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The in t ramolecu la r  acylat ion of acid chlor ides  of w-thienylalkanoic acids of var ious s t r u c -  
tu res  in the p resence  and absence of si l ica gel was investigated.  The react ion of aluminum 
chlor ide e thera te  and the indicated acid chlorides with the sur face  groups of si l ica gel was 
studied by IR spec t roscopy,  and the role  of the compounds formed on the surface  in the r e -  
action under considerat ion was discussed.  A sequence of p roces se s  and a mechanism in-  
volving part icipat ion of the solid phase in the in t ramolecular  acylation of acid chlor ides  of 
w-thienylalkanoic acids a re  formulated.  

It has been found that aluminum hydroxychlor ides  [ 1, 2] , aluminum oxide [ 3], and s i l ica  gel [ 3], which 
a r e  inactive as condensing agents in in t ramolecular  acylation of acid chlor ides  of c0-(2-thienyl)alkanoic 
acids ,  ra i se  the yield of cycl izat ion product  considerably as compared  with the yield observed in the r e -  
action in a homogeneous medium in the absence of a sorbent .  Assumptions have been expressed  that the 
solid phase,  by fixing the cycl ized molecule  on its su r face ,  promotes  separat ion of the molecules  and t h e r e -  
by hinders  the in te rmoleeula r  condensation. In addition, one can imagine that f ree  rotat ion is ,  within c e r -  
tain l imi t s ,  inhibited on the sur face  of the solid phase (because of the formation of the so-cal led  "rigid 
groups"  [4]); this may promote  the development of molecular  conformations that a re  favorable for  the oc-  
cu r rence  of the in t ramolecula r  react ion.  It seemed of in te res t  to investigate in t ramolecula r  acylat ion in 
the case  of alkyl-subst i tuted (in the thiophene ring) acid chlor ides  of c0-thienylalkanoic acids both in the 
p re sence  and absence of si l ica gel. The objects  of this study were  the acid chlorides of w-(5-methyl -2-  
thienyl)alkanoic acids (1), w-(4-methyl-2-thienyl)alkanoic acids (ID, and w-(3-methyl-2-thienyl)alkanoic 
acids (III). 

c . 3 ~ t c u p , ~ c o c ,  c~3"~.~cHp,.coc~ s ~ c : : p k  coc~ 

I II | l i  

n = o - I I ;  m =9-10, k = 9 - 1 0  

All of the exper iments  were  ca r r i ed  out under identical  conditions that did not differ  f rom the condi-  
tions used previously  in the cycl izat ion of acid chlor ides  of unsubstituted c0-thienylalkanoic acids [3]. As 
seen f rom the data presented  in Table 1, the previously found regular i t ies  [3] a re  also confi rmed in the case  
o f  a lkyl-subst i tuted thienylalkanoic acids.  Thus the yield of cycl izat ion product  inc reases  as the chain length 
inc reases  in the p resence  of (experiments Nos. 5 and 10) and in the absence of (Nos. 2, 6, and 8) si l ica gel. 
An increase  in ~the aluminum chloride e thera te  (ACE) concentrat ion (experiments Nos. 2, 3, 6, 7, 8, and 9) 
also leads to an increase  in the yield of cycl izat ion product.  We have previously  noted [5, 6] that in the cy-  

* See [15] for  communicat ion XV. 
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T A B L E  i .  
T h i e n y l a l k a n o i c  A c i d s  

Amount Volume of chloroform for Expt. Compound of  dissolving of 
a acid. the acid ohio- N O . '  
ID ride. ml 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
It 
12 
13 
14 
15 
16 
17 
18 
19 

I, n=9 
I,n=9 
I, n=9 
I,n=9 
I,n=10 
t,n=10 
I,n=10 
l ,n= l l  
I ,n=l l  
l , n= l l  
t ,n=lI  

II, m=9 
II, m=9 
II, m=10 
II, m=10 

IIl, k=9 
llI, k=9 
III, k=10 
III, k=10 

I n t r a m o l e c u l a r  A c y l a t i o n  of  Ac id  C h l o r i d e s  of  co- 

