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Ahstrad: Ben@ chloride and bromide react with alumina via a two-step mechanism to 
produce dibenzyl ether in good yield. Chemisorbed benzyloxy is the other major product 
of the reactions. 

The surfaces of inorganic oxides such as alumina, silica gel, clays, and zcolites provide unusual 

environments for chemical transformations.’ Alumina is particularly interesting in this regard because 

its surface is polaf and contains immobile, catalytic BrBnsted and Lewis acidic (OH, Al+‘) and basic 

(QH-, 0m2) sites h w ose composition and nature can be altered by activation by heating’ Manifestations 

of these catalytic groups are numerous.zb*4 Alumina also serves as a support for other reagents 

undergoing chemical transformations.“~b5 S uqxisingly, ahunina may function as a reagent, providing both 

OH- and o-2 in the conversion of benzyl chloride and bromide to dibenzyl ether by the two-step 

mechanism described in equations 1 and 2 (for 0s2). 

cH,ws 

0 0 kl 0 Cl 6 
AlAlAl+ C,H,CH,Cl -+ Al Al Al (1) 

CI32GHs 

0 ad k2 0 clcl 

Al Al Al + C&I$H*Cl + Al Al Al + (C&a3,O (2) 

When a solution of benzyl chloride in hexanes was treated with unactivated Brockmann neutral 

alumina, which contains a surface layer of hydroxyl groups, for 17 hours at 25”. dibenzyl ether was formed 

in 69% yield (Table I, entry 1). HQ was also generated in this reaction, but little benzyl alcohol was 

formed. As expected for the two-step mechanism, there was a correspondii weight increase of the 

alumina due to deposition of Cl‘ and bcnzyl (as C&CHaO) on the surface.- Benzyl bromide also 

yielded dibenzyl ether on unactivated alumina (Table I, entry 5). The reaction of hcnzyl chloride on 

alumina previously activated at 4OCP, which contains a mixture of hydroxyl and oxide groups on its 

surface, also occurred (Table I, entry 8). but the yield of dihcnzyl ether was considerably reduced and 

the proportion of surface-bound benzyloxy was considerably increased. Solvent did not seem to play a 
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pivotal role in the reaction because it worked equally well when run in the absence of solvent (Tabk I, 

entries 3 and 4; compare to entry l), while increased reaction temperature, unexpectedly, had a small, 

adverse effect on the formation of product (compare entries 1 and 6, Table I, for example). Finally, the 

formation of product was very fast at short reaction times, but slowed considerably at longer reaction 

times. This was undoubtedly due to the change in the nature of the surface during the course of the 

reaction. The surface area decreased by over 30% for the benzyl chloride reaction, for example, while 

it decreased by go% for the benzyl bromide reaction.9 

Table I. The Effect of Reaction Parameters on the Conversion of Benzyl Chloride into Dibenzyl Ether 

reaction reaction corrected 
entry alumina~~b temperature(C) time(hr) Rc W-W&W’ yield yieldJ 

1 UA 25 17 -69 33 48% 69% 

2 UA 25 24 .63 33 47% 72% 

3 UA 25 3 64 no solvent 37% 67% 

4 UA 25 19 64 no solvent 53% 74% 

5s UA 25 25 &? no solvent 39% 42% 

6 UA 63 18 .70 24 41% 54% 

7 UA 85 71 66 30 16% 64% 

8 A 25 23 -65 .32 18% 37% 

(a) Brn&mann neutral, activity 1 alumina. (b) UA = unactivated; A = activated at 400°C (c) R = 
mm01 of C&I&H,Cl/g of AlzOa. (d) In hexanes. (e) Based on recovered, unrcacted CJl$H,CL (f) 
“Missing” material is due to chemisorbed C,H,cH,O. (g) Reaction of C&&CH$3r. (h) mm01 of 
GJWWr/g of GO,. 

Benzyl bromide is solvolyzed more rapidly in solution than is benzyl chloride,” but that was not 

the case on alumina” On an alumina of given activity, benzyl bromide and chloride had comparable 

reactivity (Table B). The activity of the alumina did have a profound effect on the reactions, however. 

As the activity of the solid went up, the rate of reaction went down significantly for both substrates; of 

the benzyl substrate which had reacted, most remained chemisorbed to the surface in the form of 

benzyloxy. These effects correlate with the relative percentages of hydroxyl and oxide on the surface: 

when more oxide is present on the surface, the overall rate of reaction is smaller and the amount of 

chemisorbed C,H&H,o’ is larger. 

