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In prev ious  communica t ions  [1-8], i t  was shown that at 200 ~ the 5,5-disubst i tuted cyclopentadienes 
undergo i r r e v e r s i b l e  i somer i za t ion  to cyclopentadienes  with a f r ee  methylene group.  A r e v e r s i b l e  skele ta l  
i somer i za t i on  (change in the type of substitution) is r ea l i zed  in the la t te r  dienes at a higher  t e m p e r a t u r e  
(300-400~ An in t r amolecu la r  1,2(1,5)-shift  of the alkyl  group f r o m  the 5 posi t ion of the cyclopentadiene 
r ing  was r ega rded  as being the mechan i sm of both t r a n s f o r m a t i o n s .  

In the p re sen t  p a p e r , w e  studied the t r ans fo rma t ion  of cyclopentadiene (I), of an equi l ibr ium mix ture  
of the 1- (II) and 2-methylcyc lopentad ienes  (III), and a lso  of the 1,5,5- (IV), 1,2,3- (V) and 1 ,2 ,4 - t r ime thy l -  
cyclopentadienes  (~'I) in the p r e s e n c e  of A1203. 

In the absence  of ca ta lys t s ,  the diene (I) molecule  is the rmal ly  s table  up to 500 ~ The catalyt ic  action 
of A1203 on {I) was studied in the range  330-500 ~ The i r r e v e r s i b l e  convers ion  of (I) to cyclopentene (VII) 
occurs  h e r e .  The degree  of the convers ion  (I) -* (VII) was de te rmined  by the GLC method (Table 1) and UV 
spec t roscopy ;  within the l imi t s  of exper imenta l  e r r o r  (• the UV spec t roscopy  data coincided with the 
data given in Table  1. 

As can be seen  f r o m  Table  1, at 350 ~ and higher  the reac t ion  products  contain (VII) in amounts  that 
monotonica! ly  i nc rea se  with i nc rea se  in the t e m p e r a t u r e  up to 62%. At a contact t ime of ~8 sec the indi-  
cated degree  of convers ion  is max imum;  the fo rmat ion  of secondary  reac t ion  products  fai led to occur .  In a 
p r e p a r a t i v e  exper iment  (500~ where  the ca ta lyzate  was t rea ted  with male ic  anhydride and then subjected to 
mo lecu la r  dist i l lat ion,  we isola ted (VII) in 55% yield,  which proved  to be identical  with an authentic sample .  

The catalyt ic  t r ans fo rma t ions  of an equi l ibr ium mix ture  of methylcyclopentadienes  (II) and (III) [9, 10] 
w e r e  studied under  analogous conditions (Table 2). As follows f r o m  Table  2, at t e m p e r a t u r e s  above 380 ~ 
in the p r e s e n c e  of A1203, the mix tu re  of dienes (II) +(III)  is conver ted  to a mix ture  of methylcyclopentenes  

CHa 
! (II) 

CH3 
(III),  

CHa CHa CHa 

I ' I 
\ /  % /  ",,// 
(viii) (IX) (x) 

85 % 1.5% 

In the given case  the t r an s fo rm a t i on  p roceeds  at a much f a s t e r  r a te ,  and at _>490 ~ and a contact t ime of 
~8 sec ,  it goes  a lmos t  to complet ion (degree of convers ion  _>97%). In the p r e p a r a t i v e  exper iment  (480~ as 
the resu l t  of r emoving  smal l  amounts  of unreac ted  dienes (iI) and (III) f r o m  the condensate  by t r ea tmen t  with 
male ic  anhydride,  we isola ted a mix ture  of methylcyclopentenes  in 78% yield.  The s t ruc tu re  of the main  
component  in the mix ture  (85%) was es tabl i shed by compar ing  the data of the GLC and the Raman spec t r a  of 
the sample  with those of an authentic of 1-methylcyclopentene  (VIII). The peak on the c h r o m a t o g r a m s  with 
a sho r t e r  re tent ion t ime  (15%) was ass igned  to the 3- (IX) and 4-methylcyc lopentenes  (X) in view of the p r e s -  
ence of a f requency at 1613 cm -1 in the Raman  s p e c t r u m ,  which is cha r ac t e r i s t i c  for  an unsubst i tuted double 
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T A B L E  1. C o m p o s i t i o n o f T r a n s -  
f o r m a t i o n  P r o d u c t s  of C y c l o -  
p e n t a d i e n e  in  the  P r e s e n c e  of 

