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The stereochem»stry of the a]koxlde—catalyze\d

hyd.rogen—denterlmn exchange and elnm.natlon components of’ an.

. ZlcB ﬂ-el:.m:.na’clon reactlon’%s been mvesta.gated as a function
' .
of cat:.on in tert-butyi alcohol and methanol solvents. ‘\‘;I‘he .

relative rates of c‘is and trans exchange and cis and t

elimination for )g-deuterlum labelled l-methonqyacenapht"\e ne -varied

.

by factors of 90 and 75, respectiw'rely, when the cation was

varied. Exchange and elimination stereochemistry changed from
& ) \ .
exclusively cis with lithium tert-butoxide to. predominaritly

trans wi;t.h tetramethylammonium tert-butoxide in the folllowing,

&

order : lithium; potassium; cesium; potassium compie;i‘éd

~

with dicyclohexyl-18-crown-6 ether;  tetramethylamméniur..

*

Bonding between base., substrate and catfon has been proposed__h\

. ;7
tot account for the observed trend., .Kinet¥c deuterium igotdpe

effects (o(,ﬁ and leaving group) have been determined for the

- I ~
preferentialiéjﬁ elimination with potassium tert-bitoxide in

s~

_ ;cgrt-butyl alcqhol. ' _ )
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CHAPTER 1

 GENERAL REVIEW

1.1 Introduction \

Even though it has been %;%r-a century since

o

< -
B-elimination reactions were first studied (2-4), over the
last dgggde considerable research effort has been devoted

toward elucidation oi‘ﬁtelimination mechanisms (5,6).

Two features receiving particular attention ate

L}

steredéhemistry and the ElcB mechanism. The observation of

»

many examples of syn elimination, has refocused attention on

®stereochemistry (7). Numerous examples of elimihaﬁiqn

.~

reactions proceeding through carbanionic intermediates ( cB)

have also appeared (8-10).
Be fore beginning a detailed examination of the
stéreophemistry of an ElcB reaction, an attempt will be made

‘e .
to review the ElcB mechanism and ﬂ—elimination stereochemistry.

w

P

1.2 Primary Eiig%?ation Reaction Mechanisms
The basic mechanisms proposed for olefin formation
via ﬁ-elimination of H-X utilizing an anionic base are

illustrated in Figure 1 (11,12). ™

S LR
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Transition State

Carbanion Mechanism, ElcB
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CHyCH)X + B

- k -
BH + CHyCH)X ——2— Hy0=CH, + X

.. ot ' Weak Base Mechanism, E2C
. [ gt B 14 -
» .: K
| -
A .
]
~ |
CHCH X + B~ > [Ha€ +====* CH, T2 Hyl=CHy +BH + X
I §x | .=
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Figure 1 - Basic %-Elimination Mechaniems
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The E1 and ElcB mechanisms differ from the bimolecular

E2 and E2C (13-16) modes of elimination in that they are

3

‘stepwise processes, involving the intermediacy of a discrete

" carbonium ion and carbanion respectively, whereas E2 or E2C

eliminatiqns are concerted and pass through single transition

states,

For the stepwise ElcB mechanism there are three cases

(see Figure 2) :

i) ‘here kl<k k_j (BH) and the first step is rate determining,
being essentially the bimolecular irreversible formation of

the carbanion, and the second step is the more rapid ejection

of the leaving group from the o{~carbon atom. This is referred

to as the irreverdible (Ech)I mechanism,

ii) Where ky >>k_;(BH) and the second step is rate determining,

" the substrate being effectively converted entirely into the

conjugate base. This ié referred to as the <E1)anion or "ElcB
of the second type" mechanism.

Ed
iii) Wnere kl<<'k_l(BH) and the first step is a rapidly-

attained equiiibrium with carbanion and the .second step is

the rate~limiting, unimolecular decomposition of the carbanion. -

The carbanion may be free or loosely solvated, or may form
part of an ion pair or be tightly solvated., This is referred

to as the reversible or pre-équ;librium (Ech)R mechanism.

>
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“xamples of rossible TlcR reactions rave become far
more abundant sirce Ranthorpe {17) placed tvem in te

.

of "less usuval mechanisms" in 1963, oufficiertly so,

1972, Bordwell {9, 18} sugcested that perkaps it was the
ccncerted /< processus that should be ir the "less usual
category. Howsver, .a'nders (19) recently has reviewed the

means whereby concer?ed £2 ancd noncerted “~lcB mecrarisrs can
bg_distirguished, defining a ranre of’elimination reactions whricr

are almost certainly concerted 2.

'
,

Current'views of the “2 meck;nism are based upon t*e
"ariable T;;nsition State Theory" of Bunnétt [20). Concerted
52 reactions may occur trrough a spectrum of transition states
ranging in strudtuﬁe fromn paenecartanion (ZlcP-like) to
paenecarbonium (Z1-like), (see “igure 3), depending or the
relative extents to which bonds to the ﬁLhyd}ogen ang to the

leaving group are broken, .t the borderline between paerecarbanion

£2 and =lcb mechanisms, iore C'Ferrall (1) has proposed a

structural discontinuity between the transition state and the

¢

intermediate resprctively. lowever, recent evidence indicates that

a 'structural similarity rather than discontinuity exists even

though the structures aré not identical (22).

N

.. A number of conflicting theories concerning the .
effect of structural changes in the reactants on the nature of the

f"'
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B

transitign .state of Z2 elimination rea;tions have been put
fomara‘ (20,21,23 ,21;)t Thornton (23) has proposedéan alternative
to the "Variable £2 Transition State Theory" of Bunne’t:,t, where
substitue.r"{t effects are considered as linear perturbations of
the vibrational potentials for the normal coordinmate mo'tiox;s
both parallel to and perpendicular to the reaction coorcinate.
For ElcB-like ‘transition states, the effects on the par#llel
motion are expected to dominate. This leads to the prediction
that a é;cructural change which makes the breaking of the (g-H
bond easier.will cause this bond to be broken less in the
trirﬁition state, The Cx -X bond will then folloy along in the

& - .
direction of the coordinate motion set by the former. one,. and

be shorter as well.

"

' Smi’;h and Bourns (25) have studied the effect of
changes in base” strength on the structure and energy of the
\transition state for 2—ary}ethylanmoniwn substrates. The
5Jhydrogen kinetic isotope effect indicates that increasing

base strength shortens the Clé :T{qbond, while the gitrqgen
isotope effect indicates similar shortening of the Ge-X bond,
making‘;'the transition state more reactant-like, ‘Similar results
‘are observed with changes. in « and B-substituents (26 - 2.8) a;ld‘.

in leaving group (29,30) thus confirming Thornton's predictions.

However, with better leaving groups the perpendicular mode- of

TR

™ f“
SRR




vibration dominates and the certral transiticn siate unuergoes an

increase in Cu—X bond length coupled with a decrease ir qﬁ-H\Bonc

a . N4 .

length with more electron-withdrawins substituents in the leavins

grour ip accordance with Bunnett's theory. Thus the effect of -

substituents on the structure and energy of the trarsition state
: -

| varies in degree depending upor its location in a More (M'¥Ferrall-

type potential energy diagram (30)

¢

| 1.3 ZLlcR lMechanisms

The reversible (quB)R mechanism easily caﬁ be cetectec
by ﬁlhydrogen exchange of substrates or solvents suitabcly labelled
l with isotopic hycdrogen (31), (see rigure'g). liowever, Breslow (22)
| - . raised the formally correct voint that, depending on the relatiwve
t . . A energetics, rapid hrdrogen exchange may be an irrelevant side
| reaction to 2 olefin formation (see Figure-5). Hine and his co-_
| workers (33) ;hticipated this argument by pointing out that if car-
. banions are formed, they are most 1ik;ly to be intermediates in the

A

| : .

| eliniination, since transfer of free electron pairéighould be more

: . effective in promoting olefin formation fhan should transfer of a

| partially free electron pair in an E2 transition state., -

| . . :

: The effect of o~ and f-substituents and of leaving groups
I on-the elimination rates of an (FleB)y reaction has been studied (34),
I

I

. confirming a very high degree of carbanion character compared to.

) . L
sifiilar studies with E2 reactions (see Figure 6),

The irreversible (l1cB)1 mechanism is more difficult to

distinguish from the paenecarbanion E2 transition state which is similar

o !
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*r~nature. Aassizrment of mechanism to the (:ch)I class has rested

mairly on indirect eviderce' (25) since leavin:v§§oup isctope effect

¥

ce erninations have not beer carried out vey.

There have beer a number of cases where a reversible (uch)p

. rechanism has cranced to.an irreversible (.1cR); mechanism upor change

v

of base (36), Firure 7), or leaving group (37,38a), (Fifure 8), where
r the latter cases irvelved sulphene elimination-addition reactions.

Jilliams and co-workers (28t) have recently proposec a .
. variant of the concerted L2 mechanism for sulrhene formation from
' acters of vhenols with pKadb:(ricure 7). The li‘etime of the conju-

- . . . -3 . . 1
: rate base is tod short (K10 -35) for it to cxist ds a discrete car- '

banion intermediate as in ar (ick)j mechanism. An =2 process occurs

-~

. with an unsymmetrical transition state invelving nco U-0OAr bond cleavage
-
and half advanced proton transfer. The.transition state is intermediate

between a neutral and a carbariornic species and, although the rpaction

coordinate does go through ihe carbanion structure, this does not

" represent a minimum on the potential energy surface,

. Addition-elimination reactions also have been observed to

. LN

follow the (ElcB)g mechanism (39). HoweW¥er, in elimination of olefins N
to acetylenes, competing (ElcB)p and L2 mechanisms are suggested (L40), .

(Figure 10).

>

The (El)anjon oF "ElcB of the second type" mechanism has
been observed for a mumber of reactions (41-43). Upon changing the
\

- leav%Fg group and also the ot(-substituent, the (Ll)anlon mechannsm has

been observed to change to the (Ech)I mechanism in one case and to

\ the E2 mechanism in the other (44), (Figure 11).

-«
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1., Stereochemistrv of Zlimination Reactions

One of th; essential features in the description
of the mechanism=of a concerted Z2 process is the dihedral
angle about,£he Cu — Cg bond in the activated complex.

In principle, this angle can possessany value betweeh O°
and 180°, However, it is suggested b& theory (e.g. the
principle of maximum orbital overlap), (L5), and supported
by experiments on monocyclic and bicyclic ringlsystems that
arrangements in which q?(- X and the CB - H bonds are anti
periplanar (ggg;_elimination; dihedral angle, 180°) and
syn periplanar (syn.elimination; dihedral angle 0°) will
be greatly preferred relative to theaother orientations in
the transition state of an H{ eliminatior reaction (46),

.

(see Figure 12).

Until recently, the view has been generally accepted

‘that, in béée catalyzed bimolecular eliminations, the anti-

elimination route is greatly superior to the gyn route so

the only exceptions are systems ir\which the bonds cangot

that eliminations, in general, pz;iijf.by this mechanism (L5);

become anti periplanar, as,.e.g. the norbornyl system (47,48),

-

(see Figure 13).

The basgis for preferred anti elimination has been
]

made on the grounds of eclipsing.effects and electronic effects.

}
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In gfi elimination all .three pairs ol groups attachec io Cu
and Cg are eclipsed or nearl; so; bty contrast, the trarsition
state for anti elimination, barring cases it} rig™ly GevelopeC
doublg bond character, permits a staggersd arran:_en.tent (see
Piewrern]L).,  These cogformation differénces led to an ;astiméate'd .
- 2 . . - . A <

factor of 10 or 10° in favour of anti elimiration (49). In

the non-synerronous, yet concerted elimiration procesées
(paenecarbonium ion or vaenecarvarion) the f#cvantaze accruing

from maximun orbital overlar.is noi as creat as in tre fully
synchronous process, and, as a result, théagxgrelimination

b
v

transition state need not be full; eclipsed (L9).

On the basis of electronic effects, a conceptual
dissection of the process into two components has beer made -

where a nucleophilic substitution on C, occurs involving tre
. ‘ _ g

~

Ce.~- E electrons with complementary substitition on the Cp

atom by the Ciatom (45), (Figure 15). -If Cg - H bond fission -

i : Lo
>

in a concerted elimination were considerably progressed in the - -

transition state as in a paenecarbanion process, sufficient
i

«

carbanion character could develop on Cg for thre charge to spread

on both sides of this carbon resulting in a planar tragfition .

state. The reaction could then exhibit-gyn stereospecificity \\:n

-

(50)- : .

‘- . i
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Other theoretical rationalizations for preferred anti o

elimination have been made both on the basis of orbital symmetry

(51 - 53) and the principle of least motion (54, 55).

Experimertal evidence for exclusive anti elimilnation
in open-chain compounds comes from the pioneering work bf Skell
and éo—workers (56). In their study of the gliminé@ion f
hydrogen bromide from,g-mono-deuterated 2-butyl bromideq'sf knowvm
configuration with p&tassium ethoxide in ethanol, information
about the steric course of the elimination reaction can be
d%duced directly from the deuterium content of the Individual
\ olefinic products, The erythro substrate yields exclusively
trans undeuterated product by anti elimination whereas the
threo substrate gives exclusively cis undeuterated product by
anti elimination (Figure 16), Similar results were observed
in the elimination of toluenesulphonic acid also using
potassiuh ethoxide in ethanol with the eorresponding 2-butyl

tosylates.

