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ABSTRACT. Data on the synthesis and chemical and biological
properties of isochroman and its derivatives dating from 1923 (the start
of research into this field) until 1985 inclusive are examined and
described systematically.
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1. Introduction

The synthesis of the oxygen-containing heterocyclic isochroman
{3,4-dihydro-1H-benzo[c]pyran} system has been known for a long
time but intensive research undertaken to investigate the chemistry of
this heterocycle and to seek biologically active compounds (BAC) in
the isochroman series date back to the 1970s. The increasing number
of publications and patent data during the last 10-15 years indicate the
undoubted value of the isochroman ring as the structural basis of a
large number of BAC.

The isochroman ring enters into the composition of many
substances of natural origin: compounds obtained by the cultivation
of micro-organisms,1 the antibiotic isochroman quinone,z’3 various
metabolites,* !> compounds isolated from Oidiodendron rhodo-
genum,15 and other substances of plant origin.!”?*  Some of the
compounds indicated' are of practical value (for example, in the
treatment of ulcers and oedemas).

Isochroman derivatives are structural analogues of biogenic amines
and derivatives of tetrahydroisoquinoline. In particular, 1-alkyl-
aminoisochromans can be regarded as cyclic analogues of aryl-
alkanolamines incorporating the phenylethylamine fragment in a
rigidly fixed structure, which is of definite interest, since it can promote
a more specific interaction with a bioreceptor.?* The analogy between
the isochroman and tetrahydroisoquinoline derivatives is determined
not only by their structures but also by their interconversions. A series
of studies devoted to the conversion of tetrahydroisoquinoline
derivatives into isochroman derivatives®™? and conversely >>** have
been published.

Isochroman derivatives, in particular isochromanones, serve in their
turn as synthons in the synthesis of nitrogen-containing bicyclic and
polycyclic compounds: galanthamine,® phthalazones,* yohimbine
and its derivatives,’”*® the seleno-analogue of yohimbine,*
heterocyclic steroids,***! and other compounds.**** Furthermore,
isochroman derivatives can be used also for the synthesis of iridoids,*
analogues of prostaglandin,*® indole derivatives,’ tricyclic systems,*®

and dibenzotropolone.* Compounds resembling the last one,

especially its derivatives involving the carbonyl group, have a
pronounced biological activity, which is accounted for by their
structural relation with a natural alkaloid—colchicine.

Despite the very considerable interest in isochroman derivatives,
they have been scarcely surveyed in the literature (with the exception of
a brief review™?).

The present review surveys the methods of synthesis and the
chemical and biological properties of isochroman and its derivative,
mainly of synthetic origin, with different positions of the substituents
in the benzene and dihydropyran rings. It does not include
isochromanone derivatives, which, in view of the extensive nature of
the data available, can be the subject of a separate review.

I1. Methods of synthesis of isochroman and its
derivatives

There are many features in common between the methods of
synthesis of isochroman and its derivatives, but, depending on the
position of the substituents and the need to employ different starting
materials, there are also specific features in the synthetic approach. It
is therefore useful to subdivide isochroman derivatives into the
following groups: (a) with substituents in the dihydropyran ring;

(b) with substituents in the aromatic ring; (c) with substituents in both
the dihydropyran and benzene rings.

1. Methods of synthesis of isochroman

Isochroman (I) was first synthesised in 1923°! by heating
2-(2-ethoxymethylphenyl)ethanol (II) with a fourfold excess of
fuming hydrobromic acid for 32 h at 100 °C. The homoxylylene
dibromide formed simultaneously can be converted into compound (I)
by heating with water or a dilute solution of potassium carbamate.
The initial alcohol (II) can be obtained by a multistage synthesis. This
method is merely of historical interest.

One of the ways of obtaining isochroman involves the cyclisation of
2-(2-hyroxymethylphenyl)ethanol (III), which was obtained from
homophthalic anhydride.’>** Cyclisation at 45 °C in the presence of
potassium bisulphate®? or on treatment with a mixture of hydrobromic
and acetic acids®® leads to isochroman in 50% yield. In the second
case, homoxylylene dibromide is formed together with isochroman.