5 40 
5 40 
5 4O 

15 60 
5 4O 
5 4O 
5 40 
5 40 
5 40 
5 4O 
5 60 
2,5 2O 
,5 20 d 

8 d 
3.8 30 
2,5 20 d 
2,5 2oq 
2,5 2oq 
2,5 20 ~ 

Reaction A1C13 
etherate a tir~e, 

g 

13 30 
13 30 
13 90 
17,5 92 
13 30 
13 30 
f3 90 
13 30 
15 90 
13 47 
15 30,6 
6,5 15 
6,5 l~ 
2,6 
9 22,8 
6.5 15 
6,5 15 
6,5 15 
6,5 15 

MSK ] 
silicagel! Yield, % 
gel, g I 

100 

3~b 
lO0 

3O0 

a A l l  of  the  e x p e r i m e n t s  w e r e  c a r r i e d  out  in 520 ml  of  c h l o r o -  
f o r m  p e r  5 g of  s t a r t i n g  a c i d .  b T h e  v o l u m e  of  c h l o r o f o r m  was  
1.5 l i t e r .  CThe s t a r t i n g  a c i d  (60%) was  i s o l a t e d  f r o m  the  r e -  
a c t i o n  m a s s .  d H e p t a n e  was  u s e d  a s  t he  s o l v e n t  fo r  the  a c i d  
c h l o r i d e  in t h e s e  e x p e r i m e n t s .  

8,4 
15 
34 
15 
18 
37 
51 
42.5 
55 
39:3 
0 c 

26 
57 
14 
56 
27 
55 
55 
72 

c l i z a t i o n  of  a c id  c h l o r i d e s  I the  a d d i t i o n  of  s i l i c a  ge l  to the  r e a c t i o n  m i x t u r e  does  not  have  a p o s i t i v e  e f fec t  
on the  p r o c e s s .  On the  c o n t r a r y ,  i t  i s  s e e n  f r o m  the  r e s u l t s  of  e x p e r i m e n t s  Nos.  1-10 tha t  the  p r e s e n c e  of  
s i l i c a  ge l  in the  c a s e  of  t h e s e  a c i d  c h l o r i d e s  not  on ly  d o e s  not  l e a d  to an  i n c r e a s e  in  the  y i e l d  of  c y e l i z a t i o n  
p r o d u c t  bu t  even  l o w e r s  i t  s u b s t a n t i a l l y .  F o r  th i s  r e a s o n ,  c y c l i z a t i o n  in  a h o m o g e n e o u s  m e d i u m  a t  h igh  A C E  
c o n c e n t r a t i o n s  [3] w a s  u s e d  in t he  p a p e r s  [5, 6] c i t e d  above .  In c o n t r a s t  to t h i s ,  in the  c y c l i z a t i o n  of  60-[3 (4)- 
m e t h y l - 2 - t h i e n y l ] a l k a n o i c  a c i d s  [7] the  a d d i t i o n  of  s i l i c a  ge l  l e a d s  to a s u b s t a n t i a l  i n c r e a s e  in  the  y i e l d  by  
a p p r o x i m a t e l y  the  s a m e  a m o u n t  a s  in the  c a s e  o f  c y c l i z a t i o n  of  a c i d  c h l o r i d e s  of  c0 - th ieny la lkano ic  a c i d s .  
In o r d e r  to f ind the  e x p l a n a t i o n  fo r  the  d i f f e r e n c e s  tha t  we o b s e r v e d  in the  b e h a v i o r  o f  a c i d  c h l o r i d e s  I, II,  
and HI, we i n v e s t i g a t e d :  a) the  r e a c t i o n  of  A C E  wi th  s i l i c a  gel ;  b) the  r e a c t i o n  of  a c i d  c h l o r i d e s  I and  I l l  
wi th  s i l i c a  gel ;  c) the  r e a c t i o n  of  a c i d  c h l o r i d e s  I and l l I  wi th  s i l i c a  ge l  t r e a t e d  wi th  ACE.  