A120 3 

T . ,  ~  

330 
350 
370 
385 
400 
4i5 

~-~ ~ "  T.,~ 

100 0 530 47 
9i 9 440 45 
8i i9 450 39 
77 23 475 37 
69 3i 500 36 
59 4i 

53 
55 
61 
63 
62 

T A B L E  2. C o m p o s i t i o n o f T r a n s -  
f o r m a t i o n  P r o d u c t s  of E q u i l i b -  
r i u m  M i x t u r e  of M e t h y l c y c l o -  
p e n t a d i e n e s  in P r e s e n c e  of 

A120 3 

T., ~ ~ ~ ~o: 

350 
360 
380 
400 
420 
430 
440 

i00 0 
98 2 
96 4 
9t 9 
80 20 
72 28 
69 3t 

4~0 
460 
470 33 
480 20 
490 3 
500 2 

40 
55 
67 
80 
97 
98 

T A B L E  3. C o m p o s i t i o n  of 
T r a n s f o r m a t i o n  P r o d u c t s  of 1, 
5 , 5 - T r i m e t h y l c y c l o p e n t a d i e n e  
(IV) in the P r e s e n c e  of A120 3 

200 
2t0 
230 
245 
260 
270 
280 

t00 0 
85 5 
86 t4 
77 23 
66 34 
50 50 
38 62 

r 

290 
300 
3t5 
330 
350 
375 
400 

30' 70 
22 78 
12 88 
8 92 
2 98 
i 99 
0 t00 

i s o m e r i z a t i o n  (V)~- (VI) [1-3].  

bond in a c y c l o p e n t e n e  n u c l e u s .  T h e  a b s e n c e  of n o t i c e a b l e  a m o u n t s  
of m e t h y l c y c l o p e n t a n e  in the  g iven  s a m p l e  i s  c o r r o b o r a t e d  by  the  
da ta  of the  IR and R a m a n  s p e c t r a  ( absence  of l i n e s  and bands  in the 
1655-1660 and 3065-3085 c m  -1 r e g i o n s ) .  

I t  shou ld  be  m e n t i o n e d  tha t ,  wi th in  the  l i m i t s  of e x p e r i m e n t a l  
e r r o r ,  the  r a t i o  of o le f ins  (VII) and (IX) + (X) r e m a i n s  c o n s t a n t  o v e r  
the  e n t i r e  s t u d i e d  t e m p e r a t u r e  i n t e r v a l ,  wi th  the  c o n v e r s i o n  r a n g i n g  
f r o m  0 to 100%. T h e  l a t t e r  can  t e s t i f y  to the  a b s e n c e  of i s o m e r i c  
t r a n s f o r m a t i o n s  of m e t h y l c y c l o p e n t e n e s  (VIII), (IX), and (X) u n d e r  the 
e x p e r i m e n t a l  c o n d i t i o n s .  

The  t r a n s f o r m a t i o n s  of the t h r e e  s k e l e t a l  i s o m e r s  of t r i m e t h y l -  
c y c l o p e n t a d i e n e ,  n a m e l y  d i enes  (IV) [6], (V)* and (VI),* w e r e  s t u d i e d  
u n d e r  ana logous  c o n d i t i o n s ,  in  the  r a n g e  200-450 ~ The  r e s u l t s  of 
the GLC a n a l y s i s  of the  r e a c t i o n  p r o d u c t s  a r e  g iven  in T a b l e s  3 and 
4. 

F r o m  the p r e s e n t e d  da ta  i t  can be  s e e n  that  the  t r i m e t h y l c y c l o -  
p e n t a d i e n e s  ( I V ) - W I )  a r e  c o n v e r t e d  to a m i x t u r e  of t r i m e t h y l c y c l o -  
p e n t e n e s  u n d e r  the e x p e r i m e n t a l  cond i t ions  

CHa 
cl-h I 

~ ] / \ C H a  CHa CH 3 CH8 
CH3 (IV) CHa F 

f \ / \  
I (vI) 

CH3 

T h e  c o n v e r s i o n  of d i e n e s  (V) and (VI) to o le f ins  p r o c e e d s  at  
a p p r o x i m a t e l y  the s a m e  s p e e d ,  in th is  connec t i on  n o t i c e a b l y  e x c e e d -  
ing the r a t e  of the ana logous  t r a n s f o r m a t i o n  of the  m e t h y l c y c l o p e n t a -  
dienes., even  at  300 ~ the  r e a c t i o n  p r o d u c t s  con ta in  ~20% of o l e f in s ;  
u n d e r  the g iven  cond i t ions  the  t r a n s f o r m a t i o n  i s  p r a c t i c a l l y  c o m p l e t e d  
even at  450 ~ T h e  c o n v e r s i o n  of d i ene  (IV) to a m i x t u r e  of o le f ins  
p r o c e e d s  at  an  even  f a s t e r  r a t e .  