The most effective method, which ensures an almost quantitative
yield of compound (I), involves the direct distillation of the diol (IIT) at
70 °C and a pressure of 3 mmHg in the presence of catalytic amounts
of concentrated sulphuric acid.** Isochroman has been synthesised in
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80% yield by the reaction of 2-phenylethanol with formaldehyde in the
presence of concentrated sulphuric acid:>®
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Methods of synthesis of compound (I) based on the chloro-
metallation of 2-phenylethanol with subsequent cyclisation were
developed subsequently. Such a method was first described in
193557 Treatment of 2-phenylethanol with paraformaldehyde and
hydrogen chloride results in the formation of the chloromethyl
derivative, which is then converted into isochroman in 50% yield on
treatment with inorganic acids, preferably at 100 °C. Compound (I)
with m.p. +3 °C was thus obtained. In 1954, the method was
improved and the yield of isochroman reached 90%.%® The inter-
mediate chlorometallation product was cyclised in this case when the
temperature of the reaction mixture rose spontaneously to 45-50 °C
without the addition of concentrated hydrochloric acid. Consequently
the decrease in the cyclisation temperature leads to an appreciable
increase in the yield of compound (I).

Up to 1956, it was assumed that the chlorometallation of
2-phenylethanol results in the formation of 2-(2-chloromethyl-
phenyl)ethanol which subsequently cyclises to isochroman. However,
detailed study of the chemistry of this reaction showed>® that the first
stage of the reaction involves the formation of chloromethyl 2-phenyl-
ethyl ether (IV), which then cyclises to isochroman. By carrying
out the reaction in the temperature range —5-0 °C, it is possible to
isolate the intermediate (IV) in 76% yield. The cyclisation product
(isochroman) was obtained in 67% yield by heating the ether (IV) with
hydrochloric acid at 20-40 °C. The yield of compound (I) increases
appreciably (by 36%) when the intermediate (IV) is refluxed in carbon
disulphide in the presence of aluminium trichloride.”® The ether (IV)
has been cyclised®®! in the presence of alkali or without it, a high yield
of compound (I) being ensured in both cases (the yield is 10% higher in
the former case than in the latter).

From the standpoint of increasing the yield (to 95%), the synthesis
of isochroman from 2-phenylethanol and formaldehyde in the presence
of a mixture of hydrochloric acid and phosphorus trichloride also
merits attention.®?

The preparation of isochroman by hydrogenating isochromen (V) in
acetic acid in the presence of 10% palladium on charcoal has been
described.®® Isochromen was synthesised from isocoumarin via the
hydroxyaldehyde (VI).

Isochroman can be obtained in 70% yield from the acetyl derivative
(VII) by treatment with alcoholic alkali:**
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Isochroman has been isolated after cleaving di-1-isochromanyl
ether (VIII) in the presence of sulphuric acid.° The ether then
disproportionates to the diol (III) and 1-isochromanone (IX):
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2-(2-Hydroxymethylphenyl)ethanol formed under the reaction
conditions readily cyclises to isochroman.

Thus the most effective procedures for the synthesis of
isochroman are the methods®®? involving the cyclisation of
chloromethyl 2-phenylethyl ether in the temperature range 45-50 °C.

2. Derivatives of isochromans with substituents in the
dihydropyran ring

There are several methods of synthesis of isochroman derivatives
containing one or several substituents in the 1-, 3-, and 4-positions.
One of them is the chloroalkylation of 2-phenylalkanol, analogous to
the chloromethylation described in the previous Section:
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However, chloroalkylation and even more so chloroarylalkylation take
place with low yields. 1-Methylisochroman and 1-phenylisochroman
have been obtained in this way in 50% yield in the former case and in a
yield as low as 7% in the latter case.5%%
3-Methylisochroman,”'“‘70 3-ethyl- and 3-benzyl-isochromans,
4-methylisochroman,>”%”%® 4-nitroisochroman,” and 4,4-dimethyl-
isochroman’! have been synthesised by the chloromethylation of
chain-substituted 2-phenylethanols. 4-Methylisochroman (X) has also
been obtained by reducing 4-methyl-3-isochromanone (XD).%® The
latter is formed when hydratropic acid (XII) is chloromethylated:
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3-Phenylisochromanone (XIII) has been synthesised from
3-phenylisocoumarin (XIV).>2 The reduction of the latter with
lithium aluminium hydride (LAH) afforded 2-(2-hydroxymethyl-
phenyl)-1-phenylethanol (XV), which cyclises to compound (XIII) in
an acid medium. The reduction of 3-phenylisocoumarin by LAH has
been studied in greater detail by a series of investigators. Thus,
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together with the main product, another readily oxidisable
compound—the enediol (XVI)—has been obtained.”> By reducing
compound (XIV) at 0 °C, it was possible to isolate compound (XVI) as
the main product in 86% yield. The enediol (XVI) cyclises on
distillation with formation of 3-phenylisochromen (XVII), which is
reduced to compound (XIII) in ethyl acetate by hydrogen in the
presence of palladium on charcoal:
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A stereoselective synthesis of (R)-(+)-3-phenylisochroman (XIIIa)
has been achieved with the aid of consecutive reactions: the
condensation of L-(+)-mandelic acid with o-bromobenzyl bromide;
the cyclisation of the carboxyether (XVIII) formed in the presence
of butyl-lithium to 3-phenyl-4-isochromanone (XIX); the reduction of
the latter with LAH to the corresponding alcohol (XX); the
conversion of the alcohol into the acetyl derivative (XXI); the
hydrogenation of compound (XXI) to compound (XIIIa):™*

