with authentic materials and by comparison of their
i.r. and n.m.r. spectra, affer separation, with those of the
authentic compounds. (see pp. 127, 128)

Sepcration of the mixture by column chromatography (silica rel,
benzene) was partially successful on a small scale but, on a
larger scale, was disappointing — from ?.703. of alcohol mixture,
containing 717 cis (100) and 24¢ {rens (101) alcohols, only 266mg.
. (219 recovery) of cis 6-tert.butyl cyclohex-2-en-1-ol (1003 96%
pure) was obtained. Gal.c, analysis of the sevarated fractions
also showed the appearance of components which were not present in
the original mixture. I.r. ana2lysis indicated that these were
neither ketonicrmiiélcoholic but were possibly polyethers,

I.r. (em™}) 1270 (m), 1120-1020 (vs), 810 (vs).

| P.l.c. sepérafion of the alcohol mixture was more successful.
Thus, 750mg. of 2lcohol mixture (as above) yielded 318ms. of cis
6-tert.butyl cyclohex-2-en-1-cl (100) when cezrefully
chromatogrammed.' Rerunning of parti-=lly separated fractions
increaseé'this figure to 39Tmg. (767 recovery) while a totzl of
only 43ng. of 5044 pure trans alcohol (101) was Tecoverable.

Preparative g.l.c. separation of the alcohol mixture was
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- effective. Thus, prevarative g;l,c. (2% Carbowax 20173 140°C)

gave

(1) cis 6—tert -butyl cyclohex—2-en-1-ol (100- 262mg., 29% recovery;
98% pure).

-1

I.r, (em ™, cc1, solution) 3625 (m, v0-H), 3020 (m, vC-Z,

alkene), 1650 (w, vC=C), 985, 940 (m,¥C-0, &0-H).

N.m.r.  (100MHz.) &£5.82 (2H, complex) vinyl H
4.24 (1H, broad s, w%_=8Hz.) cis CHOH
2.2-1.2 (6H, compl-cx,‘ 1H D,0 ex.) CH, CH,, OH
1.04 (9H, s) , (CV3)3

M.s. ¥" at m/e 154.
(2) 4rens 6-tert.butyl cyclohex—2-en-l-ol (101; 59mg., 297
recovery; 887 pure).

-1

I.r. (emt, 0C1, solution) 3600 (m,vO0-H), 3020 (m,C-H,

alkene), 1650 (w, v€=C), 1040-1020 (m, vC-0, §0-H).

Vem.r. (1oormz.), §5.63 (2H, comnlex) vinyl H
4.16 (1H, broad s, W%=16Hz.) trans CHOH
2.2-1.2 (6H, complex, 1H D0 ex.) CH, CH,, OH
1.04 (94, s) | '(cq3)3

M,s. u* at m/e 154. .

Se Preparation of model compound for esterification reactionsy

3,5,5-trinethyl crclohex-2-en-1-o01 (172).

Reduction of freshly distilled 3,5,5~trimethyl cyrclohex-
2-en-1-one (1733 8g., 58mmol.) by LAH (1.27g., 33mmol.) in ether

at 0°C, using the method previously described gave 6.9g. (86%
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yield) of 3,5,5-trimethyl cyclohex—2-en-1-o0l (172), ®.o. 52-5£°/
0.05mm, |
I.re (cm-l) 3250 (s, v0-H), 3040 (w, 4C-H, alkene),

1040, 1020, 990 (s, vC-0, $0-1).

Nem.r. (100"Hz.) §5.42 (1H, complex, w.=6Hz.) vinyl E
4 2

4.24 (11, broad s, wy=19Hz.) CHOF

2.0-1.3 (4H, complex) YC§2

T.71 (2H, t, J=1Hz.) vinyl CH,

1.03 (3H, s) ‘ CH,

0.94 (3H, s) CHy
M.s. ¥ at m/e 140.

Telec 3% ethy]. acetate: pe‘trol, R.f. 0035

G.l.c. Capillary Carbowax 20M; 110°C; nitrogen 7p.s.i.,

R.i. 1580.
On storage, the pure allylic>a100hol (172) apparently
polymerised, as detected by i.r., t.lec., 2nd g.l.c. after 4 days,
Consequently, the alcohol was freshly prepared by LAH reduction

each time it was required.

6. Esterification.

a. 2,6-dichlorobenzoates.

2,6-dichlorobenzoyl chloride (11}) was prepared by refluxing
2 mixture of 2,6-dichlorobenzoic acid (1843 4.5g.) and freshly
distilled thionyl chlbride (8ml.) for 24h. Distillation at
atmosphefic pressure removed excess thionyl chloride, and the
residue was then distilled at reduced pressure to give 4.5g. (927

yield) of 2,6-dichlorobenzoyl chloride.(171), b.p. 129-130°C/20mm.
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I.r. 1810cm ™! (sy vC=0).

N.mo.re cnly one resonance at §7.4 (s).
+
M.se M at m/e 208, with 3701 isotope peaks at 208, 210,

212, 214 (relative intensities 100: 100: 33: 3).

T.l.¢c. 507 ethyl acetate: petrol, R.f. 0.60.

Further quantities of 2,6-dichlorobenzoyl chloride (111)
were prepared by a simpler, more efficient method. Two drops of
dimethyl formamide was added to a2 vigorously stirred mixture of
2,6-dichlorobenzoic acid (184; 10g., 5.2mmol.) and oxalyl
chloride (13.2g., 10.4mmol.) in benzene (100ml.). Stirring wes
continued for 18h. and the resulting solution concentrated on a
rotary evaporator. Distillation of the residue rave 10.4g.
(957 yield) of 2,6-~dichloroberzoyl chloride (171).

(i) 3,5,5-trimethyl cyclohex—2-en-1-yl 2,6-dichlorobenzoate (175).

A
Method 1. (pyridine/2,6-dichlorobenzoy1 chloridel‘)

Attempted esterification14*of 3,5,5=trimethyl cycldhex-2_

en-1-01 (172; 1.40g., 10mmol.) gave 602mg. of crude product
containing less than 5% of the desired ester (175).
I.r. 1740 (w, vC=0, ester), 1670, 1640 (vs, ?), 1270, 1140

(w,‘-vC-O , ester).

T.1.c. 507 ethyl acetate: petrol, R.f. 0.65 (w, ester),

0.56 (s, 2?), 0.47 (m, ?), 0.45 (w, ?2).

Repetition over shorter reaction time (90mins,.) gave 1.55g.
of crude product. Separation by dry-column chromatography
(35x2.5cm. column of Yoelm Grade 3 silica rel 60 HF)s 43 305" ethyl
acetate: petrol).gave.232mg. (& rield) of ester,

I (omY) 1740 (vs, ¥C=0), 1270, 1140 (s,vC-0),

800, 785 {m, ¥C-C1). - - -

T.l.c. 504 ethyl acetates petrol, R.f. 0.65.
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Repetition of the reaction,‘opvl/loth scaley, in 2 sealed tube
Pi 60°c for 24h. gave hirher yield. The exceess acid chioride
(}Z}) was not converted to the anmide (229) prior to work-up, as
had been done abover’  whe crude product (266mg., 85% yield) wzs
unsuccessfully chromatographed on Grade 1 neutral zlumina (43%
recovery, poor separation).

Alcohol (1723 560mg., 4mmol.), acid chloride (1713 1.056g.,
5.05mmol.) and pyridine (2ml.) were stirred at 45°C for 18&h.
The reection mixture was poured into 57 ice-cold HC1l {45mI.) and
.extracted with ether.. The extracts were washed with 59 NaHCO3,

water, dried over NaQCO s and evaporated to give 1l.334g. of crude

3
product. Hexane (25ml.) was added and the flask was allowed to

stand at 25°C for 3h. TPFiltration through Celite and evaporation
of the filtrate gave 1.153g. of broduct which was-purified By
dry-column chromatography (10xl.5cm. column of Grade 3 neutral
alumina; 450ml. of hexcne) to give 825mg. (667 yield) of ester,
recrystallised from hexane to give 6Tlmg. (537 yield) of pure
ester (175) as needlés, mepe 75.4-76.0°C.

1

I.r. (em —, €C1, solution) 3020 (w, vC-H, alkene), 1740

4
(vs, v€=0), 1270, 1140 (s,vC-0).

Nem.T. '7.3H(3H, s) aromatic H

5.5 (2H, mltiplet plus broad s) vinyl H, CHOCOAr

1.9-1.5 (4H, complex) cH,
1.7 (3H, s) vinyl i,
1.1 (64, s) cn,

M.s. ¥t at m/e 312 (3701 isotope peaks at 314, 316).

T.1.c. 507 ethyl acetate: petrol, R.f. 0.65.

Anzlysis Found: C, 61.38; H, 5.827. . C,6H180,C15 requires

C, 61.35; H, 5.7%.
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Method 2.  (n.bButyl Li/2,5-dichlorobenzoyl chloride).

. To a stirred solution of 2lcohol (172; 378mg., 2.7mmol.) in
LAH-dried THF (2ml.), maintained at 0°C, urder an ztmosphere of -
nitrogen, 1.5ml. of a 20 w/v solution of n.butyl Li in hexane
was added. After stirring for 20 min., a solution of
2,6-dichlorobenzoyl chloride (1713 1.0g., 4.8mmol.) in THF (3ml.)
was addeds The resulting solution was stirred at 0°C for 2h.,
then left to stand at 25°C overnight. Ether (5ml.) was added,
followe&=py water (Sml.). The reactiocn mixture was neutfalised
by addition of dilute HC1l, then extracted witli ether which was
then washed with brine and evaporated %o give crude product
which, apperently, was a mixture of starting materials (171, 172),
desired product (112; estimated yield less than 10%), and
3,5,5-trimethyl cyclohex—2-en-1-yl-¢hloride (176).

Dry-column chromatography (silicas benzene) failed to
separate the mixture, but p.l.c. (30° ethyl acetate: petrol) did
effect separation of the major component, the allylic chloride
(1765 230mg., 547 yield)

I.r. (cm-l) 3020 (w, ¥C-H, 2lkene), 1390, 1270 (m,1,¢-c,

gem dimethyl), 750, 735 (m, vC~C1).

Nemot, ‘5.6 (1H, complex) vinyl H
5.2 (1H, droad s, w%=13Hz.) CHC1
2,2-1.2 (4H, complex) CH, CE,
1.6 (34, =) ~ vinyl CH,
M.s. no ¥ at m/e 158. Base peak at m/e 123 (vresumably

+
loss of chlorine from M ).
Repetition of the reccticn using 1 eouivalent of n.butyl Li
gave éimilar resulte, as did revetition dsing 1.1 equiv. pf

n.butyl Li and acid chloride (171).
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-Fethod 3.  (NaH/2,6-dichlorobenroyl chloride %)

A stirred mixture of alcohol (172; 160mg., l.14mmol.) and
NalH (607 suspension; 112mg., Bmmol.) in Fa-dried ether (5ml.) wes
refluxed under a nitrogen atmosphere for 18&h. Addition of
2,6-dichlorobenzoyl chloride (11;5 300me. 1.25mmol.) and
refluxing for & further 4h. gave 2 mixture containing none of the
desired ester, as determined by t.1l.C.

Repetition, using the higher boiling ethers, THF or
dimethoxyethane, gave similar results.

