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Abstract. lhe ring opening reaetion of (methylenedioxy)bc!l7cnes I Wilhprl'panethiolatc in DMF
leads to products 2 and:or 3, depending on the nature 01' lhe cleCtron-withdrawing substituent Z.

1i,Mc Prnd,,( rl IIIld .' ,cid, ,~f rlre 'T"cri"" nI (mcrlr.,1cllcdio.\TlhclI
:C/l(·.~ 1 \1 irlr rrnrlllrcrlr¡o!art' ill D.\{ r.

., In addition. comrc1ing Callni71arll ga\'e 311".. yicld of
3,4·(metlwlencdi(l'(\")hcnlOic acid ~ ('ompeling Canni71aro
g;I\e 36'" \iel~' "f 2-hnlnHl-.t.5-(lI1ethylcn~di{l:oty)hen1('ic
acid. 'In a l': I ralin 1hc \ kM (,f Jd w;'l~estimalcd on lhe hasis

of it~ h)'drolysis prodll·:t 3.~.dih)dr(l:otyhcnlOnilrilc. ,1 65"" of
the suhstrate reco\'ered 11l1chan!!ed ''lhe prodllct \\'a~ a mix
lure of 3f (10"") and ~..t-(l11elhylel1edio'(y)bcl1zoic acid
(90"" ). f lhe prodlld was 3.'1-( mClhylenedio:oty)benzoic acid
" <;. 1 • 11)". f'f ,'". ",!><'r"'r r('''f'\'ercd 1I11('h:lnQc(1.
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•• Chem. Abstr. name: 6-bromo-1 J-"enzodio:otole·5-carbo,(3Ide
hvde.

Aryl slllfides can be obtained by the aetion of alkane·
thiolates on aryl bromides l. lhis is a partieularly advan
tageolls proeess for the preparation (lf :U-dimetho,y'
-4-(alkylthin )benzaldehydes. a reaetion whieh is earried out
in DM F (dimcthylformamide) at room temper:lt ure \\ íth
CXl."lIcllt ~dd-. In trying to \Viden the seope of thi~ smo0th
reaction. we rea~oned that other (l- or p-bromobenz
altlehydes might be meful substrates for such a cnnversion.
We were disarrointed to discover that 2-brpl11o--l.5-di·
methoxybenzaldehyde did not reaet with propenethiolate in
DM F even aner 12 h 01' stirring at room temperature. How

ever, the analogous 2-brorno-4 .5-( methylenedio'(~' )benz
aldehyde" (a 1,3-benzodioxole derivative) beha\'ed dilfer
ently. yielding a produet whieh was identified as 2-bronl(l
-4-(propylthio )-5-hydroxybenzaldehyde. A sur\'cy 01' the
Iiterature revealed some examrles 01' ring opening 01' the
I ,3-benzodimcole system by alkoxides' and amincs J. but we
eould not find exarnples 01' this reaetion with alkane- or
arenethiolates.

Example~ 01'dealkylation 01' :.uyl ethers with alkancthiolates
are \\'ell known~. lostead. in ollr case. direet nucJeophilie
attaek on the aromatie ring had taken place. \Ve guessed
that this I1lcehanistic diversion was eaused by the presenee

of the e1eetron-withdrawing -CHO substituent and we.
therefore. eentered our elforts on investigation 01' the

reaetivity 01' 1,3-benzodioxole rings with eleetron-withdraw
ing substituents at position 5. We chose the propanethiolate
anion. generated ill s;11I by treatment 01' propanethiol with
sodium hydride in DMF, as a eommon nucleophile for the
series 01' substrates depieted in Seheme l.
lhe produets generally consisted 01' either 2 or 3. ando in
one case, 01' the rnixture 01' the two. l~prod"cl composi.