0
AN CH—OH BrCH, AN CIH O=CHn s~ /\/ 1—CeHs_Liam
L\) doon ( \i*l | coon \ “*! | o -
B\ BN NN
L) (X V1l (XIX)
?H O‘COCHa H
~ N —_— 65
” 5 | ) o Pd/Baso, o )
NN NN/
XX, o {XIIIa)

The synthesis of 3-phenylisochroman from dimethyl(o-methyl-
benzyl)amine (XXII) is unusual:”
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By treating compound (XXII) with n-butyl-lithium, it is possible
to obtain the lithio-derivative (XXIII), whose condensation with
benzaldehyde affords the aminoalcohol (XXIV). 3-Phenylisochroman
is then obtained via a stage involving the formation of the methiodide
(XXV) and its subsequent decomposition by heating. 1,3-Diphenyl-
and 3,3-diphenyl-isochroman have been obtained similarly.”
1,3-Diphenylisochroman has been synthesised by reducing
2,3-diphenylindene ozonide with sodium tetrahydroborate in
trifluoroacetic acid.”® 1,3-Diphenylisochroman has also been
isolated as a side product in the reaction of benzaldehyde with
benzylmagnesium chloride.”

1-Methoxy-4,4-dimethyl-1,3-diphenylisochroman has been obtained
by UV irradiation 2-(2-methyl-1-phenylpropenyl)benzophenone in
methanol.”’
It is of interest to note the synthesis of 1-B-chloroisobutyl-

isochroman (XXVI) in accordance with the scheme™
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The same compound can be obtained from l-chloroisochroman and
isobutene in the presence of a Friedel-Crafts catalyst.”

Substituted isochromans (XX VII) have been synthesised from indan
derivatives (XXVIII) in accordance with the scheme®®
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The cyclisation of allyl o-bromobenzyl ether on treatment with
triethylamine in the presence of palladium acetate and tri-o-
tolylphosphine leads to a mixture of isomeric derivatives of
2-benzopyran. One of them is 4-methyleneisochroman (XXI).¥!

The photochemical oxidation of 1,1-dimethylindene in methanol
results in the formation, together with other products, of 3-hydroxy-
l-methoxy-4,4-dimethylisochrcqnan.82

The cyclisation of an o-polyene-substituted B-phenylethanol in the
presence of a Lewis acid, leading to an isochroman derivative with a
tetracyclic substituent in the 1-position, has been described.®* It is
notable that the compound cyclised was obtained by multistage
synthesis.

Yet another unusual method of synthesis of isochroman derivatives
involves the cyclisation of o-mercuriobenzyl alcohols with conjugated
or non-conjugated dienes in the presence of a palladium catalyst.®

1,1-Disubstituted and 1,1,3-trisubstituted isochroman derivatives
(XXIX) have been obtained from substituted I-isochromanones
(dihydroisocoumarins) (XXX).”® Treatment of the lactones (XXX)
with a fourfold excess of a Grignard reagent afforded the diols
(XXXI). The latter cyclise to the final compounds (XXIX) at 100 °C
in the presence of an equimolar amount of phosphoric acid:
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The methods of synthesis of 1-monosubstituted and 1,1-disub-
stituted isochroman derivatives based on the reactivity of the
methylene group in the 1-position in isochroman are of great practical
value (Scheme 1). Thus 1-halogenoisochromans have been obtained
by halogenating isochroman. On reaction with copper cyanide®® or
mercury cyanide,® they form 1-cyanoisochroman (XXXII). The
latter has been converted into various l-substituted isochromans:
ketones,®>%¢ aldehydes,®” oximes,”**® an amine,>**** a carboxylic
acid,®>88 esters,3¢% etc. (Scheme 1).
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In the presence of strong bases (sodium amide or hydride,
organosodium compounds), 1-cyanosiochroman (XXXII) was
converted, on treatment with various halides, into a wide variety of
1,1-disubstituted isochromans (XXXIII) by virtue of the high reactivity
of the hydrogen in the a-position relative to the nitrile group.>%%
The isochromans (XXXIII) were then subjected to numerous trans-
formations indicated in Scheme 1.
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The dithioester, carboxy-, nitrile, and thiocarbamide groups have
been introduced in the 1-position of 1-cyanoisochroman in the
presence of phenyl-lithium (Scheme 2).9%%7  As in the previous case,

