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Isomerization and disproportionation of o-xylene are frequently used as model catalytic reactions. Mea- 
surement of the total conversion of o-xylene on modified zeolites makes it possible to correlate the catalytic 
activity with the concentration of different cations and concentration of acidic centers [I]o The effect of the chem 
ical composition of the zeolites on the selectivity of transformatfon of xylenes has been studied much less exten- 

s ivelyo 

In developing the systematic study of transformations of xylenes on high-silica zeolites with different 
structures and degrees of ion exchange [2], the sequence of the substitutions of K + ions for NH4 + ions in type L 

zeolites was studied, and the catalytic activity of a series of decationlzed zeolites was determined. 

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

A series of NH4KL zeolites with degrees of exchange of K + for NH4 + ions of 17-82% were used. The K 

form of L zeolite, synthesized with a ratio of SiO2/Al203 = 5.2, was used as the initial sample. [on exchange 
was conducted by repeated treatment of the K form of the zeolite with 0.I M of a solution of NH4NO 3 at ~ 20~ 
A sample with a 90% degree of exchange was prepared by the method in [3] by two-step treatment of the zeolite 

with a solution of NH4NO 3 and intermediate heating at 450~ 

The catalytic activity was determined in both flow and micropulse systems. The experiments in the flow 
system were conducted at 0.1 MPa and 360~ in a He current; the catalysts were activated with air 3 at 425~ 
The space velocity of the o-xylene was 180 h -i, and the He:hydrocarbon molar ratio was 5.5. The products 

were analyzed by GLC in a capillary column packed with squalane (5%) at 70~ 

The reaction was conducled in the micropulse system at 320~ the carrier gas, He, was fed in at the rate 

of 2.1 liters/h. The catalysts were heated for 2 h at 425~ in an He current before measurement of the activity. 
The products of the reaction were analyzed on a column (2 m) packed with Porolite containing 5% Bentone-34 
and 5% phthalic acid dioctyl ester. 

DISCUSSION OF RESULTS 

Ion Exchange. "Fne isotherm of exchange of K + ions for NH4+ ions in the zeolite, plotted from the results 
of the chemical analysis of the zeolites and equilibrium solutions, was almost totally below the diagonal line in 
the diagram (Fig. I). This indicates the low selectivity of KL zeolite with respect to NH4 + ions. 

The isotherm can be divided into two parts. The inflection point corresponds to removal of ~ 30% of the 
K + cations. The cations near the walls of the large channels which are least stably bound with the skeleton (site 
D in Fig. 2) are probably exchanged first [4]. A further increase in the degree of exchange takes place, appa- 
rently due to removal of the cations located between the cancrinite cells (C sites) and partially in the cells them- 
se lves  (B s i tes) .  

It was poss ib le  to r ep l ace  82% of the K + cations with the usual method of exchange at ~ 20 ~ The remain ing  
cat ions [ -1 .5  in the unit ce l l  (uc)] a r e  m o s t  p robably  located inside the hexagonal p r i s m s  (position A). Actually,  
the 82% deg ree  of exchange c o r r e s p o n d s  to total d i sp lacemen t  of K + ions f r o m  s i tes  B, C, and D (8.3 cat ions 
per uc). 
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Fig.  1. I s o t h e r m  of exchange  of K + ca t ions  for  NH4 + ions in 

zeo l i t e  L (1) and dependence  of  the s epa ra t ion  f ac to r  NHJ 7 K+" 

on the d e g r e e  of exchange (2). X is the equiva len t  f rac t ion  
of NH4 + in the solut ion,  and Y is the equivalent  f r ac t ion  in 
the zeol i te .  

Fig.  2. P r o j e c t i o n  of  the L zeo l i t e  skele ton on the plane 
p e r p e n d i c u l a r  to axis  C. The l e t t e r s  indicate  the loca t ions  
of the ca t ions .  
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Fig. 3. Dependence of the catalytic activity of decationized L ze01ites on the 
degree of ion exchange [I) flow reactor, 2) pulse reactor] and change in the 
number of centers (3) which adsorb NH 3 with heats > 115 kJ/mole according 
to the data in [6]; N ts the number of centers with q = 115-125 kJ/mole. 

Fig. 4o Dependence of the selectivity of transformation of o-xylene (D/I) on 
conversion. Data obtained in flow (i) and mieropulse (2) systems. 