tions dep~~ la.qrely oo. the nalWf:. of lbe ':1e~
withdrawing group Z. lhe lable surnmarizes the results.
lhe nltro uCflvatlves la reacted smoothly at room tempera
ture to give the eorresponding hydroxyphenyl sulfide 2a in
quantitative yield. lhe less reaetive aminoearbonyl dcriva-
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tive lh required higher temperature, and formed compound
3h a!\ the sole product of nucleophilic attack at the
methylene carbon of the substrate.
The low yields obtained when substrate I \Vas an aldehyde
were dlle to the competing disproportionation of the sub
strate via Cannizzaro reaction. Sodium hydroxide gener
ated in wet DMF consumed so me 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 n, a low yield (IO~~) of the
corresponding 4-hydroxybenzoate ester 3f \Vas oblained.
We thought at first that hydrolysis by sodium hydroxide
might also be responsible here for the 10\V yíeld of the
expecled products. The corresponding .3 ,4-(methylene
dioxy)benzoic acid was in fact the major product (90?~
yield) isolated from the reaction. However, the yield of 2f
could not be raised, nor \Vas the amount of lhe isolated
benzoic acid reduced by careful drying of the solvent. This
was an índicalion lhat the propanelhiolale aníon ilself \Vas
acling as a demelhylating agenl, in agreement with previollS
reports of esler dealkylations by thiolates". This demethyla
lion could be obvialed by the use of a phenyl ester Ig, but
in this case rapid formation of lhe corresponding S-propyl
thioester was the predominant process.
We also attempled the same reaction \Vith a range of nllcle
ophiles which included iodide, O-elhyl dithiocarbonate
(CHJCH2-O-CS2') and arenethiolales (4-C;IC"H,S - and
4-CH ,C~HJS -). Cónlact of these nucleophiles with sub
slrates la or lb at room temperalure for 8-12 h in DMF did
not form any products. The different behaviOllr of the
arenethiolates, a!\ compared to the successfully employed
PrS- anion is somewhat surprising. A passible exr1an:ltion
lilr the dimlllished reaclivity of the former may be faund in
lhe S:'JAr mechanism poslulaled for lhis conversíon.
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Sclreme 2

Formation of inlermediate 4 ís reversible and its fate is

delermined by the relative leaving-group abililies of the two
nllcleofuges Nu - and ArOCH~O -. \Vhen Nu - is an
arenelhiolate, this cOlllpelilion favours a return of the inter
mediate 4 lo lhe slarting benzodioxole. as an arenelluolate
is a much better nucleofuge than an alkoxide. lhe S!'Ar
process does nol lake place in this case. because lhe
reaclants do not go beyond lhe reversible firsl step.
As might be expected, lhe observed regioselectivity of sub
strate I is dependenl on lhe nature of lhe activating
group Z. The Table lisls the values of the Hamlllett ('1~ con
slanl!; for lhe various subsliluents. A eood correlation is

observed between lhese values and th; product composi
tions. Thus, substrates with strone electron-withdrawinl!
substituents like - N02 or - eHO yield exclusively hydro:
~lIlfide~ 2, bccallse of lhe ~trong aclivalion of the carbon
alol11 rara to group Z. The cyano derivative Id offers an
exal11plc of moderale activalion with the conseqllenl for
malion of a mixlure of lhe l\Vo possible prodllcts 2d and 3d
in an approximalely 1: 1 ratio. Finally, the alllinocarbonyl
grollp is too weakly activaling to make formation of the
corre~pondinl! S'IAr protlnrt Jh :111 iml"nrt:m' n"tl:nm".

Experimental

Melting poinls were ohtnined wilh n Kofler hol-slnge apparatus
and were not correcled. IR speclra were recorded on a
Perkin-Elmer 781 instrumento NMR spectrn were obtained with a
Varian EM 360 apparntus, employing tetramethylsilane as internal
reference.