Other evidence for exclusive anti elimination in

open-chain compounds usually involves elimination from

-

non-deuterated diastereoisomeric pairs. Thus the reaction
of erythro -2,3~dichloropentane (57) and homologous erythro

and meso-vic-dicholoroalkanes !gth potassium hydroxide in

»

t
n—propanocl gives exclusive anti elimination (aas\f?gure 17).
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Experimental evidence for anti elimination also has
been obtained from-rate analysis of the elimination of alicyclic

compounds (7). For cycloheﬁcanes, it is known that the leaving

group must be axial for easy anti elimination to occur (58),

and preferably axial for syn elimination (59 - 62). Thus

anti elimination is diaxial whereas $yn elimination i:aa.xial-
equatorial (see Figure 18). It can be seen that syn elimination
from the trans isomer will be comparétively urlmfavo'rable because
of the necessity of having two bulka groups in axial positions
in the reactive conformation, which will thus be sparsély
populated. ‘

L

Base-catalyzed eliminations of cyclopentane derivatives
to 'cyclopentenes also have an anti preference. In the five-
membered ring a dihedral angle clos€ to zero practically pré-’
exists for cis-placed groups, while for trans-placed groups a .
true ,ag;}_-périp;anar arrangement i-s more dii‘fic’:ult to aqhiew,:e,
(see Figure 19). In spite of this, on treatx;lent with tert-
~butoxide in t_e__@-butyl alcohol, the rate of anti elimination
from _c_iis.-2-ary1cyclopq,ntyl.R-toluengsulphonates (tosylgtes)
was found to be higher than the .rate of syn elimination from

‘the trans isomers (46b), (Figure 20).

Bicyclic substrates also possess geometric features e

which are expected to be especially favorable for 8yn elimination.
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The preferred rea.ct'ion mode has be_epk,found to be _SE elimination

‘for é‘h'e bicyclo { 2.2.1 ] heptyl ‘system prov:i:ded that the leaving -

.gréiip\_occupies' the g_x_o_‘position (48). The corré'spo_ndir:xg..
‘gt_i_o_-‘s.ubstit\uted compound prefers the anti-elimination route

rége}r'di'ess.of the unfavorable dihedral angle of 120° (‘Figure 21).

»‘. ~ R x ) .
Thus, theoretical considerations:prior to 1966 largely

predicted a general preference for the anti-elimination mode,

-

~\alt]*aou,gh the possibility of a genuine bimolecular syn elimination

also was envisioned. The available experimental evidence also
'appeared to be in full accord with this. However, mos c;f/t'he

»

evi}iencp for preferred anti elimination was with: acyclic .

substrates with good leaving groups.‘ . .. s

PR . » * oy o
.

e However, agn important series of papers by the late

N X - . .., *
* Professor Sicher and his co-workers (63 - 67, 69, 73, 78) has-

forced a re-evalufatién of these views. ZEmploying initially
medium-ring cycléalﬂcyltrimethylammonimn compounds, a study of
the variation of gate with ring size in a homologous series
of compounds for cis and irans olefin formation with potassium

tert-butoxide in tert-butyl -alcehol suggested a very marked

difference in mechanisms (63), (Figure 22),

%2 \ .

By relating the "rate profile' of the process under

investigation to that of a reaction of known mechanism one may
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hope to obtain evidence on its course, the argument veing that¥
reactions which are similar with respect to their salient
geometric features should also be similar as regards 'rate
profile", Conversely,'"rate profiles'of different types may

indicate the operation of stereochemically cifferent mechanisms.

. The preceding results together with cdmparison of
"rate profiles" observed with that for the Cope elimination of

cycloalkyldimethylamine oxides (64), Figure 23), a known

o

>

_sm—eli_-mination process, led Sicher to propose that trans-cycloalkene
formation from the quaternary ammonium base elimination muét ari-s.e
by sm eliminaltion. The gg'._q-olefiﬁ fonnatior; from the quaternary
ammonium base compound which had a very different "rate profi)i"

to the Cope elimination, therefore, must not arise from syn but

from anti elimination (see Figures 22 and 23).

! .

In order to confirm these observations, cycloalkene

.

formation from 1,1,4,4-tetramethylcyclodecyl-7-trimethylammonium

chloride, and from its cis and trans-8-d labelled derivatives was
investigated using potassium tert-butoxide in t:ert-butyl alcohol
and dimethyl sulphoxide ;arrd potassium methoxide in methanol (65),

(see Figures 24 and 25). : ' CT l

It was found that both cis ard trans-1,1,4,4~ 1 ? _
" 0 (
~tetramethylecyclodec-7-ene had retained deuterium when the % '

cis-labelled substrate was employed (Figure 24,) and that both

3 -
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olefins had lost deuterium after correction for the isotope

38

-

effect when the trans-labelled substrate was employed (Figure 25).

Thus, cis olefins are indeed formed by anti elimination and

trans olefins by syn elimination from medium-rin

cycloalkyltrimethylammonium compounds with all base-solvent

systems studied (see Figure 26). This phenomenon has become
known as the '‘syn-anti bimolecular elimination dichotomy"

(63b).27

The syn-anti dichotomy is also observed using the
rate profile" technique in the cycloalkyl bromide series for
éygloalkene formation with potassium tert-butoxide in
tert-butyl alcohol or in benzene {66). -However, with,
potassium tert-butoxide in giimethyl"form&mide or potassium
ethoxide in ethanol base-solvent systems, both cis

ard trans cycloalkenes arise by anti ellm}natlon.

1,1,4 h—Tetra.methylcyclo@c—’Z—ener formed exclusively by the

s _Ig-ant:. dichotomy" route from 1,1, l, L—tetra.methylcyclodecyl—-

-7 tosylate mth potassmm tert-butoxlde in tert-butyl e.lcohol

dimethylformamide or benzene (67). However, with the
l,l,h,Lp-tetra.met\hylcyclod‘odecyl—S tosylate the proportion of
trans -1,1,4 ,Ajtetramethyl-cyclodod-ecene formed by syn
elimination with potas.sium tert-butoxide varied from 95% in
benzene, to 85% in tert-butyl alcohol and to 30% in
dimethylformamidé. \ R
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Steryl tosylate substrates also have been observed to
undergo syn elimination with sodium i;g_li—peﬁtoxide in benzene
to varying degrees depending on stereochemistry (68), However,
with dimsyl so;:lium in dimethyl sulphoxide these subStrates vield

exclusive anti elimination,

In order to show the generality of the dichotomy,
Sicher studied elimination in open-chain systems. /For
5-decyit‘rimethylamnonimn chloride with potassium tert-butoxide
in tert-butyl alcohol (see Figure 27), benzene or dimethyl
sulphoxide, the trans decenes arise by syn elimination (49).
However, with potassium methoxide in methanol almost exclusive
anti elimination occurs. Note, however, that for these studies,
mixtures of cis-dec-4-ene and _g_i_._s-@ec—S.-ene and als? mixtures of .
trans-dec-i-ene and trans-dec-5~ene could not be separated and

. e

the stereochemistry of the reaction was deduced by deuterium

analysis of these mixtures,

For 2, 2~dimethyl-4~nonyltrimethylammoniup chloride

with po’cass;um tert-butoxide in tert-butyl alcohol oF dimethyl
sulph;xide or potassium methoxide in methe_mol, the syn-anti
dichotomy was observed (70), (Figure 28), While for
l~decyltrimethylammoniwm chloride with potassium tert-butoxide

in benzene, dimethylfonngmide or tert-butyl alcoho}, predominintly

an anti-elimination pathway was followed (71), (Figure .:’,’2. ‘
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. l.Z—diphenyl-—l—prOp;.rltrimethv-_.rmonlwn salts with
D tassium td‘rt ou‘cox:.de ir tert-butyl al.g_ohol ield trans -

olefin byr.srn eliminaiion (72), (Figure 28). Trus the ) ¢ .- ‘

o
s:mienti dichotomy i's favoured for branched or lon-chain . .
acyclic cuaternar; ammonium szlc subsirates with various
" ) .. ' *
bage~sclvent srsters except where l~substitut ‘/cle':"

® B}

.

rraduced.”’ . . ,— N . ’ .
* g - . ¢ ~
v . f-decyl tosr-late underrsoes pradominantii anti '

elimingtion "or tre formation of cis and irans olefins with ' - P

potassium hert-buioxide ("\ nzene, tert-butyl aldohol or
. v . A W
dimethylformamide (72) (Tigure 29). However, 2,z~dimethrl- e T .

-L=nonyl tosrlate with potassium ‘uert-bilt'oxidel_ in tert-outyl - . -

. . " o,
aicohol or benzene yields trans -2,2-dimethyl-L-nonene

N -

by predaminantly syn elimWlation (70). With potassium

N . .
tert-butoxide in dimethylfo ide or "dimethy: sulphozcide,

2-4mettyl-L-nonyl tosylate yields exclu‘give_ anti T

ay,

eiimination (70) , (Figure 29)°. Thus "the syn-anti dichotomy

is obserxd', for brahched'—{ﬁé;in acyclic tosylates, .

.

However, vueuterlum—labelled 2—-phenylet 1yl tos;,'late < ) .

ylelds stvrene by predomlnantly antl elnmlnatlon w:Lth potassmm N

v l “w

tert-butonde in benzene but almost exclus:we antl eliminatjon '

in dlmethyl sulpkoxlde (), iﬁlghre 29). h -

2 .
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5~decyl fluoride with potassium tert-butoxide in

benzene yields almost exclusively the syn-anti dichotomy whereas

\

in dimethyl sulphoxide yields almost exclusive anti elimination
(75), (Figure 30), However, 5-decyl chloride with potassium
tert-butoxide in benzene followed a predominantly syn-elimination
course while in dimethyl sulphoxide yields almost exclusive

anti elimination (75). Thus the syn-anti dichotomy is observed

with poor leaving groups t:*;a't are not bulky such as fluoride.

Therefore, the syn-anti dichotomy is observed with both

cyclic and acyclic derivatives, #ith cuaternary ammonium cyclic,

br?cheﬁ;chain écyclic and long-chain but not l-substituted

acyclic;fderivatives, the syn-anti dichotomy occurs almost

exﬂclu?ively in all base-solvent system;. However, with tosyloxy

and halide cyclic and branched-chain acyclic derivatives, the

syn-anti dichotomy predominates only with potassium p_ca_r§~butoxiQe in
e ‘ .

" tert-butyl alcohol or benzené (76)., These results have been

sumarized in Tables 1 and 2.

For medium-ring cycloalkyl substrates, the syn-anti
dichotomy can be rationalized on the basis of conformational

analysis of the substrate (77). If 7-substituted derivatives

of 1,1,4,4-tetramethylcyclodecane, the methyl groups serve as

conformation holding groups. From the ¢is-8~d and the

trans-8-d substrates in Figures 24 and 25 respectively, it

f
”~ o
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can be demonstrated that anti el_imina_tion to ig_a_n_g olefin
involves react‘i:i.on of the intra-annular 'hyt}rogen wh;’Lle syn
elimination to j;r;a_._rﬁ olefin involves reaction of the
extra-annular hydrogen. In order to make the intra-
an;gl;r hydrogen accessible to base approach, the molecule
must twist into a ]:ess energetically favourable conformation

and thereby produce cis olefin by anti or po;sibly syn

o <
elimination. Although these conformational features in medium

. $ -
ring cycloalkyl substrates can be 'invoked to rationalize the

L4
steric accessibility of the trans ﬂ-;proton in both the syn
and anti transition states, Sicher considered that such steric

effects could not~represent the sole cause of the syn-anti -

dichotomy (63c).

For the acyclic case, the syn-anti dichotomy results
in preferential removal.of the threo proton by base in the i

formation of cis olefin By anti elimination and trans olefin -

by syn elimination (78), (See Figure 31). -

It is not difficult to find a simple steric explanation
for the almost complete absence of the syn elimination pathway to’
cis olef.in since an eclipsed or near-to-eclipsed arrangement of

two vicinal.alkyl gfoups is required. It is less simpie to

3 AL, L b3 A
%.}w"i‘ﬂm. «

give an exp;lanation for the preference for a syn eldmination

%

pathway to trans olefin over anti elimination to both cis
o

2
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°

= " . and trans olefins and at the same time rationalize the preferential

formation of cis over trans olefin by anti elimination.

4

: Saunders and his co-workers (79) presented a conforma-

tional explanation for the syn-anti dichotomy with acyclic
-substrates, They postulated that steric hindrance in trans
olefin formation by anti elimination is the main,éause of the

A

dichotomy (see Figure 31). By a slowing down of the rate of

the anti elhminatiqn to trans olefin, it gives the anti
elimination to cis~olefin a%d/qr the syn elimination to
trans-olefin pathways the opportunity to predominate. -
According to the hypothesis, it is the bulk of the l’eaving"

group which is believed to enforce it, by pushing the alkyl .
residues into position, base apprggch to He is shielded for

anti elimination leading to trans olefin,. In the case of the anti- - .
o elimination to cis olefin pathway, thésShielding of the Hgy is
less effective because the substrate is.sbill relatively open

to attack b& base from the side oppoéite to, that on which the

<two alkyl groups are found,

¢

This explanation for the gyn-anti dichotomy dependg“
upon the importance of bulky leaving groups., However, it has
been sﬁowp,that the dicho%omy occurs for fluoride lea?iné groups

| with ‘potassium tert-butoxide in benzene (75). Thus; in the

absence of the required steric qualities, almost exclusive syn -

)

- 4
. . elimination leading to trans olefin occurs.