Tolece 5000 ethyl acetate: petrol, R.f. 0.67 (m), 0.62 (m),

0.5 (m), 0.48 (s).
183)

Method 4. (ion~exchange resin/2,6-dichlorobenzoic acid

Cenerzl vrocess: A mixture of 2lcohol (172),

2,6-dichlorobenzoic acid (184), and ion-exchange resin was stirred
in a suitable solvent; Reaction progress was monitored by t.l.c.
and; at an aﬁpropriatq stage, was terminated by filiration of the
reaction mixture through Celite. The filtrate was washed with
5 NaHCO3, brine, dried over HgSO4, and evaroroted to give crude
product. Purification was effected by treatmeni with hexane and
filtration through Celite to remove acid,.followed by ¢érv-column
chromatogrephy (G;ade 5 neutral 2luminaj hexane) and
crystallisation.
Estimates of rezaction yields vere obtained for those cases
where products were not analysed By use of the formula Tbelow.
w, = (wT.mE)/(ﬁE + r.NA) vhere w = weight of ester (mgo)
W= total veight of product (me.)
¥p and ¥,= molecular weights of ester (%12) and acid (182)
r = ratio of acid (184) to ester (175).

The ratio, r, was determined from the n.m.=. spectrum of the

108



-crude product mixture.

The results from these experiments are sunmaerised below.

Reaction no. P 2 3 4 5 6 T 8 9 10 1
alcokol mg., 140 140 140 140 140 140C 140 140 140 140 140
alcohol mmol. 1.0 1.0 1.0 1.0 1.0 10.0 1.0 1.0 1.0 1.0 1.0
acid mg. 260 260 210 200 210 2050 290 191 191 210 =210
acid mmol. 1,36 1.36 1.1 1,04 1.1 10.7 1.5 1.0 1.0 1.1 1.1
1.E.R. mg. 80 50 45 45 45 560 45 40 40 45 45
solvent B B B :B B B B THF THF E E/H
solvent ml. 10 5 4 4 -4 A0 4 4 4 4 4
temperature °C 25 45 reflux 25 25 25 25 25 &5 25 05
time h. 48 72 21 114 114 114" 21 18 18 21 22
crude prod. mm 197 157 - 161 177 1438 162° - - - -
4 yield 63 50 - 52 56 46 52 - - - -
pure prod. mge = 79 - - - 1121 - - - - -
¢ yieta - 25 - - - 3% - - - - -
Mepe 74.9-76.0% 75.0-76..0°C
P.l.c. (507 ethyl acetate: petrol) of crude products.
R.f. 1" 2 3 4 5 6 7 8 9 10 1

? 0.74 ; ° ° ° ° . . o) o o o
ester 0.65 o O o o o O O ° ° ° °
aleohol 0.47 o o ° o o ° ° o © o o

2 0.41 o o
aciéd 0410 0 0 o 0O 0 0 © O O 0 0
NOTES: (1) I.E.R. = Dowex 50% X-8, 20-50 U.S. mesh.

(2) solvents: B = benzene, E = ether,

(3) "
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Because of the low yields obtained in these attempis,
control exneriments were verformed using ion-exchangse methods.
These wvere moritored by t.l.c. and showea that esterification
was in competition with acid-catalysed hydrolysis of the ester
and with'polymerisatiod' of the a2lcohol. The experiments
comprised mixtures of the reactantshand_product in vhich one

had been omitted, as below.

-Rezction no. 1 _g }. i
alcohol mg., 140 140 - -
acid mg. 205 - 205 -
ester mg, - - 144 144
I.E.R. mg. 56 56 56 56

solvent: benzene, solvent vol. 4ml, temperature 25°C, time 100h.

Experiment 1 was 2 normal esterification, giving similar

results to those obtained before.

" Experiment 2 showed the apnearance of 2 spot 2t R.f. 0.74

-(previously observed in esterification attempts) and indicated
that it wes arising from the instability of the alcohol (172)
under the reaction conditions. Presumebly, this was due to
acid-catalysed polymerisation of the alcohol.

Experiments 3‘and 4 indiczted that the ester was liable to

hydrolyse under thé reaction conditions, as evidenced by the
eppearance of snots at R.f. 0.47 and 0.10, cofresponding to the

alcohol (172) and acid (184), resnectively.

(ii) 6-methyl cyclohex-2-en-1-yl 2,6-Cichlorobenzoates (39, 81).

' - . 4
Metrod 1. \pyridine/2,6-dichlorooenzoy1 chlor1del')

ﬁsterificationl4 of a2 mixture of methyl cyclchex—2—en-l-0ls

(96, 59%5 97, 271%5 128, 14%; 115mg., 1.05mmol.) with 2,6-dichloro-
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benzoyl chloride (200.me.,1.30mmol.) rove 42mp. (14¢ yizld) of

ester mixture,

I.r.

T.l.c.

G.leCo

(em™Y) 1755 (ve,wC=0), 1285, 1160 (s, v€-0), 810,
790 (n,vC-C1).

vetrol, R.f. 0,05 (w), 0.1 (vs), 0.2 (w).

10 ethyl acetate: petrol, R.f. 0.2 (w), 0.4 (vs),

0.6 (w).

chloroform (on‘AgNC3—impregnated silica), R.f. 0.6 (w),
0.75 (vs), 0.8 (w). |

attempts to chromatograph the esters on various
columns failed (columns used:~ 2 Carbowsx 20M, i.Sﬁ

QF1, 14 SE30).

Purification of the ester mixture was attempted by pel.c.

(107 ethyl acetate: petrol) but this failed to separate the

mixture into its ester components, although it did serve to

remove impurities from the mixture.

Various attempts were made to separate the ester mixture

obtained by p.l.c. but 2ll were unsuccessfuls rethods used:-—

(1) p.l.c. on AgNO_.-impregnated silicaj chloroform,

3

(2) multiple development p.l.c.; x5; 10{ ethyl acetate: petrol,

(2) erystallisetion.from various solvents or "from the melt",

(4) column chroﬁatography on acetyl cellulose; petrol.

-Repetition of the esterification reaction gave 2 similar

mixture of esters, after p.l.c. purification.

I.r.

Nemer.

as above.

(100Mz.) §7.30 (3H, <) | aromatic U
5.92 (2H, complex) vinyl H

5.5-5.3 (1H, 3 broad s) CHOCOAr of thiree esters
2.2-1.5 (S5H, complex) . = CH, CH,

1.2-1.1 (3H, 2 overlapping 4, J=6Hz.) CHj3
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(iii) trons 6-isopronyl cyclohex—2-en—1l-yl 2,6-dicklorotenzoate (40)

Trans 6-isopronyl cyclohex-2-en-1-o0l (99; 700mg., 5.0mmol.)
was esterified14 with 2,6—dichlorobenzoyi chloride (111; 1.2g.,
5.Tmmol.) in dry pyridine (2.5ml.) to give crude product, purified
by dry-column chromatography (Crade 3 neutral aluminaj hexzne) arnd
Pelec. (109 ethyl acetate: petrol) to give 2%fmg. of ester.
Recrystallisation (x2) from 40-60° petroleun ether gave 232mg,
(15¢% yield) of trans ester (40) m.p. 67.0-67.6°C (1iteraturel4
m.p. 66.5-67.2%C).

I.r. (en™t, €C1,) 3030 (v, ¥C-H, alkene), 1740 (vs, ¥C=0),

1280, 1150 (vs, vC-0).

Nem.r. (100MHzZ.) §7.26 (3H, s) aromatic H
5.83 (2H, complex) vinyl H
5.61 (1H, broad, q%=15Hz.) CHOCOAT
2.2-1.2 (6H, complex) CH, CH,
0.99 (64, two d, J=6Hz.) | (QES)ZCH
M.s. ¥t at m/e 312. 3764 isotope peaks at m/e 314, 316.

Telece 107 ethyl acetzte: petrol, R.f. G.50.
Reduction of the ester with LAY, in ether, cave 997 pure

trans 6-isonronyl cyclohex—2-en=l-ol (22), as detected By g.l.c.

(Capillary Carbowex 20M; 90°C; nitrozen Tp.s.i., R.i. 1620)

(iv) cis 6-iconronyl crclohex—C-en-1-y1 2,6-dichlorobenzonte (82),

Becouse of the difficulty involved in obtaining
stereochemically pure cis 6-isgoropyl cyclohex-2-en-l-ol (98),
some of the esterification attempts used gig/t*ans alcohol

mixtures (98, 99).

Method 1. (pyridine/?,6—dichlorobenzoy1 chloride)

. A . . .
Attempted esterificationlj by adding acid chloride (171

96ms., 0.42mmol.) to a mixture of alcohols (98, cis, 77%: 99,

112



trens, 23¢) in dry pvridine (0.2ml.) wes only partially
successful,
T.l.c. 50 ethyl acetate: petrol, R.f. 0.6 (m, ester), 0.57
(m, cis alcohol), 0.53 (w, trans alcohol).

Further heating for 24h, and further addition of =2cid
chloride made little sisnificant difference.

Repetitions of the reaction at 25°C for 28h., at 60°C for 6h.

~and 100°%C for 4h, were similarly unsuccessful.

Repetition of the reaction in a sealed tube at 60°C for 10h.
failed, even after addition of a further eauivalent of acid
chloride (171) and heating for a further 100h.

Attempts to separate the ester mixtures obtained (in less
than 15¢ yields) by crystallisation, or t.l.c., or column
chromatography a2lso failed, although the esters were sevarable
froﬁ the alcohols by pe.lec.

Further esterifidation atitemnts, therefore, used pure cis

-alcohol (98) rather than cis/trens mixtures.

Thus, cis alechol (983 20mge, 0.14mnmol.), acid chloride (1713
30mg., 0.145mmol.) and pyridine (56pl.) were heated to 50°C for
2h. A further 15mg. (0.077mmol) of acid chloride was added and
heating was resumeﬁ for 2h. Na-dried benzene (2OQp1.) was added
and the mixture stirred at 25°C for 18n, The mixture wes acidified
with 5¢ HC1 theﬁ extracted with ether. The ether extract was
woshed with brine, 59 NaHCOB, dried over ﬂgsod, and evaporated to
give A0mg. of crude product, contairing ester (82), alcohol (98),
acid (184) 2nd on unidentified compourd, Further washing with
5¢/ NaHCO5, followed by drv-column chromatosranhy (Grade 1 basic

aluminas hexane), gave llmg. of crude ester., Purification by

v.1l.c. (507 ethyl acetate: petrol) rave 6mz. (137 yield) of almost
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pure ester, Reveated attempts to crystollise this feiled.
I.re (cm"l, cc:14 solution) 1740 (vs, ¥C=0), 1270, 1140

(vsy¥C=0), plus impurity bands (see below).

T.l.c. 507 ethyl acetate: petrol, R.f. 0.69 (vs), 0.60 (vw),

0.57 (vw).

Repetition of this on a larger scale (200mg, 2lcohol) gave
314mg. of crude product, to which 5ml. of alumina—-dried pentane
wag added. The filtrate obtained from passare of this through
Ceiite was showm to contain ester, plus impurities. P.l.c. of
170mg. of this fraction (307 ethyl acetate: petrol, double
development) gave 93mg. of alcohol-containing mixture and TOmg o
of crude ester. Purification by dry-column chromatography
(Grade 1 besic aluminaj ether) gave 58mg. of ester which could
not be crystallised. Repetition of the p.l.c. step still failed
to give pure ester.

