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ABSTRACT

Benzodioxane represents a series of synthetic and natural compounds of
considerable medicinal importance. Compounds containing dioxane ring
systems exhibited different biological activities such as antihepatotoxic,
a-adrenergic blocking agent, neuroleptic, anti-inflammatory, hypolipidemic
and D, antagonist/5-HT,, partial agonist activity. The literature concern-
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ing chemistry of benzodioxanes chemistry is scattered and has not been
reviewed so far. The present article coversthe various methods of prepar-
ing 1, 3-and 1, 4-benzodioxane ring system, different chemical reactions,

and their different biological activities.
© 2008 Trade Science Inc. -INDIA

INTRODUCTION

Benzodioxane represent aseries of synthetic and
natural compounds of cons derable medicina impor-
tanceand theliterature concerning benzodioxane chem-
istry hasbeen seldom reviewed. Thisarticle coversthe
various methods of preparing 1, 3-and 1, 4-benzodio
xanering system and which haveresulted in the avail-
ability of many substituted benzodioxane and conse-
quently have been instrumental inthe advancement of
benzodioxaneschemistry. Thereview dsoincludesthe
reactions of the benzodioxanes, which have been de-
veloped in the past; some of them have been appliedin
the synthesisof biologically active compounds.

A framework of benzodioxane hasbeenfoundin
biologicdly activelignans, slybinand americanin, which
areantihepatotoxic, and haedoxan possesinsecticidal
activity. Ahmed et a was first to report that 1, 4-
benzodioxanering playsanimportant rolein exhibiting

asgnificant antihepatotoxic activity of silybin, anatu-
rally occurring flavanolignan isolated from Slybum
marianum. The seeds contain the flavanolignans
slybin(1, 2, 3, 4), sllydianinand silychristin, which are
isomersand lumped together under the collective des-
ignation silymarin. Ahmed et a hasestablished that out
of theseisomers, silybin contains 1, 4-dioxanering sys-
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Silybin-a, (1): R;=9"-CH,OH; R,=Rs=H; R,=C¢H3 (3'-OMe,
4"-0OH); Silybin-b; (2): Ri=R4=H; R,=9""-CH,0OH; R3=C¢H3
(3'-OMe, 4"-OH); Silybin-a, (3): R;=CgH3 (3'-OMe, 4''-OH);
R,=R3=H; R4:9" 'CHzo; S||yb|n-b2 (4): R1=R4=H; R2:06H3
(3"-OMe, 4"-OH); R3=9"-CH,OH
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tem and hasfound to be most active antihepatotoxic
compound, and consequently concluded that 1, 4-di-
oxanering system playsasignificant roleinelucidating
the hepatoprotective activity. Whereas, other two 1s0-
mersdo not contain 1, 4-dioxanering, and thusdo not
possessasignificant activity. Thus, they have prepared
anumber of heterocyclic compoundscontaining 1, 4-
dioxanering system, which haveexhibited asignificant
antihepatotoxic activity. Moreover, many other biologi-
ca activitiesnamely anti-inflammatory, a-adrenergic
bl ocking, antidepressant, hypolipidemicactivity, antago-
nistic to histamine and diagnosti c agent for the detec-
tion of adrenaline producing tumorshavea so beenre-
ported. The compounds containing dioxaneringsare
aso of interest for theintroduction of avariety of sub-
dtituentsinto common skeleton, nove transformations,
and can provide new and genera routesto avariety of
organic molecules. They could also beused assuitable
intermediatesfor thesynthesesof enantiomerically pure
compounds. A literaturesurvey reveded that avery little
work hasbeen donesofar inthefield of dioxanering
possessing compounds. Therearetwo important char-
acterigticsof thesecompoundsnamely 1): readily open-
ing to alkyletenesether under thermal or photochemi-
cal conditions, and 2): the C—C double bond, if present
in the dioxanering, acts as the enol form of masked
acylacetic acids, which areimportant building blocksin
organic syntheses. Hence, these compounds are ver-
satileintermediatesin the synthesis of avariety of or-
ganic compounds

Inthe present article, we havereviewed thework
doneon 1, 3-and 1, 4-benzodioxene compoundswith
specid emphasison chemica and pharmacologica as-
pectsscatteredintheliterature.

Nomenclature

Ortho condensation of 1, 3-and 1, 4-dioxaneto
benzene resultsin thetwo possiblebenzodioxanes, rep-
resented by (5) and (6). The numbering system adopted
by Chemical Abstractsfor the benzodioxanesisindi-
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catedin (5) and (6). Thus, (5) is 1, 3-benzodioxane,
and (6) is1, 4-benzodioxane. 1, 3-Benzodioxane (5)
isalso called the methylene ether of 2-hyroxybenzyl
alcohol; 1, 4-benzodioxaneissometimescalled 1, 2-
ethylenedioxybenzene or pyrocatechol ethyleneether
(6a). Inthe present discuss on the convention adopted
by Chemical Abstractswill be used.

1, 3-Benzodioxanes

The parent substance (9) wasfirst preparedin 1928
by Chattaway and Calvet! by thefollowing scheme.
Sincethedirect condensation of forma dehydeand phe-
nol does not lead to 1,3-benzodioxane; 6-nitro-1,3-
benzodioxane (7) was prepared by condensation of p-
nitrophenol and forma dehydeaccordingto Borscheand
Berkhout'@. Elimination of thenitrogroupin (7) by re-
ductionto 6-amino 1,3-benzodioxane (8) followed by
diazoti zation, and reduction by conventiona methods

O

oH D
@ * HoHOME24 o\ °
O,N @)

HN02 O

reduct|on ©/\/\| reduction \l
zN o)

)

yielded 1,3-benzodioxane. Itiscolorless, highly refract-
ingoil andispractically insolubleinwater™™ but readily
solubleindl organic solvents.

