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It has been postulated in previous articles from this Laboratory that the
addition to olefins of polyhalomethanes (1), a-bromo esters, ete. (2), proceeds
in two steps. Specifically, the addition of bromotrichloromethane to olefins in
the presence of light is assumed to proceed as follows:

BrCCL & -Br + CLC-

1. RCH=CH; + CLC- — -CHRCH,CCl;
2. :CHRCH:CCl; + Cl;CBr — RCHBrCH,CCl; + Cl,C-

The energetics of the two steps are different for the same olefin, and, furthermore,
the energetics for the same step differ from olefin to olefin. In the present paper
the relative reactivities of a number of olefins, as regards their respective abilities
to react with free trichloromethyl radicals (Step 1) have been evaluated.

It is obvious that in order to compare olefins with regard to Step 1 the experi-
mental conditions must be carefully adjusted to insure that Step 2 takes place
readily. In the present study this has been accomplished by using bromotri-
chloromethane as the reagent, since at 50-60° it reacts with all the olefins used
in this study to give excellent yields of the one-to-one adducts.

RESULTS

Before a comparison of the reactivities of the olefins was undertaken, the one-
to-one adducts of bromotrichloromethane and the olefins were prepared and
carefully characterized (Table II). Whenever possible, pairs of olefins which
gave adducts with bromotrichloromethane markedly different in boiling points
and indices of refraction, were selected for comparison. Furthermore, whenever
a mixture of two adducts was obtained, the composition of the reaction mixture
was determined by: (a) analyses, (b) index of refraction. Since, in most cases
the index of refraction is not a linear function of composition, it was necessary
to construct index of refraction—molar composition curves from mixtures of the
one-to-one adducts of known composition. In all cases, the compositions of the
unknown mixtures determined from the index of refraction agreed very well with
the values calculated from analyses for one or more elements.

In most of the experiments equimolecular mixtures of the two olefing were
dissolved in four molecular equivalents of bromotrichloromethane, and the reac-
tion mixture was irradiated by a mercury vapor-argon fluorescent coil (3). The
progress of the reaction was followed by withdrawal of small samples and titration
for unsaturates by a standard procedure. Ordinarily, the reaction was allowed
to proceed until about 25-509, of the total olefins had reacted. In the cage of
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styrene and butadiene, which are tremendously more reactive than the ordinary
olefins the reaction was carried to the point at which these olefins reacted almost
completely.

The relative reactivity of a number of olefins toward the free trichloromethyl
radical is indicated in Table 1.

The structural characteristics of the olefins which increase or decrease the
ability of the olefin to combine with a free trichloromethyl radical (Step 1) are,
for the most part, self evident; what is of considerable interest is the very low
reactivity of cyclohexene, B-methylstyrene, and ethyl cinnamate.

TABLE I
Ter RELATIVE REACTIVITIES OF OLEFINS TowARDS A FREE TRICHLOROMETHYL RADICAL
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2-Methyl-2-butene. ... e
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Ethyl vinylacetate. ...t e
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Allyl chloride. . ..ot
Allyl eyanide. . .uve e s
4,4,4-Trichloro-l-butene............cooiiirii e
Cyelohexene. . ...
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e Bromotrichloromethane adds to butadiene to give about 75 == 109 of the 1,4 adduct
and about 25 == 109, of the 1,2 adduet (unpublished work of Kharasch and Nudenberg).

Structure of adducts of bromotrichloromethane with B-methylstyrene and with ethyl
cinnamate. Only one of two possible structural isomers is formed by the addition
of bromotrichloromethane to 8-methylstyrene and to ethyl cinnamate.

CeH:CH=CHCH; + BrCCl; — C:H;CHBrCH(CH;)CCl;
I
CeH;CH=CHCOOC.H; 4 BrCCl; — C:H;CHBrCH(COOC.H;)CCl;
II)

The structure of Compound I was established by hydrolysis (in glacial acetic
acid containing hydrogen bromide) to a-methylcinnamic acid. Compound II
when hydrolyzed in a similar way gave some cinnamic acid, and a large quantity
of benzaldehyde. The formation of these products is to be expected if Com-
pound II is first hydrolyzed to benzylidenemalonic acid (4).

EXPERIMENTAL

All of the experiments described in this paper were carried out in an atmosphere of
nitrogen gas.
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METHODS OF INITIATING THE REACTION OF BROMOTRICHLOROMETHANE WITH OLEFINS

(a) Diacyl peroxide induced reactions. The reactions, when initiated by the thermal
decomposition of diacyl peroxides, were carried out in a three-necked flask of suitable
capacity equipped with an all-glass stirrer, a dropping-funnel, and a suitable condenser.
Ground-glass connections were used throughout. When low-boiling solvents were used a
Dry Ice condenser was used to prevent loss of material. The condenser was attached to a
long tube filled with calcium chloride.