TI.r. (em™L, cc1

4 solution) 1740 (s, vC=0, ester). As
had been previously found, the intensity of this band
was less than that of hydrocarbon bands, Also present

was a strong, unidentified band 2t 1150-950.

Tel.Co 50ﬁ'ethyl acetate: petrol, R.f. 0.69 (vs), 0.60 (w),

0.57 (w).

The alcohol-containing fraction isolated from p.l.c. above
was retreated with acid chloride and pyridine and stirred at room
temperature for 12 days. Work-up and purification, as before,
gave 22mg. of ester—containing product but, once ara2in, it proved
impossible to purify tﬁe ester completely.

L ‘ ., 182
Fethod 2. (Nall/2,6-dichlorobenzoyl chloride™ ).

A mixture of cis alcohol (2&; 29ng. 0.21mmol. ). and NaH
(60% suspension in benzene; Img., Q.22mmol.) in Na-dried ether

(4m1.) wes refluxed, with stirring, under a nitrogen atmosphere,
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for 20min. A solution of 2,6-diciilorobenzoyl chleride (EZ}; 52mee
0.22mmol.) in ether was added, and the resulting mixture refluxed
for lh., then stirréd at 25°C for 48h, ‘T.l.c. examination of the
reaction at each stage showed only starting material.

Reactions using 3 eguivalents of NaH or 1.33 ecuivalents of
100 NaH were similarly unsuccessful, as were attempts using THF
or dimethoxyethane as solvents.

Method 3. (ion-exchange resin/2,6-dichlorobenzoic acid183)

Alcohol mixture (98, cis, 537; 99, trans, 47¢; T5mg.,
0.54mmol.), 2,6-dichlorobenzoic acid (1843 113mg., 0.59mmol.) 2nd
20mg. of Dowex 50W X-8 ion-exchange resin were stirred in 2ml. of
Na~dried benzene at 25°C. The reaction was monitored by t.l;c;
No reaction occurred until thé mixture was reflured (after 48h.).
Farlier additions of 25mg. of acid (184; after 20h.) and 20mg. of
ion—-exchange resin (after 28h.) had failed to cause esterificatione
| Kfter 100h. (=52h. at reflux), the mixture wes filtered through
.Celite and the filtrate evaporated. Hexane was added to the
residue, which was then allowed to stand for 2h. before being
filtered through_Celite to give 105mg. of crude product. Drj—
column chromatography (Grade 5 neutral alumina; hexane) gave T4mg.
(44% yield) of product, comprising ester (65¢) and unidentified
impurity (357). Attempts to crystallice this from varicus
solvents or "frﬁm the melt" were unsuccessfuvl, as were éeparation

a‘ttempts by pol eCoe

I.r. (on ) 3040 (v, vC-H, 2lkene), 1740 (vs, yC=0),

—

‘ 1270, 1145 (_s,vC-‘O), 200, 775 (s, vC-C1).

N.m.r. (a) ester=65"

§7.3 (3H, ) aromatic H
5.9-5.4 (3H, complex) . ™  vinyl H, + CHOCOAr
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T e

2.2-1.2 {61, complex) - _ CH, CH,
0.9 (68, a, J=6Hz.) (C§3)ZCH

(v) impurity=35Z¢s+ two resonances at T.1-6.1 and

2.,2-1.2 (relative intensities 1:5, both very complex)

Mese nt ot m/e 212, 3701 isotone pezks at 314, 216.

f—

T.lece 507 ethyl acetate: petrol, ﬁ.f; 0.69

Repetition of the reaction, usiﬁg T0mg. 2lcohol mixture,
‘106mg._of acid, and 25mg. of ion-cxchange resin in 3ml. benzene,
under reflux for 144h., gave 109mg; of crude producte. Dry-
column chromatography gave 58mg. (377 yield) of ester—containing
mixture, As above, this proved to be inseparazble,

Attempts to perform the esterification reaction in other
solvents met with no success.- Hexamethylphosvhortriamide, TIF
and ether a2ll gave only starting materials, as did attempts to
use other ion-exchange resins (Amberlite 120, Amberlite C-50).

Method 4. (trifluoroacetiC'anhydride/z,6—dichlorobenzoic acid)

Cis alcohol (98; 20mg., O.14mmol.), acid (1845 2Tmg.,0.14mmol.)
and trifluoroacetic anhydride (1855 0.2ml.,1.8mmol.) were stirred
at 25°C for 1h. The solution wes added to cold, dilute N2OH and
extracted with ﬁenzene. Washings with water, drying over KgSO4,
and eveporation gave Tmge. of product, apparently the allrlic
trifluoroecetate (186) 2nd traces of ester (82).

I.r. (ém"l) 1780 (s, ¥C=0, trifluorcacetate), 1740

(m, ¥C=0, ester)
T.1l.c. 507 ethyl acetate: petrol, R.f. 0.73 (s), 0.69 ().
The reaction was ;epeated, this time forming the mixed

anhydridé ;before 2ddition of the 2Ycohol. The acid (1843 27me.,

0.14rmol.) wes stirred in 77pl. (0.56mmol.) trifluoroacetic

anhydride (185) for 20h. Excess (CF3GO)20 was blowm off by
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nitrogen, and cis alcohol (9€; 20mi., 0.i4mmol.) in benzene
(0.5m1.) was =zdded. The mixture was stirred for 2h., basified

with distilled water containing 2 few drops of 59 NaliCC and

3!

extracted vith ether. Washing with water, dryins over ¥eS0,,

and evaporetion gave 35mg. of crude product shown to Be 2 mixture

of trifluoroacetate end the decired ester, the latter in too

small a gquantity to be useful.

I.r. (em ) 3040 (w, vC-E, alkene), 1780 (s, v€=0,

trifluorcacetate), 1740 (m, vC=C, ester), 1270 (m,
¥C-0, ester), 1210, 1150 (vs, ¥C-0, triflucroacetate).

T.leco 507 ethyl acetate: petrol, R.f. 0.73.(vs), 0.69 (m).

¥ethod 5. (dicyclohexyl carbtodi-imide/2,6-dichlorovenzoic rcid)

Cis alcohol (98; 20mg., 0.14mmol.), 2,6-dichlorobenzoic acid
(1845 2Tmg., 0.14mmol.) and dicyclohexyl cerbodi-imide (1853 25m-.,
0.14rmol.) were stirred, at 25°C, under a nitrosen a2tmosphere, in
iml. of i,

~2lumina colurmn). The reaction wes monitored by t.l.c. and shown

c1, (pre~dried by passage through 2 Crade 1 basic

to give only treces of ester, even after 12 days.

(v) 6-tert.butyl cyclohex-2-en-1-yl 2,6-dichlorobenroates (41, 83),

Method 1. (pyridine/2,6-dichlorobenzoyl chloride)

Esterification'” of cis 6-tert.butyl cyclohex-2-en-1-ol (100;
50mg. ) cave 1lme, of mixture shown to Ye predominantly unrrezcted
starting materiai vith only traces of ester. |

Repetition, on 2 larr~er scale, 2% 100°C for 3h., rove similer -
results. P.l.c. sepaﬁation (IQ" ethyl =acetzte: petrol) of this
mixture gave 13mg. of ester-contziring fraction which resisted

attempts to purify it by further p.l.c. (benzene) and by

crystailisation. )
I.r. (dm'l) 1740 (m, ¥C=0), 1280 (my ¥C~0), plus impurity
bands.
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Repetition of the reaction, in a2 sealed tube, at 60°C, for
4h., was equ2lly unsuccescsful,

When the reaction was verformed at 85°C for 72h., orly
intracteble tars, shovm by t.l.c. 2nd i.r. te contain neither
sterting material nor desirecd product, coculd te obtained, even
after renezted ether extrection of the écidified recction mixture.
The mixture, itself, was chromotogsraphed on a Crade 2 neutral
alumine column and eluted with pentane tut, again, neither ester
nor zlcohol wes obtained.

Atte&pts to esteiify an alcohol mixture containine 58/ of
trens 6-tert.butyl cyclohex-2-en-l-ol (101) by use of the sealed
tube method failed to produce any ester (as deteéted by ier. end
t.1.c.) 2fter reaction for 18h. at room temperature, followed by
4h. at 60°C.

Method 2. (n.butyl Li/2,6-dichlorobenzoyl chloride)

Using procedures developed in the study of the esterification
of the model compound, 3,5,5-trimethyl cryclohex-2-en-1-o0l (172; p.ld7)
2 10¢ w/v solution of cis 6-tert.butyl cyclohex-2-en-1-ol (100) in
LAH-dried THF was treated with n.butyl Li 2né@ 2,6-dichlorobenzoyl
chloride (11}). No esterificztion occurred, only starting

material being detectable by t.l.cCo

b. Other esters.

(i) cis 6-isoproovl cyclohex-2-en-1-yl 3,5-dinitrobenzoate (82)

Esterification of 2 mixture of cis and trons 6-isovrovyl

cyclohex—2-en-1-o01 (98, cis, 7755 99, trens, 235 1.85g.) with

3,5-dinitrobenzoyl chloride/pyridine gave 3.55g. (82% yield) of
ester mixiure. Fracition2l recrystellisation from hexazne gave,

after 4 recrvstallisstions, l.44g. (547 recovery) of cis ester (84).
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The mother liouors from the crvstallisations were concentrated
end crystollised. Corkination of these with the "+op crop"
gave 2 total of 1.82¢. (58 recovery) of cis 6-isoprovyl

cyclohex—2--en-1-yl 3,5-dinitrobenzozte (845 97.5¢ cis) m.p.

102,6-102.2°%,
T.r. (cm-l, CCl4 solution) 3105 {w, ¥C-H, aromatic),

3040 (w, vC-H, alkene), 1730 (s, ¥C=0), 1630 (w, vC=C),

1550, 1340 (vs, varyl-ﬂoz), 1270, 1165 (s, vC-0).

N.m.r. (100¥Hz.) §9.15 (3H, complex) arometic H
6.04 (2H, corplex) vinyl H
5.58 (1H, Broad complex, %FBHZ.) CHOCOAT
2.,2-1.2 (6%, complex) " CH, CH,
1.06 (3H, 4, J=6Hz.). cH,
0.97 (3H, d, J=6Hz.) . qu

M.s. M at m/e 324, ‘

T.l.c. 30 ethyl acetate: petrol, R.f. 0.70

G.l.c.  Analysed as 6~isopropyl cyclohex—2-en-l-ol (98, 99) -

product from LAY reduction.
Capillaiy Carbowax 20T 110°C; nitroren Tpes.i.,
R.io (), 1555 (97.5), 1620 (2.5).

