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The rates and stereochemical results of solvolysis of threo-3-p-anisyl-2-butyl arenesulfonates show that ionization 
is essentially exclusively anchimerically assisted, Such ionization gives rise to the internally compensated cis-anisyl- 
bridged cation, from which racemic threo-acetate results in acetolysis. Polarimetric rate constants (k,) represent ionization 
rate constants (kl), while titrimetric solvolysis rate constants (kt) can be considerably smaller because of ion pair return ac- 
companying solvolysis. IX’ith the threo-3-anisyl-2-butyl bromobenzenesulfonate, ( k a / k t )  is 4.1 in acetic acid and ca. 16 
in 10% HCOOH-dioxane. Lithium perchlorate salt effects on k, in acetolysis of threo-3-anisyl-2-butyl bromobenzene- 
sulfonate show only the normal linear pattern. On the other hand, salt effects on kt show the combination of the steep special 
and the more shallow normal linear pattern. It is very clear that  special salt effects are not concerned with ionization, 
but with reduction of ion pair return. The most striking aspect of the present results is that  the special salt effect only 
partly closes the gap betwen polarimetric and titrimetric rate constants for acetolysis. On re-examination of the question 
of identity of polarimetric and ionization rate constants, it is concluded that these are identical for systems such as the 
present one in the common solvolyzing solvents. Therefore, ion pair return is only partially eliminated by the special salt 
effect. Regarding the mode of action of the salt in the special salt effect, the indications are strong that it is not by way of a 
sort of ion atmosphere effect on the relative rate constants determining the importance of ion pair return. The best work- 
ing hypothesis is that  two kinds of carbonium ion pairs, intimate (11) and solvent-separated (111) are distinguishable as dis- 
crete intermediates in solvolysis, and that these respond differently to the special salt. The solvent-separated ion pair 111 
is presumed to  be much more reactive than the intimate ion pair I1 toward added lithium perchlorate. The latter is pre- 
sumed to trap I11 while still permitting internal return from 11. On this basis, i t  is possible to  dissect ion pair retuin ac- 
companying acetolysis of threo-3-anisyl-2-butyl arenesulfonates into internal return from I1 and return from solvent-sepa- 
rated ion pair 111. Comparison of the 3-anisyl-2-butyl and 3-phenyl-2-butyl systems shows that the substitution of the 
p-methoxyl group into the 3-phenyl-2-butyl system has a negligible effect on the over-all importance of ion pair return ac- 
companying acetolysis. On the other hand, it has a major effect on the distribution of ion pair return between internal re- 
turn from I1 and return from the solvent-separated ion pair 111. The former is decreased, while the latter is introduced 
strongly. The structure of the two varieties of ion pair is discussed somewhat, and the question of merging of intimate ion 
pair and cyclic rearrangement mechanisms is touched on. The use of isotopic criteria for the occurrence of ion pairs as inter- 
mediates in rearrangements is discussed. 

In acetolysis a number of systems3 have displayed 
special salt effects4 clearly to be ascribed to the 
elimination of a definite and substantial fraction of 
ion pair return by salts such as lithium perchlorate. 
With none of the systems displaying special salt 
effects so far discussed in papers V,4 VI6 and 
VIIP of this series, was total ionization rate easily 
measured. Therefore, i t  was not clear in those 
cases whether all or only part of ion pair return was 
eliminated by the special salt effect. 

I t  was anticipated that the threo-3-p-anisyl-2- 
butyl arenesulfonate system I would be useful in 
this connection, since it was already clear that the 
erythro isomer displayed special salt eff ects.6 
n‘ith threo-3-anisyl-2-butyl arenesulfonate I, ioni- 
zation could be expected to be very predominantly 
anchimerically assisted, the internally compen- 
sated bridged cation I1 being the intermediate. 
The rate constant for ionization, k1, is given by the 
polarimetric’ rate constant, k,, for the change in 
optical rotation. The fraction of ion pair return 
eliminated in the special salt effect would be dis- 
closed by the effect of lithium perchlorate on the 
gap between polarimetric and titrimetric rate con- 
stants, k, and kt, respectively. The preparation 
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(195G). 

( 5 )  A. H. Fainberg, G. C .  Robinson and S. Winstein, ibid., 7 8 ,  2777 
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and solvolysis of active threo-3-anisyl-2-butyl p -  
bromobenzenesulfonate and p-toluenesulfonate I 
are described in the present paper. The implica- 
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tions of the present results for the nature and be- 
havior of carbonium ion pairs are discussed. 

Results 
3-Anisyl-2-butanols and their Derivatives.-The 

3-ani~yl-2-butanol~~~ was derived from treatment 
of 2-anisylpropanal with the methyl Grignard re- 

( 8 )  A. Sosa, Ann. ckim., 1111 14 ,  5 (1940). 
(9) S. Winstein, M. Brown, K. C. Schreiber and A. H. Schlesinger, 

THIS JOURNAL, 7 4 ,  1140 (1952). 
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TABLE I 

I Eryfhro Thre- 
SUMMARY OF PROPERTIES O F  3-fi-ANISYL-2-BUTYL DERIVATIVES 

Derivative dl Active dl  Active 

Alcohol, m.p., "C. 60" 80-81.5 1.5161' 
137-138c 109-112 123-124.5 121-122d 

-29.0 
Acid phthalate Irn"'' OC' 

p-Toluenesulfonate 

'1 [CY] D (CHCls), ' 
(m.p., OC. 70-72 49-50'0 69-70 
\[aID (CHCL), ' -8.25 -11.3 

67-6g6 p-Bromobenzenesulfonate /m'p'' "" 
\Ia]D (CHCls), ' 

97.5-98.5*0 84 -86 
+11.3 

p-Ktrobenzoate, m.p., 'C. 102.5-103.5 84-85 
a M.p. of 60' previously reported by Sosa* for the solid racemate. * n Z s ~ .  Previously reportedg 136.5'. Brucine salt. 

agent as in previous work: From the crude mix- 
ture, roughly 3:1, of solid and liquid diastereomeric 
3-anisyl-2-butanols, respectively, considerable solid 
diastereomer crystallized directly on standing. 
The residual mixture was separated by repeated 
crystallization of the acid phthalateg into the acid 
phthalates of the solid and liquid carbinols. By 
use of a large excess of p-nitrobenzoyl chloride the 
solid and liquid carbinols could be converted es- 
sentially quantitatively to p-nitrobenzoates, these 
derivatives being especially useful for characteriza- 
tion of the carbinols. 

As indicated in Table I, which summarizes the 
physical properties of the 3-p-anisyl-2-butanols and 
their derivatives, the erythro designation is assigned 
to the solid racemate and the threo designation to 
the liquid. Such an assignment is suggested by 
analogy with the diastereomeric 3-phenyl-2-bu- 
tanols,ll and i t  is borne out by the behavior of the 
arenesulfonates of the optically active 3-anisyl-2- 
butanols described below. 

Optically active specimens of both the erythro- 
and tlzreo-3-anisyl-2-butanols were obtained by 
crystallization from 2-butanone of a 1 :1 mixture of 
brucine and acid phthalate of mainly threo-car- 
binol. The solution first deposited the brucine salt 
of active erythro-acid phthalate. Dilution with 
petroleum ether and cooling deposited the brucine 
salt of active threo-acid phthalate. The physical 
properties of the various derivatives of the optically 
active erythro- and threo-carbinols are summarized 
in Table I. 

Anisyl Participation.-The pronounced tendency 
for neighboring anisyl participation in the rate- 
determining ionization of 3-anisyl-2-butyl arene- 
sulfonate I was indicated in our earlier kinetic 
work by the substantial rate factor between 3- 
anisyl-2-butyl and 3-phenyl-2-butyl-9-toluenesul- 
fonates.9 The present work supplies stereochemi- 
cal evidence for essentially complete control of the 
solvolysis of 3-anisyl-2-butyl derivatives by neigh- 
boring anisyl. 

Acetolysis of dl-threo-3-anisyl-2-butyl p-bromo- 
benzenesulfonate (I) and subsequent treatment of 
the solvolysis product with lithium aluminum hy- 
dride gave rise to carbinol containing a small pro- 
portion of olefin. The carbinol product was com- 
pletely threo as indicated by formation of very pure 
threo-p-nitrobenzoate. Furthermore, when active 
threo-3-anisyl-2-butyl bromobenzenesulfonate (I) 

(10) S. Winstein, E. Clippinger, A. H. Fainberg, R. Heck and 
G. C.  Robinson, THIS JOURNAL, 78, 328 (1956). 

i l l )  D. J. Cram, i b i d . ,  71, 3863, 3883 (1949). 

was solvolyzed, the solvolysis product was com- 
pletely racemic threo. These stereochemical re- 
sults obviously are due to the formation of the cis, 
and therefore internally compensated, bridged cat- 
ion 11, which gives rise to dl-threo-acetate \7.9*11 

The above interpretation is confirmed by the be- 
havior in acetolysis of the active erythro-3-anisyl-2- 
butyl p-toluenesulfonate. With this diastereomer, 
optical activity does not disappear during acetol- 
ysis. Instead, optical rotation rises as acetolysis 
proceeds. Optically active erythro-acetate results 
from erythro-arenesulfonate which solvolyzes by 
way of a trans, and therefore optically active, inter- 
mediate bridged cation. 

Polarimetric-Titrimetric Rate Comparisons.-As 
noted previously,10 acetolysis of threo-3-p-anisyl-2- 
butyl p-bromobenzenesulfonate and p-toluenesul- 
fonate I, followed titrimetrically, obeyed good first 
order kinetics. Satisfactory first-order behavior 
also was observed for the p-bromobenzenesulfonate 
in a series of other solvents, namely, ethanol, 25% 
formic acid-acetic acid, and 10% formic acid- 
dioxane. The observed rate constants, k,,  a t  25" 
are summarized in Table 11. 

Polarimetric rate constants, k,, were measured 
for comparison with the corresponding titrimetric 
values. Decrease of optical activity associated 
with solvolysis of the active threo-3-anisyl-2-butyl 
arenesulfonates obeyed good first-order kinetics, 
this being illustrated graphically in Fig. 1 in the 
case of acetolysis of the p-bromobenzenesulfonate. 
The observed polarimetric rate constants also are 
summarized in Table 11. 