F i r s t  of  a l l ,  i t  shou ld  be  no ted  t ha t  we o b s e r v e d  h y d r o g e n  c h l o r i d e  evo lu t ion  d u r i n g  the a d d i t i o n  o f  A C E  
to a s u s p e n s i o n  of  s i l i c a  ge l  in c h l o r o f o r m .  Th i s  f ac t  c o m p e l l e d  us  to m a k e  a c l o s e r  i n v e s t i g a t i o n  of  the  
i n t e r a c t i o n  of  A C E  wi th  s i l i c a  ge l .  As  in the  p r e v i o u s  s t u d i e s ,  we u s e d  MSK s i l i c a  ge l  wi th  a s u r f a c e  a r e a  
of  300 m 2 / g  and a p o r e  s i z e  o f  100 /~, c a l c i n e d  a t  450-500 ~ S a m p l e s  of  t h i s  s i l i c a  g e l  w e r e  t r e a t e d  with  a 
s o l u t i o n  of  A C E  in c h l o r o f o r m  bo th  a t  r o o m  t e m p e r a t u r e  and wi th  h e a t i n g ,  d u r i n g  which  the  evo lved  h y d r o g e n  
c h l o r i d e  was  c o l l e c t e d .  In a d d i t i o n ,  u s i n g  the  p r e v i o u s l y  d e m o n s t r a t e d  p o s s i b i l i t y  of  t he  q u a n t i t a t i v e  d e t e r -  
m i n a t i o n  of  A C E  in s o l u t i o n  by  m e a n s  of  IR s p e c t r o s c o p y  [8] [ f r o m  the  o p t i c a l  d e n s i t y  of  the  a b s o r p t i o n  band  
a t  1000 c m  -1 in the  IR s p e c t r u m ;  th i s  band  i s  r e l a t e d  to  the  C - O - C  v i b r a t i o n s  in the  c o m p l e x  (also s e e  
[9])] ,  the  amoun t  o f  i t  r e m a i n i n g  in s o l u t i o n  was  e s t a b l i s h e d .  As  shown by t h e s e  m e a s u r e m e n t s  and the  
p a r a l l e l  da t a  f r o m  the  t i t r a t i o n  of  the  A C E  r e m a i n i n g  in so lu t i on  (by the  V o lha rd  m e t h o d  a f t e r  r e m o v a l  wi th  
a r g o n  of  t h e  h y d r o g e n  c h l o r i d e  g a s ,  wh ich ,  a s  i s  we l l  known,  i s  not  t i ed  up by  A1C13 [10]), the  A C E  is  i n i t i a l l y  
a b s o r b e d  and i t s  c o n c e n t r a t i o n  then  i n c r e a s e s  in  p r o p o r t i o n  to the  s t a r t i n g  c o n c e n t r a t i o n  of  the  s o l u t i o n  
u s e d  (Fig.  1); t h i s  a t t e s t s  to  s a t u r a t i o n  o f  t he  s i l i c a  g e l  s u r f a c e  wi th  ACE.  It i s  s e e n  f r o m  Fig.  1 tha t  the  
da t a  o b t a i n e d  by t i t r a t i o n  and the  s p e c t r a l  m e t h o d  c o i n c i d e  qu i te  s a t i s f a c t o r i l y .  It should  be  no ted  t ha t  the  
s e n s i t i v i t y  o f  the  s p e c t r a l  m e t h o d  i s  l o w e r  in t h i s  c a s e  than  the a c c u r a c y  of  t he  V o l h a r d  d e t e r m i n a t i o n ,  but  
t h e p o i n t s  of  s a t u r a t i o n  of  t he  s i l i c a  g e l ,  wh ich  w e r e  d e t e r m i n e d  both  by  t i t r a t i o n  (Table  2) and  b y  the  s p e c t r a l  
m e t h o d ,  p r a c t i c a l l y  c o i n c i d e .  The  c a p a c i t y  of  s i l i c a  g e l ,  c a l c u l a t e d  f r o m  t h e s e  d a t a ,  wi th  r e s p e c t  to  A C E  i s  
5.6 �9 10 -4 m o l e / g  o r  0.116 g o f  A C E  p e r  g r a m  of  s i l i c a  ge l .  A c o m p a r i s o n  of the  a m o u n t  of  A C E  a b s o r b e d  
by  s i l i c a  g e l ,  wh ich  was  found b y  the  m e t h o d s  p r e s e n t e d  a b o v e ,  wi th  the  a m o u n t  of  e v o l v e d  h y d r o g e n  c h l o r i d e  
shows  tha t  ~ 1 m o l e  o f  evo lved  h y d r o g e n  c h l o r i d e  c o r r e s p o n d s  to each  m o l e  of  A C E  t i e d  up. The  h y d r o g e n  
c h l o r i d e  f o r m e d  was  d e t e r m i n e d  u n d e r  cond i t i ons  of  i s o l a t i o n  of  the  r e a c t i o n  m i x t u r e  f r o m  the  a c t i o n  of  a i r  
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Fig. 1. Dependence of the observed A1C13 etherate concentrat ion (Cob s) determined by 
t i trat ion (1) and spect ra t ly  (2) on the initial concentrat ion (Cin) as si l ica gel is added 
to the solution in C}IC13. 

