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chloride was dried (MgSO,) and concentrated to give, as a clear
yellowish oil, 123 mg (100%) of 2-methoxy-2-phenylpropanal (14):
NMR (DDCl;) 6 9.50 (s, 1 H, CHO), 7.33 (s, 5 H, C¢Hj), 3.27 (s,
3 H, OCH,), 1.63 (s, 3 H, CH); IR (neat) 2820, 2690, 1735 cm™'.
Further purification by preparative GLC (SE-30, 145 °C) did not
alter the spectral properties reported above for unpurified ma-
terial.

(§)-2-Methoxy-2-phenylpropanal (14). As with racemic
material, 730 mg (2.7 mmol) of (2R,3S)- and (2R,3R)-1,3-di-
phenyl-2-hydroxy-3-methoxy-1-butanones (12 and 13) in a ratio
of 74.8:25.2 gave, after 6 h at 0 °C with periodic acid, 424 mg (96%)
of crude (S)-2-methoxy-2-phenylpropanal (14), which was used
without purification in the chromium trioxide oxidation.

2-Methoxy-2-phenylpropionic Acid (15). To 200 mg (1.22
mmol) of 2-methoxy-2-phenylpropanal (14) in 15 mL of acetone
at 0 °C was added 140 mg of concentrated sulfuric acid followed
by 122 mg (1.3 equiv) of chromium trioxide. The mixture was
stirred at 0 °C for 30 min and then diluted with methylene chloride
and extracted twice with 10% sulfuric acid. The 2-methoxy-2-
phenylpropionic acid (15) was then extracted twice with 50 mL
of 1 M sodium hydroxide. The basic solution was acidified to
pH 2 at 0 °C and extracted three times with 50 mL of methylene
chloride. Drying (MgSO,) and concentration afforded 138 mg
(63%) of dense colorless oil 15: NMR (DDCL,) 6 10.1 (br, 1 H,
OH), 7.2-7.6 (m, 5 H, C, H), 3.30 (s, 3 H, OCH), 1.80 (s, 3 H, CH,);
IR (neat) 1710 cm™.

(+)-(S)-2-Methoxy-2-phenylpropionic Acid (15). As with
the racemic material, 424 mg of (S)-14 was converted to 418 mg
(90%) of (+)-(8)-15, [a]®p +6.28° (¢ 1.6, CH;OH). The acid 15
was purified further by column chromatography using hexane-
ethyl acetate—acetic acid 80:19:1, which raised the specific rotation

to [a}?p +6.98° (¢ 1.1, CH;0H) [lit.!®® [«]%}, 26.0 (CH,0H)].

(+)-(S)-Methyl 2-Methoxy-2-phenylpropionate (16). In
a refluxing solution of sulfuric acid (50 mg) and methanol (30 mL),
300 mg (1.66 mmol) of (+)-(S)-15 [«]®} +6.98°, was converted
to the methyl ester (+)-(S)-16. The methano! was diluted with
methylene chloride and extracted with 10% sodium hydroxide.
The organic layer was dried (MgSO,) and concentrated, affording
306 mg (95%) of (+)-(S)-16: [«]®p +2.98° (c 1.0, CH;0H); NMR
(DCDJy) 6 7.2-17.6 (m, 5 H, CgHj), 3.70 (s, 3 H, CO,CHj3), 3.27 (s,
3 H, OCH,), 1.77 (s, 3 H, CHj;); IR (neat) 2810, 1730, 1260 cm™L.
Using a chiral shift reagent,'® the CO,CHj singlet exhibited a
doublet at 284 Hz and 272 Hz; integration indicated an optical
purity of 22%.
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The reaction of p-nitrophenol with tetra-n-butylammonium taurinate in 95.3 mol % dioxane-water was found
to give an anion—cation—zwitterion triplet which then dissociates to a zwitterion and to an ion pair. The equilibrium
constants for the formation of this triplet, Ky, and for dissociation, K4, were found to be K; = 3.57 L1/2 mol-'/2