As the summary in Table I11 shows, the polari- 
metric rate constants exceeded the titrimetric val- 
ues. The k, /k t  ratio in acetolysis a t  25' was 4.07 for 
threo-3-anisyl-2-butyl p-bromobenzenesulfonate and 
4.65 for the corresponding toluenesulfonate. The 
latter value is analogous to the figure 4.59 observed 
in acetolysis of threo-3-phenyl-2-butyl p-toluene- 
sulfonate' a t  50". The change of solvent from ace- 
tic acid to 10% formic acid-dioxane as a solvent in 
the case of threo-3-anisyl-2-butyl p-bromobenzene- 
sulfonate has the effect of increasing substantially 
the k, /kt  ratio to a value of ca. 16. On the other 
hand, the k,/kt  values are very small in 2570 
formic-acetic acid (1.08) and ethanol (1.27) as 
solvents. 

Salt Effects on k,.-In the presence of 0.01, 0.03, 
0.06 and 0.10 AT lithium perchlorate, the active 
threo-3-anisyl-2-butyl p-bromobenzenesulfonate (I) 
displayed good first-order polarimetric rate con- 
stants in acetolysis. These are summarized in 
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TABLE I1 
SUMMARY OF RATE CONSTANTS FOR TITRIMETRIC AND POLARIMETRIC SOLVOLYSIS OF ~ ~ ~ ~ ~ - ~ - ~ - A N I s Y L - ~ - B u T Y L  BENZENE- 

Compound 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBS 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROBs 
ROTs 
ROTs 
ROTs 
ROTs 
ROTs 
ROTs 
ROTs 

Solvent 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
12.5% AcOH-dioxane 

10% HCOOH-dioxane 
10% HCOOH-dioxane 
10% HCOOH-dioxane 
EtOH 
EtOH 
25% HCOOH-AcOH 
25% HCOOH-AcOH 

10% AcOH-CEHE 

AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 

SULFONATES AT 25.00' 
Other solute, 

IRXI, M M LiC104 

0 * 0100 
.0300 
,0262 
.0248 
.0100 0.00100 
.a100 .00500 
.00992 . 0 100 
.0270 . O l O O  
.00995 .0300 
.0242 ,0300 
.00997 .0600 
,0259 .0600 
,00994 ,100 
,0321 * 100 
,0271 
,0266 
,0100 
* 0100 
.0289 
.00884 
.0278 

.0270 

.0105 

.0287 

.0102 .0300 

.0101 .0600 

.0102 * 0800 

.0287 .0500 

.0266 . loo 

Method 

Tit. 
Tit. 
Pol. 
Pol. 
Tit. 
Tit. 
Tit. 
Pol. 
Tit. 
Pol. 
Tit. 
Pol. 
Tit. 
Pol. 
Pol. 
Pol. 
Tit.d 
Tit. 
Pol. 
Tit. 
Pol. 
Tit. 
Pol. 
Tit. 
Pol. 
Tit. 
Tit. 
Tit. 
Pol. 
Pol. 

a 81.0 graphically. Graphically. 150 graphically. 50.0'. e 27.0 graphically 

TABLE 111 

SUMMARY OF POLARIMETRIC-TITRIMETRIC COMPARISONS IN 
VARIOUS SOLVENTS 

thrco-3- 
Ph-2-Bu 

OTs, 
Ihreo-3-An-2-BuOBs. 25 * k:/k:, 

Solvent Rel. k z  k:/k: 50°  

HCOOH 44,000" 1.  1SC 
25% HCOOH-AcOH 1930 1.08 
AcOH 235 4.07, 4.65* 4.59 
EtOH 80 1 .27  2 .  05d 
10% HCOOH-dioxane 7 .2  ca. 16 
10% AcOH-CeHs 1 .6  
12.5% AcOH-dioxane 1 . 0  

a Based on a ka of 1.49 X lo-' sec.-l in formic acid esti- 
mated from the values in acetic acid and 25% HCOOH- 
AcOH with the aid of the my correlation of solvolysis rates." 
The m-value given by the AcOH and 25% HCOOH-AcOH 
points is 0.609. * p-Toluenesulfonate. At 25'. At 
75'. 

Table I1 and shown graphically in Fig. 2. Within 
essentially the experimental error of the polari- 
metric kinetic measurements, the polarimetric 
rate constants vary linearly with lithium perchlo- 
rate concentration. In  other words, the salt effects 
follow the n 0 r r n a 1 , ~ ~ ~ ~  rather than the special4 pat- 
tern. The data may be expressed in the form of 
equation 1, in the fashion employed previ- 

(12) A. Fainberg and S. Winstein, THIS JOURNAL, 78, 2763 (1956). 

1niti:l 
a. 

+O.  57 + .76 

+ .85 

+ .63 

+ .65 

+ .98 + .83 + .91 

+ .91 

+ .74 

+ .65 

- .86 

- .89 
- .82 

106k. sec. -1 

19.6 =k 0 . 3  
19.5 f 0.4 
80.6 i 8.4" 
79.0 
26.8 i 0.8 
46.9 f 1 . 6  
57.0 f 0 . 7  
87.3 i 3 . 4  
84.0 i 2 .4  

l l l b  
115 f 4 
156 zk 12' 
161 f 10 
198 rfi 7 
ca. 0.34 
ca. 0.55 

ca. 0.15 
2.84 =!= 0.09 

2.45 i 0.09 
21.3 rfi 0 .6  
27.1 f 1.4e  

608 =!= 20 
656 i 42' 

5 .77 i 0.10 
27.0 i 1 . 2  
30.8 =k 0 .6  
45.6 i 1.8 
54.5 i 1 . 4  
52.4 rfi 2 . 4  
69.9 i 3 . 7  

f 670 graphically. 

0usly3+6~~~,~3 for linear salt effects, the subscript 
a being used to designate polarimetric data. The 

I / I  

-08L 

-06- 

-02 t 
1 I 1 I ,  

0 2 4 6 
Time,  hours. 

Fig. 1.-Polarimetric rate of solvolysis at 25.0' of (+)- 
threo-3-p-anisyl-2-butyl p-bromobenzenesulfonate in AcOH, 
0.0100 M LiC10,. 

value of b,, 16.2, recorded in Table IV  is similar in 
magnitude to other b-values observed previously 
for linear salt effects. l 2  

(13) A. Fainberg and S. Winstein, i b i d . ,  78, 2780 (1956). 
(14) (a) E. Grunwald and S. Winstein, ibid., 70, 846 (1948); (b) 

5. Winstein, E. Grunwald and H. W. Jones, ibid. ,  73, 2700 (1951); 
(c) A. Fainberg and S. Winstein, ibid., 78,  2770 (1956). 
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Fig. 2.-Effect of lithium perchlorate on acetolysis of threo- 
3-p-anisyl-2-butyl p-bromobenzenesulfonate a t  25.0". 

ku = k g  (1 + bo(LiC104) j 
k, = kg, [l + bt(LiCIOa)] 

With the active threo-3-anisyl-2-butyl toluene- 
sulfonate (I), the effect of only two concentrations 
of lithium perchlorate on polarimetric acetolysis 
rate was studied. These data lead to a b, value, 
listed in Table IV,  similar to the one for the bromo- 
benzenesulfonate. 

TABLE I V  
SUMMARY OF LITHIUM PERCHLORATE SALT EFFECTS IN 

ACETOLYSIS AT 25" 

(1) 
(2) 

threo- erythro- 
ROBS ROTs ROBs6 

106 k:x,, set.-' 5.05 1.67 10.6" 
ke",,IkP 2.58 2.88 3 .14  
(LiC104)1/, M 0.0022 0.0040 
bu 16 .2  17 .4  
bt 21.6 28.4 18.5 

a Previouslys listed erroneously as 1.06 due to  typographi- 
cal error. 

Special Salt Effects on kt.-Titrimetric rate 
constants were nicely first order for acetolysis of the 
threo-3-anisyl-2-butyl 16-bromobenzenesulfonate (I) 
in the presence of added lithium perchlorate. These 
rate constants a t  six concentrations of lithium per- 
chlorate up to 0.1 M are summarized in Table I1 
and plotted vs. lithium perchlorate concentration 
in Fig. 2. From the plot, it is evident that the salt 
effect has the steep ~ p e c i a l ~ - ~  pattern a t  lower con- 
centrations and develops the norma14*12 linear pat- 
tern a t  the higher concentrations of salt. 

While the special and normal salt effects are not 
as sharply differentiated as in the cholesteryl,6 
2,4-dimethoxyphenylethy16 or 2-anisyl- 1 -ethyl 
cases, the separation is not difficult. In  Fig. 2 is 
shown the extrapolation4 of the linear k t  vs. (Li- 
Clod) plot to the intercept, k& the rate constant 
which includes the special but excludes the normal 
salt effect. The fit of the normal part of the salt 
effect to the linear relation 2 is summarized in 
Table IV, bt being 21.6, larger than the b,. The 
magnitude of the special salt effect, measured by 
the k,",,/k," ratio of 2.58, turns out to be com- 
parable to that displayed by the erythro-3-anisyl-2- 
butyl p-bromoben~enesulfonate,~ for which the 
ktXt/kt ratio is 3.14. Also, the value of 
(LiC104)1/2, 2.2 x M ,  for the threo-3-anisyl-2- 
butyl p-bromobenzenesulfonate is similar to the 
value observed with the erythro dia~tereomer.~ 

For the threo-3-anisyl-2-butyl p-toluenesulfonate 
(I), the effects of 0.03, 0.06 and 0.08 M lithium 
perchlorate were examined, the behavior here being 
analogous to that observed with the p-bromoben- 
zenesulfonate. Table IV summarizes the values 
of k&/k," and bt, these being slightly larger for 
the toluenesulfonate than for the bromobenzene- 
sulfonate. 