3.4-(Methylenedioxy)ben7.nldehyde (1h) and 3,4.(methylenedioxy)
acetophenone (le) were purchnsed from Aldrich. lhe following
compounds were prepared by reported proccdures: 3,4-(methylene
dioxy)nilrobenzene (la), m.p. 147'(', lit.' m.p. 147-149°C;
2-bromo-4.5-(methylene(lio~y)benznldehyde (le), m.p. 129'C, 1it.8
mI'. 129'C; 3.4-(melhylcnedio~y)bcn1Onitrile (Id). m.p. 93'C, lit.9

m.p. 94-95' C; melhyl 3.4·(melhy1enedio~y)benznale (H), m.p.
52' C. lil'" m.p. 53' C: 3A-(melhy1enedimy)benzamide Ih, m.p.
16!l'C. lit." m.p. 169'C

P"(/II'I 3.4-I",rlfH"e"edi(,).,·.I¡'(,II~(la/r (I~)

A mhlUre of 3,·I-(methy Icnedio~y)h.·nzoic ncid (2.0 g, 12 mmol)
nnd e~cess Ihionyl chloride (10 mil "as gently refluxed for 1 h. lhe
Solulion was e\'aporated to dry ncss in a rPlnry evaporator and to
the resulting crude acid chloride \\as added 15 mi of an aqueous
solulion of phenol (1.5 g. 1" mmol) and sl,dium hydroxide (0.8 g, 20
mmol). lhe suspension \\as shaken vigorously for 40 min and the
precipilnle fihered and '.\n,hed wilh wnter lo give, af'ler drying.
2.0 g (70'~ yie'd) of Ihe rheny\ esler IR, recrystallized from hexane,
m.p. 66'C. Anal. caled. for C,.lI,,,O.: C69.42, B 4.13; found:
C 69.77, B <122". IR v",••IKRr): '730 (C",O) cm l. '11 NMR
"tCCl.): 6.2 (m. s, OClI~l: 71 (lB. d,] 8 Bz, ArH): 7.4-7.6 (511,
m, :'\rll); 7.9 (111, d, ] 1 Bz. MB): 8.1 (11I, dd,] 8 Hz. J' 1 Hz,
Arll)

Reactimr "r '<1I".'lrrrle.l 1 I\'il" .<"di,,,,, l''Opmre/lJiola/e .. gelleral pro(('
dllr,'

10 a ,Iirred sollllion I'f rrop:111cthiol (0.76 g. 10 mmol) in DMF
(~O mi) was added sodillm h~dride (O..t5 g of a 70°·~ oil saspcllsilln,
13 mmol). Af'ler Ihe e\'olution of H, hnd ceased. subslrale I
(5 mmoll was added and Ihe resllltine ;nhlllre was slirred for 12 h
31 25 - C (for Ihc less reacli\'e substr-ates Id, le and Ih, Ihe lem
rerntllTe was kept at 80' C for 12 h) lhe mixture \Vas Ihen poured
into ice-water 150 mI). ~cidificc! "ith 0.1 ~1 flCI and extractcd \Vilh
dicth)'1 elher (3 x 30 mI) The crlldc rroduclmixture, oblained aner
dr~ing Ihe elher e~trncls wilh anh\'drolls caleium chloride nml
remo\ing the sol\'ent il' n rllla'y e\'arornlor, was Ihen analysed
and purificd hy flash ch'omalogrnrl1\' on silica 60fl (Merck). lhe
follm'ing compollnds w ~re ohtained in his "ay:

:., 1''''1'.1/11,;0).5. lIilr"r'7('1,,1 (2:1l. Thc elllcnl "ns n mixlure of

he~ane!dielhyl-ether (4: 11 ),icld 1.0 g (ORo"); rccrystallized in hep
lane. m.p. 4~'C. r\nal. calec!. for C.,III1NO,S: e 50.70, B 5.16,
N 6.57; found: e 50 In. B 5.37, N 6..17"". IR v",,,(KRr): 3350
(011).1600,151)0.1325 (NO:) cm '. '11 NMR /l(CDCI,): 1.0 (m,
1,] 7 IIz. ClhClf:); I.A (211. sc~tet,] 7 flz, CII~ClbCfI:): 2.8
211. t.] 711z. CH:S); 6!l (111. s, 011) and 7.6-7.9 (m, 111.Arlf).