(b) Photochemically induced reactions. Whenever the reactions were initiated photo-
chemieally, the reaction mixture was illuminated internally by a mercury vapor-argon
fluorescent coil. Stirring was accomplished by passing a slow stream of nitrogen gas
through a fine sintered disc in the bottom of the tube. The outlet and condenser system
were arranged in the manner described in (a). Some reactions were carried out in con-
tainers from which the air was removed by the usual vacuum technique, and illuminated
by a Mazda lamp.

ISOLATION OF REACTION PRODUCTS

In all of the experiments, the reaction mixture was worked up by removal of the un-
reacted bromotrichloromethane and olefin through a Vigreux column at about 50-100 mm.,
with the temperature of the heating bath below 70°. A very slow stream of nitrogen gas
was admitted through a fine capillary tube to prevent superheating of the material.

The residue was usually fractionally distilled through a Vigreux column at 0.5 to 0.02
mm. pressure. A slow stream of nitrogen gas was admitted through a fine capillary tube.
Any volatile materials were caught in a trap cooled with Dry Ice or in liquid nitrogen.

The preparation of 1-bromo-2-trichloromethyleyclohexane. The preparation of the adducts
of bromotrichloromethane with the olefin given in Table 1I resembles in all of the essential
details the preparation of 1-bromo-2-trichloromethylcyclohexane. Because this substance
is thermally unstable, it was necessary to distill it at a low pressure and to avoid the use
of a column.

A solution of 51.4 g. (0.63 mole) of peroxide free cyclohexene and 250 ce. (2.50 moles) of
freshly distilled bromotrichloromethane was internally illuminated for 36 hours by a
mercury vapor-argon fluorescent coil. The temperature of the mixture was maintained
at 25° by external cooling. The unreacted materials were stripped through a Vigreux
column at 30°/30 mm., and the temperature of the oil bath gradually raised to 55°, while a
slow stream of nitrogen gas was admitted through a fine capillary tube. The residue
(133 g.) was distilled through a short Claissen head and the following fractions were col-
lected: Fraction I: 24 g., b.p. 35-83°/0.2 mm. This material fumed strongly in air and
turned dark brown upon exposure to air. Fraction II: 53 g., b.p. 83-85°/0.3 mm. Very
light yellow color; np 1.5470.

Anal. Fraction II. Cale’d for C;H;oCl;Br: Ag equiv., 70.1; Mol. wt., 280.

Found: Ag equiv., 70.8; Mol. wt., 288.

The competitive addition of bromotrichloromethane to olefins. The apparatus used in the
photochemical competition experiments was the same as that used in the initial prepara-
tions of the adducts of bromotrichloromethane to olefins, except that a graduated one-ce.
pipet was sealed to the apparatus which enabled us to remove a definite amount of the
reaction mixture. For details of the design of the apparatus the paper by Kharasch and
Friedlander (3) should be consulted.

The two unsaturates in equimolar quantities were dissolved in a four-fold excess of
bromotrichloromethane and duplicate one-ce. samples analyzed for unsaturation by the
following procedure:

The sample (containing about 4 milliequiv. of the olefins) was added to 15 ml. of reagent
grade carbon tetrachloride contained in a 100-ml. ground-glass stoppered container. A
solution of 25 ml. of bromate-bromide (5 milliequiv. Br), and 3 ml. of concentrated HCl
were then added, the vessel stoppered and shaken vigorously for about 30 seconds, and set
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agide in the dark place. After 15 minutes 1.0 g. of solid potassium iodide was quickly added
and the bottle immediately restoppered and shaken vigorously. The iodine was then
titrated with 0.1 N thiosulfate. To achieve greater accuracy in the titrations, it is desir-
able to replace the air in the flask by either carbon dioxide or nitrogen, and to allow the re-
action mixture to stand four hours, instead of 30 seconds before adding the potassium iodide.

After the initial unsaturation per ml. had been determined, the reaction was allowed to
proceed until 25-509 of the olefins had reacted. This usually required about 1-2 hours.
At the end of that time, the reaction mixture was worked up in the manner previously
deseribed.

SUMMARY

1. The one-to-one adduets of the following olefins with bromotrichloromethane
have been prepared: 2,3-dichloropropene-1, allyl cyanide, methallyl chloride,
ethyl vinylacetate, allylbenzene, 2-ethyl-l1-butene, 2-methyl-2-butene, ethyl
cinnamate, and cyclohexene.

2. The relative reactivities of fifteen olefins towards a free trichloromethyl
radical have been established.

Caicaco 37, InLivois
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