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Abstract-A case is presented where a transition metal salt, Co(NO,X, intervenes in the solvolysis of 
benzhydryl chloride, after the rate determining ionization step. This is in contrast to the behavior of 
other salts which intervene early and promote the ionization reaction. This novel behavior of Co(NO,), 
permits for the first time the detection of two ion pair intermediates in the solvolysis of an alkyl 
chloride which generates an open carbonium ion. 

In our previous reports on metal salt promoted ion- 
ization reactions we presented cases where salts 
such as HgClr assist in the bond breaking processes 
of various alkyl chlorides (RCl).’ Thus, the HgC&- 
promoted solvolysis of RCl involves the active role 
of R+HgCl,- pairs which can give solvolysis pro- 
ducts, k,, racemize and regenerate racemic RCl, 
k, or equilibrate the chlorine atoms and regener- 
ate chlorine exchanged RCl, k. We recently ob- 
tained results that suggest that the metal salt can 
intervene late in the ionization reaction, i.e., after 
the slow bond breaking step, and now wish to pres- 
ent the results of this investigation. 
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RESULTS AND DISCUSSION 
The rates of solvolysis of benzhydryl and p- 

chlorobenzhydryl chloride were measured in 80% 
acetone at 25.0” in the presence of various salts.’ 
The reactions studied in the presence of n- 
Bu&lC104, LiCl, LiClO, and KNG proceeded to 
99% infinity showing good first order kinetics with 
no apparent drift. The lirst order rate constants are 
listed in Table 1. The effects of adding the common 
ion salt IX1 is to produce a mild rate depression as 
was previously reported,’ where the addition of 
0*05M LiCl depresses k, by co 5% in the case of 
both RCl’s. 

The noncommon ion salts produce small normal 
salt effects. The n-Bu,NCIO, salt produces a very 
small effect in the solvolysis of benzhydryl 
chloride, where the ‘b’-value is 1.’ LiClO, and 
KNO, produce a larger rate enhancement and show 
comparable ‘b’ values, equal to 4.6 and 3.9, respec- 
tively. 

The reactions carried out in the presence of 
Co(NO&, again showed good ftrst order kinetics 
with no apparent drift. The k’s were obtained up to 
60% conversion of RCl. The addition of Co(NO& 
enhances the solvolysis rate of the RCl much more 
than the other salts. As seen in Fig 1, the plot of k, 
us [Co(NO&l shows an initial steep increase up to 
ca 0*04M salt followed by a shallow increase at 
higher concentrations. This behavior parallels the 
Winstein “special salt effect” curves observed in 
the acetolysis of various alkyl arenesulfonate es- 
ters.’ Extrapolation of the shallow part of the curve 
provides k”,, values equal to 3.25 and 9XtCl x lo-’ 
set-’ for p-chlorobenzhydryl chloride and benz- 
hydryl chlorides respectively. These values are 
summarized in Table 1. 

The polarimetric rate constants measured with p- 
chlorobenzhydryl chloride, which are a better 
measure of the ionization rate, do not show this 
special effect with Co(N0,)2. Furthermore, the 
value of Q, (3.25 x lo-’ set-‘) does not close the 
gap between k, (2.36 x lo-‘set-‘) and k, (5.9 x 
lo-‘see-‘), thus this solvolysis must involve two 
types of ion pairs plus dissociated ions as inter- 
mediates;’ an intimate ion pair that regenerates 
racemic RCl and is not chemically captured (Z), a 
solvent separated ion pair which can be captured by 
CO(NO~)~ (3) and dissociated ions that produce 
ROH product and can be returned to RCl by added 
common ion salt (4).’ 
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Fig 1. 

From the special salt effect curve, a measure of 
the efficiency of the salt to capture the intermediate 
is provided by [saltJln, the salt concentration where 
k, is raised to a value halfway between k? and kz,,. 
The [CO(NO,),],,~ value for this system is 0.Ol5M 
which is 10 to 100 times larger than the values ob- 
served using LiCIOI in the acetolysis of various /3- 
aryl alkyl esters.’ Thus Co(NO& in this system is 
10 to 100 less efficient than LiCIO, in those cases. 
On the other hand, it is ca 4 times more efficient 
than NaN, in the reactions of a-p -anisylethyP’ and 
p -methylbenzhydryl p -nitrobenzoates’” in 90% 
acetone where [N,& is ca 0.06M. 

