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The influence of ionic association in base-promot-
ed B-elimination reactions? is dramatically demon-
strated by the effect of crown ether? upon geometri-
cal orientation3 in eliminations from 2-alkyl arene-
sulfonates promoted by potassium tert-butoxide
(¢-BuOK) in tert-butyl alcohol (¢.-BuOH) (eq 1).

t«BuOK=¢-BuOH
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Eliminations from 2-alkyl arenesulfonates induced
by t-BuOK-¢t-BuOH produce more cis-2-alkene than
trans-2-alkene.#-8 This is intriguing since the more
stable trans-2-alkene is preferentially formed in reac-
tions of 2-alkyl halides with numerous base-solvent
combinations, including ¢-BuOK-t-BuOH,? and of
2-alkyl arenesulfonates with base-solvent systems
such as EtOK-EtOH and t-BuOK in dimethyl sulf-
oxide (Me2S0).8:10 For instance, trans-:cis-2-butene
ratios of 0.40, 1.8, and 2.2 are reported for reactions
of 2-butyl tosylate with ¢t-BuOK-t-BuOH,8 EtOK-
EtOH,* and t-BuOK-Me3SO,8 respectively, at 50°,
However, when the reaction of 2-butyl tosylate with
t-BuOK-¢-BuOH is conducted in the presence of the
crown ether? dicyclohexyl-18-crown-6 (1), the ob-
served trans-:cis-2-butene ratio increases to 1.9.8
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Rationalization of these results requires careful
consideration of the actual base species involved. For
potassium and sodium alkoxides, significant base—
counterion pairing (eq 2) exists at synthetically use-

RO™ + M* == (RO'M*) = (RO"M"), 2)

ful base concentrations even in such polar solvents as
EtOH! and Me2S0.12
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Evidence for the predominant presence of associ-
ated base!? species in solvents of low polarity is pro-
vided by physical measurements. The conductivity
of 0.1 M t-BuONa-t-BuOH is only 6% greater than
that of pure t-BuOH.1* Partial molar volume studies
indicate that ¢t-BuOK in ¢t-BuOH is monomeric only
at concentrations below 10-3 M.15 Molecular weight
measurements reveal t-BuOK exists as a tetramer in
toluene, benzene, Et;0, tetrahydrofuran, and dime-
thoxyethane;16.17 t-BuONa ranges from a tetramer
in Etz0, tetrahydrofuran, and pyridine to approxi-
mately an octamer in CCly, benzene, and cyclohex-
ane 17 '

Association of potassium alkoxides is markedly di-
minished by addition of an appropriate crown ether
which strongly complexes with the potassium cation.
The conductivityl® of t-BuQOK in ¢-BuOH and ben-
zene increases considerably upon addition of 1. Ion-
pairing effects in the ¢t-BuOK-catalyzed isomeriza-
tion of 2-methylbicyclo[2.2.1]hepta-2,5-diene to
5-methylenebicyclo[2.2.1Thepta-2-ene in MeaS019
are completely removed in the presence of
18-crown-6, 2.

Thus in the 2-alkyl tosylate eliminations, t-BuOK
in ¢t-BuOH undoubtedly exists to a large extent as
ion pairs and aggregates of ion pairs heavily solvated
by t-BuOH.29 The steric requirements of such an as-
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gociated® base should be very large indeed. In con-
trast, the presence of the crown ether, 1, which
drives the equilibrium in eq 2 to the left, should pro-
duce the much smaller dissociated!® tert-butoxide
ions as the active base.

The effect of base association upon geometrical
orientation in 2-butyl tosylate eliminations may be
interpreted by considering the large steric demands
of the associated base in the transition states 3 and 4
to form internal olefins.212 Preferential formation of
cis-2-butene is readily explained since both the bulky
base and asymmetrical tosylate leaving group may
be arranged so as to relieve steric interactions with
the a- and 8-alkyl groups in 3, but not in 4,

/ N

S—— ‘
t i
H ! CH, H>®EiCHS
H: ; :CH3 CH” | "H
0 : ! 0O
N 0 0 Vi
Ar Ar
3 4

That both dissociated and associated base species
nay be kinetically important reactants in base-pro-
moted reactions has been realized for some
time.11.22.28 However, recognition of the special ste-
ric and complexing properties of the associated
species in base-induced 3 eliminations is a new de-
velopment. Both orientation and stereochemistry are

“affected.

Because of dissimilar interactions of associated
bases with substrates which bear leaving groups of
different charge types, eliminations involving initial-
Iy neutral and positively charged leaving groups are
discussed separately in this Account.