and K3 = 1.73 X 107" mol L1,

ITon pairs, triplets, and higher aggregates of electrolytes
in nonpolar solvents have been known for some time.?
The driving force for their formation is principally the
Coulomb force attraction of oppositely charged particles.
Zwitterions (dipolar ions) have a net neutral charge, yet
it appears plausible that electrostatic forces at their (op-
positely) charged ends might, in nonpolar solvents, prove,
in some cases, to be sufficient to cause self association into
zZwitterion pairs or association with ion pairs to form an-
ion—cation—zwitterion triplets. We wish to report evidence
for the existence of the latter entity with the zwitterion
being taurine (*H;NCH,CH,S0;") and the ion pair being
tetra-n-butylammonium p-nitrophenoxide ([n-Bu],N*
p-NO,CcH,0) in 95.3 mol % dioxane-water solvent.

(1) Part 5. Haberfield, P.; Fortier, D. J. Org. Chem. 1983, 48, 4554.

(2) Reviews: (a) Kraus, C. A. J. Chem. Ed. 1958, 35, 324. (b) Szwarc,
M. Acc. Chem. Res. 1969, 2, 87. (c) Szwarc, M., Ed. “Ions and Ion Pairs
in Organic Reactions”; Wiley: New York, 1972-1974.
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Anion-Cation-Zwitterion Triplet Formation and
Dissociation. In connection with an investigation of the
kinetics of the aminolysis of p-nitrophenyl esters by tet-
ra-n-butylammonium taurinate, I, it became necessary to
measure the equilibrium constant for the acid-base reac-
tion between p-nitrophenol and I in 95.3 mol % diox-
ane-water solvent (eq 1).

p-NO,C;H,OH + H,NCH,CH,SO;~ + (n-Bu),N* =

p-NOQCGH40_ + (n-Bu)4N+ + +H3NCH20H2803_ (1)

Acid-base reactions of 2,4-dinitrophenol and amines in

aqueous dioxane had been studied by Pearson & Vogel-

song® and found to obey the equilibrium law
[BH*A"]

= — 2
(AlB] @

(3) Pearson, R. G.; Vogelsong, D. C. J. Am. Chem. Soc. 1958, 80, 1038.
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Anion-Cation-Zwitterion Triplets

Table 1. The Equilibrium p-NO,C;H,OH +
HzNCHzCH2S03- + (n -Bu)‘N*' = p-NOchILO' +
(n-Bu),N* + *H,NCH,CH,SO;" in 95.3 mol %
Dioxane-Water at 25.0 °C

[PNP]® [TBAT)® Al Ke K¢
8.695 33.57 0.787 303 3.81
8.695 83.93 1.85 329 3.85
8.695 167.9 3.21 355 3.73
8.695 419.7 5.78 479 3.66
9.999 37.45 1.01 308 4.12
9.999 93.61 2.23 313 3.91
9.999 187.2 3.90 349 3.61
9.999 468.1 6.70 506 3.92

17.39 33.57 1.21 232 4.17

17.39 83.93 2.59 214 3.69

17.39 167.9 4.92 242 3.82

17.39 419.7 9.61 301 3.76

20.00 37.45 1.49 223 4.27

20.00 93.61 3.20 210 3.86

20.00 187.2 5.83 227 3.82

20.00 468.1 11.12 274 3.65

¢ Stoichiometric p-nitrophenol concentration, M X 10°.
bStoichiometric concentration of tetra-n-butylammonium tauri-
nate, M X 105 ¢p-Nitrophenoxide concentration, obtained spec-
troscopically at 408 nm, M X 10 ¢Equilibrium constant for eq 3,
L mol™. ¢Equilibrium constant, eq 4, mol'/2 L-V/2,

If a neutral acid and a neutral base yield an ion pair in a
poorly ionizing solvent, then in our case (eq 1), the product
might be an anion-cation—zwitterion triplet and the
equilibrium law ought to be

_ [p-NO,CeH,0"...*H;NCH,CH,S05"...(n-Bu) N*]