In  the  p r e p a r a t i v e  e x p e r i m e n t s  a m i x t u r e  of the f o r m e d  o le f ins  
can  a l w a y s  be  i s o l a t e d  in a y i e l d  of 84-88%. I t  is  c h a r a c t e r i s t i c  tha t  
a t  400 ~ and h i g h e r ,  any  of the  s t a r t i n g  t r i m e t h y l c y c l o p e n t a d i e n e s  l e a d s  
to the  s a m e  m i x t u r e  of o l e f i n s .  T h e  i den t i t y  of the  f o r m e d  m i x t u r e s  
of o l e f ins  in a wide  t e m p e r a t u r e  r a n g e  i n d i c a t e s  tha t  a m u t u a l  i s o -  
m e r i z a t i o n  of the  t r i m e t h y l c y c l o p e n t e n e s  i s  i m p r o b a b l e  u n d e r  the e x -  
p e r i m e n t a l  c o n d i t i o n s .  F r o m  this  i t  is  p o s s i b l e  to a s s u m e  that  in  the 
p r e s e n c e  of A120 3 the  f o r m a t i o n  of the  o le f ins  is  p r e c e d e d  by  the  e s -  
t a b l i s h m e n t  of a t h e r m o d y n a m i c  e q u i l i b r i u m  b e t w e e n  the  1 ,2 ,3 -  and 
1 , 2 , 4 - t r i m e t h y l c y c l o p e n t a d i e n e s  a s  the r e s u l t  of the r e v e r s i b l e  s k e l e t a l  

In  the  c a s e  of d iene  (IV), the  i r r e v e r s i b l e  s k e l e t a l  i s o m e r i z a t i o n  ( I V ) ~  (V) 
[6] i s  a p p a r e n t l y  r e a l i z e d  p r i o r  to e s t a b l i s h i n g  the m e n t i o n e d  e q u i l i b r i u m .  F r o m  a c o m p a r i s o n  of the  t e m -  
p e r a t u r e s  at  which  the m e n t i o n e d  t r a n s f o r m a t i o n s  p r o c e e d  in  the p r e s e n c e  of AI20 s and u n d e r  t h e r m a l  i s o -  
m e r i z a t i o n  cond i t ions  [3, 6], i t  i s  p o s s i b l e  to a s s u m e  that  A120 3 c a t a l y z e s  the  m i g r a t i o n  of a lky l  g r o u p s  bo th  
in  the 5 , 5 - d i s u b s t i t u t e d  d e r i v a t i v e s  and in the t h e r m o d y n a m i c a l l y  s t a b l e  s u b s t i t u t e d  c y c l o p e n t a d i e n e s .  

The  m i x t u r e  of s u b s t a n c e s  tha t  is  f o r m e d  as  the r e s u l t  of the c a t a l y t i c  t r a n s f o r m a t i o n s  of the  t r i m e t h y l -  
c y c l o p e n t a d i e n e s  c o n t a i n s ,  when b a s e d  on the GLC da ta ,  s i x  c o m p o n e n t s . t  B a s e d  on the da t a  of the  UV and 

* E q u i l i b r i u m  m i x t u r e s  of the  i s o m e r s  that  d i f f e r  in  the p o s i t i o n  of the  i n t r a c y c l i c  double  bonds ,  in which  the 
g iven  d iene  p r e d o m i n a t e s  [3]. 
t C o r r e s p o n d s  to the  n u m b e r  of p o s s i b l e  i s o m e r s  of t ha  1 ,2 ,3 -  and 1 , 2 , 4 - s u b s t i t u t e d  t r i m e t h y l c y c l o p e n t e n e s .  
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TABLE 4. Composition of T r a n s f o r m a -  
tion Products  of 1 ,2 ,3-Tr imethylcyc lo-  
pentadiene (V) and 1 ,2 ,4-Tr imethylcyc lo-  
pentadiene (YI) in the P resence  of A1203 

