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g (15 mmol) of 5, dissolved in 8 mL of dry THF, were added dropwise
with stirring over 10 min. The solution was maintained at —~80 °C for
30 min and then allowed to warm to 0 °C over a 90-min period. Then
8 mL (24 mmol) of 3 M NaOH solution was introduced. While the
resulting alkaline mixture was maintained at 0-5 °C, 9 mL (100 mmol)
of 30% H0s solution was carefully added (severe foaming occurred).
The green solution which remained was stirred at 25 °C for 1 h before
100 mL of a saturated solution of K9CO3 was added. Extraction with
ether (100 mL) was followed by washing with H,O and brine. Drying
and evaporation of solvent produced 2.84 g of cloudy, viscous oil which
was chromatographed on 80 g of silica gel (CHCl; eluting solvent).
Evaporation of solvent from appropriate fractions gave 1.41 g (70%)
of a pale-yellow, clear oil: UV (pentane) 260 nm (e 810); IR!8 (thin
film) 3450 (broad), 3030, 2980, 1595, 1090 cm~!; NMR, see Table I.
Distillation afforded an analytical sample. Anal. Caled for CoH150:
C, 79.37; H, 8.88; 0, 11.75. Found: C, 79.60; H, 9.09; O, 11.31.
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Micellar catalysis has been the object of numerous stud-
ies!-5 which have explained this phenomenon in terms of the
free energy of the reaction. The increase in the reaction rate
is due to a decrease in the value of AG¥ because of a variation
in the enthalpy and the entropy of activation caused by hy-
drophobic interactions.® This has been postulated for several
reactions including the hydrolyses of esters?8 and Schiff bases®
and solvolysis reactions, 10
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Notes

In contrast, micellar catalysis of additions of nucleophiles
to carbonyl groups has received little attention. We have
previously studied!! the oximation of cyclohexanone and 4-
tert-butyleyclohexanone under identical conditions in the
presence of sodium lauryl sulfate and found that the catalytic
effect is greater for the more hydrophobic 4-tert -butyleyclo-
hexanone.

It might be reasonably supposed that the amphipathic
substrate is solubilized in the interior of the micelle. This more
intimate association of the substrate and the micelle allows
a better stabilization of the transition state by the negative
charges on the micelle and gives a greater catalysis.

We wished to examine this hypothesis by a study of several
other ketones differing in the length and the nature of their
hydrocarbon chain.

Experimental Section

The reaction which was examined is the oximation of ketones which
occurs in two steps (addition of hydroxylamine and dehydration of
the carbinolamine), either of which may be rate determining de-
pending on whether the reaction is run in a acidic or basic medium.
The catalytic effects of surfactants in acid were not significant,!!
probably because of the slight change of structure between the tran-
sition state and the initial ketone.12:13

In basic solution, the effects were much more pronounced than in
acid solution. The reaction kinetics were followed spectrophoto-
metrically by monitoring the appearance of the product oxime at 220
nm.

OH
X

N ~N
_C=0 + NH,0H /c

/N

NHOH

k.,
Ly >C=NOH + HO

Under conditions where the kinetics are pseudo-first-order, the
experimentally observed rate constant, kexpe,!! is given by the ex-
pression

[NH,OH][H*]
kexptl = Khg —————™
2  INH.0H]K )
Inversion of this equation gives the following relationship
1 1 1 1
= (2)

= . +
kexptl k2K[H+] [NHZOH] hQ[Hﬂ

In principle, utilization of this linear relationship allows the ex-
traction of both ko (the second-order rate constant for dehydration
of the carbinolamine) and K (the pH-independent equilibrium con-
stant for the ketone-carbinolamine interconversion) by varying the
concentration of hydroxylamine. In practice, we were only able to
separate these kinetic constants for acetone and 2-butanone, as we
were limited to nonsaturating concentrations of hydroxylamine by
its solubility.

We define k0 as the experimental rate constant in aqueous solution
and k¥ as the experimental rate constant in the presence of micelles.
Each rate constant is the mean of at least three runs and we estimate
the precision to be £3%.

The ketones were commercial products purified by recrystallization
or spinning band distillation. The concentration varied between 10~*
and 1073 M and that of hydroxylamine hydrochloride was generally
about 0.2 M. This large excess is necessary in order for the reaction
to proceed to completion and for pseudo-first-order kinetics to be
observed.!3 The ionic strength was maintained constant at 0.5 M by
the addition of NaCl and kinetic measurements were made at 7' = 30
+ 0.1 °C at pH 8.5 (borax buffer). This pH value was chosen so as to
obtain convenient reaction rates with the ketones we used.

