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Rate constants of dehydrochlorination of 2,3,4-trichloro-l-butene and 2,3,3-
-trichloro-1-butene by methanolic solution of sodium hydroxide at tempera
tures 0 —60°C were measured and the appropriate activation energies were 
calculated. The results showed that the reaction rate of dehydrochlorination 
of 2,3,4-trichloro-l-butene was at 40°C 436 times greater than that of 2,3,3-
-trichloro-1-butene. The activation energy for the first reaction was 17 ± 
± 0.5kcal mol -1 , the frequency factor .̂2,3,4-тсв = 1.014 X 1011 ± 1.33 X 
X 109 1 m o l - 1 S71 and that for the second reaction was 20 + 1.2 kcal mol - 1 , 

the frequency factor was A2,3,з-тсв = 4.094 X 1010 ± 1.75 x 1091 m o l - 1 s - 1 . 

2,3,4-TCB is used for the production of 2,3-dichloro-1,3-butadiene which is suitable* 
for copolymerization with chloroprene [1]. I t is prepared by chlorination of 1,3-dichloro-
-2-butene which is a by-pr'oduct in chloroprene production [2]. A great amount of 
1,2,3,3-tetrachlorobutane, formed in this reaction as addition product, gave also 2,3-
-dichloro-1,3-butadiene after elimination of two molecules of hydrochloride [4]. Dehydro
chlorination to the first step only gives mainly 2,3,3-TCB [11], from which it is more dif
ficult to eliminate hydrophloride than from 2,3,4-TCB regarding the position of chlorine 
atom in the molecule. 

The aim of the present work was to compare the reaction rates of dehydrochlorination 
of the mentioned trichlorobutenes by methanolic solution of sodium hydroxide under 
conditions determined as optimal for dehydrochlorination of 2,3,4-TCB [3]. 

Experimental 

Chemicals 

2,3,4-TCB prepared according to [2], rectified, had nf>° 1.4941, of 1.3426 (nf? 1.4944,. 
о]0 1.3430 [5]). I ts purity established by gas chromatography was 97.6% [7]. 

2,3,3-TCB prepared according to [3], rectified, had rag» 1.4809, e | ° 1.3055 (nf? 1.4815r 

of 1.3067 [6]). Its purity established by gas chromatography was 93%. 
Methanol and sodium hydroxide were of anal, grade. 

Abbreviations: 
2,3,4-TCB = 2,3,4-trichloro-l-butene. 
2,3,3-TCB = 2,3,3-trichloro-l-butene. 
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Working procedure 

Kinet ic m e a s u r e m e n t s were carr ied ou t in a ver t ical , cylindrical glass vessel (22 x 
X 122 m m ) fitted wi th a s t i r rer a n d a t he rmome te r . T h e vessel was placed in a Hoppler 

t h e r m o s t a t . To a methanol ic solut ion of t r ich lorobutene of a chosen t e m p e r a t u r e , the 
corresponding a m o u n t of methanol ic solut ion of sod ium hydrox ide was a d d e d from 
a t ube rku l in syringe u n d e r s t i rr ing. T h e s t a r t ing concent ra t ion of 2,3,4-TCB was 4.925 x 
X 10~2 mol 1 _ 1 a n d t h a t of 2,3,3-TCB 1.6 mol l - 1 . T h e reac t ing componen t s were in 

equimolar ra t io . The react ion was s topped b y add ing a n excess of ni t r ic acid a n d the 
whole vo lume of t h e react ion vessel was analyzed . 

T h e conversion of t r i ch lorobutene was de te rmined by t i t r a t ion of t h e formed chlorides 
after Volhard. 

Resu l t s 

R a t e cons tan t s were ca lcula ted from t h e re la t ion character iz ing react ions of t he second 
order . Values of t h e r a t e cons tan t s are l is ted in Table 1. 

The re la t ive r a t e of react ions vTei = 436.2 was ca lcula ted from comparison of t h e rate 
cons t an t s (&2,3,4-TCB a n d &2,3,3-тсв) a t 40°C. 