certain reactions involving the final compounds obtained were carried
96,97
1,96,

out.
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The cyanoethylation of 1-cyanoisochroman has also been
achieved.”®* It has been shown that condensation takes place best in
the presence of tetracthylammonium hydroxide.”* The series of
reactions of the bifunctional isochromans obtained leads to the

spirocyclic product (XXXIV, n = 2)°%° (Scheme 3). Compounds
(XXXIV, n = 1) have been obtained similarly.”*
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Thus syntheses based on 1-cyanoisochroman lead to extensive
possibilities for the preparation of a wide range of varied
1,1-disubstituted isochroman derivatives.

Apart from the compounds with functional-group substituents
described above, hydroxyisochromans are also of interest.
3-Hydroxyisochroman (XXXV, R = H) has been synthesised by
reducing diethyl homophthalate (XXXVI) with three equivalents of
di-isobutylaluminium hydride.!®’ 3-Benzyl-3-hydroxyisochroman
XXXV, R = C¢H;sCH);) has been obtained by reducing 3-benzyl-
isocoumarin (XXXVII) with LAH.”® The isocoumarin (XXXVII) was
synthesised by the intramolecular condensation of benzyl 2-carboxy-
benzyl ketone (XXXVIII) in the presence of acetyl chloride:
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3-Hydroxy-3-(2-hydroxymethylbenzyl)isochroman (XL) has been
obtained by reducing 3-(2-methoxycarbonylbenzyl)isocoumarin
(XXXIX) with LAH."!  On treatment with perchloric or sulphuric
acid, compound (XL) is converted into the spiroketal (XLI):
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The reduction of derivatives of 3,4-dihydroisocoumarin with sodium
tetrahydroborate in the presence of boran trifluoride (hydroboration)
leads to the elimination of the carbonyl group from the 1-position.!%2

The starting material for the synthesis of 4-hydroxy-derivatives is
4-isochromanone (XLII), obtained in 40% yield both by the Perkin
reaction from (2-carboxyphenyl)methoxyacetic acid (XLIII) and via
the Dieckman reaction from ethyl (2-ethoxycarbonylphenyl)-
methoxyacetate (XLIV). 4-Hydroxyisochroman (XLV) has been
obtained by the reduction of the ketone (XLII) with LAH!**!% and
was further converted into dichlorohomoisochroman (XLVI). The
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same ketone has been converted into a 4-hydroxy-4-R-substituted
isochroman (XLVII) by reaction with a Grignard reagent:'%®

Q/COOR o (\' o (\/\ . (\II

\CH,OCH,CO0R \/ \/ \/ \/ A4 \/
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The reaction of DL-glyceraldehyde with benzene in the presence of
liquid hydrogen fluoride is of interest. The interaction results in the
formation of 1-(1,2-dihydroxyethyl)-3-hydroxymethyl-4-phenyl-
isochroman,!%

1,1,3,3,4,4-Hexachloroisochroman has been synthesised by treating
3,3,4,4-tetrachloroisocoumarin with phosphorus pentachlc»ride“107
The isocoumarin derivative was obtained by the reaction of
homophthalic acid with the same chlorinating agent.

Thus the most convenient method of synthesis of isochroman
derivatives with various substituents ia the dihydropyran ring is the
chloroalkylation of 2-phenylethanol and its derivatives substituted in
the ethyl group. This method makes it possibie to introduce
substituents into the 1-, 3-, and 4-positions in any combination,
usually with satisfactory yields of the substituted isochromans, with the
exception of the 1-substituted derivatives. Synthesis based on
1-cyanoisochroman merits attention for the latter.