Thecyclicformal waslater prepared by Baker™™ by
cydiceheificationof saigenininpresenceof methylene
sulfateand akali and by Buehlert directly by reacting
sdigeninandforma dehydein the presenceof acid.

Derivativesof 1, 3-benzodioxane
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The commonest method for preparing substituted
1, 3-benzodioxanesisthat of Borscheand Berkhout!?
involving the condensation of phenolsand a dehydes
by acids, generally represented by formulas (10-12).
These substituted 1, 3-benzodioxanes (where R,=H)
aswell as1, 3benzodioxaneitself areeasly oxidized
to the corresponding 4-keto derivatives by potassum
permanganatein acetic acid or by chromicacid. A typi-
cal exampleisthe proof of structure of 6-nitro-7-me-
thyl-1, 3-benzodioxane? (13), which on oxidationwith
chromic acid gave 4-keto-6 nitro-7-methyl 1, 3-
benzodioxane(14). Ondkainehydrolysis(14) yielded
4-methyl-5-nitrosalicylic acid (15), which wasidenti-
ca with the substance obtained by direct nitration of 4-
methylsalicylic acid (16). 1, 3-benzodioxane can be
prepared by condensation of p-substituted phenol with
subgtituent inthe ortho position to the phenalic hydroxyl
group hinder theformation of 1, 3-benzodioxan ring
whereas substituent in the meta position havelittleor
no effect. Chattaway and Goepp!*”! and Laskelbergand
Lavid®! have shownthat different products have been
obtained by condensation of p-nitrophenol and forma-
dehyde depending on the conditions, with excess p-
nitrophenal, (17) resulted; witha2:1 molar ratio of a-
dehydeto phenol at 80°C (18) resulted; with excess

> M feroreview

formal dehyde (19) wasthemain product. The struc-
ture of the dioxanewas demonstrated by degradation
and by andternate synthesis. Thefollowing mechanism
has been suggested by Chattaway!® for the condensa
tion of p-nitrophenol and chloral.

Incomparing thisschemewith the o-hydroxymethy
lation of p-nitroanisole under similar conditionswith
formal dehyde, Calvet and Mgjuto®! aswell asZiegler
and Simml ert® regarded the ortho shift from (20) to
(21) asunnecessary and postulatethedirect formation
of (21) astheintermediate which then condenseswith
more aldehyde to yield the cyclic formal, (22) 6, 8-
dichloro-1, 3-benzodioxane by the condensation of 2,
4-dichlorophenol withformaldehyde.

OH OCHOHR OH
@ H,50, © CHOHR
+RCHO——~ —
NO, R=CCl3 Noz(zo) NO, (1)
RCHO
OCHOHR
J@/\O/\rR “H,0 CHOHR
O,N o

(22) NO,

Thisinfact Buehler et a.[7 isolated 2-hydroxy-3,
5-dichlorobenzyl chloride (24) asaby-product till the
preparation of isin agreement with the proposed inter-
mediate (21), the benzyl a cohol being convertedinto
benzyl chloride in hydrochloric acid. Ziegler and
Simmler’® have demonstrated that 2-hydroxy-3, 5-
dichlorobenzyl dcohal reactswith formadehydetoyidd
(23) inthe presence of hydrochloric acid. Severa pat-
ents?® have used thereaction of phenol, forma dehyde,
and hydrochloric acid to prepare 6, 8-dichloromethyl-
1, 3-benzodioxane.

Cl
OH |
+ HcHo-H¢
Cl
Cl Cl
0 OH
N+
0
Cl Cl CH.CI
(23) (24) 2
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Sdigenin, 2-hydroxybenzyl dcohal, and substituted
saligenins (25) have been condensed with variousal-
dehydestoform 1, 3-benzodioxanesinamanner Smi-
lar to the abovereactions. These 1, 3-benzodioxane
derivativesaresubstituted only inthe 2-position or pos-
sbly carry different substituent inthe 2-and 4-positions,

oy

(26)

acid
+ RCHO —
CH,OH

(25) R=CgHg

whichisnot sointhedirect condensation of phenols
and aldehydes by acids. Intheir work, onthe structure
and mode of formation of disalicyl aldehyde, dibenzo-
2,6,9-bisdioxane (26a) (Ring Index No. 2682 or 6,12-
epoxy-6,12-dibenzo [b, f] [1,5] dioxocin). Adams,
Fogler, and Kreger?? have condensed benzal dehyde
with sdigeninto obtain 2-phenyl-1,3-benzodioxane (26,
X=Y=H, R=C_H,) according to the general equation
given above. In alater study of this condensation;

CH,OH

CH,OH

2CgHsCHO
OH — ——>

CH,OH
(27)
o/\ A 0

g Ao

(@)

CH,OH  CH,OH
(28)

