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The SN1 decomposition of 3-bromo-3-phenyl propionate ion is inhibited by cationic micelles of 1-hydroxy-
ethyl-2-dimethylalkylammonium bromide (alkyl = n-C19Has, n- C16Has). At high surfactant concentrations an E2
elimination gives trans- cinnamate ion in dilute alkali (0.1 M). In the absence of surfactant’ this E2 elimination is
only found in much more concentrated alkali. Zwitterionic micelles of N,N-dodecyldimethylalanine and sonicat-
ed vesicles (liposomes) of lecithin give small inhibitions and addition of hydrophobic aleohols reduces the surfac-

tant effect.

The solvolysis of 3-bromo-3-phenyl propionate ion (I) in
water involves rate limiting formation of the zwitterion (I1I)
which rapidly undergoes both decarboxylation with elimi-
nation giving styrene and cyclization giving the §-lactone
(IIT) as a minor product, and it was suggested that reaction

1
PhCHBrCH,CO,” ——> Br- + PhC*H— CH,COy”

I /\II

PhCH==CH, + CO,  PHCH—CH,

0—-CO
III
was assisted by electrostatic interaction between the car-
boxylate and cationic centers.? It seemed possible that this
interaction would be more effective in a micelle than in
water, but micelles of surfactants (detergents) inhibit this
and other SN1 reactions34 and the aim of this work was to
investigate the effect of changes in the surfactant and sol-
vent and the use of organic solvents which generate reverse
micellization. (For reviews of micellar catalysis and inhibi-
tion see ref 5-7.) Using a surfactant derived from choline

we found formation of ¢trans-cinnamate ion by an E2 elimi-
nation even in dilute alkali.

Experimental Section

Materials. The preparation and purification of three of the sur-
factants, CTABr (n-CigH3sN+MegBr~) and 1-hydroxyethyl-2-
dimethylalkylammonium bromides (IVa, R = C3Hys; IVb, R =
Ci6Has), have been described,® and the other (V) was prepared by

RN*Me,CH,CH,0HBr- - C,,H,;N*Me,CHMeCO,"
v v

standard methods.®1° N,N-Dimethylalanine was prepared by the
reductive methylation of DL-alanine® and was quaternized with 1-
bromododecane, and the zwitterionic surfactant N,N-dimethyldo-
decylalanine (V) was recrystallized from acetone. Lecithin
(Schwarz Mann, egg white, highly purified) was sonicated at 0° for
5-min periods using a Biosonik IV sonicator to give a clear solu-
tion.

The organic solvents were redistilled and the sample of sub-
strate was that used earlier.? Redistilled deionized water was used.

Kinetics. The reaction at 25.0° was followed spectrophotomet-
rically at 248 nm using a Gilford spectrophotometer and 5 X 105
M substrate.? The observed first-order rate constants, ky, are in
reciprocal seconds.
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Table 1
Reactions in Mixtures of Water and Alcohols or Glycol®
H,0, 103, 10%,,
Solvent wt % [surfactant]b sec™l

H,O 100 0.0 147
n-BuOH~-H,0 99.4 0.18° 16. 8¢
n~-BuOH-H,0 97.7 0.18° 22,2¢
n=-BuOH-H,0 96.6 0.18° 25,9¢
n-HexOH—H,0 5 0.0 0.77
n-HexOH-H,0 5 1.44 1.00
n-HexOH-H,0O 5 12.8 1,21
n-HexOH-H,0 5 15.86 1.47
n-HexOH-H,0 5 10.2¢ 1.29
n-HexOH—-H,0 5 15.0° 1.27
n-HexOH—-H,0 5 19,5° 1.20
Glycol-H,0 22.5 0.0 13.6
Glycol-H,0 22.5 1.62 10.5
Glycol-H,0 22.5 5.44 7.2

o At 25.0° with 5 X 10-3 M KOH and CTABr unless specified.
b As mole fraction. ¢ Equivalent to 10-2 M. ¢ With 2 X 10-2 M
CTABr in the absence of butanol ky ~ 17 x 10-3 sec—13
€ n—Cle25NM83BI‘.