4




.- of the addition of deuterium'hali&e§ to acenaphthylene using

of "the operation of some effect which has so far escaped notice',
It was pointed out that' the protons H,, and H, are diast8reotopic
and could, under appropriate conditions, exhibit diastereotopic
reacivity (s;e Figure 31). wolfe (865 , in an attempt to explain
this apparent difference in the reactivity of diastereotopic

hydrogens has invoked the "gauche effect.

1.5 Zliminatdon in the Acenaphthene Svstem *

The first elimination studies in an acenaphthene system

were carried out by Cristol (8l). Using cis and tréns

" 1,2-dichloroacenaphthene with sodium hydroxi?ie in 92.6% ethanol,
L ]

]

-

anti elimination of the ¢is substrate to l—chloroacenaphthexbé
proceeded about 750 times faster than syn elimination ‘31‘ the

trans substrate (see Figures 32 and 33). -

These results are in genepal agreement with the . 4:

preferenée* for anti elimination in cycldépentane derivatives.

It should be noted, however, that the_z-relative rate ratio for

anti to syn elimination is larger than normally observed for s
) )

cyclopentane derivatives (82), (see :Figure 33). . :

. -

s \

Dewar and co-worker (83) studied the stereochemistry
- 4
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I v
{ . - T " . . cass 2
1 - .2 means ofi determinmg the amounts.of ¢is and trans addition (see-
i Y i
o Rigures 3L and*33). Deuteriur oromide addition to acenaphir;ilenre
» ¥ * -

Loy~

‘rields predominantly cis-l-brofoacenaphthene-2-d. Upon N
¢iimination with potassiun tert-butoxide in tert-but;l alcohol,

! N - . M '5' .

the composition of ‘the, acenarhtlylene-1~d produced was deteriined

»
, °

b mass ‘spectrometc (ms) apalysis.

AN
. «
\ - . 113 . 3 - Y -
f . . The basic assumption, made by the authors, was that

X elimination is exclusively ahti. In order tc confirm this,

L3 4 "

) . nuclear magnetic resonance (mmr) spectroscopic analysis the
- . .
deuterated bromoacenaphthene additior products for'cis and irans

»

. ﬂ—-hydrogen was carried out. The 'rmr results agreed within
. experimental error with the elimination results, confirming
’ . " b . ~ !
. . . : - F] »
a that anti elimination wes indeed the sole elimination’ pathwey -

. -

for 1-bromoacenaphthene svbstrates with potassium tert-butozide

-
o
. .

- P . in tert-butyl alcohol. B -
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CHAPTER 2
FEXCHANGE STUTY

o ' ) ) . *
2.1 Statement of“the Problem

The presert investigation was initiated with the ot ject
of gaining insight into the stereochemistry of elimination processes.

After a preliminary screening of substrates, l-methoxyacenaphthene,

.2 reversible (Ech)R eystem:.(Figure 2), was choser. where the

substrate has a fixed geometry and where there is a close competition
for the carbanionic intermediate to undergo reprrotonation or elimina-~
tion., If the carbanionic intermediate paftibione itself too preferen-
tially to starting material, then it is likely that the stereochemical
integrity of the substrate will be lost. If, on the other hand, the

intermediate yields mostly elimination produycts, it Pecomes difficult

« -

to obtain even permissive evidence for prior carbanion formation..
H
Thus the stereochemistry of the elimination process is cne of the

less accessible aspects of ElcB Femetions.

~t was proposed'to synthesize cis arid trans ﬂ—deuterium
labelled }—methoxyacenapp%henes and study their exchange and elimination

with alkoxide-alcohol base-solvent syeteme (see Figure 35)..

Analy81s of recovered ether substrate and elimination

producﬁ acenaphthylene, for deuterlum label would indicate the ratio

of cis and trans exchange.and ellmlnatlon; respectively. The perms

cis and trans (rather than syn and anti) will' be used throughout to
designate the geometrical relationship of the proton (or deuteron)'go
the methoxyl group in both éxchange and elbmiﬁétion proeessse for the

1-methoxyacenaphthene system (see Figure 35). o N
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?,2 Syntheses.
&:

. -~
As a first step towards the study of exchange and

eliminafion processes in the l-methoxyacenarhthene system,
l—methoxy-dB-acenaphthene—l,2,2ﬁd3(;); (vizure 35), was preparec.

This was accomplished by two different routes as«s%own in

Figure 36, The fi;st rovte involved the preparation of

acenaphthene—l;i,2,2hdh, reaction with‘N-bromosuccinimide
Y

followed by reaction with methanol—dA.

Acenaphthene-l,l,2,2—dh was successfully prepared
essentially by the method of Trost (84). Naphthalic anhydride
was rediuced by lithium aluminum deuteride to ogoﬁog}d}f.

~d; —1,8-di(hydroxymethyl)naphthalene, converted with phosphorus

. . 1
tribromide to the dibromo derivative, ogogoc,d}-dh—l,B—di(bromomethyl)_

naphthalene and-bromine eliminated by means of phenyllithiuﬁ to

give'acenaphthene-l,l,2,2~dh.

The second route to 1 invelved the preparation of
acenaphthgge—l-one—2,2—d2, reduction with lithium aluminum
deuteride to l—acenaphthenol:-l,2,2—d3 and reaction witH.‘
methyl iodide—d3(85). The deuterated ketone was prepared by
Friede1-Crafts acylation of l-haphtﬁylaqptyl chléride to
acenaphthene-1-one followed by basi? ~exchange using deuterium
oxide. Acenaphﬁhehe—l—one was also prepared from ac?naphthylene

by peroxide oxidation ‘to 1,2-epoxyacenaphthene (86), followed

~
.
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hoxy-d3-acenaphthene-1,2, 2-d3 (1)
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by isomerization to the ketone on silica gel.
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1-Methoxy-d3-acenaphthene-1-d («~2), (sgaie Figure 35),
L}
was prepared oy 1ithium aluminum deuj:eridé reduction‘oi‘
acenaphthene-l-~one t'o'l-acenaphthenol-l-d followed by reaction

with methyl iodide-d3 (see Figure 37).

<

In an attempt to prepare ~pure ‘cis-l-acenaphthenol-2-d
from acenaphthylgr'le bs'r deuterioboration with trimethylamine-
~borane-d3 (87) at 12;70, significant deuterium incorporation
at all positions occurred including a?:'omatic ring deuteration
as described in the Experimental 4.11l, Pure g_i_:_s_—l-ag:enaphthen;l—
~2-d was prepared su;:cessi‘ully from acenaphthylene by
deutez.'ioléoration at 350 using lithium aluminum deuteride and
boron 4rifluoride etherate -followed by oxidation with basic

' d

hydrogen p:aroxide (88), (F‘igufe '18_)‘._

cis-1-Methexy-ds-acenaphthene~2-d (cis-2), (see Figure 35),
. was prépared from cis-l-scenaphthenol-2-d B‘}'f reaction with methyl

iodide~-d3 .trgﬂs-l—Metho:qy-dB-acenaphthene-2-d (trans-2), (see

Figure 35), was prepared from 1,2-epoxyacenaphthene (86) by D
- reduction with lithium al-uminum deuteride followed by reaction ’

with methyl iodide-dy (Figure 38).
’

- : "1-Methoxya cenaphthene (3) and l—metho:qr-dg—acenapixtl}ene (L) .

vere ‘prepared by reaction of l—écenaphthenol with methyl iodide

S

-
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[

and methyl iodj.de-d3 respectively (see Fistre 35).

.

2.3 Nmr Proton .'Assimnents

=

- . .

. - The hydrogen-deuterium exchange réaction of

l-—methoxy—dB-acenaphthene—l,2,2-d3 (1) in protic solvedts
L ‘ : -
was monitored by the rate of appearance of broadened singlets :

due to cis and trans /—protons by mmr spectroscopy :(la)?
1
This method is much simpler than folloﬁng the cranges in

complex patterns using L and ceuterated solvént especiall :

when small percentages of isotopic exchange have occurred.

The three protons at the o and frpositions in 3 were

‘assigned using three consistent pieces of evidence. The first '

o>

‘ assigment was on the basis of coupling constants and relative .
chemical shifts (89) obtained by an ABX analysis of the proton
nmr spectrum of .4. (Seis—p=3.1k ppm; Strans-g=3.36 ppm;
b=5.12 ppm; Jeis-g, trans—p=17.7 Hz; Ju, cis-g=2.6 Hz;

Jus trans-g=7.1 Hz) obtained with decoupling of the appropriate i 1

ring protons. The methoxyl—dBWéroup proved essential throughout

)

this study because of the unfortunate overlapping of the methoxyl

The second assignment involved the stereoselective ;
. ) B i ‘( k"v
, synthesis of cis-2 as shown in Figure 38 (see Experimental 4.11). s

Analogouskty the third é.ésig_mnent‘-consiste‘d in the stereoselective

signal and the signal of the f-protons.

qmthe;is of trans-2 (Figure 38), (seé Experimental 4.12).

- . -
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4
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2.5, ‘Pxchange fesults

L4 S

In an attempt to assess the stereoselectivity of exchanse

¢

under basie~conditions of the deuterons /e/\‘ﬁ‘ thre methoxyl—-dz group,
the substrate 1 was treated with selected base-solvent rairs.

. "~ With the chemical shifts of the bridge protons assigned, recovered
T~

substrate could be analyzed for the ratio of cis and irans

-

‘f -protons by rmr integration and for «-protons, which were alvays
. ° -~ oo .

= -

)Y

neur zero. Low voltage mass spectromeiry then allowed more
Ld
_— N

complete analysis of recovered ethers into 1, l-methox&-dB-' .

-acenaphthene-cis-1,2~dy (cis-5) and l—methoxy-dB;acenap'nthene—

~trans-1,2-d, (trans-5), (see Figure 39). K

Formation of the elimination product, acenaphthylene,

B

occurred concurrently with exchange and the percentage was
estimated by gas chromatographic (glpe) analysis. Its deuterium
content also was analyzable by mass spectrometry. Figure 39
sunmarizes the species involved and the -likely interconve.rsions
tfll?.‘b are océurri‘ng.

‘ : Two solvents were chosen for study, teri—butyl alcohol

o

and methanol. The cofresponding alkoxides were used as bases

~~

and in the case of tert-butyl alecohol, the Coumhterion was varied:
- . . : ] .

- lithium, potassium, cesium, potassium complexed with dicyclohexyl-

=3

™~ -18-crown-6 ether (crown etber) (90 - 96) and tetramethylammonium,

e . .
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Table 3 containg the calculated percentages of 1,

cis~5 and trans-; pregent in the reaction mixture, To facilitate

.

« comparison, the results for each run have been further organized
- %o

.

by 1isting also in Table 2 the relative rate of exchange and

elimination (Bx./Elim.) which is-defined as ¢

.. DN S
. [ * .

. .
Hxchange L fraction ether exchanged
Elimination fraction oleTin produced

.

- .
Vet v-"&.'

\ N
PN v

"«’;c:ls—j_ + %trans-ﬁ + 2fao(-2

,2(% totdl ethen)
% .olefin .

«
-

o pc::.s-§_ +.~%trans-§ + 2(,,,«(-2)

(% olefln) 2(% total ether)
4

-
T
. _‘-‘,5.~'

The relatlve rate of ¢is and trans exchange in the
e ¢ ~>¥

oy

™

. o seerta Al

%c:l.s-ﬁ + %o(-Z )
_ % totaI e'bher )

- log(

B (l :%trans-iﬁf %b(—2)
o8 (% total ethor )=

»
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as follows ;.
N

v

-

l.
tln

3 =»-]-‘- (
cis f‘l

N [

) LN S
h ln L *
(l»—frac{‘,:.on of trans protons)

9 o« .
.
< N .

.k is/ktrans = log (l-frac.t:.r.o\n. of cis protons) <
" log (1-fraction’ of irans protons)

o g

o ] e

v . o :
.‘5 Eﬁ‘eci} of 'Catlon onothe Reactlon Rate
~ ' ‘ BN
s As can be seen in 'Fa.ble 3, the cpange of catidn .

VTV
- \ -

for tert-gutoxldeg :m tert-—butvl alcohol frcun lithiam to

‘v.

tetramethylammonnm (runs 10 and 19) requa_red a. temperature

4o % -

< - ©

}l-fn_c_rease oi‘ 115° whg.ch( co;responds to an-increase’ in rate ~5

LIEPIN

A

of 'elnm;ma' Ry tidn ei‘.ébou’cl .104‘. Si"nce _den pan.rlng (97 - 99
1 .
s.. - 18 commion *n ~tert-butyl alcohol the var:.a'b:.on in el
[N - 3% ‘e s .‘é’ *

rate w::.th cat:n.on indlcates that l:.tlﬁum, potass:.um apd’ cesium

. »

tert—buto:p.de must exlst. prmar’lly as 1on pairs or agg::"‘gates "

in ter‘h-—butyl alcohol -
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Tor pairing also is suggested by conductance experiments -

(100, 101); sodium tert-butoxide changes the conductivity of tert-
= ==

—butyl alcohol only slightly whereas bengyltrimetnr;rlammonium salts
appear significantly dissociated., addition of crown ether to
potassiwm t;_egt_-i:utoxid.e in tert-butyl alcohol also’ increaseg the
conductivity considerably (102).

