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Abstract.

The ring opening reaction of (methylenedioxy)benzenes 1 with propanethiolate in DMF

leads to products 2 and’or 3, depending on the nature of the clectron-withdrawing substituent Z.

Aryl sulfides can be obtained by the action of alkane-
thiolates on aryl bromides'. This is a particularly advan-
tageous process for the preparation of 2.5-dimethoxy-
-4-(atkylthio)benzaldehydes, a reaction which is carried out
in DMF (dimethylformamide) at room temperature with
excellent yield™. In trying to widen the scope of this smooth
reaction, we rcasoned that other o- or p-bromobenz-
aldehydes might be useful substrates for such a conversion.
We were disappointed to discover that 2-bromo-4.5-di-
methoxybenzaldehyde did not react with propencthiolate in
DMF even after 12 h of stirring at room temperature. How-
ever, the analogous 2-bromo-4.5-(methvlenedioxy)benz-
aldehyde** (a 1,3-benzodioxole derivative) behaved differ-
ently, vielding a product which was identified as 2-bromo-
-4-(propylthio)-5-hydroxybenzaldehyde. A survey of the
literature revealed some examples of ring opening of the
1,3-benzodioxole system by alkoxides® and amines *, but we
could not find examples of this rcaction with alkane- or
arencthiolates.

Examples of dealkylation of aryl ethers with alkancthiolates
are well known®. Instead. in our case, direct nucleophilic
attack on the aromatic ring had taken place. We guessed
that this mechanistic diversion was caused by the presence
of the electron-withdrawing -CHO substituenmt and we,
therefore. centered our efforts on investigation of the
reactivity of 1,3-benzodioxole rings with electron-withdraw-
ing substituents at position 5. We chose the propanethiolate
anion, generated in situe by treatment of propanethiol with
sodium hydride in DMF, as a common nucleophile for the
series of substrates depicted in Scheme 1.

The products generally consisted of either 2 or 3. and, in

one case, of the mixture of the two. The product composic

tions depended largely on .the nature of the clectron-.

withdrawing group Z. The Table summarizes the results.

The mtro vervatives l1a reacted smoothly at room tempera-
ture to give the corresponding hydroxyphenyt sulfide 2a in
quantitative yield. The less reactive aminocarbonyl deriva-

** Chem. Abstr. name: 6-bromo-1,3-benzodioxole-5-carbovalde-
hvde.
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tive 1h required higher temperature, and formed compound
3h as the sole product of nucleophilic attack at the
methylene carbon of the substrate.

The low yields obtained when substrate 1 was an aldehyde
were due to the competing disproportionation of the sub-
strate via Cannizzaro reaction. Sodium hydroxide gener-
ated in wet DMF consumed some of the reacting benz-
aldehyde, as shown by the large amounts of the correspond-
ing benzoic acids isolated from the product mixtures.

In the case of the methyl ester 1f, a low yield (10%) of the
corresponding 4-hydroxybenzoate ester 3f was obtained.
We thought at first that hydrolysis by sodium hydroxide
might also be responsible here for the low yield of the
expected products. The corresponding 3 4-(methylene-
dioxy)benzoic acid was in fact the major product (907,
yield) isolated from the reaction. However, the vield of 2f
could not be raised, nor was the amount of the isolated
benzoic acid reduced by careful drying of the solvent. This
was an indication that the propanethiolate anion itself was
acting as a demethylating agent, in agreement with previous
reports of ester dealkylations by thiolates®. This demethyla-
tion could be obviated by the use of a phenyl ester 1g, but
in this case rapid formation of the corresponding S-propyl
thioester was the predominant process.