5 [p-N02C6H4OH] [H2NOH20H2803_...(n'Bu)4N+]
@)

The term in the numerator of this expression can be de-
termined experimentally from the absorbance of p-nitro-
phenoxide at 408 nm, the two terms in the denominator
then being the stoichiometric concentrations of p-nitro-
phenol and tetra-n-butylammonium taurinate less the
above. Column 4 in Table I lists equilibrium constants,
Kj, calculated by using eq 3. It is clear that these K values
are far from constant, changes in both acid and base
concentration causing large changes in K;. One difficulty
with eq 3 is that it does not take into account possible
self-association of the p-nitrophenol. Self-association of
phenols in nonpolar solvents has been observed*® in a
variety of phenols, though not in o-nitro-substituted
phenols. Hence, the applicability of eq 2 to the work of
Pearson and Vogelsong was due to the fact that they used
an o-nitrophenol, 2,4-dinitrophenol, which did not asso-
ciate. Taking account of p-nitrophenol self-association in
our system and choosing an aggregation number of two (see
below for a justification of this), we get

K, =
[p-N0206H4O‘...+H3NCH2CH2503'...(n-Bu)4N+]
[(p-N0206H40H)2]1/2[H2NCH2CHQSO3'...(n-Bu)4N+]
4)
Values for the equilibrium constant, K, calculated with

eq 4 are listed in column 5, Table I. The large changes
in the previous equilibrium constant (K;) with changes in

(4) Philbrick, F. A. J. Am. Chem. Soc. 1934, 56, 2581.

(5) Lassettre, E. N.; Dickinson, R. G. J. Am. Chem. Soc. 1939, 61, 54.

(6) Ito, M. J. Mol. Spectrosc. 1960, 4, 125.

(7) Dearden, J. C. Can. J. Chem. 1963, 41, 2683.

(8) Cardinaud, R. Bull. Soc. Chim. Fr. 1960, 634.

(9) Woolley, E. M.; Travers, J. G.; Erno, B. P.; Hepler, L. G. J. Phys.
Chem. 1971, 75, 3591.
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p-nitrophenol concentration have vanished, suggesting that
we now have the correct molecularity for p-nitrophenol.
There are, however, still unacceptable variations in the
values of the equilibrium constants with changes in tet-
ra-n-butylammonium taurinate concentration.

The ion pairs formed from acid-base reactions in no-
nionizing solvents,3!% were found not to dissociate to free
ions to an observable extent. However, in the present case,
there is another kind of dissociation that is possible,
namely the dissociation of the anion—cation-zwitterion
triplet to an ion pair and a zwitterion (eq 5). This dis-

K

%(p-NOZCSH4OH),, + H,NCH,CH,S0;"...(n-Bu) N* =
Ky

p-NO2CGH4O'...+H3NCH2CH2803’...(n-Bu)4N+ =1
+H3NCHZCHQSO3_ + p-N0206H40‘...(n-Bu)4N+ (5)

sociation is plausible even in a poorly dissociating solvent,
because it does not cause any increase in charge separation.
The existence of the second equilibrium, the dissociation
of the anion-cation—zwitterion triplet, K, should explain
the changes in the equilibrium constant, K, with changes
in amine concentration.

To solve for k; and k4 in eq 5, we need

K. = [p-NOZCGH4O’...+H3NCH2CH2303’...(n-Bu)4N+]
N PNP - A/ ]
n

[TBAT - A/¢]
(8)

which is obtained from eq 5;
_ [p-N0206H40‘...(n-Bu)4N+] [+H3NCHQCH2803_]

B [p-NOZCGH4O'...+H3NCHZCH2803'...(n-Bu)4N‘('])
7

d

also, from eq 5;

% = [p-N0206H4O‘...+H3NCHZCH2803"...(n-Bu)4N+]
+ [p-NO,CeH,0"...(n-Bu)N*] (8)

which expresses the fact that absorbance at 408 nm is a
measure of all the p-nitrophenoxide present, where

