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A6smet Aromrtic acetafs over j--alumina undcrgv rcarran~~~t to give the c~~t~~~~nd~ng esters (b5 and 
ethers lc) in good yield. The produrx detention varied unusually over the range &reaction tempcraturcs. The 
effect of subs~rtuents has a& heen felt much rn the study. Probabk mechanrsms have heen suggested for the 
reaction. The catalvrl has been characteritaf bv various studies and the spacific poisonmg of the catriyst has 
been done with Nk,. CO, and H,S. ’ 
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reactions of aromatic acetals in heterogeneous 
catalysts system. In tY25, Meerwein and Schmidt’ 
rcportcd for the first time the decomposition of 
bcnzaldehyde dicthylaatal over ThO,, but they did 
not pay much attention to the mechanistic aspects. 
Recently Morris Don’ has disclosed some features 
regarding the reactions of aromatic cyctic acelals over 
WC type of catalysts. However no attempt has been 
made to investigate in detail the reactions of aromatic 
acctals catalyscd by solid acids. Similar stud& with 
acelals of aliphatic ddehydes have been extensively 
investigated by various autha&- ’ with a series ofsuch 
catalysts. Most of fhcsc acefals yielded synthetically 
important a$-unsaturated ethers as the major 
products. The above results prompted us to study the 
reactions concerning aromatic aoetals over haeroge 
r~cous catalysts. in this paper we wish to disclose some 
of the aspects observed in the title study. Alumina is an 
excxllcnt and widely used catalyst for a variety of 
reactions such as dehydration,‘.’ isomcrilation.*** 
rGarrangcm~nt “,I ’ and dealkylation. I2 Of various 
c~st~lographi~lly distinct forms of alumina, ‘J- 
AI,0,‘3isofgrfatcsrcaralyticinfatst. Hcnceweprcfcr 
to use the same catalysr in our system. 

Ten acetals to IOa were used in the present study 
(Scheme I). The product distribution determined by 
<;LC is prescntt4 in Table 1. 

As seen from Table 1 both ester and ether were 
obtained in all cases as compared to the isolation of 
either ether” or ester’ as reported earlier. One more 
striking featureobserved in the prcscnt cxpwiment was 
the depcndcncz of product distribution on reaction 
temperatures. At tow temperatures, the ester was the 
major product while the ether was a minor one, and at 
elevated temperatures, the latter yield p~~orn~naf~ 
over the former. This trend Icd us further lo look into 
the mechanistic aspects of the reaction course. 

The catalytic activity of alumina has been attributed 
to thesurface active&es, which exhibit Lewis acid and 
base character.b*‘3~‘4 The nature of active sites vary 
withac~ivation temperatures. At fow temperature basic 
character is exhibited more due $0 the surface 
hydroxy ions. High temperature would favour the 
d~or~tion of hydroxyf ions, which fcavc cxpostd At” ’ 
ions an fhc surface, as a result the alumina shows 
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Scheme I 

pronounced acidic character. Probably this varying 
nature of the surface active sites would aher the course 
of the reaction and hence the unusual product 
variation. 

The above facts were also supported by the 
dehydration studies of alcohol.“s It has been suggestad 
that concerted Et mechanism is preferred at low 
temperatures due to the presence of Lewis basic and 
weak acidic sites. At tlcvafed temperatures carbonium 
ion intermediate, E, mechanism is facilitated, since 
both strong acid sites and high temperature would 
activate 0 0 bond breaking. The selectivity variation 
observed in these dehydration studicstvidenfty proves 
the opcrafion of two different mechanisms as dcscribcd 
above. 

In the light of the above proposats probabIe 
mechanisms have been suggested in the present study. 
Active acid. base sites would promote concerted 
elimination by the adsorption of alkyl groups’J.‘4 on 
Lewis acid sites and the hydrogen on the base sites” 
leading to ester formation as shown in Scheme 2. 
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Tabk 1. Percentage of reanangcd products of ace& 

Kc1 Net NC1 NC1 
conversion 63% conversion 81% oonvcrsion -909; oonvenion 98% 

81 MO” at 25tY at 3aY a1 330” 
Acetat b c d b c d b c d b c d 

---- 
Ia 62 I2 46 29 22 49 t4 23 38 32 62 
zr 68 13 19 43 36 21 19 57 24 1: 58 
k 62 I4 24 41 