Other substrates reacted with alumina as well. p-Methoqbeql chloride reacted instantly with 

unactivated alumina, as evidenced by the appearance of a red color whose intensity was proportional to 

external HCl pressure. l2 Ben@ alcohol, which has a poor leaving group, was inert on unactivated 
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alumina, but did yield dibenzyl ether under photochemical activation (eq. 3).n CCL, which is known to 

yield a variety of 8aseou.s products when mated with alumina at elevated temperatures,” also reacted 

with alumina at room temperature& in direct proportion to the oxide concentration on the surface. As 

the reacted CU., was completely cbemisorbed to the surface. the weight gain of the solid represents a 

simple method to measure oxide concentration. 

Table II. Relative Reactivities of Benzyl Chloride and Bromide on Alumina’ 

Al,O, activation 
temperature(y) 

100 

relative % of benzyl halide corrected 
(x=Cl or Br) yield yield*d 

OH 0 

93 7 Cl 23% 33% 

Br 21% 32% 

200 76 24 cl 10% 23% 

Br 13% 27% 

700 24 m Cl 3% 6% 

Br 5% 9% 

(a) 2.50 mm01 of bet@ halide/g of A&O, for 3 hr. at 25°C. (b) From reference 3. (c) Based on 
recovered, unreacted benzyl halide. (d) ‘Missing’ material is due to chemisorbed QH$H,O. (e) 
Extrapolated value. 

A hv 
No Reaction + C&CH,OH + (C&&H~,O (3) 

Although O.2 and hydroxide behaved as nucleopbiles in these reactions., their nucleophilicities 

must be moderated by coordination to surrounding aluminum ions. When surface 0” and OH. compete 

with other nucleophiles on the surface such as S*.’ which is a superio r nucleophile, and alcohols,” which 

are modest nucleopbiles, the latter nucleophiles react exclusively with benzyl chloride. 
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H (as HCI) and 0 (as dibenzyl ether) were also lost from the surface. 

Good material balances were obtained for these reactions. 

A variety of techniques were used to characterize the surfaces: a) The weight gains were not due 

to adsorbed C&I&XI&l, (C,HsCHa),O or C,,HsCH,OH which were easily extracted from the 

surfaces. b) The surface areas of the alumina ( 15 1 mz/g) were significantly reduced when treated 

with C,HsCH,Cl (101 m’/g) and C,HsCI-I,Br (27 m2/g). c) The acidity of the alumina [activated 

at 400” (-3.0 ( H, 5 - 8.2)] was reduced when treated with ~H,CI-IaBr (-8.2 I I& I - 13.2) but 

remained the same when treated with C&CH,CI. d) The C~&I-I,C!l- and GHsCH&- treated 

aluminas yielded HCl and HBr when treated with H,O, as expected if AlCl and AlBr bonds are 

formed in reactions 1 and 2. e) Reflectance FTIR of a C,HsCH,Cl-treated alumina after removal 

of C,H,CH,CI and (C,H,CH,),O showed bands at 1497, 1454 and 1368 cm-‘. These bands are 

those expected for a benzyloxy species. f) i3C SS NMR (1200 acquisitions) of CJ-I&I-I&l- treated 

alumina after removal of C,H,CH,Cl and (C,H,CH,),O, both of which gave sharp resonances 

under these conditions, yielded a noisy spectrum with broad resonances at 6 158.9, 163.9, 170.0, 

191.6 and 201.2. These bands may be indicative of a bcnzyloxy group having hindered rotation 

due to complexation of the aryl ring to an electron deficient Al ion. 

Above loo”, the reaction became increasingly homolytic. By 143q the reaction was completely 

homolytic in the presence or absence of 0, affording: benzyltoluenes, diphenyhnethane, 

benzaldehyde and 12-diphenylethane. No reaction occurred in the absence of alumina. 
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If a solvolysis reaction is a substitution reaction in which the reaction medium (solvent) is also 

the nucleophile, the term is applicable to reactions described here. 

The color is likely due to the reaction of HCl with chemlsorbedp-MeOC,H,CH,O. 

A degassed sample in a quartz tube afforded 4% of dibenzyl ether (uncorrected) after 5 hr 

irradiation (Rayonet Reactor; 2537 A lamps). 
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