Adams, Sloan, and Taylor'®! have shown that certain
substituted benzal dehydes condensewith saligenin and
substituted saligenins. Thereaction was shownto be
quite general and the acid catal yst necessary for the
saligenin-benzal dehyde condensation was not neces-
sary with the substituted compounds. Cinnamic alde-
hyde condenseslike aromatic aldehydes, but simple
aliphatic aldehydesdo not condensewith saligeninto
give 1, 3-benzodioxanes under the same conditions.
The2-aryl-1, 3-benzodioxaneshave been preparedin
good yid ds (60-95%). Ziegler used thisreactionwith
hydrochloric acid as catalyst to prepare 2-phenyl-6-
methyl-8-hydroxymethyl-1, 3-benzodioxane ((26),
R=C.H,, Y=CH,OH), aswell as the corresponding

6 5’
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compounds, where X=cyclohexyl, chloro, and tert-bu-
tyl. With stronger hydrochloric acid the corresponding
chloromethyl-1,3-benzodioxanes haveresulted. Con-
densation of bis-(3,5-bishydroxymethyl-4-hydroxy
phenyl)-methane (27) with benzal dehyde gave bis-6-
(2-phenyl-8-hydroxymethyl-1, 3-benzodioxanyl) meth-
ane(28) inthepresenceof 1N hydrochloric acid. Other
methods have been reported in theliteraturefor pre-
paring 1, 3-benzodioxanes. Firstly theintermediate sub-
stituted 2-hydroxybenzyl dcohol or benzyl chloridewas
prepared by condensing various para-substituted
phenolsand formal dehydewith alkali or acid, which
was then condensed with formaldehyde or
trioxymethylenetogivethecyclicformas. A smilar set
of reactionsinvolving the condensation of  p-nitrophenol
and methyl dcohoal inpresenceof hydrochloricacidwas
employed by Mehta and Ayyar® and by Buehler,
Deebel, and Evand® to give 2-hydroxy-6-nitrobenzyl
chloride, which onfurther condensation with formalin,
hydrochloric acid, heating at 100°C gave 5-nitro-1, 3-
benzodioxane.

Other methodsinvolving sdicylicacid arereported
by Dupont®3 and by Mowry, Yanko and Ringwal di®4.
Thedupont method involved the reaction of disodium
sdicylate with phosgene and may belooked upon as
displacement of chlorideion by phenoxideand benzoate
anions, yieding 2, 4-diketo-1, 3-benzodioxane(29).
Reaction of (29) with methyl acohol yielded (30)1.

ONa* cl
+7 >=0
coona* ¢!
00 _\.OCOOCHj
ROH—> |
e) N
COOH

(29 o (30)

toluene
low temp

Mowry, Yanko and Ringwa d®¥ have shown that
2-methyl-4-keto-1, 3-benzodioxanes (32) were the
productsof thereaction of salicylicacids(31) andvinyl

Y
OH CH
©:+CH2 CHOCOCH3—> \r :
X COOH

(31) (32 0
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acetateinthe presence of mercuric acetate, where X=H,
NO,, Cl, Br,and Y=H, OCH, and CH.,
Thereactionisassumed to proceed in two steps:
first theformation of acetoxyethyl salicylate, and sec-
ond thecydlization of theintermediatewith eimination
of acetic acid. They haved so shown that theinterme-
diatea pha-acetoxyethyl sdicylate, prepared from so-
dium salicylateand a-chloroethyl acetate, cyclizedin
good yied to give2-methyl-4-keto-1, 3-benzodioxane.
Thereaction of sodium sdlicylate and chloromethyl ac-
etate givesacetoxymethyl sdicylate, which oncycliza
tionyielded 4-keto-1, 3-benzodioxane. Thereaction
has been extended by the substitution of isopropenyl
acetatefor vinyl acetate with the subsegquent formation
of 2, 2-dimethyl-4-keto-1, 3-benzodioxanes, although
theyieldsarepoor. A smilar reaction had been reported
by Wallach®® and Boeseken*? who found that the
chloralideof salicylic acid, 2-trichloromethyl-4-keto-
1, 3-benzodioxane, was obtained in poor yiel ds by hest-
ing sdicylicacid with excessof chlord. Hexahydro-1,
3-benzodioxane was reported by Mikeska and
Arundal €% to be the product of aprocessinvolving
the condensation of cyclohexeneand forma dehyde at
60-80°C under pressurein the presenceof sulfuric acid.

Reactionsand propertiesof 1, 3-benzodioxane

Transformationsof substituentson thebenzenering
of 1, 3-benzodioxanes have been carried out by con-
ventiona methods. The6-nitro derivative wasreduced
to the 6-amino derivativewith sodium and acetic anhy-
dride, zincand hydrochloric acid, iron and hydrochlo-
ricacid®, tinand hydrochloric acid™®. 6-Amino-1,3-
benzodioxane can be diazotized inthe usua way and
reduced to 1,3-benzodioxane (5) coupled with various
phenol %43 with formation of variousazo dyes, or the
amino group may bereplaced by ahalogen or nitrile
group by the Sandmeyer reaction™. The6-sulfonicacid
has been transformed to the sulfonyl chlorideand the
sulfonamide by conventional methods*.

