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as 13C shifts in analogous carbon compounds to the electronic
substituent effects.? The magnitudes of these 1N and 13C shift
differences (up to 25 ppm) associated with changing the ring
substituents are so large as to be clearly due to changes in the
paramagnetic contribution for the screening constant. The
basic assumption in these Hammett shift correlations is that,
because the paramagnetic term depends on the w-electron
density at the nucleus undergoing the transition, any inductive
or conjugative interactions of the substituents which might
affect the electronic distributions about that nucleus should
have an important influence on its chemical shift. Even if this
assumption is correct, then the substantially greater sensi-
tivity of 15N over 13C shifts in these correlations might arise
from additional shift effects produced by substituents as a
result of changing the degree of mixing in states corresponding
to n — #* or other optical transitions involving = orbitals of
the imines.

However, when the "N chemical shifts of our series of
para-substituted N-(arylmethylidene)cyclohexanamines 2
are plotted against the corresponding shifts of the N-pro-
tonated hydrotriftuorcacetates 4, it is found that there is a
good overall linear correlation with a slope of 0.963 and a
correlation coefficient of 0.994. The near unit slope indicates
clearly that the effect of 4 substituents in the phenyl ring on
the shifts is nearly the same for series 2 and 4. We can only
conclude on the basis of these results that the n — 7* contri-
bution to the 15N shifts in the 2 series is essentially constant
and is not substantially influenced by substituent groups in
the 4 position of the phenyl ring. This seems to be the only way
to rationalize the fact that there is essentially no change in the
effects of 4 substituents when the n — #* contribution is cut
off on conversion to the salt series 4. Substituent influences
on the unshared nitrogen electrons through interactions with
the substituent groups involving the n and = orbitals should
not be very large because the n orbital is essentially orthogonal
to the p orbitals of the double bond system. It is much more
likely that the substituents would influence the energy of
mixing in of the * state (or other appropriate excited states),
but this does not seem to be important.

Overlying the influence of the nitrogen unshared pair on
the shifts is a considerable substituent effect which is associ-
ated with the conjugated = system made up of the phenyl and
—~CH==N- (or -CH=*NH-) groups and which responds in a
rather simple way to 4 substituents, probably through changes
in the w-electron densities and/or bond orders of the imine and
immonium nitrogen. The fact that the 15N shifts for both the
2 and 4 series seem to be inherently more sensitive to sub-
stituent effects than analogously situated carbons® is not easy
to explain. Possible contributors are differences in bond
lengths, polarizability, and nuclear charge.
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During the last decade, studies of catalysis and inhibition
of chemical processes by micellar aggregates of surfactant
molecules have developed beyond the qualitative stage and
many of the recent results have now been summarized in
pleasing reviews.? Nevertheless, there is still only limited in-
sight into the factors which determine the catalytic efficiency
of a particular surfactant aggregate. Recent work from these
laboratories! has shown that the rates of arenesulfinate, for-
mate, and hydroxide-catalyzed hydrolysis of covalent aryl-
sulfonylmethyl perchlorates®* (Scheme 1) are greatly en-
hanced (by factors of 103-104) in the presence of micelles of
cetyltrimethylammonium bromide (CTAB). Since electronic
effects of substituents on the pK s values of para-substituted
benzenesulfinic acids are relatively small,? it could be antici-
pated that dynamic basicities within a series of p-XCgH;SO2~
ions (2a, X = CHg; 2b, X = H; 2¢, X = Br; 2d, X = NO») sol-
ubilized by CTAB will be rather insensitive to electronic ef-
fects of X but might instead respond to the hydrophobicity
of the substituent. The present study reports an attempt to
find such a relationship. Hydrophobic fragmental constants
as defined by Rekker® (fx; X = CH3, H, Br, NO,) for the sys-
tem octanol-water were employed to quantify relative hy-
drophobicities of the sulfinate anions 2a-d.

Results and Discussion

Binding of Arenesulfinate Ions to CTAB. Since the ef-
ficiency of micellar CTAB catalysis will be directly affected
by the strength of sulfinate-micelle interaction as well as by
the location of the sulfinate ion in the micelles, we will first
discuss these factors.