J.Hnfrr>x.,·-J -Irml'yllfti" '/clI:aldrf, .•yfr (2b). lhe eluenl wns n mix

lure of hexane 'dieth\'I-clher (4: 1). Yield 0,2 g (20'~); m.p.
R4-86'C. Anal. cnlcd for C,,,II,:O~S: C 61.22, 116.12: found:
C61J!l. 116.32°~ IR v."",(KRr): JlIlO(Ofl).1660(C"'Olcm-'.
'H NMR /lICDCJ,): 1.0/)11.1 . .1 7 IIz, CII~CIl:): 1.6 (211. sexlel,
] 7 flz. CH,Clf:CII:): :R (m. 1,.1 7 IIz. Cfl~S): 6.9 (111, s, OH);
73-7.6011, m, Arlll; °.9 (lfI, s. ellO).
A second comrollnd "as also isohled frclf1;Ihe prodllct mixture
and idenlified by its IR spcclrllm as 3.4-methylcnedioxybenzoic
acid (0.32 g. 38'" yieldl. mI'. 22"'C. lit." m.p. 227-228'C.

2-8r",,,,,-4-ll'rol'.11Ifrio).5 ·"ydro\.'",'II-"frir".rt!e (2e). Same elllent as
for 2h. yield OJ4 g (25 o.): m.r nr c. Anal. caled. for
C,,,BIIRrO:S: C ·13.61. 11~.O~: fOllnd: e <13.92, 11 4.09~,~. IR
" ••...lKRr): 3~n(} (010. '''60 (>Ol ('m '. '11 Nt-lR R(CDCI,):
1.0 (3B. l . .f 7 117.. CH,CII~): 1.6 (211, sexlel, ] 71iz,
CII ,ClI:CII:): 2~ (m. t . .f7 117, CILS); 6.(, (111, s. 011); 7.4 (11I,
s. Arfl): 76 (111. s.·\rlll; 10.2 (J 11. s. CIIO).
A second compound (0.·1.1g) "ns nlso isolated from Ihe prodllct
mixture and idenlified as Ihe 2-bron\fl-4,5-( melhylenedioxy )benzoic
acid: m \'l 20"-?l)l'C, I;t'· ni r "u-'o."°r.
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j./{ydroTy-4-(pmpY/fhio)"ell:'lIIifrill' (2d). Chf(,"latC'grarh~ lI~in!! a
mixture of hexane/chloroform (3: 2) as eluent ga\'e a \'isc(luS oil
which was redissolved in a 1M methanolic solution of 110 and 'en
standing at room temperatllre for 2 da)s to emure comrlete
hydrolysis of product 3d. lhe crystals that serarated \\ere filtered
to give. aner drying. 0.32 g (3Jo~ yield) of comround 2d: m.p.:
76-78'C. Anal. calcd. for C."III1NOS: C621S. 11 5.iO. N 725;
found: C 62.50.115.69. N 7JO~~. IR v•••••(KRr): JJ50 (011).2200
(CN) cm - l. 111NMR ~ICDCll): lO (m. t. 1 111z. CH1Cllz): 16
(211, sextet, 17Hz. C"lCHlCIIl): 2.8 (m, t. 17 IIz. CIIIS): 6.8
(111. s. OH): 7.2 (11I, m. ArH): 7.6 (211, m, Arll).
lhe methanolic filtrate \Vas dilllted with dieth~ I ether (70 mI) and
wa~hed with water. lhe ethcr e~tract wa~ dried oYer CaCI, and
cvaporated to give 0.22 g of crllde 3,4-dih} dro.~~benzonitrile i ~300

yield, bascd (ln sllbstrate Id), recr}stallized from water; m.r.
153"C. Iit.'~ m.p. 152'C.

j -fr Prnpy/rhio.'lIIrfl'''Ty/-4 -hydrnxyaaIOphl'II"'11! (~e). PlIrification by
chromatography, using a mixture of he~ane!elher (4: 1) as t:luent
ga\'e 0.53 g (65~~ reco\'ery) of the unreaetcd sllb~trate le. besides
0.40 g (33 \ yield) of compollnd Je: m.p. 40-41' C .-\nal calcd. for
C'lfl'b01S: C60.00. fl6.61: fOllnd: C59.12. "6580,. IR
v"",,(KRr): 3300 (011). I6fíO IC=O) cm l. '11 N'IR '\(CCI,): lO
(m, t, 17 flz, CH1CII1): 1.6 (m. se:(tet, 1 111z. CH1Cf:{lCII,):
2.4 (m, s, CII1CO); 2.8 (211. t. 1 1 IIz. ClI1S): 55 1211. s.
OCHIS); 6.8 (IH. s, 011): 12 (11I. m. Arlfl; 1-1-1.8 (m. m.
ArH).

