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The Addition of Undissociated Strong Acids to Alkenes, 
“Hidden Return” Revealed 

Sir: 
We wish to  report observations which shed new light 

on the behavior of the ion pairs which are involved in 
the trifluoroacetolysis of secondary arenesulfonate 
esters. Isopropyl p-bromobenzenesulfonate (ROBs) 
reacts in trifluoroacetic acid (TFA) at 25 O to  give, within 
the limits of nmr detection, a quantitative yield of iso- 
propyl trifluoroacetate (ROCOCF3). The half-life 
based on the rate of disappearance of the nmr signal is 
182 min. Neither the product yield nor the half-life 
is significantly different if the reaction is carried out in 
the presence of excess sodium trifluoroacetate. Pro- 
pene is converted to  ROCOCFa relatively slowly by 
TFA either alone or buffered (half-life -300 min). 
However, in trifluoroacetic acid, propene (0.2 M )  and 
p-bromobenzenesulfonic acid (HOBs, 0.1 M )  react within 
less than I min to produce isopropyl p-bromobenzene- 
sulfonate apparently quantitatiuely. We interpret this 
to mean that propene and undissociated HOBs react 
directly to  produce a “tight” ion-pair (R+oBs) which 
covalently combines at a rate much faster than it dis- 
sociates. Dewar and Fahey3 have argued that the cis 
addition of HBr to acenaphthylene in acetic acid in- 
volves formation and rapid combination of ion pairs. 
It is obvious that in these reactions ion-pair combination 
is faster than solvolysis. 

Isopropyl alcohol (ROH, 0.1 M) on the other hand 
is converted by HOBs (0.12 M )  in TFA exclusively to  
ROCOCF3 with a half-life of 7 min; no intermediate 
formation of ROBs is detected even though its solvolytic 
half-life is much longer. This is interpreted as indicat- 
ing that HOBs reacts with ROH to form isopropyl- 
oxonium brosylate (R+OH20-Bs) ion pairs which are 
converted in the rate-determining step to isopropyl 
cation and brosylate ion separated by a molecule of 
water (R+OH%-OBS);~ this molecule-separated ion pair 

(1) For a recent discussion of the evidence rclating to the importance 
of ion pairs in solvolysis see S. Winstein, B. Appel, R. Baker, and A. Diaz, 
“Organic Reaction Mechanism,” Special Publication No. 19, The Chem- 
ical Society, London, 1965, p 109. 

(2) For references to the use of trifluoroacetic acid as a solvolysis 
medium see P. E, Peterson. R. J. Bopp, D. M. Chevli, E. L. Curran, 
D.  E. Dillard, and R. J. Kamat, J .  Amer. Chem. SOC., 89, 5902 (1967). 

(3) M. J. S. Dewar and R. C. Fahey, Angew. Chem. Intern. Ed. Engl., 
3, 245 (1964). 

(4) The reaction of diazoneopentane with carboxylic acids in ethers 
which leads to 99 rearranged products probably involves the produc- 
tion o f  tight ion pairs in which the rearrangement is faster than recom- 
bination, despite the low dielectric constant of the solvent and the fairly 
high nucleophilicity of the counter ion. 

(5) D.  Y. Curtin and S. M. Gerber, J .  Amer. Chem. SOC., 74, 4052 
(1952). 

(6) If the R-OHI-OBS ion pairs dissociate before the C-0 bond of 
ROH.+ ionizes then the free carbonium ion rather than the water- 
ssparated ion pair would be produced in the rate-determining step. We 
believe that the dissociation does not precedc C-0 bond cleavage be- 
cause the low di&xtric constant (8.42, 20”)’ of the TFA solvent does not 

solvolyzes rapidly and does not undergo kinetically 
significant internal return to  ROBs. Thus, we con- 
clude that the trifluoroacetolysis of ROBs must involve 
rate-determining dissociation of the tight ion pair 

? t 
propene + HOBs ROH + HOBs 

The formation of ROBs from propene and HOBs shows 
that k-l > k,; the lack of formation of ROBs from ROH 
and HOBs indicates that the water-separated ion pair 
does not return; it seems reasonable that soloent- 
separated ion pairs would not return either so that 

Streitwieser and Dafforn’O have reported that in tri- 
fluoroacetolysis isopropyl toluenesulfonate shows an 
&-deuterium rate effect (kH/kD)  of 1.22 * 0.02 and a 
P-d8 effect of 2.12 + 0.1. It has previously been sug- 
gested” that the a-d effect on a limiting reaction of an 
alkyl arenesulfonate should be about 1.22 and that the 
lower effects observed in other solvents indicate some 
nucleophilic character, probably nucleophilic attack 
on the tight ion pair.’? The idea that many reactions 
classified us limiting‘ I- ’ incolw rate-determining dis- 
sociation of tight ion pairs12 is thus further reinforced. 
It is important to note that the P-d3 effect of 1.46 (or 
42.) reported for the limiting solvolytic formation 
of a simple secondary carbonium ion is significantly 
larger than that for a simple tertiary system,14 e.g. ,  
1.3304 for the solvolysis of t-butyl-ds chloride in 6 0 x  
aqueous ethanol. l5 

Experiments with other alkene-alcohol-alkyl ester 
systems in TFA and in other solvents which do not ionize 
the conjugate acids of the usual leaving groups are cur- 
rently underwayto determine the generalityof the pattern 
of results reported here. Preliminary observations in- 
dicate a similar pattern with styrene-l-phenylethanol-l- 
phenylethyl chloride in trifluoroethanol and with iso- 
butylene-t-butyl alcohol-t-butyl chloride in trifluoro- 
ethanol. These two cases show, however, a lower ratio 
(ca. 6 :  1 and 2 :  1, respectively) of rates of covalent re- 
combination to solvolysis for the ion pairs produced 

ka > k-2.’ 

