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Abs&a&-The base-induced solvolysis of dibenzyl ~~1~~~~ in DM~~water (4: 1) has bezn studii by 
UV spectrophotometric measurements under pscu&-&rst order conditions, using KOH, Me&OH, B@NOH md 
BuJNHCQ as bases. ‘I& reaction is iirst order witb expect to tbc substrate as well as to the base. Rate constants 
and activation parameters for the four bases indicate that the rate determining step is the nucleophiiic attack by the 
base, as an ionic couple, on the substrate. Fast reactions, due to strong nucleophilic xlenolate species, may follow 
this slow step: a tentative mechanism is proposed on the basis of experimental evidence. 

by the reaction of carbon diseienide with the appropriate 
alkyl halide in ~~ethyl s~fo~de/water (10-20% of 
water) in the presence of various oxygen-bases, accord- 
ing to the following scheme:” 

3CSez t SB- + 3H20 + 4RX 
DMsolH~ 

, 

2RgSes t 5HB +4X- + HCtA- (1) 

where B- may be HCOs-, COs2- or OH- and HB is its 
conjugate acid. During attempts to optimii the reaction 
conditions it was observed that the triselenocarbonate, 
thus obtained, was sometimes destroyed very rapidly in 
the reaction mixture. In order to clarify the decom- 
position mechanism we started a kinetic investigation. 
Dibenxyl triselenocarbonate (1) was choosen as the model 
substrate as a matter’of convenience; compound 1, and 
its decomposition products are more readily puriticd and 
at the same time less obnoxious to ha&e than the 
corresponding products from the lower, aliphatic 
triselenocarbonates. 

Dibenxyl triselenocarbonate decomposes in the 
presence of an oxygen-base according to the reaction: 

oMso/if~ 
2Bz&!Se, t 4B- t 3H,O P 

1 BxCSe~- t 3BzSe- + 4HB t HgOs (2) 

(For detection of reaction products, see Experimental). 
‘Ibe disappearance of 1 could be followed by measuring 
the decrease in optical density at either of tbe two 
absorption bands in the UV-visible spectrum (A-= 
36onm. logc=4.15 and Amu=546mn, fogr=2.29) 
since the absorption caused by the product mixture 
differs considerably in both regions. The spectra of I and 
its decomposition products are shown in Fw. 1. The 
latter spectrum was independent of the base employed 

and it was unchanged for a considerable period after the 
end of the reaction. 

The 546nm band might look the most ~rnis~ for 
measurements because of the absence of absorption 
from the products in this region. However, the low 
extinction coefficient calls for substrate concentrations 
> 2x lo-‘mall-’ and prehminary experiments in this 
concentration range indicated a complicated kinetics 
resembling an autocatalytic reaction. This result is 
tmderstandable in terms of the product, BxCSes- (3). 
being a powerful nucfeophiIe, cf the subsequent dis- 
cussion of the reaction rn~~srn. Instead, the 
measu~ments were performed on the 36Onm band so 
that a low concentration of i(5 X iO+ - 1 X lo+ mol 1-l) 
could be ‘used. This allowed us to employ a large excess 
of base in the kinetic experiments and in this way keep 
disturbing by-reactions caused by nucleophilic reaction 
products to an insignificant level. 

Kinetic measurements were performed under psarcb- 
order conditions with respect to the substrate, foilowing 
in time-drive the decrease of the absorbance at 37Onm 
~~es~nd~ to the wavelength of m~um diBereuce 
between substrate and product absorptions. Pseudo-first 

Cl I I I I I 

Fi 1. UV-vis spectra of BP&& Wd lioe) and its deunu- 
position products (dotted iines) after treatment with KOH 0.1 M 

in DIWO/HsO (4: 1 WI). 
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Tabk 1. Psardo-6rst order Jbbd’s for the Bz&Sc3 bask decomposition in DM!SO/Hfi (4: 1 vol) 

[Base] x lo2 XOH') 14e,NOEa' BU>OIi") B+iCOgb) 