PNP =
the stoichiometric concentration of p-nitrophenol

TBAT = the stoichiometric concentration of
tetra-n-butylammonium taurinate (I)

n = the aggregation number of p-nitrophenol

A /e = the absorbance at 408 nm divided by the
extinction coefficient of p-nitrophenoxide at 408 nm

Combining eq 6-8 leads to eq 9, which contains only Kj,
K, n, and experimentally measured quantities. This is

AJe

PNP - A/¢ \V" v -
— (TBAT - A/¢)

PNP - A/e \/» 172
K|\ ———— ] (TBAT-4/9| & (KK

©)

(10) Davis, M. M. “Acid Base Behavior in Aprotic Organic Solvents”;
U. S. Government Printing Office: Washington, D.C., National Bureau
of Standards Monograph 105.
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Figure 1. The error in the slope, K, of eq 9 as a function of the
n value [% error = (standard deviation of the slope/slope) X 100].

c

Figure 2. Plot of
AJe

PNP - A/¢ \/?
— (TBAT - A/¢)

PNP - A/e \'/? e
[ ———— ) (TBAT-A/¢) | X 10° (x axis)

9 .
7 X 10° (y axis) vs.

2

a linear equation and, if n is known, a plot of the left hand
term vs. the first square root term on the right should yield
a straight line having slope K, and intercept = (KK )/

To obtain n, the aggregation number of p-nitrophenol
from our data, we evaluated the slope, K;, of the above
equation for values of n ranging from 1 to 3 in 0.1 incre-
ments. The error in this slope was calculated for each n
value. The results are shown in Figure 1, where this error
is plotted against the n values. The results show that a
minimum is observed at an n value of 2.0.

Using this aggregation number, we now calculated K;
and K4 with eq 9. The values are

K, = 3.57 % 0.075 L1/2 moll/2
Ky =173 £0.17 X 107 mol L!

The fit of the data is depicted in Figure 2.2

The cation-anion—zwitterion triplet dissociation con-
stant, Ky, in this solvent is quite small. Thus, when the
total p-nitrophenoxide concentration is 7.9 X 10® M (the
first entry in Table I), 14.4% of it is in the form of the
taurine zwitterion and the tetra-n-butylammonium p-
nitrophenoxide ion pair, and at our highest p-nitrophen-

Haberfield and Cincotta

oxide concentration, 1.1 X 10 M (last entry in Table I),
only 3.9% of it has dissociated. The stability of the triplet
in this instance is no doubt a consequence of the preference
of the p-nitrophenoxide ion for the H bond donor taurine
over the tetra-n-butylammonium cation. This preference
can be observed in the ion pair dissociation constants of
quaternary and other ammonium picrates measured by
Fuoss and Kraus.!'* They found that, in benzene,
chlorobenzene, ethylene chloride, and nitrobenzene sol-
vents, the hydrogen bonding ammonium picrates had ion
pair dissociation constants which were 10-10° smaller than
those of the corresponding quaternary ammonium picrates.

Association between p-Nitrophenol and Tetra-n-
butylammonium Taurinate (I). There is evidence!® for
acid-base association in nonpolar solvents which would
lead to equilibrium expressions originating from the hy-
drogen-bonded complex. These possible schemes and their
associated equilibrium constants are

K,
p'NOQCGH4OH...HZNCH20H2803_...(n'Bu)4N+ P
p-N02C6H40"...+H3NCH2CH2803‘...(n-Bu)4N+ (10)
A/e

K= ®np-a/9 a
Ke
p-NO,CeH,0H...H,NCH,CH,S0;"...(n-Bu),N* —=
+H3NCHQCHQSO3— + p-N0206H40'...(n-Bu)4N+ (12)

(A/e)?