Substitution inthearomatic ring of 1, 3-benzodio
xaneshaveshowntherelative stability of itsheterocy-
clicringand occurredinthe 6 position; disubstitution
hasledto 6, 8 derivatives. Nitration of |, 3-benzodioxane
was found*? to yield 6-nitro-and 6,8-dinitro-1,3-
benzodioxaneaswell assomepicricacid, fumingnitric
acid or nitric acid with urea nitrate® gives the 6,8-

> Mferoreview

X X

0
\FR KOH -?:CHO
O CyHsOH
X X CHOH

R
R
X = NO,, COOH, OR, SOzH , R=CCl,

dinitro compound, On nitration the 6-nitro derivative
or the6-sulfonic acid yie ded the 6,8-dinitro compound.
Chlorination or bromination of 6-nitro-1, 3-
benzodioxane™ yie ded 6-nitro-8-chloro-or 8-bromo-
1, 3-benzodioxane. Bromination of 1, 3-benzodioxane
itself yields6-bromo-1, 3 benzodioxane.

The 2-aryl-l, 3-benzodioxanes® arevery stable
toward alkali but unstable toward acid, yielding 2-
hydroxybenzyl alcohol and aldehydes. Other 1, 3-
benzodi oxanes contai ning e ectron-attracting substitu-
entssuch asNO,, COOH, or SO,H inthe 6 and/or 8
positions**?2 are susceptibleto dkainefission of the
heterocyclicring. Thiswasexplained by nucleophilic
attack of the base on the 9-carbon atom, which was
rendered sufficiently, cationoid by the el ectron-attract-
ing substituents. The presence of electron-donating
groups (X=NH,, OH, OCH,) rendered the 9-carbon
alomanionoid, and the heterocydic ringwasthus made
resistant toward anionic attack. For example, theac-
tion of a coholic potassium hydroxide on 6-amino-2,
4-bistrichloromethyl- 1, 3-benzodioxane (33) yiel ded 6-
amino-2, 4-bisdichloromethylene-1, 3-benzodioxane
(34) withthedimination of two moleculesof hydrogen
chloride.

o. CCls
\( KOH
o)

C,HOH
(33) CCls

o}

\rcclz
+
0 2HCI

ccl,

HoN HoN

(34)

Anazo group confered smilar stability. Theaction
of potassium cyanide, sodium hydroxide, or sodium
acetate on 6-nitro-2, 4-bistrichloromethyl-1, 3-
benzodioxane resulted in theformation of 6-nitro-2-
trichloromethyl-4-dichloromethylene-1,3-benzo diox-
ane. It wasnot possibleto removeasecond molecule
of hydrogen chloride, sincethe 2-hydrogen atom was
not sufficiently activated. Reduction of thebenzodioxane
ring by zinc and acetic acid was demonstrated by

- @W CHEMISTRY
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Meéldrum and Tatal**44 who reduced 6-substituted 2,
4-bistrichloromethyl-1,3-benzodioxanesto the corre-
sponding 5-subtituted hydroxy (3,[3-dichloroethyl) ben-
zene. Indl the 2, 4-bistrichloromethyl-1, 3-benzodio
xanes mentioned above, cis-transisomericformsare
possible, but these have not been isolated. Inthe case
of 6,6-di-(2,4-bistrichloromethyl)-1,3-benzodioxanyl
sulfone obtained by condensation of 4,4'-dihydroxy
diphenylsulfoneand chlord inthe presenceof sulfuric
acid“, wherefrom three of the six possible cis-trans
isomerideshavebeenisolated by fractiona crystaliza-
tion. They aredescribed asbeingwell crystalized com-
pounds closaly resembling each other in their proper-
ties, except that they melt at 215°C, 240°C and 248°
C respectively. Each depressesthe melting point of the
other two. Theseisomerides have been designated as
o-, B-andy-6, 6'-di-(2, 4-bistrichloromethylene)-1, 3-
benzodioxanylsulfoneintheorder of increasng melting
point. Each isomeride was converted into the same6,
6'-di-(2, 4-bisdichloromethylene) 1, 3-benzodioxanyl
sulfone, by thetheoretical amount of a coholic potas-
sium hydroxide. When a.-, B-or y-isomeridesarere-
acted with dilutea coholic potassum hydroxide have
resultedinthe corresponding isomeric a-, B-andy-6,
6', 2-trichloromethyl-4-dichloromethylene)-1, 3-
benzodioxanyl sulfones, melting at 241 and 250°C re-
Spectively.

Theamino-1, 3-benzodioxanes may be converted
into thegreenish blue dyes of theanthraquinone series
as described by Lubs and Johnson'“é. Debromination
of 6-hydroxymethyl-8-bromo-1, 3-benzodioxane-5-
carboxylic acid lactone*”! as shownto proceedin a-
coholic solution by Busch’s method“ with hydrazine
hydrate, agqueous potassium hydroxide, and pal ladium
on calcium carbonate catalyst, producing 6-
hydroxymethyl 1, 3-benzodioxane-5-carboxylic acid
lactone. The dechlorination of 6-hydroxymethyl-8-
chloro-1,3-benzodioxane-7-carboxylic acid lactone
was accomplished by a modification of Busch and
Sove’s method™? with al coholic potassium hydroxide,
hydrogen at 50 pounds pressure and palladium on cal-
cium carbonate catalyst.

1, 4-Benzodioxanes

The parent substance (36) wasfirst prepared by
Vorlander™ from pyrocatechol and ethylenebromide

@Wu'c CHEMISTRY co—

OH o)

@ +Bf-(|3"'2 NaOCH./K OH ©: j
OH Br—CH,100°C o

(35) (36)

inthe presence of sodium methoxideor potassium hy-
droxide.