Analysis. Found: C, 57.45; H, S.43 N, 8.57, C, By W50

requires C, 57.5; H, 5.45; ¥, 8.4%,

13 m.ner. ‘(25.2KH20) peDem. dovnfield from (CH3)4Si
162.163 (s, €-10), 148.726 (s, C-13,15) |
135.226 (4, €-2, Jr=<OHz.), 18£.642 (s, £-11),
129.384 (&, €-12,16, Jr=9é>Hz.)z 123.845 (4, €-3,
Jr=6OHz.), 122,255 (4, C-14, Jr=9OHz.), 71.001
(a, C-1, Jr=55Hz.), 44,947 (a; -6}, 28,919 (4, c-7),
26.531 (%, C-4), 21.290, 20.916, 20.676 (c-5,8,9).
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A

(ii) trars 6-isovronvl crclohez-2-én-1-yl 3,5-dinitrobenzozte {°

Esterification of 6-isoonropyl cyclohex-2-en-l-ol (98, cis,

41%3 99, trans, 597; 3.02g.) with 3,5-dinitrobenzoyl chloride/

pyridine gave 6.775g. (94% yield) of crude product. Fractional
crystallisation from hexane sove, after 3 recrystallisations,

2.25¢. (60 recovery) of trans ester (85)5 mep. 79.1-79.8%

(1it.%%% n.p. 79.7-80.7°%).

I.r. (en™ 2, €61, solution) 3100 (m, vC-H, exyl), 3040
(w, vC-H, alkene); 1735 (s, vC=0), 16230 (m,vC=C),
1550, 1340 (vs,1)éry1-N02), 1270, 1165 (s,vC-0).

Nem.r. (100MHz.) §9.15 (3H, complex) aromatic H
5.98 (14, complex) vinyl H
5.65 (2H, complex) vinyl H, CHOCOAr
2.2-1.,2 (6H, complex) CH, CH,
1.05 (3H, 4, J=6Hz.) CH,
0.97 (34, d, J=6Hz.) qg3

M.s. ¥t at mle 334,

T.l.c.  30% ethyl acetate: petrol, R.f. 0.70

G.l.c. Analysed as 6—1§9propy1 cyclohex~2-en-1-o0l (2§, 22) -

product from LAH reduction.

Capiliary Carbowax. 203 110°C; nitrogen Tpes.i.

R.i. (), 1555 (2), 1620 (98).
136 Nomer.  (25.20Hz.)  Dpepem. dowmfield from (cr,),si
162.572 (s, C-10), 148.756 (s, C-13,15),
134.531 (s, C-11), 133.060 (d, C-2, Jr=56Hz.),
129.483 (4, €-12,16, J_=85Hz.), 125.401 (d, C-3,
J_=56Hz.), 122.309 (4, C-14, J =f5Hz.), T4.575 (d,
c-1, Jr=50Hz.), 44.130 (4, C-6), 27.225 (4, C-T),

24,738 (t, C-4), 21.107 (t;-C=5), 20.767, 17.555

(q’ 0‘899) .
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(iii) cis 6-isonronrl cyclohex—2-en-1—yl 2,4-dichloroienzoate {86)

2,4-Tichlorobenzoic zcid wes recrystellised from ethanole.
Treatment with oxalyl chloride (see p.105) geve 2,4~dichloro-
benzoyl chloride (188), b.p. 139-41°C/21mm.
I.re CcCcl
I.r (co1,
T.l.c. 307 ethyl acetate: petrol, R.f. 0.55.

solution) 17%5¢m L (s,C=0).

Method 1. (pyridine/z,4-dich10robenzoy1 chloride)

A mixture of cis 6-isopropyl cyclohex-2-en-l-ol (98; 20mg.,
0.14mmol.), 2,4~dichlorobenzoyl chloride (188; 29mg., 0.14mmol.),

| and pyridine (56}&) was stirred in a sealed tube,at_25°C, for 3h.

Excess pyridine was blowm off with nitrogen and the residual solid

taken up in ether (5ml.) and washed with water,.contzining 10 érops

of 5% HC1, water, containing 10 drops of 5¢ NaHCO,, and water,

3
The ether extracts were dried over MgSO4 and evaporated by a stream
of nitrogen to give 2Tmg. of crude product. Dry-column
chromatorrephy (Grade 1 basic alumina ether) gave 18m~., of
.¢olourless oil.
Iore (o, 601, solution) 1735 (s,v0=0), 1710 (s, ?),
1280, 1120 (m, vC-0).

Nemer. showed resonances expected for ester (86)

§7.7-(1H, 4 of d, J=8, 1Hz.) H,
7.3 (1€, & of &, J=2, 1Hz.)

it
7.1 (1H, & of 4, J=8, 2Hz.) Hy

5.9 (2H, complex) vinyl H
5.4 (1", complex CHOCOAT
2,2-1.2 (64, complex) CH, CH,
0.9 (61, d, J=6Hz.) (Qg3)2cn

also showed impurity bends (25%) - aromatic resonances

as above (3H) plus aliphatit rescnances ( 2.2-2.2, 6H).

4
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%8, 1 ot mle 312,

T.l.Cce 30y ethyl ncetate: petrol, R.f. 0.60

aluminaj 507 ethyl acetote: petrol, R.f. 0.7.
Repetition of this reaction gave the same resulis., Attempte
to separate the unidentified impurity from the desired ester by
crystallisation from various solvents wére unsuccessful as were
attempts to achieve a2 chromatographic separction By dry-column
or telec, techniques.

ifethod 2. (NaH/2,4-dichlorobenzoy1 chloride)

A mixture of cis 6-isopropyl cyclohex—2-en-1-ol (98; 20mg.,
0.14mmol,.) end NaH (100%; Tms., 0.28mmol.) in lml. of Na-dried
ether was stirred for 24h., at 25°C, under a nitrogen atmosphefe.

A solution of 2,4-dichlorobenzoyl chloride (188; 30mg., 0.142mmol.)
in 1ml., of ether was added over lh. and stirring wes continued

for 4 days. A further 2ml. of ether was added and the mixture was
 washed with 2ml, water, dried over MgSO4, and chromatograﬁmed on
Grade 1 basic alumina to give 20mg. of product, which wes further
separated by pe.l.c. (30{ ethyl acetate: petrol) to give bmg. of
ester-containing fraction. IOnce again, however, the ester was
contaminated witﬁ an inseparable impurity.

J.rey nem.r., t:l.c. as above

Method 3. (trifluoroccetic anhydride/Z,4-dich10robenzoic acid)

A solution of 2,4-dichlorobenzoic 2cid (1903 29mg., 0.144mmol.)
in (CF3CO)20 (1855 €0 1, 0.58mmol.) was stirred in a2 sealed tube
at 25°C for 3 days. The excess. anhydride was then blowm off witl
2 stream cf mitrogen, ;nd 6-isopropyl cyclohex-2-en-l-ol (985 20mg.,
0.14mm01;).was added and stirrine was continued for Sh.  The
mixturt was taken up in ether and washed with water, containing

15 drops of 5% NaHCOB. Filtration through 2 2x0.5cm. column of
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Grade 1 basic aluminz gave l6mg. of product, vredominzntly the

trifluoro~cetate (136).

I.r. (cm"1

» CC1, solution) 3040 (w, ¥C-H, 2lkene),
1785 (vs, ¥C=0), 1220, 1160 (vs, vC-0).

Telece 304 ethyl 2cetate: petrol, R.f. 0.62.

(iv) cis 6-isopropyl cyclohex-?-en—l-&l p-nitrobenzoate (87).

A mivture of cis 6-isopropyl cyclohex-2-en-1-ol (98; 100me.,
0.7mmol.) and p-nitrobenzoyl chloride (140mg., 0.75mmol.) in
pyridine (500 1) was stirred, at room temperature, for lh. The
mixture was extracted with ether, which was washed with dilute
4H01, water, dried over MgSO4, and evaporated to give crude product.
Recrystallisétion*from hexane gave 00mg. of pure ester (§Z),
mep. 83.7-84.5%. |

I.r. (cm—l, CCl4 solution) 3040 (w, ¥C-H, alkene),

1725 (vs, »C=0), 1345 (s, varyl-NOz).

Nem.r. (100MHz.) .&§8.22 (4H, d of g, J=9, 1Ez.) arometic H

6.18 (2H, complex) vinyl H

5.56 (1, broad s, g%=8Hz.)v CHOCOAr

2.3-1.2 (6H, comﬁlexj ci, QEZ.

0.96' (6H, two d, J=THz.) A (05_3)2011"
M.e, ¥* at m/e 289.

Jd.c.  SOC ethyl acetate: petrol, R.f. 0.68

CG.l.ce Analysed as 6-isopropyl cyclohex-2-en-l-ol (2§’ 99) -

product from LA reductione.
Capillary Cerbowex 203 110°C; ritroren 7n.s.i;
Rui. (£), 1555 (98.5), 1620 (1.5)
Anaiyéiér Found C, 66.13 H, 6,63 N, 5.0%. Cy¢Hyqll0, Teauires
C, 66.45 H, 6.65 Ty 4.85%.

-
"~
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"Part B.  Synthesis of zuthentic N-(2lkyl cvclohexvl) viperidines

1. Eydrorenation of 2lkyl phenols.

The appropriate alkyl phenol (EOg;) wes hydrogenated over
P10, (1g.) in acetic acia (200m1.), at fressures from 15-50
atmospheres, at room temperature; Uhen hydrogen uptaké had
ceased, the catalyst was removed by filtration through Celite,
the filtrate was basified with 6N NaOH, znd extracted with éther.
The etherrextracts were vashed with brine, dried over KZCO3, and
evaporated to give crude product, which was used directly or
purified by distillation.
(a)* Thus, hydrogenation of 2-isopropyl phenol (102) gave, after
distillation, 11.0g. (53% yield) of 2 mixture (b.p. 66-68°C/30mm.)
of 2-isopropyl cyelohexanone (111; 23¢), cis 2-isopropyl
cyclohexanol (1413 645, and trans 2-isooropyl cyclohexénol (138;
13%), a2s- analysed by ge.l.Ce -
(b)* Hydrogenation of 4-isoprovyl phenol (199) eave 10.4g. (507
yield) of 2 mixture (B.p. 105-106°C/20mm.) of A-isopropyl
cyclohexonone (205; 57), cis 4-isopropyl cyclohexanol (2015 45¢),
trans 4-i§9propyl.cyclohexanol (2035 465'), and an vnidentified
compound (49'), 2s analysed by g.l.Ce

Also obtained from hydrogenztion of 4-isopropyl phenol (199)

was 4.1g. (22€ yield) of isopropyl cyclohexene (221),

* - ' . . .
: The spectroscopic and chromatogrephic daia for these mixtures
are not reported. Appropriate information may be obtained from

the data given for the separate compounds (see 1ater).
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bopo 48“-"900/301'"1"1. :

I.r. 1380, 1365em * (m, vC-C, isoproryl Goublet)
Nemer. 1.8-1.0 (12H, complex ~ CH, CH,
0.9 (éH, d, J=6Hz.) (c§3)2CH

(c)* Hydrogenation of 2-tert.butyl phenol (103) gave 17.8g.
(867 yield) of undistilled mixture conteining 2-tert.butyl
cyclohexone (2225 175), 2-tert.butyl cyclohexanone (112; 27¢),
‘cis 2-tert.butyl cyclohexanol (142; 375), trens 2-tert.butyl

cyclohexanol (139; 65), and an urideniified compound (37).

2; Preparation of alkyl cyclohexanones.

