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ABSTRACT - A one-pot synthesis of isoxindigos & is described via - 
o-specific alkylation of dichloroaluminum pheaolates t with 

trichloroacetaidehyde and subsequent basic aXumiaa-promoted Chermal 

conversion of Z-(2,2,2-Crichloro-I-hydroxyethyl)phenol intermediates 3. 

Pew years ago, we reported a high-yield and 

mild procedure for direct o-specific 

trichloro-hydroxyethylatioa of phenols with 

trichloroacetaldehyde (chloral) using aluminum 

trichloride at room temperature. 1 During the 

course of that study, production of an orange 

compound wss observed as a minor component of 

the reaction mixture from P-tert-butylphenol 

and chforal, to which (I$)-B,3’Ibibenso- 

furanyiidene-7,7’-di-tert-butyl-2,2’-dione 

(7,7’-di-Cert-botylisoxindigo) structure f4b) 

was assigned on the basis of X-ray crystal 

structure analysis. 2 

A recant paper dealing with the oxidative 

conversion of benzofuranylidenones into 

isoxindigoa 3 prompted us to reinveseigate the 

reaction of phenol with chloral in order tu 

develop a NCY viable entry into these 

relatively unexplored heterocyclas. 4 We now 

wish to report the realization of this 

synthesis. 

fn the first study, 2-f2,2,2-trichloro- 

l-hydroxyethylj-6-tert-butylphenol 13bf, 

obtained in 98X yield by eluminum 

trichloride-promoted reaction of potassium 

2-tert-burylphenoxide (lb) in toluane with 

anhydrous chloral at room temperature, 1 
was 

refluxed in aprotic non polar solvents in the 

presence of basic alumina as 8 hydrochloric 

acid scavenger with the results shown in Table 

1. Good yields fg6Xf of the corresponding 

isoxindigo derivative 4b bum 

Table f. coaditiolrs 

try Solvent 

H&l 

scavanger 

3b 

oc- yittdX 

1 decalia A1203-basic 

masityl- 

ene A1203-bauic 

of she data in Tsbla 1 reveals 

that among Ceeted aonpalrr compounds oaly 

non-aromatic ones are the solvent of choice 

since carbinof. 3b easily incorporate aromatic 

sofventr at high temperature giving variable 

yields of adducts with a aot-veil defised 

Compositioo. P 

’ The structure of 2-oxo-3-mesityl-7-tert- 

butyl-2,3-dihydrobenxofuran was tentatively 

assigned Co the major compound obCai.ned by 

refluxing 3L ia mesitylene in the presence of 

basic aluaiaa. 
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Our success in the conversion of 3b into flasfr, and refluxing of the mixture then allow 

iaoxindigo 4b with a simple thermal operation to conversion of 3 into isoxindigos 4 which 

led to a second study in which the synthesis can often be at least partially separated by 

of compounds 4 was accomplished in a one-pot crystallization from an ethanol/toluene 

operation directly without isolation of mixture. 

carbinol intermediates. The sequence so far described is given in 

The method consists of reacting preformed the Scheme. 

toluene sospension of phenoxydichloroal~minum Preparative data of synthesized 

2, obtained in situ from potassium phenolate 1 isoxindigos 48-f are collected in Table 2. 

and aluminum trichloride, with chloral at room The structure of compounds 4r-f were 

temperature, giving the carbinol 3. confirmed by analytical and spectral data 

Substitution of toluene with decalin, addition (Table 3f, namely an intense band at about 

of an excess of basic alumina into the same 1770 cm -l (typ. rcal for lactone structure) in 

R1 

OK 
A1C13/toluene 

OAlCl 
2 CC13-CHrl 

-KC1 

1 2 

Al203/decalin; reflux 

- 3HCI 

Table 2. Isoxindigos 4a-f prepared 

camp RZ 
ound 

!!z x 

4b C(CH3)3 

& Wp3)3 

ca CH3 

4e 
CH3 - 

Y ielda la.p. Found (2) (Required) Molecular 
(XI (“0 C H formula weight 

25 282-283b 72.61 3.09 C16H804 264.2 
(72.731 (3.05) 

58 188-189 76.49 6.56 376.4 
(76.57) (6.43) 

‘24R24’4 

60 247-248’ 77.31 6.89 
(77.20) (6.98) 

