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although Cl < Br. (b) Bromocyclohexanone reacts much
faster than chlorocyclohexanone with Ph,P 28 (difference
estimated 105 to 109).

3. Phosphites react preferentially to phosphines at the
carbonyl center. For example the yield ratio, vinyl phos-
phate to phosphonate, with halogeno acetones is in the
order Cl > Br > I3 (this is the order of electrophilicity
of the C=0 groups), while in anhydrous conditions,
phosphines give only the phosphonium salts with the
same reagents. Also trimethylphosphite reacts rapidly
with chlorocyclohexanone in conditions where PhgP is
inert. 2

4. The selectivity with respect to the leaving group is much
greater for the reaction on halogen than at saturated carbon,
i.e. small changes in stabilization of the carbanion
produce great changes in the rates. For example Ph,P
reacts at the bromine atom of bromoacetone but not of
ethylbromoacetate.

In view of the above, the following generalizations
can be made. Phosphines and phosphites appear to be
quite different kinds of nucleophiles toward different
electrophilic centers. The high affinity of phosphites
compared to that of phosphines for carbonyl centers,
which involves a large extent of bond formation, indi-
cates a high degree of negativity which can be related
to the density of non bonded electrons, as mentioned
earlier. An additional factor is the possibility of ionic

+ ]
forms, such as RO=P-, to contribute to the charge

density on the P atoml. Conversely, tertiary phosphines
which should allow more distortion of the charge in the
nucleophile (greater polarization energy) favor centers
where the extent of bond formation and bond break in
the transition state is of a quite different order of mag-
nitude. According to the nucleophilic treatment of
Hupson, 35 the reactions (at carbon or halogen) observed
for phosphines may both belong to the class of Sy2
displacement where nucleophilic selectivity increases
with bond formation in the transition state. The ap-
parent greater selectivity observed for reactions at
halogen would imply greater bond formation and conse-
quently greater charge transfer to the substrate. This is
not unreasonable for systems involving essentially neu-
tral nucleophiles and carbanions (or other soft bases) as
leaving groups, where affinity and solvation energy
factors should be relatively low and bonding energy
factors relatively high.

One fact, however, appears to remain incompatible
with the above interpretation: This is the very great
difference between the rates of attack at Bromine and
Chlorine in spite of the similarity in their properties
(polarisability, Pauling electronegativity). It is unlikely
that a relation can be found with the ionization poten-
tials of simple halogenated molecules (for example,
AI, = 0.7 ev for MeCl and MeBr) because a) according

35 R.F.HupsonN, Chimia 16 (1962) 173.
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to the above definition, the charge transfer in the tran-
sition state should be large, therefore, the positive charge
built on the electrophilic center should remain small.
b) Ionization potentials of methyl halides must refer
only to the non bonding electrons.

An explanation may be proposed by assuming a sim-
ilarity between the X-C (or X-S or X-N) bond of or-
ganic halogenated molecules and the X-X bond which as
mentioned earlier, may form charge-transfer complexes
with donors of low ionization potential. In these cases one
electron from the highest occupied orbital of the donor
is transferred to the lowest unoccupied orbital of the
acceptor. This might effectively describe a transition
state structure in a nucleophilic displacement, provided
that a leaving group exists; otherwise the excited com-
plex will only dissociate to reactants or to radical ions.
Although it might be very difficult to detect the existence
of transient charge transfer formation in reactions at
positive halogen compounds, some information may be
derived from the charge transfer absorptions which
exist in the solutions of tertiary amines and CCl; or
Br-CCl,.3¢ A difference of ~ 0.3 ev has been observed
for these two compounds, which is equivalent to ~ 7
kcal/mole and means a difference of ~ 105 in the electro-
philic reactivities of Br and Cl. Although this interpre-
tation is highly speculative, it can be paralleled with
the observation, mentioned earlier, that some reactions
of phosphites with carbon tetrahalides are light catalized,
while phosphines, being better nucleophiles toward halo-
gen than phosphites, may not require such an activation.

Furthermore, it is known that light and orientation
factors are important with regard to the allylic bro-
mination with N-bromosuccinimide; it is therefore
tempting to propose, for this reaction, a mechanism
involving the initial formation of a charge transfer
complex where the carbonyl would act as a donor toward
the allyl compound and the bromine as an indirect ac-
ceptor. This is illustrated in the following scheme,
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Although more experimental work is required to pro-
vide a firmer basis to the above concepts, their develop-
ment may prove useful to gain more information on the
various processes involving positive halogen compounds.

3% E.M.Ko0soweR, Progr. Physic. Org. Chem. 3 (1965) 81.