Thiswasrepeated by Gattermann®¥ who showed
that 1, 4-benzodioxaneunderwent the Gattermannre-
action, yiddingthe 1, 4-Benzodioxane-6-d dehydeand
by Moureu® who increased theyield by working un-
der ahydrogen aamosphere. In 1965 Ghosh> improved
themethod further by using potassium carbonate, cop-
per bronze, and glycerol heated at 190-200°C to ob-
taina66% yield of 1,4-benzodioxane, ascompared to
the 33%yield of Vorlander. By the Wurtz reaction py-
rocatechol dichloromethyl ether in benzene, Sabetay
and Sandulesco™ obtained 1, 4-benzodioxanein 32%
yidd.

Becker and BarthelI™ prepared theintermediate
[B-hydroxyethyl-2-hydroxyphenyl ether from pyrocat-
echol, ethylene oxide, and sodium hydroxideat 8°C.
Thisonditillation with phosphorus pentoxidecyclized
to 1, 4-benzodioxane. 1, 4-benzodioxaneis aheavy
liquid distilling at 216°C, have a very persistent aro-
matic odour. Itisinsolublein water but solublein most
organic solvents.

Derivativesof 1, 4-benzodioxane

Thefirst derivative of 1, 4-benzodioxane, (6-car-
boxyl-1, 4-benzodioxane) was prepared by Fittig and
M acal pin€>® from 4-carboxy pyrocatechol, ethylene
bromide and potassium hydroxide. By using thisreac-
tion Maggati® later prepared 5-hydroxy 1, 4-
benzodioxanefrom pyragallol and ethylene bromide.
2,3-diketo-1,4-benzodioxane was prepared by Ghosh
58 by the reaction of pyrocatechol and oxalyl chloride
inpyridinein amost quantitativeyield, athough dehy-
drating agents such as phosphoryl chloride, orthophos-
phoric acid and acetic anhydridewere unsuccessful in
condensing pyrocatechol and oxalic acid. Bischoff and
Hedenstromi®® obtained 2, 3-diketo 1, 4-benzodioxane
from ethyl oxalyl chlorideand themonosodium salt of
catechol. 2-Keto 1, 4-dioxane was a so prepared by
Ghosh®¥ by cyclizing ethyl a-(2-hydroxyphenoxy) ac-
etate with boiling concentrated hydrochloric acid. 2-
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Hydroxymethyl-1, 4-benzodioxane was prepared by
Moureu® by the \Vorlander method from pyrocatechol
and dibromohydrininthe presence of sodium ethoxide.
From thereaction of pyrocatechol and epichlorohydrin
with potassium hydroxide, Fourneau, Maderni, and de
Lestrange’™ obtained 2-hydroxymethyl -1, 4-benzo di-
oxane, whichwiththionyl chloridegave 2-chloromethyl-
1, 4-benzodioxane. Further reaction of thechloro de-
rivativewith primary or secondary aminesresultedin
various amines®*53 which possessesaparalyzing ac-
tion on the sympathetic nervous system. Geigy!®*4,
Grun®!, and de strange’® have applied the samereac-
tionsto variousother subgtituted pyrocatechols.
Jean-Robert Labrossg®” has shown that catechol
reactswith variouspropargylic carbonatesinthe pres-
enceof apdladium catayst andachira atropoisomeric
diphosphineto give 2-akylidene-3-alkyl-1, 4-benzodi
oxanesingood yiel dsand 59-67% enantiomeric excess.

OH Ri Ligand,25°C
_ =

R
2 Pd,(dba)s
OH 0CO,Me

Of
LI @
(37) (38)

X.Jing et a®®, have synthesized a number of
benzodioxane (36) compounds using the palladium-
catalyzed etherification of aryl halides by employing
triphenyl phosphineligands. Thismethod was used as
key step in the synthesis of two natural products
isoamericanol-A andisoamericanin-A. 1, 2-Ethanediol
and o-dibromobenzeneare difficult to be coupled to
get benzodioxanein the presence of CS,CO, and catar
lyzed amount of PdCI,, but in the presence of
triphenyl phosphene, theyield of benzodioxanehadim-

proved significantly.
CrC e )
(36)

Ethyl-1, 4-benzodioxan-2-carboxylate (39) was
prepared’® by condensation of ethyl 2, 3 dibromopro

Toluene
CSzOs

OH BrCHCOOCZH5 COOC2H5
+
OH Br CH 2 2CO3

(39)
pionate with catechol in the presence of anhydrous po-
tassium carbonate.

Similarly ethyl-3-methyl-1, 4-benzodi oxan-2-car-
boxylate (40) was prepared™ by condensation of ethyl-
2, 3-dibromobutyrate, with catechol inthe presence of
anhydrous potassium carbonate. The ester (40) was
saponified to give benzodioxancarboxylic acid (41)

@OH Br CHCOOC,Hs ©i ICOOCsz
+
OH Br CHCH3 K2COs

(40) Saponlflcallon

cocl COOH
@[ I Thionyl chlorldeC[ I

(42) (41) CHs

which on treatment with thionyl chloride afforded the
acid chloride (42).