Neutral Leaving Groups

Orientation in Anti Eliminations from 2-Haloeal-
kanes. The effects of base association upon position-
al and geometrical orientation® have been further
probed in our laboratories through investigations of
anti eliminations?* from 2-alkyl halides.”-8 For elimi-
nations from 2-bromobutane induced by t-BuOK-t-
BuOH, positional and geometrical orientation are
dependent upon base concentration, as illustrated in
Table I (entries 1-4). Similar sensitivity of orienta-
tion to base concentration is not observed for reac-
tions with MeOK-MeOH, EtOK-EtOH, or t-BuOK-
B/’T[EQSO.

It is proposed® that both dissociated and associ-
ated?® base species are important in the t-BuOK-¢-
BuOH base-solvent system. Although anticipated to
be present in only small concentration, dissociated

(20) D. J. Cram, C. A. Kingsbury, and B. Richborn, J. Am. Chem. Soc.,
83, 3688 (1961),

(21) For an earlier version of this explanation in which the large steric
demands of associated bases were not recognized see: (a) ref 4; (b) H. C.
Brown and R. L. Klimisch, J. Am. Chem, Soc., 88, 1425 (1966).

(22) R.P.Belland J. E. Prue,J. Chem. Soc., 362 (1949).

(23) D.J. McLennan, J. Chem. Soc., Perkin Trans. 2, 1577 (1972).

(24) R. A. Bartsch,J Am. Chem. Soc., 93, 3683 (1971).
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Table I
Olefinic Products from Reactions of 2-Bromobutane
with Various Base-Solvent Systems at 50°

trans-:

[Base], % 1- cis-2-

Entry Base—solvent M  butene butene
1 t-BuOK~¢-BuOH 0.10 3n.n 1.86
2 t-BuOK—¢-BuOH 0.25 41.6 1.78
3 {-BuOK~¢{-BuOH 0.50 44.1 1.66
4 t-BuOK—¢-BuOH 1,00 50.6 1.47
5 MeOK—-MeOH 0.50 15.4 3.34
'6  EtOK-EtOH 050 179 3.21
7 t~-BuOK-Me, SO 0.50 30.6 3.16
8 {-BuOQK-¢-BuOH* 0.50 32.5 2.92
9 t-BuON -n-Pr,—~t-BuOH 0.25 31.3 2.99

@ Dicyclohexyl-18-crown-6 present.

tert-butoxide ions compete effectively because of the
much greater basicity of tert-butoxide ion than of
associated t-BuOK in t-BuOH.26.27 The greater per-
centage of 1-butene and the reduced trans-:cis-2-bu-
tene ratios observed at higher base concentrations
are postulated to arise from a greater proportion of
elimination being promoted by associated ¢-BuOK,
Inasmuch as the equilibrium represented in eq 2
should be strongly shifted to the left by complexing
of potassium ions with an appropriate crown ether or
by changing to a tetraalkylammonium counterion,28
entries 8 and 9 in Table I especially support this hy-
pothesis. Virtual identity of orientation for reactions
of  2-bromobutane  with  ¢-BuOK-1-t-BuOH,
t-BuON-n-Pry-t-BuOH, and ¢{-BuOK-Me;SO indi-
cates that dissociated tert-butoxide is the reactive
base in all three base-solvent systems.

Recognition of base association effects provides the
key to understanding a dichotomy of orientation for
base-induced dehydrohalogenation of 2-haloalkanes
in alcoholic and in dipolar aprotic solvents.? Reac-
tions of 2-halobutanes with several bases in dipolar
aprotic solvents produce high (3.4-4.0) trans-:cis-
2-butane ratios, which are independent of the per-
cent of 1-butene.?28 However, an inverse relationship
between percent of 1-butene and trans-:cis-2-butene
ratios obtains for reaction of 2-butyl halides with
ROK-ROH,® as recorded in Table II. In contrast,
eliminations promoted by ROK-ROH in the pres-
ence of crown ether 1 provide orientation quite simi-

lar to that observed in dipolar aprotic solvents

(Table II). Therefore, the high relative proportions
of terminal olefin and low trans-:cis-2-alkene ratios
from reactions of 2-haloalkanes with alkali metal al-
koxides in alcoholic solvents of low polarity and in

CHSCHZC‘HCHg + Et,COK 2% CH,CH,CH==CH, +

50

Cl (77%)
CH3\ _H CHS\ _CH, {
/czc\ + /czc\ (3)
H” CH, H H
(13%) (10%)

(25) Kinetic evidence for a trimeric or tetrameric base species in dehy-
drohalogenations of meso-3,4-dibromo-2,5-dimethylhexane and meso- and
dl-4,5-dichlorooctane with ¢t-BuOK-toluene has been presented: M. Schlos-
ser, G. Jan, E, Byrne, and J. Sicher, Helv. Chim. Acta, 56, 1630 (1973),

(26) D.Bethel and A. F. Cockerill, J. Chem. Soc. B, 913 (1966).