The experimental curves, showing the variation of the rate constant
with pH for cycloheptanone with hydroxylamine in the presence of
surfactant, are given in Figure 1. It can be readily seen that sodium
lauryl sulfate (NaLS) catalyzes the reaction in both neutral and basic
solutions. Consequently, we chose to study this anionic surfactant.

The commercial product is recrystallized according to the method
of Duynstee and Grunwald.14 The concentration of surfactant in the
reaction medium was 0.1 M, substantially larger than the critical
micelle concentration (8.1 X 1073M),! and on the plateau of saturation
for all of the compounds. We also demonstrated that the surfactant
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Table I. Catalytic Effects for Aliphatic Ketones, Cycloalkanones, and Substituted Cyclohexanones
ketones kY /RO ketones kY/RO
CH3C(O)CH; 1.3 cyclobutanone 1.4
CH3C(O)CH.CHj; 1.8 cyclopentanone 2.1
CH;3C(0)(CHy)oCHg 2.4 cyclohexanone 4.0
CH35C(0)(CHy)3CHs 3.9 cycioheftanone ig
CHICOICH)
CH3C(0)(CHy)sCHj 4.4 i a :
CH3C(0)(CH3)sCH; 5.0 cyclohexanone 4
CH35C(0)CH,C(CH;),0H 1.0 4-methylcyclohexanone 7.7
4-ethylcyclohexanone 9.5
4-tert-butylcyclohexanone 10
4-tert-amylcyclohexanone 12.6
}:“P - log ‘t-:
e 0.7 e
o12 ‘ \‘ 06 %
: "‘ 05
orp ! i o
o1} ‘
000 ' ot
‘} ; T 2 3 0 B s 7 8 B -
o8¢ : t Figure 2. log k¥/k% vs. (n + 1) for aliphatic ketones.
007} \'.
' ' This value, however, is characteristic of the experimental
008t | , constant which is a composite rate constant.
! ‘ Using the effects on k; obtained with acetone and 2-buta-
oost j' , none, we find an effect of approximately —500 cal + 100 per
! ' methylene, a value comparable to those in the literature. For
004 ! | example, in the acylation of aryl oxime, Berezin et al. found
;' a decrease in the free energy of 430 cal/methylene!® and Gitler
ooap and Ochoa-Solano found a value of —630 cal/methylene in the
L. hydrolysis of p-nitrophenyl esters.” These values are char-
o2l J N acteristic of hydrophobic interactions and probably represent
R N K the free energy necessary to transfer a methylene group for
oo? e " i the aqueous phase to the micelle.
/’é/ ' N It can be seen that, among all of the aliphatic ketones which
=il — & ey »PH were examined, 4-hydroxy-4-methyl-2-pentanone showed no

Figure 1. Effect of pH on the pseudo-first-order rate constant for
the reaction of cycloheptanone with hydroxylamine in water at an
ionic strength maintained at 0.17 M by NaCl, T' = 40 °C. The buffers
used are HCl for pH 1, 2, and 3.1, formate buffer for pH 3.7, acetate
buffer for pH 5.1, phosphate buffer for pH 6 and 7, and tris(hydrox-
ymethyl)aminomethane buffer for pH &; (- - -) with 0.056 M NaLS; (—)
with 0.05 M CTAB; and (- - — - -+ ) without surfactant.

is stable under the conditions which were used.

In the same neutral or/and basic conditions cationic surfactants
(as cetyltrimethylammonium bromide or CTAB) have practically no
effect,!! which would be expected from a consideration of the reaction
mechanism in which a product-like transition state with a partial
positive charge is formed.15

Results and Discussion

Aliphatic Ketones. Methyl ketones of the form
CH3(CH,),C(0O)CH;3 (0 < n £ 5 and n = 8) were employed
and the results in the presence of NaLS are reported in Table
1. A comparison of the catalytic effects for the various ketones
shows that the effect increases as the hydrocarbon chain is
lengthened. A plot of log (k¥/k°) as a function of the number
(n + 1) of carbon atoms gives a straight line fromn = 0 to 4
and afterwards a plateau with log (k¥/k°) independent of n.
The slope of the line at n < 4 gives the increment in energy per
methylene group due to hydrophobic interactions (about —160
cal/mol) for relatively short alkyl chains (Figure 2).

effect. This molecule has two hydrophilic groups which reduce
its hydrophobic character, not allowing it to penetrate suffi-
ciently into the interior of the micelle.

Cycloalkanones. The catalytic effect of NaL.S increases
with the ring size (Table I). A plot of log (k¥/k®) as a function
of ring size presents a linear correlation. The slope of the line
gives a free energy change per methylene group of —160 cal/
mol, identical with that obtained for the straight chain ke-
tones. This result could be due to a folding back of the chain
in the case of the aliphatic ketones.”