The apprropriate alkyl cyclohexanol or alcohol/ketone mixture
(from hydrogenation of the corresponding alkyl vhenol) wos
dissolved in approximately 15 volumes of acetone, and titrated
 with 8N Jones reagenty at 0-5°C. When oxidation was comélete,
~water (160m1.) was added 2nd the solution wes extracted with
ethyl acetate. The combined orgaenic extracts were washed with
water and 5% w/v NaHCO3, driéd over K2003, and evaporated to give
crude product, wﬁich was purified by distillation.

(2) Oxidation of A-methyl cyclohexanol (200, 202; 20g., 51 cis,
49 trans) geve 9.2¢. (47¢ yield) of 4-methyl cyclohexasrone (204),

I.r. 17150m-1 (vs, vC=0)

Nemor. §2.5-2.2 (/H, cormlex) CH,, o to C=0
2,0-1,3 (5H, complex) CH, CH,
1.1 (3H, &, J=Tiz.) CH,

See later for analysis of individual conpounds.
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Fos. nt 2t mfe 112,

T.lec. 507 ethyl ocetate:s petrol, R.f. 0.58.

Telecs Capillary Corbowex 20 70 ¢35 nitrogen 10p.s.i.

Re.i. 1305.
(v) oOxidation of & mixture of 2-isopropyl cyclohexanol
end 2-isopronyl cyclohevenone (7g., 77%.alcohol, 237 ketone) gave
4.1g. (59 yield) of 2-isopropyl. cyciohexanone (111),

b.p. 81-82°C/20mm.

;_r 1710em™! (vs, vC=0) .

m 82.5-1.5 (10H, comolex) CH, CH,
0.9 (6H, d, J=6Hz.) (CH3)2

Mes. 1 oat m/e 140,

T.lece 507 ethyl ccetate: petrol, R.f. 0.75

G.l.c. Capillary Carbewex-20M; 110°C; nitrogen Tp.s.i.

R.i. 1425
(c) Oxidation of 2 mixture of 4-isopropyl cyclohexanol and
4-isopropyl cyclohexanone (8g., 917 alcohol, 5 ketone) gove 5.8g.

(72¢ yield) of 4-isovronyl cyclohexenone (275), be.v. 90-21°C/20rm.

I.r. Z[’{lScm'_1 (vs, ¥C=0) .
N.m.r. §2.2 (4H, complex ) CH,, ox to C=0
2.1-1;5 (6H, complex) CcH, QEQ
0.9 (61, a, J=6¥z.) (c_};3)2cn
M.s. ¥ at m/e 140.

m,1.c. 507 ethyl acetate: netrol, R.f. 0.6

G.l.c. Cepillary Cerbowax 2013 106°C; nitroren To.s.i.
Reie (%), 1545 (96), 1575 (4).

- (a) Oiiﬁation of 2 mixture of 2-tert.butyl cyclohexancl and

Q-EEEi;butyl crclohexanone (17g., 43¢ 2lcohol, 2T ketone) gave

1i.6g. (699 yleld) of 2-tert.butyl cyclohexenone (112),
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b.p. 93-94°0/28mm;~

I.r. 1710em ™ (vs, vC=0)

Y.mer. §2.3-1,2 (9H, complex) CH, CH
1.0 (91 » ' CcH_).C

M.s. N+ ot m/e 154.

Gelec. Cepillzory Cerbowex 20V 120°C; nitrogen Tn.s.i.

R.i. () 1410 (97), 1525 (3).

3. LAH reduction of alkyl cyclohexenones.

General method ~ see p. 95

(a) LAH reduction of 2-methyl crclohexanone (1103 6g.) gave

5.2g. (86¢ yield) of 2-methyl cyclohexznol (140, cis, 3073 137,

trans, 70%), b.p. 165-167°C.

1

I.r. (em CC1, solution) 2630 (s,v0-H), 1065, 1050,

1040 (s, trans, vC-0,8C-H), 980 (m, cis, vC-0,80-H).

Nemer. §3.7 (0.3H, brozd s, w,=8Hz.) cis CHOH
3.3 (lH, S, D20-ex.) O
3.0 (0.7H, brond s, wy=21Hz,) trens CHCH
2.0-1.3 (9, complex) CH, CH,
1.0 (3H, 4, J=6Hz.) . CH,

¥.s. M at nfe 114.

eleCe Cepillery Carbowex Z20Mj 70°C; nitrorcen 10n.s.i.

R.i. 1270
107 PECA; -55°C3 areon 1101:\1.\’:&:'1"1 (on Pve Argon
chrdﬁatograph), R.t. 5.6 min.

(b) LAH rcduction of 2-isopronyl cyclohexanone (11135 1.5z.) gave

1.45g. (97¢ yield) of 2-isovropyl cyclohexanol (141, cis, 407;

-
'~

138, trens, 60:7).
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3350 (s, v0-H), 1050 (s, trens, ¥C-0,80-H),

I.r. '(cm—l)

. - ' 960 (s; cis, ¥C-0,80-1).

Yemer. 4.0 (0.4H, brozd c, Q%=8Hz.) cis CHOH
3.3 (0.6H, broad s, wy=22Hz.) trans CHOH
2.0-1.0 (104, complexs CH, CH,
1.7 (1, s, D0 ex.) ' ‘ OH
0.9 (6H, two d, J=6Hz.) (q§3)20H

¥.s. M et n/e 142,

Geslec. Czpillary Carbowax 2CM; 11000; nitrogen Tp.s.ie.

R.i. (<), 1510 (40), 1540 (60).
(c) LAH reduction of 4-isooropyl cyclohexanone (205; 2.8g.) gave
2.8z. (9% yield) of 4-isopropyl cyclohexanol (gg;, cis, 16¢; |
293’ trens, 847). .
I.r. (em™!) 3350 (vs, v 0-H), 1050 (vs, trens,vC-0,50-H),

960 (w, cis, vC-0,80-H).

Nem.r. §3.9 (11, s, D,0 ex.) CH
3.9 (0.16H, broad s, w%=8Hz.) cis CHOH
3.4 (0. RAH brord s, Wy = =22Hz.) trans CHOH
2.0-1.0 (10H, complex) CH, CH,
0.9 (6H, 4, J=6Hz.) (cq3)2
M.s. M at m/e 142,

G.l.co. Capillary Carbowax 20l 120°C; nitrogen Tp.s.i.
Rei. (£), 1595 (16), 1625 (84).

(d) LAY reduction of 2-iert.butyl cyclokexanone (1125 52.) rave

4.9¢. {967 yield) of 2-tert.butyl cyclohexanol (142, cis, 4773

139, tra ns, 53/)

-1

I.r. (cm . CC1 solution) 3620 (w,-vO-H), 1050 (m, trans,

A
¥C-0,60-1), 960 (m, cis, vC-0,60-1).

N.m.r. 64.1 (0.46H, broad s, wy=8Ez.) cis CHOH
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2.3 (0,541, brozd s, wi=22Hz.) ~ trans CHOH

2.0-1.1 (9%, complex) ci, CH,

0.97 (4,94, s) _ ' trans (ng)BC

0.94 {4.17, s) cis (CH,),C
M.s. - ¥ at m/e 156.

GelscC, Capillary Corbowax 2013 120°C; nitrogen Tp.s.i,.

Rei. (%), 1545 (47), 1570 (53).

Recrystallisation of a2 sample from 60-80° petroleun ether

gave trans 2-tert.butyl crclohexarol (139; 99+ pure by g.l.c.),
m.p. 84.5-85.1% (1it. 0% m.p. 84.5-85.0°C). .
(e) LAH reduction of 4~tert.butyl cyclohexenone (2065 10g.) gave
9.8¢. (974 yield) of 4-tert.butyl cyclohexzenol (ggj, cis, 1é%;
208, traons, 887), Recrystzllisation from 40-60° petroleum ether
gave trans 4-tert.butyl crclohexanol (208; 98+" pure by sz.l.c.),

MeDe 8101—820000 (11"30209 m:p. 800500)0

I.r, (cm-l, ccr, solution} 3615 (m,v 0-E), 1060 (s, v C~0,50-H)
Nem.r. 3.4 (1, brozd s, wy=22Hz.) trans CHOH

1.9 (4H, comlex) ‘ H, « to OH

1.5 (18, s, D0 ex.) OH

1.1 (5H, comlex ) cH, CH,

0.9 (98, s) (CE,)4C
M.s. ¥ at m/e 156.

G.l.c. Capillary Cirbowex 20M3 120°C; nitrogen Tp.s.i.

R.i. (5), 1620 (1.5), 1670 (98.5).

4. Selectride reduction of 2lkyl cyclohexanones

Selectride = lithium tri-sec.hutyl borchydride

A 107 w/v*solution of the aporopriate 2lkyl crclohexanone in
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Va-dried e~ther wne 2dded, dropnwise, to a2 stirred scluiion of
Li(ggg.butyl)3BH in ether/™™,  Stirrins wes coatimied for 20min,
after 2ll the ketone had been added, then the excess Selectride
was hydrolvsed b cautious addition of woter, the solution was
basified by addition of 6N NaQH, =nd the intermedinte organoborsne

oxidised by titration with 27.5% H.O Yhen oxidation wes.

272°
complete, any excess peroxide was destrored by addition of sodium
‘metabisulphite and the solution was then extracted with ether,
The ether extracts were washed with HQHCO3, water, and HC1l, before
being dried over MgSO4, and evaporated. The crude product was
purified, and separated from sec.butenol, by distillation.
(2) Selectride reduction of 2-methyl cyclohexznone (1103 5.6c.),

at 0°C, gave 2.1g. (357 yield) of cis 2-methyl cyclohexanol (159),

bopo 61"'6200/40me .

I.r. (em™l) 3400 (vs,v0-H), 980 (s, cis, ¥C-0,80-H).
E.m.r. 3.7 (1H, broad s, wy=8Hz.) cis cng
3.3 (14, s, D,0 ex.) CH
1.7-1.2 (9H, complex) CH, CH,
| 1.0 (34, 4, J=6Hé.) ch
M.s. Mt af m/e 114.

G.l.c. Cepillary Carbowex 20M; T0°C; nitrogen 10p.s.i.

R.i. 1370
(b) Selectride reduction of 4-methyl cyclohexarone (204; T.2s.),

at =78%C, rove 4.6g. (645 yield) of 4-methyl cyclohevcnol (200, cis,

91¢; 202, irmns, &), b.p. T6-77°C/5Cmm. |
I.r. (cm-l) 32150 (vsy v0-H), 965 (s, cis, vC-0,80-H).
F.n.r. ‘63.9 (0.9H, brord s, wy=8Hz.) cis CHOH
3.6 (14, s, D,0 ex. ) | ot
3.4 (018, troad s, wy=22f,) trans CHOH
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1.9-1.3 (9H, complex) CH, o1,
1.0 (3%, s)
M.s. ¥ a2t mle 114.

Celecs Cepniliary C"rbow x 203 90 C- nitrogen Tpes.i.

Reio (£), 1400 (91), 1415 (9).
(c) Selectride reduction of 2-isopropyl cyclohexenone (1113 2.2, ),
at -78 Cy gave l.4g. (60% vield) of cis 2-isopronyl cyclohexonol

(141), bep. 73-72%/20mm., meps 51.0-51.6%C (1it.°10 m.p.50-50.5%)

I.r. (em™') 3350 (s, v0-E), 960 (s,vCC,80-%)

Nem.r. §4.0 (1H, broad s, wy=8Hz.) ~ cis CHOH
2,0-1.2 (11H, complex, 1H D,0 ex.) CH, CH,, OE
0.9 (6H,Ad of d, J=THz.) (CH3)2

K.s. M at mfe 142,

G.l.c. Cepillary Carbowex 20F; 110°C; nitrosen Tp.s.i.

