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The chloromethyla t ion  of 2-acetothienone and 2-formyl th iophene with a , a ' - b i s c h l o r o m e t h y l  
e the r  in 60-100% sulfur ic  acid was studied.  An i n c r e a s e  in the acidi ty  of the medium p r o -  
mo te s  the format ion  of 4-subs t i tu ted  products ,  which, as in n i t ra t ion and brominat ion ,  is 
explained by protonation of the carbonyl  group,  leading to intensif icat ion of i ts  e l ec t ron -  
accep t e r  capac i ty .  

In [1,2], we demons t r a t ed  that  the protonation of the carbonyl  group, by increas ing  i ts  e l ec t ron -  
accep te r  capaci ty ,  makes  it poss ib le  to change the speci f ic i ty  of such e lec t rophi l ic  substi tut ion reac t ions  
of 2-acetothienone and 2-formyl th iophene as brominat ion and n i t ra t ion  to favor  the p r i m a r y  format ion  of 
4-subs t i tu ted  produc ts .  Continuing our r e s e a r c h  in this d i rect ion,  we have studied the chloromethyla t ion 
of the s a m e  carbonyl  compounds with a , ~ ' - b i s c h l o r o m e t h y l  e ther  (BCME) in sulfur ic  acid,l" i .e. ,  under  the 
conditions that a r e  often used for  the chloromethyla t ion  of deact ivated a roma t i c  compounds [3,4]. 

As fa r  as we know, the m e c h a n i s m  of this react ion  has not  been spec ia l ly  studied,  but it  can be a s -  
sumed  that i t  should have much  in common with the m e c h a n i s m  of alkylation of a romat i c  compounds with 
s imple  e the r s  [5] and should include a s tep involving protonation of the e ther  at the oxygen a tom (see [6,7] 
also):  

(CIctt~}20 + H2SO ~ ~ (clCH2)2OH HSO~ 

+ 

This  s tep p recedes  c leavage  of the C - O  bond of the e ther ,  during which a CH2C1 cation [7] can be 
fo rmed ;  the cation apparent ly  is not in a kinet ical ly  f r ee  s ta te  but in a t rans i t ion complex and, in our 
opinion, is the t rue  chloromethyla t ing  agent  under  the conditions under  cons idera t ion .  We note  in this con-  
nection that  the chloromethyla t ion  p roceeds  m o r e  read i ly  when sulfur ic  acid is r ep laced  by oleum [3,8] o r  
by chlorosulfonic  acid [8,9], i .e . ,  by reagents  that  c leave  BCME m o r e  read i ly  than sulfur ic  acid [10]. The 
c leavage  of BCME m a y  lead to the fo rmat ion  of di(chloromethyl)  sulfate ,  which, however ,  as we have shown, 
is not a ch loromethyla t ing  agent under  the conditions used.  

An a l te rna t ive  m e c h a n i s m  for  the chloromethyla t ion ,  which we cons ider  to be m o r e  probable  when the 
+ 

reac t ion  is c a r r i e d  out in the p r e s ence  of A1CI~ [11], provides  for  par t ic ipat ion of the CH2OR cation with 
subsequent  c leavage  of the resul t ing  e ther  of the benzyl  type (ArCH2OR , where  R = CH2C1 or CH2Ar ) by the 
action of HC1. This  m e c h a n i s m  is s c a r c e l y  r ea l i zed  in the ca ta lys i s  of the reac t ion  by sulfur ic  acid: the 

* See [1] for  commtmicat ion  VI.  
1" As we have shown, monochloromethyl  e ther  can also be used in addition to BCME for  the ch lo rome thy la -  
tion; when this is  done, the c h a r a c t e r  of the reac t ion  product  changes only sl ightly,  but the yie lds  in this 
case  a re  subs tant ia l ly  lower .  
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TABLE 1. Results of the Chloromethylation of 2-Acetothienone and 
2-Formylthiophene by ~,c~'-Bischloromethyl Ether in Sulfuric Acid 

