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In a study of the react ion of haloalkylated aromat ic  compounds with haloolefins in the p resence  of 
sulfuric acid [1], chlorobenzene and, par t icular ly ,  bromobenzene were  found to have a low activity in this 
reaction.  The maximum yield of the products  of the condensation of chlorobenzene with methallyl  cMoride 
was 25.3%, while with bromobenzene it was only 3.5%. 

In the present  work we have studied the condensation of chlorobenzene and o-chlorotoluene with allyl 
alcohol in the p resence  of titanium te t rachlor ide  and zinc chloride. The react ion was ca r r i ed  out in order  
to obtain haloalkenylaromatic  compounds which may be interest ing monomers  for the synthesis  of e las tomers  
and other polymers .  The condensation of the chloroaromat ic  compounds with allyl alcohol in the p resence  
of titanium te t rachlor ide  gave 1-chlorophenyl -2-chloropropane  and 1- (2-chloro to ly l ) -2-chioropropane  with 
yields of 29.8 and 55.5%, respect ively.  The formation of the haloalkylaromatic compounds apparently takes 
place in accordance with the mechanism that we proposed previouslY [2] 

T i C h  
C6H5C1 + CH2=CHC H20 H ---,- C6H~C1. CH2CH--CH2 

CH~C~H~,CI + CH2=CHCH20H TiC~ CHaC~HsC1.CH~CH~CH2 

The resul t ing a l ly laromat ic  compounds add hydrogen halide under the experimental  conditions, forming 
the corresponding haloalkyl compounds 

CsHaC1. CH2CH= CH2 HCI C~H4CI'CH2CHCI" CHa 
CHzC6HaC|.CH2C H=CH2 H~ CHaC~H~C1 ' C H2CHCI" CH8 

The dehydrochlorination of the haloalkyl compounds obtained by boiling them with a sa turated 
alcoholic solution of KOH gave the propenylaromat ic  compounds with yields of 80-85%. The condensa-  
tion of chlorobenzene with allyl alcohol in the p resence  of zinc chloride gave allylcMorobenzene with a 
yield of 23.5% 

CIC6H5 + C[t2 ~ CKCHz0H znc~ C1CsH4CH~CH~CH2 
120 ~ 

E X P E R I M E N T A L  

The condensation was ca r r i ed  out at var ious  mola r  ra t ios ,  t empera tu res ,  and t imes.  

C o n d e n s a t i o n  o f  C h l o r o b e n z e n e  w i t h  A l l y l  A l c o h o l .  In the presence  of TiC14, the 
main react ion product  was 1-chlorophenyl-2-chloropropane.  The influence of the t empera tu re  was studied 
at mola r  ra t ios  of the components of 2 : 1 : 1, and at t empera tu res  between --10 and 30 ~ 

As can be seen from Fig. 1 (curve 1), the optimum tempera ture  for this react ion is 20 ~ A change 
in the mola r  rat io at this t empera ture  in the direction of increas ing or  decreasing the excess  of cb loro-  
benzene leads to a reduction in the yield of ] -ch lorophenyl -2-chloropropane .  The optimum conditions for 
its formation are :  t empera ture  20 ~ mola r  ratio of chlorobenzene to allyl alcohol to TiC14 = 2 : 1 : 1, t ime 
1 h. The yield of 1-chlorophenyl-2-chloropropane  is 29.8% of theoret ical .  When 1-ch lorophenyl -2-ch loro-  
propane was boiled with a th ree- fo ld  amount of saturated aqueous caustic potash for 5 h, propenylchloro-  
benzene was obtained with a yield of 85%. The charac te r i s t i c s  of the compounds obtained are  given in 
Table 1. 
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Fig. 1. Influence of the t empera tu re  on the yield: 1) 1 -ch lo ro -  
phenyl-2-chloropropane;  2) 1- (2-chloro to ly l ) -2-ch loropropane  
(molar rat io 2 : 1 : 1, t ime 1 h). 
Fig. 2. Influence of the mola r  ra t io  of the components on the 
yield: 1) 1-ch lorophenyl -2-chloropropane  at --5% t ime 1 h; 2) 
1 -ch lorophenyl -2-ch loropropane  at 20 ~ t ime 30 min; 3) 1 - (2 -ch lo -  
ro to ly l ) -2-ch loropropane  at 20 ~ t ime 30 rain. 