The degree of exchange was increased to 90% by two-step exchange with intermediate heating of the zeo- 
lite; this correspond s to the ion-exchange capacity of a dehydrated sample, equal to 3.6 meq/g. However, ap- 
proximately half of the A sites remained unsubstitnted in this sample. 

The dependence of the separation factor r on the degree of ion exchange calculated by the method in [5] 
shows that T decreases continuously as the degree of ion exchange increases (see Fig. 1)o 
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T A B L E  1. Compos i t ion  of  the P r o d u c t s  of T r a n s f o r m a t i o n  of  o - N y -  
lene on NHtKL Zeol i tes  in a Flow R e a c t o r  at  360~ 

I Composition of products, % 
I xylenes 

Zeolite trimethylben- 
benzene toluene p- rn- o- zenes 

NH~KL-56% - 2,5 t,6 t6,8 78,() " t,0 
NH~KL 82~ 0,5 t9,4 8,3 30,5 25.2 t6,1 
NHr 2,0 25,3 9.t 26,9 tt15 25,2 

T A B L F  2. Compos i t ion  o f  the P r o d u c t s  of T r a n s f o r m a t i o n  of  o - X y -  
tene on NH~KL Zeol i tes  in a Mieropu lse  Reac to r  a t  320~ 

composition of products, % 

Zeolite 

NHCKL-56 % 
NH~KL-82% 
NH,KL-90% 

tolfiene 

6,45 
t4,9 
t5,3 

xylenes 

p- and m- 

16,9 
34,9 
34,9 

70,2 
37,5 
34s 

trimethylbenzenes 

1, 2, 3- t, 2, 4- 

0,6 4,2 
0,7 8.4 t ,9 9,6 

i, 3, 5- 

1,7 
3,5 
3,4 

T A B L E  3. T r a n s f o r m a t i o n  of  1 ,2 ,4 -TMB on NH4KL-82% Zeol i te  

Type of reactor t T., ~ 

t 

Flow ] 360 
Pulse 320 

Composition of products, % 
["7, trimethylbenzenes 

toluene xylenes I 
3,5- t, 2 ,$-  / 1 , 2 , 3 -  

0,9 t t6,t f t2,7 4t,3 ] 4,2 
t,6 12,5 22,t 49,2 5,8 

tetramerhyl- 
benzenes 

24.9 
8,7 

TA BLE 4. 
TMB and Toluene on NH4KL-82% Zeol i te  

Type of re- 
actor 

Flow 
Pulse 

T r a n s f o r m a t i o n  of  an Equ imola r  Mixture of  ! , 2 , 4 -  

Composition of products, 9o 

xylenes 

1t,5 
6,8 

trimethylbenzenes : 

1,3,5- 1 1,2,4- I, 2, 3- 

6,2 / 29.5 2,5 
3,8 35,6 2,6 

f 
I T., ~ toluene 

t 

I 360 44,5 
320 47,8 

tetramethyl- 
benze'nes 

I 
I 5,5 3,4 

The low se lec t iv i ty  of  KL zeo l i t e  fo r  NH4 + tons is a p p a r e n t l y  due to the fact  that  a l m o s t  all  of the ca t ions  
in this type of zeo l i t e  a r e  s c r e e n e d  by the ske le ton .  The a b s e n c e  of nonloea l ized  ca t ions  in KL zeo l i t e  is d e m o n -  
s t r a t ed  by x - r a y  d i f f rac t ion  data and is con f i rmed  by m e a s u r e m e n t s  of the d i f fe ren t ia l  heats  o f  adso rp t i on  of 
a m m o n i a  on the K f o r m  [6]. 

