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The reaction of n-b&&lithium with 1,3-benzodioxole, 1,3-benzoxathiole, 
and their 2,2dimethyl derivatives has been investigated. Except with .1,3- 
benzoxathiole there is competition between metalation and cleavage of the 
ether bond. Metalation occurs ortho to the oxygen, while cleavage gives sub- 
stitution, elimination and reduction products. 

Introduction 

We previously showed that metal&ion of alkoxyalkylthiobenzenes takes 
place ortho to the alkoxyl group [2]. With 1-methoxy-2-(methylthio)benzene, 
however, side-chain metalation occurs 121. 

We have now studied the reaction between n-butyllithium and 1,3-benzo- 
dioxole and 1,3-benzoxathiole derivatives in order to extend our previous 
studies on these compounds [3,4] and to throw light on conflicting reports in 
the literature [5,6]; thus while Gensler and Stouffer report that metalation of 
l,$benzodioxole is impossible because of the cleavage of both of the ether 
bonds with formation of 1,2dihydroxybenzene [5], Ranade et al. report 5- 
substituted .1,3:benzodioxoles readily undergo metalation o&ho to the oxygen 
atom [6]_ 

Resiilts a&d discussion 

Treatment of i,3-benzodioxole (I) with n-butyllithium (Scheme 1) gives, 
after carbonation, a mixture of 1,3-benzodioxole&carboxylic acid (V), 1,2-d& 

*ForPartxIsern&1. 
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hydroxybenzene (VII) and n-nonane (VIII) (VII and VIII being in equimolar 
amounts). 

SCHEME 1 

$OOH 

(I) 
CJZIII) 

(9) WI 

n-BuLi 
o,c,Me + m + n-f%CHMe:! + 

(Ix) 
(II) (PI) 

2 + n-PrCH=CMe2 

Similar results were obtained with 2,2dimethyl-1,3-benzodioxole (II): 2,2- 
dimethyl-l,3-benzodioxole-4-carboxylic acid (VI) is the main product, along 
with smaller amounts of VII and an equimolar amount of a mixture of 2- 
methylhexane (LX), 2-methyl-I-hexene (X) ,2-methyl-2-hexene (XI). 

The simultaneous occurrence of addition and cleavage products is under- 
standable since n-butyllithium can behave either as a Lewis acid [7] or as a 
metalating agent [ 2,8]. In the former case the ether bonds of the benzodioxole 
ring are attacked with formation of VII and hydrocarbons 131, while in the 
IaEer the aromatic ring is metaIated_ The products confirm that metalation 
My occurs at positions orfho to electron-withdrawing groupS [8,9]. The be- 
haviour of the organolithium reagent as a nucleophile, base, or hydride ion donor, 
accounts for the formation of hydrocarbons, as already noted for organomagne- 
sium. compounds [ 3J. 

Metalation of 2,2dimethyl-1,3-benzoxathiole (IV) (Scheme 2) gave after car- 
bonation two -fractions; only 2,2dimethyl-1,3-benzoxathiole-7carboxyhc acid 
(m) was detected in the first fraction, while in the second 2+.opropylthio- 
phenol (XV) and 2Gsopropylidenethiophenol (XVI) were identified among 
several phenolic products. 

LMetaIation of 1,3-benzoxathiole (III) (Scheme 2) gave 1,3-benzoxathiole-2- 
carboxylic acid (XII) and 1,2-bis[(o-hydroxyphenyl)t]ethylene (XIV)_ The 
absence of products of carboxylation at the ring positions can be explained by 
assuming (Scheme 3) that-the frrst step is the metalation of the meth$Iene car- 
bon of III. The lithium salt can than either react. with &bon dioxide or under- 
go conversion into “-4” and dimerization of “A” then gives the alkene XIV [lo]. 
The metalation at the methylene position of compound III is consistent-with 
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s’ * -a “\ ,,? i-i+ co, fJ,CHiOOH 

dLi+ 

S--CH 

“A” 

results from reaction 
I21. 

