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The dependence of Na+ content, on the activity of alumina with respect to the dehydration 
and dehydrogenation of alcohols, transfer hydrogenation of carbonyl compounds by alcohols, 
and disproportinnation of diphenylcarbinol was studied. It wa.q found t.hat the activity for 
dehydration, hydrogen transfer, and disproportionation was related t.o the acidity of the 
catalyst. 1)oping with Na- ions and exposure to amin= caused decrease in the activity for t.he 
above reactions, whereas the act ivit.y for the dehydrogenation of diphenylcarbinol increased 
on Na+ doping. 

The reversible transfer hydrogenation of 
ketones and aldehydes by alcohols over 
Xaf-doped alumina at, around 300°C has 
been reported (1). Similar react.ions on 
alkali metal oxides (2) and on hydroxy- 
apatitc (3) have also been reported. 
Similarly disproportionat.ion of diphcnyl- 
carbinol and transfer hydrogcnolysis of 
the same carbinol by hydrogen donors 
(alcohols) over alumina have also been 
report,ed (4). F,quat,ions for illustrative 
examples of the above types of reactions 
are given below: 

Transfer hydrogenation (I) 

(CcH&CO + (CHWHOH + 
(CoH,)zCHOH + (CH&CO 

1 For Part. V of this series, see Unni, %I. P. K., 
Sreckumar, C., IIariharakrishnan, V. S., and Pillai, 
C. N., J. Cat. 53, 168 (1978). 

* huthor to whom communications should be 
addressed. 

Zlisproportionation (II) 

(C,H,),CO + (C,H,j)yCII~ + Hz(.) 

Trmsfer hydrogenolysis (III) 

(C,JI~)&HOH + (CII,),CHOH + 

(CsH,)&Hz + (CHMN + Hz0 

The react.ions over alumina are mechanis- 
t.ically significant in the sense t,hat this 
cat,alyst which is normally not active for 
dehydrogenation readily causes the de- 
hydrogenation of the donor alcohol when 
a hydrogen accept,or is present. Iiibby 
and Hall (3) from their studies of the 
hydrogen transfer between alcohols and 
ketones have concluded that catalysts 
with maximum dehydrogenat,ion activity 
were t,he best. hydrogen transfer catalysts. 
According to Okamoto et al. (2) the basic 
property of the catalyst was responsible 
for hydrogen transfer activit,y. 

Hydrogen transfer activity as illustrated 
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by rc:id ions I, 1 I, and I I I is exhihitcd t)y 
dmost a11 osi&s c:~i:dysts. A scrconing of ;t 
nutttb(~r of oxide catalysts (:iluttiina, X:1+- 
tlopd :tlumin:1, nickel oxide, magncsiutn 
oxidc, t it:iniutn dioxide, chrottiiutn oxi&‘, 
nickcal chromntc, thorium oxide, zinc osi&, 
tttagnc3ium silic:1tcl) showed that t hry 
:111 c:~t:tlyz~d hyclrogc,n transf(lr tetctions 
at tctnpc~rat urcs ~11 below those 31 which 
t.hr d(~cotttposit ion of t hcb dcohols them- 
WIWS (dtahyttr:ttion or dt~hydrogc~n:~t ion) 
took placc~ (:j). Though qu:lnt itat ivcl studies 
have not bc~tt cotnplct cd t.hc gcncrd 
conclusion is th:lt catalysts of high 1,cwis 
:icidit.y, c3pcci:illy :duttiin:t, arca mosf :dvcl 
for hytlrvgcn t ransfrr. In t hc prosent papor 
:1 cotrip:Lr:Lt ivct study of :dritrtin:l ;ind 
S:1’-dopd nlumin:t c:it:ilysts for their 
&~hydr:ltion, dchytlrogc~nat ion, :md hydro- 
gcn Ininsfer activity using t hch transfer 
hydrogrnation of brnzddc~hydc und cyclo- 
h(~xnnonc~ by isopropyl alcohol, t ho tiispro- 
portiomit ion and dehydrogen:itioti of 
tiiphc~ttylc:lrt)inol, and thr dohydr:ltion of 
isopropyl dcohol is rclpot-f cd. ‘lb clfT(d 
of ;tmincls on cat:dyt ic activity h:ls dso 
hrn st.udic~(l. 