(27) J.N. Roitman and D.J. Cram, J. Am. Chem. Soc., 93, 2231 (1971).

(28) R. A, Bartsch,J. Org. Chem., 35, 1023 (1970).
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Table II
Olefinic Products from Reactions of 2-Bromobutane
with 0.25 M ROK in ROH at 50° in the Presence and
Absence of 0.25 M Dicyclohexyl-18-crown-6

Crown
ether present

Crown
ether absent

trans-: trans-:

%1~ cis-2- P 1- cis-2-

ROH of ROK—ROH butene butene butene butene
Methanol 15.4 3.34 16.3 3.43:
Ethanol 17.9 3.23 17.6 3.31
2-Propanol 23.7 2.72 23.8 2.95
2-Methyl-2-propanol 41.6 1.78 31.2 3.20
3-Ethyl-3-pentanol 63.1 1.04 373 2.82

Table I11
Primary Deuterium Isotope Effect and Hammett p
Values for Syn Elimination in Reactions of
trans-2-Arylcyclopentyl Tosylates with ROK-ROH-1

Base—solvent ky/ oy, p
n~BuOK—#-BuOH 1.2 +0.3
{~BuOK—#-BuOH - 5.1 +3.1

hydrocarbons®.2? (eq 3) are attributable to base as-
sociation.

As with 2- alkyl tosylates effects of base associa-
tion upon orientation in eliminations from 2-alkyl
halides are attributable to the steric destabilization
introduced by large alkali metal-alkoxide ion pair
aggregates in transition states 5-7 for formation of
the isomeric olefinic products.21t Steric interactions
of a bulky associated base with «- and 3-alkyl groups
should increase in the order 5 < 7 < 6. Transition

\ ./ \,__

Q\/ T Q

1 |

H H

! l :

RCHZ ! K '
: : B

X X X

5 6 7

state 7 is less affected than 6 because the large base
can be tilted to that side of the developing double
bond where only base-hydrogen interactions occur.
Change from a dissociated base to a bulky associated
one should increase the proportion of 1-alkene and
decrease the trans-:cis-2-alkene ratio, as observed.

Large steric requirements of an associated base
also explain the almost exclusive removal of a more
accessible methyl hydrogen in reactlons of 8 with
Et3COK in xylene.30

xylene

Me,HC—CMe,Cl + Et;COK —
60
8
MezHC—-—-CMe=CH2 -+ M62C=CM62 (4)
(95%) (5%)

(29) D. L. Griffith, D. L, Meges, and H. C. Brown, Chem. Commun., 30
(1968).
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Figure 1. Plot of the free-energy difference in kcal/mol for forma-
tion of 1-butene and trans-2-butene vs. the pK, of the conjugate
acid of the base.

Realization of the effects of base association al-
lowed resolution of an old controversy concerning the
relative importance of base strength and base size in
determining orientation. A wide variety of anionic
oxygen, nitrogen, and carbon bases in Me2SO (a sol-
vent which should suppress complicating base asso-
ciation) promote dehydrohalogenation of 2-iodobu-
tane.3.32 Linear relationships between free energy
differences for formation of 1-butene and trans-2-bu-
tene (or cis-2-butene) and the pKj, of conjugate acids
of the bases in MesSO are obtained for nearly all
bases (Figure 1). These linear correlations demon-

~ strate a fundamental control of positional orientation

by base strength, not size, for dissociated bases.

Certain outsized bases, such as 2,6-di-tert-butyl- .
phenoxide and anions from diphenylamine and di-
phenylmethane, deviate from the relationships in the
direction anticipated for the onset of base steric in-
teractions. Examination of models reveals that steric
effects of dissociated anionic bases become impor-
tant when impingement of the residual base portion
upon a plane passed through the basic atom cannot
be avoided. Therefore, steric effects of the base are
demonstrated to be important only for associated
bases and highly ramified dissociated bases. These
findings suggest the synthesis of new sterically hin-
dered dissociated bases which combine the orienta-
tion control of an associated base with the higher re-
activity of a dissociated one.

Interpreting the effects of base association upon
eliminations from secondary alkyl halides and arene-
sulfonates other than 2-alkyl derivatives becomes
more complicated because of the onset of syn elimi-
nation pathways (vide infra).