R.i. 1510
(a) sSelectride reduction of 4—1sonronv1 cyclokexanone (20“- 2.684),
.at -7800, gave 1.2¢. (46 yield) of cis 4-isopronyl cyclohexanol

(201), b.p. 84-85 °c/20mn.

I.r. (em™1) 3350 (vs, v0-H), 960 (s, ¥C-0,80-¥)
Nom.ro §3.9 (1H, broaa S, w%=8Hz.) cis CHOX
| 3.6 (1, s, D,0 ex.j od

2.0-1.3 (10H, corplex) CH, CH,
0.9 (61, d, J=6Hz.) (CH,) ,CH
M.s. 1" at mfe 142,

o . X
G.l.c. Capillery Carbowsx 20N 120°C; nitrosen Tn.s.i.

R.ie. 1595.

(e) Selectride reduction of 2-tert.butrl cyclohexanone (1123 6.6-.)

at 0°C, gove 6.4g. (969 yield) of cis 2-tert.butyl cyelchexznol

189

(142), m.p. 53.5-52.2% {1it.” 7 m.p. 54-55°C.)
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1

I.r. (em™, €01, soiution) 2620 (m, v 0-H), 960 (s,vC-C,80-1
' M.mer. §4.1 (1H, broad s, w,=8Hz.) cis CHOH
2.3 (11, s, D,0 ex.) OH
1.9-1.0 (9, complex) CH, CH,
0.9 (94, s CH.).C

M.s. ¥ oat m/e 156,

.

G.lec. Capillary Carbowex 20l 12000; nitrogen Tp.s.i.

R.i. 1545
(£) Selectride reduction of A-tert.butyl cyclohexanone (206; 10g.),
at -78°C, cave 9.8¢. (969 yield) of cig d-tert.butyl cyclohexanol

(207), m.p. 82.0-82.8% (1it.°' m.p. 82.5%).

I.r, (cm’l, cc14 solution) 3615 (m,v 0-H), 955 (s,vC-0,80-H)
N.mor. §3.9 (1H, broad s, w_%_=8Hz.) cis CHOH
‘ 2.3 (1, s, D0 exs) " oH
1.9-1.2 (94, complex) _ CH, CH,
0.9 (9H,_ s) | (CE,)4C
M.s. nt et n/e 156.
Geslec. Capillary Corbowex 2OM;-100°C; nitrozren Toesei.

Reie 1640

5e Preparation of alkyl cyclohexyl toluene-p-sulphonates.

The apﬁropriate alkyl cyclohexanol was treated, at OOC, with
toluene-p-sulphonyl chlorice (1.2 equivalents) in dry oyridine.
When recction wos complete teleCe), the re~ciicn mixture was
poured into ice-cold 109 HC1l and the acidic sclution was then
extracted with ether. The ether extracis were washed with NalCo,,

and weter, dried over chos, and evaporcied to give crude products,

which were purified by crystallisation,or used directly.
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(2) Tosylation of 2-methyl cyclohexenol {140, cis, 307; 137, irens,
1085 4.7g.) rove 9.15g. (84 yield) of 2-methyl crclohexyl toluenc-
p-sulphonate (209, cis, 30{; 210, trens, T0%).

Tosylation of.gi§ 2-methyl cyclohexzanol (140; 2g.) gave 4.4g.
(92 yield) of cis 2-methyl cyclohexyl toluene-p-suiphonate (203),

212 :
Meps 55.6-56.5%C (1it.""" m.p.55.6°C)

L.r. (en™) 1370, 1350 (s,,.50,), 1185, 1170 (s;1zssoz)
HMomer. §7.7 (1), 7.3 (21) A.B, system aromatic H
4.6 (0.3H, broad s,.q%=8Hz.) cis CHOTs
4.0 (0.74, broad s, w%=2OHz.) trans CHOTs
2.4 (3H, s) CEB (2romatic)
2.1-1.0 (9H, complex) ' CH, CH, |
0.8 (3H, two 4, J=6Hz.) qu
M.s. M at m/e 268. i

T.1.c. CHCl,, R.f. 0.8

(v) Tosylation of 4-methyl cyclohexanol (200, cis, 5073 202, trens,

503 20z.) gave 42.2g. (907 yield) of 4-methyl cyclohexyl toluene-
p-sulphonate (gl}, cis, 503 212, trens, 50).
Tosylation of cis A-methyl cyclohexanol (200; 4.3g., 91% cis,

9% trens) gave 9.9z. (959 yield) of cis 4-methrl cyclohexyl

toluene-p-sulvhonate (2113 91¢ cis, 9% trans).

I.r. (e=™}) 1365, 1355 (s, v, 50,), 1180, 1170 (s, v_50,)
Nem.r. §7.7 (27), 7.3 (2H) A3, system aromatic I
4.7 (0.5H, broad s, w_}:gHz.) cis CHOTs
4.0 (0.54, bro=d s, g;=20Hz.) {rans CEOTs
2.5 (34, s) Q§3 (aromatic)
2.1-1.1 (98, comlex) : cH, CH,
1.0 (34, 4, J=6Fz.) Q§3
M.s. ¥ at m/e 268; and elimination pezk at m/e 96.
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- T.l.c. 50% ethyl azcetate: petfol, Ref. 0.67

(¢) Tosylation of 2-isopropyl cyclohevenol (141, cis, 493 138,
trans, 605 1.42.) gave a 70:30 mixture‘of the desired product,
2-isooropyl cyclohexyl toluene-p-sulphonate (gl;, cis, 1495 214,
trans, 867), and one of the starting meterizls, cis 2-isopropyl
cyclohexanol (141). Attempts to increase the extent of reaction
of the cis alcohol were unsuccessful.

- Tosylation of cis 2-isopronyl cyclohexanol (141; 0.8g.) gave
a2 mixture of the desired product, cis 2-isopnronyl cyclohexyl
toluene-p—sulphonafe, togetherAwith startins materiel.and toluene-
p-sulphonic acid. Attempts to increase the yield of product
were unsuccessful, as were 2ttempts to senarate it from the other
compounds by washing with WaOH or NaHCO3, or by chromatography on
silica or alumina. In each case, toluene-p-sulphonic acid was
formed in the separation procedure, presumably by elimination from
the toluene—p—sulphonéte; once formed.

1

I.r. (en™, cC1,

1175 (s,ﬁasz), 955 (m, vC-0,80-4).

solution) 3620 (vw, v0O-H), 1370, 118%,

Nem.r. §7.8.(27), 7.3 (21} A,3, svsten aromatic H
4.9 (0.1H, broad s, w%=8Hz.) cis CHO?s
4.4 (6.9H, broad s,'ﬂ;=2222.) trans CHC"s
2.4.(3ﬁ, s) N q§3 (2romatic)
2,1-1.1 (10H, comnlex) CH, CH,
0.9 (3H, &, J=THz.) _ (033)20H

vlus resoncnces correcvonding to cis 2lcohol (;é}; D.171)
M.s. . Yo ¥t for toluene-p-sulphonate (213, 214) - elimination
pezk 2t m/e 124.

T.l.c. 507 ethyl ocetate: petrol, R.f. 0.9, 0.8.

-

(2) Tosylation of A-iscpropyl cyclohexanol {201, cis, 165; 203,
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trans, 84¢; 2.5¢.) gove Sz. (969 wield) of A-isopronyl cyclohewrl

toluene-p-sulphonate (215, cis, 1773 216, trans, 83%).

Tosylation of cis 4~isopropyl cyclohexanol (201: 1.1r.) gove
2.1r. (92 vield) of cis 4-isopronyl cyclohexyl toluene-p-sulphonate

(215), mev. 54.2-55.0% (1it.'” m.p. 54-52°)

I.r. (en 2, 061, solution) 1350, 1185, 1170 (vs, ¥50,,)
¥emer. §7.7 (2H), 7.3 (2H) A,B, system arom~tic H
4,7 (0.17H, broad s, gﬁ=8Hz.) cis CHOTs
4.3 (0.83H, broad s, V%=22Hz.) trans CHOTs
2.5 (3H, s)‘ qu (aromatic)
2.0-1.1 (10H, complex) CH, CH,
0.9 (6H, 4, J=6Hz.) . (c_1_{3)2cn
K.s. ¥ at mfe 296.

T.l.ce chloroform, R.f. 0.6
(e) Attempted fosylation of 2-§g£j.bu;y1 cyclohexanol (142, cis,
4793 139, trans, 537)-and of cis 2-tert.butyl cyclohexanél (142)
. was unsuccessful, only sterting materials and decomposition

products being recovered.

(f) Tosylation of trans A-tert.butyl cyclohexanol (208, 6z.) gove

11.5¢. (97% yield) of trens 4~tert.buiyl cyclohexyl toluene-~p-

14

sulphonete (220), m.p. 89.1-90.0%C (1it.”  m.p. 87.5-88.3%).

Tosylation of cis 4-tert.butrl cvclohexanol (2073 9.5¢.) cave

18.0g. (95¢) vield) of cis 4-tert.butyl crclohexyl toluene-p-

Y
14

sulphonate (219), m.p. 79.0-79.8°C (lit.™" m.p. 77.5-78.5%).

I.r. (cm-l’ cc1, solution) 1370, 1125, 1170 (s, vsoz)

v

Nemere &7.7 (-2H),‘7.3'(2H) £,B, system JAB=8H2. aromatic ¥

2.7 (18, bro=d s, wy=8Hz.) cis CHOTs
OR ' 2
' 4,3 (1H, brozd s, wy=20"z.) trens CUOTs
2.4 (3, s) Y CH, (aromatic)



2,0-1.1 (9%, comnlex) CH, CH,
0. H, s cH C
9 (91, =) A (c2,)5C

M.s. n* at m/e 310.

6. Solvolysis of toluene-p-sulphonates: preparation of alkyl

cvclohexyl riveridines.

NOTF: The g.l.c. properties of the amine products, on three

separate g.l.c. columns, heve already been recorded in Table 15

The approvriate 21kyl-cyclohexyl toluene-p-sulphonate was:
refluxed in redistilled piper?dine (2.5m1. per lg. of substrate)
for 24h. The rezction mixture was acidified with dilute HQl, énd
extracted with ether. The ether extracts were then discarded and
the zcid solution was basified with dilute MaOH, and extracted with
ether. "he ether fraction was washed with brine, dried over K2003,
'aﬂd evevorated to give crude product, which was purified by
distillation.
(2) Solvolysis of 2-methyl cyclohexyl toluene-p-sulphonrate (209,
cis, 307; 210, trans, 703 8g.) gave 0.85¢. (169 yield) of

N-(2-methyl cyclohexyl) viveridine (191, cis, 493 192, trams, 517),

bep. 160-161°C/44mn.

I.r. (em 2, c01, solution) 1153, 1145, 1108, 1100 (m, +C-¥)
Nemer. &2.8 (2H, complex) g
2.4 (2H, complex) . ; CH, CH, o to N
2.1 (1, cormplex) )
1.8-1.2 (152, complex) CH, CE,
0.9 (31, d, J=6Hz.) . CH,
M.s. ¥* at nfe 181. |
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Telecoe  on 2lumina;  50% ethyl acetate; vetrol, R.f. 0.91

. (trans), 0.65 (cis).