Fig. 2. II~ spectra  of acid chlorides I (A) and III (B). The a r rows  indicate the positions 
of the C = O bands of the corresponding acids and ketones.  

mois tu re  and with allowance for a cor rec t ion  for CI-,  determined in an experiment without added ACE. The 
amount of ACE absorbed by sil ica gel and the amount calculated f rom the amount of hydrogen chloride evolved 
differ only slightly f rom the amounts found by the methods indicated above and is 5.5" 10 -4 m o l e / g ,  or  0.114 
g of ACE per  g ram of si l ica gel. It should be noted that the quantitative data presented pertain to the in te r -  
action of aluminum chloride etherate and silica gel at room tempera ture .  The amount of aluminum chloride 
absorbed f rom solution at the boiling point of ch loroform increases  f rom 0.114 to 0.151 g per g ram of si l ica 
gel. The data obtained can be compared  with the data available in the l i te ra ture .  At present  it has been 
established that the sur face  of si l ica gel has p r imar i ly  two types of groups - silanol and siloxane [11] - the 
quantitative interrelat ionship between which depends on the tempera ture  of the p re l iminary  t rea tment  of the 
si l ica gel. For example,  according to the data in [ 11], the amount of silanol groups for Aerosi l  that has 
been calcined at 500~ 25 meq per  100 g (2.5 �9 10 -4 equivalent /g) ,  which in order  of magnitude approximately 
cor responds  to the absorbed amount of ACE. Starting f rom these data,  it can be assumed that in the c a s e  
under considerat ion the react ion proceeds via the scheme 

> Si--OH +AlCla �9 Et20 -~> Si--OAICI~ �9 Et20. 

The silanol groups a re  quite far  removed f rom one another on the surface ,  so that the evolution of only one 
molecule  of  hydrogen chloride is fully explicable f rom the point of view of the so-ca l led  "equimolecular"  
neutral izat ion of the sur face  silanol groups [11]. In i tself ,  the AlCl 2" OEt 2 grouping has a considerable  
volume and may shield approach to other  silanol groups.  It is possible that the increase  in the amount of  
ACE that is absorbed on heating is explained by the fact that these silanol groups become more  access ib le  
under more  severe  tempera ture  conditions. 

It is interest ing to note that the optical method of monitoring the react ion of sil ica gel with ACE p r o -  
vides a possibi l i ty for determining the presence  or  absence of ether,  which is possibly evolved f rom the 
ACE in this p rocess .  It followed f rom previously published data [8] that even when only small  amounts of 
si l ica gel were present  an absorpt ion band at 1108 cm -1, which cor responds  to the ether ,  appeared in the 
spect rum.  Belen'kii  and Lopatin [8] ascr ibed the appearance of this band to either dissociat ion of ACE 
under the influence of si l ica gel or  to its hydrolysis .  In the present  r e sea rch  we also observed a weak ab-  
sorption band at 1108 cm -1, but the quantitative evaluation of this band shows that its intensity is pract ical ly  
independent of the amount of si l ica gel and amounts to 0.003 m o l e / l i t e r  at ACE concentrat ions f rom 0.1 to 
0.65 m o t e / l i t e r .  Thus the appearance  of an absorpt ion band at 1108 cm -1 in [8] and in this case  can be 
ascr ibed to hydrolysis  of ACE as a resul t  of its interaction with t r aces  of water  in the solvent but not with 
silica gel. On the basis of these observat ions ,  it can be concluded that ACE is absorbed by silica gel without 
splitting out of a molecule of ether  but ra ther  with splitting out of HC1. In this connection, it is in terest ing 
to note that the hydrolysis  of ACE with water  dissolved in ch loroform proceeds with the absorpt ion of ~ 2.5 
m o l e s o f w a t e r  per  mole of ACE and with splitting out of a molecule of ether [3]. 