Discussion 
Special Salt Effects and Ion Pair Return.-For 

the other compounds whose behavior in acetolysis 
was reported in detail in previous papers of this 
series, i t  was reasoned that the special salt effects on 
titrimetric acetolysis rates must be concerned, not 
with effects on ionization rate, but with reduction of 
ion pair r e t ~ r n . ~ - ~  The argument was based on 
the failure to observe special salt effects on ioniza- 
tion rate of closely similar substances. For ex- 
ample] special salt effects were observed on the 
acetolysis rate of p-anisylethy14 but not the p- 
methoxyneophyl12 derivative. For the threo-3- 
anisyl-2-butyl derivatives in the present paper, salt 
effects are now available for both polarimetric and 
titrimetric acetolysis rates on the same substances. 
Thus, it is even clearer that special salt effects are 
concerned with reduction of ion pair return. 

The most striking aspect of the present results is 
that the special salt effect only partly closes the gap 
between the polarimetric and titrimetric rates. 
The value of k,",t is well below k: and the kt 
points on the normal salt effect line are well below 
the k, line, as is clear from Fig. 2. Before we con- 
clude that the special salt effect only partly elim- 
inates ion pair return, we should re-examine our 
assumption that k, should be identified with kl, 
the ionization rate constant? If k, were to in- 
clude an important contribution from an independ- 
ent cyclic rearrangement reaction7-15f16 not in- 
volving ionization, this might explain simply the 
failure of the special salt effect to close the gap be- 
tween k, and kt. In discussing the present results 
with the 3-anisyl-2-butyl system, i t  will neverthe- 
less be helpful to keep in mind the behavior of other 
systems in acetolysis, both those displaying and 
those not displaying special salt effects. 

(15) W. G. Young, S .  Winstein and H. L. Goering, THIS JOURNAL, 

(16) C. A. Grob and S. Winstein, Heiu.  Chim. Acta, SS, 782 (1952). 
73, 1958 (1951). 
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Identity of Polarimetric and Ionization Rate Con- 
stants.-If k, receives a contribution from an inde- 
pendent cyclic rearrangement reaction,', 15, x we can 
express k, analytically, as in equation 3,  as the 
sum of k,, the rate constant for racemization by 
such a cyclic rearrangement process, and kl, the 
rate constant for ionization. As regards salt 
effects, one would expect k, to be relatively insensi- 
tive to salt and kl to show a linear salt effect. The 
right-hand side of equation 3 is expressed on this 
basis. Actually, equation 3 for k, has the ob- 
served form of equation 1 as can be seen by rewrit- 
ing 3 in the form of equation 4. The term (k, + 
k,") would be the k,", and the term (A ) would 

be the b, of equation 1. 
k ,  = k ,  + k l  = k ,  + k ? [ l  + bl(LiCIO~)] 

kr  + k," 

(3) 

k ,  = ( k ,  + k 3  [ 1 + (ka) (LiClO,)] (4) 

k ,  = k:xt I0.58 + 4.0(LiC104)] 
If the special salt effect were concerned with com- 

plete elimination of ion pair return, k, for a system 
displaying the special salt effect would be k, - 
kext,  where kext refers to  points on the k&t, kt nor- 
mal salt effect line. For a system displaying only 
the normal salt effect pattern, such as 3-phenyl-2- 
b ~ t y l ~ b , ~ , ~ ~  or n o r b ~ r n y l , ~ ~ ~ ~ ~ ~ ~  the simplest assump- 
tion would be that k, is equal to k, - kt. The 
major objection to an appreciable contribution of 
an independent cyclic rearrangement process to the 
solvolyses we are dealing with is based on the be- 
havior of the derived kr-values toward variation of 
solvent and the structure of the substrate. 

Of the solvent properties, the most relevant in 
discriminating between ionization and an independ- 
ent cyclic rearrangement is ionizing power. Thus 
i t  already has been emphasizedi that the derived 
k,-values for solvolysis of 3-phenyl-2-butyl p -  
toluenesulfonate7 are essentially as sensitive to sol- 
vent ionizing power as is solvolysis rate. This is 
also true in the case of norbornyl bromobenzene- 
sulfonatezb~i~17~18 and norbornyl b r ~ m i d e . ~ ~ , ' ~  To 
quote fragments of the data available in the case 
of the latter two substances, solvolysis rate of nor- 
bornyl bromobenzenesulfonate varies by some 4 
powers of ten in carboxylic acid-dioxane mixtures 
while k,/kt varies by a factor of ca. 4. Similarly, 
for norbornyl bromide in propionic, acetic and for- 
mic acid solvents, solvolysis rate varies by nearly 5 
powers of ten while k,/kt varies from 28 to 4. 
Nearly equal sensitivity to ionizing power for both 
the alleged kr and the solvolysis rate may be seen 
also in the solvolysis of cis- and trans-j-methyl-2- 
cy~lohexenyl~~ and trans-a,ydimethylallylzo acid 
phthalates and a,  a-di-methylallyl chloridez1 and 
p-nitrobenzoatezl in water-acetone mixtures. 

( 7) 

(17) E. Clippinger, unpublished work. 
(18) S. Winstein and D. Trifan, THIS J O U R N A L ,  74, 1154 (1952). 
(19) H. L. Goering and E. F. Silversmith, i b i d . ,  7 7 ,  I129 (1955). 
(20)  H. L. Goering and R. W. Greiner, ibid., 79, 3164 (1957). 
(21) C. Wilcox, Thesis, U.C.L.A. ,  1957. 

The similarity of solvent requirements for the 
supposedly independent cyclic rearrangement and 
solvolysis process may be treated more quantita- 
tively with the aid of mY ~orre1ations.l~ For ex- 
ample, in the case of solvolysis of cis-5-methyl-2- 
~yclohexenyl1~~~9 and trans-a,y-dimethylallylzo acid 
phthalates and a, a-dimethylallyl chloridez1 and p -  
nitrobenzoate21 in water-acetone mixtures, both 
solvolysis rate and total rate of solvolysis plus re- 
arrangement are well correlated by the mY rate 
~ o r r e l a t i o n ~ ~  with similar m-values. The fact that 
both solvolysis rate and total rate of solvolysis plus 
rearrangement are correlated with the same Y 
values suggests that the rate of the extra rearrange- 
ment is sensitive to essentially the same blend of 
specific and general solvent functionsz2 applicable 
to solvolysis, As emphasized previ~usly,~ the de- 
pendence of rates on solvent suggests strongly that 
there is a common rate-determining step for solvoly- 
sis and the extra racemization or rearrangement. 

Another solvent property useful in discriminat- 
ing between ionization and an independent cyclic 
rearrangement is nucleophilicity. For example, in 
solvolysis of a ,  a-dimethylallyl chloride, l5 rearrange- 
ment accompanies solvolysis in acetic acid but not 
ethanol. The disappearance of the accompanying 
rearrangement in the more nucleophilic solvent is 
not explicable on the basis of an independent 
cyclic process for the rearrangement. However, 
it is understandable on the basis of a common ion 
pair intermediate for both solvolysis and rearrange- 
ment, this intermediate being diverted essentially 
completely into solvolysis in the more nucleophilic 
solvent .zb,16 

Further evidence against competing cyclic proc- 
esses in acetolysis is the dependence of the de- 
rived kr  values on substrate structure. For ex- 
ample, k, turns out to be zero with trans-2-acetoxy- 
cyclohexyl p-t~luenesulfonate,~~ in contrast with a 
number of other systems. Such contrast is not 
understandable on the basis of cyclic p r o c e s s e ~ . ~ ~  
Further, there are many cases where k, varies with 
change in R or X of the substrate RX molecule al- 
most exactly as does acetolysis rate. For example, 
this is true for X = C1, Br, I and OBs in the nor- 
bornyl system.2bs17 This is true for X = OBs and 
OTs in the present work on the 3-anisyl-2-butyl 
system. Comparing the 3-phenyl-%butyli and 
3-anisyl-2-butyl toluenesulfonates, it is clear that 
the p-methoxyl groupg increases kr and kt by nearly 
the same large f a ~ t o r . ~ ~ ~ ~ ~  Such effects of sub- 
strate structure suggest a common rate-determining 
ionization step for both solvolysis and racemization. 

The pattern of observed salt effects in acetolysis 
also does not support an interpretation of the gap 
between k, and kext or k t  in terms of a k, for a cyclic 
rearrangement process insensitive to salt effects. 
Formulating kt  as a fraction13 F of the ionization 
rate constant kl, as in equation 5, F would be equal 
to 1 for norbornyl p-bromobenzenesulfonate and 

(22) (a) A. H. Fainberg and S. \Vinstein, THIS JOURNAL, 79, 1597 
(1967); (b) 79, 1602 (1957); (c) 79, 1G08 (1967); (d) S. Winstein, 
A.  H. Fainberg and E. Grunwald, ibid., 79, 4146 (1957): ( e )  S. Win- 
stein and A. H. Fainberg, ibid., 79, 5937 (1957). 

(23) S. Winstein and R.  Heck, i b i d . ,  74, 5584 (1952). 
(24) S. Winstein and  R. Heck, i b i d . ,  78, 4801 (1956). 
( 2 3 )  R.  Heck and  S. Winstein, i b i d . ,  79, 3432 (1957). 
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for the 3-anisyl-2-butyl ester along the k&, kt 
line. On this basis, the k ,  vs. (LiC104) line should 
be parallel to the k t  vs. (LiC104) line for a system 
such as norbornyl and parallel to the k&, K t  line 
for 3-anisyl-2-butyl or analogous ones. 

For the 3-anisyl-2-butyl p-bromobenzenesulfo- 
nate system, the gap between the k ,  line and the 
k&, kt line is not constant. Instead, i t  actually 
widens as (LiC104) increases. This can be seen 
in Fig. 2. Also, the variation of the presumed kr 
with (LiC104) is shown in equation 6, which is de- 
rived from equations l and 2 .  Equation G is ex- 
pressed numerically for the 3-anisyl-2-butyl p -  
bromobenzenesulfonate acetolysis in equation 7. 