Alumina :ind Sa+-doped :iluminn cat a- 
lysts were prepnrcd as rc~porictd cdi~~r 
(I, -5). l’rodures for the cntdytic rclactiotts 
:intl product :in:ilysis h:~vcl :deo hcacln 
rclportcd (I, 4). 

Three samples of alumina cant :Gning 0, 
0.95, and 2.~27~ by weight of Sn+ were 
used for the prcscnt study. l’hc three 
catalysts had cotttpar:~ble surface arcas 
:ind hcncc cotnpnrison of activities were 
tn:iclc~ on :i weight b:isis. I’ropcdic!s of the 
catalysts rind thtbir activities :lro list4 in 
‘1’:1 M 1. 

It can 1~ seen that. the d(~hydration 
:tct.ivity dr~crcascd with increase in N;L+ 
content. This poisoning cffcd of :dk:tli 
metal ions on the dehydration activity of 
aluminn is :L well-known phenomenon (8). 
Though the incorpor:tt.ion of X:1+ dots not 
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TAIiI,IS 2 

The kXwt of Amines on bhe Activity wd Selectivity of Alumiria~~ 
.~_- - 

Base b Product composition (mol%) 

From cyclohexunone From isopropyl nlcohol 

CJTIO- Cyclo- Cgcln- Acetone Isopropyl Propylene 
hexanone” hexsnol hexenc al~!oholc 

1 None II 27 ti2 YY 0 2 
2 Pyridinc (1 ml) 42 23 36 .) ?8 41 1 
3 Pipcridine (1 ml) 61 28 11 39 61 0 

0 Reaction: transfer hydrogenation of cyclohcxanone by isopropyl alcohol. Catalyst: alumina (undoped) 
(5 g). Reactant: 10 ml of a 1: 1 molar mixt.ure of cyclohexanone and isopropyl alcohol. Flow rate: 18 ml/hr. 
Temperat.ure: 300%. 

b One milliliter of the base WM added to 10 ml of t,hc rewtion mixture. 
c Unrcacted starting material. 

alter the number of Lewis acid sites, it 
has been reported t,hat the proportion of 
strong acid sites were reduced considerably 
and this has been pointed out as the cause 
for the reduction in dehydration activity 
(8). Treatment of the alumina with bases 
like pyridine or piperidine, which arc 
believed to get adsorbed on Lewis acid 
&es, also decreased dehydration activity. 
This phenomenon is also well known and 
has been confirmed in the present st.udy. 

Ilydrogen Tmnsjer Activity 

Hydrogen transfer activity also dccrcascd 
with increase in l;n+ content: but not as 
sharply as dehydration activity. The mchch- 
anism proposed by Ramann and Pillai 
(9) and elaborated in the preceding paper 
in this series for the transfer hydrogenation 
of ketones by alcohols visualized the 
adsorption of the kctonc through t.hc 
oxygen on a Lewis acid site, thereby 
polarizing the carbonyl group and making 
the carbonyl carbon atom a ready acceptor 
of hydride from an alcohol molcculc 
dissociatively adsorbed on a neighboring 
site. Unlike dehydration of alcohol which 
requires the heterolysis of a C-O bond, 
this reaction requires only the polarization 

of a A bond and relatively weaker Lewis 
acid sit.cs are sufficient. 

The effect of pyridine and piper&line. 
While, from the foregoing, it is clear that 
undopcd alumina was t.he most active 
for hydrogen transfer, when the aim was 
to reduce a carbonyl compound to the 
alcohol this catalyst was not the one of 
choice because dchydrat,ion of the alcohol 
took place in varying amounts. Alumina 
with 2.2% Sa+ had lower overall activit,y 
but high selectivit,y (almost. comp1ct.e 
absence of dehydrat.ion activity), and 
hcncc this was the catalyst of choice for 
preparative transfer hydrogenation. In 
this connection the eflfect, of organic bases 
(pyridinc and piperidinc) on the activit,y 
and selectivity of alutnina was investigated. 
The data are given in Table 2. It can be 
seen t,hat. on pure alumina the conversion 
was high, but the product cyclohexanol 
undcrwcnt dehydration to a large extent 
to cyclohexene. Mixing a small quantity 
of the weak base pyridine with the react.ion 
mixture decreased the hydrogen transfer 
activity as well as dehydration activity 
to a certain extent while the stronger base, 
pipcridinc, inhibited both react.ions signif- 
icantly. With both bases the inhibiting 
effect on dehydration act,ivity was greater 



1 ban 1 hat. on hydrogc~n f ransf(~r :IC( ivi[ y. 
This cxpcrimcnt further illustr:itcd tlic 
role of the acid sites on hydrogen transfchr 
activity. 