Products. A solution of 3 X 107 M 3-bromo-3-phenyl propio-
nate ion was allowed to react at 25° in 300 ml of aqueous 0.2 M
NaOH and 5 X 1073 M 1-hydroxyethyl-2-hexadecyldimethylam-
monium bromide (IVb). After reaction the surfactant was precipi-
tated by addition of NaClO4 and the solution after centrifugation
was treated with more NaClQy to test for the removal of the cat-
ionic surfactant. The solution was acidified to pH 1 (H28Qy) at 0°
and was extracted with Et20. The organic layer was washed (H20)
and dried (NasSQ, and then MgSOy4). The solvent was removed
(rotary evaporator) and the residue in MeOH gave a spot Ry 0,66
(Eastman Si-gel sheet) identical with that of trans-cinnamic acid.
The identification of trans- cinnamic acid was confirmed by uv and
ir spectroscopy, with Ayay in dilute alkali at 269 nm, and the fol-
lowing peaks in the ir region:1! 1693 (C=0); 1637 (C=C); 1430
(C-0); 939 em™! (C-H bond).

The composition of the products under kinetic conditions was
determined by comparing the absorbances in the region 240 to 275
nm with those of freshly prepared mixtures of styrene and sodium
cinnamate. The contribution of the 8-lactone (I1I) was neglected
because it is a minor product,®1? and its extinction coefficients in
the region examined are much less than those of styrene and
trans-cinnamate ion.

Reactions in Mixed Solvents. When a long-chain alcohol is
added to an aqueous cationic micelle, the micellar structure
changes, and reverse micelles form when the water content of the
solvent is low,18 but normal micelles form in ethylene glycol and in
its mixtures with water.!*

In the absence of micelles addition of n-hexyl alcohol or ethyl-
ene glycol to water decreases the rate of reaction as do other organ-
ic solvents (ref 2 and 3 and Table I). In n-hexyl alcohol-water (95:
5 w/w) the reaction rate is initially increased by addition of surfac-
tants, which probably form reverse micelles, but the effects are
small. A normal, but small, rate retardation is found in aqueous
ethylene glycol. The inhibition by CTABr in water is decreased by
addition of small amounts of n-butyl alcohol (Table I) and we note
that organic solutes can change micellar structure.l® Because the
rate effects are small, we did not examine these systems in detail,
but the small rate increase could indicate that the ionic region of
the reverse micelle is more polar than the solvent, whereas the op-
posite occurs with micelles in water. Dramatic rate effects in re-
verse micelles have been observed in reactions in which acidic or
basic reagents are involved.1®

Results and Discussion

Micelles of the hydroxyethy! surfactants IVa,b inhibit
the reaction of I. The effect of IVb is very similar to that of
CTABr? (Figure 1; in this figure Cp is the concentration of
surfactant, or detergent). Micellar catalysis or inhibition
often depends upon the length of the n-alkyl group rather
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Figure 1. Reaction of 3-bromo-3-pheny] propionate ion in aqueous

0.02 M NaOH at 25.0°: 0, IVa; @, IVb; 01, zwitterionic surfactant
V; m, lecithin. The broken line is for reaction in CTABr.?

than upon the nature of similarly charged head groups. As
expected the dodecyl surfactant IVa is a less effective in-
hibitor than IVb. There is some inhibition below the criti-
cal micelle concentration, but this behavior is often ob-
served,? probably because of substrate induced micelliza-
tion.

Added salts decrease micellar inhibition of CTABr by
screening the cationic micelle from the anionic substrate.?
Consistently, micelles of the zwitterionic surfactant V are
less effective inhibitors than cationic micelles, and this is
also true for vesicles (liposomes) of lecithin (Figure 1). (As
noted by others, rate measurements in the presence of
phospholipids are less accurate than those obtained using
synthetic surfactants.!?) Liposomes effectively catalyze nu-
cleophilic attack upon N- alkylpyridinium ions.?

Effect of Hydroxide Ion. Micelles of the hydroxyethyl
surfactant IV are good nucleophilic reagents at pH high
enough for formation of the alkoxide ion VI8 and increas-

RN*Me,CH,CH,0H == RN*Me,CH,CH,0" + H*
VI

ing the pH of the solution could increase the reaction rate
in three ways. (i) Sodium hydroxide acting as an electrolyte
could decrease the inhibition by excluding the substrate
from the micelle, ¢f. ref 3. (ii) Zwitterionic micelles of VI
might not take up the anionic substrate as readily as. do
cationic micelles of IV. (iii) Formation of the alkoxide ion
VI might introduce a new reaction path.