Competitive Syn and Anti Eliminations from
Cyclopentyl, Cyclohexyl, and Norbornyl Systems.
Sicher, Zavada, and coworkers3® proposed that syn
elimination is facilitated by base association which

(30) S.P. Acharyan and H. C. Brown, Chem. Commun., 305 (1968).

(31) R. A. Bartsch, G. M. Pruss, B. A. Bushaw, and K. E. Weigers, J.
Am..Chem. Soc., 95, 3405 (1973).

(32) R. A. Bartsch K. E. Wiegers, and D. M. Guntz J. Am. Chem.
Soc., 96, 430 (1974).

(33) J. Sicher, Angew, Chem., 84, 177 (1972); Angew. Chem., Int. Ed.
Engl, 11, 200 (1972), and references cited therein.
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allows simultaneous coordination of the metal coun-
terion with the base and leaving group, as depicted
in 9, where X is the leaving group, RO is the base, and

N,/
l/ o ‘\\
H X
\\O_ _ —M/
R/
9

M is the alkali metal counterion. A similar cyclic
pathway is obviously impossible for a coplanar anti
elimination, and a noncoplanar anti elimination is
inconsistent with observed isotope effects.34
Reactions of trans-2-phenylcyclopentyl tosylate
(10) with t-BuOK-t-BuOH demonstrate the impor-
tance of interactions represented in 9.3 In this elim-
ination, 1-phenylcyclopentene is produced by acti-

vated syn elimination and 3-phenylcyclopentene by

H Ph H Ph
o
H H
OTs
10

unactivated anti elimination. Reaction of 10 with
0.10 M t-BuOK-¢-BuOH, yields 89% of syn-elimina-
tion product. The presence of equimolar crown ether
1, which should disrupt simultaneous coordination of
potassium ions with the base and leaving group,
sharply reduces the relative proportion of 1-phenyl-
cyclopentene to 30%. That this effect results specifi-
cally from potassium ion complexing is corroborated
by the observation that the presence of equimolar te-
tramethyl-12-crown-4, 11, for which the crown ether

O>—\O
Lo
o

cavity is too small to accommodate potassium ions,?
yields a percentage of 1-phenylcyclopentene nearly
identical with that formed in the absence of crown
ether 1,36

Transition-state differences for syn eliminations
promoted by associated and dissociated tert-butox-
ide ion bases are revealed from reactions of trans-
2-arylcyclopentyl tosylates with t-BuOK-¢-BuOH
in the absence and presence of crown ether 1.3¢ With
t-BuOK, ky/kp (primary) = 5.3 and p = +2.2; but
with t-BuOK-¢-BuOH-1, values of 5.1 and +3.1, re-
spectively, are calculated.

Change from an associated to a dissociated base
should result in a stronger base and a poorer leaving
group. To judge from anti eliminations of 8-phenyl-
ethyl compounds, stronger bases3” and poorer leav-

(34) W. H. Saunders, Jr., J. Chem. Soc., Chem. Commun., 850 (1973).

(35) R. A. Bartsch and K. E. Wiegers, Tetrahedron Lett., 3819 (1972).

(36) R. A. Bartsch, E. A. Mintz, and R. M. Parlman, J. Am. Chem. Soc.,
96, 4249 (1974).

(37) 8. Alunni and E. Baciocchi, Tetrahedron Lett., 4665 (1973).
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ing groups®® lead to transition states with greater
carbanionic character.3® Since the ky/kp values
suggest quite similar relative transition-state force
constants forthe O .- - Hand H - . - C4 bonds in elim-
inations induced by the associated and dissociated
bases, the more carbanionic transition states oh-
served for the latter apparently result from a domi-
nant leaving group effect.4¢

Calculated primary deuterium isotope effects and
p values for syn eliminations from trans-2-arylcyclo-
pentyl tosylates induced by two dissociated base~sol-
vent combinations®® are presented in Table III. A
marked influence of the base-solvent system upon
syn-elimination transition-state character is evident.

The changes in ky/kp and p may be explained
within the framework of the variable E2 transition-
state theory.38.39 According to this theory, wide vari-
ations in relative amounts of Cg-H and C,-leaving
group bond rupture and C-C double bond formation
may exist in concerted, bimolecular §-elimination
transition states. Changing from t-BuQ--t-BuOH to
n-BuO--n-BuOH provides a weaker base but a bet-
ter solvent for a leaving group which bears partial
negative charge in the transition state. Both factors
produce transition states with less Cg~H bond scis-
sion, more C,-leaving group bond cleavage, and less
carbanion character,39.42 as indicated by the sharply
decreased ky/kp and p values.