-Kinet:i'l;s of some hydroger;—;.'leuterim exchange reactions
are consistent® xdt;h aggregation (103); kinetic order in added
potassium tert-butoxide is found to be greater than ‘one (v1.5).
Kinetics of dehydrohalogenation of vit~dihaloalkanes and

i

vic-dihalocycloalkanes with potassium tert-butoxide in low . . T

-
-

polarity solvents also indicate aggregation of the base (104).

»

The effect of ion pairing on kinetic bagicity is also
illustrated by the effect of added crovm ether'on the reaction
catalyzed by potassiu:ﬁ pgr_g;bube:gi‘gg;in tert-butyl alcohol
{runs 5 and 8 of Table 3). The rate ;f:inmmqg _was‘increased
by a factor of about 300~ as was the rate of éxchange .'v;hen an
equivalent of crown ether was added.- The ca.talytftc effect of B ‘-_
crovn ethertecause of im pairing in tert-butyl alcohol has been

- rel;orted for other systems (26c, 105 ~ 108), Ig; contrast to resulisin
p_gz:_t;—bu:’c,x; alcohol, adcieci crovm e.ther had no‘signifi::ant effect \
. on the rates of the reactions run in methanol implying that ;i

y cv ‘
potaspiun methoxide is predomindntly dissociated in methanol (85).

The reaction in methanol and with lithiwm te:pt-ﬁutoﬁde_ in: ' :
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tert-butyl al orol uas complicated by side reactlows. At these

temperatures (}50 -160 ), - the acenaphthylene formed reacts

combetltlve‘" to form products-of yet unknown compositidon,
(see Ixperimental L.15).

The instability of the tetramethylammo ?um tert-

-

~-butoxide solutions in vert-b v1 alcokol, (see Experimental 4,1k)

-~

- . Py | S -...
made rate constant measurements impossible but comparison within

a'run should be valid {e.g. k exchange;. or Lxchange/

cis/gtrans
Zlimination), o

. A o L N -
2,6 Effect of Cation on the Excharige Stereochemistry

In order to determine the relative rates of exchange
and elimination and the relative rates of éii and gzégg exchange’
with greater precision, in several cases the individual values
in Table 3 were eytrapolaued to zero percentage reaction and _
extrapolated values are shown in Table 4. Of the two'ratioe,'

the kgig/k%rans exchange ratio did not change very significantly'

1\\

with percentage of reaction and thus extrapolated values aré not

*

very different from the observed values. HoﬁEvek,,it is expected -

that, as a result of the deflnitlon in which deuterium 1sotope

effects are neglected, the ratlo\&xchange/Ellminatlon would

- . -y

be sensmtlve to extent of reaction end thus extrapolated'values
are not highly 51gn1ficant - @hese are used merely as‘an 1ndication

of the competition between the exchange and el&nﬂnatlon processes.
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" e
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AS the resulis summarized in Table L indicate, the :

stereochemistry of the hydrogen-deuterium exchange reaction is

also markedly affected by the nature oi the cation. The 3& <
stereochemical selectivity changes from_exclugite ¢is exchange e
with lithium to preferential trans with either tetramethylammonium -
or potassiuﬁxcrpwn ether counterions. The rate of cis exchange

has changed ty a factor-of at least 90 relative:to t;ggg exchange.,

Since the large reactivity differences upon changing ¢
the cation necessitated a change Of temperature, the effect of
temperéture change on the exchange stereochemistry was also

investigated., With both potassium tert-butoxide at 850and 65©

and potassium tert-butoxide-crown ether at 600 and 459, no

discernable change in the relative rates of cis and trans o
exchanée was noted. Thus, the change in stereoselectivity of . .
oo : T

the exchange process seems primarily related to the cation

4
\ ~

present in solution.
Both potassium tert-butoxide and cesium tert-butoxide

*

show stereoselectivity 1ntermediate between lithium and tetramethyl-

}
~ammonium tert-butoxides, The p0551bility that this intermediate

stereoselectivity represented a competition betwaen two or more .

s L
active base species (109, 110) one reacting with highly selective
ciS'Exchange (e&g. associated base) -and one with preferential trans

exchange (e. g. dissociated base), wasg’ investigated in two ways

r




using potassium teft-butoxide in tert~butyl alcohel. In ony

experiment the base concentration was changed by & factor of 20
(run 1-3 and 5 in Table 3) and in the other (run 4 in Table 3)
-~ potassium acetate (0.06M) was added resulting in no observable
change in the kEiE/kEEQBE exchange rate ratio, 3ince either
dilution or added common.ion would be expected to alter the
proportions of two species having different extents of
"association, it would appear that the intermediate stereo-
selectivities are characteristic of one reactive base species

in solution.

Potassium methoxide in methanol showed no. preference for
cis exchange:over trans exchange and added® crown ether produced
A .
no change in the exchange rates (85)., Thus, it would appear that

dissociated methoxide ion is the active base in methanol and shows

" little selectivity between the diastereotopic deuterons at the

ﬁ-position of 1.

-
0

2 7 Model “for the Exchangg Reactlon 4 ' .

: The sensmt1v1ty of the rates of the exchange and ellmlnatlon '

¥
.

reactlons to the cation in solution requlres that the tert-butoxide

" salts of lithimm, potassiumm and cesium exist 14;5;;EEi?n as ion .

s palrs or aggregates. The, sensitivity of thekeis/Ktrans. ratio to
cation requires that these cations also begbresenx in the termediates
responsible for hydroge%—deuterlum exchange. ‘Thus, the salts of

’ '

+
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. lithium, potassium and cesium would appear to exist and also react

as lon pairs or aggregates,

It is tempting to postulate a specific rolé_for the
cations since the changes in preference "for cis excharige parallels the
expected solvation energies (111, 112) of these cations in ’
tert-butyl alcohol, In the postulated intermediate for
cis exchange (Figure 4O) the cation is bonded to the ether

‘

oxygen of 1, while in the intermediate for trans exchange, this

: bondir;& interaction is absent. Bonding between substrate and

the cation present in the base ion pair would serve to lower

ey

the activation energy for cis deuteron removal and for reprotonation

s

N on the cis side. As this bonding interaction becomes strohger -

+ LT X . .
(Li > K>Cs ) the preference for cis reaction:increases,

- <
. <

The observation-of preferential trans exchange with

crown et‘her-potassiwn tert-butoxide seems consistent with this

»

type of‘”interpretéﬁion as does the result using tepramethylammonium - \ :

. . — 1

. : . 3
~% cation, For both these cations bonding to substrate should be i

greatly reduced although the_aci;ive base may-still be ion pairs.

Ton pairing is suggested since potassium-crown ether and tetramethyl- - -3

»” .

. . . . M .
-ammonium ions do show somewhat different exchange preferences. . g

-

. The stereochemistry of the exclusive cis isotopic exchange

reaction with lithium tert~butoxide can be deduced from the relative

3
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rates at which ¢is-5 and X-2 are produced {Figure 39). Ixchange
L4

.

- "of the cis deuteron with retention would yield cis-5 as the only
product; o-2 would arise only through removal of trans deuterons
or by involvement of an invcrsion component. Ixchange of the cis

. deuteron with inversion would reguire selective removal from the

»

backside of 1 and selective protonation of the front side to form

L]
O

cis-5. However, this would lead tc further exchange of cis- and
the rapid production of £-2. as can be seen in runs 10 - 12 in )
. . = - s

Table 3, ®-2 is beings produced at a rate much slower  than cis-S. ®

. PR

This is consistent only writh & retérntion mechanism. The resilts :

with the other cations are not as readily interpretable in terms !
-

. of retention and inversion components. .

The stereoselectivity of these exchange reactions has .
-

’

. been interpreted as primarily due tc asymmetry induced-oy the
- « k-4

substrate on its environment rather than reflectiny the preferential
stability of the ion pairs themselves. Lven wit® potassiuwa methoxide

in methanol, where it seems methoxide itself is.the active base, it
~ - ) )
is not clear that the relative rates of exchange (kcis/ktréns=l)'

reflect "pure" carbanion stabilities., Ixchange of diastereotopic .

3

rrotons « té a sulphoxide grouping provides other example§:of this n

*  phenomenon. - While it is possible to interpret relative rates of

,

exchange in terms of preferred carbanion stability (80), again there ,
are now several examples of marked changes in the relative.reactivity

of diastereotopic protons (113, 114). Thus, it would appear that

assigmment of carbanion stabilities should be made with caution.

. . ’ ' - /
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.ELDMINATION STUDY PR

3.1. Elimination Results S . .

Compound 1 was not an appropriate substrate for the -

»

elimination study since usually four differently labelled ethers

were present in varying amounts during the reaction course.

This made interpretation of the deuterium composition of the

N e
P P

recovered acenaphthylene nearly impossible, Thus cis-2 and O

trans-2 were chosen as substrates {see Figure 35). - )

s -

. Since exchange accompanies elimination, the isotopic,
. 4 ' ! .

-
+ ’ P .

cqmpositioﬁ of ether substrate can change significantly dux:in_g‘ tl:ie
course of the elimimation reaction. The changg in i_so’cépic
labelling can be minimized by appropriate choice of either 9_]___5___ .

P
or trans-2 as substrate., Thus, for a medium where cis exchan

- - . E I
. ¢ .
dominates, trans-deuterated material, trans-2, .was used (and k&ce’- -

.

Yersa for trans). ’ CoL

In an attempt to assess the stereochemistry of-the

elimination processes,’the appropriate ether, cis-2 or trans-a,-.

was treated in alcohol-—alkbxide media chosen to complement the
excha;"ge study of 1. As ilillustrat.e‘d in. Figure 41, if pri'or exchange

of Ig_i_g_-g_ orf trans-2 is not lextensive , the stereochemistry of the .

elimination process can be determined from the isozcopic compésition»

LA
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the elimination reaction was run to varying extents 1gipc-ana1ys§§).

The ether and olefin were separated by ciution chrematography, and

- " . : s e .
both recovered ether and olefir were analyzed [for exchangce oy nmr

~

3
ard mass speetrometry. \\\\\"

Table 5 contains the calcwlated percentages of olefin,

L, d-2, cis-2 and trans-2 present. in the reaction mixture after

trans-2 was treated with base. Table & contains the calculated

.

. J - LN 3
ercentagzes of olefin cis-2 and trans-2 present in the
[ 2 R == —_——

reactior mixture after cis-2 was treated-with tase.

*

N

. ; o .
t was demonstirated that acenaphthylgne does not -

exchange significdntly under the elimination reaction conditions

witk™otassium tert-butoxide in tert-butyl alcohol. ZIxchange at

the 1~ and 2-positions occurred with a rate constant per ceuteregn
-l !

-3
sec ~ at 150.5°, This roughly corresponds to a

\‘rate difference of lO3 between acenaphthylene exchange and

elitination of l-methoxyacenaphthene,

.

-

.

~ In the runs at higher temperature,’lithium tert-butoxide

- ‘ (¢]
and potassium methoxide at 152.4 , recoveries of olefin were low.
* t
© Using dibenzyl as an internal standard for glpc analysis, it

appeared acenaphthylene rather than substrate was being lost as

described in the exchange study.‘ A sample of partially deuterated

N

acenaphthylene also was subjected to the same reaction conditions

-

S ~
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reswlting in a significant loss of olefin., However, analysis

of recovered ‘ace hylene snowed that its isotopic composition
< ‘ .

was unchanzed ard thus the side’ reaction(s) will not affect ihe

Y

validity of the eliminetion experiments,

Tc make comprrisons easier, the elimination recults

for each run of trans-2 have been "urirer organized vy also

listing in Tatle 5 the ratios of % olefin-d  to © olefin-d,.

'

Similarly, for cis-2, the ratios of - olefir-d_ to 5 olefin-d,
are included in Table 4.

The ratios of ¥ olefin-d, to 7 olefin-d, were

e

extrapolated to zero time and the intercert used to calculate

<

the ratio kcis/kipaps for elimination. Fizure L2 shows a

typical extrapolation for trans-2 with potassium teri-buloxide
in tert-butyl alcohol. The Kojo/Kipans etimination ratios
are listed in Tgble 7. The exchange resylts for 1 are included

for comparison.
t

’

3.2 Simulakion of Results

NI

In order to verify the validity of the extrapolation

to obtain ke g/ktpans for elimination, both the exchange and

g

elimination results for ¢is-2 and for irans-2 were simulated
.using ‘the scheme in Figure 43. The mathematical expressions

) LR
for this kinetic scheme are a simpﬁiﬂxﬁionwg§ a more complicated
v . P
scheme described by Hunter and Mair (115). Separately for cis~2

and trans-2 usiné reasonable relative values for each rate c02ftant

. -
-

s N
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as shown iﬁ TableKS, and varving each by a'factor of four, it
was apparent ;hé; Ior the percentages of reaction observed
experimentally, the extrapolation should{be valid. ¢ In all

*
cang the observeé olefin anc¢ ether compositlions fit the

experimental results. d

The possivcility of acenaphthylene arising by an
¥

A~ elimination mechanism was tested using o{~2 with potassium
£ p A

tert-butoxide in tert-butyl alcohol at 85,69 for 90 hours.
Peccvered acenaphthylene was isolated and analyzed for deuterium

showing 977 dj, ruling out sigrificant contribution by -

. 3
oA~ elimination.