C26H2804 404.5 

42 213-214 77.27 7.04 404.5 
(77.20) (6.98) 

C26H2804 

36 ’ 244-245 73.81 4.26 
C18H1204 

292.3 
(73.96) (4.14) 

“r CHw3)2 H 38 218-219 75.99 5.81 C22H2004 
348.4 

(75.84) (5.79) 

a Isolated yield, based on starting phenol. b Lit. 
4C 

, m.p. 283O, ’ Lit 
3 . , map. 250-251”. 
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the IR spectra and an absorption band at about 

420 nm (x-*transition) in the WV rpectra, 

common to all iaoxindigoa. 
3 

Furthermore, the 
1 

H NEB spectra reveal a characteristic signal 

around 9 ppm due to hydrogen-bonded H-4 and 

~-4’ (doublet, 511.2 Hz or doublet of doubletr, 

J-8.0 and 1.2 Hz). As previously reported,2 the 

structure of 4b as been also ascertained by 

X-ray analysia. 

In comparison with the few existing routes 

to isoxindigos, the present procedure hao the 

advantage that compounds 4 are obtained in 

one-pot react ion, without isolating reaction 

intermediates. However, aa far ar the reaction 

yield is concerned, a marked dependence of 

yield upon the structure of the phenolic 

substrate was observed, the bulky substituted 

phenols being more efficient than leas hindered 

onea. 

1n conclusion, the compounds described in 

this paper are now readily available and other 

symmetrical iroxindigos should be accessible 

from the appropriate phenols using the 

described methodology. 

All chemicals were reagent grade and were ured 

without further purification. Melting points 

were obtained on a Biichi melting-point 

apparatus and are uncorrected. IR spectra were 

recorded on a Perkin-Elmer 298 

spectrophotometer in KBr pellets. UV spectra 

for solutions in dichloromethane were measured 

on a Jaaco WIDEC 505 spectrophotometer. +i NnB 

spectra were determined on a Varian EM-360 

spectrometer, and the values are given on the 6 

scale in ppm. Ftaae spectra were obtained on a 

Variaa MAT CH-5 spectrometer using direct 

insertion probe (70 eV). Microanalyaes were 

carried out by Istituto di Chimica Farmaceutica 

dell’lhiiversita’ di Parma, Italy. 

(E)-[3,3gBibenzofuranylidene-7,7’-di- 

tert-butyl-2,2’-dione (3b).*Typical Procedure. 

To an equimolar mixture of 2-tert: 

butylphenol and potassium P-tert -butyl- 

phenoxide [prepared in situ from 2-g 

-butylphenol (15.0 g, 100 mmol) and 

potassium pellet8 (1.95 g, 50 mmol)] in 

anhydrous toluene (400 ml) aluminum trichloride 

(6.6 g, 50 mmol) was added. The rlurry was 

heated under reflux with stirring for 10 min, 

while a stream of dry nitrogen wae parring. The 

resulting mixture vaa cooled to room 

temperature and a solution of anhydroua 

trichloroacetaldehyde (14.8 g, 100 mm011 in 

toluene (100 ml), was added dropwire over a 

period of ca. 15 min, then the mixture waa - 

allowed to stand overnight. After complete 

removal of toluene, decalin (400 al) was added 

and baeic alumina (25 g) was put into the 

flask. The mixture waa heated under reflux with 

stirring for 2 hr then quenched with 10% 

hydrochloric acid. After reparation of alumina 

and extraction with three 50 ml portions of 

dichloromethane, the solvent vaa removed by 

heating in vacua and the residual oil 

chromatographed on silica gel (Merck) using 

herane/ethyl acetate (9:l v/v) to give 10.92 g 

(58%) of 4b aa orange needles, m.p. 184-187’. 

Recrystallization from toluene/ethanol raised 

the melting point to 188-189’. 

All other isoxindigor lirted in Table 2 

were prepared in a similar way. Significant 

rpectrorcopic data are reported in Table 3. 

Alumina-promoted Conversion of 3) into 4) 

(Expt 1 in Table 1). 

A solution of 3b (2.98 g, 10 mmol) in 

decalin (40 ml) was refluxed in the prerence of 

basic alumina (5 g) for 2 hr. A workup aa above 

gave 1.62 g (86%) of 4,; orange needler from 

toluenejethanol, m.p. 188-189’. 
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