K= ®Np-4/0 1

p-NO,CeH,OH... H,NCH,CH,SO0;"..(n-Bu) N*
p-NO,CeH,0m.. *H;NCH,CH,SO;...(n-Bu),N* ==
+*H,NCH,CH,SO0;~ + p-NO,CgH,O"...(n-Bu),N* (14)
Afe
(PNP - 4 /12

The K; and K, values calculated from our data exhibited
large variations in equilibrium constant value with changes
in acid and base concentration. The slope calculated from
eq 15 had a negative value and an extremely poor corre-
lation coefficient. These results alone lead to the conclu-
sion that a hydrogen-bonded complex between p-nitro-
phenol and taurinate is not an important species in this
solvent. Rivetti and Tonellato!® observed that, in benzene
solvent, the absorption maximum of p-nitrophenol shifted
from 305 to 320 nm on addition of imidazole. They in-
terpreted this as evidence for the presence of a strong
hydrogen-bonded association between the p-nitrophenol
hydrogen and an imidazole nitrogen. To test for this
possibility in our solvent, we added fairly large concen-
trations of amine to p-nitrophenol and observed the effect
on the absorption maximum of the p-nitrophenol (308 nm)
and on the absorption maximum of the p-nitrophenoxide
(408 nm). Table IT shows that addition of tetra-n-butyl-
ammonium taurinate produces no observable shift of either
maximum; a very large (0.16 M) concentration of benzy-
lamine being required to produce an observable effect. We
conclude again that p-nitrophenol-taurinate association
does not play a role in 95.3 mol % dioxane—water.

= KH{PNP - A/¢'% £ (KK’ (15)

(11) Fuoss, R. M.; Kraus, C. A. J. Am. Chem. Soc. 1933, 55, 3614.

(12) MclIntosh, R. L.; Mead, D. J.; Fuoss, R. M. J. Am. Chem. Soc.
1940, 62, 506.

(13) Mead, D. J.; Kraus, C. A.; Fuoss, R. M. J. Am. Chem. Soc. 1939,
61, 3257.

(14) Taylor, E. G.; Kraus, C. A. J. Am. Chem. Soc. 1947, 69, 1731.

(15) Rivetti, F.; Tonellato, U. J. Chem. Soc. Perkin Trans. 2 1977,
1176.
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Table II. Absorption Maximum of p-Nitrophenol and
p-Nitrophenoxide® in the Presence of
Tetra-n-butylammonium Taurinate (TBAT) or
Benzylamine (BA) in 95.3 mol % Dioxane-Water

Amayy M
p-NOy  p-NO,-
[PNP]? [TBATY" [BA]* C¢H,OH CgH,0"
5.00 X 10 0 0 308
1.00 X 10t  3.74x 10 0 308 408
1.00 X 10* 936 x10* 0 308 408
1.00 x 10 187 x 10% 0 308 408
1.00 X 10* 468X 10* 0 308 408
1.08 X 10* 0 0.168 308
108X 10% 0 1.68 312

4The Apex Of a solution (2 X 1078 M) of tetra-n-butylammonium
p-nitrophenoxide in this solvent is 408 nm. ?Stoichiometric con-
centration of p-nitrophenol. ¢Stoichiometric concentration of tet-
ra-n-butylammonium taurinate. ¢Stoichiometric concentration of
benzylamine.

In connection with the results listed in Table II, it is
worth noting that, whereas benzylamine and taurinate
anion have comparable basicities in water,'® benzylamine
produces no observable p-nitrophenoxide in 95.3 mol %
dioxane-water even at very high concentrations of ben-
zylamine. There is evidently an enormous difference!’
between K; and Kg, (eq 16) in a poorly ionizing solvent,

K
p-NO,C.H,0H + C;H,CH,NH, —>
p'N02C(.;H40_...+H3NCHQCGH5 (16)

even though both reactions involve the same amount of
charge generation (two new charges). The difference re-
flects the preference for anion—cation—zwitterion formation
from an ion pair over ion pair formation from neutral
species.