The spect ra  of acid chlor ides  I and III a re  presented in Fig. 2. As seen f rom these f igures ,  the ab-  
sorpt ion band corresponding to the vibrations of the CO group in the acid chloride lies at 1796 cm -t. The 
bands corresponding to the vibrat ions of the CO group in acids and ketones a re  shifted to the low-frequency 
region and lie,  respect ively ,  at  1710 and 1671 cm -1. It should be noted that the absorption in these regions 
for the s tar t ing samples of acid chlorides I and Ill is weak. In the case  of acid chlor ides  Ill it may  be s o m e -  

578 



TABLE 2. 
Absorbed by Silica Gel 

Determination of Aluminum Chloride Etherate (ACE) 

L 
Amount of [ Amount of 
ACE in [ CI'(A) in 
solution, [ solution, g- 
mole-i0:3 1 equiv .10 -3 

9,15 
16,0t 
32,31 
47,31 

Amount of 
ACE remain- 
ing in solu- 
tion, g- 
equiv C1 "1 
(B). l o  - 3  

9,52 
16,65 
33,6 
49,2 

A--B, J B 
g-equiv. ~' i 
lo3 tli  ~ mole .  

15,86 3,17 
17,25 5.55 
16,1 ll,2 
17,88 16,4 

8,46 25,38 
11,3 33,9 
16,9 50,7 
22,36 67,08 

A3B I Am~ ~ 
--' I ACE absorbed 

I by the silica 
mole" [, gel, (mole/g) �9 
1~ l' 10 -4 ,, 

5,29 5,29 
5,73 5,73 
5,37 5,37 
5,96 5,96 

*The  symbol n is the amount of 0.1 N AgNO 3 per mil l i l i ter  that is 
consumed in the t i t rat ion of 5 ml (out of  52 ml) of the solution af ter  
interact ion with the si l ica get. 

what more  c lear ly  expressed  because of the previously  indicated [7] instability of these acid chlorides and 
the possible development of polycondensation products under the catalytic action of t r aces  of hydrogen chlo-  
ride. Judging f rom the spectra l  data,  acid chlorides I and III r eac t  with si l ica gel in a different  manner .  
As seen f rom Fig. 3, in the case of acid chloride I the intensity of the COC1 band dec reases  sharply on r e -  
action of solutions of these acid chlor ides  with si l ica gel,  and the intensity of the COOtt band s imultaneously 
increases  considerably.  However, in the case  of acid chloride III, the dec rease  in the intensity of the COC1 
band is not accompanied by a cor responding  increase  in the intensity of the COOtt absorpt ion band. This 
can be evaluated such that in both cases  the acid chloride reac ts  with surface  silanol groups of sil ica gel in 
a manner  s imi la r  to the interact ion of thionyl chloride with them [12], but the subsequent fate of the acid 
formed is completely different.  In the case of acid chloride I, the acid formed goes into solution, while in 
the case  of acid chloride III the acid that a r i s e s  apparently remains  on the surface  of the sil ica gel. The 
assumption that it is converted to the corresponding ketone is unlikely, since no absorpt ion band at 1671 cm -1 
is observed in the spect rum.  This sor t  of behavior of these acids may  be explained by the different  s o r p -  
tion proper t ies  of the var ious  substituted thiophenes. It is known that substitution of the thiophene r ing in 
the 2 and 5 positions by alkyI res idues  has a pronounced effect on the adsorpt ion capaci ty of thiophene c o m -  
pounds on sorbents  of a s imi la r  type. For example,  on alumogel [13] 2,5-disubsti tuted thiophenes have the 
shor tes t  retention t imes during adsorpt ion displacement  chromatography,  i .e . ,  they a re  sorbed to the least  
extent on its surface.  In our  case ,  the silica gel sur face  is modified by ACE, and absorpt ion can be real ized 
through the field of positive potential formed by the A1 a tom,  apparently just as on alumogel.  The above-  
indicated pecul iar i t ies  of the behavior  of ou r  acids a re  therefore  in good agreement  with the data in [13], 
and the reasons  why acid lII remains  on the surface  while acid I goes into solution a re  understandable.  In 
addition, it becomes understandable why aluminum oxide and sil ica,  gel, as well as a luminum hydroxychlo-  
r ides ,  have the same effect on in t ramolecular  acylation. The absorpt ion of acid chlor ides  of carboxylic  
acids by sil ica gel proceeds like the adsorpt ion of ACE, i .e. ,  the acid chIoride is initially absorbed by sil ica 
gel,  af ter  which saturat ion of the adsorbent  surface  commences ,  and the concentrat ion of unchanged sub-  
stance in solution increases  in proport ion to the s tar t ing concentrat ion of the solution used. 