67 89 $4 44 
58 24 f8 30 46 24 12 62 6 70 24 
:: I2 1 68 35 21 39 21 __ 40 79 18 9 30 9f :; 1 9 39 103 52 

loa 75 14 11 45 39 16 tX 59 23 7 66 27 

GLC yields were correc!cd for detector response factor and are the average of at least three injccrrans. 
The exprimcntal nproduclbiliry in the rrudy was approximately S’?,. 
Temperature was maintained comtant wtrhm f 5’ 

At higher temperatures, strong Lewis acid sites 
would initiate the carbonium ion intermediate 
mechanism. The aluminium alkoxide”*‘* formed 
during the cleavage of aataf wouM probably serve as 
the source of hydride ion” required for the MPV typt 
of reduction forming ether (Scheme 3). The presence of 
aliphatic aIdehyde has been confirmed by GLC, 
coinjcction with authentic sample and its yield 
corresponds to the yield of ether (c). 

The aromatic aldehydc could be formed from the 
carbonium ion (V) as shown in Scheme 4. A similar 
mechanism has been proposed for aidehyde fo~ation 
from acetat in the presence of Lewis acids.” 

Thcafkyf carbon&m ionfVU) formed may elliminate 
a proton resulting in alkenc. The proton probabIy has 

twosit~~ora~tr~~tio~;th~ont isth~su~~hydroxy~ 
ion with which water is eliminated exposing Al’* ion in 
the surface;“’ the other would bc the surface oxide at 
which hydroxyf ion is f~rmed,*~ GLC confirms the 
presence of oMn and its yield varies with parent 
aldehyde formation. 

The above mechanistic approach for the rearranged 
products was further supported by the foilowing 
catalytic poisoning and kinetic studies. 

Poison&~ rrtufy. In an attempt to relate the role of 
active sites with the nature of product formation the 
catalyst was poisoned with NH,, CO, and HIS 
indcpcndentty and the reactions were carried out as 
usual. In addition to the normal compounds (b, c, d) 
various undesired products were formed. Since the 
poisoning study itself is a very complicated process” 
the present discussion is confined IO the ellcct of 
poisoning on the variation of the desired products. The 
results obtained by G1.C are presented in Tabie 2. 

The ester formation at low temperature may be 
attributed to the prescnoe of relatively few acid-base 
active sites. At elevated temperature f2W) the number 
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Scheme 4. 

Table 2. Rdative pmntap of product dj~t~bu~ion on poisoned caralyrt 

CataIyst 

Net Net Net NcFict 
convmion 707; oonucnion-82% eonvcrsi#n--91a~ convcmion- -Ye* 

at 200’ at 250“ at MO’ at 3x)’ 
b c d 0th b c d 0th b c d 0th b c d 0th 

_- - 

AMA 
poison& 
with NH, 9 2 30 57 13 7 42 38 7 1346 34 4 19 51 26 

AW, 
poisonad 
with CO, 84 4 39 44 19 I246 33 9 19 51 3t 5 23 56 26 

ALO, 
&ioned 
withH,S 7 - 36 $7 It - 48 $1 6 - 54 40 3 - 56 41 

Oth- undesired pr&uas. 



Rcarrangcmcnt of substituted sromaric acetats catatyscd by ;+alumina 

Table 3. Product distribution at d&rent flow-rater 

Product distribukion 
Temperature f-low rate NC1 WI % 

ml/tin conversion b C d 0th 
__~... 

1:2.s 52 ‘-- 31) R ;9 
200 I!5 70 75 14 If 

I:10 92 58 11 10 21 

I/2,5 76 10 19 71 
300 I:‘5 91 I8 59 23 

1:10 NO 9 32 16 42 
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of such sites may incrc;lsc on dcsorption of poisoning 
species. The fo~atjon of aiuminium aikoxidc which is 
necessary for hydride transfer process might have been 
suppressed by the poisoning e&t and hence the low 
yictd of ether. The abscne of ether in the case of H,S 
poisoning study may be ascribed to the tenacious 
adsorption of H,S on Al” sites and the complex 
interaction with the surfa# which may inhibit the 
alkoxidc formatian. The interaction of the substrate 
with preadsorbcd poisoning species may lead to the 
formation of undesired produ~ts.‘~ 

Kineric srudy. This study was carried out with a view 
to rciatt’the flow-rate with the nature of product 
formation. The results are given in Table 3. 