The Spectrum of p-NO,C;H,O™ as a Function of
Aggregation. Changes in the position of the absorption
maximum with aggregation state have been observed and
used in the elucidation of ion pair structure and equilib-
ria.® In the present case, the absorption maximum never
varied from its value of 408 nm. In an effort to observe
the pure ion pair, we prepared p-nitrophenoxide from
p-nitrophenol and tetra-n-butylammonium hydroxide.
The spectra of solutions prepared in this way did not differ
from p-nitrophenoxide solutions prepared from p-nitro-
phenol and high concentrations of tetra-n-butylammonium
taurinate (i.e., pure triplets). The molar absorptivity of
p-nitrophenoxide at 408 nm of solutions prepared by these
two methods differed by less than 0.2%.

We conclude that the small amount of water present in
our solvent system and available for hydrogen bonding to
p-nitrophenoxide, blurs the spectroscopic difference be-
tween the ion pair and the internally hydrogen-bonded
anion-cation—zwitterion triplet. This makes it possible to
use the absorbance at 408 nm as a measure of all the
p-nitrophenoxide present.

Conclusion. A new state of aggregation in solution, an
anion—cation-zwitterion triplet, is described. The equi-

(16) The pKy, of benzylamine is 4.65 [Robinson, R. A.; Kiang, A. K.
Trans. Faraday Soc. 1956, 52, 327] and the pK), of taurinate is 4.94 [King,
E. J. J. Am. Chem. Soc. 1953, 75, 2204].

(17) From the lack of any p-nitrophenoxide color produced by even
0.33 M benzylamine, we estimate the value of Kp, to be less than 1.2 X
102 L mol™!. This is not directly comparable to the K; value, 3.57 L!/2
mol/2, because of the different dimensions of the two constants. A
meaningful comparison would be to compare the concentration of p-
nitrophenozxide produced by 2 X 104 M p-nitrophenol and 4.7 X 103 M
taurinate (last entry Table I) with the amount of p-nitrophenoxide pro-
duced by 2 X 10™* M p-nitrophenol and 4.7 X 10® M benzyl amine. The
values are 1.1 X 107 M p-nitrophenoxide and <1.1 X 10® M p-nitro-
phenoxide.
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librium constant for the formation of this triplet from
p-nitrophenol and tetra-n-butylammonium taurinate in
95.3 mol % dioxane~water was measured, K; = 3.57 L1/?
mol!/2, The equilibrium constant for the dissociation of
this triplet into an ion pair and a zwitterion was measured,
K43 =1.73 X 107" mol L., p-Nitrophenol was found to exist
as a dimer in 95.3 mol % dioxane-water.

It appears plausible that the family of charged aggre-
gated species in solution may include not only ion pairs
and higher aggregates, anion—cation—zwitterion triplets and
higher aggregates, but also zwitterion pairs and higher
aggregates. All these species are probably common in
biological systems. The study of their formation and
dissociation may shed light on such areas as membrane
structure and assembly, nerve cell function and the
mechnism of the assembly and dissassembly of native
protein conformations.

Experimental Section

Materials. 1,4-Dioxane (Baker Analyzed Reagent) was passed
through a column of activated alumina and stored under nitrogen,
n2p 1.4229 (lit.!® n%;, 1.4224). The 95.3 mol % dioxane-water
was then prepared by weight using the above and deionized water.
The aqueous dioxane was deaerated with CO, free nitrogen, stored
in the dark and used within 3 days. Taurine (Aldrich) was
recrystallized from water. Benzylamine was dried over KOH
and distilled, n?°p 1.5441 (lit.!® n®p 1.5438). p-Nitrophenol was
recrystallized from 2% aqueous HCl and dried at 78 °C in vacuo,
mp 113-114 °C (lit.®® mp 115-115.6 °C). Tetra-n-butyl-
ammonium bromide (Eastman) was recrystallized from ethyl
acetate—ether, mp 118-119 °C (lit.2* mp 118.5 °C).

An aqueous tetra-n-butylammonium hydroxide solution was
prepared by adding 2.95 g (0.00256 equiv) of Ag;0 to a solution
of 7.408 g (0.00230 mol) of tetra-n-butylammonium bromide in
95 mL of water. The mixture was stirred for 20 min in the dark
and filtered, and the filtrate was diluted to 100.0 mL. Titration
of an aliquot with HCl showed it to be 0.2024 N.