Whereas the presumed kr in the case of the 3- 
anisyl-2-butyl system rises as lithium perchlorate is 
added, the same treatment applied to the 2-anisyl- 
l-propy12b-3~26~27 system leads to a negative salt 
effect on k r .  On the other hand, for norbornyl 
bromobenzenesulfonate in 60% acetic acid-diox- 
ane, kr rises about twice as steeply as does kt with 
addition of lithium perchlorate.2b~2s Similarly, 
the presumed k ,  is more sensitive to lithium per- 
chlorate than is kt in acetolysis of cis-S-methyl-2- 
cyclohexenyl ~ h l o r i d e . ~ ~ ~ ~ ~  Thus, instead of being 
insensitive to salt effects, kr shows variations even 
in the sign of the salt effect and often rises even 
more steeply than kt with increase in salt concentra- 
tion. Such behavior of kr is not anticipated for a 
cyclic rearrangement process. 

All of the above considerations reconfirm that the 
polarimetric rate constant k ,  in acetolysis of a sys- 
tem such as 3-anisyl-2-butyl p-bromobenzenesul- 
fonate (I) should indeed be identified with the 
ionization rate constant k l .  On this basis, the 
relative ionization rates for 3-anisyl-2-butyl p -  
bromobenzenesulfonate. based on relative k, 
values, in the different solvents employed in the 
present work are summarized in Table 111. From 
this table, it is clear that ionization rates increase 
by nearly 5 powers of ten over the range of solvents 
from 12.5% AcOII-dioxane to formic acid. 

Interpretation of Special Salt Eff ects.-The dis- 
cussion in the previous section has forced US to the 
conclusion that ion pair return is only partially 
eliminated by the special salt effect. 

I t  remains to inquire to what extent the apparent 
special salt effect receives a contribution from the 
fact that addition of lithium perchlorate introduces 
~alt-promoted'~ ionization which may give rise to 
less ion pair return than the ionization in the ab- 
sence of salt. This matter may be discussed an- 
alytically by expressing k l ,  as in equations 8 and 9, 
as the sum of two terms, one for salt-unassisted 
and the other for salt-promoted ionization. I t  
may be useful to associate the one term with ioni- 
zation to an ion pair, and the other with formation 
of an ion quadruplet from the substrate molecule 
and a salt ion pair,13 In equation 9, Fo and Fsalt are 
the fractions of each of the ionizations, respectively, 
which result in solvolysis product. Equation 9 
may be rewritten in the form of equation 10, di- 

(26) S. Winstein and R. C. Schreiber, TIIIS J O U R N A L ,  2171 (1952). 
(37) A. Fainberg, unpublished work. 
(28) A .  Colter, unpublished work. 
(21)) H. L. Goering, T. D. Nevitt and E. F. Silversmith, THIS JOUR- 

NAL, 17. 5028 (1955). 

vision of which by equation S leads to equation 11 
for F ,  the apparent fraction of ionization leading to 
solvolysis product. 

Examination of equation 11 shows that neither 
the magnitude nor the shape of the special salt ef- 
fects are accounted for in this manner. Even if 
Fsalt were 100, salt-promoted ionization is intro- 
duced too slowly as lithium perchlorate is added to 
account for much of the apparent reduction in ion 
pair return. This is especially true in cases such as 
cholesteryl,6 2,4-dimethoxyphenylethyl6 and 2-p- 
a n i ~ y l e t h y l , ~ ~ ~ ~  where the special salt effect is intro- 
duced at  concentrations of lithium perchlorate 
where salt-promoted ionization is still negligible. 

k l  = k , "  + kl"bl(LiC10,) 
kt = F&lo + Faaltklobl(LiC1O4) 

(8 )  
(9) 

k ,  = F&" c l  + bl(LiC104)] (IO) FO 

1 (11) 
r i  + F s a i t  bl(LiC104) 

E' = I;; _L_--FO 
[I + b L ( L i C 1 0 4 r  

&-e can see that the typical cases of special salt 
effects in acetolysis do not involve primarily the 
presence of lithium perchlorate already in the rate- 
determining ionization step. The action of lithium 
perchlorate is in some later step. Regarding the 
mode of action of the salt in the special salt effect, 
the indications are strong that i t  is not by way of a 
sort of ion atmosphere effect, or ion pair or ion 
clump versions of such an effect, on the relative 
rate constants determining the importance of ion 
pair return. 

One indication against an ion atmosphere descrip- 
tion for the special salt effect is the high specificity 
with regard to the structure of the substrate sys- 
tem. Thus, (LiClOa) 1 j 2  varies widely from system 
to ~ y s t e m , ~ - ~  being very sensitive to  structure. On 
the other hand, the normal salt e f f e c t ~ ~ - ~ - l ~  vary 
much less with structure. 

The worst difficulty encountered by an ion atnios- 
phere type of explanation of the special salt effect 
is the unique specificity of the effect as regards the 
common-ion salt, lithium toluenesulfonate or 
bromobenzenesulfonate, in the case of an alkyl 
toluenesulfonate or brornobenzenesulfonate, re- 
spectively. The conimon ion salt is able to exercise 
a normal salt e f f e ~ t ' ~ , ' ~  on ionization rate, but is 
peculiarly incapable of exercising a special salt 
effect. For such reasons we have been led to an 
explanation of the special salt effect which de- 
pends on specific reactions between the added salt 
and ion pair intermediates in acetolysis of the sol- 
volyzing system. 

Any formulation of the special salt effect in 
acetolysis must account for the absence of such 
effects in acetolysis of certain systems such as nor- 
bornyll7 and 3-phenyl-2-butyl7~l3 where, neverthe- 
less, ion pair return is important. Also, i t  must 
account for the elimination of only a discrete frac- 
tion of such ion pair return even when special salt 
effects are displayed, as in the present case Our 
best working hypothesis3 has been that two kinds 
of carbonium ion pairs, intimate and solvent-sep- 
arated ion pairs IX and 111, respectively, may be 

(30) P Klinedinst unpublished work. 
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distinguished as discrete intermediates in solvoly- 
sis, and that these respond dzerently to the 
addition of salt to  the acetolysis medium. Of the 
two varieties of ion pair, discussed more fully later 
in this manuscript, the solvent-separated ion pair 
I11 is presumed to  be much more reactive than the 
intimate ion pair I1 toward added lithium per- 
chlorate. The latter is presumed to trap I11 while 
still permitting return from the intimate ion pair, 
namely internal r e t ~ r n . ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~  Thus the special 
salt effect in the present case and some similar ones 
is concerned with elimination of external ion pair 
return.1° The present work does not supply any 
definite evidence on the mechanism of the action of 
the salt in the special salt effect. However, as 
mentioned already in summary form, 2b,3 the avail- 
able evidence points to a major mechanism for the 
action of lithium perchlorate in acetolysis involving 
diversion of ion pair I11 to a carbonium perchlorate 
ion pair by exchange of I11 with a lithium per- 
chlorate ion pair. 

Solvolysis Scheme in Acetolysis.-Invoking two 
types of carbonium ion pairs as well as dissociated 
carbonium ions means that, in general, three 
varieties of the carbonium ion need to be considered 
in interpreting acetolysis. This is shown in the 
following solvolysis scheme, the three varieties of 
carbonium ion, 11, I11 and IV, representing pro- 
gressively further stages of ionization-dissociation 
of R x .  

ionization dissociation 
I ___f I1 I11 - IV 

solvent- 
intimate separated dissociated 
ion pair icn pair ions 

ki  kz ks 

k- 1 k- I k- 8 

RX Jr R@XB R e  / /  X @ z  Re + X 8  

ROS R OS 

Return to covalent R X  accompanying acetolysis 
may be from any one of the ionic stages, 11, I11 or 
IV, as the furthest stage of ionization-dissocia- 
tion.2s3-10 From the absence of common ion rate 
depressionlo of acetolysis of threo-3-anisyl-2-butyl 
bromobenzenesulfonate or toluenesulfonate, it was 
concluded previously that return from dissociated 
carbonium ion IV (“external ion return”)lO did not 
accompany acetolysis in the case of the 3-anisyl-2- 
butyl system. In fact, a comparison of the be- 
havior of the 3-anisyl-2-butyl system with that of 
other systems led to the conclusion10 that dissocia- 
tion of ion pairs to  dissociated ions IV was unim- 
portant in acetolysis of the 3-anisyl-2-butyl sys- 
tem, rate of dissociation being much slower than 
the rate of other reactions of the ion pairs, 

The above conclusion that the dissociated car- 
bonium ion stage was not attained in acetolysis ap- 
plied to other systems besides the 3-anisyl-2-butyl 
arenesulfonates.’O An example of such a system is 
norbornyl bromobenzenesulfonate.lo On the basis 

of the present explanation of special salt effects in 
acetolysis, we can go further in defining what return 
accompanies acetolysis of norbornyl bromobenzene- 
sulfonate. The absence of special salt effects in 
acetolysis suggests that return from the solvent- 
separated ion pair I11 (“external ion pair return”)1° 
is unimportant. Thus only internal return is im- 
portant in acetolysis of norbornyl bromobenzene- 
sulfonate, and the same conclusion may be drawn 
for 2-phenyl-l-propylZ6 and 3-phenyl-2-buty17~13 
arenesulfonates. 

Solvolysis product may arise from more than 
one of the varieties of carbonium ion. In general, 
all three varieties of carbonium ion, 11, I11 and IV, 
may lead to solvolysis product ROS with rate con- 
stants k:I, k,II1 and ksIv, respectively. However, 
the solvolysis scheme shown is designed for a case 
where ROS arises from solvent-separated ion pair 
I11 and dissociated ion IV.31 Where dissociation 
is negligible, as in acetolysis of 3-anisyl-%butyl, 
norbornyl and 3-phenyl-2-butyl arenesulfonates, 
the route to ROS from dissociated ion IV may be 
omitted. 

The solvolysis scheme for acetolysis which in- 
cludes product formation from solvent-separated 
ion pair 111, but omits it from the intimate ion pair 
11, is intended for systems leading to bridged car- 
bonium ions such as norbornyl and 3-anisyl-2- 
butyl. It is quite clear that solvent-separated ion 
pair I11 has all it needs to enable i t  to yield sol- 
volysis product ROS. For 3-anisyl-2-butyl arene- 
sulfonate, k2”lk-z is not large and external ion pair 
return is important in acetolysis in the absence of 
added salt. On the other hand, for a system such 
as norbornyl bromobenzenesulfonate, k,’11/k-2 is 
presumed to be very large, the inevitable result of 
attaining the solvent-separated ion pair stage of 
ionization-dissociation being formation of sol- 
volysis product. 