(v) Solvolysis of cis 2-methyl cyclohexyl toluene-p-suiohonate .
(2093 4.0r.) pave 1.7¢. (63% yield) of I-({rens 2-methyl cveloheryl)
piperidine (192),

I.r., n.m.r., m.s. 25 in (

T.lece  on alumira; 507 ethyl ccetate: peirol, 2.f. 0.91.

(¢) Solvolysis of 4-methyl cyclohexyl toluene-p-sulphenate (gl},
cis, 503 212, trens, 5073 8g.) rave 1.8g. (337 yield) of
N-(4-methyl cyclohexyl) piperidine (193, cis, 5673 194, trans, 44)

b.p. 170-171°C/44mn.

I.r. (cm"l, CC14-solution) 1151, 1145, 1113, 1097 (m,lvc-ﬁ)
Nem.r. §2.7 (1H, complex) )
2.3 (3H, comnlex) | - ; CH, CH,ex to N
2.0 (1, corplex)
1.8-1.2 (157, complex) | CE, CH,
0.9 (3H, d, J=6Hz.) ~ CH,

M.s. ¥ at m/e 181,

TeleCo on aluminas 50- ethyl acetate: petrol, R.f. 0.71

(Eiﬁ)a 0,60 (EE&B?)
(&) Solvolysis of cis A-methyl cyclohexyl toluene-p-sulphonate
(211, cis, 9175 8g.) gave 1.7z, (327 vield) of N-(4-methyl
cyclohexyl) piperidine (193, cis 147; 194, trens, 867, b.p.
120-121°C/18mm.
I.r., N.MeTe,y Meg. P8 in (¢) above.
T.1.c. on zluminaj 50 eihyl scetate: petrol, R.f. 0.71
(w, cis), 0.60 (s, trans).

(e) Solvolysis of a TC:20 mixture of 2-isopronyl cyclorexyl

toluene-p-sulphonate (213, cis, 1473 214, trans, S6{) and
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Eif 2—§§gpropyl cyclohexanol (Eﬁ})‘:ave no tertiary zmine produci,
- #he only cetectable prodvcts beinr olefin and toluenefp—sulpﬁonic
acid. Normel work-up gave two froctions:— i. an acid exiract
shown by t.l.c. and i.r. to contain only piperidine, and ii. an
ether extract, containinge oiefin, cis alcohol (}él), and toluene-
p-sulphonic zcid, '
I.r. i, 3300cm > (vs, vI-1)
ii. (cm-l) 3400 (vs, v0-H), 2020 (m,+C-Y, alkene),
1650 (w, ¥C=C), 1160, 1050 (s,'vSO2), 960 (s,
vc-b,so-H). | ‘

T.l.c. chloroform, Ref. 0.7, 0.6, 0.3-0.0 (streak).

(f) Solvolysis of 4-isopropyl cyclohexyl tbluene—p-sulphonatei
(215, cis, 17¢; 216, trens, 833 5g.) gave 2.1g. (5% yield) of
N-(4-isoproovyl cyclohexyl) piperidire (195, cis, 75¢; 196, trans,
25¢) 5 bep. 69-71°C/20mm.

I.r. - 1150, 1115, 1100 (m, ¥C-X).

N.m.r.e §2.4 (4H, corplex)
I ) CH, CH, « to N

2.0 (1H, comnlex)

1.7-1.2 (161, comnlex) CH, CH
0.9 (68, 4, J=6Nz.) (c_gB)ZCH
H.s. M oat n/e 209.

T.l.c. on aluminay 507 ethyl acetate: petrol, R.f. 0.70

(s, E}_S,)y 0.65 (w, tﬁ'zl_s)-
(g) Solvolysis of cis 4-§§9propyl cyclohexyl toluene-p-sulvhorate
(2153 2¢.) zave 0.78z. (55¢ vield) of ¥N-(irons 4-isopronyl
cyclokexyl) piperidine (196, 91% trans}. Purificétion of this
amine by‘dry-column chromatoeraphy (Crade 3 basic alumina; 507
ethyl acetate: petrol) gove C.68z. (87 recovery) of colourless

needles, m.p. 100+1-100.7°C, which were shown (by g.l.c.), somewho’
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surprizingly in viéw of the sharp m.n. observed, to hzve the same
epimer distribution 2s the "crude" materizl,

I.r., num.re, n.s. as in (£) above.

Teleco  on 2luminag 507 ethyl ccetate: petrol, R.f. 0.70

(wy cig), 0.65 (=, trans).
(n) Solvolysis of trans Z-tert.butyl crclohexyl toluene-n-
sulphoncte (2205 9.2r.) pave 2.3g. (35 yield) of T—(cis 4-tert.butyl

~cyclohexyl) viperidine (197), bBep. 140-141°C/25mn.

I.r. (em™?, 001, solution) 1145, 1120, 1105 (m, vC-I)
N.m.r. &2.4 (4H, complex) )
: ) CH, CH, o to Il, CH__ on C,,C_.
2.1 (3H, complex) ) 2 ax 375
1.8-1.0 (12H, complex) . CH, CH,
0’9 (9H’ S) ) ) (Q§3)3C

M.=. n* at m/e 223,

Te.leco on alumina; 507 ethyl acetate: petrol, R.f., 0,91

(k) Solvolysis of 93_5 4—@.bu-by1 cyclohexyl toluene-n—culphonate
(2195 10g.) gave 2.8g. (397 yield) of N-(trens 4-tert.butyl
cyclohexyl) piperidine (Zﬁ), bep. 126-137°C/20mm.
Recrystallisation of the distilled material from hexene rave

MeDPe 56.5-57090C0
1

I.r. (em™ ,‘CC14 solution) 1155, 1105 (m, ¥C-I)
Nem.r. &§2.4 (4H, complex) ) )
o ) CH, CHyx to I
2.1 (14, comnlex)
1.7 (4H, complex) ‘ CH _ Btol
1.4-1.0 (11H, complex) CH, CH,
0.2 (9H, s) (Q§3)3C

K.s. ¥zt mfe 223.

m.1.c. .on aluminag 507 ethyl acet~te: petrol, R.f, 0.63.

-
~
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Part C Reactions of 6-isopropyl cyclohex—2-en-l-yl eciers (40,

84, 85, 87) with piperidine.

1. Generzl methods.,

(a) Reactions in the absence of solvent.

A solution of the ecter (50mg.) in freshly distilled piperidine
(80}&.);.contained in a teflon-capned secled tube was hected 2t
130% for 24h.14 After cooling, the recction mixture was taken
up in n.pentzne (5ml.) and filtered throush Celite. Distilled
- water (1ml.) was 2dded and the mixture was sheken, then centrifused,
and the water was drown off., The pentane extract was drigd b&
passagze through Na2003 and evaporzted by a stream of nitrogen to
give a mixture of products ~nd unrezcted esters,

Hydrogenrtion (P10,/methancl/1 atmogphere 52/25°c) afforded
the corresponding nroducts and esters. |
NOTES. (1) The work-up procedure described had, alrendy, been
shown, by trizl experiments involving the solvolysis of
3,5,5-trinethyl cyclohex-2-en-1-yl 2,6-dichlorobenzoate (175) in
piperidine, to be superior to that employ;d by Stork and ‘;Ihite.14

(2) The efficiency of the work-up procedure wzs checked, at
each stage, by g.l.c. (see later).

(b) Reactions in m-¥ylene solution.

A solution of the ester (10mg.) and piveridine (9pl.) in
m-xylene (100pl.), incorvoratine 1f w/v of Cooisp @5 2n internal
stenderd, was sezaled in a teflon-cepred tube 2nd heated at
;temperatufes from 100°C to 14500, for vorying times. In initial
experinents, the work-up procedu?e,‘above, wes used, while later

studies employed direct injection of the reactionr mixture into the
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‘g£.1.Ce column.

During the first few hours of reaction, however, excessive
"teiling" by pineridine interfered with the analysis. Washinge the
anélytical semple (in 200pl. of ether) with 5Cul. of distilled
weter separated the piperidine from the tertizry amine products,
allowing direct injection of the ethereél solution.

As above, the products and starting materials were analysed

before and after hydrogen~tion.

2. An2lysis of nroducts ond substrates.

(2) Products.

(i) G.l.ce

The reaction products were analysed by ge.le.Ce on three
separate columns and, after hydrogenation, were coinjected on these
three columns with authentic samples of N-(4-isopropyl cyclohexyl)
piperidines (195, 196), 2-isooropyl cyclohexanols (141, 138) and .
4-isopronyl cvclohexanols (201, 203).

Typical f.l.c. traces from reaction of the cis and trans
6-isopronyl cyclohex-2-en-1-yl 3,5-dinitrobenzozates (84, 853
Figure 9) 2nd theif {rans 2,6-dichlorobenzoate anrlorue (203
Figure 10) hove alreaéy been shown. The separation of all the
products on the most effective go.lec. column is shown below.

G.l.c. 5 Carbowax 20 + 1< KCH; 150°C; nitrogen 20p.s.i.

R.i, 1720 1805 1845 1895 1930 19€0 2005 2015

amines - 227,228 - - 29 & 7 2
alcohols 98 - 99,232 233 - - - _

The other columns were less effective, failing to seporste

the 6-zmines (227, 228) from cis 6-alcohol (98), =2lthough they
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did cleanly sevcrate the A-amines (ggg, g;) from one another and
from the other products.

The separation of the amine products, both before and after
hydrdgenation, is shown more cleerly by the analysis of the reaction
products and hydrosenstion products from 6-isopropyl -
cyclohex~2-en-~1-~yl 2,6-dichlorobeﬁzoate (ég), since no 2lcohols

were formed, using this subsirate.

G.l.c. 5t Carbowex 20M + 19 KOH; 145°C; nitrogen 20p.s.i.

* * %
Reie 1730 1805 1890 1930 1981 2010
reaction nroducts ¢ - 13 - 22 65 -
hydros= products e 6 8 23 - - 63

.5¢. Carbowex 20K + 19 polyethyleneimine (PTI); 100°C;

nitrogen 20p.s.i.

* %
R.i. 1475 1495 1520 1570 1610
- reaction products ¢ 6 7 - 22 65
hydros= products ‘¢ 6 8 23 - 65

10 Carbowex 20M + 27 PEI; 130°C; nitrocen 20p.s.i.

x *x
R.i. 1600 1650 1695 1740 1775 1800
reaction oroducts ¢ - 13 - 22 65 -
h},rdropzr-l products ¢ 6 8 23 - - 63

Yone of the columns employed effected 2 seperction of ine

trans 6- and cis A-isooronyl cyclohex-2-en-l-ols (29, 232).

However, hydrosenation of these to their separable, saturated

enalozues allowed their estimation. (2s 128, 201)

shown to.be ¥-(cis 4-isoprdényl 0y019hexyl) niperidine (229)

X shown to be N-(trans A-isopronyl crclohexyl) piperidine (43)
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C.l.oc. 5 Carbowsx 20M + 19 X0H; 130%C; nitroren 20p.s.i.

