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Electrophilic addition reactions are known for compounds containing the CCl, = CH group (1], but homolytic
addition to compounds of this kind has been little studied. In the present investigation we studied the radical ad-
dition of various reagents to compounds containing a 2,2-dichlorovinyl group. At ordinary temperatures in presence
of ultraviolet radiation andathigher temperatures in presence of peroxides the addition of hydrogen bromide to the
2,2-dichlorovinyl group was not observed. This is probably related to the reversibility of the addition of a bromine
atom by the scheme (1): i

Pr + CCl; = CHR = -CCLCHBrR , (1)

By conducting the reaction at low temperature we were able to effect the homolytic addition of hydrogen bromide
to 1,1,3~trichloropropene and other compounds containing the CCl, = CH group by the scheme (2):

CCl, = CHCH,Y + HBr — HCCl,CHBrCH,Y ,
Y =Cl, Br, —(CHy):Cl . @)

Lowering the reaction temperature to -35° appears to shift the equilibrium (1) to the right. Thus, at between -35
and -37° under ultraviolet irradiation hydrogen bromide readily adds to 1,1,3-trichloropropene, 3-bromo-1,1-dichlo-
ropropene, and 1,1,5-trichloro-1-pentene. Without irradiation or in presence of hydroquinone HBr does not react
with 1,1,3~trichloropropene. The structure of the reaction product was proved for the case of the addition of HBr

to 3-bromo-1,1-dichloropropene. The dibromodichloropropane obtained was found to be identical to the 2,3-
dibromo-1,1-dichloropropane synthesized by the bromination of 3,3-dichloropropene in acetic acid by the
scheme (3):

Br,

CHC]zCH == CHszHChCHBI‘CHzBI'. (3)
The picrates of the isothiuronium derivatives of these two dibromides (CHCIl,CHBrCHySC(=NH)NH,
» CgHy(NO,)3OH) both melted at 146-147°, and a mixture melted without depression.

The reactions of 1-butanethiol and benzenethiol with 1,1,3-trichloropropene at between -35 and -37° under
ultraviolet irradiation led to the formation of sulfides of structure CHCl,—CH(SR)CH,Cl. By the oxidation of these
sulfides with hydrogen peroxide in acetic acid we obtained sulfones, the formation of which was accompanied by
the elimination of HCl. The structures of the sulfides were confirmed by independent synthesis by the reactions of
1-butanesulfenyl chloride and of benzenesulfenyl chloride with 3,3-dichloropropene by the scheme (4):

CHCIL,CH = CH; -+ CISR — CHCLCH (SR) CH,Cl, (4)

The sulfouss prepared from the sulfides synthesized in these two ways were identical. The reaction with 1-butane-
thiol goes better than that with benzenethiol, and a good yield is obtained of 2-(butylthio)-1,1 ,3-trichloropropane
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TABLE 1, Constants and Analyses
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By the dehydrochlorination of this sulfide with alkali we obtained
2-(butylthio)-3,3~dichloropropene by the scheme (5)

KOH

CHCICH (SC.Hy) CHyCl — CHCLC (SCiHg) = CHy  (5)
I
and the structure of this was proved by its conversion into methyl-
glyoxal osazone by its hydrolysis with sulfuric acid in presence of
2,4-dinitrophenylhydrazine.

We also carried out the homolytic addition of 1-butanethiol
and of benzenethiol to 1,1,3-trichloropropene at room temperature
and at 60° (in the case of 1-butanethiol) under ultraviolet irradia-
tion, but lower yields of addition products were obtained. In all
the cases studied the homolytic addition of HBr and of thiols to
the CCl, = CH group went with formation of compounds containing
a terminal dichloromethyl group, i.e.,the radical X. added at the
1-position of the 2,2-dichlorovinyl group CCl, = CH:

HX -5 H. +X.; CCl, = CHR + X-—-CCLCHXR(A)
CCLCHXR + HX — HCCl, = CHXR + X-

Thus, in this case the direction of addition is determined by the
higher stability of the radical A (carrying the unpaired electron

on the dichloro-substituted carbon) as compared with the secondary
radical of structure XCClzéHR, which could be formed in the
attack by the radical X on the 2-position of the CCl, = CH
group. It should be noted that the introduction of substituents in

the 1-position of the 2,2-dichlorovinyl group (CCl, = CYR, in which
Y = ClI, CHj) hinders the radical addition of HBr and thiols.