of n-butyllit’hium with l-methoxy-%(methylthio)benzene 

The acid V is a well-characterized compound 1111, and the structures of VI, 
XII, XIII and XIV have been determined from elemental analysis, spectroscopic 
data and by transforming them in known compounds (Scheme 4). Hydrolysis 
of VI gives 2,3_dihydroxybenzoic acid (XVII). Hydrolysis of XII gives Z-hydroxy- 
thiophenol (XVIII) and glyoxylic acid (XIX), while hydrogenolysis with Raney 
nickel 1121 followed by treatment with diazomethane gives anisole (XX) and 
phenoxyacetic acid methyl ester (XXI). XII was also obtained by reaction of 
X%III with dichloroacetic acid. Nydrogenolysis of XIII and subsequent treat- 
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me& with diazomethane, leads to 2tiethoxybenzoic acid methyl es%er (XXII) 
a;ld 2isopropoxybenzoiti acid methyl e&e% (XXIII), Catalytic hydrogenation df 
XIV gives 1,2-bis[(o-hydroxyphenyl)thiolethane (XXIV). 
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Solutjons of n-butyllithium in hexane yere obtained from EGA-Chemie. All 
met&&ions were carried under dry, oxygen-free nitrogen f13]. Melting points 
were determined on a Tottoli apparatus and are uncorrected. Infrared spectra 
were recorded on a Perkin-Elmer Model 325 spectrophotometer using potas- 
sium bromjde mulls. NMR spectra were recorded in deuteriochloroform on a 
JEOL C-60 HL spectrometer with hexamethyldisiloxane as internal standard. 
Mass spectra were measured with an Hitachi-Perkin-Elmer RMIJ-6D spectrom- 
eter at 70 eV. GLC analyses were performed with a Perkin-Elmer Model 881 
gas-chromatograph, equipped with a flame ionization detector and a polyethp- 
lene glycol20 M column, with N2 as the carrier gas. Microanalysis for C and H 
were czried out on a Perk-Elmer Model 240 Elemental Andyzer; analyses 
for S were by a published procedure 114,151. 

Starting ma teriak 
1,3Renzodioxole (I), 2,2-dimethyl-1,3-benzodioxole (II), 1,3-benzoxathiole 

(III) and 2.2-dimethyl-1,3-benzoxathiole (IV), were prepared by published 
methods [i6-191. 

. 

Authentic ,%mpks 
1,3-Benzodioxole-4-carboxylic acid (V), 2-isopropylthiophenol (XV), 2-iso- 

propylidenethiophenol (XVI), 2-hydroxythiophenol (XVIII), phenox yacetic 
acid methyl ester (XXI), 2-isopropoxybenzoic acid methyl ester (XXIII) and 
1,2-bis[(o-hydroxyphenyl)thio]ethane (-XXIV) were prepared by published 
methods [3,11,19-22].1,2Dihydroxybenzene (VII), n-nonane (VIII), 2- 
methyhiexane (IX), 2-methyl-1-hexene (X), 2-methyl-2-hexene (XI), 2,3-di- 
hydroxybenzoic acid (XVII), glyoxyhc acid (XIX), anisole (LXX) and 2-methoxy 
benzoic acid methyl ester (XXII) were commercial products (EGA-Chemie). 

1,3-Benzoxathiole-2-cclrboxylic acid (XII) 
-4 solution of XVIII (80 mmol) and sodium hydroxide (200 mmol) in water 

(40 ml) was added dropwise with stirring to dichloroacetic acid (100 mmol). 
The mixture was heated for 10 h at ‘70-SO”C, cooled, poured into water, and 
acidified with 10% hydrochloric.acid. After extraction with chloroform, the 
chloroform solution was dried (Na$OJ and the solvent evaporated under re- 
duced pressure. The crude pioduct was chromatographed on a silica gel column, 
using benzene/acetone (3/l) as eluent. Evaporation of the solvent gave compound 
XII; yield 25%, m.p. 119’C. (Found: C, 51.51; 3,3.31; S, 17.43. C&&0$ 
calcd:: C, 52-74; H, 3.32; §,17.60%_) ‘H NMR: 6 7.15 (m, 4H arom and 1H 
-CIJCOOI-I) and 6.50 ppm (s, lH, COOH, D,O exchanged). IR: 3400 (OH), 
1710 cm-’ (C=O). 

