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tert-Butyl Hypochlorite Chlorinations of Hydrocarbons.

ref, 1 The Role of Chlorinated Solvents1 %% é;
Andreas A. Zavitsas

Chemistry Department, Brookhaven National Laboratory, Upton, New York

In the course of a continuing investigation of relationships between
reactivity, hyperconjugative stabilization and activation energies of alkyl
radical reactions it became necessary to establish the role of carbon tetra-

chloride =-- the usual solvent -- in tert-butyl hypochlorite chlorinations

ref. 2 of hydrocarbons.2 This fairly selective chlorinating agent reacts via the
chain
(CH3)3CO+ + RH ~——>  (CH3)3COH + R- (1)
R+ % (CH3)360C1 —> RCL + (CH3z)3CO- (2)

The reaction is carried out in non-polar solvents and proceeds cleanly and
in high yields. Fluorocarbons, excess hydrocarbon substrate, and carbon
tetrachloride have been used as solvents, the last being the most common.
Although products and yields are substantially the same in all these solvents
there exists the possibility that in carbon tetrachloride the sequence (3),
(4) can become part of the radical chain reaction.
R+ + C1CCl3 ——> RCl + -CCly (3)
.CCly + (CH3)5C0C1* 5 C1*CCly + (CH3)3CO- (%)
The possibility that reaction (5) may also occur can be ruled out on the

basis of

.CCl3 + RE ——3 HCCl3 + R° (5)

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately 6Wned righs; ur

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission” includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or rontractor of the C or emp! of such prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contructor.




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



the report that the relative reactivities of a series of hydrocarbons &o
£. 3 not vary éignificantly with changes in solvent.3 The absence of any sig-
nificant amounts of chloroform among the products is inconclusive in view
ref. 4 of the conéiderable selectiﬁity of the trichlorémethyl radical,® Sequence
(3)-(4) is suggested by the well known use of polyhalomethanes as chlorinating
ref, 5 agents.5
The chlorination of toluepe, 2,3-dimethylbutane, and 2,2-dimethyl-
propane (ggg-péntane) in carbon tetraéhloride and the possible involvement
of the solvent was investigated by the use of Egzg-butyl-hypochlorige labeled
with chlorine-36, a beta emitter. 1In all cases the activit& was found exciusivély,
within experimental error, in the alkyl chloride product indicating that
;eactions (3)-(4) do nét occur to any significant extent. Even when the
hypochlorite was added dropwise as a dilute solution in carbon tetrachloride
to a carbon tetrachloride sélution of the hydrocarbon, nO‘activity could be
detected in'the carbon tetrachloride.
In the case of toluene the absence of any involvement of the solvent ’
is not unexpected iﬁ view of the results of Walling and Padwa‘who, in a
similar reaction with tert-butyl ﬁypochlorite ana toluene in bromofrichloro-
ref. 6 methane solvent, did not obtain more than a 3% yield c;f.bromotoluene.6 A
_reactive alkyl radical (cyclobutyl), huwever, wao reported tn react 97% with
the solvent to give alkyl bromide, upon dropwise addition of hypochlorite.
.in our case the failure of even the reactive primary radical égg-pentyl to
react with approximately a 500-fold excess on the average of carbon tetra-
| chloride over hypochlorite indicates a large difference in activation energy
for abstraction of bromine vs. chlorine from halomethanes. An activation
energy of about 13 kcal/mole for ébstraction of chlorine from carbon tetra-

-2f. 7 chloride by the methyl radical can be estimated.7
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It appears that, in the usual tert-butyl hypochlorite chiofinations.'
in carbon tetrachloride, the solvent is not invdlved in the chain reaction
sequence. Studies of activation energies of reactions .of aikyl radicals
derived from or in the presence of hypochloriteé can be carried out iﬁ
carbon tetrachloride without any doubt as to the origin of the chlorine

atom in the alkyl halide product.
Experimental

tert-Butyl Hypoehlorite-Cl36 was prepared essentially as in ref. 2a.

Chlorine was bubbled through 200 ml. carbon tetrachloride until the solution

o
became 2,015 N by iodometric tit;ation; 48 g. mercuric oxide (yellow) was
added and stirring-wasAcontinued fgr 17 hqurs with tap water cooling. The
solids were filtered and the organiCAlayer was extracted wi;h 160 ml, cold
distilled water. . After one washing with 20 ml. carbon tetrachloride, titré-
tion showed the water layer to be 1.93 N in ﬁypochlorous aci@. 5.7 g. tert-
butyl alcohol in 71.3 ml. carbon tetrachloride and all of,thg hypochiorbﬁs
acid solution were mixed and stirred fér 3 hours with ice-cooling. The'
organic layer was separated, wéshed with 5 ml. wafer, 10 ml, 5% sodium”qérbon-
ate, 5 ml. water, and‘dried with anhydrous magnesium sﬁlfatef. The entire
preparation was carried out in subdued light or in the dérk. Titration
showed that fhe carbon tetrachloride solution was 0.965 M in Eg;g-bd;ylv
hypochlorite, for a 96.5% yield based on the alcohol.

Portions of the hypochlorite solution were labeledl§i;h chloriné-36f
;mmediately before use'singe autoradiolysis may be fai;lf'f;ét with hypo-
chlorites. In a typical preparation 5.0 ml., of the'hypochlﬁ?iée soluii;ﬁ were
shaken in a separatory funnel with 4,0 ml. of‘an 1.6 N'aqueous solutiéh bf HC1

containing 80 pc chlorine-36. The exchange is fast® and equilibration was
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complete after 15 min. Titration showed that autoradiolysis is insignificant .

for 15 min. in the dark.

Reactions of tert-Butyl Hypochlorite-0136. In a typical expefiment
3.82 g. (29.8 mméle) carbon tetrachloride and 1.36 g.A(18.9 mmole) neo-
pentane were placed in an ice béth and 3.77 ml. iabeled hypochlorite solution
(3.8 mmole hypochlorite, 36.1 mmole carbon tetrachloride) were added drop-
wise over 2 hours with vigorous stirring and irradiation froﬁ a 300 watt
incandescent lamp. The products were analyzed by gas-liquid chromatography

' _an on-line ionization chamber amd

with a Loenco Model 70 Hi-Flex coupled with/a Cary 31 Vibrating Reed Elec-
trometer for simultaneous detection of thé activity. All the activity was

found under the neo-pentyl chloride mass peak. The experimental error in

the activity determination was 5%.
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