H2SO 4 conc., 

wt.9o 

Mof" 
. 1 Coma. of chloro- [ Degree of con- I m    ation prod., bv ra  

rJutw~/ i m m u r . ~ 0 ~ ,  version of the 
o ' yield oarb oyi ' oarbo yX 

compound ~" I ~" Ibis- Iv o compound. % 

4 Isomer : 
5 isomer 
ratio 

61,5 

70,i 

80,0 

92,6 

i00,3 

6t,5 

70,i 

80,0 

92,6 

100,3 

0,5 
t,O 
0,5 
1,O 
0,5 
1,O 
0,5 
1,0 
0,5 
1,0 

Chloromelh 

0,5 51 
1,0 39 
0,5 58 
t,0 30 
0,5 69 
1,0 34 
0,5 71 
i,O 56 
0,5 80 
t,0 67 

Chlorome~ 

35 
33 
44 
50 
57 
27 
74 
36 
65 
34 

lation of 2-acetouhienone 

49 24 
4i ~ 53 
38 3i 
28 42 60 
28 43 2t 
20 42 62 
21 28 
20 24 50 
20 -- 21 
18 t5 45 

rlation of 2-formyllhiophene 

50 
43 17 
33 55 18 
t9 42 22 
3i 
31 35 

50 
13 
46 
25 
57 
15 
43 
28 
59 

70 
92 
77 

100 
75 

i00 
69 

100 
64 
88 

48 
92 
74 
91 
87 

t00 
72 

iO0 
67 
92 

5i :49 
49 : 51 
60:40 
52:48 
70:30 
63:37 
77:23 
74:26 
80:20 
79 : 2t 

35 : 65 
40 : 60 
47 : 53 
54 : 46 
63 : 37 
60:40 
80:20 
62 : 38 
68 : 32 
52:48 

TABLE 2. Reac t ion  of Mix tu res  of 4 -  and 5 - C h l o r o m e t h y l - S u b s t i t u t e d  
2 -Ace to th i enone  and 2 - F o r m y l t h i o p h e n e  wi th  ~ , ~ ' - B i s c h l o r o m e t h y l  
E t h e r  in Sul fur ic  Acid  (92 wt.% H2SO4) 

,, Starting mixture 
4 isomer, 5 isomex, 

% % 

Molar ratio' Reaction produc~ 
BCME/ 4 isomer re- 5 ~omerre- 4,5-d~ubst. __  

product, mixmm covered, % coveted, % yield, % 

h4 
hs 

55 
55 

63 

Mixttze of 4- and 5-chloromethyl-2-fotmylthiophenes 
45 0.25 30 I 22 9 i 9 

Mixt~e of 4- and 5-chloromerhyl-2-aceto~hienones 
37 [ 0,5 I 20 I 14 I 28 

0,8 
0,6 

i ,2 

+ 
fo rma t ion  of the CH2OR ca t ion ,  which  r e q u i r e s  c l eavage  of the C - C 1  bond in  BCME, is un l ike ly ,  s ince  it  is  
quite r e s i s t a n t  to the ac t ion  of su l fu r i c  ac id .  Thus the fi - H a l  bond is  no t  invo lved  in the ha loa lky la t ion  of 
a r o m a t i c  compounds  by halo  o lef ins  [12-14] and ha lo  a lcohols  [15], for  which  s u l f u r i c  ac id  is  a spec i f ic  
c a t a l y s L  

A p e c u l i a r i t y  of the t r a n s f o r m a t i o n s  that  we s tudied ,  the r e s u l t s  of which  a r e  p r e s e n t e d  in Tab le  1, is 
the fact  that  they  do not  c e a s e  with the fo rma t ion  of m o n o s u b s t i t u t e d  compounds :  4 , 5 - b i s  ( ch lo romethy l ) -  
subs t i t u t ed  p roduc t s ,  as wel l  as u n d i s t i l l a b l e  p roduc t s ,  a r e  f o r m e d  in c o n s i d e r a b l e  a m o u n t s .  The fo rma t ion  
of the l a t t e r  {their s t r u c t u r e s  w e r e  no t  inves t iga ted)  occu r s  even when 0.5 mole  of BfiME is u s e d  per  mole  
of c a r b o n y l  compound ,  when a c o n s i d e r a b l e  por t ion  of the s t a r t i n g  a ldehyde or ke tone  (from o n e - f o u r t h  to 
o n e - t h i r d )  is r e c o v e r e d  unchanged .  Special  e x p e r i m e n t s  d e m o n s t r a t e d  that  the s t a r t i n g  c a r b o n y l  compounds  
and the i r  m o n o c h l o r o m e t h y l - s u b s t i t u t e d  p roduc t s  a r e  quite s tab le  in c o n c e n t r a t e d  su l fu r i c  acid,  and an u n -  
d i s t i l l a b l e  r e s i d u e  is f o r m e d  only  in the p r e s e n c e  of c h l o r o m e t h y l a t i n g  agent ;  i .e . ,  i t  is a r eac t i on  product  
of the l a t t e r  wi th  the  c h l o r o m e t h y l - s u b s t i t u t e d  compounds .  The r e a c t i o n  of a m i x t u r e  of m o n o e h l o r o m e t h y l -  
s u b s t i t u t e d  compounds  with unchanged  2 -ace to th ienone  p r o c e e d s  to a c o n s i d e r a b l e  deg ree ,  and the r a t io  of 
the 4 and 5 i s o m e r s  in the r e c o v e r y  is s u b s t a n t i a l  and  does no t  change  as c o m p a r e d  with the s t a r t i n g  m i x -  
t u r e .  
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Considering these facts,  we ca r r i ed  out the comparat ive  chloromethylat ion of mixtures  of 4- and 5- 
chloromethyl-subst i tu ted products that were isolated by distillation of the react ion products.  The resul ts  
(see Table 2) demonst ra ted  that the subsequent cc~versions of the 4 and 5 i somers  proceed at approxi-  
mately  the same rate  .* The k J k  5 values presented in Table 2 were calculated from the equation [17] 