Tetra-n-butylammonium taurinate (TBAT) was prepared
as follows. To 95.0 mL of a 0.2024 N aqueous solution of tetra-
n-butylammonium hydroxide was added 2.456 g (0.01962 mol)
of taurine. The water was removed at room temperature in vacuo,
the brown solid residue dissolved in 50 mL methylene chloride,
decolorized with charcoal, and filtered, and the filtrate evaporated
to dryness at room temperature in vacuo to yield a white oil.
Trituration of this oil with hexane caused crystallization to a highly
hydroscopic white solid: 5.5 g (78%); mp 116-118 °C. A sample
of this material was titrated with HCI to give an equivalent weight
of 377.0 (caled M, = 366.6).

Equilibrium Constants. Solutions of p-nitrophenol and
tetra-n-butylammonium taurinate in 95.3 mol % dioxane-water
were prepared by weight and diluted to the concentrations listed
in Table I. The solutions were equilibrated in a thermostated
bath at 25.0 °C and their spectra were determined in the ther-
mostated cuvette holder of a Cary 17 or a Perkin-Elmer 402
UV-visible spectrophotometer. The molar absorptivity of tet-
ra-n-butylammonium p-nitrophenoxide was determined by dis-
solving a weighed amount of p-nitrophenol in a solution of
standardized tetra-n-butylammonium hydroxide in 95.3 mol %
dioxane-water. The molar absorptivity at 408 nm was found to
be 25092 L mol™. The molar absorptivity of the tetra-n-buty-
lammonium-2-ammoniumethyl sulfonate-p-nitrophenoxide triplet
was determined by dissolving a weighed amount of p-nitrophenol
in solutions of tetra-n-butylammonium taurinate of successively
higher cncentrations till a maximum absorbance at 408 nm was

(18) Hess, K.; Frahm, H. Chem. Ber. 1938, 71B, 2632.

(19) Vogel, A. L. J. Chem. Soc. 1948, 1825.

(20) Carrick, L. L. J. Phys. Chem. 1921, 25, 633.

(21) Reynolds, M. B.; Kraus, C. A. J. Am. Chem. Soc. 1948, 70, 1709.

(22) A referee has pointed out that the application of a nonlinear
least-squares calculation to eq 9 will yield both the equilibrium constants
and the aggregation number, n. The values obtained by the Gauss—
Newton method were K; = 3.28 + 0.087, K; = (1.93 % 1.14) X 1077, and
n = 1.89 £ 0.032.
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reached. This highest concentration of tetra-n-butylammonium
taurinate was 2.88 X 102 M and it gave a molar absorptivity for
p-nitrophenoxide of 25048 L mol™.

The equilibrium constant, K;, was calculated from the ex-
pression

AJe

Ks = pp - A/<[TBAT - A/¢]

The equilibrium constant, K,, was calculated by using the
expression

AJe

K4 =
[(PNP - 4/¢)1/2]/2[TBAT - A /]

Acknowledgment. This work was supported in part
by a grant from the PSC-CUNY Research Award Program
of the City University of New York.

Registry No. Tetra-n-butylammonium bromide, 1643-19-2;
tetra-n-butylammonium hydroxide, 2052-49-5; tetra-n-butyl-
ammonium taurinate, 91900-05-9; taurine, 107-35-7; p-nitrophenol,
100-02-7; benzylamine, 100-46-9.

S-Substituted Thiacyclobutenium Salts!

James R. Bodwell,2 Bhalchandra H. Patwardhan, and Donald C. Dittmer*

Department of Chemistry, Syracuse University, Syracuse, New York 13210

Received March 12, 1984

Treatment of 3-phenyl- or 3-(2-naphthyl)-2H-thietes with trimethyl- or triethyloxonium tetrafluoroborate or
with methyl trifluoromethanesulfonate yields colorless S-alkylthiacyclobutenium salts. They react with cyanide
ion to give both ring opened and dealkylated products. Repetition of previously reported syntheses of 4-
methyl-1,2-diphenylthiacyclobutenium perchlorate and 2-methyl-1,4-diphenylthiacyclobutenium perchlorate gave
instead 4-methyl-2-phenylbenzo-1-thiopyrylium perchlorate and 2-methyl-4-phenylbenzo-1-thiopyrylium perchlorate,
respectively. These thiopyrylium salts also were synthesized independently.