Base association also affects the stereochemistry of
elimination from norbornyl compounds.3 Brown and
Liu## report that reaction of exo-2-norbornyl-exo-3-d
tosylate (12) with the sodium salt of 2-cyclohexyley-
clohexanol in triglyme produces norbornene (13) but
no 2-deuterionorbornene (14). The exclusive syn-exo

@

D
- NaO
~ B
H triglyme. 80°
! OTS

H

12
H D
+ (6)
H H
13 14

elimination is consistent with previous investigations
in which a favoring of syn-exo over anti-endo-H
elimination by a factor of 100 or greater was noted.*3
We reasoned that an associated base species might
be enhancing the syn-exo pathway. Both stabiliza-
tion of the syn-elimination transition state by base
association, 9, and the large steric requirements of
an associated base directing removal of the less hin-

(38) W. H. Saunders, Jr., and A. F. Cockerill, “Mechanisms of Elimina-
tion Reactions”, Wiley-Interscience, New York, N.Y., 1973, Chapter 2. ~

(39) J. ¥. Bunnett, Angew. Chem., 74, 731 (1962); Angew. Chem., Int.
Ed. Engl., 1,225 (1962); J. F. Bunnett, Surv. Prog. Chem., 5, 53 (1969).

(40) This conclusion is made somewhat less certain by the double-
valued nature of the primary deuterium isotope effect.4?

(41) F. H. Westheimer, Chem. Rev., 61, 265 {1961).

(42) For an opposing view, see E, R. Thornton, J. Am. Chem. Soc., 89,
2915 (1967).

(43) R. A, Bartsch and R. H. Kayser, J. Am. Chem. Soc., 96, 4346
(1974).

(44) H. C. Brown and K-J. Liu, J. Am. Chem. Soc., 92, 200 (1970}.

(45) N. A, LeBel, Adv. Alicyel. Chem., 3, 279-288 (1971).
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dered exo 8 hydrogen should favor syn-exo elimina-
tion. Repeating Brown and Liu’s experiment, but
now in the presence of 2, forms norbornenes which
contain 72% of 13 and 28% of 14. After correction for
a primary deuterium isotope effect in the formation
of 13, relative rates of syn-exo and anti-endo-H
elimination of ~15:1 are calculated,*® in contrast to
aratio of >100:1 for the associated base.44

Special favoring of syn elimination by sodamide-
containing complex bases is used to advantage in
synthesis by Caubere and coworkers.#6-48 Thus,
trans-1,2-dibromocyclohexane reacts with NaNH>--
BuOK in tetrahydrofuran (THF) to produce 1-bro-
mocyclohexene, a product of syn elimination, and
cyclohexene*® (eq 7). Under similar conditions, nei-

O e (77 (Y

NaNH,-¢-BuOK
60% 36%

THF 20°
ther NaNHjs nor t-BuOK in THF is effective.46 The
same reaction converts conformationally locked 15
almost quantitatively into 1- and 2-bromo-4-tert-
butylcyclohexenes.#7:48

Br
M

15

Competitive Syn and Anti Eliminations in Con-
formationally Mobile Systems. Zavada and co-
workers!8.49 investigated base-associated effects in
eliminations from the cyclodecyl bromide and tosyl-
ate 16. Early studies demonstrated formation of
trans olefins 17 and 18 principally by syn elimination
and production of cis olefins 17 and 18 almost exclu-
sively by anti elimination (i.e., the syn-anti dichot-
omy).50

Br

X

16 17 18
(X = Br and OTs) (cis and trans) (cis and trans) -

Relative proportions of cis- and trans-17 and 18
formed in reactions of 16 (X = OTs) with
t-BuOK-DMF (DMF, dimethylformamide) are de-
pendent upon the base concentration, suggesting
that both dissociated tert-butoxide and associated
t-BuOK are effective even in the polar solvent DMF.
In agreement, addition of crown ether 1 to reactions
of 16 (X = Br and OTs) with t-BuOK-DMF produces
reduced trans-:cis-olefin ratios. Also consistent with
this hypothesis is the decrease in trans-:cis-cyclo-
decene ratio previously noted for a base change from
t-BuOLi to ¢t-BuOK for eliminations from cyclodecyl
bromide in DMF.51 These findings indicate that the

(46) P. Caubeére and G. Coudert, J. Chem. Soc., Chem. Commun., 1289
(1972).

(47) G. Guillaumet, V. Lemmel, G. Coudert, and P. Caubére, Tetrahe-
dron, 30, 1289 (1974).

(48) P.Caubére, Acc. Chem. Res., 7, 301 (1974).

(49) J. Zavada and J. Svoboda, Tetrahedron Lett., 23 (1972).

(50) J. Zavada, M. Svoboda, and J. Sicher, Collect. Czech. Chem. Com-
mun., 33, 4027 (1968).