3. Derivatives of isochroman with substituents in the aromatic
ring

Compounds with substituents in the aromatic ring can be obtained
by the chloromethylation reaction using arylethanols;%-7:108.109

)

R=17-CH, 5.8-(CH;),.
5,6-benzo, 6,7-(OCH3),

When hydrogen chloride is passed for a long time and also in the
presence of an excess of formaldehyde, the chloromethyl group also
enters in the para-position in the benzene ring relative to the chloro-
methoxyethyl substituent. 7-Chloromethyl- and 7-chloromethyl-
5-methyl-isochromans were obtained respectively in this manner in the
synthesis of isochroman and its 5-methyl derivative.’®'!° Various
derivatives—the nitrile, the amide, and esters—have been synthesised
by further reactions of 7-chloromethylisochroman,!*

A method has been developed for the synthesis of 5,8-disubstituted
Jderivatives of isochroman (XLVII).!'! 2-(3-Methoxyphenyl)ethyl
methoxymethy! ether (XLIX) has been synthesised by a Williamson
reaction. The ether cyclises to 6-methoxyisochroman (L) in the
presence of toluene-p-sulphonic acid and the isochroman is converted
further into 8-methoxy-5-methylisochroman (XLVIII). The methyl
group is introduced into the 5-position as a result of consecutive
reactions: the degradative reduction of 6-methoxyisochroman in the

presence of aluminium hydride, the condensation of 2-(5-methoxy-
2-methylphenyl)ethanol (LI) with chloromethyl methyl ether, and the
cyclisation of 2-(5-methoxyphenyl-2-methyl)ethy! methoxymethyl ether
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Thus an unusual feature of this method consists in the fact that the
methyl group can be introduced into the 5-position in combination
with various substituents in the 8-position in the isochroman ring.

A series of methoxy-derivatives of isochroman (LIII) have been
synthesised by cyclising the arylethanols (LIV) on treatment with
phosphorus pentoxide or potassium bisulphate.!127116 The arylglycols
(LIV) have been synthesised by reducing the diesters (LV):
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7-Methoxyisochroman (LVI) has also been obtained as in the
117
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(2-Hydroxymethyl-4-methoxyphenyl)acetaldehyde (LVIII) has been
obtained by reducing 7-methoxyisocoumarin (LVII) with LAH. The
acetaldehyde was converted into 7-methoxyisochroman (LVI} via two
pathways: dehydration to 6-methoxyisochremene (LIX) and the
catalytic hydrogenation of the latter or its reduction to the diol (LX)
and then dehydration with ring closure. Both versions of the synthesis
are of interest from the standpoint of the isolation of the intermediates
(LVIII) and (LIX). On the other hand, in order to obtain the target
product, it might be possible to reduce 7-methoxyisocoumarin
immediately to the diol (LX) with its subsequent dehydration.
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The hydroxy-derivative—6-hydroxyisochroman (LXI)—has been
synthesised via the diol (LVII) using the Gatterman formulation:!!®
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The above methods of synthesis of methoxy- and hydroxy-
derivatives reduce mainly to the preparation of the substituted diols
(LIV), (LX), and (LXII) with their subsequent cyclisation, described
above for the synthesis of the unsubstituted derivative.

4. Derivatives of isochroman with substituents in the aromatic and
dihydropyran rings

In order to obtain isochroman derivatives with substituents in both
rings, the same cyclisation reactions are used as for the synthesis of the
previous structures and sometimes the problem reduces to the
preparation of the corresponding initial arylalkanols.

6,7,8-Trimethoxy-3-methyl- and 6,8-dimethoxy-3-methyl-
isochromans (LXIV) have been obtained by the chloromethylation
of 2-(3,4,5-trimethoxyphenyl)-1-methyl- and 2-(3,5-dimethoxyphenyl)-
1-methyl-ethanols (LXIII).}**!?*  Compound (LXIV) was synthesised
in a low yield because of partial polymerisation of the phenol-
formaldehyde type. A higher yield is obtained in the chloro-
methylation of the arylalkanol (LX1II, R? = H) by monochloromethyl
methyl ether in the presence of zinc chloride. The ch' .romethyl
derivative (LXV) is formed for a specific ratio of the eti:er and zinc
chloride and is subsequently converted into compound (LXVI):
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2-(3,4-Dimethoxyphenyl)-2-methylethanol has been condensed
with chloroacetal in the presence of boron trifluoride to form
1-(2-chloroethyl)-6,7-dimethoxy-4-methylisochroman (LXIV, R! =
CH,CH,Cl, R?> = OCHj, R® = H) and its stereochemistry has been
investigated.'?!

The diastereoisomeric isochromans (LXVII) have been obtained
from the methyl esters of erythro- and threo-2,3-diaryl-3-hydroxy-
propionic acids and formaldehyde in methanol in the presence of
sulphuric acids.'?

The method of synthesis of (+)-5-butyl-6,8-dihydroxy-3-
pentylisochromans (LXVIII)is based on the cyclisation of compound
(LXIX). The latter has been obtained by multistage synthesis from
ethyl B-(3,5-dimethoxyphenyl)propionate (LXX).!?