N-Hydroxyureas based on the 1,4 benzodioxane
template were prepared by Yoshitaka Satoht™ from
appropriately substituted 1, 4-benzodioxane-2-

L,

(43)

o<1

OOEJ”OH

h or | (46)

j/\N NHR3
R? o H
47

(a) Epibromohydrin, K,CO3, DMF (b) MMPP, m-
CPBA(c) OH( d) MsCI (e) EtsN (f) Nal, MeK(g)
NaH (h)CF3COOH, Me;SINCO (i) CH3NCO
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methanol s asthe key intermediates Regiocontrolled
synthesis of 7-substituted 1,4-benzodioxan-2-
methanol s (45) wascarried out using 5-substituted sali-
cylddehyde (43) asthestarting materids. Alkylation of
(43) with epibromohydrin and subsequent Bagyer-
Villiger oxidation withm-CPBA yielded theformyloxy
derivative (44). Treatment of (44) with hydroxidere-
sultedinhydrolysisof theformateand concomitant clean,
regiosdetiveintramol ecular epoxideopeningtothar 1,4-
benzodioxane derivative (45). When MM PPwas used
inthe oxidation step, free phenolsinstead of their for-
mateswereisolated upon workup, compound (45) was
converted to the corresponding N-hydroxyurea (47).
It should benoted that the condensation of thehydroxy-
lamine (46) with methyl isocyanateyiel ded N-hydrox-
yureaderivative (47), uncontaminated with the bis-
adduct, under the same conditions, the regioisomeric
benzodioxane (47) was prepared from the sameinter-
mediate (43). Thus(43) wasfirgt protected with benzyl
bromideand subjectedto Bayer-Villiger oxidation with
hydrogen peroxide. The phenal thusformedwastreated
with epibromohydrinto givetrisether (48). Catalytic
hydrogenation of (43) with palladium hydroxide (atm.
H, inethyl acetate) gavethedebenzylated phenol, which
cyclizes upon treatment with ag.base to yield (49).
Compound (49) wastransformed into the N-hydroxy

ureas (50).
CHO
ISR oA
OH R2
(48)

(43) d,e

Heacen

O ofr,i

f,gh
o o}
j/\NJLNHRS
R? "
50) °
©0 o=y

(a) BnBr, K,CO3 (b) MMPP (c) epibromohydrin,
K,CO3 (d) H,, Pd/C (e) OH -

o-Halo Michael acceptorsreact with catechol in
aprotic solventsin the presence of potassium carbon-
atetoform 2-substituted-1, 4-benzodioxanes™. Cis
B-alkyl and B-dicyclic a-hado Michael acceptorsyield
primarily cis 2, 3-disubstituted |, 4-benzodioxanes,
whereastrans 2, 3-disubstituted i somers predominate

@Wuc CHEMISTRY —

when catechol is treated with trans B-alkyl a-halo
Michael acceptors. It isthereforeinferred that there-
action proceedsviaacisMichael addition of catechol
monoanion, followed by intramolecular nucleophilicdis-
placement of halidefrom the newly generated sp® a-
carbon by the remaining catechol oxygen. Ethyl 1, 4-
bromobut-2-enoate, formed by isomerization of ethyl
2-bromobut-2-enoate during the course of the reac-
tion of the latter with catechol, is believed to be the
source of theisomeric ethyl 1, 4-benzodioxanyl-2-ac-
etate (51) isolated asaminor product.

@o— HC COZEt

Thesynthesisof cis-and trans-2-methyl-3-phenyl-
1, 4-benzodioxanes from 1-phenyl-2-2-(hydroxy)
phenoxypropanolsthreo (52) and erythro (53) were
described by GProietti et a [, 2-methyl-3-phenyl-1,
4-benzodioxanscis(54) and trans (55) have been syn-
thesi zed by cydlization of 1-phenyl-2-[2-(hydroxy) phe-
noxy] propanols threo (52) and erythro (53). The
erythro and threo diastereoisomerswere obtained in
theratio 1.23:1 and wereisolated by chromatography
onslicagd. Eachisomer wassubmitted to cyclization
with a uminium chloridein benzene solution; after 10
minutes the mixture was worked up and the 1, 4-
benzodioxanewasisol ated.

OAr OAr
H Ph
Ph H AICI,
M H M H
OH OH
(52 (53
| Aict; | Aicts
—.0OH >—<
Q. \gPh Q Ph‘fOH
H y -
Me OH Me OH
]
AIClg AlCl
l-HzO l-HZO
O< aPh @[OIPh
: :o 0" "Me
Me
(54) (55)
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Equimolar amounts of catechol and methyl 4-
chlorobutynoate in boiling anhydrous acetonein the
presence of anhydrous potassium carbonateor in cold
N,N-dimethylformamidein the presence of sodium hy-
dride yielded three 1, 4-benzoodioxinic products™
E(56) and Z(57) isomers and the endo isomer (60).
They areeaslyisolated in pureform fromthereaction
mixture by column chromatography inthe2:1:1 ratio.
Under the same experimental conditions (acetone, po-
tassium carbonate, reflux) catechol reactswith (59) to
yield only the expected ester (60).