EXPERIMENTAL

Addition of HBr to 1,1,3-Trichloropropene (Expt. 1). The
experiments were conducted in an unsilvered quartz Dewar vessel
furnished with a thermocouple, tubes for passing gas in and out,
and a condenser inserted inside the vessel. The vessel was irradiated
with a PRK-4 mercury'lamp at a distance of 10 em. 5 ml of color-
less dry liquid HBr was added to a solution of 14.5 g of freshly
distilled CCl, = CHCH,Cl in 20 g of heptane cooled to between
-45 and - 55°, The temperature of the solution was then kept
between -35 and -37° for 2.5 h under ultraviolet irradiation. The
reaction mixture was washed with water and sodium carbonate
solution and was dried over CaCl,. The 2-bromo-1,1,3-trichloro-
propane obtained was distilled through a column; yield 70%.

The constants and analyses of the compounds obtained are given
in Table 1,

The addition of HBr to CCl, = CHCH,Br, to CCl,
= CH(CHy)3Cl and to CCl, = CHCH,Cg¢Hg was conducted similarly
as in Expt. 1. In the case of CCl, =CH(CH,)Cl the reaction
required four hours at between -35 and -45° (Experiments 2-4,
see Tables 1 and 2), Isothiuronium derivatives were prepared from
CHCI,CHBrCH,Br and CHCl,CHBI(CH,)3Cl the melting points
of the picrates were 147-148° and 141-142° (from alcchol)
respectively. Analyses of picrates are given in Table 3.
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TABLE 2. Addition of HBr to CCly = CHCHyX
with Formation of HCCI,CHBrCH,X

Bromination of CHCl,CH = CH, (Expt. 5). 5 ml of bromine
in & ml of glacial acetic acid was added slowly at room temper-

ature to a solution of 11.1 g of 3,3-dichloroprepene in 5 ml of
Expt. Amt. taken | glacial acetic acid. We obtained 17 g (62.7%) of 2,3-dibromo-
X halo {HBr, Yield, % 1,1-dichloropropane (see Table 1). Isothiuronium derivative:
olefin, g jml picrate m.p. 146-147.5° (from alcohol), identi¢al to the sample
obtained in Expt. 2.
2 Br 20 10 77 *
3 (CH.):Cl 26 7 90 Addition of 1-Butanethiol to 1,1,3-Trichloropropene
4 | CgHs 18,8 7 12,6

(Expt. 6). A solution of 26.7 g of CCl, = CHCH,Cl in 30 ml
(25.2 g) of 1-butanethiol was exposed to ultraviolet radiation at
between -35 and -37° with stirring with a stream of argon for a
period of 12.5 h. Two fractionations gave 33.9 g (79.9%) of
2-(butylthio)-1,1,3-trichloropropane (see Table 1). Sulfone:
m.p. 39.5-40° (from alcohol) (see Table 3).

*Based on the amount of halo olefin that
reacted; in the other cases the yields are
based on the amount of halo olefin taken
for reaction.

TABLE 3. Analyses of Compounds Obtained

‘ Found, % Calculated, %
Expt. Formula
C H (8} H

2 | GHCl,CHBrCH,SC(=NH)NH, * 13,90 T 14,15 1

3 | CHCJ,CHBr(CH,)sSG(=NH)NH, * 27,96 | 3,1127,55 2,70

6 CHCL,C(SO,CsHy) = CH; 36,17 5,01 | 36,37 5,23

7 |CHCL= C(SCiHo) CHuSG(=NH)NH, * 36,29 3.8 35,04 |3.58

2,4-Methylglyoxal-2,3-dinitrophenylosazonel 41, ’ ' 2y

0 | CHCLO(SOKIH,) —CH, | TOPHENYLoszone 4304 13041 | 43005 | 3.21

*Picrate.