8-Hydroxy-4,4,7-trimethyl-1,3-diphenylisochroman has been
obtained by the stepwise aromatisation of 4a-chloro-4,4,7-trimethyl-
1,3-diphenyl-4a,5,6,7,8,8a-hexahydroisochroman-8-one. The latter
was synthesised by condensing limonenone with benzaldehyde.'2%12*
8-Hydroxy-4,5,6,7-tetramethylisochroman has been obtained by
reducing sclerin—8-hydroxy-4,5,6,7-tetramethylchroman-1,3-dione: '

COOCH;,4 CHy
! Ho.
AR Y N—GHu Y \GHu
NRe | J OH ]\J 0
RS N N/
(LXVID OH OH OR
R!=R?=0OCH; RIR?= OCH,0; (LXIX) R=H, CH,
R, Ré=H;  RR‘= ocn,o XV
HyCO—7 \-Rl
(1 Yoen ( =
OCHs o bn
(LXX) (LXXD

R!'=H, OCH,; R*=H.OH.

Among hydroxy-derivatives, 3-aryl-1,8-dihydroxyisochromans
(LXXI), obtained by reducing 8-hydroxyisocoumarins by complex
hydrides, are also known.'?®

4-Hydroxyisochromans have been obtained from 4-isochromanone
derivatives both by reduction'?’ and by the Reformatskii reaction.'?®

The formation of the isochroman derivatives (LXII) and (LXIII) in
the photolysis of the quinone (LXIV) in acetone'*® (other compounds
are obtained as well) is of interest from the chemical standpoint:

(o] O
i CH
! NTE
ﬂ ll (CH;)s (cH ) OO () I\CH3 + J ,\CH;
% ar
0 CH; CH,3 LCHs CH,
(LXXIV) (LXX“) (LXXIII)

The methods of synthesis of isochroman derivatives based on the
cyclisation of o-alkenylbenzyl alcohols’*®3! and the catalytic
reduction of indene ozonides!>? are distinguished by unusual features.

One of the common methods of synthesis of isochroman derivatives
(LXXV) with substituents in the aromatic and dihydropyran rings
involves the condensation of an arylalkanol! with formaldehyde in the
presence of aluminium chloride.’3*'**  Arylalkanols can be
synthesised in different ways. Thus they have been obtained!>*!3* by
the reaction of arenes with epoxyalkanes in the presence of aluminium
chloride. Compounds (LXXYV) have also been obtained by
hydroxymethylation and cyclisation in the presence of a mixture of
hydrochloric acid and phosphorus trichloride'62

1
B R

Ny

A number of investigatorsl”"141 have synthesised 1,1,6,7-
tetrasubstituted isochromans (LXXVI) by condensing an arylethanol
with carbonyl compounds (ketones, aldehydes or their acetals,

AlCly

+ CH,—CHR® ——~ OH mm,

(LXXV)
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ketoacids). A solution of 3% trichloroacetic acid, toluene-p-sulphonic
acid, and hydrogen chloride has been used as the initial catalyst.

A similar condensation has been used to synthesise 1-substituted
and 1,4-disubstituted isochroman derivatives (LXXVI) with different
positions of substituents in the aromatic ring (including also condensed
fragments in the 6,7-positions) in the presence of polyphosphoric acid
or toluene-p-sulphonic acid.!*?'** It is notable that the above
condensation yielded tricyclic isochromans (LXXVII) which can be
used in the perfume industry.!*'*  The similar compounds
(LXXVIII), obtained by the reaction of isochroman derivatives with
dichloroalkanes in the presence of aluminium chloride,'*° have the
same properties. 1-Alkoxyalkylisochromans (LXXIX) and (LXXX),
with a wide variety of substituents in different positions in both the
aromatic and dihydropyran ring, are also known.'>''** The above
compounds are intermediates in the synthesis of hypotensive and
psychotropic preparations.