The omission of an ROS-forming reaction of inti- 
mate ion pair I1 (rate constant kS1I) for cases such 
as norbornyl and 3-anisyl-2-butyl arenesulfonates 
is based on the supposition that the anion portion 
of the intimate ion pair I1 effectively shields the 
bridged cation from covalent solvent attack until 
solvent intrudes on the intimate ion pair I1 to the 
point that the ion pair may be labeled solvent- 
separated. In  qualitative accord with such a de- 
scription is the relatively low sensitivity of the 
polarimetric-titrimetric rate ratio in solvolysis of 
norbornyl bromobenzenesulfonate to solvent nu- 
cleophilicity. For example, the change in k,/kt 
is not drastic from acetic acid to absolute ethanol7.18 
as solvent, contrary to  what one might expect if 
covalent solvent attack took place on intimate ion 
pair 11. Previ~usly,~ the discussion of formation of 
solvolysis product in acetolysis of norbornyl bromo- 
benzenesulfonate was in terms of “further separa- 
tion of the (intimate) ion pair with formation of sol- 
volysis product.” While the present description 
is more definite, it remains to be seen whether i t  
will become necessary to complicate the scheme 

(31) We emphasized previously’o tha t  this should not be misunder- 
stoodJ1 a s  an indication that  we believe the intimate ion pair I1 does 
not ever give rise to  ROS. Also, we mentioned several cases where the 
intimate ion pair I1 is believed able to  yield solvolysis product. 

(32) E.&, B. Bensley and C. Kohnstam, J. Chcm. Soc., 3408 (1955). 
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by inclusion of a ksI1 path involving attack of sol- 
vent on ion pair II.33.34 

The conversion of solvent-separated ion pair 
I11 to solvolysis product may proceed in a number 
of ways. While one can visualize a carbonium ace- 
tate ion pair intermediate along the lines 

9 e 
Ac AC 

RBOI-I OTs --+ R e 0  H-OTs 

such an intermediate is certainly not necessary. 
For example, the product formation may be visual- 
ized as 

9 E 0  
K@OH OTS --+ R-OH OTS 

.4c -4 C 

We have no definitive information in this connec- 
tion. There is one set of circumstances where it 
seems relatively certain that acetate formation will 
involve carbonium acetate ion pairs. This is for 
acetolysis in the presence of added alkali acetate of 
a system subject to special salt effects. Under 
these conditions, carbonium acetate ion pairs, both 
solvent-separated and intimate, are probably 
formed. 

e 8 e 
R e  /lOTs + R e  ll0Ac --+ RBOAc --+ ROAc 

Dissection of Ion Pair Return.--We can now 
proceed to perform the arithmetic relating to in- 
ternal and external ion pair return during acetolysis 
of the threo-3-anisyl-2-butyl arenesulfonates. Since 
the kext values for rate constants on the kzxt, kt  
line include the full special salt effect, they are rate 
constants for formation of solvent-separated ion 
pair 111. Thus kext is given by equation 12 as a 
function of k ,  (or k,) and the ( k - l / k s )  ratio relating 
to internal return. 

The latter ratio is given explicitly by equation 13 
as a function of k ,  and kext. -kcording to a pre- 
vious derivati~n,~b>~O k t  is given by equation 14 
which takes into account both internal and exter- 
nal ion pair r e t ~ r n . ~ 5  Substituting for ( k - l / k 2 )  its 
equivalent from equation 13 allows one to solve for 
k211/(k-z + as in equation ICs. 

As summarized in Table V, the k l ,  k:xt and k," 
values lead to values of 0.627 for k z / ( k - l  + k2) and 
0.193 for k , 1 1 r / ( k - 2  + k,TII) in acetolysis of threo-3- 
anisyl-2-butyl bromobenzenesulfonate with no 

( 3 3 )  See E. Grunivald, A. Heller and F. S. Klein, J .  C h e m  Soc., 
3604 (1057), for a discussion of possible attack of solvent o n  the  a- 
phenylethyl chloride intimate ion pair from the  chloride ion side. 

(31) There are many other possible variations of the  solvolysis 
scheme. For example, the first intimate ion pair I1 could rearrange 
to a still intimate ion pair, b u t  with the  anion near some other portion 
uf the cation, thus leaving the reactive spot on the cation exposed to 
solvent. 

( 3 5 )  A imrc  convenient form oi equation 14 for soine p l l r l J O S e S  i:, 

added lithium perchlorate. Jri other words, 37yc of 
intimate ion pair I1 formed from covalcnf bromo- 
benzenesulfonate I returns to  the covalent state, 
while 8o.7y0 of solvent-separated ion pair 111 
formed from I1 returns to I1 instead of yielding sol- 
volysis product. As summarized in Table VI, the 
situation with the toluenesulfonate is quite similar 
to that for the bromobenzenesulfonate. 

TABLE V 
AXALYSIS OF EFFECT OF VARIOUS COXCENTRATIOSS OF 

LITHIUM PERCHLORATE 
[LiClO,] , M 0 0.003 0 . 0 1  0 .03  
10' kext 5.05  5.40 6.15 8 .32  
k a / k t  4.07 2.02 1 .54  1 .35  
koxtlkt 3.58 1.39 1 .08  1.00 
ksI'I/(k-z + ke"') 0.193 0.452 0.783 1.00 
k z / ( k - i  i- k z )  0.627 0.679 0.702 0.740 
[ ( k , , t / k ; )  - ba(LiC104)]" 0 .668 0.666 0.653 0 62 

a FO values from equation 16 assuming FB,it = 1.00. 

As lithium perchlorate is added in acetolysis uf 
the threo-3-anisyl-2-butyl bromobenzenesulfonate, 
the apparent k S 1 l 1 / ( k - z  + ksIII) values rise relatively 
rapidly to 1.00 as external ion pair return is elim- 
inated. This is shown in Table V. On the other 
hand, the k , / ( L 1  + kz)  values show only a small 
increase, reflecting the relative insensitivity of inter- 
nal return to the added salt. 

The small increase in k z / ( k - l  -!- kz) values as 
lithium perchlorate is added does indicate that some 
change in internal return is included within thc 
normal salt effect ~ a t t e r n . 1 ~  At least some of this 
effect must be due to the fact that appreciable frac- 
tions of ionization of substrate I are salt-assisted 
as lithium perchlorate is added, and that internal 
return is less serious for the salt-promoted ioniza- 
tion than for the salt-unassisted ionization. 

It is useful here to refer again to equation 10, 
putting in lzeXt instead of k t ,  k," instead of k," and 
b, instead of bl. Rearrangement of the resulting 
equation leads to equation 16 for Fo, the fraction of 

Fo = ( k e x t / k ; )  - FsSit ba(LiC1Od 
unpromoted ionization escaping internal return. 
Xssuming an extreme d u e  of 1.00 for Fsa i t  in  
equation 16, Fo values listed in Table V are ob- 
tained for comparison with the k z / ( k - l +  k ~ )  values. 
These actually drift down slightly, showing that 
the extreme assumption of no internal return in 
salt-promoted ionization over-corrects for the up- 
ward trend in k 2 / ( k - - l  + k2)  values. 

Comparison of 3-Anisyl-2-butyl and 3-Phenyl-2- 
butyl Systems.-It is interesting to contrast the 
behavior of the 3-anisyl-%butyl system in acetolysis 
with that of 3-phenyl-2-b~tyl.~ In acetolysis of 
3-phenyl-2-butyl p-toluenesulfonate, previous ob- 
se rva t ion~~ and the previous7 and present discus- 
sion show that internal return is important, but ex- 
ternal ion pair return is not, k,II1 exceeding k--5 by a 
substantial factor. 

The sunmiary i i i  l'able VI makes it clear that 
total ion pair return is of comparable importance 
in acetolysis of the 3-anisyl-2-butyl and 3-phenyl-2- 
butyl systems. ii'here the two systems differ 
markedly is in the distribution of ion pair return 
between internal return and external ion pair re- 

(16) 
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turn. The structural change from 3-phenyl-2- 
butyl to 3-anisyl-2-butyl which stabilizes the inter- 
mediate carbonium ion species does not increase 
total ion pair return. It decreases k-I /kz  and thus 
the efficiency of internal return from I1 and in- 
creases k-2/k,111 and thus the efficiency of return 
from 111. 

TABLE T I  
COMPARISON OF ION PAIR RETURN IN SOLVOLYSIS OF 

%BUTYL (3-An-2-Bu) ARENESULFONATES 
threO-3-PHENYL-2-BUTYL (3-Ph-2-Bu) AND thre0-3-Ax1s~~- 

Ion pair return,a 7% 
Temp., From From 

Solvent Compound "C. IIb IIIC Totald 

107~ HCOOH- 
dioxane 3-An-2-BuOBs 25 94 

3-Ph-2-BuOTs7 50 78 ca. 0 78 
3-An-2-BuOBs 25 37 81 75 
3-An-2-BuOTs 25 38 83 78 
3-Ph-Z-BuOTs' 75 51 0 51 
3-An-2-BuOBs 25 21 0 21 

AcOH 3-An-2-BuOBs 25 7 
3-Ph-Z-BuOTs' 25 15 0 15 

EtOH 

25% HCOOH- 
AcoH I 
HCOOH 

Other Solvents.-The change from acetic acid 
to ethanol as solvent causes a very pronounced 
drop in total ion pair return accompanying solvoly- 
sis of 3-anisyl-2-butyl derivatives, the polarimetric- 
titrimetric rate ratio, k,/k,, being only 1.27 in 
ethanol. For norbornyl brom~benzenesulfonate~~~~ 
or 3-phenyl-?-butyl toluene~ulfonate,~ the corre- 
sponding solvent change produces much less re- 
sponse in the k,/kt ratio. Thus, systems whose 
solvolysis is accompanied by return from solvent- 
separated ion pair I11 contrast with those which do 
not, not only with respect to salt effects, but with 
respect to behavior toward solvent variation. 