The binding between the sodium sulfinates 2a—-d and CTAB
micelles was Investigated by measuring the change in ab-
sorbance of 2a—d in the presence of varying concentrations of
CTAB according to the method of Riegelmann et al.? The
plots were analyzed by using a Langmuir-type model as de-
lineated by Sepulveda8 (eq 1). Herein (CTAB), is a portion
of a micel consisting of n detergent molecules necessary for
sorbing one sulfinate anion.

K
p-XCgH4SO,~ + (CTAB),, 2 [(CTAB),, - p-XCgH,S057]
2a-d

The values obtained for K and n are listed in Table I. The data
show that, although the sulfinate anions interact strongly with
the micelles, there is no evident relationship between K or n
and the magnitude of fx. Thus it appears that the modest
changes in n and K as a function of X do not primarily origi-
nate from hydrophobicity effects.

NMR spectroscopy was used to obtain information about
the solubilization site of the sulfinate anions. Ever since the

Scheme I
slow

RSO,CH,0CIO, + B 2% RS0,CH-OCIO, + BH"
- p- H

L, R = p-CH,C,H, lefast

RSO,H + HCOOH + CIO,"

B = Bronsted base (i.e., H,0, OH-, RSO,~, HCO,")
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Table 1. Effect of CTAB (2 X 1073 M) on the Sulfinate and Carboxylate Ion Catalyzed Hydrolysis of 1 at 25.0 °C

registry

K x 108

k

my

base no. pKa® fx® M-1 n M~-1g-1 kn/kw
2a, p-CH3CgH SO~ 17223-96-0 2.30 0.702 6+ 24 1.35 £ 0.07 280 + 17 14 X 108
2b, CgH5SO09~ 16722-50-2 2.26 0.175 4414 1.45 £ 0.07 210 £ 13 10 X 103
2¢, p-BrCgH,S0,~ 68001-97-8 2.58 1.131 8+ 2¢d 1.22 £ 0.05 260 + 37¢ 10 x 103
2d, p-NO;CsH S0, 30904-36-0 2.27 -0.078 44149 1.60 = 0.05 15+ 11€ 0.7 X 103
3a, HCOq~ 71-47-6 3.75 174 3x 103
3b, CH3(CH,),CCOs~ 461-55-2 4.81 1860 9 x 10%

@ The pK’s of the sulfinic acids bound to CTAB micelles were obtained by substracting 0.5 pK 4 units from the pK 4 of the acid
in water at 25 °C (ref 14).5 & Hydrophobic fragmental constant (ref 6). ¢ k, refers to the reaction in water in the absence of CTAB
(see text). ¢ Sulfinate concentration 1.0 X 10~3 M. ¢ Rates were measured conductometrically.
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Figure 1. Chemical shift of the CTAB N-methyl protons (upfield
from the HOD frequency) as a function of C'TAB concentration at
constant salt (NaX) concentration of 2 X 1072 M: (@) X = p-
CH3CgH SO, (0) N = p-C'HyCgH4SO3.

work of Eriksson® on uncharged aromatics, chemical shift
changes of the aggregated surfactant molecules and of suffi-
ciently hydrophobic solubilizates have been rationalized in
terms of specific mutual interaction between both components
as determined by the average position of the solute within the
micelle. Figure 1 portrays the upfield shift of the micellar
CTAB N-methyl protons upon increasing incorporation of
p-toluenesulfinate ions (2a) into the micelle. These upfield
shifts are best interpreted in terms of insertion of the aromatic
ring of 2a into the micellar interior, the depth of the pene-
tration being such that the surfactant N-methyl protons ex-
perience the magnetic anisotropy effect of the 7 system of the
solute. Quite similar effects have been observed by Bunton
et al.1011 for sodium p-toluenesulfonate bound to CTAB mi-
celles and their results have also been incorporated in Figure
1. In Figure 2, the p-methyl proton chemical shift of 2a is
plotted as a function of CTAB concentration. A maximum
upfield shift of 6 Hz is observed at about 1:1 CTAB/2a ratio.
Finally we note that the CTAB C(CHy);4C protons display
two partially resolved peaks upon incorporation of 2a into the
micelle. The one at lower field is shifted 3 Hz downfield
whereas the other one is shifted by more than 20 Hz upfield.
From these data we conclude that the mutual effect of CTAB
and 2a on chemical shifts are reminiscent of those for the
analogous system containing sodium p-toluenesulfonatel0.11
instead of 2a. This strongly suggests that both types of aro-
matic ions are located at rather similar average locations in
the CTAB micelles.