It is not easy to separate these effects because added so-
dium chloride reduces inhibition by cationic micelles, and
the effect (Table II) is very similar to that found with
CTABr.% However, the hydrophilic hydroxide ion should
interact less strongly than chloride ion with a cationic mi-
celle. More important is the relation between rate constant
and hydroxide ion concentration (Table III) because k,
levels off above approximately 7 X 10~2 M sodium hydrox-
ide, suggesting a relation between rate constant and the
acid dissociation of IVb, For the acid dissociation of choline
pK, = 18.9,!8 and micellization should increase acidity, for
example pK, ~ 12.4 for the acid dissociation of micellized
IVb, based on assumptions about the validity of the pH
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Table I1
Effect of Sodium Chloride on the Reaction in
Micelles of IVh?
10%,, ‘ 1028y,
CNaCLM sec™t? CNac ¥ secl?
2.20 0.15 4,01
0.056 2.55 0.20 4,73
0.10 3.27
a2 At 25.0°in 6 x 10-3 M IVb and 10-2 M NaOH.
Table ITI
Effect of Sodium Hydroxide on the Reaction in
Micelles of IVhe
1028, 10%k,,
CNaOH» M sec”l CNaOHs 4 sec]
0.0067 2.15 0.050 4,89
0.010 2.20 0.067 5.38
0.020 3.05 0.17 5.48
0.033 4,09

2 At 25.0°in 6 x 10-3 M IVb.

scale in the presence of micelles (¢f. ref 19). Thus it seems
that formation of the zwitterion VI is important in our sys-
tem, although because several effects are involved we can-
not calculate a pK value from the data in Table III. The
main question is whether a new reaction path is being in-
troduced, and evidence on this point comes from a change
in the product composition.

In dilute aqueous alkali styrene is formed in an SN1 reac-
tion with 8-lactone (III) as a minor product,? and added
CTABr does not change the product composition.> How-
ever, even in dilute sodium hydroxide in the presence of
the hydroxyethyl surfactant IV trans-cinnamate ion be-
comes the major product (Table IV), suggesting that in ap-
proximately 6 X 10~3 M IVb, the SN1 reaction of I is sup-
pressed, but an E2 reaction intervenes,?® with a micellized
alkoxide ion acting as base.

COy” Co,-
CHQO‘—--HE—ECIIH CH,OH |ClJH
CH, CHBr —> CH, CH Br-
*NMe, I]’h *NMe, Il’h

There is precedence for this elimination because «,3-di-
bromocinnamate ion (VII) in 0.4 M NaOH gives bromocin-
namic acid in 45% yield,?2 although in dilute alkali predom-
inant decarboxylation occurs by an SNI1 reaction.? 3-

e
PhCHBr— CHBrCO,” —— PhCH==CBrCO,”
VI

L PhC*H-—CHBrCO,” —
PhCH==CHBr + CO,

Bromo-3-phenyl propionate ion (I) should be a poorer sub-
strate than VII in an E2 reaction, but this reaction is ob-
served in water containing sodium hydroxide in concentra-
tion greater than 1 M, as shown in the formation of a small
amount of cinnamate ion (Table IV). In support of this hy-
pothesis the first-order rate constant in the absence of sur-
factant is independent of hydroxide ion up to 1 M and then
increases sharply (Table V). This effect of sodium hydrox-
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Table IV
Effect of Nucleophilic Micelles on the E2 Reaction of 12

fCinmamate], [Cinnamate ],
CNaoHs # mol % C a0 mol %
0.05 93" 0.1 ~0
b
0.1 o7 1.0 11

a At 25.0° with 5 x 10-5 M substrate. ¢ In the presence of 6 X
10-3 M IVb.

TableV
Effect of Hydroxide Ion on the Decomposition of I
in the Absence of Surfactant?®

C NaoHs # 0%k, st Cyaom ¥ 10°k,, sec”!
0.02 14.7 0.50 16.3
0.04 15.6 1.0 17.8
0.06 15.6 2.0 23.7
0.08 15.4 4.0 40.4
0.10 15.2

a In water at 25.0°.

ide is too large to be explained in terms of an electrolyte ef-
fect, and the second-order rate constant is 0.08 1. mol™!
sec™1in water at 25.0° and neglecting medium effects.

This system is unusual in that micelles of the hydroxy
surfactant IV strongly catalyze the E2 elimination which
‘otherwise appears only with high concentrations of hydrox-
ide ion in water, but because they strongly inhibit the nor-
mal bromodecarboxylation by an SN1 mechanism they in-
hibit the overall reaction under all the conditions used.

Registry No.—I, 15463-91-9; IVa (R = C1oHgs), 7009-61-2; IVb
(R = C1gHaa), 20317-32-2; V, 52665-42-6; CTABr, 57-09-0; lecithin,
8002-43-5.
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