A sharp reduction in return from solvent-sep- 
nrated ion pair I11 accompanying solvolysis as 
solvent nucleophilicity is increased can be antici- 
pated, since k,111/k-2 should be relatively sensi- 
tive to  solvent nucleophilicity. It seems likely, 
therefore, that in ethanol essentially all ion pair re- 
turn accompanying solvolysis of 3-anisyl-2-butyl 
bromobenzenesulforiate is the residual internal re- 
turn from intimate ion pair 11. This is the way the 
data are treated in Table VI .  

The contrast between the 3-anisyl-2-butyl and 
3-phenyl-2-butyl systems in their response to the 
AcOH + EtOH solvent change is much reduced if 
we restrict our attention to internal return alone 
(Table VI). Also, the contrast between acetic 
acid and ethanol as solvents for the 3-anisyl-2- 
butyl system is much less if we consider only inter- 
nal return, instead of total ion pair return in acetic 
acid and what is only internal return in ethanol. 
Thus (k-1 + kz)/kz is 1.59 in acetic acid and 1.27 
in ethanol for 3-anisyl-2-butyl bromobenzenesulfo- 
tiate. 

I t  is obvious from Tables 111 and VI  that ion 
pair return accompanying solvolysis of threo-3- 
anisyl-2-butyl bromobenzenesulfonate is increased 
substantially in lOy0 HCOOH-dioxane over that 
occurring in acetic acid. On the other hand, addi- 

tion of even 25y0 formic acid to acetic acid nearly 
completely eliminates ion pair return. The pattern 
of ion pair return, its possible dissection into inter- 
nal and external return, and even variation of the 
solvolysis scheme as solvent varies is being further 
examined with the 3-anisyl-2-butyl as well as other 
systems. The results will be reported and dis- 
cussed elsewhere. 
Two Varieties of Ion Fair, Structure and Merging 

of Ion Fair and Cyclic Mechanisms.-We first 
visualized two varieties of ion pair in the solvolysis 
scheme on the basis of a priori considerations. I n  
the solvation of ions the inner shell of solvent 
molecules determines most of the energy of solva- 
ti0n.~6 The first product of ionization of covalent 
R-X, the intimate ion pair 11, is peripherally sol- 
vated, but no solvent is yet between the two ions. 
The solvation shells of the two ions are thus very 
incomplete and powerful electrostatic, polarization 
and even other bonding forces are important in 
stabilizing the intermediate. 

Because the medium is not a continuum but 
composed of discrete molecules of definite size, fur- 
ther separation of the intimate ion pair can be ex- 
pected to be associated with an energy barrier. 
I n  the ascent to the top of the barrier more energy 
is required to oppose the attractive forces than is 
compensated for by increased solvation. How- 
ever, past a certain separation, which permits sol- 
vent to enter between the ions, increased solvation 
more than compensates for energy input required 
for further separation of the ions. Thus a definite 
energy barrier is visualized between intimate and 
solvent-separated ion pairs, these being discrete 
species. Another way to describe the intimate and 
solvent-separated ion pairs I1 and 111 is as a pair of 
ions in the same or different solvent cages,37 re- 
spectively. 

When only partial elimination of ion pair return 
by lithium perchlorate was observed in our study 
of acetolysis of certain arenesulfonates, it was im- 
mediately obvious that this was explicable on the 
basis of two discrete varieties of carbonium ion 
pairs. Thus, the behavior of arenesulfonates in 
acetolysis can be taken as support for the idea of 
discriminating between intimate and solvent- 
separated ion pairs generally. 

9 t  about the same time as intimate and solvent- 
separated ion pairs were invoked in solvolysis of 
arenes~lfonates,~ Grunwald3* furnished an excel- 
lent discussion pointing to the probable usefulness 
of the concept of two distinct chemically different 
intimate and solvent-separated ion pair species 
even in the case of ordinary stable ions. Also, 
Sadek and F ~ o s s ~ ~  found that, in treating conduc- 
tivity data on solutions of tetrabutylammonium 
bromide, a constant interionic distance instead of 
values dependent on solvent composition was ob- 
tained when they assumed a conventional model to 
describe cation-anion approach up to a separation 
of one layer of solvent molecules and that the ex- 

( 3 6 )  (a) I. D. Bernal and R.  H. Fowler. J .  C h m .  Pirys , 1, 515 
(1933); (b) D. D. Eley and M. G. Evans, 2 ' io t ts .  F a r u d n y  S u i . ,  34, lO!iX 
(1938). 

(37) S. Winstein, Erpevienlia, Suppl., 11, 137 (1955). 
(38) E. Grunwald, Anal.  Chem., 26, 1696 (1954). 
(39) H. Sadek and R. M. Fuoss. THIS JOURNAL, 76, SI05 (1954). 
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pulsion of the last layer of solvent molecules from 
between the ions is a discrete stepwise process. 
Their treatment then involves equilibrium be- 
tween intimate and solvent-separated ion pairs and 
dissociated ions corresponding to  11, I11 and IV in 
our solvolysis scheme. 

I t  seems probable that the fullest understanding 
of the behavior of various salts in both normal12 
and special4+ salt effects will require information 
on the distribution of the salt ion pairs between inti- 
mate and solvent-separated species. 

While the cation and anion of the solvent-sep- 
arated ion pair tend to have little or no definite geo- 
metric or structural relationship, the situation can 
be expected to be different in the intimate ion pair. 
Here the attraction between the ions is sufficiently 
strong, that certain structures could well be favored 
over others. Even on the basis of only electro- 
static forces between ions in contact, some struc- 
tures will correspond to greater stability than others. 
Further, some covalent character may be visualized 
for the cation-anion interaction in an intimate ion 
pair. This is certainly true of ion pairs such as 
the trimethylcarbonium chloride ion pair VI in 
solvolysis of t-butyl chloride. 14b Depending on the 

h 
-\ 

m D 
exact hybridization of orbitals in the C7ClC2CS 
framework of a bridged carbonium ion such as 
norbornyl (VII), there may be some covalent 
character to the cation-anion interaction in the 
intimate ion pair even in such cases.? 

Because of the character of intimate ion pairs, 
there is no sharp distinction between such an ion 
pair and a covalently bound intermediate in a so- 
called cyclic rearrangement. These are not quali- 
tatively distinct, but form extremes in a graded 
series.40 Thus, there is no sharp distinction be- 
tween formation of an intimate ion pair followed 
by internal return and a cyclic rearrangement, and 
marginal cases can be anticipated. 

Actually, change of solvent may convert one 
phenomenon to the other and a probable example 
of this has already been given by Grob and Win- 
stein16 in the case of mutarotation of A5-cholestene 
dibromide. Thus the mutarotation-solvolysis 
could be best described by way of a broinoniurn 
bromide ion pair VI11 in relatively good ionizing 
solvents such as acetic acid or ethanol. On the 
other hand, mutarotation was best described by 
way of a transition state or intermediate like IX 
in very poorly ionizing solvents such as heptane. 

Br Br 

BrS 
VI11 

’B; 
IX 

An analogy has been pointed out recetitly by 
K o s ~ w e r ~ ~  between our solvolysis scheme in acetol- 

(40) Discussion, “Symposium on hlolecular Rearrangements,” 
Queen Mary  College, Univ. of London, April 6 ,  1954; see C l i e m .  Ewg.  
News ,  33, 1898 (1954); Nature,  173, 898 (1954). 

(41) E. Kosower, THIS JOURNAL, 78, 5700 (1956). 

ysis and the following set of equilibria42 in ioniza- 
tion-dissociation of N-rnethylpyridinium iodide 

f? i 1 ‘  iT4 ----t 1 q, A- T i j  

I 

CHI CHI CHI CHI 
Each of the species in the solvolysis scheme has 
its counterpart in the N-methylpyridinium case. 
Specifically, the counterpart of the intimate ion 
pair I1 is an intimate ion pair termed a charge- 
transfer c o r n p l e ~ ~ ~ ~ ~ ~  by Kosower because it dis- 
plays a charge-transfer absorption band. 

The spectral transition energy‘6 AE* for the 
charge-transfer band of the N-methylpyridinium 
iodide is sensitive to  solvent change, and Kosower41 
has observed linear relations between AE* and the 
solvent Y values14c which correlate solvolysis rates 
of alkyl halides, etc., in the Grunwald-Winstein 
mY re1ati0n.l~ On the basis of the parallelism 
between AE* and Y, as 15-ell as the similarity be- 
tween the ionization-dissociation schemes for RX 
and for N-niethylpyridinium iodide, Kosower41 
has suggested that the intimate ion pair inter- 
mediate in solvolysis may derive a portion of its 
binding energy from charge-transfer forces and that 
charge transfer may contribute to the stabilization 
of the transition state for its formation. 

The implications of the linear relation between 
AE* and Y may be best understood as follows. 
The AE* quantity represents the change in energy 
from the charged ground state pyridinium iodide 
to the “neutral” excited state in light absorption. 
Let AF* be the free energy change from t-butyl 
chloride to the transition state in solvolysis. Let 
AAE* and AAF* represent the changes in AE* 
and AF*, respectively, associated with a solvent 
change.22 From the definition of Y, AAF* is pro- 
portional to AY. 

As water is added to ethanol, for example, the 
pyridinium iodide grouiid state is stabilized and 
the “neutral” excited state is destabilized; A A E *  
is positive. On the other hand, addition of water 
to ethanol, raises the free energy of the ground 
state46 t-BuC1 molecules and lowers that of the 
transition ~ t a t e ~ 4 , ~ ~ ;  A A F +  is negative. n‘hat 
the linear relation between ALi* and Y for a series 
of solvents means is that relation 1.7 is obeyed, c 
being a proportionality constant. 

A A E *  = c A A F t  (17) 

Actually, the response of two phenomena to sol- 
vent change can be sufficiently similar for a linear 

(42) (a) E. M. Kosower, i b i d . ,  77, 3883 (1955); (b) E. M. Kosower 
and J. C. Burbach, i b i d . ,  78, 5838 (1956). 
(43) (a) R.  S. Mulliken, ihid.. 74, 811 (1952); (b) R. S. Mulliken. 

J .  Phys.  Chem., 56, 801 (1952). 
(44) Unless charge-transfer forces are shown t o  account for the major 

part  of the  energy of interaction between the two ions, we would prefer 
the term intimate ion pair. Actually, there are intimate ion pairs 
of various configurations, many of them presumably unfavorable for 
the charge-transfer interaction. 