We also attempted the same reaction with a range of nucle-
ophiles which included iodide, O-ethyl dithiocarbonate
(CH,CH,-0-CS, ") and arenethiolates (4-CIC,H,S - and
4.-CH,C,H,S 7). Contact of these nucleophiles with sub-
strates 1a or 1b at room temperature for 8-12 h in DMF did
not form any products. The different bchaviour of the
arenethiolates, as compared to the successfully employved
PrS - anion is somewhat surprising. A possible explanation
for the dimmished reactivity of the former may be found in
the S Ar mechanism postulated for this conversion.
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Formation of intermediate 4 is reversible and its fate is

determined by the relative leaving-group abilities of the two.

nucleofuges Nu- and ArOCH,0". When Nu~ is an
arenethiolate, this competition favours a return of the inter-
mediate 4 to the starting benzodioxole. as an arenethiolate
is a much better nucleofuge than an alkoxide. The S Ar
process does not take place in this case., because the
reactants do not go beyond the reversible first step.

As might be expected, the obscrved regioselectivity of sub-
strate 1 is dependent on the nature of the activating
group Z. The Table lists the values of the Hammett o, con-
stants for the various substituents. A good correlation is
observed between these values and the product composi-
tions. Thus, substrates with strong electron-withdrawing
substituents like —~NO, or —CHO yield exclusively hydro-
sulfides 2, because of the strong activation of the carbon
atom para to group Z. The cyano derivative 1d offers an
example of moderate activation with the consequent for-
mation of a mixturc of the two possible products 2d and 3d
in an approximately 1:1 ratio. Finally, the aminocarbonyl
group is too weakly activating to make formation of the
corresponding S, Ar product 3h an impnrtant enteome,

Experimental

Melting points were obtained with a Kofler hot-stage apparatus
and were not corrected. IR spectra were recorded on a
Perkin-Elmer 781 instrument, NMR spectra were obtained with a
Varian EM 360 apparatus, employing tetramethylsilane as internal
reference.

3 4-(Methylenedioxy)benzaldehyde (1h) and 3 4-(methylenedioxy)-
acctophenone (le) were purchased from Aldrich. The following
compounds were preparcd by reported procedures: 3,4-(methylene-
dioxy)nitrobenzene (la), mp. 147°C. lit.” mp. 147-149°C;
2-bromo-4.5-(methylenedioty)benzaldehyde (1c), mp. 129°C, lit.®
m.p. 129°C; 3 3-(methyvlenedioxy)benzonitrile (1d), m.p. 93°C, 1it.®
m.p. 94-95°C; methyl 3.4-(methylenedioxy)benzoate (1f), m.p.
52°C, HL'" mp. 53°C: 3.4-(methvlenedioxy)benzamide 1h, m.p.
1687 C. it." m.p. 169°C.

FPhenyl 3.4-imethylenedionyihenzoate (1g)

A mixture of 3.-(methylenedioxyhenzoic acid (20g, 12 mmol)
and excess thionyl chloride (10 m!) was gently refluxed for 1 h. The
solution was evaporated to dryness in a rotary cvaporator and to
the resulting crude acid chloride was added 15 m! of an aqueous
solution of phenol (1.5 g. 16 mmol) and sodium hydroxide (0.8 g, 20
mmol). The suspension was shaken vigorously for 40 min and the
precipitate filtered and -washed with water to give, after drying,
2.0 2(70°; vield) of the phenyl ester 1g, recrystallized from hexane,
mp. 66°C. Anal. caled. for C,,H,,0,: C69.42, H 4.13; found:
C6977, H4.22°, IR ¥, (KBr): 1730 (C=0) cm~*. '"H NMR
§CCL): 6.2(2H0. s, OCH,): 7.1 (1H, d,J 8 Hz, ArH): 7.4-7.6 (5H,
m, ArH); 79 (1H, d, J | Hz, ArH). 8.1 (1H, dd. J 8 Hz. J' 1 Hz,
ArH).

