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A comparat ive  study of the kinetics of the solvolysis of ~ -b romo  ketones of the selenophene, 
thiophene, and benzene ser ies  in 50% ethanol at 55, 70, and 80~ has been performed.  The 
activation pa ramete r s  of the react ions have been determined and it has been shown that 
solvolysis  takes place mainly by an SN2mechanism.  The rate  of solvolysis  r i ses  in the se-  
quence selenophene - -  thiophene - -  benzene. 

It is known that  the b r o m i n e  in ~ - b r o m o  ketones  of the furan,  th iophene,  and se lenophene  s e r i e s  is 
r e a d i l y  r e p l a c e d  in r eac t i ons  with, fo r  example ,  amines  [1-3]. However ,  t h e r e  is no in fo rmat ion  in the 
l i t e r a t u r e  on a quant i ta t ive  c o m p a r i s o n  of  the mobi l i t i es  of the b romine  a toms  in ~ - b r o m o  ke tones  of  f ive-  
m e m b e r e d  h e t e r o c y c l e s  but  only i so la ted  r e p o r t s  on the k inet ics  of the so lvo lys i s  of phenacy l  hal ides  [4]. 
In the p r e s e n t  work  we have inves t iga ted  the k ine t ics  of the so lvo lys i s  of ~ - b r o m o  ketones  of the s e l e -  
nophene and thiophene s e r i e s  in 50% aqueous ethanol .  F o r  compa r i son ,  the so lvo lys i s  of  p h e n a c y l b r o m i d e  
was  p e r f o r m e d  under  the condi t ions  g iven in [4], the so lvo lys i s  r a t e  cons tan t  at  55~ found (0.326 �9 10 -3 
rain-l)  a g r e e i n g  well  with that  g iven  in the l i t e r a tu re  (00292 �9 10 -3 min  -1) [4]~ 

The  so lvo lys i s  of c~-bromo ketones  in an excess  of so lvent  took p lace  by f i r s t - o r d e r  k ine t ics .  The 
r a t e  cons tan t s  of  the r e a c t i o n  w e r e  ca lcu la ted  f r o m  f o r m u l a  (1): 

l__ln co (1) K =  t C 0 - -  C t ' 

where K is the f i r s t - o r d e r  ra te  constant in min -1, t is the t ime in minutes f rom the beginning of the experi-  
ment, c o is the initial concentrat ion of bromo ketone, and c t is the concentrat ion of hydrogen bromide at 
t ime t. 

TABLE i. Rate Constants, Parameters of the Arrhenius Equation, and 
Activation Entropy of the Solvolysis of ~-Bromo Ketones 

S ubstance 

phenacyl bromide 
2- Bromoacet ylthiophene 
2 -Bromoacetylse lenophene 
2-Bromoacetyl-5-methylthiophene 
2-Bromoacetvl- 5- methyl- 

selenophehe 
2- B.~oynqacet yl- 5 - nitro- 

mlophene 
2-Bromoacetyl- 5-ntt~o- 

seIenophene 

55 ~ 

0,326 
0,169 
0,168 
0,152 
0,151 

1,49 

0,649 

K,. lO~ rain "x E, keal/ 
7oo s0 o mole 

3,02 20,5 
1,72 21,4 
1,59 20,1 
1,27 18,9 
1,05 16,9 

9,34 16,4 

5,73 19,4 

I 
l g  p Z  [ A S ,  

Ical/deg 

1,31 
0,686 
0,645 
0,633 
0,600 

4,18 

2,88 

10,17 ] 
10,43 I 
9,61] 
8,76 [ 
7,44 I 

8.07 

9,72 

--23,9 
-- 22,7 
-- 26,6 
--30.4 
- -  36,6 

-33,7 

-26.1 
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Fig. 1. Dependence of log [C0/(C0-Ct)] on the t ime for the solvoly- 
sis of 2-bromoacetylse lenophene.  

Fig. 2. Tempera tu re  dependences of the rate  constants of the solvol-  
ys is  of phenacyl bromide (1), 2-bromoacetyl thiophene (2), 2 - b r o m o -  
acetylselenophene (3), 2-bromoacety l -5-methyl th iophene  (4), 2 -b ro -  
moacety l -5-methylse lenophene  (5), 2-bromoacety l -5-n i t ro th iophene  
(6), and 2-bromoace ty l -5-n i t rose lenophene  (7). 

The activation energy E (see Table 1) was determined graphical ly  as the tangent of the angle of slope 
of the s t ra ight  line of a plot of log K versus  1 / T  ~ 

! 
l g K -  T .  

The values of log pZ of the Arrhenius  equation were  calculated f rom formula (2) for T = 328~ 

E 
Ig pZ = lg h + 2.303 RT ~ (2) 

The values of the entropy of activation were  calculated f rom formula  (3) for  T = 328~ 

kT E 
-,AS ~= =2.303 Rlg ~- -2.303 R lg K -  ~- +R, (3) 

where k is Bol tzmann 's  constant (1.38 �9 10 -16 e rg /deg) ,  h is Planck 's  constant (6.62 �9 10 -27 e r g / s e c ) ,  K is 
the ra te  constant of solvolysis  in sec -1, E is the activation energy in c a l / m o l e ,  and R is the gas constant 
(1.987 ca l /deg) .  