CICH 2c

COOMe
©: COOMe—C @[ jé‘\

COOMe

BrCHZ—CH C-COOMe(59) (56) Ny
2cog, acetone =
CH,COOMe
’ (57 +
@:OJ/CHZCOOMe
|

(58)°

Reactionsof 1, 4-benzodioxane

Nitration of 1, 4-benzodioxanewasfirst carried out
by Vorlander®@ who obtained 6-nitro-1, 4-benzodi

O,N OH O,N o
+ BrCH, ¢ co
CH,Br —2——=%
o)
NO, HCI No2 SnCl,,
HCI
@J
NH

oxane. Ghosh™ hasshownthat 1, 4-benzodioxanemay
bedinitrated directly by sulfuricacidand nitricacids, or
by further nitration of themononitro derivativewith the
samenitrating mixture or with nitricacid alond™ to 6,
7-dinitro-1, 4-benzodioxane. The®6, 7, 8-trinitro de-
rivative wasobtained by nitration of 1, 4-benzodioxne
with mixtures of acetic, nitric, and sulfuric acidg™! or
by further nitration of thedinitroderivativewith sulfuric
and nitric acid®. Each step proceeded in good yield.
Heertjes, Dahmen, and Wierdd™ repeated thiswork

> M feroreview

and have shown that 5, 6, 7, 8-tetranitro-1, 4-
benzodioxane was also formed. 6-Methyl-1, 4-
benzodioxanewaslessreadily nitrated than the corre-
sponding dimethyl or diethyl ethersof 4-nitrocatechol.
Heertjosand co-workers have studied the substitution
reactions of anumber of 1, 4-benzodioxane deriva-
tivesintensively. Transformationsof the productsthus
obtained have made several derivatives, of the parent
substanceavailable.

Bromination of 1, 4-benzodioxand™ with bromine
inrefluxing acetic acid has given 6-bromo-1, 4-benzo
dioxane, and with excess brominethe 6, 8-dibromo
derivativeisformed. The Blanc chloromethylationre-

o CH300 /@i jﬁl&n(i)nsg
EI ) HN"@ KX )

action applied to® 1, 4-Benzodioxane probably gives
3-chloromethyl-1, 4-benzodioxane. The Gattermann
reaction on 1, 4-benzodioxane® ™ yielded 1, 4-
benzodi oxane-6-a dehyde, which was oxidized by po-
tassium permanganate to 1, 4-benzodioxane-6-car-
boxylic acid. The 6-a dehyde has a so been prepared
by the action of sodium ethoxide on catechol-4-alde-
hydeand ethylenebromidein 20% yield*?, compared
to the 30% yield obtained by the Gattermann reaction.
Thereaction of acetyl chlorideand 1, 4-benzodioxane
with aluminum chloridein carbon disulfidewasre-
ported® to give 6-acetyl-1, 4-benzodioxane, which
by oxidation with sodium hypochloriteyielded |, 4-
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benzodioxane-6-carboxylicacid.

Other Friedel-Craft reactionswith |, 4-benzodio
xane have been reported by Tomital®. Phthalimido
acetyl chlorideand duminum chloridein carbon disul-
fidegave6-phthaimidoacetyl-1,4-benzodioxane, which
on hydrolysisresultedintheformation of 6-aminoacetyl-
1,4-benzodioxane. Theposition of theacetyl groupwas
shown by oxidation of the aminoacetyl-1, 4-
benzodioxaneto 1, 4-benzodioxane 6-carboxylic acid.
From hippuryl chloride under the same conditions 6-
benzoylaminoacetyl- 1, 4-benzodioxanewas obtai ned.
Reduction of 6-nitro-1, 4-benzodioxaneto the 6-amino
derivative by tin and hydrochloric acid®?, by stannous
chlorideand hydrochloric acid® inwater, acetone, or
chloroform, or by hydrogen sulfide, or sodium
hydrogensulfateinakaline solutionsal gave poor re-
aults. Stannouschloride and hydrochloric acid reduc-
tionfollowed by e ectrolytic remova of thestannicions
gavebetter results, and the best method, direct cathodic
reduction gave65%yiddsof 6-amino-1,4-benzodioxane
Thefreeamineisclear, colorless, thick oil that readily
oxidizesincontact with air. Itshydrochl oridewas eas-
ily diazotized and coupled by theusua method to pro-
duce azo dyeswith good leveling propertiesand which
dyesinbrilliant clear colors. Reaction of 5-cyano-1, 4-
benzodi oxaneg® with ethylmagnesium bromideand sub-
sequent hydrolysisgave 5-propionyl-1, 4-benzodioxane.
In astudy of the cleavage of the heterocyclic ring of
1,4-benzodioxane derivatives Robinson and
Robinsont®® found that 3, 5-dinitro-2, 4-diamino-3-

Brz
,: HCI3
60°c

(63)
e) H>S0,4
,: Et HZO[
Oe6)  NO O NO,

hydroxyethoxybenzene and 5-amino-6, 7-dinitro-1, 4-
benzodioxan werethe productsformed when 5, 6, 7-

@Wuc CHEMISTRY co—

trinitro-1, 4-benzodioxane wastreated with ammonia.
The1, 4-benzodioxaneringwascleaved onboilingwith
hydriodic acid andisstablein hot agueousor acoholic
ammonia

S.S.Mocha ovi®! has shown that bromination of 6-
cyclopropyl-1, 4-benzodioxane (62) occurswith con-
certed orientation of the ethylenedioxy group and the
cyclopropyl radica for theleast sterically hindered po-
sition of the aromatic ring. Nitration of 6-bromo-7-
cyclopropyl-1, 4-benzodioxane did not |ead to prod-
uctsof substitution of the hydrogen atominthe5or 8
position of the 1, 4-benzodioxane, but rather to the
nitrodebromination product: 7-nitro-6-cyclopropyl-1,
4-benzodioxane. Theanoma ousbehavior of thebromo-
subgtituted benzodi oxanewasexplained by thepredis-
position of the carbon atom bonded to the bromineto-
ward ipso attack by an el ectrophile.