k 4 / k 5  = lg(c4/c4~ 
l g ( c5 / c5O)  ' 

where k 4 and k 5 are rate constants for the conversion,  respect ively,  of the 4-  and 5-ch loromethy l - subs t i -  
tuted compounds; c 4 and c 5 are  the final concentrat ions,  and c4 ~ and c5 ~ a re  the start ing concentrat ions of the 
same i somers  determined f rom their  relat ive percentages  in mixtures  before and after  the react ion.  

Knowing the k4/k  5 values, which, to a f i rs t  approximation, can be considered to be equal to one on the 
basis of the data in Table 2, it is easy  to judge the rat io of the monosubsti tuted products di rect ly  formed 
during chloromethylation f rom the relat ive amount of these i somers  (see Table 1). The permiss ib i l i ty  of 
this sor t  of assumption (k4/k 5 ~ 1) is seen also from Table 1- reaction products with close rat ios of 4- and 
5-monochloromethyl-subst i tu ted  compounds are  obtained when 0.5 or 1 mole of BCME is used, i.e., for 
different degrees  of conversion of the s tar t ing carbonyl  compounds.  The resul ts  of our experiments ,  which 
are  presented in Table 1 (the mixtures  were analyzed by PMR spec t roscopy  [11, 18], and the accuracy  of 
the determination was 5%) demonstra te  that the rat io of 4-  and 5-chloromethyl-subst i tu ted  products changes 
as the concentrat ion increases  to favor an increase  in the percentage of the 4 i somers ,  s imi lar  to what is 
observed in the nitration [2] and bromination [1] of 2-acetothienone and 2-formylthiophene.  An exception to 
this is the chloromethylat ion of 2-formylthiophene in 100~ sulfuric acid, during which relat ively more  5- 
substituted product  is formed than in 90% acid. It seems to us that the reason for this may be the par t ic ipa-  
tion in the react ion not only of the protonated form of the aldehyde but also of molecules of some other type 
in which the e lec t ron-accep tor  ability of the functional group is reduced,  for example, through the addition 
of sulfuric acid to the C ~ O  bond (see [19]}: 

§ II~SO.~ 

OH 

This sor t  of modification of the aldehyde group is perhaps one of the factors  responsible  for the r e l a -  
t ively l e s se r  formation of 4-subst i tuted product in the chloromettiylation of 2-formylthiophene as c o m -  
pared with that which occurs  in the case of 2-acetothienone.  No increase  in the relat ive amount of the 5 
i somer  was observed during nitration on passing from 90 to 100% sulfuric acid [2]. This is possibly ex- 
plained by the substantially lower rate  of chloromethylat ion as compared  with nitration; as a resul t ,  even a 
low concentration of the proposed less deactivated (in the protonated form) product of the addition of sul-  
furic acid to the aldehyde group could prove to be sufficient to increase  the percentage of the 5-substi tuted 
i somer .  

EXPERIMENTAL 

Chloromethylation of 2-Formyl th iophene  and 2-Acetos Bis (chloromethyl) ether  (the molar  
rat ios  are  indicated in Table 1) was added dropwise with s t i r r ing  to a solution of 3 g of carbonyl compound 
in 25 ml of sulfuric acid at 0-2 ~ The react ion mass  was allowed to stand for 24 h at room tempera ture  and 
poured over ice, and the mixture was extracted with ch loroform.  The ext rac t  was washed with water ,  