(51) J. Zavada, J. Krupicka, and J. Sicher, Collect. Czech. Chem Com-
mun., 33, 1393 (1968).
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dissociated base yields predominately cis olefin by
anti elimination, while the associated base furnishes
nearly exclusively trans olefin by syn elimination
through transition states similar to 9. This duality of
participating base is felt to be a dominant factor in
the syn-anti dichotomy.18.49

Seemingly consistent with this proposal is the
striking orientation control reported by Traynham
and coworkers32 in eliminations from chlorocyclo-

"decane, 19 (eq 9). Reaction of 19 with ¢+-BuOK pro-

Cl t-BuOK-Me,SO C@
20
— 9
19 LiN—(O);EtQO'hexane @
21

duces 97% cis-cyclodecene (20); but lithium dicyclo-
hexylamide yields 96% trans-cyclodecene (21). That
the dissociated tert-butoxide ion base favors anti
elimination and formation of 20, but the associated
lithium dicyclohexylamide promotes syn elimination
and production of 21, seems reasonable. However,
further studies53 reveal that the overwhelming pre-
dominance of the thermodynamically more stable 20
obtained with t-BuOK-Me2SO is caused by isomer-
ization of initially formed mixtures of 20 and 21. Ev-
idence for a significant, but not overpowering, effect
of base association in elimination from 19 is provided
by the increase in proportion of 20 from 13% found
with lithium dicyclohexylamide in Et2O-hexane to
32% in the presence of 11, a crown ether for lithium
cations.53

Research groups of Zavada and Sicher54.55 and of
Saunders®® investigated the effects of base associa-
tion upon elimination stereochemistry for acyclic ha-
lides and tosylates, other than 2-substituted alkanes.
For these compounds, significant formation of trans-
alkenes by syn elimination occurs, particularly
with poor leaving groups57 in solvents of low polari-
ty.54.56 However, cis-alkenes remain almost exclu-
sively (>90%) the products of anti elimination.

Percentages of syn elimination for formation of
trans-3-hexene in reactions of 3-hexyl-4-d tosylate
with phenoxide ion bases in 95% MesSO-5%
t-BuOH5¢ are presented in Table IV. Although the
tendency of this tosylate to undergo syn elimination
is low, appreciable variations are observed. That the
greater proportion of syn elimination prevails with
PhOLi, the most tightly ion-paired base, shows that
base association facilitates syn elimination. Interac-
tion of Me4NI with PhOLi, which should sharply de-
crease base association, completely surpresses syn
elimination. Greater tendency of PhOK than p-NO.-
CeH4OK to exist in the associated form538 is probably

(52) J. G. Traynham, D. B, Stone, and J. L. Couvillion, J. Org Chem.,
32, 510 (1967).

(53) R. A.Bartschand T. A. Shelley,J. Org. Chem., 38, 2911 (1973).

(54) J. Zavada, M. Pankova, and J. Sicher, Chem. Commun., 11435
(1968).

(55) J. Zavada, M. Svoboda, and M. Pankova, Tetrahedron Lett., 711
(1972).

(56) J. K. Borchardt, J. C. Swanson, and W. H. Saunders, Jr., J. Am.
Chem. Soc., 96, 3918.(1974).

(57) In reactions of 5-fluorodecane-6-d with t-BuOK-benzene, trans-
5-decene is formed by at least 90% syn elimination: M. Pankova, M. Svob-
oda, and J. Zavada, Tetrahedron Lett., 2485 (1972).
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Table IV
Stereochemistry of trans-3-Hexene Formation in
Eliminations from 3-Hexyl-4-d Tosylate

Base % syn elimination
PhOLi . 16
PhOLi + NMe,] 0
PhOK 9
»-NO,C,H,0K 3

Table V
Stereochemistry of trans-5-Decene Formation in
Eliminations from 5-Decyl-6-d Tosylate

Conditions % syn elimination

t-BuOK-benzene 27
t-BuOK-benzene-1 8
{~-BuOK—{-BuOH 15
t-BuOK—{-BuOH-1 7
t-BuOK—DMF 4
{-BuOK-DMF-1 4
Table VI
Effect of Cation on Relative Elimination
Rates from 22 and 23
Conditions Reyn Rans
{-BuOLi~f -BuOH, 152° =13
{-BuOK~#-BuOH, 86° =7
t-BuOCs—¢-BuOH, 86° =5
{-BuONMe,~¢-BuOH, 45° 0.3
t-BuOK-1-¢-BuOH, 45° 0.3

responsible for the greater proportion of syn elimina-
tion with the former base.