S.S.Mochal ov® has shown that he reaction of 6-
bromo-7-cyclopropyl-1, 4-benzodioxane (63) with
N,O,in methylene chloride does not affect cyclopro-
pane ring and formsthe nitro debrominated product
(ipso-substitution).

The same reaction of 6-nitro and 5, 6-dinitro-7-
cyclopropyl-1, 4-henzodioxanesafforded the products
only withamodified three membered ring. Thediffer-
enceinthereaction paths of the studied cyclopropyl
benzodioxaneswithN,O, explained by thedifferent ratio
of substrateto one-electron oxidant, thenitrosyl cat-
ion. Thereaction of 6-cyclopropyl-1, 4-benzodioxane
withN,O, led totheformation of only thenitroaromatic
derivativeinwhichthecyclopropaneringwasretaned.

E@@? o]

(63) Br

+ NO,
0 o O
[ < Br
© NO, © (65) NO,

It was proposed that the different behavior of these
cyclopropyl-containing reactantsisrelated to the oc-
currenceof processes caused by thedifferent reactivity
of the starting material swith respect to one-electron
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oxidationinitiated by thenitroso cation.
Phar macological action

Thebenzodioxane derivatives have been screened
for varioushiologica activities. Someimportant phar-
macol ogicd activitieshavebeen summarized here,

Antihepatotoxic activity

Theflavanolignansisolated from Silybummarianum
namely Silybin have been reported to possess a potent
antihepatotoxicactivity, which contain 1, 4-dioxanring.
Ahmed et a®! hasthus postul ated that 1, 4-dioxane
ring compoundscould play animportant roleto exhibit

R
0 ('\o
! (0] O\©/\C:|,o
X

Ry=H , CH,OH R,=H , CH,OH
(68)x = cH, H

Ry

(67 0

asgnificant antihepatotoxic activity. Ahmed et d® have
therefore, synthesized aseriesof 3,4' (1", 4”-dioxino)
flavone, 3, 4' (2-hydroxymethyl, 17, 4”-dioxino) fla-
vone(67), 7,8 (1', 4’-dioxino) coumarin (68), 7,8 (2-
hydroxymethyl-1', 4”-dioxino) coumarin and reported
itsantihepatotoxic activity.

Ahmed et al.® has synthesized and reported

antihepatotoxic activity of chal conescontaining 1,4-di-
oxane ring system (69) and found 2-hydroxy-4-
methoxy-3', 4-(2°-hydroxy methyl-1", 4"”-dioxino)
chalcone and 2-hydroxy-3, 4-dimethoxy-3', 4'-(2"-
hydroxy methyl-1" 4”-dioxino) chalcone to be the most
potent compound inthisseries.

5-Lipoxygenaseinhibitors

> M feroreview

O
o o PN
OH
R o

(70) R=H,F

Satoh Yoshikata™ has prepared anumber of N-
hydroxyureabased on the 1,4-benzodioxanetemplate
and the substituent having 7-phenoxy or 7-p-
fluorophenoxy was found to be a potent 5-LOX
inhibitor.

o, Adrenoreceptor antagonist

3-Aminomethyl-1, 4-benzodioxaneand itsN-sub-
stituted derivativesshown aninhibitory effect’® or motor
nerve centersaswell as adrenaline antagonizing ac-
tion®, with themonosubgtituted derivativesthetoxic-
ity riseswith the molecular weight, and the adrendine
antagonizing action reachesamaximum between ethyl
and propyl-N-substituted-3-aminomethyl-1,4-
benzodioxanes. Inthetertiary seriesthediethyl deriva
tiveisthemost toxic and hasthe greatest anti-adrena-
lineaction. Substitution by piperidineincreasesthetox-
icity and diminishesthe anti-adrenaline action. These
derivativeswere a so found to beantagonistic to hista-
ming* and they prolong the effectsof para dehydeand
barbiturates®.

D, antagonist/5-HT , partial agonist activity

A series of N-substituted-1-(2, 3-dihydro-1, 4-
benzodioxino-2-yl ) methylaminederivativeswith D,
antagonist/5-HT , partia agonist activity hasbeen pre-

cl 0 MeO
\[ :[ NH
o (1)

pared by A.M.Birch et d.®¥ asatypica antipsychaotic
agents.

Anti-inflammatory activity

o)
[ OD\(COOH
(72)
CH3
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M.T.V.Azquez et d'® hassynthesized racemic 2-
(2, 3-dihydro-1, 4-benzodioxane-6-yl ) propionicacid
from 2, 3-dihydro-1, 4-benzodioxane and reported its
anti-inflammeatory activity. The(s) isomer wasfoundto
be most potent.

Hypolipedimicactivity

Aldo saimbeni™ and Elso Manghis have studied
the hypolipedimic activity of compounds contai ning
benzodioxan ring system. Inthisconnectionthey syn-
thesized and eva uated ethyl (1,4-benzodioxan-2-yl)
carboxylate and its 6-and 7-chloro derivatives for
antihyperlipedimic activity and found some of these
derivativeseffectiveinlowering thetriglycerides.

H
O
TN CH,0C,H;5
R
s

(73°
R, =6 0Or 7-Chloro

In addition, 2-Piperidylmethylbenzodioxane
(Benodianeor Piperoxan) isused asadiagnostic agent
for thedetection of adrenaline producing tumors (Pheo-
chromocytoma).
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