*At f i rs t  glance, this resul t  contradicts  our conclusion that 4 -bromo-subs t i tu ted  2-acetothienone and 2- 
formylthiophene are  brominated considerably more  rapidly that the 5 i somer  [1]. However,  one must  bear 
in mind that, although both the CICH 2 and bromine groups are  substituents of the f i rs t  order ,  their orienting 
effects a re  different in nature and a re  caused by a comparat ively  weak +I effect  for the chloromethyl  group 
and by a +M effect for the bromine group.  In the case of 5-bromo-subs t i tu ted  compounds, the or tho-or ient ing 
effect of the bromine atom may be weakened due to conjugation with the carbonyl group; this does not occur 
in the 4 i somer :  

We note that the orienting effect  of bromine su rpasses  that of the acyl group: 2,5-dibromoacetophenone 
ra the r  than 3 ,5 -d ib romoace tophen~e  is obtained by bromination of m-bromoacetophenone [16]. 
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NaHCO 3 solut ion,  wate r ,  and dr ied with MgSO 4. The solvent  was r emoved  by dist i l lat ion,  and the res idue  
was vacuum-dis t i l led  at 45-180 ~ (1-4 ram) with separa t ion  of the unchanged carbonyl  compound.* The i so -  
la ted mix tu re  of mono-  and bis (chloromethyl)-subst i tu ted p roduc t s  was analyzed by PMR spec t roscopy  (see 
Table  1). 

Chloromethyla t ion  of 2-Acetothienone with Monochloromethyl  E the r  in 92.6% H2SO 4. This react ion  
was c a r r i e d  out by the above method using 1 mole  of e the r  per  mole  of ketone.  The usual  workup yielded 
a m ix tu r e  of 4 -  and 5 -ch lo romethy l - subs t i tu t ed  and 4 ,5-b is  (chloromethyl) -subst i tu ted  products  (70 : 26 :4 ) .  
The overa l l  yield was 15%, and 7~c of the 2-acetothienone was r e c o v e r e d .  

Compet i t ive  Chloromethyla t ion of 4-  and 5-Chloromethyl -Subs t i tu ted  Compounds.  This react ion  was 
c a r r i e d  out in 92.6% H2SO 4 as in the preceding expe r imen t s .  The composi t ions  Of the s ta r t ing  mix tu r e s  and 
react ion  products  a re  p re sen ted  in Table 2. 

T r a n s f o r m a t i o n s  of 2-Acetothienone and I ts  Chloromethyl -Subs t i tu ted  Der iva t ives  in Sulfuric Acid.  
A solution of 2.0 g (0.016 mole)  of 2-acetothienone and 4.0 g (0.023 mole) of a mix tu re  of 4-  and 5 -ch lo ro -  
me thy l -2 -ace to th i enones  (the ra t io  of the 4 and 5 i s o m e r s  was 1 : 1.5)~ In 25 ml  of 92.6~c H2SO 4 was  held 
a t 2 0  ~ for 24 h. The usual  workup yielded 1.38 g (69%) of unchanged 2-acetothienone and 3.85 g (84%) of a 
m i x tu r e  of 4 -  and 5 -ch lo romethy l -2 -ace to th ienone  In a ra t io  of 1 : 1.4. The weight of the undist i l lable 
res idue  was 0.45 g; r epea t ed  refluxing of it  with heptane yielded 0.32 g of a mix tu re  of i somer i c  d iace ty ld i -  
th ienylmethanes  (according to gas- l iqu id  chromatography) .  

When the individual 2-acetothienone,  2- formyl th iophene,  and mix tu r e s  of the i r  4-  and 5 -ch lo rome thy l -  
subst i tuted de r iva t ives  we re  held for  24 h at 20 ~ in 92.6% sulfuric  acid, the r e c o v e r y  of the s ta r t ing  c o m -  
pound a f t e r  the usua l  workup was 70-80%. 

React ion of 2-Acetothienone with Bis (chloromethyl)  Sulfate. A solution of 3.0 g (0.024 mole)  of 2- 
acetothienone and 4.65 g (0.024 mole) of b is (chloromethyl)  sulfate [10] in 25 ml  of 92.6% H2SO 4 was  held at 
20 ~ for  24 h. The usual  workup yielded 5.8 g of a subs tance  with bp 113-117 ~ (25 mm)  and n ~  1.5050, 
which was a mix tu re  of 2-acetothienone and bis(chloromethyl)  sulfate in a ra t io  of 10 : 9 (according to the 
r e f r a c t i v e  indexes);  the r e c o v e r y  was 81 and 73%, r e spec t ive ly .  The weight of undis t i l lable  res idue  was 
0.75 g, and i ts  composi t ion was not invest igated.  No other  reac t ion  products  were  isolated.  
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