On the basis of the f igures given, it may be concluded that the react iv i ty  of the a - b r o m o  ketones in 
the solvolysis  react ion r i ses  in the sequence selenophene -< thiophene < benzene, which agrees with infor- 
mation for the react ivi ty  of the selenophene ser ies  in electrophilic substitution react ions (see, for ex- 
ample, [5]). 

Apparently,  a - b r o m o  ketones of the thiophene and selenophene ser ies  solvolyze by a bimolecular  
react ion,  since: 

in the f i rs t  place, the rate  constants of their  solvolysis are  close to the rate  constants for the c o r -  
responding a -bromoace tophenones  [4], for  which a bimolecular  mechanism of solvolysis  has been estab- 
lished without doubt; 

in the second place, the introduction of substituents into position 5 of the heterocycl ic  nucleus affects 
the ra te  of solvolysis  in accordance  with the influence of the substituents on the rate  of bimolecular  sub- 
stitution (an electron-donating group decreases  and an e lect ron-accept ing group increases  the part ial  
positive charge on the a - c a r b o n  atom), this influence apparently being mainly inductive and not meso-  
merie;  and 

in the third place, the influence of the entropy factor  on the ra te  of solvolysis  frequently masks the 
opposite influence of the activation energy. 

The opposite relat ionship is charac te r i s t i c  for  a monomolecular  mechanism. 
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E X P E R I M E N T A L  

The solutions were  p r epa red  with ethanol and dist i l led water .  The b romo ketones were  twice r e -  
c rys t a l l i zed  f r o m  hexane or  methanol  or ,  if liquid, were  twice red is t i l l ed .  They p o s s e s s e d  the following 
constants .  2 -Bromoace ty l se lenophene :  mp 48-49~ (from hexane); [1], mp 48-49~ 2 -Bromoace ty l t h io -  
phene: bp 101-107~ (1 mm); n~  1.6291; [6], bp 143-145~ (14 mm); n~  1.5308. 2 - B r o m o a c e t y l - 5 - m e t h y l -  
selenophene:  mp 45-46~ (from methanol); [1], mp 45-47~ 2 -Bromoace ty l -5 -me thy l th iophene :  bp 105- 
l l0~  (1 mm); n~  1.6182; [7], bp 160~ (12-13 mm).  2 -Bromoace ty l -5 -n i t ro se l enophene :  mp 122-124~ 
(f rom methanol); [8], mp i25.5-1260C. 2 -Bromoace ty l -5 -n i t ro th iophene :  mp 102-103~ [9], mp 103-104~ 

A weighed sample  of a b romo  ketone was dissolved in 50% (by volume) aqueous ethanol in a 100-ml  
measu r ing  f lask,  and 5 -ml  port ions of this solution were  sea led  into g lass  tubes which were  placed in a 
t h e r m o s t a t  at  55, 70, o r  80~ and the t ime  reckoning was begun. Tubes w e r e  opened per iodical ly ,  and 
the i r  contents w e r e  r insed  out with dist i l led wa te r  into a f lask  and t i t r a t ed  with a s tandard  solution of caus -  
tic soda (with phenolphthalein as indicator) .  In the t r ea tmen t  of the b r o m o  ni t ro ketones,  the contents of 
the tubes we re  ext rac ted  with e ther , the  e therea l  l aye r  was washed twice with wate r ,  and the aqueous l aye r s  
we re  combined and t i t r a ted  with a solution of alkali .  In this way, 19 points we re  obtained in each case.  

In o rde r  to take into account the exper imenta l  e r r o r s  connected with the inde te rminacy  of the point 
of ze ro  t ime ,  a g raph  was plotted on log [C0/(C0-Ct)  ] ve r sus  texp, where  tex p is the t ime ,  C O is the initial 
concentra t ion of b romo ketone, and C t is the concentrat ion of hydrogen b romide  at t ime  texp. The exper i -  
menta l  points lay sa t i s f ac to r i ly  on a s t r a igh t  line which did not always pass  through the or igin  of coordi -  
nates .  The in tercept  At cut off by this s t r a igh t  line on the axis of a b s c i s s a s  was used to c o r r e c t  the ex- 
pe r imenta l  t ime  tex , the c o r r e c t e d  t ime  being t = tex p + At As a ru le ,  the value of At did not exceed the p 
t ime  elapsing f r o m  the beginning of the exper imen t  to the momen t  of the f i r s t  m e a s u r e m e n t  and was bas ic -  
a l ly  sma l l  in compar i son  with the per iod of ha l f - t r ans fo rma t ion .  

Solvolysis was p e r f o r m e d  at  two initial concentra t ions  for  each t empera tu re ;  the r a t e  constants  ob- 
ta ined in these  exper iments  did not differ  f rom one another  by m o r e  than 10%. A l inear  dependence of log 
[C0/(C0-Ct)]  on the t ime  was obse rved  (Fig. 1). The t e m p e r a t u r e  dependence of the so lvolys is  r a t e  con- 
s tant  is given in Fig. 2. 

The r a t e  constants  w e r e  de te rmined  with an accu racy  of 5% and the values of E with an accu racy  of 
�9 5 k c a l / m o l e ,  and the values  of log pZ were  calculated with an accu racy  of ~:0.07 and the values  of AS ~ 
with an accu racy  of - 1 . 5  c a l / d e g .  
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