Tbc marked observation in Table 3 is the peculiar 
increase in the yield of aromatic aldehyde at higher 
flow-rates. Two differcnt possibiiitics may bc for- 
mulated for the above observation. At the reaction 
temperatures, the dcsorbcd water in presence of active 
acid sites may hydrolylz the acetal to give aldchyde and 
alcohol. This explanation may be ruled out for the 
following two fcasons. 

1. In the cxpcrimcnt, before sending acetal, the 
reaction column was su~~~otly flushed with Nzt 
during which water mokculcs if prcscnt would have 
been expeikd. 

2. irrespective of the flow-rat~,~orr~~ndin~ to the 
amount of dcsorbcd water, the same quantity of 
aldehydc is expected at a particular temperature. But, 
asdiffermtquantitio;ofaldthydearefonncd,ttw:abavc 
proposal may not fit in suitably. The other probable 
explanation offered would be that the fo~ation of 
carbonium ion (V) was the invariable intermediate 
irrespective of the flow-rates. At medium and lower 
flow-rates carbonium ion has sufficient time to interact 
with the alkoxide at the catalyst surface in an inter- 
molecular way to give ether in better yields. In addition, 
at lower flow-rates, the contact time may be long 
enough for the formed products to undergo further 
reactions to givea number orund~ir~ products in the 
form of resinous or charred materials. 

At higher flow-rates, the carbonium ion may not 
have suff%zitnt time to interact with the alkoxide, as a 
result it undergoes some intra-mol~ular rearrange- 
ment to get itsclfstabilizd in the farm ofaidchydc. This 
fact has been supported by the proposal that the 
production ofaldchydc was &our& at shorter contact 
time on Ag cataiyst.2s In addition, for the hydride 
transfer process, proper orientation of the molecules 
would k an essential factor, for which sufficient time 
lag is cxpcctcd. As this would bc deprived of at higher 
flow-rates ether formation is contained. 

~cin~u~n~orsu~tituentson product formation is 

felt much with aaetafs having substitucnts at the ortho 
and para positions. In genera& the activating groups 
cnhanrr the yield of desired products, whik the 
deactivating groups iowcr it. As expected no s~~i~~nt 
variation is observed with the mcta substitucnts, 

Aatals Ir and 78 fail to yield the desired products 
ether and cater. It is not regarded assurprisingsince the 
stcric factor may be felt acutely with these 
compounds. 26 Even in solution, they behave abnorm- 
ally due to stcric hindrancP and such effect may be 
more pronounced in heterogeneous system.” Hence. 
we arc deprived of the expected compounds. However, 
la yields tht normal products but in low yield, which 
implies that halide group offer tcss sttric hindrance.“’ 
The more pronoun& deactivating ability of NO2 
group at the para position would destabilisc30 tbt 
intermediate carbonium ion as a result 9c is not formed 
with $a acetal. This observation may be considered as 
additional evidence in favour of carbonium ion 
intermediate mechanism for ether formation. 

Tk product mtxturc obtained in the experiment is 
simpler than those from aliphatic aatals. This 
observation is in agreement with the suggestion made 
by Fleming” that the products derived from afiphatic 
acetalsarcveryrcactiveand hen~th~yund~~oFurther 
reactions to give a number ofsceondary products. 

To verify whether the ether and afdehyde were 
fonnad at the expense of ester or directly from acetaf, 
theexperiment was repeated using the cater fob. GLC 
showed the abscnceoftther and aldehyde. Further, the 
reaction was performed with a mixture of 1: 2 molar 
ratio of afdchyde 1tM and n-butyl alcohol, to find out 
whether the former reactswith thelatter togivccstnand 
ether. The product analysis showed the absence of these 
products. The above observations evidently prove that 
the products b. c and d arc formed directly from ace&. 

Choracrtization aj’ rL rur&sr. The ~h~a~~sti~ X-ray 
inter&es and &cd-values for the alumina uuxt in our system 
were in agreement with the standard vaIu& of t_alumina. 
The v&es arc @vcn in Table 4. 