In the case  of the interact ion of acid chlor ides  I and HI with sil ica gel that has f i r s t  been t rea ted  with 
aluminum chloride etherate ,  the behavior  of both acid chlor ides  is identical (Fig. 3). In both cases ,  the ad-  
dition of sil ica gel that has been t reated with aluminum chloride etherate causes  a sharp change in the in-  
tensi ty of the absorpt ion band at 1796 cm -~, which cor responds  to the vibrat ions of the COC1 group,  and does 
not entail the appearance of the band at 1710 cm -1, which cor responds  to the vibrations of the COOH group. 
In both cases ,  an intense absorpt ion band at 1108 cm -~, which cor responds  to the e ther ,  appears  in the s p e c -  
t rum during interact ion of the acid chlorides with si l ica gel. Calculations* made with data f rom these spec -  
t ra  show that in the case of acid chloride Ill, e ther  is evolved approximately  equimolecular ly  with respec t  
to the added acid chloride (Fig. 4), while in the case  of I the amount of ether  passing into solution is s o m e -  
what lower,  and an appreciable  amount of unchanged acid chloride I is detected in the solution. These data 
can be interpreted in such a way that,  in the react ion of the acid chlorides with ACE applied to sil ica gel,  
a molecule of the acid chloride displaces  the ether  f rom the complex, occupying its position, and compounds 

of the RCO[A1Cla--O--Si~]- type are  formed.  

* In connection with the s t rong background ~ts or igin  is present ly  unclear) observed  in the region of the 
analyt ical  band, the accu racy  in the determinat ion of the percentage of ether  is somewhat reduced. 
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Fig. 3. Changes in the spec t r a  of solutions of  acid Chlorides I (1) and HI (1') in CHC13 
when s i l ica  gel (2, 29 and s i l ica  gel sa tu ra ted  with AICI 3 e thera te  (3, 3') a r e  added to 
the solutions.  

Fig. 4. Change in the obse rved  e ther  concentra t ion (Ceth) as a function of the init ial  
acid chlor ide  concentrat ion (Cin) when si l ica gel sa tu ra ted  with A1C13 e the ra te  is added 
to the solut ions:  1) acid chlor ide  I; 2) acid chlor ide  III. 

On the bas i s  of the phenomena found, it  s e e m s  poss ib le  to formula te  a sequence of p r o c e s s e s  and a 
m e c h a n i s m  for  the in te rac t ion  of the su r f ace  of the solid phase  in i n t r amolecu la r  acyla t ion reac t ions .  F i r s t  
of al l ,  i t  should be  pointed out that the reac t ion  does not p roceed  when f ree  ACE is not p resen t  in solution 
[3]. If the applied amount of a luminum chlor ide  e thera te  is  insufficient for all  of the si lanol groups to unde r -  
go reac t ion ,  the reac t ion  does not p roceed ,  and unchanged acid is  isolated (see expe r imen t  No. 11, Table  1). 
Finally, when the s i l ica  gel su r face  is comple te ly  modified by the e thera te  and the re  is excess+ACE in so lu-  
t ion, the acid chlor ide introduced into the solution r eac t s  with ACE to give a complex  of the RCO[A1C14]- 

(which is capable  of acylat ion) ,  which can coordinate  with the A1 a tom of the ) type Si--O--A1CI2. Et20 

group through the ~ - e l e c t r o n  s y s t e m  of the thiophene ring. In this e a se ,  the mobi l i ty  of the par t i c le  is  los t ,  
and this d e c r e a s e s  the probabi l i ty  of its col l is ion with another  s i m i l a r  par t ic le  o r ,  in o ther  words ,  the 
probabi l i ty  of  the o c c u r r e n c e  of an i n t r amolecu l a r  p roce s s  i n c r e a s e s .  If the capaci ty  for  sorpt ion  is reduced,  
as in the case  of acid chlor ides  I,  which a r e  subst i tuted in the 2 and 5 posi t ions of  the thiophene r ing,  the e f -  
fect  of  a d e c r e a s e  in the probabi l i ty  of  col l is ion with another  pa r t i c l e  is not mani fes ted ,  and the reac t ion  
p roceeds  jus t  as  it  would in a homogeneous med ium in the absence  of a sorbent ,  i . e . ,  i ts  ra te  i n c r e a s e s  as 
the ACE concentra t ion i n c r e a s e s  (see exper imen t s  Nos. 6 and 7 and 8 and 9, Table 1}. The d e c r e a s e  in the 
yield in the p r e s e n c e  of s i l ica  gel for  acid ch lor ides  I becomes  unders tandable ,  s ince the addition of s i l ica  
gel lowers  the ACE concentra t ion in solution. In fact ,  as seen  f r o m  e x p e r i m e n t s  Nos. 8 and 10, the addition 
of s i l ica  gel to the reac t ion  m a s s  with a s imul taneous  i nc rea se  in the amount  of ACE (in conformi ty  with 
the re la t ionships  found in the p re sen t  r e sea rch )  br ings  about p rac t i ca l ly  no change in the yield of reac t ion  
product .  