The synthesis of S-substituted thiacyclobutenium salts
1a and 1b by cyclization of 8-phenylthio ketones has been
described.? The purported salt 1a had a melting or de-
composition point (212 °C) identical with that reported
for the thiopyrylium salt 2.45 In the reported 'H NMR

R ﬁ R
1 (1) POCIg = -
PhSCHCH,CR wcios R S.,\ClOa
Ph

H

1a,R=Ph; R'=CHy
1b,R=CHz:R'=Ph

CHa

* cioa” 3
2

spectra of 1a and 1b in trifluoroacetic acid, the absorption
of the methine proton on carbon-2 was not observed.
Moreover, the ultraviolet spectrum attributed to la was
essentially identical with that reported for 2.4% The only
other thiacyclobutenium salt reported previously is 3, in
which the carbon~carbon double bond is part of an aro-
matic system.! Several thiacyclobutenium structures,

(1) Presented in part at the 186th National Meeting, American
Chemical Society, Washington, D.C., Sept, 1983, Abstract ORGN 248.
Taken in part from the Ph.D. Thesis of James R. Bodwell, Syracuse
University, 1984.

(2) Syracuse University Fellow, 1982-1983.

(3) Tilak, B. D.; Gogte, V. N.; Devdhar, R. S. Tetrahedron Lett. 1974,
45, 3911.

(4) Tilak, B. D.; Panse, G. T. Indian J. Chem. 1969, 7, 191.

(5) Devdhar, R. S.; Gogte, V. N.; Tilak, B. D. Indian J. Chem. Sect.
B 1980, 19B, 1014.
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however, have been suggested as intermediates.®’

Results and Discussion

Alkylation of Thietes. A different method than that
used for the synthesis of the alleged structures 1a and 1b
was adopted as a general way of preparing thiacyclobu-
tenium salts. 3-Arylthietes, e.g., 4 and 5, are much more
stable® than alkyl-substituted thietes or the unsubstituted
thiete,® and they can be alkylated with triethyl- or tri-
methyloxonium tetrafluoroborate in methylene chloride
at 0 °C. The sulfonium salts obtained are hygroscopic and
difficult to isolate. They yield ring opened and dealkylated
products on treatment with tetraethylammonium cyanide.
The ring-opened 4-(methylthio)- or 4-(ethylthio)-3-bu-
tenonitriles were obtained in about 25% yield and the
dealkylated products, thietes 4 and 5, were obtained in
about 50% yield.

Ar Ar . -
= + = CHlp T——-‘_ ElNCN
\Eé + R30BFs 57 st CHLCly
N
4, Ar=Ph R
8, Ar=2-naphthyl Re*Me, Et
Ar

RSCH==C——CH,CN + 4or 5

The trifluoromethanesulfonate (triflate) salts, 6 and 7,
prepared by alkylation with methyl! triflate, were less hy-

(6) Meinwald, J.; Knapp, S.; Obendorf, S. K., Hughes, R. E. J. Am.
Chem. Soc. 1976, 98, 6643.

(7) Engelhard, N.; Kolb, A. Liebigs Ann. Chem. 1964, 673, 136. Tilak,
B. D,; Jindal, S. L. Indian J. Chem. 1969, 7, 737.

(8) Patwardhan, B. H.; Parker, E. J.; Dittmer, D. C. Phosphorus
Sulfur 1979, 7, 5.

(9) Dittmer, D. C.; Chang, P.-L.; Davis, F. A.; Iwanami, M.; Stamos,
1. K.; Takahashi, K. J. Org. Chem. 1972, 37, 1111.
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