10 4.50 f .09 

0 3.65 f .07 

6 2.80 f .00 
* 4 4.30 f .08 1.80 f .05 

2 2.15 f .06 0.89 f .05 

1 1.10 f .06 2.70 f .l 4.60 f .l 

0.8 0.90 f .05 2.13 f .09 3.65 i .09 

0.6 0.65 i .05 1.60 f .08 2.83 f .05 

0.5 0.58 f .06 1.33 i .07 2.23 f .07 

0.4 1.11 f .05 1.82 f .04 

a) k abed x LO2 at 25 OC 

b, k obsd x lo 3 at 86.1 'C 

order rate constants, & were evahtated from the 
straight lines obtained by plotting In(A, - AJ vs time. 
The vakes obtained at different base concentrations are 
reported in Table 1. The plot of & vs the base con- 
centrations are straight lines, showing that the reaction in 
each cast is tirst order in the base. The first order 
dependency upon both 1 and the base indicates a rate 
determining nuckophilic attack of the base on 1. This 
view was supported by experiments at varying ionic 
strength. The variations of L were inside the limits of 
experimental error when c was varied between 0.03 and 
0.10 mol 1-l by addition of n-tetrab@kmmonium perch- 
lorate, as expected for reactions in whch one or both the 
reactants are neutral speck~.~ The dependency of the 
rate constant on the identity of the cation (A+) is like- 
wise in accord with this hypothesis. The influence of the 
cation on the second order rate constants (Table 2) 
suggests that the hydroxides are mainly present as ion- 
pairs in the solvent employed. This view was supported 
by conductance measurements on KOH and Bu*NOH in 
DMSO-water (4: 1). With increasing dilution the molar 

conductivities at #p of both salts remained roughly 
constant, 22.8 f 1.5 and 23.9 + 1.0 fI_r cm2 mol-‘, respec- 
tively, down to co 2 x lo-‘mot I-‘. Below this concen- 
tration both conductivities showed minima, at 2x lo-’ 
and 8 x lo-* mot l-‘, respectively, to rise steeply at still 
lower concentrations. This pattern shows’ that ion-pair- 
ing in tbe concentration range (4 x 10-‘-d X 
lo-’ mall-‘) used in the kinetic experiments is virtually 
complete and the observed conductivity is caused by 
ion-triplets or higher a8gqates. 

In order to evaluate the activation parameters the 
temperature dependence of the rate constants was 
determined. From the straight lines obtained by plotting 
InL vs l/T (Fa 2) the activation energies could be 
evaluated. AH’ and A!% obtained from the Eyring’s 
plots,’ are reported in Table 2, together with the car- 
responding correlation coeflkknts. For the hydroxide 
bases both AH* and AS* decrease with increasing sixe 
of the cation. Both trends are in accord with the 
assumption that the hydroxides mainly exist as ion-pairs. 

It is suggested that tbe transition state contains one 

Table 2. Activation parameters for Bz#3c3 dccomphtion with the dilTcrent bases 

Bane AH* a) ,I b) P =) 

KOE 11.0 f .2 -21.3 * .E .998 

Me4BOB 10.7 f .2 -20.8 f .7 1.000 

B+Oa 8.3 f .2 -27.6 f .7 .990 

BU@KQj 11.6 f .l -32.7 f .2 1.000 

a) -1 
Kcalmol 

b) cal*mol -l.r-l 

c) Correlation coofficlent of the Byring'm plot, evaluated 

on the second order rate con8tanta. 
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BzSeCO!&. The solvolysis of 1 with KOH was carried out as 
in the kinetic runs, but with benzyl bromide (2 x 10ez M) added. 
At the end of the reaction the mixture was diluted with water and 
extracted with toluene. The residue from evaporation of the 
toluene was separated on AlsDr with bexane-CH+Zlr as eluent. 
In addition to dibenxyl diselenide as the major product was 
obtained one fraction which was identical (mixed m.p., IR and 
‘H NMR spectrum) with an authentic sample of Se. Se’dibenxyl 
diselenocarbonate. 

Conductivity measurements were carried out with a WTW 
bridged at 20”. 

Spectmphototnctnk and conductioity measurements. The UV- 
vis spectrum of BzQer (Fig. I) was recorded in freshly pre- 
pared DMSG solns. using a Perkin-Elmer Model 402 spec- 
trophotometer. The spectra of the decomposition products were 
recorded after the completion of the reactions, i.e. when reaching 
the stability of the spectra. 

Kinetic measunments. These measurements were carried out 
with a Pakin-Elmer Model 402 spcctrophotometer connected 
with a Lauda KZRD thermostat (20.02”). Each run was carried 

out in pseudo-first order conditions, i.e. with a large excess of 
bax, by adding, all at once, the proper amount of Bz#ZSej 
(5 x IO-s- 1 x Iti mol I-‘) dissolved in DMSO to a pretber- 
mostated solution of the base and following in time-drive the 
decrease of the absorbance at 370 nm. 

aPta pmwsing. Kinetic experimental data were processed by 
an H.P. 9100B calculator, connected with a 9125A plotter. The 
straight lines, obtained by plotting In(A, - A.) vs time, were 
calculated by the least square method. 
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