Reaction of subsirates 1 with sodium propanethiolate; general proce-
dure

To a stirred solution of propancthiol (0.76 g. 10 mmol) in DMF
(20 ml) was added sodium hydride (0.45 g of a 70%, oil suspension,
13 mmol). After the evolution of H, had ceased, substrate 1
(3 mmol) was added and the resulting mixture was stirred for 12 h
at 257C (for the less reactive substrates 1d, fe and th, the tem-
rerature was kept at 80°C for 12 h) The mixture was then poured
into ice-water (50 mi). acidificd with 0.1M HCl and extracted with
dicthyl ether (3 x 30 ml) The crude product mixture, obtained after
dryving the ether extracts with anhvdrous calcium chloride and
removing the solvent in a rotary cvaporator, was then analysed
and purified by flash ch-omatography on silica 60H (Merck). The
following compounds wzre obtained in his way:

2-tPropylthio}-S-nitrophenol (2a). The cluent was a mixture of
hexaneidiethyl-ether (1:1). Yield 1.0 g (98°,); recrystallized in hep-
tane, m.p. 48°C. Anal. caled. for C,H,NO,S: C€50.70, H 5.16,
N6.57, found: C 5092 H537, N6.37° IR ¥ (KBr): 3350
(OH). 1600, 1300, 1225 (NO,)em . "H NMR §(CDCl,): 1.0 (3H,
t.J 7Hz. CH,CH,): 1.6 (2H. sextet, J 7 Hz, CH,CH,CH,): 2.8
2H, . J 7 Hz, CH.S): 6.R (1H. s, OH) and 7.6-7.9 (3H, m. ArH).

3-Hvdroxy-4-ipropyithiot enzaldehyde (2h). The eluent was a mix-
ture of hexane'dicthyl-cther (4:1). Yield 02g (20°%); m.p.
R1-86°C. Anal. caled. for C,11,.0.S: C61.22, H6.12: found:
C61.38 H6.32°, IR v, (KBr): 3400 (OH), 1660 (C=0) cm - .
"H NMR §CDCL): 1.0 (3H, ./ 7 Hz, CH,CH,): 1.6 (2H. sextet,
JTHz, CH,CH.CH,): 28 (2H. 1. 7 Hz. CH,S); 6.9 (111, s, OH);
13-76 (31, m, ArH). 99 (1H, 5. CHO).

A second compound was also isolated from the product mixture
and identified by its IR spectrum as 3.4-methylenedioxybenzoic
acid (0.32 . 3R°, vield). mp. 225°C 1it."* m.p. 227-228°C.

2-Bromo-4-ipropyithio)-5-hydroxyhen-oldehyde (2¢). Same eluent as
for 2h, vield 0.34g (25°,); mp 137°C. Anal caled. for
CioH,BrO.S: C 4264, H 0L found: C 4392, H4.09°% . IR
¥ (KBr): 2400 (OH). 1660 (C-0OYem ' "HNMR §CDC1,):
10 3H, t. J THz, CH.CH,): L6 (2H, sextet, J 7liz,
CH,CH,CH.); 2R (2H. 1, J 7T Hz, CH.8); 6.6 (1H, s, OH); 7.4 (1H,
s Aril) 7.6 (THL s, Arth: 102 (L s CHO).

A second compound (0.11 g) was also isolated from the product
mixture and identified as the 2-bromo-4,5-(methylenedioxy)benzoic
acid: mp. 207-2M°C, B mop 2M-205°C
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3-Hydroxy-4-(propylthio)benzonitrile (2d). Chromatography using a
mixture of hexane/chloroform (3:2) as eluent gave a viscous oil
which was redissolved in a 1M methanolic solution of HCl and left
standing at room temperature for 2days to ensure complete
hydrolysis of product 3d. The crystals that separated were filtered
to give, after drying, 0.32g (33°, yield) of compound 2d: mp.:
76-78°C. Anal. calcd. for C,,H,,NOS: C62.1%, H 5.70, N 7.25;
found: C 62.50, H 5.69, N 7.30%,. IR ¥, (KBr): 3350 (OH). 2200
(CN)em~". "H NMR §CDCl,): 1.0 (3H,t,J 7THz, CH,CH,): 1.6
(2H, sextet, J 7 Hz, CH,CH,CH,): 2.8 (2H, 1. J 7 Hz. CH,S). 6.8
(1H, s, OH); 7.2 (1H, m, ArH); 7.6 2H, m, ArH).