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

The IR spec t r a  we re  m e a s u r e d  with a DS-301 spee t ropho tomete r  with a NaC1 p r i s m .  The spec t r a  
were  obtained for  solutions of  the subs tances  in ch lo roform.  The a c c u r a c y  in the m e a s u r e m e n t  of the f r e -  
quencies  was �9 2 cm - t ,  while the accu racy  in the m e a s u r e m e n t  of  the in tensi t ies  was �9 5%. 

The c h r o m a t o g r a m s  of the i n t r amolecu la r  acyla t ion products  were  r eco rded  at 200-220 ~ with an 
LKhM-TA ch roma tog raph  with a s ta in less  s tee l  column (l 50 era,  d 4 ram) filled with polyethylene glycol 
adipate on Chromosorb  W (15%). T h e c a r r i e r  gas was he l ium,  and the subs tances  we re  detected f r o m  thei r  
t he rma l  conductivi t ies .  

The s t a r t ing  12-{5-methyl -2- th ienyl ) laur ic  acid was obtained by the method desc r ibed  in [5]. The 
s ta r t ing  10- (5 -methy l -2 - th ieny l )capr ie  and l l - (5-methyl -2- - th ienyl )undecanoic  acids were  synthes ized by 
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the method presented in [6]. 10-(3-Methyl-2- th ienyl) -  and 10-(4-raethyl-2- thienyl)capric  acids,  as well as 
11- (3- rae thyl -2- th ienyl ) -and  11-(4-raethyl-2-thienyl)undecanoic acids were  obtained by the method indicated 
in [7]. Cyclization in a homogeneous medium was ca r r i ed  out under the conditions descr ibed  in [5, 6]. The 
method of cycl izat ion in a heterogeneous raediura is repor ted  in [7]. 

Absorption of Aluminum Chloride Etherate by Silica Gel with Collection of the Evolving Hydrogen CMo- 
ride. A ch loroform solution of  2.61 raraole of  ACE was added to 10 g of si l ica gel in ch lo roform in such a 
way that the overal l  volume of the ch lo roform and ACE solution was 52 ml. Dry argon was then bubbled into 
the react ion mixture  with s t i r r ing  in the course  of 5 h, and the result ing hydrogen chlor ide was collected 
in a t i t rated 0.1 N solution of hydrochlor ic  acid.* An experiment  without A1C13 etherate was ca r r i ed  out 
s imi lar ly .  The amount of absorbed I-IC1 was determined by t i t rat ion with 0.1 N NaOH with cor rec t ion  for 
the blank experiment.  The amount of evolved HC1 corresponded to 29.25 ml of 0 . t  N NaOH or  2.93 ramole 
of hydrogen chloride.  Thus on the average ,  one atom of chlorine in each molecule of the etherate reac ts  
with the sil ica gel. By t i t rat ion of the contents of the r ece ive r s  af ter  each 60~rain interval  it was found that 
the evolution of tIC1 is te rminated  af ter  3 h at  20 ~ 

Cyclization of 12-(5-Methyl-2- thienyl) lauryl  Chloride. A. The standard method of cyclizat ion [7] 
gave the product in 42~0 yield. 