support extensive ion dissociation.8 In  any event, the results are consis- 
tent with return from the water-separated ion pair being slow. 
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(9) We do not mean to indicate that R+OHs-OBs is identically the 

same species as R+HOzCCFa-OBs but both can be represented by the 
general notation R‘ J /bBs and their relative rates of dissociation and 
recombination in the same solvent should be similar. Also, R+bBs 
may not be exactl.i, the same species (in terms of conformation and 
solvation especially) when formed by proton transfer from HOBs to 
propene :is when produced by ionization of ROBs; the differences are 
probably slight, however, and R-OBs from the latter source should 
not be any less likely to recombine than that from the former. 
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ibid., 90, 418 (1968). 
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The Preparation and Isolation of 
cis,cis,cis,cis-1,3,5,7-Cyclononatetraene 
Sir: 
cis,cis,cis,cis-1,3,5,7-Cyclononatetraene (1) has been 

the object of much discussion in the literature but pri- 
marily since the successful preparation of cyclononate- 
traenide ion (2).1-9 While the primary emphasis has 
been with regard to the intermediacy of 1 in thermal 
and photochemical transformations of other C9Hlo 
compounds, questions with regard to the stability, acid- 
ity, and general structural nature of 1 have also been 
raised. Despite the fact that there is some evidence* 
that it might be possible to  isolate this very important 
GHlo olefin, there has been to  date no report of its prep- 
aration and direct observation. It is the purpose of this 
communication to remedy this situation and prelimi- 
narily report the isolation of 1 and its 9-methyl deriva- 
tive (3). 

from the alkene and HCl. We believe that the tight 
ion pairs produced from the alkyl halides probably show 
relatively more recombination and that the rate-deter- 
mining steps in the trifluoroethanolyses of t-butyl 
chloride and 1 -phenylethyl chloride are also dissocia- 
tion of the tight ion pairs. 

Because of the absence of a technique to evaluate 
the importance of “hidden return” it has not heretofore 
generally been possible to  make a distinction between 
two fundamentally different kinds of participation: 
namely (1) participation in the initial bond ionization 
and (2) participation in the process of further reaction 
of an initially formed ion pair.16 The latter explana- 
tion is especially attractive for those examples where 
ion-pair return is known to be dominant in the reference 
compound and where the compound which appears to  
react uia participation would give a carbonium ion 
which is subject to  facile rearrangement to a more stable 
classical ion. Thus, since our experiments indicate that 
return of isopropyl cation-brosylate ion pairs in TFA is 
fast relative to  solvolysis it is obvious that 3,3-dimethyl- 
2-butyl brosylate might ionize only slightly faster 
than isopropyl brosylate but have its solvolysis rate 
in TFA, relative to isopropyl, much accelerated if 
the Wagner-Meerwein rearrangement took place rapidly 
in the tight ion-pair stage; after rearrangement, return 
to  the very reactive tertiary brosylate would not slow 
the rate and reverse rearrangement with return would 
be prohibited by the much higher energy of the secon- 
dary ion relative to  the tertiary ion. Until the im- 
portance of tight ion-pair return can be evaluated it is 
unwarranted to  accept rate acceleration as conclusive 
evidence for participation in the jirst ionization step in 
reactions where facile rearrangement to a more stable 
classical ion is possible.17 An isotope effect in the mi- 
grating group only shows participation in the rate- 
determining step and does not serve to  distinguish be- 
tween the two types of participation.18 Further, rate- 
determining proton loss from the tight ion pair could 
show a deuterium isotope effect similar to  that as- 
sociated with hydrogen participation. l9 

The reactions reported here were followed using a 
Varian HA-100 magnetic resonance instrument; char- 
acteristic peak positions in TFA solvent were as fol- 
lows: isopropyl brosylate, 6 1.07 doublet, J = 7 Hz; 
isopropyl trifluoroacetate, 6 1.14 doublet, J = 7 Hz; 
isopropyl alcohol, 6 1.10 doublet, J = 7 Hz; propylene, 
6 1.42, J = 1.7 and 7 Hz. The internal standard for 
these reactions was 1,4-dioxane. The chemical shift of 
dioxane is somewhat dependent on acid concentration. 
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In a typical procedure a solution of 2 (20 mmoles) in 
tetrahydrofuran7>* (7 ml) at ca. 0” was quenched with ice 
water (20 ml) and was rapidly extracted into cold CCI4 
(9 ml). The cold CC14 extract was washed rapidly with 
ice-cold 1 N HC1 followed by ice water. The cold ex- 
tract was filtered through anhydrous MgS04, and an 
aliquot was used to  obtain the nmr spectrum of 1 shown 
in Figure 1. The procedure for the 9-methyl derivative 
3 was essentially the same except that CHJ (20 mmoles) 
was added to the tetrahydrofuran solution of 2 at 0” 
and was allowed to  react for 2.5 hr before the aqueous 
quench and work-up. Using this technique one can ob- 
tain solutions of 1 in the organic solvent of choice de- 
pending upon one’s needs. 

Solutions of 1 and 3 in ether were reduced at 0” with 
hydrogen and Raney nickel for ca. 6 hr. In the case of 
1 about 60 % cyclononane was obtained along with cis- 
hydrindan and in the case of 3 about 50% methylcy- 
clononane10 was produced along with the corresponding 
methyl-cis-hydrindans. 
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