Reaction of Perchlorate 1 in the Presence of CTAB.
Taking into account the contributions of all Bronsted bases
present in solution (HeO, OH~, product HCO;~ and ArSQ,7),
k ohsq for hydrolysis of 1 is not expected to be constant during
a kinetic run.! As shown previously,! CT'AR wicelles speed the
reaction of 1 with OH~ by a large factor (koy- ca. 108 M~1g~1
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Figure 2, Chemical shift of the p-methyl protons of 2a (upfield from
the HOD frequency) as a function of CTAB concentration at a con-
stant concentration of 2a (2 X 102 M).

vs. kog~ = 9.2 104 M~1 57! in the absence!? of surfactant at
25 °C). Therefore, if the initial pH of the reaction mixture is
5.5, it can be calculated (and found experimentally) that a plot
of k ,bsq Vs. product concentration deviates substantially from
linearity in the lower concentration region. If instead an initial
pH of 3.5 (HCl) was used, the kinetics did obey first-order
requirements (starting concentration of 1, ca. 3.107° M) for
2-3 half-lives. The kopsq values (2 X 10~3 M CTAB) obtained
were extrapolated to zero product concentration as described
before! to yield £9%psq. The second-order rate contributions
of added sodium arenesulfinates 2a-d, &, were obtained from
the slope of a linear plot of k%44 vs. sulfinate concentration
(T'able I). For 2b the kinetic data were also analyzed by means
of eq 113 in which ky,0, kou-, kr, and kg are rate constants for
H,0, OH~, HCO,~ (product), and p-CH3C¢H4SO2~ (prod-
uct), respectively, and ar, ag, and ag’ are the degrees of ion-
ization (from pK !¢ and pH) of formic acid, p-CH3;CcH4SO5H,
and CqH;SO.H, respectively.

Robsd = Ru,0lH20] + kop-{OHT]
+ [productl{arky + asks] + [2blag’k, (1)

From a series of runs using known substrate concentrations
and carried out after each other in the same solutions, k., can
be found by substracting the rate contributions of products
(HCO,™, p-CH3CgH4SO57), Hs0, and OH™ from & psq and
plotting these values against the concentration of 2b. The k,
values obtained by the two methods agreed within experi-
mental error (£6%).

The k., values for 2a-d may be compared with the rate
constants in the absence of surfactant (k) estimated from the
Bronsted plot for hydrolysis of 1 (8 = 0.51 for a series of car-
boxylate anions).® Large rate accelerations in the order of
103-104 are indicated if it is assumed, on the basis of previous
data! and the values of K and r in Table I, that both reactants
are essentially quantitatively sorbed in the surface layer of
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CTAB micelles. It is of course hard to estimate in how far
orientation of the reactants in the micelles contributes to or
hampers the overall catalytic efficiency of the micellar reac-
tion. For instance, it is likely that the nonionic perchlorate 1
will penetrate deeper into the hydrophobic core of the micelles
than the ionic reactants 2a—d. Nevertheless it is highly pos-
sible that one of the important factors responsible for the
pronounced micellar effects will be concentration of the
reactants into a relatively small volume element in the micellar
pseudophase.?1 The finding that binding constants as well
as k, values are only modestly influenced by the nature of X
in the series 2a-d is consistent with this rationalization but
constitutes no proof for it. We emphasize—as pointed out
repeatedly?1516__that it is at the moment hardly feasible to
separate “concentration” and “medium” effects on kp/k .

The main conclusion to be drawn from the kinetic data in
Table 1 is that the k,/k, values for 2a-d are within a small
range, implying that the substituent effect of X on the kinetic
basicity of the sulfinate ions in the micellar-catalyzed process
is small and not governed by the hydrophobicity of X.