B. Intraraolecular  acylat ion of acid chloride I with replacement  of the aluminum chloride etherate 
that had reacted with the si l ica gel was used in this case .  A solution of 5 g (0.017 mole) of 12-(5-rae thyl -2-  
thienyl)lauric acid in 25 ml of absolute ether was t reated with 5 ml of thionyl chloride,  af ter  which the mix -  
ture  was s t i r red  at room tempera ture  for 1 h and refluxed for 1 h. The solvent and excess thionyl chloride 
were  then removed by distil lation without access  to the a i r  mois ture .  The residue was dissolved in 40 ml 
of anhydrous ch loroform,  and the solution was added, with s t i r r ing ,  by means of a syr inge doser  at a rate 
of 3.5 m l / h  through an adapter  for high dilution [1] to a vigorously refluxing mixture of 47 g$ of aluminum 
chloride etherate  and 100 g of sil ica gel in 520 ral of anhydrous chloroform.  The addition was completed 
in 13 h, af ter  which it was refluxed for another 2 h and cooled to below 15 ~ It was then t rea ted  gradual ly 
with 300 ml of dilute (1:10) hydrochlor ic  acid. The ch loroform solution was washed with water  and evap-  
ora ted ,  and the residue was refluxed with hexane to separa te  the h igh-molecular -weight  products.  The 
hexane solution was t rea ted  with a saturated Ba (OH) 2 solution (25 ml) to separa te  acidic substances ,  and 
the hexane was evaporated.  The residue was t reated with alcohol (three 25-ral port ions) ,  and the a lcohol -  
insoluble compounds were  separated;  the solution was evaporated,  and the react ion product was sublimed 
under high vacuum (10-3-10 -5 ram) at a bath t empera tu re  of 60-80 ~ to give a mixture  of cyclic ketones in 
39~ yield. 

Comparat ive Investigation of the Absorption of AICI~ Etherate by Silica Gel at 20 ~ with ~efluxing of 
the Solvent. The react ion of 1.8 g (8.67 ramole) of A1C13 etherate with 10 g of sil ica gel in 52 ml of ch lo ro -  
form solution was studied under conditions s imi la r  to those indicated above at 20 ~ and at the boiling point 
of ch loroform.  The amount of evolved tIC1 corresponded to 5.52 raraole (20 ~ and 7.32 mmole (at the boiling 
point of chloroform).  Thus at 20 ~ 1.1 molecules  of A1C13 etherate were absorbed for each 100 /~2 of surface  
a rea  (i.e., 5.52 �9 10 -4 mole ofA1C13 �9 Et2Oper grara  of sil ica gel). 

Determination of Aluminum Chloride Etherate l~emaining in Solution after  Reaction with Silica Gel. 
The concentrat ion of the s tar t ing  AIC13 etherate solution in ch loroform was determined by Volhard t i t rat ion 
with cor rec t ions  for the hydrolys is  of the ch loroform (a cor rec t ion  for an experiment  without A1C13 etherate 
was introduced). It was found that 1 l i t e r  of solution contains 0.667 mole of A1C13. Two se r ies  of solutions 
[52 ml of solution in each sample ,  which contained definite (see Table 2) numbers  of moles  ofA1C13 expressed  
in the number of g r a m  atoms of C1-] were then prepared  by dilution, After this, one of the se r ies  was 
shaken for 3 h under hermet ic  conditions with weighed (10 g each) samples of si l ica gel,  and the number  of 
g r a m  equivalents of C1- in solution was again determined after  fi l tration without access  to a i r  mois ture .  

* The HC1 solution was used for absorpt ion to avoid the loss  of hydrogen chloride as an aerosol  of hydro -  
chloric acid, the formation of which was observed  when water  was used. Alkali was not used for the ab-  
sorption because of the fact that the vapors  of the ch loroform solvent would markedly  d is tor t  the resul ts  

�9 because of hydrolysis .  

$ Under s tandard conditions, 30 g of A1C13 etherate  was used. Since it was found that 1 g of sil ica gel ab-  
sorbs  0.151 g of  A1C13 etherate  whenthe CttC13 is boiled, while 100 g of si l ica gel was used in this exper i -  
ment ,  the amount of e therate  was increased  by 17 g. 
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The HC1 formed evaporated during the filtration because of its very low solubility in CHC13 [14]. Samples 
of both ser ies  were analyzed in parallel by means of IR spectroscopy and were determined volumetrically 
by the Volhard method. 

Reaction of Acid Chlorides with Silica Gel. Acid chlorides I and HI were obtained by a known method; 
for their identification and determination of their purity, they were converted to the anilides [5, 7]. Sample 
solutions in chloroform, f rom which the calibration curves in IR spectroscopy were constructed, were p re -  
pared from each acid chloride. Another two ser ies  of solutions of known concentration were then prepared, 
and the reaction of these solutions with silica gel and silica gel saturated with ACE were investigated. Acid 
chloride I was used in concentrations of 0.092, 0.048, 0.0256, and 0.0128 mo le / l i t e r ,  while acid chloride III 
was used in concentrations of 0.06, 0.0325, 0.0162, and 0.0081 mole / l i t e r .  The solutions were treated with 
silica gel for 3 h. 
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