&

T .. A S . ( 5.
3.3 Jffect of Cation on the “limination utereqcﬁemlstry

s

As is clear from the results summarized in Table 7,
. the relative rates of cis and trans elimination varied by about

a factor of 75 when the base was changed from lithium to-

tetramethylagmonium tert-butoxide ‘in tert-butyl alcohol. The
- _ .
elimination results using ¢is-2 and trans-2 roughly parallel

the exchange results obtained using 1, with lithium tert-butoxide

-

showing hiéh cis selectivity and both tetramethylammonium and
potassium tert-butoxide-crown ether showing preferential trans

reaction. Potassium and cesium tert-butoxide show intermediate
béhavior but with a higher selectivity for cis elimination than

for gig exchange. A most dramatic change occurs upon the addition

of crown ether to potassium tert-butoxide where kcis/ktrans

Yhchar;‘ges by a factor of about 3Q from mostly cis elimination to

°
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to_mostly trans climination (1C2).
TN
)

Any direct comparison of exchange ant¢ elimination rate
ratios 5equifes consideration o{ kinetic deuteriur isctope effects
cn the elimination processes. 8 will be discussed in more
de%ail later, kinretic isotope effecté were measured for the
reaction in tert~butyl alcohél with rotassium tert-tutoxide
(Figuqe 46 and Table @), The .feature of importance here is
the small magritude of both the primary and secondar; isotope

~

elfects, Thus, the corrections to the elimination ratios

will only be of the order of 20k,

(kg;é/kigan;?

4s was detailed earlier, the effect of cation on the

»

exchange rates shows that ‘litkium, potassium ard cesium

tert-butoxide exist primarily as ion pairs or aggregates in
tert-butyl alcohel. Since these cations also affect the

relative rates of cis-and trans eliminatiom, the, cations must

also be present in the intermediates or transition states

responsible for elimination (41b, 66, 116~119).

3.4 Model for the Elimination Reaction

~

Sigce ol-elimination has been shown to be unimportant

in this system, two types of 8— elimination mechanisms seem most
. . + . .

likely; ElcP or paenecarbanion E2. The observation of conanreni

4

and parallel carbanion formation strongly suggests an (Ech)R

mechanisn in which the carbanion partitions itself between exchange

? N

""J’V};‘%; X
K N g
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Fositive activation velymes for l-methoxyacenaphthene
/P - '
eriebutorxide and pot uﬁ tert-buboxide=crown
4
. e “ : -
utrl alcohol indicate the presence of an <icB
o

the excranre
] . b} 3 . >
~rocess is readily adaptahle to the gl rrocess as vell

("ipure LL),

Rending of +re cation in the base ion pair to subsirate
E . “ ‘
Ewo purroses in thevcis inwermediate. The barrier to

then serves

- °

cis rroton removal and exchanse is reduced and bording to ‘he

— B
o

methov-1 ox-gzen should produce a better leaving group. Tris could
v v & & o R (] ey

aeccurs for the higher cis selectivity in eliminatior iran in .,
- *

' &
exchanse when potassium and cesium cations are present,

’

. o |
Another way of looking at itgls possible when dealing

-

with solvents of. low dielectric constant ‘e jon pairing is.
. J -

bighly favoured. The cis ellm1natlon nrocess results in botk

tre negatively gbzrged leaving sroup and_ihé catighic center'being
. 7

generated in close proximitys In trahs elimination, they are
. . ‘. ¢ \“
separated by the olefin being’produced (;.e. product separated

ion pairs), (121). The difference in electrostatic energy beiween
the two processes is then the determining factor.
. Q

\

Although the rationélg has beeh developed around an -

Ech,model,_sucﬁ charge—dipole°intefaction§ could apply equally
hY ‘, . &
well to a paenecarbanion E2 or to elimination reactions in general,

e
'
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s N . K3 ‘ 3 . . » .
Thus ion pairing may be of general importance in eliminatior

reactions.

Thé results with l-methoxyacenaphthene seem tp

corroborate a recent explanation for the szgrantl elimination

dichotomy based upon ionic association (124-12A). The svn-

elimination pathway to trans olefin is preferred Tor acyclic

substrates because of simultaneous ccordination in the transition
‘state of the metal countenie%“ﬁgzi'the base and leaving group in

ion-pairing solvents such as gzgg-butyl alcchol. The anti pathway
to‘ggggg olefin has a transition state which is sterically
destabilized by‘the‘large alkali me%él—alkoxide ion pair aggregates
present, However, gﬁe anti pathway to cis olefin has a transition
state.which'is less affected because the lafge base can be tilted

to that side of the developing double bond where only base—“"drOPen

interactions occur (125-127), (see Figure 45).

The syn-anti dichotomy for medium-ring compounds has
been shown to be caused by ionic association as well as steric

Positional and geometrical

.

accessibility (124, 128, 129).
orientation in elimination from acyclic substrates also has been
shown to be affected by ionic association (124, 13- 137).

Recent studies of ﬂ-elimir{nation in the gas phase indicate that

jonic association is observed under these conditions as well (138).
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3.5 Isotope Effects for cis slimination

7

" To be able to relate the deuterium content of olefin

produced from either cis-2 or trans-2 to the \s‘tereochemistry of
elimination, i;b is necessary to know the magnitude of the

primery and secondar;,.r kinetic deuterium isotope effects on the
elimination processes (139 - 1.1). These were evaluated by
comparing the rates of elimination of L, cis-2, trans-2, k-2, .and
1 to 3 with O.37H potassium tert-butoxide in tert-tutyl alcohol
at 64.3°.. In this medium cis eTiminat'ion is' the major reaction
pathway and thus cis-2 should yield ‘the primary isotope effect
and the othc;r deuterium labeled coxrfpounds' will give various

secondary isotope effects. ¢

~

Since exchange at the Pz position occurred competitively

[4

with elimination, the rate constants were measured at small

- ¢
percentages of reaction (<3%) by following the rate of appearance‘

oi: acenaphthylene” spectrophotometrically., Under these conditions
exchange should be minimized. . The initial rate constants were
converted f,o kinetic isotope effects by making the individual rates
relative to 4. The relative rates are sklown in Table 9 and illustrated

in Figure L46.

<

* The most striking feature of the kinetic isotope effects
on this cis elimination is their low magnitude (142), even the
&

primary isotope effect is only LO%. The observed kujg/ktrans ratio

"
. ’ -

.

<




00" T %8'€ F %S9 99 ~ %9
39°C %6°€ T 68°€ - € - 19

3

S

G

4

. § —_—
LT T AR A 09 - 8§
00°T . 02 T um.m e s ‘ L8 = 6§

£,

A . . o
T Ty €L°T 7€°S T 927§ : g = 2§

v,

—
i

92N F 6L'T STz 00" T %€°T F WO°€ TS - 61

pa—

¥

—
wx

Tx/(Ep)Hn T/(Op)iy . (T3 (w)ouoy . 93BA3SqNG suny
¢OT X adoTs -

"

[

N0 -Nd=-90Y  ALE°0 UT €779 2® 2usyjydeusqaeAxoylan~T J0J 54997y Sd0308T OTIAUTY

6 {18Vl




103

‘ A S
- . ”~ il
-

| o
|
|
p

D -30H~~303 1iLE ut .om.dfw e

Y]

FO UOTQBRUTUTTY

- -

~ &

J0J 83091J, adojosT drqsury - 9% aandty p

RN

>

B

A

ARy

B




for elimination using ciseZ snould then be reduced by a factor of

1.2=41.40) if the trans eliminaticn has a similar pattern of kinetic
1.17 i
isotope effercte. 4 primdgry Xinetic deuterium isotope effect
P v P
for traps climinaticn in povassiurm iert-butoxide on eis-Z in

I3

med’un could be obtained incdifectiy by simulstion similar to

.
P

fi1lustrated n Takle 8.

{ A setopd. feature ol interest is the unique leaving croup

v

isntope «ffect of 205 whigh can be correlated with an inductive

effect, Aﬁﬁlogouslv trideuterioacetic acid is about 18, less
M o v 2

cidic thar acctic acid (143). .

3

The obse{zgd’pattcrn of isotope effects .is certainly
-
consisten with an (ElcB)p mechanism but a peerecarbanion Z2
e
process cannot be ruled out although such a small primary isotope

effect ‘orr an-1?2 reaction is not normally observed (139, 14k, 145).

e

3.6 Relative Rate Constants for the Ixchange and Elimination Processes.
T .
The éﬁchange and elimination results for cis-2 and trans-2
)
in tert-butyl élcohol-potassium tert-butoxide at 65° were analyzed
P — -

according to the kinetic scheme in Figure 43 assuming each step is of

the same order in base. The data obtained for trans-2 allowed a

straightforward determination.of the rate constants. An approximate

value for kl/k2=6.2 was given by the short elimination time v&lue
for olefin—diyolefin—do (run 27, Table 5). The ratio, kl/(k2+k3)=1.25,
was given Ey the infirfite time value (runs 25 and 26) for

olefin-d; /olefin-d .- -

Sy
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The ratio, kh/(‘xl-*-kz) = 1.17, is the observed initial elimination ’iv '
rate constant ratio .i‘or' trans-2 and 4 (see Table 9). Relative
rate c‘onstants’ were détgrmihed by setting: k;=1.0 and yielded

ky = C.7h, kp = 0.12, k3 = 0.47. The results for cis-2 were
similarly analyzed using an ‘approxiniate value f_orkl,/k2 = 0,24
(run 36, Table 6), w:':th kl/(k2+k3) = 0.14 and k;, /(ky+ky) = 1.40.

Setting k;, = 1.0, yields k; = 0.1k, k, = 0.58 and 'k3 = 0,41,

This analysis haé two main uses., 'I“nese. rate constants
were used as parameters to simulate the reaction profile and to
show fbhgt the ex.trapolations are justifieg. The simulation
involved computing expected ether'and' olefin compo'sitions‘ at
various ‘times using a simplified version of a more complex o .

kinetic scheme cescribed by Hunter and lMair (115).

These parameters also provided an estimate of the
kinetic deuterium isotope effect for trans elimination. A compari-
son of ky for cis-2 (0.14) and kp for trans-2 (0.12) yields a*
composite of the primary and secc;ndary isotope effect for the .
p-position of 1.2 for trans eliminatijon. A similar composite
isotope effect of 1.3 (0.74/0.58) is obtained for cis elimination .
and verifiés that neither isotope effect is‘large and that both

are of the same mggnitude'.
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3,7 bbeteochemistr of the Exchanre Process

‘o ) '
Two different carbanionic intermediites (cis and trans)
. » R . . N . o .
have beer} proposed (Figure L4) to dccount for'the exchange and
~ . . ES

. \ . . .
« R .

-

elimination results for cis-2 and trans-2.-
Ly & . ) < '\' N

D . L v
N

is was discussed earlier, if. these twd intermediates

o

- .

do not interconvert these exchanges will occur with retention, as

R .

interconversion would provide & pathway for inversion. as for 1,

<.

such an inversion component could be detected if cis-2 were converted ;
to trans-2 or vice-versa by proton removal and re’protonaét'ion on the

o

opposite face, -

' ~

. .

. - ~ . - -,
vihile conclusions are only qualitative it 1:.? interesting .a.
to note that when trans-2 was used ‘as substrate, the relative

percentage of cis-2 isolated wa's alv:éys lower than in starting

material, Similar results were observed writ) cis-2 as substrate

conversion seem to be occurring. It would seem that inversion does

»

made to make a qugntitat,ixfe"‘-"a;nalysis of the exchange results but

consistent qualitative picture is apparent.
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EXPIRIMENTAL

L.l Reagents and Chemicals N\
The rearents and chemicals used in the present study were

obtained from various commercial iggrces as indicated below :

~.

™~
~——

Aldrich Chemical Co., Inc., lMilwaukee, Wisconsin : acenaphthenequinone,

acenaphthylene; m~chloroperberzoic acid. R -

K1fa Inorganics, Inc,, Beverly, Mass, : 1¥ borane=tetranydrofuran

solution, calcium hydride, cesiwn metal, lithium aluminum hydride,

phenyllithium solution, sodium hydride oil dispersion.

anachemia Chemicals Ltd., Montreal, -uebec : anhydrous potassium

L4

.carbonate, anhydrous sodium bicarbonate, anyhdrous sodium.sulthste,

anhydrous sodium sulphite, calciwum oxide.

Canadian Laboratory Supplies Limited (J. T. Baker) : acenaphthylene,‘

anhydrous potassium acetate, methyl iodide, naphthalic anhydride,

potassium dihydrogen phosphate, tetrapropylammonium bromide.

The British Drug Houses (Canada) Ltd., Toronto, Ont. : acetic anhydride,

anhydrous sodium carbonate, -benzene, N—bromosuccinimidé, tert-butyl °

alecohol, dimethyiformamide, magnesium Lurmings, mercuric chloride,
e . .

molecular sieves fype 44, petroleum ether 300- 600, petroleum ether 6Q°— 809,

-

petroleum ether 80c- 1009°, phosphorus pentoxide, phosphorus tribromide,

-

A )
]
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-
phosphoryl chloride, potassium bicarborate, potassium hydroxide,
A}

potassiwn metal, silica rel 60 - 120 mesh, sodium chloride, sodium

hrdroxide, sulphryl chloride,

Chromatographic dpecialties Ltd., brockville, Ont, : Chromsorb &

L0 - 60 mesh, silicone gum rubber JSE30..