Metalation of 1,3-benzodioxoie (I). 
A solution of I (32.mmol) in dry diet&y1 ether (50 ml) was treated dropwise 

at -1do C with l-6 M n-bul&lithium in hexane (35 mmol, 22 ml). When the ad- 
dition was complete, the mixture was stirred under refhrx for one hour. After 
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cooling, it was added to crushed solid carbon dioxide, and after 24 h the residue 
was treated successively with 10% aqueous sodium bicarbonate and diethyl 
ether. The alkali layer was separated, washed with diethyl ether, acidified with 
coled concentrated hydrochloric acid, and extracted with chloroform. The com- 
bined extracts were dried over sodium sulphate, filtered, and concentrated in 
vacua. The crude product was crystallized from ethanol, and identified as V by 
comparison (TLC, IR data and m-p.) with an authentic tiple. Yield 41%; m.p. 
230-233” C. 

The ether phase was extracted with 10% aqueous sodium hydroxide, washed 
with water; dried (Na$O,) and evaporated. The residue was identified as VIH 
by comparison (GLC) with an authentic sample; yield 45%. The sodium hydrox- 
ide layer was treated with 10% hydrochloric acid, extracted with diethyl ether 
and-dried with sodium sulphate. After removal of the solvent under reduced 
pressure, the residue was identified as VII by comparison with an authentic sam- 
ple. VII and VIII were obtained in equimolar amounts. The remaining compo- 
nent was the starting material. 

Metalation of 2,2-dimethyl-l.&benzodioxole (II) 
A solution of II (32 mmol) in dry diethyl ether (50 ml) was treated dropwise 

at room temperature with n-butyllithium in hexane (35 mmol, 22 ml). The mix- 
ture was stirred under reflux for one hour and then worked up as described 
above. 

From the bicarbonate phase the acid VI was obtained in 36% yield and was 
crystaEzed from ethanol, m.p. 158-159’C. (Found: C, 61.67; H, 5.14. 
Cl&O04 c&d.: C, 61.85; H, 5.19%). ‘H NMR: 6 11.5 (g%lH, CGOH, D20 ex- 
changed), 7.10 (m, 3H arom) and 1.70 ppm (s, 6H, Me-C-Me). IR: 3100 (OH), 
1690 (C=O), 740 cm-’ (1,2,3_trisubstituted benzene). From the ether phase a 
mixture of hydrocarbons was obtained, and these were identified by GLC as 
IX, X and XI, respectively, by comparison with authentic samples. 

From the sodium hydroxide phase, VII was obtained in 31% yield. The com- 
bined yield of hydrocarbons IX, X and XI obtained was equal in molar te_ims 
to that of VII. The remaining component was unchanged stsrting material. 

Hydrolysis of Vi- 
A mixture of VI (10 mmol) and concentrated sulphuric acid (5 ml) was 

heated on a steam bath for 15 minutes and then poured into ice water. The 
precipitate was dried and identified as XVII; yield 90%, m.p. 21+216”C, 
undepressed on admixture with an authentic (commercial) sample. 

Netalation of 1,3-benzoxathiole (III) 
A solution of III (36 mmol) in dry diethyl ether (60 ml) was treated wi’h n- 

butyllithium in hexane (39 mmol, 25 ml). The mixture was stirred at room 
temperature for 2 h and then added to crushed solid carbon dioxide. After 24 
h the residue was diluted with diethyl ether and extracted with 10% aqueous 
sodium bicarbonate. The alkali layer was separated, washed with diethyl ether, 
acidified with cold concentrated hydrochloric acid and extracted with chloro- 
form. After drying with sodium sulphate, the solvent was evaporated in vacua 
and the crude product was crystallized from ethanol and identified as XII by 
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‘comparison with an authentic sample. Yield 28%; m.p. 118-120°C. 
The diethyl ether solution was extracted with 10% aqueous sodium hydroxide. 