It may be noted that wlrilc cyclohesanol 
rmdcrwent dehydration over unpoisoned 
:~lumin:1 whttively readily, isopropyl alcohol 
was less prone to dehydration. This 
difTcwnce in t.hc dehydration reactivity 
of cyclohcxanol and isopropyl alcohol ws 
vcrificd by indrpendcnt comparison of 
their rates of dehydration. ‘This will form 
the subject matter of another paper. 

In this connection it may be mcnt.ioncd 
that. the t ransfckr hydrogcnat.ion of kctoncs 
by isopropyl :~lcollol followcY~ by 1 hct 

dehydration of 1 htl product, that takes 
place owr undoped alumina, is an effective 
one-step mct.hod for t ho conversion of 
certain ketones to olcfins. l’reparation of 
cyclohexene from cyclohcxnnonc and 
styrenc from :Lcctoplicnonc have been 
;~ccomplishrd nearly quuntit:~tivcly by t.his 
111el hod. 

Di.~l,ropo~lioncltiotl Activity 

The activity for the disproportionation 
of diphcnylcarbinol :tlso dccrwscd with 
incrc:isc in S:i+ content (Tnblc I). This 
reaction involves t.he dissociation of the 
wlativcly polar C-O bond of diphenyl- 
wrbinol as the rwult of :lctivation by a 
1,ewis acid site, along with the transfer 
of a hydride from :i neighboring dissocia- 
tiwly adsorbed diphcnylc;~rhinol (4). II(lncc 
the dcprndence of the aclivity for this 
rwction also on the acidity of t hc catalyst 
WLS ~~ndcrstandnblc. 4s cspwtcd, pipcr- 
idinct nleo supprcsscd t hc disproportional ion 
activity. 

Dehgdro{ge?zntion :Ictivity 

Alumina is normally not n dthydrogcnat - 
ing catalyst. It has been reported that 
mild dehydrogemition activity in thr de- 
composition of 2-propnnol and 2-butanol 

was crwtc~cl by tlopinp with S:I t (I(/- I,?). 
I )ipli(~riylc:~rt,inol wis uniqw in that it 
underwent :tpprcci:lblc dchydrogc~nation to 
bcnzophcnone over Sat-doped :tluminn. 
IYndopcd ;ilumin:t was inactive for the 
dehydrogcmit ion of cvca this :~lcohol. 
‘l’hc dat:l in 1‘:~bl~~ 1 wcrc corrwtod for :L 
slight Ihcrm:tl dehydrogcmlt ion of diphcnyl- 
carbinol that took pl:w~ at. 300°C (4). 
It is clcnr that the dchydrog(~nntion activity 
of alumina is not rclatcd to the aciditS 
unlike dehydwtion and hydrogrn t ransfrlr 
act ivit iw. 

CONCLUSION 

As far 3s :tlumin:t and Saf-doped 
aluminns were concorncd, our conclusions 
were not in ngrccnwnt with those of 
Kibhy and Ilull (3) or Ok:kmolo et 01. (2). 
‘l’hc former authors had found R correlation 
between dchydrogcnntion activity and 
hydrogen transfer activity, and the latter 
authors found one bci wcn b:tse strength 
and hydrogchn trunsfcr activity. K(4thcr 
conclusion sccmt~d to bc valid for the system 
that we h:ld st udicd. The conclusion from 
the prcscnt. study ws that for :dumin:l 
c:it:dysls, dchydrntion :ictivity, hydrogen 
t ransfcr activity, :lnd activity for the 
disproportioii:ltion of tliplic~riylc:irl~inol were 
whit4 to acidity, but, the wtivily for the 
cic!liydrogcn:itioIi of diptic~riylc:irt~inol wis 
drpcndcnt on some 01 tier f:~cl or. The 
mcch:misms proposed by us for the first 
group of react ions elsc~whcrct, and cited 
wrlicr in this p:ip(‘r, involving Ikwis acid 
sites for t hc adsorption and activ:ltion of 
carbony compounds and neighboring pairs 
of Lewis acid nnd basic sites for the 
dissociative adsorption of alcohol :lppenrcd 
satisfactory. 
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