Commercial Alcohols Limited, 3carborough, Ont. : 95, ethanol

~ .

-

. .1, du Pont de lemours and Co., -ilmington, iel, : dicyclohex;l-

-18-crown-6 ether,

Kastran Organic Chemicals, Rochester, I.Y. : acenaphthene, acetonitrile,

benzonitrile, boron trifluoride etherate, dibenzyl, tetramethylammonium

hydroxide solution, Q—toernesuhiDnic‘acig? )

Fisher Scientific Co. Ltd. : aluminum chloride, barium oxide, carbon
disulgride, carbon tetrachloride, cellylose powdér, hydrogén peroxide 303,

hydrogen peroxide 50%, methanol, metXylene chloride, mossy zinc, oxalic”
acid, pyridine, tetrdbytylammonium bromide, tetrahydrofuran, thionyl

A ]

chloride, trimethylamine.

A

-~

~ Foote Mineral Company, Exton, Pa. : lithium ribbon

Liquid Carbonic Canadian Corp. Ltd., Toronto, Ont. : argon, nitrogen.

Mallinckrodt Chemical Works Ltd., Pointe Claire, wue., : anhydrous dféthyl

ether, carbon tetrachloride tech.

’
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L Ty

Canadian laboratory Cupplies Itd. (Matheson Coleman anc nell) :

.

l-naphthaleneacetic acid.

»~

MeArthur Chemical vompany Lid., lMontreal, ~ue. : toluene,

Z. lierck AG, Darmstadt (Germany) : silica ~el 30 - 7C mesh.

Fuclear Magnetic Resonance ipecialties, Inc., liew Kensington,

Pa, : deuteriochkloroform, deuterium oxide, tetramethylsilane,

.

Phillips Petroleum Co., Bartlesville, Ukla. : normal pentane tech.
Stohler Isotope Chemicals, rutherford, i..J. : lithium alwrinum

deuteride, mqthanol—d;, methyl iodide-d3.

~ - . . 0 T
Union Carbide Canada Ltd., ‘carborough; Unt. : Udor lubricant

«

50-HB-260,

‘M, Joelm, schwege, Cermany : acidic alumina, basic alumira,
»

neutral alumina.

lost reagents were freshly distilled or recrystallized

peféfe use.
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L.2 Yelting Points and Boiling Points.

All melting and boiling points are uncorrected., ieliing

points were taken on a Callerkamp FF-270 instrument. -

-

4.3 Infrared Spectra {(ir). -

AY

‘A1l ir spectra were obtained using an IR 10 doucle-beam

recording spectrometer, . .

L.l Vass Spectra (ms).

..
Mass spectra reported herein were taken on a Varian li-66,

0y

double focussing mass spectrometer,

)

4.5 iuclear lMagnetic Resonance Spectra (nmr).

Nmr spectra were recorded-using a Varian Hi-100 spectirometer

. hd ’

on undegassed samples using field sweep mode, 4ll chemical shifts
are expressed in pom ‘relative to tetramethylsilane (Ti3) used as an

internal standard, HMeasuremént of the gig_ﬂ—hydrogen to trans

ﬁ-hydrogen ratio of the deuterated ethers was made by plan@meter

integration of the peaks recorded on slow sweep of the & 3.2 - 3.4 ppn

region at a sweep widih of 100 Hz.

t N .

L.,6 GCas Liguid Phase Chromatographic Analyses (glpc).

-

All glpc analyses were performed on a Varian Aerograph
A90 - P3 gas chromatographic instrume?t with thermal conﬁuctivity
;detector and helium as c;rrier gas.

A Leeds, and Nozﬁyiup Speedomax W recorder with dish

fﬁzggrator was used Yo measure the area percent of the ether and

L)
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.

v

4 ‘

and olefin, The area percentare measurements were convertéd to

mole percentege by calibration using known mixtures of ether and

N ~

.
A

olefin., a silicone ;\um rubber 5% 30 on Chromsord .+ (45 - 60 mesh)

column was used with injector temperature 192°, column temperature

155°, detector tempsrature 240° and colle,ct‘:og' temperature 2100,

The helium flow rate was 100 ml/min.

a

L.7 #£onstant Témperaqoure 0il Bath.

CON lubricant 50-HB-260 was used with a -kisher .odel 77
»

Proportional Temperature Controller and ‘probe, Temperatures were

-

. . . o] N
measured with a calibrated thermometer to ¥ 0,17, x11 reaction

times were measured with a Precision Jciertific "time it" timer,

[~ . s S . . ) . . .
A "Lighfnin" Model tigh speed stirrer was used to maintain uniform

temperatures.
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1.8 Y-Methoxyacenaphthere (3)..

(a) 4 mixture of acenapﬁéhene (7.7g; 50 mmol)} and
_F-bromosuccirimice (9.8g; 55 mmol) was refluxed for 15 minutes
-~ e o el .
in' 100yl of cafbon te%rééhioride. after cooling and filtration,

- .
> s

the solvenu was evarorated leav1ng crude l—oromoacenapnthene,

1h15 01lv materlal vihich sbowea ma1n15 one component by tblr

- Kl

rJ?Lawer chromatographv (tlc), a8 used J.nmled:e.aﬁce'fv wlthout iLrtrer

‘. . !
- *

purification. - .

N t
1

To thé cruééil-ﬁfomoacénaphthene and 6.0g (60 mmol} sodium

<

bmcarbonate wa.s’ adaed 5 ml of acetonltr;le. THlS nlxture was.”

i

rapldly stlrred and 1 7g (55 mmol)ﬂof méthanol vere adaed \fter

stlrrlng for 30 nours, the reactlon mlxture was treated with' penuane

...

~_ and washea four tlmes w1th water. After drylng and remov1nr the

solvent the re31cual 011 was. chromatographed on 500g of 5111ca

Y

gel using 10% ether 1n pentane. Tbe 1ater fractlons conbalnlng

LI
.

2 {1&6) were comblnec and vacuum dlstllled The fracyion b0111ng AT

at 72 at O OL mp g was’ collected (7. 7g, 8&%) and_ analyzed by

-

W'$.8lpc to contain less than 0. 1% acenaphthylene (11terature{1h6)bp 160'10

. ‘_ B

L at 16 1 Hg). . : sew :
(b) A mlxbure of 1-acenaphthenol (1L7> fﬁ Og 29 mmol) ‘

barlum oxmae (17 6g, 115 nmol) methyl 1ad1de (a 9g, 3L, mmol) }

water fo 4 ml) and 30 ml of N N—dlmethylformamldé (freshly dlstllled
'./ N .
from CaO) were-shaken for 18 hours inAa degassed,.argonwfllled

»\.— "s . W4

llght-shlelged flask (148) The reactlon mlxture was dlssolved 1n




A

300 ml of methylene chlo;'ide eng 300 ml of water., The water
‘layer was extracted with methylene chloride and the organic
layers combined. These were washed with water until neutral to
litmus paper,indicating removal of ail dimethylformamide. :sftér

v

drying over anhydrous sodium sulptte, the solvent was removed

’ M .

n a steam bath. The resulting oil was trjitureted_with pentarie

»
» . 1

to rerove the unreacted alcohol. .fter filt ratlon. Tre fﬂl rJt,e

. e . - z

was conce?itra’ced. on a steam bath "and cb'ndmatog'r:?.phed on silica-

-au . )
. K .

cel us:mg lO,a etner in *\entane.-. u*e approm‘z,a*e fractlons werev

- “ra "

v vl .

comblried and aa.vtllled colléctlrwg.:&be natarlal of boil

.‘ St

720 at_oipl m Hé”(3.3g;f 2%)5®(1A6)., ‘

‘- W i % "t
R Iy -, d R ./’
Pl ’ _"

A,’9' 1—I1ethoxy~d3-acenap}"e’qene (Q). "

4.. v,

Foilomng procedure (a) for '3_ &escrwbed above,,_lb [L"g"',( 00 nm’aql)

2
is T
A -,‘ »‘-‘

; .of aCenaph*bhene were reacted e.nd..ihe crude l-bromeacena,pntbepe,..was

sy

s ss u,,

ur -

treated w1th 12 Og (120 mmol) sodlum b"carbonate and 3. sg (110\mm01

e .,‘

.o ~’....

methanol dh in 10 ml oi‘ acetonl,trlie"\*A ya.eld oi‘ 6 g

Q)

materlal corvtalnlng less tban O 5/o acenaphi:hylene was obta ne ‘

(6 protons- at S ,.;"7 3 ppm) and t.he -rema:.m.ng three protons Were &

.._analy'zeu a§ an ABX (Sca.s 3 lh ppm, Str‘ans 3 36 ppm, 6 = 5 ll ppm,

v A o G ,
- Jeis, _______i;z-‘ans = —17"_7 !.{Zf:':*_.i__s.;'ié( = 2 6 Hz’ Jtrans,oc 7'1 HZ) (39-)"

.t . [

. - RPN -7 ' } .

Lo (I . A e A - NS
.

- .

Mass spectrometry usmg 1ow electron energy :md:.cated <2;g oi‘

I

d2 materlal and >98% of d3 ma‘t.erlal.
.M,

s
;

iR
y

..qﬂ’ L "'ﬁ
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Pppcédure;{a)

’

Acemphthene—l—one. A san’.‘le oi‘ —nan’hti*{;lacety"’

~

c";l,orlde preparea from 50;; (O 3 mol} of 3- na'*htbaleneace'clc

o acm and 60g (0/5 mol) of tmonv- chlorlde was reacted at .

.oam temperature for 3 Inours with 665; (0.5 mol) of:‘aluminun-:

:
pite o

c‘*lorlde Jn 500 ml of methvlene c‘*lorvae. ‘{ork up len{; 11 of -

« ,‘ -

d lute hydrochlor‘lc a.cm, and wasbes of waber, _soo:Lum by carronat

bt e,

shater t,w:.c:e ‘more, erlng anu solvent evaoora»: on }1e7dea a crade

- ,...- é

dark prodtjct Vacuum subl:.matlop 'rleld‘vé 29 8{' (59 ) of llghu

-

yellow product of neltwng no:mt (mp) :119 5 120, 5°
s

.

e ,'v K] .,

cherraphﬁhene-ZL-one-Z 2-d?~

—

& mlxture of 1’7 Og ((} 10 mol) oi‘ acenapl“thene—l one,

5 .

50 O ml (2‘ ? mol) o:f‘ deu‘cerlum bxz.de anp 5 Og of pota,ss:.um

oarbana;be was degassed and i‘luShed ’oh nlt-rogen m a 250 ml

n~fter"/«h
refluxlng and stlx-rlng for two hours, the mlxture wa § cooled

filtered and thé ke‘tone alr ered‘ and vacuum sublimed lhe
"."-‘ ',’ ¢:. . d ~ .F\ "

su’blimed .ketone (15 sg, mp 117 - 118°> was

v

5 Og of potasslwn‘carbona,ﬁe. nf‘cer work up and subhmatlon
there resulted 14.5¢ (85? y:.eld) mp 119 - 120° of acenaphthene-— -

e +1—one—2 2~d2. Nmr ana1y51s in chloroform—d indicated only a

4 ,;!. ¢

small peak at‘ S 3\.20 ppm whlch ¢orresponds to 955 dp material




g

1-icenaphthenol-1,2,2-ds. In a 500 ml 3-necked round-bottomed

flask was placed 14.5¢-(85 mmol) of acenaﬁhthene—l—one—Z,2—d2 with

-
A

1.2¢ (29 mmol) of Jithium aluminun deuteride in a side arm. The

3

system was éeg%ssed and flushed with argen and then 250 ml of
betrahydrofuraﬁ, which had been ireshly distilled from lithium
aluminum hydride, was adced. The srstem was cegassed'a{ain
flushed with argon. The soli¢ lithium aluminué geuterice was
added partionwise while coolins’ the mixture with an ice vath,
An orange colér formed and after stirring overnight at room
temperature, the mixture was refluxed for three hdurs prior to
o

work up. To the cold mixture was added slowly 125 ml of 1ii
hydrochldrie acid and the tetrahydrofuran was removed by film
;vaporation. The residue was dissolved in 500 ml of methyléne

chloride and then washed with saturated sodium bicarbonate .solution,
dried and solvent removed. 4 crude yellow solid weighing 14.0g
cr&stallized out during the evaporation. This solid was recrystallized
from benzene. The filtrate wasophr6matographed on 300g of alumina

using methylene chloride. The total yield of alcohol was 10.lg

(687%) mp 1,6-147°, Nmr analysis in pyridine Solvent showed no

absorption for the ﬁ-ﬁydrogens at 9= 3.4 and 3.7 ppm and no

absorption for the o-hydrogen at 9= 5.9 ppm (89).