?hcsurfreeartaoCthtmtai~twssfound!ok233m’~gand 
the pore valumc 0.61 ml&. The lcid amount of alumina was 
musu& to bt 0.642 a751 and 0.391 tlun&g at fl,‘r + 3.3, 
44.8 and + 6.8 rapcctivety. Water content of alumina was 
1ound~obr0.19.0.16.0.11 andO.Wgmin 1 gmoftbesamplcat 
200,2~~300 and 3M” respectively. 

iRs~a~~t~~~ona Perk&Elmer599or Perkin- 
Etmcr 781 spcctromclcr. ‘H-NMR wcrc recorded on a Vanan 
TdOor VarianHA-1WDwith Mt,Siasuncmaistandardand 
CCt, or CDCtl a.5 solvent. GLC was performed on a 
T~n~wrtRLW.3mmxLSmSS~Iuran~edwith5~~SE 
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Table 4. X-ray intcnsftics and d-vahscs of the standard I- 
AlzG,,,,, and fhc Al&rrrff, used in the present work 

11, d-values 
r-Al&**r, Al&r*p, q_AlrG,,*,,, Al&,*l*, 

-_ ._ ̂ ., 
100 la3 1.98 1.98 
IDD 95 I.4 1.4t 
: 42 80 2.39 456 4.57 L38 

M on chtomosorh W-HP. The X-ray powder diffraction 
pattern ol the alumina sample was rmordcd on a Philips PW 
1380 diffradumeftr, Horizontal Goniomefcr using Cu KS 
radiation with Nickel fifter.Ibcsurfaoeanacsfthecafalyst was 
mcasumd on a Micromcritics, Rapid surface area analyzer 
USA 2205 and the porn volume by hcnlrne adsorption 
method.“” Acidify meajurcrnent was done with n- 
butylaminc’. using Hammctt indicators dimcchyl yellow 
( + 3.3). methyl red ( +4.X) and neutral red ( + 5.X). 

Aorfals were prepared by thedescribed proouturcs”‘*““and 
charactcnrbd by iR and NMR spectral data. B.p, and 
refractive index were also compared with reported values 

The cxpcrimntfal set-up was similar fo that developed by 
Brown ef 4j., exoepf for fhc vtnical mounfin# oft he reaction 
column. In a typical cxpcrimcnt the aafal vapour in presence 
ofa stream of N, (aosfal: Ns = l:Q) was lad (1 ml:J mm) 
through a Pyrex tube (300 mm kngfh. I5 fnm fnncr diam) 
packed wffh about 15 g of catafysf kcpf at consfanf temp in 
the range of 200-3m. Gentle suction was applied to get the 
products c~llectcd m an icecold trap. The products obtained 
were scparared by column chromatography and TLC and 
characteri& by IR and NMR spectrai data. By GLC the 
compounds were ass~~~~jn~ion with auf ~nfi~~pl~ 
and the eclative percentage of the products dist~butfon were 
determined. 

~Al,O,(ACCLtd,Bombay)sieverf~rticl*rof20 35mcsh 
AST.M was used in the cxpcnmmts. &fore use, AlsO, was 
given a prctrcatmcnt which con&cd of the following steps. 
First, AI,Q, was ou?gasscd af Nxy lor 2 hr. If was then 
confactul with 200 mm 010, and thefemp wasraised fo SC@ 
for I hr. Affer 30 min. tvacua@zd at XS, mother XK) mm 
chargeofG, wasadmittedand allowed tostand for 2 hr af the 
same temp. After that, ff was evacuated at m for 3 hr. The 
cataIyst was then cooled IO room fcmp and stored in a 
desrocator. Fresh sample was used in each experiment and if 
was kept in the reaction temp for an hour in the reaction 
cnlumn. A stream of N2 was flushed before the passage at 
acetal. In tbecxpwimcnt IOmlofacetal was passedfor SOmin. 

All chemicals used were of anaiar grade. Column 
chromato~aph~ and TLC were performed-with silica gels 
sunnhcd by BDH or Aunt Svnthetic Chemicals. 

Kinetic Hnd poisoning studies were carried out losing Hk 
aorta1 asa reference. NH, poisoning wasdoneasdcssribed by 
Peri’” and CO, and HIS poisonmg as per LunsfordS 
pro&ure.*4 

Above 400’ decomposition otxxrred which led to 
carbonization and darkening of the catalysf. The tcrnpcra~ 
turns and flow-rams were so chosen to avoid scoondary 
reaction products that could complicate the study of the 
mcohamam ol the process. 
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