TABLE 1. 

Name 

1-Cblorophenyl-  
2-chloropropane  

Propenylch loro-  
b enz ene 

Al ly lchloroben-  
zene 

I- (2-Chloro- 
t o ly l ) -2 -ch lo ro -  
propane 

P ropeny l -2 -  
chlorotoluene 

Proper t i e s  of the Compounds Obtained* 

Empir ica l  B.p., ~ n20 
formula (p, mm Hg) D 

1.5652 

1.5288 

124-125 (5) 1.5375 
315-320 (738) 

1.5630 

C9Hi0C12F3 

C9HgC1F 4 

CgHgC1F 4 

CIoH12C12F3 

CloHllC1 F4 

120-122 (i0) 
195-205 (732) 
85 (10) 

185-195 (738) 
93 (6) 

100-102 (9) 

T 
7 
1.0747 

1.0521 

1.1445 

1.0627 

found calc. 

45.77 44.56 

44.51 44.56 

55.17 54.5 i 

50.76 49.18 

Cl, % 

~oun-"~ 
i 

22.5 23.25 

23.3 23.23 

34.5 34.91 

22.9 21.27 

m 

[odinc 
No. 

162.7 

142.9 

m 

Unsatu- 
rateds, % 

95.8 

93.4 

* The exaltation of the molecu la r  re f rac t ion  conf i rms  the assumed posit ion of the double bond in the chain 
with respec t  to the aromat ic  nucleus. The compounds given in Table 1 have been obtained for the f i rs t  
t ime; they apparently consis t  of mixtures  of position i somers .  

When ehlorobenzene was condensed with allyl alcohol in the p resence  of zinc chloride,  a l ly lchloro-  
benzene was obtained. Allyl alcohol was added to a mixture of chlorobenzene and zinc chlor ide at the 
boiling point (not below 120 ~ C) in propor t ion as it reacted.  The best  resul ts  were  obtained at a mola r  
rat io of chlorobenzene to allyl alcohol to ZnC12 of 2 : 1 : 1, a t empera tu re  of 124-129 ~ and a t ime of 30rain. 

C o n d e n s a t i o n  o f  o - C h l o r o t o l u e n e  w i t h  A l l y l  A l c o h o l .  The condensation of o -ch lo ro -  
toluene with allyl alcohol was ca r r i ed  out in the p resence  of TiC14. This gave 1 - (2 -ch lo ro to ly l ) -2 -ch lo ro-  
propane. The infiuence of the t empera tu re  on the yield of this compound is shown by curve 2 in Fig. 1. 
The influence of the molar  rat io (o-chlorotoluene to allyl alcohol to TIC14) is shown by curve  3 of Fig. 2. 

The optimum conditions for the prepara t ion  of 1- (2-chloro to ly l ) -2-ch loropropane  that we found a re  
a t empera tu re  of 20 ~ and a mola r  rat io between 2 : 1 : 1 and 4 : 1 : 1. Its yield amounted to 55.5% of theore t -  
ical,  calculated on the allyl alcohol taken. The dehydrochlorination of the 1 - (2 -ch lo ro to ly l ) -2 -ch lo ro-  
propane gave propenyl-2-chlorotoluene.  

C O N C L U S I O N S  

1. The condensation of chlorobenzene and o-chlorotoluene with allyl alcohol has been investigated. 

1055 



2. Conditions for the preparation of 1-chIorophenyl-2-chloropropane and 1-(2-chlorotolyl)-2-chloro- 
propane with yields of 29.8 and 55.5%, respectively, have been found. The dehydrochlorination of these 
compounds gives propenylchlorobenzene and propenylchlorotoluene with yields of 80-85%. 

1 ,  

2. 
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