(45) The  symbol ET \vas employed by Kosower,a’ bu t  our discussion 
is made clearer by the use of 3 E *  to  parallel the symbol AF * in sol- 

(4G) Y values do not measure t h e  effect of solvent merely on the  
vol ysis . 

transition state,  as  has been stated 4’  
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relation such as 17 to  be quite successful for each 
binary solvent set, and yet the structural changes 
associated with the two phenomena are not 
strictly analogous. For example, solvolysis rates 
of substances RX requiring covalent solvent par- 
ticipation give linear log k vs. Y plots for aqueous al- 
cohols or aqueous a c e t o n e ~ . ~ ~ J ~  In other words, 
AAF& is proportional to AAF&, in spite of 
considerable difference in the structural changes as- 
sociated with the change from ground state to 
transition state for R X  and t-BuC1. 

Thus, the proportionality between AAE* and 
AAF& does not indicate strict analogy between 
the structural changes associated with the AE* 
and the A F z u C l .  It doesn’t indicate sufficient 
structural analogy between the pyridinium iodide 
charge-transfer complex and the intimate ion pair 
I1 in solvolysis to  label the latter a charge-transfer 
complex because the former is so designated. In  
spite of the fact that relation 17 should not be of- 
fered as support, the suggestion that intimate ion 
pairs such as VI and I1 be expressed as charge- 
transfer complexes is interesting. 

For cationic acceptor and anionic donor com- 
ponents like the ions in the intimate ion pair VI 
there is no big distinction between charge-transfer 
character and covalent character to the interaction 
between the ions. Actually, for an interaction to 
be designated as a charge-transfer interaction be- 
tween the components of an intimate ion pair I1 
containing a bridged cation such as the one in the 
present 3-anisyl-2-butyl case, the structure of the 
first intimate ion pair produced by ionization of I 
may be unfavorable relative to a structure which 
has the anion situated near the aromatic ring. 

Since intimate ion pairs may well have consider- 
able structure, care needs to be exercised in the use 
of isotopic criteria for the occurrence of ion pairs as 
intermediates in rearrangements. For example, for 
an anionotropic rearrangement and a peroxide re- 
arrangement involving acylate group shifts, it has 
been stated4? or implied481 48a that  the two acylate 
oxygen atoms must necessarily attain equivalence 
in an intermediate ion pair. Therefore, 0l8- 
scrambling has been employed as a criterion for ion 
pair formation. Our feeling is that an Ol8- 
scrambling result could be support for an ion pair 
interpretation, but that a unique isotopic result 
doesn’t disprove it. It may merely supply evi- 
dence regarding the structure of the intermediate 
ion pair or ion pairs. In  our view, the best crite- 
rion for ionization is sensitivity of the reaction to 
ionizing power of medium. 

In the case of thermal isomerization of a- 
phenylallyl p-nitrobenzoate (X) to the y-phenylallyl 
isomer XI in chlorobenzene solvent, Braude and 
Turner4? have observed that exclusively the acyl 
oxygen atom of the starting material becomes :he 
alkyl oxygen atom in the rearranged product. A 
similar result apparently has been obtained by 

(47) E. A. Braude and D.  W, Turner, Chcmislry & Industry ,  1223 
(1955). 

(48) D.  B. Denney, THIS JOURNAL, 77, 1706 (1955). 
(48a) NOTE ADDED IN PROOF.-D. B. Denney and D. G .  Denney 

have now employed an ion pair interpretation for the rearrangement of 
9-decalyl perbenzoate [ ib id . ,  79, 4806 (1957)l. 

D ~ e r i n g ~ ~  in isomerization of a-phenyl-y-methyl- 
allyl p-nitrobenzoate. While Braude and Tur- 
ner4’ prefer a synchronous cyclic rearrangement 
mechanism, the facts in the case do not preclude an 
ion pair intermediate. 

CH CH 
/ \  

CaH5CH CHI 
I 

It seems certain that an ion pair intermediate in 
isomerization of the a-phenylallyl ester X in a sol- 
vent like chlorobenzene would tend to remain inti- 
mate. Having in mind the distribution of charge 
in the allylic cation and the acylate anion, i t  would 
not be surprising if the intimate ion pair preferred 
the geometry shown in XII. Thus the 0l8 result 

CH 
B ‘\ 

CsHaCH @ CH, 

0 8 0 ’ 8  
y, ,y 

C XI1 
I 

C~HINOI 
constitutes no evidence against an ion pair inter- 
pretation.60 While the rearrangement in question 
shows considerable sensitivity to salt effects and 
solvent ionizing power in non-solvolyzing sol- 
vents,61 as well as solvolyzing solvents referred to 
earlier in this report, i t  is still not clear whether the 
rearrangement in chlorobenzene is best described by 
way of an ion pair intermediate. 

In  isomerization of 9-decalyl perbenzoate (XIII) 
to the acylal XIV in both methanol and acetic acid 
solvents, D e n n e ~ ~ ~  observed that the 0l8 remained 

CsH5 cas 
! I 

W=C ‘Q=C 

‘0 \n 

@- XI11 0 XIV 

essentially exclusively as carbonyl oxygen. On 
this basis he regarded the most attractive explana- 
tion of the rearrangement to  involve a concerted 
shift of the benzoate group by way of a transition 
state or short-lived intermediate such as XV. 
Such a formulation is essentially identical to the one 
used earlier by Grob and Winstein16 for the mutaro- 
tation of A5-cholestene dibromide in the very 
poorest ionizing solvents. 

(49) W. E. Doering, quoted by H. L. Goering and R.  W. Greiner.m 
(50) As one of us (S.W.) has already pointed out elsewhere,a 

the same can be said of the isomerization of X in chlorobenzene without 
isotopic exchange with labeled p-nitrobenzoic acid, as reported by 
E. A. Braude, D. W. Turner and E. S. Waight, Nature, 178, 863 
(1954). 

(51) (a) J. Meisenheimer, W. Schmidt and G. SchPfer, Ann. .  501, 
131 (1933); (b) A. G. Catchpole and E. D. Hughes, J .  Chcm. SOC., 1 
(1948). 
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There are strong indications that the peroxide 
rearrangement in question involves ionizationj2 
;md BartlettZ3 and Goering5* both formulated the 
:carrangement of 9-decalyl perbenzoate by way of 
ionization and internal return. The rearrange- 
ment reaction is extremely sensitive to solvent ion- 
izing power.525s Also, the addition of water to 
methanol as solvent raises rate substantially, but 
it does not affect markedly the proportion of sol- 
volysis and rearrangement.j4 Substituents in the 
benzoate part of 9-decalyl perbenzoate lead to a 
Hairimctt p-value of 1.34.j3 Further, substitution 
it] the migrating phenyl group of cuniyl per-@- 
nitrobenzoate (XIX) leads to a p-value of -5.1 in 
acetic acidjS coinpared to -3 .7 for acetolysis of 
neophyl bromobenzenesulfonates XX. *j 

\/ 
cii. i ' ~ ~  cIrI 

'\ x 
cIr, .r OB< 

--x 

~ I I ;  ( ococ,Ir,s(.), 
Si>: ss 

AI1 of the observations support ionization to an 
ion pair such as XVII as the rate-determining step 
in rearrangement of 9-decalyl perbenzoate in 
methanol or acetic acid solvent. Therefore, we 
regard the 018-result as an indication of preferred 
structure of the ion pair intermediate or inter- 
mediates. Even without covalent character to the 
cation-anion interaction it seems possible on elec- 
trostatic grounds that the greatest stability of inter- 
inediates is achieved when only one of the two nega- 
tive oxygen atoms remains close to both the posi- 
tive oxygen and positive carbon atoms throughout 
tlic sequence of events from starting material XVI 
to acylal XVIII. 

It is interesting that in isomerization of 2-phenyl- 
1 -propyl bromobenzenesulfonate28 (XXI) and 2- 
anisyl-1-propyl tol~enesulfonate~b~~~~~~~7 (XXIII) 
during acetolysis, Denneys6 has observed quite dif- 
ferent O1s-results. In  the former case, the alkyl 
oxygen atom in the rearranged ester XXII is 57Yo 
the original alkyl oxygen in the 2-phenyl-1-pro- 
pand,  and 43y0 one of the other oxygen atoms. 
\Vitll the 2-anisyl-1-propyl ester XXIII, the three 
oxygen atonis of the toluenesulfonate group have 
become cyuivalent in the rearranged ester XXIV. 

( , j2)  l i .  Criegee and K. Kaspar, A ~ a n . ,  660, 127 (1948). 
(.j.li P. D. Bartlett  and J. 1,. Kice, THIS J O U R N A L ,  75, 5501 (19533. 
(.!I) 1% I,. Czoering and A.  C. Olson, ibid., 76, i853 (1953). 
[.iT,) 6. Selson, unpublished w o r k .  
( , - j ~ i )  fa )  11. B. Denney, V I t h  Reaction Xechanism Conference, 

(b)  D B. Denney and E. Goldstein, Sivnrtliniore. P a  , Sept.  12 ,  1950;  
l ' i r i \  I , P I . R V A I .  79, -10.48 (19371. 

I 
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XXIII OTs OTs XXIT. 

The arenesulfonate reactions are no more sensi- 
tive than the peroxide reactions to ionizing power of 
solvent. Therefore, the differences it1 O18-results 
in the two kinds of reactions cannot be ascribed to 
a difference in the ionization character of the rate- 
determining step in the two cases. Rather, the 
preferred description in both the peroxide and 
arenesulfonate cases involves ionization to  an ion 
pair. The differences in 018-results should be dis- 
cussed on the basis of the nature and behavior of 
the ion pairs in the several cases. 

I t  is an important feature of the OlS-results 
with the arenesulfonatess6 that essentially complete 
equivalence of the three oxygen atoms is attained 
in isomerization of the 2-anisyl-1-propyl ester 
XXIII ,  but  not in isomerization of the 2-phenyl- 
1-propyl analog XXI. This difference is in line 
with our interpretation, based on kinetic evidence, 
that essentially only internal return occurs with 
the 2-phenyl-1-propyl ester XXI,  but nearly all 
return with the 2-anispl-1-propyl analog XXIII 
involves ion pairs which have attained the degree 
of interionic separation of the solvent-separated ion 
pair. 