In view of the unexpected observation! that the rate of the
formate-catalyzed hydrolysis of 1 is also greatly accelerated
by CTAB, we have also determined the effect of CTAB mi-
celles on k/k., for the more hydrophobic butyrate anions.
The kinetic analysis was carried out by means of eq 1
employing butyric acid concentrations in the range 2.38 X
1074-11.9 X 10=* M. The rate acceleration was linear with the
butyrate anion concentration for ten kinetic runs at different
butyrate concentrations. As shown in Table I, k,/k,, amounts
to 9 X 10% which is three times larger than the corresponding
value for formate anions. This dependence of the catalytic
factor on the chain length of the reactants has been noted
before,”!5 but in the absence of information on the binding
of both carboxylate anions to CTAB micelles, a detailed ex-
planation is premature.

Experimental Section

Materials. p-Tolylsulfonylmethyl perchlorate (1) was prepared
as described previously.? Cetyltrimethylammonium bromide (CTAB;
Merck, p.a. quality) was purified by the method of Duynstee and
Grunwald.!” The sodium arenesulfinates 2¢ and 2d were obtained via
reduction of the corresponding sulfonyl chlorides with sodium sulfite.
The water content of the sulfinates was determined by means of po-
tentiometric titration with sodium nitrite (for 2a and 2b) or by oxy-
dimetric titration!® with potassium permanganate (for 2¢ and 2d).
The water used in all experiments was demineralized and distilled
twice in an all quartz distillation unit.

Spectroscopic Measurements. Ultraviolet (UV) spectra (25.0 °C)
were measured on a Zeis PMQ II spectrophotometer using 2-cm
quartz cells (10-12 mL). The sulfinate concentration was kept con-
stant at 1073 M for all series and the CTAB concentration was varied
by adding up to 100 uL of a concentrated (0.1 M) solution of CTAB
containing 1073 M sulfinate. The NMR spectra were recorded on a
Varian XL-100 spectrometer (probe temperature 34.6 °C) locked on
the HOD signal. All samples were D90 solutions (5 mL) containing
10 uL of HoO in a 12-mm probe. The sulfinate concentration was 2
X 1072 M in all cases and the CTAB concentration was varied between
0 and 0.1 M.

Kinetic Measurements. The rate of hydrolysis of 1 was deter-
mined by monitoring the change in the absorption at 235 nm. The
initial pH of the reaction mixtures was brought to ca. 3.5 by addition
of HCL. Pseudo-first-order kinetics were observed for at least 2-3
half-lives. The reactions were carried out in 2-¢cm quartz cells which
were placed in the thermostated (£0.05 °C) cell compartment of a
Zeiss PMQ 1I spectrophotometer.!? Rate constants were reproducible
to within 3%. In the presence of the sulfinates 2c and 2d, there was
no suitable wavelength for monitoring the hydrolytic reaction.
Therefore conductivity measurements were emploved by means of
a Philips PW 9501 conductivity meter. The accuracy of this method
was, however, somewhat less satisfactory (see Table I).
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The coupling of aryldiazonium cations with activated aro-
matic compounds is one of the most widely studied reactions
of organic chemistry.! A preponderance of literature on the
subject concerns reactions conducted in aqueous or highly
polar organic solvents, such as acetonitrile, nitromethane, and
nitrobenzene,2-4 in which arenediazonium salts are soluble.
Reports of azo coupling in nonpolar media are rare.% 7

Aryldiazonium tetrafluoroborates and hexafluoro phos-
phates have been solublized in solvents of low polarity by: (1)
attaching a lipophilic alkyl group to the aryl ring;56:8 (2) me-
tathetical gegen ion exchange with tetraalkylammonium
chlorides to yield the chlorocarbon-soluble aryldiazonium
chlorides;” and (3) complexation with crown ethers in chlo-
rocarbon solvents.?10 The first two methods have been em-
ployed to solublize aryldiazonium ions for azo coupling reac-
tions in nonpolar solvents. Thus, Bradley and Thompson®#
coupled p-decyloxybenzenediazonium tetrafluoroborate with
2-naphthol in benzene in the presence of pyridine. Very re-
cently, Korzeniowski and Gokel” treated chloroform-soluble
para-substituted benzenediazonium chlorides with N .N-
dimethylaniline and produced the corresponding azo coupling
products.

Mechanistic information concerning azo coupling in sol-
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