T., ~ 

280 
300 
3t5 
330 
340 
350 
365 
385 
400 
425 
450 

Stating diene (V) 
trimethyl- 

diene cyclopen- 
(V), % tenes, % 

97 3 
79 21 
58 42 
40 60 
26 74 
21 79 
10 90 
8 92 
5 95 

98 
98 

Starting diene (VI) 
I trimethyi- 

diene 1 cyclopen- 
(VI),% itenes' % 

i00 0 
84 i6 
67 33 
50 50 
36 64 
29 7t 
23 77 
15 85 
i2 88 
8 92 
4 96 

vibrational  spect ra ,  it was unequivocally established that 
compounds of the aromat ic  se r ies  (in par t icular ,  xylenes) 
are  absent in this mixture,  while the Raman spec t ra  of the 
mixture are  also devoid of the lines and bands that are  c h a r -  
ac ter i s t ic  for methylenecyclopentanes.  At the same t ime, 
a set of the charac te r i s t i c  vibrations of the VC= C in a cyc lo-  
pentene ring (1630 cm -1 for the monosubstituted, and 1648 
cm -1 for  the disubstituted) is present  in the vibrational 
spec t ra  of the mixture.  The ra t io  of the intensities of the 
mentioned lines in the IR and Raman spec t ra  shows that the 
mixture contains comparat ively  small  amounts of the i so-  
mers  with two and one methyl groups attached to the double 
bond (the lat ter  predominate),  while the i somers  with an un- 
substituted double bond are  pract ical ly  absent.  

As a resul t ,  in the presence  of A120 s the i r revers ib le  
convers ion of cyclopentadienes to cyclopentenes occurs  at 
300-500% The rate  of the given convers ion increases  sub-  

stantially with increase  in the number of methyl groups.  It is charac te r i s t ic  that a romat ic  compounds were  
not detected in the react ion products  in all of the investigated cases .  F rom th i s , i t  is possible to assume 
that under the experimental  conditions the redis t r ibut ion of hydrogen occurs  between the cyclopentadiene 
molecule and the h igh-molecular  condensation products .  

The d'Lta discussed in the present  communication makes it possible to state that the migrat ion of the 
alkyl groups in the 5,5-disubstituted and thermodynamical ly  stable cyclopentadienes is catalyzed by A120 ~. 

E X P E R I M E N T A L  M E T H O D  

The experiments  on the catalytic i somer iza t ion  were  run by passing the cyelopentadienes through a 
200 • 10 mm quartz tube (heated section), which was filled with A120 ~ granules (2-3 mm in size).  The air  
was displaced f rom the sys tem in advance with nitrogen,  while the vapors  were condensed in a trap cooled 
to -70  ~ We began to take samples not sooner  than 15 rain after  the s tar t  of passage.  

Analysis  of the mixture by UV spec t roscopy was based on determining the extinction coefficient at 
240 nm for ~I), and at 247 nm for (II) +(III) (in heptane). In the calculations we took ~(240) = 3260 for (I), 
and ~ (247) :: 3320 for (II) +(III) (average of three paral le l  determinations) .  The GLC analysis  was run on 
a "Khrom-2"  chromatograph at 50 ~ and a nitrogen flow rate  of 120 ml /min .  We used a 4 x 6000 mm column 
that was filled with tr iethylene glycol butyrate (5%) deposited on Chromosorb  G (30-60 mesh).  The ch ro -  
matograms  of the products of the catalytic t ransformat ions  of dienes (III), (V), and (VI) were obtained under 
the previously descr ibed [3] conditions. 

The IE spec t ra  were obtained on a UR-10 spec t romete r ,  the Raman spec t ra  were  obtained on an iSP-  
51 spect rograph by the photographic method, and the UV spect ra  were obtained on an SF-4A spect rophoto-  
mete r .  

Trans format ion  of Cyclopentadiene (I) in the P resence  of A120~. a) At a given tempera ture  (J:2~ 0.5 
ml of (I) was added to the contact tube in 5 min. The mixtures  of the react ion products were analyzed by 
GLC and UV spectroscopy;  the resul ts  of the measurements  are  given in Table 1. 

b) Under the indicated conditions, 10 g of cyclopentadiene (I) was passed through the contact tube in 
110 rain at 500 ~ The condensate was treated at 0-10 ~ with 6 g of maleic anhydride.  As the resul t  of molec-  
ular  distillal;ion (0-3 ~ 25 ram) we isolated 5.65 g (55%) of (VII), bp 43.5 ~ (753 ram), n~ 1.4312, the constants 
and IR spec t rum of which were  identical with the values charac te r i s t i c  for the authentic s tandard.* 

Trans fo rmat ion  of Equil ibrium Mixture of Methylcyelopentadienes in Presence  of A120 ~. a) Samples 
of the mixed dienes (II) +(III) [6] (0.5 ml) were passed through the contact tube under the above descr ibed 
conditions. The degree of convers ion of dienes (II) + (III) to a mixture of methylcyclopentenes (VIII), (IX), 

and  (X) as a function of tempera ture  is given in Table 2. 