TAnalysis for nitrogen.
FOr CHC1 = C(SO,R)CH,Cl, the structure was not investigated,

Dehydrohalogenation of 2-(Butylthio)-1,1,3-trichloropropane (Expt. 7). 28.8gof the sulfide wastreated in the
cold with 8 g (26% excess) of KOH in 2-ethoxyethanol with stirring. After two hours the reaction mixture was washed
several times with water, dissolved in ether, and dried over CaCly. After two fractionations we obtained 2-(butylthio)
3,3-dichloropropene (see Table 1). Yield 19.7 g (80.8%). Sulfone, m.p. 38.5-39.5° (from alcohol), identical to the
sample from Expt. 6. Isothiuronium compound: picrate m.p. 135-135.5° (see Table 3). In the hydrolysis of 1 g of
the sulfide in T mi of alcohol with 1.5 ml of H,SO,4 in T ml of alcohol in presence of 0.7 g of 2,4-dinitrophenyl-
hydrazone with heating we obtained 0.5 g of methylglyoxal osazone, which was washed with alcohol and then melted
at 291-293° (decomp.).

Addition of 1-Butanesulfenyl Chloride to 3,3-Dichloropropene (Ext. 8). 19 g (30% excess) of 1-butanesulfenyl
chloride was added dropwise with stirring to 12.9 g of 3,3-dichloropropene cooled to 0°, The reaction mixture was
left overnight. We obtained 24.6 g of a sulfide (see Table 1). Sulfone, m.p. 38.5-39.5° (from alcohol), identical
to the sulfone obtained in Expt. 6.

Addition of Benzenethiol to 1,1,3-Trichloropropene (Ext, 9)., A solution of 21.7 g of CCly = CHCH,Cl
and 20.3 ml of CgHgSH in 20 g of heptane was irradiated for 8.5 hours at between -26 and -37° with stirring with
a stream of argon. We obtained 3.8 g (10%) of 1,1,3-trichloro-2-(phenylthio)propane, b.p. 155-160° (5 mm) and
np? 1.5885. Sulfone, m.p. 90-91° (see Table 3).

Addition of Benzenesulfenyl Chloride to 3,3-Dichloropropene (Expt. 10), The procedure was as in Expt. 8,
but at room temperature. From 20 g of CHCIL,CH = CH, in 35 ml of dry CCly and 25.8 g of GgHySCl in 15 ml of
CCly we obtained 23.1 g of 1,1,3~trichloro-2-(phenylthio)propane (see Table 1). Sulfone, m.p. 91-91,5° (from
alcohol), identical to the sulfone from Expt, 9.
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Addition of n-G4HySH to CCl, = C(CHg)CH,Cl (Expt. 11), A solution of 16 g of CCl, = C(CHz)CH,Cl in 15.7
ml of n-GyHySH was irradiated with ultraviolet with stirring with a stream of argon at between -35 and -37° for ten
hours. We obtained 3.2 g (13%) of 2-(butylthio)-1,1,3-trichloro-2-methylpropane (see Table 1),

SUMMARY

1. A study was made of the photochemical addition of HBr to 1,1,3-trichloropropene, 3-bromo-1,1-dichloro-
propene, and 1,1,5-trichloro-1-pentene, and also of 1-butanethiol to 1,1,3-trichloropropene and 1,1,3-trichloro-2-
methyipropene and of benzenethiol to 1,1,3-trichloropropene at low temperatire.

2. The homolytic addition of hydrogen bromide and of thiols to the CCl, = CH group goes with the formation
of compounds containing a terminal dichloromethyl group.
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