Effects of adding crown ether 1 in reactions of
5-decyl-6-d tosylate with ¢{-BuOK in benzene,
t-BuOH, and DMF53% are recorded in Table V. The
presence of 1, which should favor dissociated bases,
reduces the proportion of trans-5-decene resulting
from syn elimination in benzene and ¢-BuOH. In
DMPF, there is no discernible effect of 1. These re-
sults further substantiate the favoring of trans-olefin
formation by associated base species through transi-
tion states such as 9.

Stereochemistry of an ElcB Reaction. Variation
of the base counterion produces marked changes in
elimination stereochemistry for reactions of cis- and
trans-1-methoxy-ds-2-d-acenaphthenes, 22 and 23,

HH

respectively, with alkali metal and trimethylammon-
ium tert-butoxides in t-BuOH (Table VI).?° Propen-
sity for syn elimination decreases as the cation is
varied, Li > K > Cs > NMes = K-1. Base associa-
tion is also anticipated to decrease in this order. Evi-
dence for an ElcB mechanism includes detectable
hydrogen-deuterium exchange, and ky/kp = 1.6-1.8.

(88) H.  E. Zaugg and A. D. Schaefer, J. Am. Chem. Soc., 87, 1857
(1965).

(539) D. H. Hunter and D. J. Shearing, J. Am. Chem. Soc., 93, 2348
(1971).

Bartsch
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The preference for syn elimination with associated
bases suggests strong coordination between the base
metal ion and the substrate ether oxygen in the
carbanion intermediate.

Positively Charged Leaving Groups

The possibility of an ion-pair exchange equilibri-
um, as illustrated in eq 10, makes ionic association

RO'M* + RNMe;* + X~ == RO" ~ RNMe;* + M'X"
(10)
effects more complicated for substrates with charged
leaving groups. Evidence for the occurrence of this
equilibrium is provided by the unusual kinetic be-
havior observed in reactions of 2-phenylethyltrimeth-
ylammonium bromide with ¢-BuONa-¢t-BuOH and
t-BuOK-t-BuOH .14 With respect to the quaternary
ammonium salt, the kinetic order is 1.5 rather than
1.0. If dissociated alkoxide were the only effective
base (equilibrium in eq 10 far to the right), a second-
order dependence upon quaternary ammonium salt
concentration would be anticipated (1.0 in its role as
substrate and 1.0 in its role in determining base con-
centration).8% A kinetic order of 1.5 therefore impli-
cates both dissociated and associated base species.
Orientation in Anti Elimination. In order to as-
sess the influence of base association upon orienta-
tion for eliminations of charged “onium” leaving
groups, we investigated antl eliminations®! from
2-butyltrimethylammonium tosylate promoted by
t-BuOK-t-BuOH.%2 In sharp contrast to results ob-
served for 2-butyl bromide and tosylate (vide supra),
olefin orientation is insensitive to changes in base
concentration and to the presence of crown ether 1.
Apparently for eliminations from 2-butyltrimethyl-
ammonium ions, the effective base is dissociated
tert-butoxide formed via eq 10. Therefore, base asso-
clation is unimportant in determining orientation for
anti eliminations from “onium’ compounds.
Competitive Syn and Anti Eliminations. Zavada
and Sicher® %4 predicted that a dissociated base
should be more effective than an associated one in
promoting syn eliminations from ‘“onium” salts.
Electrostatic interaction of the anionic base with the
positively charged leaving group places the base in a
favorable position for attack upon a syn 8 hydrogen,
as in 24, Thus, syn elimination should be favored by

N/

24

dissociated bases for substrates with positively
charged leaving groups, but by associated base
species for neutral leaving groups.

(60) J. K. Borchardt and W. H. Saunders, Jr.. J Am. Chem. Soc., 96,
3912 (1974). .

(61) D. S. Bailey, F. C. Montgomery, G. W. Chodak, and W. H, Saun-
ders, Jr.,J. Am. Chem. Soc., 92, 6911 (1970).

(62) R. A.Bartsch,J. Org. Chem., 38, 846 (1973).

(63) J. Zavada and J. Sicher, Collect. Czech. Chem. Commun., 32, 3701
(1967).

(64) J. Sicher and J. Zavada, Collect. Czech. Chem. Commun., 33, 1278
(1968).
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Borchardt and Saunders®® examined the influence
of ion association upon the syn-anti dichotomy (vide
supra) for eliminations from quaternary ammonium
salts. In order to provide substantial, but not exclu-
sive, formation of trans olefin by syn elimination%?
and the possibility for base strength variation, reac-
tions of 3-hexyl-4-d-trimethylammonium iodide with
alkali metal phenoxides in t-BuOH-Me2SO mixtures
were studied (Table VII).