The methanolic filtrate was diluted with diethyl ether (70 ml) and
washed with water. The ether extract was dried over CaCl, and
evaporated to give 0.22 g of crude 3.4-dihs droxsbenzonitrile (23°,
yield, based on substrate Id), recrystallized from water: m.p.
153°C, lit.'s m.p. 152°C.

3-[(Propyithio)methoxy]-4-hydroxyacetophenone (e). Purification by
chromatography, using a mixture of hexane’ether (4:1) as cluent
gave 0.53 g (657, recovery) of the unreacted substrate le. besides
0.40 g (337, vield) of compound 3e; m.p. 40-42°C. Anal. calcd. for
C,.H,,0.S: C6000, HE67, found: C359.72, H6.5R",. IR
¥, (KBr): 3300 (OH), 1660 (C=0) em ' "H NMR §CCl,): 1.0
(3H.t,J 7T Hz, CH,CH,); 1.6 (2H. sextet, J 7 Hz. CH,CH,CH. )
24 (3H, s, CH,CO); 28 (2H, t. J THz. CH.S) 5.5 (2H. s.
OCH,S); 6.8 (1H,. s, OH); 7.2 (1H, m, ArH), 73-78 2H. m,
ArH).

Methvl 3-[(propyithiolmethoxy[-4-hydroxybhenzoate (3f) The eluent
was a mixture of hexanc/ether (2:1); vield 0.1xg (10°,) mp.
78-80°C. Anal. caled. for C,.H,,0,S: C 3625, H6.25: found:
C 5637, H6.15%,. IR ¥, (KBr). 1330 (OH) and 1675 (C=0)
cm ' 'HNMR S(CCH): 1O (AH t, J 7THz, CH,CH,): 1.6 (21,
sextet, J 7 Hz, CH,CH,); 2.8 21, v, J 7 Hz, CH.S): 4.1 (2H. s,
OCH,); 5.5 (2H, s, OCH,S): 6.4 (1H, s, OH). 76-79 (OH. m,
ArH).

The major product was isolated and identified as the 2.1-
-(methyienedioxy ybenzow acid (1.75 g, 90°, vield) mp. 226°C,
' mp. 227-228°C.

S-Propyl 3. 4-imethylenedinxy)benzothicate. After 2 h at ronm tem-
perature, the reaction was interrupted and worked up as described.
After elution with hexane/ether (2:1) the benzethicate was isolated
in the form of an o0il (0.9 g, 80°, yield). Anal. caled. for C, H,,0,S:
C 5893, H5.36; found: C 5884, H5.51%. IR ¥ (neat) 1650
(C=0)em " "HNMR &CCl): 1.0(3H. t.J 7 Hz. CH,CH.); 1.5
(24, sextet, CH,CH.): 2.8 (2H, t. J 7 Hz, CH.S); 60 (2H. s,
OCH,0); 6.7 (1H, d. J 8 Hz, ArH); 73 (1H, d.J 2 Hz, ArH): 7.8
(1H, dd, J 8 Hz and J* 2 Hz. ArH).

A second product (0.12g) was isolated and identified as

L dtmethylenedinxy benzoic acid (15%, yield); m.p. 226°C, lit."”
mp. 227-228°C.

3-[iPropylthio methoxy]-4-hydroxvhenzamide (3h). Elution with a
mixture of hexane'ether (4:1) gave, besides the starting amide
(N.25 g, 30°, recovery), compound 3h (0.84 g, 70°, yield); m.p.
1447°C. Anal. caled. for C,\H,(NO,S: C54.77, H622, N58I;
found: C 5489 H 644, N S72° IR ¥, (KBr): 3340 (OH), 3170
(NH), 1620 (C-0) cm ' "H NMR §{(CD,),CO] 1.0 (3H, t, J
7THz, CH,CH,). 1.7 (2H, sextet, J T Hz, CH,CH,); 29 (2H,t,J
THz, SCH.): S6 (21, 5, OCHLS): 7.1 (1H, m. Arl1); 7.8-7.9 (2H,
m. ArHY: 28 (1H. s, ArOF).
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