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Abstract: O&o acylation of anilinsr by nitries in ths pus- of Ml, and a second Lewis scid appear to pvceed through an 
hltamtedia te ‘s upercomplax’ incl&ng all t&r romponanta. EWdim~vements wem o&t&md based on acognition thst chtorids 
sffinit of ths second Lewis acid ~vems sufwrcom~~Jex formation. Aniline protonution was found to be the cause of incomplete 
reaction. 

O&o-acylated aniline derivatives 7, Scheme 1, ate versatile intermediates for many heteroaromatic 

compounds.’ Generally, Friedel-Crafts reactions involving anilines suffer due to their complexation with Lewis acids. 

Acylation typically occurs at the aniline nitrogen, but Sugasawa has reported* that BCI, in particular is capable of 

leading to o&o C-acylation, when AICI, is also used ss an auxiliary Lewis acid. It was propossd2D that boron bridging 

led to exclusive or&ho acylation, but a detailed mechanism was not conclusively elucidated. Using in situ NMR 

spectroscopy,5 we observe pathway intermediates and have determined the role of auxiliary Lewis acids. 

The reaction of p-toluidine (lo) and p-bromobenzonitrile (3aI in the presence of BCI, and AIC13 was followed 

using in situ ‘% NMR spectroscopy. A ‘supercomplex’ (Sa, Chart 11 was observed which required all four reactants 

for formation. Its concentration relative to binary complexes 2a and 4a diminished on dilution, indicating an 

equilibrium. As product precursor 6a formed, Sa receded, behaving as an intermediate. The “8 signal from 6a was 

identified as a relatively sharp line at 1.3 ppm. corroborating the tetrahedral, nearly symmetric environment for boron 

depicted in Chart 1 .4 The *‘AI chemical shift was identical to that reported6 for AICI,-. In contrast to Sugasawa’s 

proposal,2b the aniline nitrogen remains protonated when 6 is derived from primary or secondary anilines, based on spin 

splittings.6 especially between ‘H and lsN. Other supercomplexes involving variations in aniline, nitrile or auxiliary 

Lewis acid were also characterized (Chart l), and tertiary aniline examples gave supercomplexes fully analogous 

spectroscopically to intermediates B. These blocked ‘intermediates” did not acylate, suggesting that supercomplex 

deprotonation must precede C-acylation of primsry or secondary anilines (Scheme 1). Ultimately, optimizationa using 

AIC& gave 7a in 80% yield. 

SCHEME 1 

BQ3 FWN (3) 
-x NHR*BCI:, - 

MCI, 
2 + R’CN*MCl, _ 

la X=Me, R=H 
lb X=Cl, R=H 

4a R’=p-BrPh 
4b R’=Cl(CH~3 
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In the AK&-moderated ecylation of p-chloroaniline (lb) by 4-chlorobutyronitrils (3bL. yields were initially 
disappointing in spite of attempts to develop the reaction. It seemed that the equilibrium lending to eupercomplexee 
6 had to be shifted, and that chloride transfer from boron might be critical. Variation of the auxiliary Lewis acid indeed 

indicated that ite chloride affinity* was a key factor. Forp-chloroaniline (lb). the level of the 4-chlorobutyronitrile (3b) 
supercomplex, relative to 1: 1 SC!, complex 2b. was rystematiorlly increased for the eerier Sb-tib”. The level of lib 
was somewhat lees that that of 2b for AI&, while GeCI, shifted the 6b’:2b’ retio to about 1O:l and SbCI, gave 
6b”:2b > 20: 1. Gallium ohloride furthermore markedly increased the yiald’0 of 2-l4-chlorobu*/ryl)-4-chloroaniline, 7b, 

from 45 to 72% (Table 1). Milder conditions than with AICle were possible, as indicated by results for cyclopropene 

carbonitrile and 1 b. With GaCI,, yield improvement for aniline itself was moderate, but aoylations of p-toluidine were 

almost unaffected. Table 2 summarizes trials using several auxiliary Lewis acids of high chloride affinity;e GaCI, 

performed best in our hands. ” The antimony chloride performed poorh/: decomposition was evident in preparations 
of Sb” even at room temperature. Silver triflete was not effective for chloride abstraction in this reaction (Table 2). 

x \-, NJs*.3Cl, -o- R%N (3) 
___I) 

MC& 
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TABLE 1 
ACYLATlON YIELD’O COMPARISONS USING ALUMINUM vs GALLIUM CHLORIDES 

a. 1520% cyclopropyl ring opening 
b. 4% cyclopropyl ring opening 

TABLE 2 

CONDITIONS AND YIELDS (FROM NlTRlLE 3bl FOR SEVERAL AUXILIARY LEWIS AClDb 

a. All trials used 1.1 mol BCI,, 1.2 mol aux. Lewis acid, 1 .O mol 3b and 1.5 mol lb; 
solvente: c - chlorobensene, t - toluene 

Protonated anilines were evident in ‘eC NMR spectra of unheated reaction mixtures, and their concentrations 

typically grew as reactions were heated. Unless an overcharge of aniline was used, reactions stopped with 
considerable unreacted anilinium salt present. ‘r We found no more than minor amounts of trichloroborezinee blamed 
bY Sugaeewa for primary aniline reaction incompleteness,2k’3 and there was no evidence of primary or secondary 

enilinodichloroboranee acting as intermediates. 
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In summary, selection of an auxiliary Lewis acid based on its affinity for chloride ion enhances performance 

of the Sugasawa raaction,* particularly for electron-poor aniline derivatives. The structure of a comptax involving all 

four reactants has bean characterisad using in situ. multinuclear NMR spectroscopy. The proposed suparcomplax 
adequately accounts for the selectivity (and success) of the acylation vis daprotonation and then cyclizstion at the 
aniline o&o position. Finally. reaction incompleteness is seen as due to buildup of protonated anilinas rsthar than 

formation of chloroborazinas.zb*‘9 
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