A series of isochroman derivatives (LXXXI)~(LXXXIII) have been
obtained by condensing the corresponding arylalkanols with ketones
or ketoacids.!*+157

The hydrogenolysis of wood results in the formation of 1-ethyl-6-
hydroxy-4-(4-hydroxy-3-methoxybenzyl)-7-methoxyisochroman.! 315
Catalytic reduction of the Chrysodin metabolite yielded 3-hexyl-6,8-
dihydroxy-7-methylisochroman: 6

(LXXVII).
R =R =RI= RS =Ro=H

Ré R- R“’-mk

2=CHR" ) R ‘—H,CHZ;
(LXXVIII),
= R=an

R R 4
R R .
8 2 ﬁ
() o B
1 17
R (CH,),0(CH,CH,) X R “coon

12
(LXXIX), X=0H; (LXXXI), R, R =Alk;

(LXXX), X=Cl . (LXXXIT), R'=Alk ;
R'=H .
HO
o R!, R2 = Alk, Ar, alkoxycarbonyl;
" N R!+ R? = carbocycle .
R R”
(LXXXIII)

Thus isochroman derivatives with substituents in both the aromatic
and dihydropyran rings can be obtained by the cyclocondensation of
arylalkanols with various carbonyl compounds in the presence of both
protic acids and Lewis acids. The variation of the substituents in the
1-position depends on the type of the carbonyl-containing component.
It is notable that preference should be given to methods based on the
application of polyphosphoric or toluene-p-sulphonic acid. When
aluminium chloride is used as the catalyst, it is essential to take certain
precautions, since the decomposition of the complexes formed is
accompanied by the vigorous evolution of hydrogen chloride.

Z=CH,, CHCH, (CH,), CH,CHCH,,

III. Chemical properties of isochroman and its
derivatives

1. Hydrogenation

The catalytic hydrogenation of isochroman and its derivatives can
involve hydrogenolysis accompanied by the opening of the cyclic ether
as well as the reduction of the benzene ring. It is notable that the
hydrogenolysis of isochroman derivatives is of practical value,
especially in the perfume industry,'!-164

In the catalytic hydrogenation of isochroman in the presence of the
Raney nickel catalyst at 200 °C and a pressure of 150 atm, the
hydrogenolysis product 2-(2-tolyl)-ethanol was isolated in addition to
the normal reduction product—tetrahydroisochroman:*®

O—(0-

N/ \/

\/ \
OH .
Hs

Other fractions have been isolated after distillation through a
column as a result of a similar reaction but at normal pressure:
(1) cis- and trans-1,2-dimethylcyclohexanes, 1,2-dimethylbenzene, and
2-ethyl-1-methylbenzene; (2) trans-hexahydroisochroman; (3) cis-
hexahydroisochroman; (4) an unidentified high-boiling fraction.!®

It is of interest that the tetrahydro- and hexahydro-derivatives of
isochroman are obtained by special methods, involving the
Dieckmann, Robinson, etc. cyclocondensation reactions, and not by
the hydrogenation of the corresponding isochromans,'¢-168

Treatment of isochroman with hydrogen in the presence of Raney
nickel at room temperature for 10 min affords a rearrangement
product—2-ethylbenzaldehyde.®® The catalytic reduction of 1-alkyl-
or l-aryl-isochromans in the presence of the Raney nickel catalyst at
200 °C and a pressure of 200 atm leads to ring opening with formation
of 2-arylethanols.’® The reduction of the benzene ring is not then
observed. The substituent in the 1-position evidently increases the
resistance of the aromatic ring to hydrogenation. Reduction with the
opening of the dihydropyran ring occurs when 6-methoxyisochroman
interacts with aluminium hydride:!!!

rR—NYN Re—
IJ} OH T |
N \| \/\

R'=H, Ak, Ar; R?=

NS \CH=

===}
\CHO

H, OCHS .

The reduction of 4,4-dimethyl-1-phenylisochroman (LXXXIV) by
hydriodic acid in the presence of red phosphorus is of interest from the
chemical point of view.!® The reaction results in a rearrangement
with the opening of the heterocycle, which leads to the formation of
three tricyclic compounds—10,10-dimethyl-10,11-dihydro-5H-
dibenzo[a,d]cycloheptene (LXXXV), 9-isopropyl-9,10-dihydro-
anthracene (LXXXVI), and anthracene (LXXXVII):

. H CH
HC  cH, BC_ FHs : :
SOES JOOSR
X
(LXXXV) (LXXXVI) (LXXXVID)

(LXXXIV)
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2. Oxidation

When isochroman is allowed to stand in air for several days at room
temperature, the crystalline l-isochromanyl peroxide (LXXXVIII) is
formed, decomposing at 78 °C (2 mmHg).>? It is possible to isolate the
diastereoisomers of the peroxide (the meso-isomer and the racemate)
from isochroman by allowing it to stand in the light for a month.!™
When isochroman and its I-substituted derivative are oxidised by
atmospheric oxygen at room temperature and under UV irradiation,
the corresponding hydroperoxides (LXXXIX) are formed.5!»!7°
On treatment with dilute inorganic acids, the latter are readily
converted into the symmetrical peroxides (XC). On interaction
with benzaldehyde in the presence of potassium hydroxide, the
hydroperoxide (LXXXIX, R = CHj3) affords 2-phenylspiro[I,3-
dioxolan-4,1'-isochroman] (XCI).