Experimental Part 

(0.4 mm.), was prepared in 67% yield essentially by thc 
method of Sosa.8 To  the Grignard reagent from 64 g. 
(0.45 mole) of methyl iodide and 10.8g. (0.43gram atom) of 
magnesium, preaared in 400 nil. of ether. was added, as 
rapidly as possible, a solution of 50.5 g. (0.307 mole) of 2-p- 
anisylpropanal in 200 ml. of ether. The reaction mixture 
was decomposed with a. saturated anlrnonium chloride solu- 
tion. On distillation, the crude product yielded 47.0 g. 
(84%) of a mixture of erythyo- and tizreo-3-p-anis)l-2-~~- 
tanol, b.p. 85-90 (0.3 rmn.). This mixture partially crl-s- 
tallized on standing; 47.0 g. of mixture deposited 21.4 g.  
of solid erythro-alcohol. m.p. 56-60' 

The liquid mother liquors were converted to the acid 
phthalate in the usual way with phthalic anhgdride in pi-ri- 
dine at 90". The resulting mixture of acid phthalates was 
subjected to  repeated crystallization, first from benzene- 
Skellysolve F and finally from benzene. The erythro-acid 
phthalate (m.p. 137-138') was the least soluble component 
and separated, when pure, as long needles. The threo-acid 
phthalate, when pure, crystallized from benzene as thick 
prisms, m.p. 123-124.5". The separation of the last of the 
erythro material from the threo-acid phthalate was difficult 
and was greatly aided by a mechanical separation of the two 
kinds of crystals. The total recovery of 3-p-anisyl-2-bu- 
tanol in the separation was 677,, and the results indicated 
that the erythrolthveo ratio in the crude product was ca. 3. 

Saponification of 1 .0 g. (0.00305 mole) of threo-3-p-ariisyl- 
2-butanol acid phthalate, 1n.p. 123-124.5', by refluxing for 
2 hours with 2.0 g. of sodium hydroxide in 20 ml. of 50% 
ethanc~l ,  yielded 0.55 E .  iquantit a l ive yield) o f  crude threo 

3-p-Anisyl-2-butanols .-2-p-AnisylpropanalI b.p. 83-86 
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3-p-anisyl-2-butanol. Micro distillation at 20 mm., with 
the bath a t  155", gave material, n% 1.5161. 

A solution of 54.6 mg. (0.302 millimole) of threo-3-p- 
anisyl-2-butanol and 59.1 mg. (0.318 millimole) of p-nitro- 
benzoyl chloride in 2 ml. of pyridine was heated a t  100" for 
two minutes and diluted with water on cooling. The solid 
formed was separated by filtration and washed with water, 
3 N hydrochloric acid, water, 10% potassium carbonate 
solution and again with water. -4fter drying, there was 
obtained 72.1 mg. (72%) of crude p-nitrobenzoate, m.p. 
82-84', m.p. 84-85', after one recrystallization from abso- 
lute ethanol. 

Anal. Calcd. for C18H19N06: C, 65.64; H, 5.82. 
Found: C, 65.78; H,  5.75. 

erythro3-p-Anisyl-2-butanol was converted to p-nitro- 
benzoate exactly as was the threo isomer except that a large 
excess of p-nitrobenzoyl chloride was employed. From 
50.6 mg. (0.281 mmole) of erythro-3-p-anisyl-2-butano1, 
m.p. 58-60', 111.0 mg. (0.598 mmole) of p-nitrobenzoyl 
chloride and 2 ml. of pyridine was obtained 90.2 mg. (97%) 
of crude p-nitrobenzoate, m.p. 101-103", m.p. 102.5-103.5' 
after one recrystallization from absolute alcohol. 

Anal. Calcd. for ClsHlgNOb: C, 65.64; H, 5.82. Found: 
C, 65.45; H ,  5.85. 

Optically Active 3-p-Anisyl-2-butyl Derivatives.-A solu- 
tion of 45 g. (0.137 mole) of acid phthalate, m.p. ca. 118", 
mostly threo, but containing some erythro diastereomer, and 
61.8 g. (0.132 mole) of brucine in methyl ethyl ketone was 
prepared. On standing, this solution deposited a very in- 
soluble white powder, m.p. 140" after one recrystallization 
from methyl ethyl ketone. Regeneration of the acid 
phthalate from this brucine salt gave rise to  active erythro- 
3-p-anisyl-2-butyl acid phthalate, m.p. 109-112', [ a I z Z ~  

The filtrate after separation of the insoluble white powder 
was diluted with a small amount of Skellysolve F and allowed 
to stand in the ice-box. Fine needle-like crystals slowly sepa- 
rated. Three recrystallizations from methyl ethyl ketone- 
Skellysolve F yielded 16.1 g. of material, m.p. 121-122", 
the brucine salt of the acid phthalate of active threo-3-p- 
anisyl-2-butanol. 

The saponification of 1.00 g. (0.00305 mole) of the (-)- 
erythro3-p-anisyl-2-butyl acid phthalate, m.p. 109-112", 
gave rise to 0.51 g. (9370) of active erythro-3-p-anisyl-2- 
butanol, m.p. 74-78' for crude material, m.p. 80-81.5' 
after one crystallization from Skellysolve F. The crude 
active erythro-alcohol was converted in 55yo yield to (-)- 
erythro-3-p-anisyl-2-butyl p-toluenesulfonate, m.p. 70-72', 
[ a ] " D  -8.25' (CHCL, c 1.96). In acetolysis of this mate- 
rial, the rotation of the solvolysis solution increases in mag- 
nitude. 

Regeneration of active threo-3-p-anisyl-2-butanol acid 
phthalate from 8.0 g. of the brucine salt, m.p. 121-122", 
led to 4.0 g. of crude product which didn't crystallize. This 
acid phthalate was saponified to yield 1.61 g. (73% over-all) 
of crude liquid alcohol. This crude alcohol, on conversion 
to  the p-bromobenzenesulfonate in the usual way, yielded 
(after recrystallization from Skellysolve F-benzene) 2.43 g. 
(66%) of ( + )-threo-3-p-anisyl-2-butyl p-bromobenzenesul- 
fonate, m.p. 84-86', [ a I z 6 ~  +11.3" (CHC13, c 2.3). In  

-29.0" (CHClg, c 2.6). 

solvolysis in both acetic acid and ethanol the observed rota- 
tion ( ca .  0.7') tended to zero. 

In another experiment, 2.0 g. of the brucine salt of the 
threo-3-p-anisyl-2-butyl acid phthalate gave rise to 0.44 g. 
(88yo) of active threo-3-p-anisyl-2-butanol. This alcohol 
gave 0.51 g. (62%) of ( - )-threo-3-p-anisyl-2-butyl p-tolu- 
enesulfonate, m.p. 69-70', [ a ] " D  -11.3' (CHC13, c 2.0). 

Acetolysis of dZ-threo-3-p-Anisyl-2-butyl p-Bromobenzene- 
sulfonate.-A solution of 0.3968 g. (0.994 mmole) of p-  
bromobenzenesulfonate in 100 ml. of 0.01 iM lithium acetate 
was kept a t  25.0" for 118 hours (ca. 12 half-lives). The 
solvolysis mixture was then diluted with 1800 ml. of water 
and extracted twice with 500-ml. portions of ether. The 
ether extract was washed with 800 ml. of water, dried over 
potassium carbonate, concentrated to  ca. 75 ml., and re- 
duced with 1.0 g. of lithium aluminum hydride. The reduc- 
tion mixture was worked up with water and aqueous sodium 
hydroxide solution. The ether solution was separated from 
basic salts by filtration. Subsequent distillation of the 
ether and micro-distillation of the residual material at 25 
mm. with a pot temperature ca. 165' gave 0.1194 g. (66% 
as threo-3-p-anisyl-2-butanol) of crude product, n 2 5 ~  1.5198. 
The p-nitrobenzoate, from this material, prepared in 97% 
yield assuming the crude alcohol was 12% olefin,67 had a 
crude m.p. 79-82', m.p. 83-85' after simple washing with 
ethanol, undepressed on admixture of pure threo-3-p-anisyl- 
2-butyl p-nitrobenzoate. 

An analogous acetolysis employing acetic acid without 
added lithium acetate gave 0.27 g. (7570 as alcohol) of prod- 
uct, n Z s ~  1.5200, from 0.8017 g. (2.005 mmoles) of p-bromo- 
benzenesulfonate in 200 ml. of acetic acid. This product 
gave rise to a p-nitrobenzoate (97% yield assuming 12% 
olefin in alcohol), crude m.p. 75-82', m.p. 81-84' after one 
crystallization from ethanol. 

Kinetics.-Anhydrous solvents were prepared and sol- 
volyses were followed by the usual methods.1° 

For the polarimetric rate measurement~ ,~J~> '~  solutions 
were prepared by dissolving a weighed sample of active 
material in 5.6 ml. of total solution. The solution was then 
filtered through a coarse sintered glass funnel into a jacketed 
4-dm. side-filling polarimeter tube. The jacket of the po- 
larimeter tube was maintained a t  25.0' by circulation of oil 
from a constant temperature bath. The time required for 
thermal equilibrium in the polarimeter tube was minimized 
by keeping the solvents in the 25.0' bath until they were to 
be used. The initial polarimetric readings were taken 
from 3-20 minutes after preparation of the final kinetic 
solution. 

With some solvents, the solutions tended to become 
colored and opaque, so experimental infinity readings could 
not be obtained. A zero infinity rotation was assumed in 
these cases, since the infinity polarimeter reading agreed 
exactly with the instrument zero point reading in solvents, 
such as 25% HCOOH-AcOH and formic acid, where infinity 
polarimeter readings were not interfered with. 
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(57) Rough estimate based on refractive index, using X * ~ D  1.5478 
for the  olefin, b.p. 120-135° (25 mm.),  obtained by refluxing a mixture 
of acetic anhydride and the 2-9-anisyl-2-butanol from the  action of p -  
anisylmagnesium bromide on Z-butanone. 