Cata ly t ic  Activi ty~ Figure  3 g ives  an idea of the c o r r e l a t i o n  between total c o n v e r s i o n  of  o - x y l e n e  and the 
d e g r e e  of  ion exchange.  Marked ca ta ly t ic  ac t iv i ty  is exhibited by s a m p l e s  with a d e g r e e  of deea t ion iza t ion  > 
50%. In m e a s u r i n g  the ac t iv i ty  in the flow s y s t e m ,  it was found that  total c o n v e r s i o n  of o - x y l e n e  i n c r e a s e s  a I -  
mos t  l i n e a r l y  f r o m  22% for  the NH4KL-56% s a m p l e  to 88~ for  NH4KL-90% zeol i te .  T h e  data obtained in the 
m i e r o p u l s e  s y s t e m  show that the ac t iv i ty  i nc r ea sed  m o s t  s ign i f i can t ly  with an i n c r e a s e  in the d e g r e e  of exchange  
f r o m  46 to 72%, while the ac t iv i ty  i n c r e a s e d  weakly  in the m o r e  deeply  deea t ion ized  s a m p l e s .  On the whole,  the 
data f r o m  m e a s u r e m e n t  of  the ca ta ly t i c  ac t iv i ty  by both me thods  a r e  in good a g r e e m e n t  and sugges t  the p r e s -  
ence  of a th reshold  c o n c e n t r a t i o n  of K + ca t ions  above  which L zeo l t t es  do not exhibit  any ac t iv i ty  in t r a n s f o r m a -  
tion of o -xy lene .  

The p r e s e n c e  of  a th resho ld  concen t r a t i on  of  ca t ions  in the zeo l i t es  in c a r b o n i u m - i o n  type r eac t ions  is 
well  known fo r  f au jas i t e s .  The low ca ta ly t i c  ac t iv i ty  of  zeo l i t e s  with sma l l  d e g r e e s  of  exchange a r e  usua l ly  r e -  
lated to the absence  o r  i na c c e s s i b i l i t y  of s t r o n g  ac id ic  c e n t e r s  in these  s a m p l e s .  De t e rmina t i on  of the ac id i ty  
of  the NHaKL zeo l i t e s  used in this s tudy by the method of  adso rp t i on  c a l o r i m e t r y  [7] showed that the re  a r e  
th ree  types of  ac id ic  c e n t e r s  in these  samples~  In a c c o r d a n c e  with the f indings of m e a s u r e m e n t  of  the hea t s  of  
adso rp t i on  of  NH 3 p r i o r  to r e m o v a l  of  a p p r o x i m a t e l y  hal f  of the K + ca t i ons ,  the ac id ic  c en t e r s  f o r m e d  a d s o r b  
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NH3 with heats  -< 115 kJ /moleo  The appea rance  of s t ronge r  centers  which adsorb  NH 3 with heats  > 115 kJ /mole  
is only observed  in s a m p l e s  in which > 50% of the K cations have been removed .  A compar i son  of the catalyt ic  
data repor ted  in the p r e s en t  a r t i c l e  with the r e su l t s  of m e a s u r i n g  the heats  of adsorpt ion of NH 3 taken f rom [7] 
suggests  that t r ans fo rma t ion  of o -xylene  p r i m a r i l y  takes place in the s t ronges t  acidic centers  (see Fig. 3). 

The na ture  of the dependence of the act ivi ty  of NH4KL zeol i tes  on the degree  of ion exchange can va ry  in 
reac t ions  with o ther  organic  molecu les .  In studying the act ivi ty  of NH4KL zeol i tes  in c racking  of cumene ,  it 
was found that the deg ree  of t r ans fo rma t ions  of  cumene into benzene and propylene increased  in pass ing f rom 
KL zeol i te  to a 66% decat ionized s am p l e  [8]. It was shown in [9, 10] that NH4KL zeol i tes  a r e  not dist inguished 
by high the rmos tab i l i ty ,  and des t ruc t ion  of the c rys t a l l i ne  s t ruc tu re  and dehydroxylat ion take place above 500~ 
According to the da ta  cited in [11], the c rack ing  act ivi ty  of NH~KL zeol i tes  heated at  550~ inc rea se s  with smal l  
degrees  of exchange,  a t ta ins  a m ax i m um  with ~ of 25-50%, and d e c r e a s e s  sharp ly  a f t e r  r emova l  of m o r e  than 
half  of the K + cations.  The hypothesis  that migra t ion  of protons into the cancr in i te  cel ls  inaccess ib le  to the 
reac t ing  molecu les  takes place with l a rge  deg ree s  of exchange was advanced to explain the resu l t s  obtained in 
[11]. However ,  it is a lso  ve ry  poss ib le  that the d e c r e a s e  in the act ivi ty  of highly decat ionized samples  is due 
to p r o c e s s e s  of dehydroxylat ion of NH4KL zeol i tes  during their  act ivat ion.  