That the proportion of trans-3-hexene resulting
from syn elimination decreases as the phenoxide cat-
ion is varied (Li ~ NMes > Na > K (Table VI,
entries 1-4)) may be understood by considering eq 10
and structure 24. For PhONMe,, the equilibrium in
eq 10 is shifted to the right and the high concentra-
tion of dissociated base favors syn elimination. If this
interpretation is correct, entries 1-3 indicate in-
creases in the dissociated base concentration in the
order Li > Na > K for alkali metal phenoxides. This
ordering may be rationalized if the stability of
M+X- is assumed to control the equilibrium posi-
tion in eq 10. An alternative explanation involves
decreased reactivity of the associated base in the
order PhOK > PhONa > PhOLi so that the propor-
tion of reaction with dissociated phenoxide decreases
in the same order.

Data for substituted potassium phenoxides
(entries 5-7) are interpreted in similar fashion. The
equilibrium in eq 10 would be farther to the right for
the more weakly associated bases, such as p-nitro-
phenoxide, enhancing syn elimination.

These results are all compatible with a mechanism

(65) Reactions of 3-hexyl-4-d-trimethylammonium iodide with PhOK in
t-BuOH and :-BuOH-Me;8SO form cis-3-hexene by 94-98% anti elimina-

tion. However, trans-3-hexene originates via both syn and anti elimination

processes.°
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‘Table VII
Percent trans-3-Hexene Formed by Syn Elimination
from 3-Hexyl-4-d-trimethylammonium Iodide

% syn
elim-
Entry Base Solvent ination
1 PhOLi a 74
2 PhONa a 55
3 PhOK a 34
4 PhONMe, a 67
5 PhOK b 38
6 0-NO,CH,0K’ b 59
7 " p-NO,CH,0K b 69

@ 80% t-BuOH-20% MezS0.? 5% t-BuOH-95% Me2SO.

in which associated phenoxide favors anti elimina-
tion, but dissociated phenoxide facilitates syn elimi-
nation, in agreement with the predictions of Zavada
and Sicher,62.63

Summary

The investigations described above amply illus-
trate an important influence of ionic association
upon orientation and stereochemistry in base-prom-
oted 8 elimination. Dependence of these effects upon
the charge type of the leaving group is underscored.
Recognition of these factors will provide new mecha-
nistic insight into base-induced S-elimination reac-
tions and may lead to improved reagents for alkene
synthesis.

The author is indebted to his coworkers, whose names appear
in the cited literature. Financial support from the National
Science Foundation, the Petroleum Research Fund, administered
by the American Chemical Society, and the Society of Sigma Xi
is gratefully acknowledged.

Too Many Rearrangements of Cyclohexadienones

Bernard Miller

Department of Chemistry, University of Massachusetts, Amherst, Massachusetts 01002
' Received October 3, 1974

Molecular rearrangements have long entranced the
romantic spirits among organic chemists. While their
colleagues plodded away, measuring minute rate dif-
ferences and defining the structures of transition
states for common reactions ever more precisely, stu-
dents of molecular rearrangements raced ahead, hap-

Bernard Miller received his Ph.D. from Columbia University, where he
worked on free-radical halogenations. Finding these reactions insufficiently
radical, he accepted a postdoctoral fellowship in steroid synthesis at the Uni-
versity of Wisconsin. This invaluable experience having taught him that his
talents did not lie in natural product chemistry, he joined the American Cyan-
amid Co., synthesizing insecticides. Finding insects unexpectedly tough ad-
versaries, he entered the academic life at the University of Massachusetts,
where he is presently Professor of Chemistry. In addition to his research pa-
pers, he is the author of some 20 patents, none of which has ever increased
his income. His present research interests lie principally in the fields of mo-
lecular rearrangements and the reactions of blocked aromatic molecules.

pily anticipating that molecules would turn them-
selves inside out, rings would shrink or expand,
chains would entwine and rearrange, all apparently
at the whim of an imaginative and unfettered nature.
This undisciplined license was abhorrent to chemi-
cal puritans, who determined to restrict organic mol-
ecules to a small set of allowed reactions, and to for-
bid all others. The puritans have largely prevailed.
Their rules, “thou shalt not undergo suprafacial [1,3]
shifts; thou shalt not undergo antarafacial [3,3] shifts
..l are now among the familiar bedrocks of the
theory of organic chemistry.

(1) R. B. Woodward and R. Hoffmann, “The Conservation of Orbital
Svmmetry"”, Academic Press, New York, N.Y., 1971; see also, M. J. S.
Dewar, Angew. Chem., Int. Ed. Engl., 10,761 (1971).