Mrthy/ .~ofrprnp.r/rhio)lIIrth"\·.r/-4./n·dr"T.'''l'',:oarr (~n The eluent
was a mixture of hcxanc!ethcr I t: 1); yield n IJ g (IO~', 1: m.p
78-80°C. Anal. calcd. for C,:",.OJS: C 56.25. 116.25: fOllnd:
C 56.31, 116.15°~. IR v",,,(KBr) 3350 (Off) and 1675 (C=OI
cm '. '11 NMR i'(CeJ,): 1.0011. t. 1 111z. CH.CIL): 161211.
sextet,1 711z, CII,CH~); 2.!! (211, t. 17117, C",SI: 4.1 (311.5.
OCII,); 5.5 (211. s, OCII15): 6.4 (111. s. 0111: 7.6-1.9 IlfI. m.
Arfl)
lhe major produCl \Vas isolatcd and identified a5 t!le J ..t.
-(mcthy;enedioxy)benzOl(; acid (11.15!l. 900, yield 1: m.r :!2'" C.
lit" m.p. 221-228' C.

S·Propr/ _~.4-rlllrrlrr/rlll!diny.r)"e/l:(lr'rinare. :\fter 2 h al rO"!1l t~m·
perature.lhe reactinn was interrllrted and \\'or"ed !Ir a~ dc<cri"~{!.
Aner elution with hexancíether 12: I ) the bem:"thiC'ate \\ as ¡<"Ia!cd
in the form ofan oil (0.9!1, 800~ yicld). Anal calcd. fnr CIIII,~O,S:
C 58.93,11 5.J6; found' C 58.84.115.510'0' IR v",",(neatl: 1650
(C=O) cm '. '11 NMR ¡¡(CO,): 1.0011. l. 1 111z. QI,CII:): 1.5
(211, sexlet, CII,CLU: 28 (211. t. 1 1 IIz, CII,S); 60 m!. 5.
OCII,O); 6.1 (11I. d. 18117. Arll): 1.3 (11I. d. J 2 tlz. Ar"': 15
(11I, ild, 1 811z and J' 211z. Arff).
A second prodllct (0.12 gl \Vas isol3ted and identified a~

3J·lll1ethylcnedi,,~y )bell7.0ie :teid (15 o~ yield): m.p. 226' C. lit."
mr 227-228'C.

3·flr"'rrfrhio'mrlf,.'n¡'$·Ir.rdmxrf'I'II:(mlidl! 13h). Elulion wilh a
mi~ture of he:(a'le'e!hcr (~.1) g:\\'e. besides lhe starting amide
(/J.25g. JI)"~ f(~«l\ery). comrollnd .1h 10./!4 g. 100~ yield): m.p.
I·lre. Anal. ealed. for C"II"NO,S: C 54.77, 116.22. N 5.81;
found: C 5-189.11 64·1. N 572" •. IR v •• ,,,(KAr): 3340 (011), 3170
(:-JII). 16~0 (Cd)) cm '. '11 Nr.IR 1i[ICD)l:COj 1.0 (311, 1,1
111z. CII1Cl'11: 11 (211. sc~tel. J 1 H7, C1]2CII,); 2.9 (21/, t. 1
7117. SCII:); 5 (. 1211. s. O(II:S): 7.1 (111. m, Arl!): 7.8-7.9 (211.
m. Ar"': !l.!! (111. s. ,\rOl!)

lhi5 \\nrk \\;,5 5urrortcd hy Ihe Brazilian Conselho

Nacional de Pesquisa Cientific;] c Tcenologiea (CNPq).
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