The data on the composi t ion  of the products  (Tables 1 and 2) show that t r ans fo rmat ion  of o-xylene  takes 
place in two d i rec t ions :  i somer i za t ion  with fo rmat ion  of m -  and p - i s o m e r s ,  and d ispropor t iona t ion  into toluene 
and t r imethy lbenzenes  (TMB). 

I somer iza t ion  products  a r e  p r i m a r i l y  fo rmed on NH4KL zeol i tes  in a flow r e a c t o r  with smal l  degrees  of 
t r ans fo rma t ion ,  and the contr ibution of d i spropor t iona t ton  inc reases  as convers ion  on the m o r e  ac t ive  samples  
i nc reases .  An inc rea se  in the deg ree  of exchange is accompanied  by a d e c r e a s e  in the concentra t ion of m -  and 
p - i s o m e r s  and an inc rease  in the concentra t ion of toluene and TMB~ 

The se lec t iv i ty  of t r ans fo rma t ion  of o -xy l enes ,  evaluated as the ra t io  of the yields of products  of d i s p r o -  
port ionat ion and i somer i za t ion  (D/I ) ,  i n c r e a s e s  with an i nc rea se  in the degree  of exchange f rom 0.2 for  the 
NH4KL-56%sample  to 1.4 for  the NH4KL-90% sample .  In expe r imen t s  conducted in the mic ropu l se  r e a c t o r ,  the 
value of D/ I  var ied  insignif icantly (0.78-0086) and was a lmos t  independent of the degree  of exchange. 

Let us examine the dependence of the va lue  of D/ [  on total convers ion  of o-xylene  in flow and mic ropu l se  
r e a c t o r s .  A change in total convers ion  was obtained not only due to an i nc rea se  in the degree  of exchange of K + 
for  NH4 + , but a lso  due to a var ia t ion  in the t e m p e r a t u r e  of act ivat ion of the zeol i tes  and the t e m p e r a t u r e  of the 
reac t ion .  As Fig. 4 shows,  the se lec t iv i ty  is a l m o s t  constant  in a wide range  of cony e rs ions  in the pulsed mode. 

The d i f fe rences  found in the change in the se lec t iv i ty  of t r ans fo rmat ion  of o-xylene  a r e  apparent ly  re la ted  
to the different  conditions of conducting the reac t ions  in the flow and mic ropu l se  r e a c t o r s .  In the pulse r e a c t o r ,  
in con t ras t  to the flow r e a c t o r ,  the cata lyt ic  p roce s s  takes place in a nons ta t ionary  mode.  This sugges ts  that 
the smal l  contact  t imes  c h a r a c t e r i s t i c  of the m i c r o p u l s e  r e a c t o r  a r e  l e s s  favorable  for  secondary  t r a n s f o r m a -  
tions of the products  of d i spropor t tona t ion .  

Exper imen t s  were  pe r fo rmed  with 1 ,2 ,4 -TMB on NH4KL-82% zeol i te  in the pulse and flow r e a c t o r s  to a s -  
s e s s  the ro le  of these secondary  reac t ions .  The conditions were  selected so that the total convers ions  of 1 ,2,4-  
TMB were  s i m i l a r  (Table 3). T r a n s f o r m a t i o n  of 1 ,2 ,4-TMB takes place  in two d i rec t ions :  i somer iza t ion  and 
d ispropor t tonat ion ,  and the contr ibut ion of the products  of  d ispropor t ionat ion is higher  in the flow r e a c t o r  than 
that of the products  of  i somer iza t ion .  In pulsed conditions, i somer iza t ion  of 1 ,2 ,4-TMB predomina tes  over  d i s -  
propor t ionat ion.  The di f ferent  d is t r ibut ion of the products  of t r ans fo rmat ion  of o-xylene (Fig. 3) is probably 
due to the fact  that the flow r e a c t o r  conditions a r e  m o r e  favorable  for  d ispropor t tonat ion  of TMB than the pulsed 
conditions. 