Spectral measurements were made on the 
CO(NO,)~ solutions in an attempt to determine the 
role of the salt in the reaction. The visible spectrum 
for O.OlM CO(NO,)~ in 80% acetone shows a broad 
peak with A,, at 510 nm and l = 5.50, resembling 
spectra previously reported,& and increases to 590 
with the presence of 0.0095 M KNOa. This spectral 
informationA.b.‘O suggests that the salt is a medium 
dissociated ion triplet with an octahedral arrange- 
ment by six HZ0 molecules and with the two NO,- 
anions in the outer-solvation shell, thus [CO(H,O)J 
(N0,)2.L.b.” This is reasonable since H,O is a better 
electron donor than acetone by a factor of ca. 
lo.** These results plus the fact that k, measured 
in the presence of O-021 M Co(NO& is not affected 
by the presence of the common ion salt, O-02433 M 
KNO,, is in line with having the dissociated cobalt 
cation be the active species in the reaction which 
does not form a cobalt nitrate salt such as 5. Also in 
line with this conclusion is the estimate of unity” 
for the value of K for an equilibrium such as shown 
in Equation 5 

Co(NO,X(H,O), + 2H,O#CoWOX” + 2NO,- (5) 
5 

The absence of a sign&ant downward drift in 
the t’s indicates that the chloride ion probably 
does not remain affiliated with the cobalt ion. Since 
cobalt chloride shows no apparent reactivity,‘> 
where k, for benzhydryl chloride in the presence of 
0.05 M &Cl2 is 6.12 * 0.01 x lo-’ set’. a downward 
drift in k, is expected if the cobalt ion became 
deactivated by the formation of cobalt chloride 
complexes.” 

In conclusion, Co(NO& does intervene actively 
in the solvolysis of benzhydryl chloride in 80% 
acetone. However, in contrast to the role of the 
mercury salts, where HgCl,* and Hg(NO&” facili- 
tate the bond breaking process by providing elec- 
trophilic assistance, Co(N0,)2 intervenes late in the 
reaction. Thus, the cobalt salt does not afhliate the 
chlorine atom until after it has fully developed a 
negative charge. This particular behavior of the 
cobalt salt helps demonstrate for the first time that 
the solvolysis of benzhydryl chloride proceeds via 
two ion pair intermediates where only the more dis- 
sociated one is captured by the cobalt salt. 

EXPERIMENTAL. 

Benzhydryl chloride and p chlorobenzhydryl chloride 
were prepared by treatment of the carbinols with HCI in 
pentane at 0”. The crude alkyl chlorides were distilled at 
132” (4.2mm); ng 1.5937 (Lit’” 137“ (50mm); n’d 
1.5937) for benzhydryl chloride and 138” (3.6 mm); nb’ 
16002 (Lit” 172-173” (6 mm)) for p-chlorobenzhydryl 
chloride. 

Anhydrous acetone prepared as previously described’” 
was mixed with water in a 4 to 1 volume ratio. Dry LiCIO., 
CoC12 and Co(NO,)I were obtained by heating the hyd- 
rates LiCI0.*3H20, CoC12.6H20, CofN0,),.6H,O, respec- 
tively, at 1 lo” in an Abderhalder drying apparatus under 
0.1 mm pressure for 6 h. 

The solvolytic reactions measured in 80% acetone at 
25.0” were followed by titrating the produced acid with 
0.009819 M sodium methoxide to a brom phenol blue end 
point.” The polarimetric rate measurements were carried 
out in an all glass I decimeter thermostated cell using a 
Perkin Elmer Polarimeter Model 141. 

The visible spectra were measured on freshly prepared 
solutions in a 2 dm cell using a Cary 14 recording spectro- 
photometer. The prepared solutions were gravity filtered 
directly into the cell in order to remove a faintly visible 
suspension. Analysis of the cobalt solution after filtration 
by titrating with O.tMIO990 M EDTA to a Murixide in NaCl 
end point= demonstrated the presence of 98.8% cobalt 
salt based on the initially weighed amount. 
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