The basic extract was treated with 10% sulphuric acid and extracted with di- 
ethyl ether, and the extract was dried over sodium sulphate. After solvent eva- 
poration, the product was identified as 1,2-bis[(o-hydroxyphenyl)thio]ethylene 
(XIV). Yield 20%; crystallized from ethanol, m.p. 133-135°C. (Found: C, 
60.50; H, 4.45; S, 23.01. C14H1201-S2 c&d.: C, 60.84; H, 4.38; S, 23.20%). ‘H 
NMR: 3 7.10 (m, 8 H arom), 6.10 (s, 2 H, OH, D20 exchanged) and 5.70 ppm 
(s, 2 H, CE=CHJ_ IR: 3410 (OH), 1675 cm-’ (>C=c<). Mass spectrum: m/e 
276 (M)+, 166,151,137,126,121. The remaining material was unchanged III. 

Hydrolysis of XI-I 
A mixture of XII (10 mmol), dimethyl sulfoxide (50 ml) and concentrated 

hydrochloric acid (12 ml) was gently refluxed for 30 minutes. After cooling, 
the solution was poured into water and extracted with diethyl ether. The ether- 
eal layer was dried (Na,SO,) and evaporated to give pure XVIII in almost quan- 
titative yield. 

The aqueous phase was distilled in vacua to give a viscous oil, which crystal- 
lized on standing, and was identified as*glyoxylic acid (XIX), yield 85%; 2,4- 
dinitrophenylhyclrazone, m-p. 190-191°C (dec.) [lit. [23]: m-p. 190°C (dec.)]. 

Action of Raney- nickel catalyst on XII 
A solution of XII (10 mmol) in 95% ethanol (10 ml) was refluxed for 2 h 

with 2 g of Raneynickel[12].Th emixturewasfilteredandevaporated.The 

residue was diluted with diethyl ether and treated with diazomethane. The 
GLC analysis showed two peaks with the same retention time as XX and XXI, 
respectively. 

Hydrogenation of XIV - 
Compound XIV (5 mmol) in 95% ethanol (10 ml) was hydrogenated at 

atmospheric pressure over 5% palladium/carbon as catalyst. After filtration, 
the ethanol was evaporated in vacua and the residue was identified as XXIV 
by comparison (IR and NMR) with an authentic sample. Yield 90%, m-p. 
106-107” C. 

Metalation of 2,2-dimethyl-l,3-berzoxathiole (IV) 
A solution of IV (32 mmol) in dry diethyl ether (50 ml) was treated drop- 

wise at room temperature with n-butyllithium in hexane (35 mmol, 22 ml). The 
mixture was worked up as described for I. 

From the bicarbonate solution the acid XIII was obtained in 38% yield and 
was crystallized from ethanol; m.p. 138-140°C. (Found: C, 56.95; H, 4.65; S, 
15.03. C,&I,,O,S calcd.: C, 57.12; H, 4.79; S, 15.25%). ‘H mR: 6 13.55 (s, 
1 H,,C/OOH, D20 exchanged), 7.40 (m, 3 H arom) and 2.00 ppm (s, 6 H, - 
Me-C-Me). IR: 3100 (OH), 1700 (C=O), 760 cm-’ (1,2,3_trisubstituted ben- 
zene) . 

The GLC analysis of the mixture from the sodium hydroxide phase showed 
several peaks, from which those of XV and XVI were identified. Starting mater- 
ial was recovered from the ether phase. 
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A&ion of Raney nickel catalyst on XXII 
A solution of -(ILO mmol),-95% ethanul (IO ml) and R&ney nickel cata- 

lyst (2 g) was worked up as described above. GLC analysis of the products 
showed two peaks with the same retention times as XXII and XXIII. 
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