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Absttnct : The earlier reported selectivity favoring bensyl alcohol over bensyl chloria? in the alkylation of toluene 

with “clay&” as the catalyst. with conversion of the alcohol loking precedence over that of the chloride, arises from 

competitive inhibidon. Alcohols in general poison the active cenkrs of rhe catalyst. With i-amyi alcohol as a probe, 

the alcohol is adsorbed prefcrcntially to bensyl chlori& by a factor 600. in the Lungmu+-Hinshekod moakl. 

In the presence of the KIO montmorillonite clay impregnated with zinc chloridel-* (“clayzic”, for shot@, 

addition of benzene impmved significantly competitive Friedel-Crafts alkylation of a co-reactant such as toluene, 

mesitylene, or p-xylenes. Besides such synergism, the presence of a co-reactant can also invert the relative 

mactivities: whereas toluene was more reactive than mesitylene in separate alkylations, a one-pot reaction favored 

mesitylene4. Likewise, mesitylene was benzoylated faster/slower than anisole in separate/joint reactionss. A 

fascinating fact from this earlier set of observations was that, whereas benzyl chloride @Cl) is normally more 

reactive than benzyl alcohol (BnOH) toward aromatic hydrocarbons, at 20°C alkylation of toluene is totally 

inhibited in the presence of an equimolar mixture of the two benzylating agents and of “clayzic”. At 80°C. all the 

alcohol molecules were first consumed. Then, and only then. 45 mn after the onset of the reaction, the chloride 

molecules started their reaction6. We focus here exclusively on this last finding of substrate selectivity allied with 

such sequential behavior. We provide experimental evidence for competitive inhibition of BnCl by BnOH. 
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The tirst put cf the proof is the general finding that alcohols poison the “clayxic” catalyst. With a BnCl 

ccncentration in toluene, m of about 1 M, SO mM concentrations of a variety of alcohols 

(methanol - t-butanol - 2-pentanol - cyclohexanol - cinnamyl alcohol - citronellol) are sufficient to block 

conv&on ofbenxyl &l&de into the toly@henylmethMe product, at 80°c 7. 

In order to both quantify the inhibition and ascertain which mechanistic step is involved. we needed 

alcohols less reactive than BnOH. that would inhibit the catalyst without reacting with the toluene substrate. 

Methanoi was too volatik for this purpose, and we elected i-amyl alcohol (2-pentanol; AmOH) whose boiling 

point (119-12~ is compatible with the 80°C maction temperatum. 

Conditions are one-shot addition of the “clayxic” catalyst (250 mg) to a mixture, pm-heated to the 

tea&n temperature (8O“C), of benxyl chloride (10 mmol), 2-pentanol (O.l-1 mmol), and of toluene in excess 

(100 mmol). Conversion of benzyl chloride is monitored by GC, and a n-hexadecane standard is used to 

detamme the yields of monobenylated products. Depending upon the concentrations of the alcoholic poison, the 

reactiontimesvaryfromabout3Omnto8h. 

The two mechanistic possibilities that were considered were (i) a simple pseudo first-order process: 

[BnCl] = lBnCl]o exp(-kt); 

and (ii) combination of a pseudo first-order reaction with an adsorption pre-equilibrium on the catalyst (Taylor 

postulate)E. 

The latter corresponds to a reaction rate of the form: 

k a [BnCI] 
1 + a [BnCl] 

If indeed the Taylor postulate is applicable, the inhibitor blocks a fraction of the active centers on the catalyst: to 

be more specific, the concentration of BnCl at the catalytic surface is reduced by the presence of the AmOH co- 

adsorbateg. Such a model, as originally proposed by Langmuir 10-l l-l* results in a reaction rate of the modiied 

form: 

1 + a [BnCl] 
1 + a [BnCl] + b [AmOH] (2) 

The parameters a and b measure the adsorption constants of the BnCl reagent and of the AmOH inhibitor, 

respectively. The experimental kinetic curves are better reproduced by equation 2. The results compared with 

(equation 2) and without (equation 1) the inhibitor are analysedl3 for the Wa ratio (Table): 
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Table 1. Ratio of the adsorption constants of i-amyl alcohol (b) and of benzyl chloride (a) at various inhibitor 

concentrations. 

[AmOH], mM 
I 

b/a 

22 541 

38 611 

48 561 

63 600 

The self-consistency of these results14 supports the validity of the Langmuir-Hinshelwood model’s 

(equation (2)): BnCl and AmOH are co-adsorbed on “clayzic”, and the former much less than the latter, by a 

factor 580 f 30. This conclusion ties in nicely with the well-known strength of zinc-oxygen bonds and thus 

cormborates the notion of zinc active centers on the “clayzic” catalyst. 

It was not a self-evident conclusion from the start. “Clayzic” catalyzes separate alkylation reactions by 

BnCl and BnOH. That the alcohol also poisons the very catalyst that converts it into alkylated product is a 

somewhat paradoxical but uncontrovertible finding. Such behavior differs from that of other poisoned catalysts. 

The Lindlar catalyst. also very familiar to organic chemists, and consisting of palladium supported on calcium 

carbonate poisoned by lead and by quinoline, works by facilitated product desorption with minimal influence on 

the adsorption of the reactants16 . Here, the “clayzic” catalyst when poisoned with 2-pentanol works by blocking 

adsorption of the benzyl chloride reactant. 

In our earlier papers on molecular recognition by montmorillonite-based catalysts3-6, we were cat&l to 

mfrain from speculation on the origin of the mported effects. We contented ourselves with the phenomenological 

comment that “microscopic robots consisting of smectite clay-based catalysts effect the batch processing of 

chemical@. In particular, we were very careful not to attribute the results to a version of shape selectivity 

consisting of a sieving by the lamellar support. 

The significance of these findings is that substrate selectivity, of such an exquisite tine tuning that it 

discriminates between benzene and toluene, or between toluene and mesitylene, may be due simply to 

chemisorptlon onto an inorganic solid, in the absence of shape selectivity due to diffusion within a mictoporous 

solid. The practical importance is obvious. The implications for the origins of life, of molecular recognition on 

specks of dirt, contaminated with the ubiquitous zinc cation”, and those for biomimeticl7 enzyme models based 

on clays are also worthy of note. 

To sum up the explanation of the inhibition of BnCl by BnOH we return to the descriptive mode: like 2- 

pentanol, the BnOH molecules adsorb onto the catalytic surface preferentially to their BnCl cc~reactant They tie- 

up the Zn(II) catalytic sites. Thus, the BnOH molecules are activated by the Lewis acidic centers while blocking 

access to their BnCl rivals~. 
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