Substituted Cyclohexanones. The results have been
collected in Table I. The most surprising fact is that the cat-
alytic effect changes from 4 to 7.7 on replacing a hydrogen by

" a methyl group, in the 4 position.

In addition, contrary to the other series, a linear correlation
does not exist between the catalytic effect and the number of
carbons of the substituent. The reason for this phenomenon
is probably the presence of branched substituents.

The study, by depolarized Rayleigh diffusion, of the in-
teractions between the hydrocarbon chains of surfactants and
organic substrates shows a similar behavior:18 nonsubstituted
straight chains have high affinities which increase with the
length of the chain; and branching or the presence of a benzene
ring, on the contrary, has a negative influence. In our case,
branching appears to have little influence on the hydropho-
bicity of the compound. Thus, 4-ethylcyclohexanone and 4-
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tert-butylcyclohexanone show almost the same catalytic ef-
fect.

In addition, if we consider only the straight chain carbons
as a first approximation, a tert-butyl group corresponds to two
carbon atoms and a tert-amyl group to three carbon atoms.
Using this approximation, we find, on plotting log (¥ ¥/k°) as
a function of the number of “apparent” carbon atoms in the
substituent, that a similar energetic increment per methylene
is found as in the series of aliphatic ketones.

The results which we have obtained confirm the initial
hypothesis that hydrophobic substances are solubilized in the
interior of the micelle, with the hydrophobic chain or the ring
oriented between the detergent carbon chains, so that the
functional group is located near the surface.

The study of aromatic ketones should permit us to verify
this last point: the work of Fendler et al.!® has shown that
aromatic molecules such as acetophenone are bound in the
Stern layer of various surfactants. We should thus find only
a small catalytic effect with benzaldehyde and acetophenone.
The resuits are in agreement with this prediction k¥/k% = 1.4
for benzaldehyde and 1.5 for acetophenone.

In contrast, acetylcyclohexane gives rise to a much larger
catalytic effect (3.7-fold) included between those for 2-hexa-
none and 2-heptanone, implying a behavior similar in the
interior of the micelle.

A plausible explanation for our results is that the hydro-
phobic interactions of these ketones serve to orient the ketone
in the micelle such that the carbonyl group is in a favorable
orientation for transition state stabilization of the incipient
positive charge by the negative charges on the micelle. For the
ketones with carbon chains of n > 4, additional carbons may
give rise to greater hydrophobic bonding with the micelle but
apparently have no effect on the orientation of the ketone.
Thus, the additional hydrophobic interactions stabilize both
the initial state and the transition state equally and no further
rate increase is observed.
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Recent investigations of the synthesis of cyclobutane de-
rivatives by reaction of electron-rich olefins with electron-poor
olefins have focused on 1,4-zwitterions as the key intermedi-
ates in these reactions.! As additional evidence for them, we
now report that 1,4-zwitterions carrying a 3-halo substituent
form cyclopropanes.

1,1-Diethoxy-2-bromoethylene reacts with ethyl «-cy-
anoacrylate at 0 °C during 1 h to form diethyl 1-cyano-1,2-
cyclopropanedicarboxylate (3). The initially formed 1,4-

Br OC.H,
v :
= Br OC.H,
OC.H, ~<
+ . OC.H,
“~__CN
CN L=
= COOC,H,
COOC.H, 1
-
SO Br 0
T SocH, - ~SOC.H;
CN CN
COOC.H, COOCH,
2 3

zwitterion 1 undergoes intramolecular displacement of bro-
mide ion to form the dialkoxycarbenium ion 2, which in turn
undergoes dealkylation to form cyclopropane 3 and ethyl
bromide.

Methyl acrylate reacts similarly with 1,1-diethoxy-2-bro-
moethylene to form ethyl methyl 1,2-cyclopropanedicarbox-
vlate:

Br_____OCH
"OC.H; COOCH,
+ ——_,
COOCH, COOCH,

Methyl acrylate was much less reactive than methyl «-cy-
anoacrylate. At room temperature no reaction occurs when
methyl acrylate and 1,1-diethoxy-2-bromoethylene are miged
in a 1/1 mol ratio. After heating the two compounds at 90 °C
for 24 h in the presence of an inhibitor, only a trace of cyclo-
propane is detected by gas chromatography. The two com-
pounds were heated without solvent in the presence of an in-
hibitor at 110 °C for 20 h to yield ethyl methyl 1,2-cyclopro-
panedicarboxylate in 50% yield. Under the same conditions,
acrylonitrile gave a complex mixture of products.

In the absence of a 3-bromo substituent, analogous 1,4-
zwitterions undergo ring closure to cyclobutane derivatives.??
It is interesting that the 3-bromo substituent competes ef-
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