Reie 1765 1720 1790 1815 1845 1895
unsat. a2lcohols - 98 - - 99,232 223
sat. alcohols 141 - 138 201 203 -

(ii) GC.c.-m.s.
The rezction products and hydrocenation products were
analysed by g.c.-m.s. (using a 5 Carbowax 20! + 1¢ KOH column)
R.i. 1780 1805 1845 1895 1930 1980 2005 2015

#* (mfe) 140 207 140 140 207 207 127 113

anines - 227,228 - - 229 43 ? ?
2lcohols 98 - 99,232 233 - - - -

Fragmentation schemes:-

- N-(4-isopropyl cyclohex—2-en-1-y1) piveridines (229, 43); m/e (%)
207 (14), 192 (1), 179 (27), 165 (15), 164 (100), 137 (98), 122 (33),
86 (22), 84 (30), 79 (29). See Pigure 1l.

| N-(s-iggproﬁyl cyclohex—2-en-1-yl) piveridines (227, 228); m/e (%)
207 (6), 179 (2), 164 (5), 138 (12), 137 (100), 136 (8), 123 (7),
122 (63), 95 (8), 84 (9), 81 (8), 80 (10), 79 (13). See Figure 11.
4- and 6-isoprovyl cyclohex-2-en-l-ols (98, 99, 232, 223); m/e (<)
140 (4), 122 (14), 98 (24), 97 (48), 91 (14), 81 (16), 80 (29),
79 (39), 70 (100). |
unidentified compounds; R.i. 20055 mfe (€) 127 (74), 126 (13),
113 (8), 112 (19), 85 (20), 84 (87), 70 (37), base peak 2t 43 (100).
R.i. 20155 m/e () 113 (100), 112 (24), 92 (34), 85 (15), 84 (s5).
(b) Substretes.

The ester subsirates (40, 84, 85, 87) were unsuitzble for
direct r~.l.c. 2nalysis and were, therefore, examined 2s the allylic
alcshols (98, 99, 232, 233) resulting fron their reduction by LAZ,

in ether, ot 25°%, The r.l.c. a2nalysis of these alcohols has
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already been shovn (p. 141). ‘In pracfice, the measured areas
qf the.g.l.c. veaks corresvonding to these L:H reduction products
was a cqmposite of alcolols arising from two differeﬂt sources, viz.
from LAH reduction of residual ester in the reaction mixture, and
from aminolysis of ester by piperidine. Thus, in order to
detérmine the composition of the availafle ester "pool" at any
stage of reaction, it was necessary to subtract the zmounts of the
various 2lcohols forined by aminolysis (obtzined from gelec. of the
- reaction mixture before LAH_reduction) from the amounts of alcohols
detec%ed ;fter LAH réauctionfof the reaction mixture.

This analysis showed that the original esters (49’ 84, 85, 87)
were not stable under the reaction conditions, uﬁdergoing '

epimerisation and 2llylic rearrangement.

3. Results.

(a) Product distribution and ester composition during reaction.
The relevant data have already been reported (Figures 12-16,
Tables 15-17) and will not, therefore, be reveated.

(v) Isomerisetion of substrates.

(i) In presence of piperidine,

The esters were shown to isomerise during the course of reaction
by anzlysing the residual ester 2t various stages of the rezction.
( see 2(b) 2bove). The results obtained have zlready been used

(Figures 14, 16, 20; Tebles 16b, 18, 19, 21) and will not be

repeated.

(ii) 1In absence of piveridine.
B& performing resctioins, as before, but without piperidine,

jt was shown that the esters isomerised (see Figure 15, 20; Tables
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19, 2i1).
v Aédition of 5 drops of 2,2,2-trifluoroethancl to the reaction
mixture wes shown to increase the rate of isomerisation to a small
extent (Firure 15),.

Both of these studies were accompanied by ester decommosition
reactions. GeCo~mes. studies showed the mz2jor product
to be polymers of the dieme (180). mfe (¢) 122 (100¢), 121 (22),
107 (797), 93 (54%), 91 (527), 79 (50:), 77 (56%).

Addition of triethylamine (9p1.) to the reaction mixture in
place.bf piperidine suppressed the ester decomposition. (Firures
16, 203 Tables 19, 21).

(¢) 1Isomerisetion of products.

Mixtures containing only the amine reaction products were
'obtained by teking up tie reaction‘mixture in ether and extraction
with dilute HCl. Basification of the acid extract, followed by
e%her extraction, washing with brine, Na2003 drying, and
evaporation by a stream of nifrogén gave amine mixtures free of

alcohols and esters.

G.l.c. 5¢. Carbowex 20M + 19, KOH; 14500; nitrogen 20p.s.i.

Rei. 1805 1930 1980
miiture 19 17 24 59
mixture 2 ¢ 31 50 19
IDENTITY 227, 228 229 43

These mixtures were cealed in-tubes, together with zporopriate
quantities of piperidine ard m—xylene.(containing 1713020H42 as
an interncl standard), and heated, a2t 12300, for 43h. C.i.c
analysis showed that no change in the commosition of the amine
mixtures hed occurred and thot the amines‘were, therefore, steble

to0 isomerisotion under the reaction conditions.
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(d) Rerction of trems 4-icopronyl ‘evclohexr—2-en—1l-yl

. 3,5-dinitrobenro~te (242) with »ireridine.

A solution of trans 6-isopronyl crclshex—2-cn-l-vl
3,5-dinitrobenzoate (853 97f irans, 3 cis; 20mg.) in m—xylene

(ZOOPL; 19 w/v n.C ) was sealed in a tube znd heated, ot 122%,

20 42
for 16h., vhen g.l.c. showed the ester tb Pe 2 mixture of Ezégg
6-ester (855 907), cis 6-ester (84; 3¢'), end trons A-ester (242;
7%). Reaction of this mixiure with piperidine (16}&.), at 123°C,
was monitored By g.l.c. 2nd shown to give aporoximetely 79 more

cis 4-cmine (229) than equivalent exveriments performed with 97¢

pure trans 6-ester (85) as substrate (see Figure 19).

4. Kinetic studies.

v

(a) General method.

A mizture of ester (84 or 855 5 or 10mg.) and piperidine

(4.5 or Q}ﬂ.) iﬁ m-xylene (100p1.) conteining 1 w/v n.020H42 28
internsl standard wes sez2led in a teflon-czpoed tube and maintained
at 122 £ 1°C in a thermostatted oil-bath. Samples were remoQéd
perlodlcally and the 4-cmine (229, A3) concentrations,-relative to
the internal stazndard, were determined Bv geloce (8¢ Carbowar 20

+ 1% ¥CH; 125°C; nitrogen 20p.s.i.), utilising (i) direct injection
end (ii) injection of a sample pre-washed with water (see p. 141)
G.l.c. resvonse fectors for the various compounds (229, 43, 98, 99,
232, 223) were not obtainable because the relevert compounds cculd
not be separately examined, but it waé assumed that the responce

foctors of the most important comrounds, the epimeric 4-zmines

(229, 23), would be the sane.
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(v) nesults -

» (i) rroduction of ¥=(/A-isovrovyl cvclohex—2-er—1-y1)

. piveridines (225, 43).

It wes found thet, in eny single experiment, the variation
of zmine concentrations =nd functions thereof {e.r. [amine],
1n. [emine], 1/ [ering]) with time exhibited complex behaviour
from which kinetic parameters could not be obtzined. Similarly,
calculation of the soecific first- and second-order rate constents
from the forrulze below failed to show consistency and, therefore,
yieldéd no meaninsful kinetic information. Although disepvointing,

such findings were not surprising in view of the complexity of the

reacting system (Figure 8).

k) = 1/t . In. 2/ (a-x) k, = 1/+(b-2) . 1n. 2(b-x)/v(2-x)
where k1 = sgecific first-order rote constant
k2 = specific second-order rate constant
1t = time (h.)'
a = initial concentration of ester (mole.litre-l)
b = initizl concentration of piperidine (mole.litre_l)
x = concentration of amine at time % (mole.litre_l)

Similarly unsuccessful vere plots of functions of the ester
concentratic;n ([ester] , 1n. [ester], 1/ [ester] ) versus time, as
determined after LAY reduction (see p. 123)

However, by performing recctions with different initial
concenirotions of ester and piveridine, the reaction rates and
order could be determined by graphical methods. "he results
from thesc experiments have already been utilised (Figurcs 23, 243
Table 23) 2nd will not, therefore, be repected.
noTE (i) Becsuse of the smell scale of these exneriments (viz.

5 or 10mg. ester; 4.5 or 9pl. piperidine) accurate measurement of
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the 1n1t1 1 concentration of esier and pineridire wae important.

To allow comprrison of resulis from different experiments, the
initial ester concentrntion, relative to iniernmal standard, was
determined, as above, by gelece  This figure was then "normalised"
to 5007 of the internsl standard by application of a suitable
maltiplier. Jdentical multiplication of the measured amine-
concentrations during the ensﬁing reaction gave corrected resulis
Wthh could be compared with those from other experimenis,
involving,dlf’erent initial concentrations.

¥OTE (ii) Because of the inherent lack of precision in the

kinetic studies reported, it is intended that the kinetic
perometers obtained be taken, essentially, as being for comparative
purposes ﬁithin this study rather than as absolule values.
ggg? (iii) Because of the complexify of the reacting system, only
- initial rates and rate constants could be calculated. These were
obtained from the graﬁhs of amine concentration versus time shown
in Figure 23, 5y measuringe the toncent to tre curve a2t time t=0.
The slope of this is equal to the initi2l rate of the reaction,
and, based on the assumption that the response factors for the
amines (EE?Q éé) are equal to that of the internal standard, the
rate and rate constant can be determined. (T™his assumntion is
valid for comparison of the rates of the reactions of the cis (2 9)
end trars amines (43) but mar no be so for comparison of. these
with other commounds).

A tyvical calculation is set out below.
From Figure 22, using 10mg. ester and gp . Diperidine,

Slope of tanrent 2t t=0 is [trans 4-an1ne]/t

= 5,75¢ of intornal standerd /h.

‘ v -2 . -1
internal stondard = 100mg./10m1. = 3,55x10 "mole.litre
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therefose, 5.75% of intermz2l .st. = 2.042110—3m01e.1i'hre_1

Rrte of reanciion = 2.04}:10—3mole.1itrefl.h_¥.

Rate constant = k = Ra’ce/[E]o. E'Jip]o

where fﬁ]o = initial concentration of ester (mole.litre-l)

and Bﬁ{ﬂo = initial concentration of piperidine (mole.litre_l)

[¥]_ = 10mr./100p1. = O.3mole.litre

[pis] | = 9p1./100p1. = 1i1 mole.ditre
3 1itre.mole L.,

-1

therefore, k =(2.04/0.3x1.1) x 10~
jees k =585, =x 10—31itre.mole—1.h.

(ii) Production of 6-isovronyl cyclohex—2—en-l-ols (98, 99).

Comperative rates of formetion of cis (98) and trans (99)

alcohols from eminolysis of cis 6-ester (84) and trans 6-ester (&5),

respectively, were obtained by plotting the concentration of these
alcohols versus time , after normalisation of the initial
concentrations of esters. However, initial rate constants and
rates could not be determined because of the complex kinetic
behaviour of the reactions produvcing these compounds.

The relevant results have alrgady been showm in graphical

form and will not, therefore, be repezted.
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