The high act ivi ty  of L zeol i tes  in t r ans fo rma t ion  of TMB makes  it poss ible  to examine the par t ic ipat ion 
of the products  of d ispropor t tonat inn  in i somer [za t ton  of o-xylene.  According to [11], i somer iza t ion  of xylenes 
passes  through a s tage of fo rmat ion  of TMB i somers~  In suppor t  of the in t e rmolecu la r  m e c h a n i s m  of i s o m e r i -  
zat ion,  data a r e  cited in [] 1] which indicate that xylenes  a r e  fo rmed on type Y zeol i te  in the react ion  of different  
i som er s  of TMB with toluene o r  benzene.  As our  findings indicate (Table 4), t r ans fo rmat ion  of toluene takes 
place to a ve ry  sma l l  deg ree ,  and the toluene a l m o s t  does not r e a c t  with 1 ,2 ,4-TMB. Specia] exper iments  show- 
ed that toluene does not undergo pronounced t r ans fo rma t ions  under  these exper imenta l  conditions. The f o r m a -  
tion of products  in this case  is the r e s u l t  of t r ans fo rma t ion  of 1,2,4-TMB. Based on the data obtained, it is 
poss ible  to conclude that i somer i za t ion  of xylenes  on type L zeol i tes  does not occur  accord ing  to an i n t e r m o l e c -  
u lar  m e c h a n i s m  via t ransa lkyla t ton ,  but p r i m a r i l y  by means  of in t r amolecu la r  t r a n s f o r m a t i o n s ,  for example ,  
due to 1 ,2-shif ts .  
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C O N C L U S I O N S  

1~ L zeol i te  exhibits weak se lec t iv i ty  for  NH4 + cations which d e c r e a s e s  as the deg ree  of ion exchange in- 
c r e a s e s  in substi tut ion of po tass ium cations with ammonia  ions. 

2. Only L zeol i tes  with a degree  of deeat ionizat ion above50% exhibit  ca ta lyt ic  ac t iv i ty  in t r ans fo rmat ion  
of o-xylene .  

3. I somer iza t ion  of xylenes  on L zeol i tes  p r i m a r i l y  takes place  by m e a n s  of i n t r amolecu la r  t r a n s f o r m a -  
tions. 
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REACTION OF A C ETA LS WITH A LIPHA TIC 

NITRO COMPOUNDS. 

COMMUNICATION 4o REACTION OF ALIPHATIC AND AL[CYCLIC KETALS 

WITH NITBOACETIC ACID ESTEI:{ AND SYNTHESIS 

OF a,fi -DEHYDBO-C~-A CETYLA MINO ACID ESTERS 

K. A . Koch ctkov , K. K. Babievskii , 

N .  S .  T a r b a l i n s k a y a  , a n d  F .  M .  B e l i k o v  
UDC 542.91:547.284: 
547.465.5'26:547.466 

~ , f i - D e h y d r o - ~ - a m i n o  acids (AAA) a r e  n e c e s s a r y  for  lhe p repa ra t ion  of new ant ib io t ics ,  phytotoxie pep-  
tides [1, 2], and other  physiological ly  ac t ive  compounds.  AAA have also become increas ing ly  impor tant  as sub-  
s t r a t e s  for  a s y m m e t r i c  reduct ion to opt ical ly  ac t ive  c~-amhao acids (AA) [3]. 

The p r e sen t  a r t i c l e  concerns  the study of the alkoxyaltqrlation of n t t roaee t ie  acid e s t e r  0gAE) by open-  
chain ketals  (D as a poss ible  means  of synthesis  of d i f f icu l t - to-obta in  fi , f i -disubsti tuted ~AAo 

It was p rev ious ly  shown that open-chain  [4, 5] and cyetic  [6] benzaldehyde aee ta l s  and s o m e  r i n g - s u b s t i -  
luted de r iva t ives  eas i ly  a lkyla te  NAE in the p r e s e n c e  of Ae20 with fo rmat ion  of ~ -n i t roe innamie  acid e s t e r s ;  
the la t te r  were  then used for synthes is  of  AA f rom the phenylalanine s e r i e s .  Cyclic ke taIs  did not r eac t  with 
NAE in the conditions studied [6]. In the p r e s e n t  a r t i c l e ,  it is shown that k e t a l s  (D kn the p r e sence  of Ac20 r e -  
act  with NAE during heat ing in an iner t  solvent  with fo rmat ion  of p f i -d i subs t i tu ted  p - a l k o x y - ~ - n i t r o c a r b o x y l i c  
acids (II) with high yie lds  (Table 1). The bes t  r e su l t s  were  obtained with a twofold excess  of (D and Ac20 with 
r e s p e c t  to the ra t io  to NAN. The reac t ion  of (1) with NAN is m o r e  difficult than in the case  of a roma t i c  aeeta ls  
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