~

l—Methoxy-d3;aceﬁaphthene—1;2,2—d37(l). Following procedure

¥ for 3, 5.9z (34 mmol) of the l-acenaphthenol-1,2,2-d3 and 5.0g

(34.5 mmol) of methyl i§§idewd3 yielded 8.8g (82%) of product

-




& P

contairins less than 0,17 of acenaphtb;lene, hmr analysis.in

carbor tetrachloride indicated the atsence of «~rvdrogers at
S==z.1 rpm and less than 1° f-hydrogens and methok;l hydrogens
- : .
§=12.2 e (la, £¢). 1lsotepic analisis by ms b low

erergy indicated 1.° d; » A% dp ard 9lvd, m

-

ether was ar isotepic mixture of 1 (=2,

~f

and trans-5 and 91% 1,

Procedure {(b)

;
ocagogyur—d.—l,S—di(hydrcxymethyl)naphthalene (84).

L

. .

A 11 3-necked rouvnd-bottomed flask fitted with
reflw condensér and side arm was evacuated, flamed out and flushecd

with argon, WMaphthalic anhydride (43.5g; 0.22,m0l) was added

. i .
and 10.0g (0.239 mol) of lithium aluminum devteride added to the

side arm. The svstem was evacuated and flushed with argon arain,

qurahydrofuran (500 ml), which had been freshl; c¢istilled from

1ithipm alyminum hydride, was added followed by degassiﬂg'énd“
flusking with argon. The %ithium aluminuﬁ de;te;ide‘was added
portionwise to the“suspension ovg; a 30 minute period vhile
cooling with ar ice bath, aAfter reflwxing 16h, to the cold
mixutre was added 250 ml of 2 hydrochloiic acid with stirring.
After re;rloving the"‘solvent , and filtration, the resulting solid

was washed four times with 150 ml of water and dried under vacuum

overnight . Recrystallizatien from 21 of benzene vielded a first

3. 33"%-;"?%"3 o VR A 5 a0

.0
crop of diol mp 152 ~ 157 (84). The filtrate was chromatographed
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on 1 kg of silica gel with 27 metbanol in meth-lene crloride.

/ . . e .
The earlvafraciiors cortained a loctore, d;s-d?-l,8~napnrra11de
’
L), mr 152 - 1537, The later fractions contained furi*er

diol., The lactore counld te redvecd firther witt litrium aluminum

deuteride by the same pFocedure to ~ive dicl, The cverall ;rield

s

of dicl was o+ o (65.0), .

s ~

3 a
olyotyol sk =, -1 ,B-dZ (oromometiyl) naphtidlene (AL),

. . . i1 .
T¢ a cold, stirred srlutior of 20,16(0,1 mol) of ogogﬁg,« ~ d,-

-1,A-di(hrdroxyme thrl)-narkthalene ard &2 - 11,4 mel) of

~

v

tetrabut;-lammoenius bromide in 500 -1 of ret ~rlere chloride was
added raridly 83g (0.3 mol) of phost orous tribromide. *ollowing

a one hour reflux, the metrvlere chloride wds wasled wvrice with

-
s

vater, once with sodium bicarbonate, once with water, dried anc

evaporated. The residue was chromatogfaphed on silica gel with 109
ether in pentane to yield 28.4g (@o%) of meterial mp 124 - 1279 (1L9).

(n further elvtion a small anount of cyclic ether, 1P 3%~naﬁh‘"o-
d@ x
[1 8-c d]—njran was obta*ned mp 78 - 79° (150)» Additicn of

tetraalk-lammonium bromide minimizes the amount of crelic ether

that is produced.

14

- Acenaphthene -1,1,2,2-d, (8L). 7o a 11 3-necked flask

containing 300 ml of benzene and 150 ml of dietﬁyi ether, freshly
illed from 11th*um alumlnum hydride, was added 28 ég. (90 mmol)
of Osdf%lfﬁl—dh~l 8-d1(bromometkyl)naphthalene. The solution

was degassed tw1ée, flushed with argon and cooled to -10?
by means of a salt~ice freezing mixture. To the cold, stirred

o {

. v




‘solution slowly was added 130 nl of 6.9H‘pheryllithium solution
(120 rmmol). .ifter stirrine oveéhight at room temperaturé and
refluxing for 2 hours, deuterium oxide (2 ml) was adued M the
rixture extracted B'timas'with 300 ml of wa?er, after drring
anc solvent remeval, the residue was chromatS;raphed on £00g of
silica gel with 1 ether ig pentane. The later fractions were

ccmbined to give acenaphtkeﬁe-dh coritaninated with bipben;l.

«dy
I'mon reerystallizatior from 200 ml of methancl, 9.8g (69.) of
P v ) I3

’

acenarhthene-d, resulted which could be sublimed uncer vacuumr

mp 89 — 90° (8L).. lmr analysis indicated the absénce offéar’

absorrtion for the ethano bridge prctors at 8==3.20 DER.,

-

liﬂethoxy~d3—acenaphthene~l,2,2—d3 (1). Following procedure

(2) for 3, 4.0g (25 mmol) of acenaphthéne—db.were reacted and the
-~

crude bromo pound was treated with 3.7g (L& mmol) sodium bicar-
tonate and 2.0g'(56 mmol ) methanol—dh in 3 ml of acetonitrile. A

o

yield ofel.2g (26%) of matérial containing less than 0.1%
acenaphthylene was abtained. Nﬁ}'analysis in carbon tetrachloride
indicated the absefnte of ﬂ—hydrogens and methoxy hydrogens at

6 3 2 ppm and -hydrogens at S =5, 1 ppm (la, 89). Isotopic
analysis by ms at low electron erergy indicated 6% ds and L/ dg
matérial.. Thus the ether was an isotopic mixture of 6%,31§—2

and trans-5 and 94% 1.




4.1 cis-l-Methoxy-dz-acenaphtrene-2-d (cis-2).

Procedure (a) - -

Trimethylamine~borane. To a ccclec solution of 14.0g
L]
(200 mmol) of itrimethylamine in 100 ml of tetrahvérofuran, which

had been freshly distilled from lithiuwm glumirum hrdride, was
’

" added dropwise with rapid -stirrins 100 mX of 1,0¥ borane-
-tetrah;-drofuran sclution (100 mmo}). ~fter warming to rcom
temperature and removal of solvent, the c?ude product was
sutlimed uncer vacuum to rield 7.0g (95%) of trimethylamine-

~borane mp 80 ~ 85° (151). ‘

Trimethylamine-borane-ds (87), Distilled sulphu'yl-crloride

(5 ml; 0.062 mol) was stirred vigorously with 200 ml (11 mol) of

deuterium ogide “for 20 minutes. The resulting acid mixture of
0.3M Dngh{;m%’UTEMDCI cortained approximately 0.45% Ho0 as

determined by mmr. One hundred ml of the acid solution was
-

séirped with 10.0g (0.137 mol) of trimethylamine~borane in

500 ml of .diethyl ether which had been freshly distilled from
ii%hium aluminum hydride. Aifter 5 hours the aquecus layer was;‘
extrated.threelt%mes with 500 ml of ether apd the ether layers
combined. 'é§4ér drying’ over anhydrous potassium_carponate, the
ethe% vas removed. ~Thé exchange w;s repeated twice ﬁgre with 50 mi
of the acid solutiow and 250 ml of ether each time. The resulting

crude product was vacuum sublimed to yield 3.2g (31%) of trimethylamine-

‘-borane-dB. The product had'approximately 97% deuterium incorporation

in the borane as-determined by ir at 2270 and 2972 cm™L,




i

cis-l-acenaphthenol-2~d, Trimethylamine—ﬁorane-d3 (0.76g;

10 mmel) ané L.55g (30 mmol) of'aceqéphthylene were sealed in an
evacuated tube. .After Leating at 127° for 12 hours in an explosion-
proof oven,“the contents were dissolved in 100 ml of tetrahydrofuran
which had beer freshly,distilled from lithium aluminuﬁ nycride,

This mixture then was oxidized with basic peroxide (0.Lg; 9 mmol
of?sodium h&droxide; 3.6 ml; 3¢ mmol of 30" hydrogen peroxide).
After stirring 2.5 hours, the solvent was reroves and the residue
dissolved in methylere chloridé. ‘The solution was washed with
dilute hydrochloric acid followed by 105 sodium carbonate,solétion,
dried and the solvent removed. The crude yellow product-was

- . =
chromatographed on 400 g of alumina with 1% methancl in methylene
chloride. The later fractions were combineé"to yield 2.5g (48%)
of alcohol product. After recrystallization from benzene and
sublimation’under vacuum, a white material mp 143.5° (147) was
obtained. Nmr analysis in pyridine for relative amodnts of cis
and trans ﬁ—hydrogené,indigated a substantial amount,of deuteriym
incorporation in both positions as well as & to the hydroxyl
group (89). Isotopic analysis by ms at "Low electron energy indicated

8.5% do, 28% dy, 37% dp, 21.5% dg, 4.5% d;, and 0.5% dg material.

/Ir in chloroform indicatéd— C-D stretching bands at 2180, 2230

~1 .
and 2280 em . These results indicate the probability of deuteration

on the aromatic ring.

\ .
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Procedure Tﬁ)

cis-l-acenaphthenol-2-d (88). inder an aréon atmosphere,

to 1.1l4g (8 mhol) of boron trifluoride etrerate (freshly distilled
from calcium hydride) and aceraphthylene (3.65g; 24 rmol) in 60 ml
of ether slowlr was adced 0.25¢ (6 mmol) of lithiuwm aluminum

deuteride. The mixture was stirred at ambient temperature for

12 bkours and then worked up by aading saturated sodium sulphate

‘ard extracting with ether. ifter solvent removal, the resiaue

was digsolved in 10 ml of 90% ethanol containing 0.27g (5 mmol)

of sodium h;droxide. Upon addition of 2.3 ml of éO: hydrogen
p;roxide (23 mmol), the temperaturclrose to 70° and was maintained
for 10 min. ‘After cabling and extraction using ether-water; the
solvent was dried and evaporated to yield 3.6g of crude material.
After chromatography on alumina using 175 methanol-methylene
chloride and recré;tallization from benzene, material {1.4g; 344)
of mp 143.0 - 143.5° (147) was obtained. Nmr analysis in pyridine
indiéated >90% g;§ﬂﬁ-deuterium (89). Isotopic analysis bx ms

at low electron energy indicated >90% monodeuterated alcohol.

gig—l—Methbxy-dg-écenaphthene-2—d (cis-2) (18). Follewing

procedure (b) for 3, 6.5g (38 mol)” of cis-l-acenaphthenol-2~-d and
5.0g (34,5 mmol) of methyl iodide-ds yielded 3.3g (62%) of cis-2

° &
(146) which contained less than 0.25% acenaphthylene. Nmr analysis

in carbon tetrachloride inddcated 87% /Q—hydrggen trans to the .

methoxy ‘and 13% cis for a total of 1.05 atoms H/molecule (la;\g§71

3

N o
s ok
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Lsofonnc anal:rsis by ms at low-electron ererg:- indicaved 4 d3
and 9C © d, material, This corresponds to an isotopic mixture of

12> trans-2 ant 8k~ ¢is-2.

trans-1l-flethoxy-d3-acenaphthene-2-d (trans-2).

Acenaphthylene. Commercial agenaphthylene which ras beer
stblimed under vaéuun contains approximatelr 13 acérapbthere
impurity gccordfn/ to lpe~analysis, Acenaphthy%ene which is
acenabhthene-free” can be prepared from l-zcenaphtrenol (1527,
1-.cenaphthenol 147), (20g; 12 mmol) and «,0f of oxalic acid
in 100 ﬁl of water were refluxed for 3 éours ané¢ the sublimeda

acenaphthylere collected, dissoclved in pertane, washec witk water,

Y

dried and the solvent removed. scenapthene-free acenavtth;lene
resulted upor sublimation under vacuum,

4

gl 1.2-Epoxvacenaphthene, The epoxidation of acenaptthylene

wjyp n-chloroperbenzoic acid was run as a two phase reaction
consisting of acenaphthene~free acenaphthylene (19¢; 0.125 mol)

in ééo ml of methylen; chloride and a buffer solution (pH.= 8)

of 170¢ {1.25 mol) -potassium dihydrogen phosphate and 46g (1.13 mol)
sodium hydroxide in 1.51 of water. .To an efficiently stirred‘gtxture
slowly was added 48.3g (0.25 mol) of m~chloropeibenzoic acid~in 800 ml

of methylene chloride. The temperature was maintained at 25° for 3.5h

[

‘

and then 15g sodium sulphite was added to destroy “the excess peracid,
. - .

The methylene chloride layer‘then was washed three times with water,

dried and the solvent removed. This material was recrystallized

&iip w mw#&.‘.&;‘bk&&w.m ~ bt
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from petroleum ether to vield ¢0 of material of mp 81,5 -

- o] . . . . .
82,5 .(86). Ilnr analysis in carhon tetraCPlor}ée indicated a

~sinrlet (252“a1.8==h.56 pom and a mitiples {4Y¥) av 7,0 - 7.7 ppm.

Tre presence of 10 aceraphthene-l-cne impurity was also incicaed.