*The standa::d for compar ison was obtained in 72% yield by the dehydration of commerc ia l  cyclopentanol 
(cp) with phthalic anhydride under the conditions descr ibed in [11]. 

355 



b) Under the same conditions, 6 g of the equil ibrium mixture  of methylcyclopentadienes was passed 
through the contact tube in 65 min at 480 ~ The condensate was t reated with 2 g of maleic  anhydride at 0- 
t0  ~ Molecular  disti l lation of the react ion mixture  (0-3 ~ 15 mm) gave 4.7 g (78%) of mixed methylcyclo-  
pentenes,  bp 74-74.5 ~ (742 mm),  n~ 1.4295, a maximum is absent in the UV spec t rum.  Based on the GLC 
data, the mixture  contained 85% of 1-methylcyclopentene (VIII), and 15% of the 3- (IX) and 4-methy lcyc lo-  
pentenes (X). The principal  component was identified by compar ison of the Raman spec t ra  of the mixture  
and authentic methylcyclopentene (VIII).* The p resence  of a band at 1613 cm -i  in the Raman spec t rum c o r -  
robora tes  the p resence  of (IX) and (X) in the mixture .  Based on the matching data of GLC, and IR, Raman 
and UV spect roscopy,  the discussed mixture  is not contaminated with benzene.  

Trans fo rmat ion  of 1,5,5- (IV), 1,2,3- (V) and 1,2 ,4-Trimethylcyclopentadiene (VI) in P r e s e n c e  ofAl20 ~. 
a) Under the above descr ibed  conditions, 0.5 ml samples of diene (IV) [6], (V) [3] or (VI) [3] were  passed 
through the contact tube. The GLC analysis  resu l t s  for  the mixtures  of react ion products  a re  summar ized  
in Tables  3 and 4. 

b) Diene (IV) (5 g) was passed through the contact tube in 50 min at 400 ~ Molecular  dist i l lat ion of 
the condensate (10-15 ~ 3 mm) gave 4.4 g (88%) of mixed t r imethylcyclopentenes ,  bp 137-141 ~ (751 mm); 
n~ 1.4357. The mixture  fails to show an absorption maximum in the UV spec t rum.  Raman spec t rum (Av, 
cm-1): 1359 (5), 1451 (10br), 1629 (1), 1649 (2), 1683 (2). Inf rared  spec t rum (v, cm-l):  1611(sh), 1629 (m), 
1647 (m), and 3033 (br. m). 

c) Diene (V) (7 g) was passed through the contact tube in 70 min at 450 ~ Distil lation of the condensate 
gave 6.01 g (86%) of mixed hydrocarbons ,  the constants (bp 137.5-141 ~. (758 mm), n2_ ~ 1 4356), chromatogram,  

D " 
and spec t ra l  charac te r i s t i c s  of which agreed well with the above given data for  the mixture  of hydrocarbons 
that was obtained under the same conditions f rom diene (IV). 

d) Under the same conditions, f rom 5 g of diene (VI) at 450 ~ was obtained 4.21 g (84%) of a mixture  of 
t r imethylcyclopentenes ,  bp 137-141 ~ (748 ram), n~  1.4357, which was identical with the above descr ibed  
samples .  

C O N C L U S I O N S  

1. On the examples of cyclopentadiene,  an equil ibrium mixture  of the 1- and 2-methylcyclopentadienes ,  
and also the 1,5,5-,  1,2,3-, and 1,2 ,4- t r imethylcyclopentadienes ,  it was shown that when passed over  A1203 
at 300-500 ~ the substituted cyclopentadienes undergo i r r e v e r s i b l e  conversion to the corresponding cyclo-  
pentenes.  The react ion is not accompanied by the format ion of a romat ic  compounds. 

2. The t ransformat ion  of each of the t r imethylcyclopentadienes  in the p re sence  of A1203 leads to an 
identical mixture  of t r imethylcyclopentenes .  
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