T h e a c t i v a t i o n energies were ca lcu la ted from A r r h e n i u s e q u a t i o n . F o r dehydrochlorin-

at ion of 2,3,4-TCB b y m e t h a n o l i c solut ion of s o d i u m h y d r o x i d e , t h e a c t i v a t i o n energy 

w a s 17 ± 0.5 kcal m o l - 1 a n d t h a t for d e h y d r o c h l o r i n a t i o n of 2,3,3-TCB was 20 ± 1.2 kcal 

m o l - 1 a n d t h e a p p r o p r i a t e f requency factors were Л 2 , 3 , 4 -тсв = 1.014 x 10 1 1 ± 1.33 x 

X 109 1 m o l - 1 s-'1 a n d Л 2 | 3 ( 3 - т с в = 4.094 x 10 1 0 ± 1.75 x 109 1 m o l " 1 s" 1 . 

Table 1 

R a t e c o n s t a n t s of dehydrochlor inat ion of t r ich lorobutenes 

Compound 

2,3,4-TCB 

2,3,3-TCB 

Number of 
measure

ments 

6 
7 
5 

7 
7 
6 
8 

Initial 
concentration 

[mol l-1] 

4.925 x Ю-2 

1.6 

к 
[ m o l - 1 1 m i n - 1 ] 

0.130 
1.044 
6.730 

0.016 
0.031 
0.042 
0.113 

Mean square 
error 

[ m o l - 1 1 m i n - 1 ] 

0.004 
0.005 
0.030 

0.0009 
0.001 
0.001 
0.007 

Temperature 
± 0.1°C 

1 
21 
40 

40 
45.5 
50 
60 

Discussion 

F r o m t h e resul t s it is a p p a r e n t t h a t dehydrochlor ina t ion of b o t h 2,3,4-TCB a n d 2,3,3-TCB 
obeys t h e second-order react ion. This gives evidence t h a t dehydrochlor inat ion of both 
t r ich lorobutenes proceeds b y E2 m e c h a n i s m . 

Dehydrochlor ina t ion of 2,3,4-TCB proceeds a t 40°C 436 t imes faster t h a n dehydrochlo
r inat ion of 2,3,3-TCB. As b o t h s t a r t i n g c o m p o u n d s are isomeric t r ich lorobutenes and the 
e n d p r o d u c t is t h e same in b o t h react ions (2,3-dichloro-1,3-butadiene), it is clear that 
t h e great difference b e t w e e n b o t h react ion r a t e s is d u e t o t h e fact t h a t in t h e molecule 
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KINETICS OF DEHYDROCHLOBATION 

taowíe'dgľ^,^! C h l 0 r Í n e a t ° m S а Г е I O C a t 6 d а * °"3- T h Í S Í S i n a 8 r e e m e n t with the general 

> S l n h e , T ľ ľ r ? а а * / ' S i g n i f i c a n t technological conclusions follow. To prepare 
ž^chloro-l .S-butadiene from 2,3,4-TCB, dehydroehlorination should be accomplished 

ч ľľn w я иГ t h 6 m W 1 0 m e r f 0 r m e d i s e s s e n t i a l l y more reactive than for 
^ t a n c e butad.ene or chloroprene and at higher temperatures it can polymerize [10]. 
Under these comhtzons, however, dehydroehlorination of 1,2,3,3-tetrachlorobutane, which 
. formed besxdes 2 3,4-TCB [3], is after removing one molecule of hydrogen chloride 

T e ľ a ! 7 n o ľ ? Г ' f r ; h T а Г е f 0 r m e d 2 > 3 ' 3 - T C B a n d ° t h e r trichbrobutenes [11], 
t 4 TCB Ttb 1 7- d e h y d ; o c h l o r i n a t e d - d contaminate the end product. When 
ГяТь 1 S

+

t h e . S * a r t m f P r o d u c t - Practically only 2,3-dichloro-l>3-butadiene is formed 
„d the reaction Ш fast also at low temperatures. From this follows that from the techno-

Т Г т г Г ь V ľ ľ ' í 1 S n e C e S S a r y t o r e m o v e 1,2,3,3-tetrachlorobutane from the crude 1,3,4:-LLB by rectification most thoroughly. 
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