*

'If cormercial acenarkthrlene was used, ar adaitional inpurity of
13% acenaphtbene in the 1,Z~-eroxyaceraphthene ‘is observed. :ris
~reatly complicates purification. The cruus product from commercial
acenaphthylene was chromatographed or cell gowder usin;

petroleun ether. This was followec Uy repeatecd recr;stallizaiion

irom pctroleum ether. . o
3
\

, .
~ fm N . .
trans-l-acenaphthenol-2-d (86, 153), 1,2- xrox-acenaphthene
. 3 ) . v Iy

(9.0g; 53 mmol), (containing ca. 10 acenaphthere-l-one) in 100 mi

.of tetrahydrofuran, which had beer {reshly cictilled from 1it-ium

aluminum hydride, was added dropwise to a stirred mixture of 1.13g

(27 mmol)} of lithium aluminum deuteride in 100 ml of tetranydrofuran
all in an argon atmosphere. after stirring for 16 hours at reflux,
the reaction mixture was workéd up using 100 pl of saturated sodium
sulphate. OSolvent was rémoved and the residue taken up in ether and
water after extraction fsur times with SQ”ml of ether, the comiined
ether layers were washed with water and saturated sodium chloride
solution, After drying and solvent removal, there resulted 7.1g
(78%) of crude alcohol mp 134 - 138° (147). lmr analyégs in

pyridine showed approximately 107 deuterium incorporated « to the

hydroxyl group-and approximately 90% deuterium incorporation




>

. ’e

“ .
in one of the positions ﬁ to the hydroxyl groupr (89). It was

also determined by nwr that the ratio of E-protons cls and trans
[ ]

-

to the<hycroxyl wae approximately £5/1% respecti
spectrometry showed rimately 5. dp materizl and a significant
amount of non-deuierate ¢ measured
accurately due to an (-1 peax which cccurred evern zi low

gleciron energrr,

I3

trans-1-Vethoxy-d3-acenaphthene~2-d (trans-2) (148). ‘io1iowing

procedure (b) for 3, %.5g (32 rmol) of .trans-l-acenaphihenol-2-d
and 5.0g (34.5 mmol} of methyl iodide-dy yielded 3.kg (56 ) of

) .
trans-2. Imr analysis in carbon tetrachloride for relative amounts .

of protons cis and trans to the methoxyl group indicated 85 cis-H

to 157 trans-HK of the total (1.09 E)/?to the methoxyrl group and
approximately 11% deuterium ok to the methoxyl croup (la, 89),
Isotopic analysis by ms at low electron energy indicated 8 d3,

86 d; and 6% dgs material. Thiss corresponds approkimately to an

&

isotopic mixture of 8% 4, 3% -2, 3% cis-2, 6% ¢is-5 and trans-5

and 80% trans-2.

-

%
L.13 1-Methoxy-cz-acenaphthene~1-d (X-2).

Acenaphthene-l-one (154). To a solution of 300g (200 mmol)
of acenaphthylene, 3.0g (30 mmol) of potassium bicarbonate and

21.0g (210 mmol) of benzonitrile in 150 ml of methanol slowly was

added 15.0g (210 mol) of 50%*hydrogen peroxide. The solution was

>

£

. .
<
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stirred and spontaneously rose to reflix temperatures over a one

hour period. After two'kours the coXd solution was diiuted with

300 ml of water and 300 ml of methyaege chloride. <codium suktite
added to destroy anmr remaining écroxides. The epganic layer,
washe;\bith~waier and dried. The 1, ?-eﬁownhcena“**nene solution

stirred. with 50g¥cf silica el for 24 howrs to isomerize it to

-

the ketone. Aifter filtration and removel of solvent, the resulting
crude ketone was recrystaliizec twice from 957 ethanol to sield

L.5¢ (l ) of acenaphthene-l-one mp 117 - 119°,

l1-acenaphthenol-1-d: A mixture of 160z (95 mmol) of

.

acenaphthene-l-one, 1.0g (24 mmol) of lithium aluminum deuteride

and 125 ml of tétrahydrofuraﬁ was allowed to react and then vorked
. .

up. The crude yellow product was recrystallized from benzere ang

~

filtrate cqromauographed and the resultlnﬁ alcorol recrystallized,

The total yield of pale yéllow alcohol was 11.5g (71.3) mp TLO 5°

141.5° (147). Nmr analy31s in pyridine showed an AB duartet, for
the ﬁ-hydrogens at S ,.A and 3.7 ppm,and sho»ed no absorption

for the s=hydrogen indicating complete o~ deuterat;on (89). - _.

- & . z

1-Methoxy-d3-acenaphthene-1-d («-2) (148). Tollowing procedures

(b) for 3, 6.5g (38 mmol) of l-acenaphthenol=1-d and 5.0g (34.5 mmol)
of methyl iodide-ds y%flded 5.4g (80%) of ether containing less than
0.25% of acenaphthylené. Nmr analysis in tarbon tetrachloride

indicated 51% cis-H and 149% trans-H of the total hyd:*ogens B to the

methoxyl group, There was complete deuterium incorpbration o4 to




e .

'ke methoxrl. grouc as no absoro+1on*was observaa 8"‘5 l?‘
SRS S L e . ‘ e
(1a, 8,). Isouonic aral ysié%usmS‘at _9 .el ctron energy ind:

L% d3 upd Qép dL’matevla N Tn%wngs tHe otk e;‘yas an isotpric

ﬂ\.‘,-.»t. «f- -,

\m.xtdre of L} L and 96“ &—4.
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The tert-butyl alcohol was fractionally. distilled from

-caleium hydride onto freshly baked molecular sieves (L4} and

’ »

“contained less than 0,002 Y water, The methanol was Gis tilled

.
.« . P -

from magn=51um turrings onto molecvlar sieves ( 0,002 hzo).

ft o
L.
- . . » PN B .

‘ .
..

) The lithium, potassium ahd cesium tert-butoxide solutions

-
-

wére prepared by, stirring Ebe'fre5h1y~clééned'metal at room

-

temperdture with degassed tert-butyl alcohol under ar argon

. - . -
. -

. - e . .
. atmosphere, These solutions then were titrated for water

t

(-0.00ZM using g.fhotpvol% iquatest) and for total bése'(pH meter)

which is reported with.the results, Potassium methoxide in methanol

. . -

was prepared similarly except the methanol vas cooled aur ng-reaction.

»',

The solutions contalnlng dlcyclohexyl-IS crown-é ether (90c) viere

prepared by adding a weighed amount of the érown'eﬁhér to the base

solution. The solupjon’bf ¢rown ether with potassium'tert—butdxide

in tert-butyl alcohol was not indefinitely 'stable and seemed to

have decomposed within two months. Neither did the crown ether

»
-

solution survive when heated to 180°,

. The solution of tetramethylammonium terﬁlbutoiide in tert-butyl




- S
’ »

alcohol was prepared rv-gissolving_freeze~dried tetramethylammoniwum
k]
-

‘hydroxide in tert-butyl alcohol and thren freeze drring. Tris

procedure was repeated three times to remove the tulk of tre
water, Hélegu;ar sieves were added to"the final_solution wrich
"was trpically 0,25 K in water, «fter about two‘days the
_solutionr contaipned 0.05 X water and was 0.11 ¥ in base. “ris
tase solution must be used imnediatelr since il decomposes witbrin
days té a weaker base {presumably trimetr:] ;ine'anﬁ tert-outyk

" . methyl ether):

.
Y

.15 Exchange and Eliminatiorn Frocedure,

. The routine was effectively the same for all base solutions
. .
and substrates., Usually about 200 mg of substrate and 10 mi of
<- b o :
"base solution were twice degassed and sealed und acuum in a

Carius tube, nfter immersing imr a constant tempérg?ure botk for
A \

the indicated time, the tube was cooled, opened ang ¥q¢ content§
‘ ks

" dissolved -in pentane and water. The pentene layer was washed four

by .
times with water, dried and evaporated through a Vigreaux column.

s
»

The' mixture was analyzed by glpc (2,50t x 6.3mm column of

10% SE-30 on 45 - 60 Chromsorb ¥; injector 192°; column 155 ;.

) o v " -'.'-
detector 240 ; helium 100 ml/min).” The area % of acenaphthylene

and l-methoxyacenaghthyleﬁe vas cqnverted'to mole % usipé a )
calibration curve.’ Figure 47 shows a.typical ﬁlot of the pseﬁdg :
S N ‘-\h

first order reaction of trans-2 with potassium tert-putoxide.in

tert-butyl alcohol (runs 22 ~ 2, in Table 11). .

-
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2 with Potassium tert-Butoxide

.
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The mixture of olefin and ether then was separated on sgilica

o

*gel {60 - 120 mesk) eluting wi itk 103 Giethrrl ether in pertane. The ;

-
p—_—
o e me - v .

earl:y fractiong containins acenaprthylene were”comtinea and sublimed

4

{(approximately 70° at 16 rm g ) Wltﬂ freater iran 85 - recover;.

. . . TR '
The later fractions containing ether were distilled (at 0.05 mm hg)
»

with greater than 75 ®recovery.

-

~

The olefin was anal;zed for deuterium content b~ both proton

rmr arnd rass spectrometry at low electron energy. The composition

of the ether mixture was cdetermined by a combination of rmr and

mess spectroscovic technigues., Imr analysis of 10 - 15 weifht

solutions in carbon tetrachloride allowed determination’of tie

ratios of ¢is (2.14 rom) and trans (3.36 ppm) protons ﬁ to the

metﬁoxyl—dB group (89), lass specErometr;c analysis at. low e€lectron
h g

énergy allowed determination of the relative amdunts of material
contalnﬂng zero, one or two hydrogens for the aase of 1. These . .

two types of data allowed extractlon of the . percentages of .the

four‘ethers. For the case of 01s—< or trans—2 mass spectrometrlc

.=,

-wénalysis allowed dete;mination'of:the relativ&,amountS'of material

. _“ri' R N . - 3

o e G ) .
containing one, two or thréeahydrogens. - The oe:centages_of the -

fonr ethers in’ the cass. of trans—g and the three ethers in the case ™ . .
AN S - “ N
of 015-2 were extracted from these data. Tables lO - 12 cbnﬁaln

v a'w‘* « " . ¢
- .-'\,- N K

the rav data of thls studv organlzed accordlng to counterion and '1

<.,.
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since a substartial loss of material had occurred curins *he reactiors,

The reactions were rereated usin~ diberz:l as interral stancard,

of 0,104 {0.7¢4 rmoles) of trans-2 auc 0.050¢
(C.22 mmoles” of dibenzrl were reated at 152.4° Qit} 10 nL of\O.lLH
1104 -Bu~HCt~Bu solution (1.4 mmoles) for iLhe sa@é lengir of time as
Table 11, , .fter work up the mixture was analyzeé by glpe
.

rercentage loss determineq. 4 mixture of 0.080¢ (0.33 mmoles,
of acenaphthyiene ané 0.050¢ (0,28 rmoles) of dibenzrl wis heated

o . . /.
at 157.4 with 10 =l of Q.14H 1ilt-Fu-FOt-Fy solution (1. mmoles,

.

for the same lengfh of time, .fter work up the ?ixture was anral;zed

)
oy glpc and the percentage loss of acenaphibylene was measured

and seemed to account for the loss of material in run 28,

A mixture of 0,015g (0.10 mmoles) of deuterated acenaphrthylene
and 0,50¢ (0.28 rmoles) of. dibenzyrl was heated at 152,L0 with 10 ml
of 0,14} 1i0t-Bu-HOt-Bu solution (1.4 mmoles) for the same length

of time. nfter work up the mixture was analyzed by glpé anc the

percentage loss of deuterated acenaphthylene was similar to that

.

for the undeuterated acenaphthylene. Isotopic analysis by mass

Y3
.spectrometry at low<électron energy of the starting deuterateds

acenaphthylene and the recovered deuterated acenaphthylene indicated
72% acenaphthylene-d; material in both cases, Therefore, negligible
deuterium isotope effects occur in the loss of acenaphthylene in,

this reaction.
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: N .
T2 Vinetics of the “xcharse arnd :liminatién Processes.

<

A water Jacketed crlindrical quartz cell having a 10 mm path -
-

ength and 2 sample volume of apprroximatel;r 0.7 ml was installed

et
]

within the sample compartmert of a fasco ..odel (R./1V-5 specrorhoto- 1

meter. The cell was aitached to 2 waner atr where the temperature

. [
was maintained constant within 20,1° - mearns of a proportional

temperature &dntroller. Tre cell was flushed with arpon arc

capped with a2 Meflor. plus, To the cell was adced 0.5z of 0.27

¥0t-Bu~HOt-Bu solntion by means of a syringe and the temperaiure .

allowed to equilibrate. To tkis solution was.added C.05g ¢0.3 mmoles)

of the ether substrate by means of a s;ringe and the cell tig}:tly- /
capped under an atmosphere of argon. The'abs&'bance at. 12 m van.
followed over a period of two rours at 6L.3°. .‘x least: squ;ires

;ﬁot of absorbance versus time gave the slope and the: error in

the slope from which.ithe absolute rate constant could be calculated,
At 412 nm acenaphthylene, the elimination product{ absorbed with

an extinction coefficient which was measured to be 138 whereas

the sub.strate, l-methoxyacenaphthene, and Lhe base solution ﬁdid not
absorb appreciably. sAcenaphthylene gave a linear Beer's law plot

1
"versus concentration at 412 nm over the concentration

¢d in this experiment., The density of the l-methoxyacenaphthene
solution in 0.37M KOt—Bu-HOt-Bu was 0.773g/ml at 65°, This was :
calculated from the specific gravity of the solution at 25° and the

density of water at 25° and corrected for the change in density of

-

T R IR S I A e vt ]




.

. °
tert-butyl alcohol uporn heatins to &5 ;

-

.

Table 13 contains the raw data from which thre observed

pseudo-first order rate constarts were calculated,
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