The oxidation of isochroman by nitric acid leads to 1-iso-
chromanone (3,4-dihydroisocoumarin).®!”! It is of interest to note
the formation of the tricyclic system 10,11-dihydro-5H-dibenzo[a,d]-
cyclopentan-5-one (XCII) from the latter when it is involved in a
Friedel-Crafts reaction in the presence of aluminium chloride in
benzene:!”!

D1
NN VAVAN VAN N/ \
00 G0—03—(1 A—ﬂ )
SN\ AVAV 4 NN\ N/ \/
@LXXXVII) ) (xcn)
VaYd \
U\
NN VAVAN
00— - ~
VNS NN/ (xcn
k R/ No—OH
(LXXXIX) 4 \/\| (f YN
A !
A
(X0

Isochroman and its derivatives with the substituents in both the
aromatic and dihydropyran rings have been oxidised by chromium
trioxide, selenium dioxide, hydrogen peroxide, pyridinium chloro-
chromate, and sodium hypochlorite. 55671127 114172-177 1t hag been
shown that the oxidation takes place in the 1-position with formation
of the dihydroisocoumarins (XCIII). On the other hand, if the
1-position is occupied by two alkyl substituents, then the oxidation
takes place in the 4-position and more prolonged oxidation leads to the
ketolactone (XCIV).!”? It is of interest to note the influence of allyl
groups in the 1-position in isochroman on the oxidation process.

In this case the reaction is accompanied by the opening of the
dihydropyran ring and leads to (2-benzoylphenyl)acetic acid (XCV,

R? = R? = H)!? and its derivatives (XCV, R? = OCHj3, R® = Alk)'™

or (XCVI):!™
o} 0

i;l 2;03;20 ——’.QI;O @'
Alk 0 R R R R 5
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1 X X
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R
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i

(XCIV)
. x={(CH,),,
R'=H, Alk n=0,1.

R = Alk,
R*=H, OCH,;

The anodic oxidation of isochroman in the presence of N-hydroxy-
phthalimide is also directed to the 1-position.’®® The electrochemical
oxidation of 6,7-dimethoxy-1-(3,4-dimethoxybenzyljisochroman leads
to a tetracyclic system containing in its structure the oxidised
isochroman ring and to 1-(2-hydroxy-4,5-dimethoxybenzyl)-6,7-
dimethoxyisochroman (oxidation of the aryl component cf ihe side
chain).’®!  The oxidation of isochroman under UV irradiation in the
presence of iron(III) chloride in the acetone-water mixture is notable.
This entails the formation of 9% of 3,4-dihydroisocoumarin and 23%
of B-(o-carboxyphenyl)ethanol.'®? The oxidative demethylation of

5,8-dimethoxyisochromans (XCVII) by silver oxide leads to the

formation of the quinonoid structure (XCVIII):!*
HyCO o
I
AN N, O e
l “ 6o “ “ 0
Y Y
HCO R 0 R
(Xcvi (XCv1iy)
R=H, CHs, 4-CH;CH,, 4-CHsOCiH, .

Thus the oxidation of isochroman and its derivatives is directed
mainly to the 1-position. In addition, in certain cases the oxidation is
accompanied, like the reduction, by the opening of the dihydropyran
ring.

3. Halogenation

Both molecular halogens and bromosuccinimide are used for the
halogenation of isochroman and its derivatives. It has been
established that the halogenation proceeds preferentially in the
1-position, since this is most reactive. 1-Chloroisochroman was first
obtained by chlorinating isochroman at ~5 °C.*® The same product
has been synthesised in 60-80% yield by the reaction of 1-ethoxy-
isochroman with acetyl chloride.%6"'8%  The chlorination of
1-ethylisochroman (XCIX) at 0 °C is directed to the 1-, 6-, and
8-positions in the isochroman ring.°*** On treatment with an
alkoxide, only the chlorine atom in the 1-position is substituted by the
alkoxy-group.

Isochroman is capable of being converted into 1-dichloro-
methylisochroman (C) on treatment with chloroform in an alkaline
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medium in the presence of benzyltriethylammonium chloride by
combining with dichlorocarbene:®’

NN
U CI) — () —— I | @_r\“
N/ \/\
thar, & OC.H,
©
NN VS NN
1 ]o— 1] o — e
NSNS NN/ NN /
tu, et NCH, g \Csz
(XCIX) R = CHs CH, |

1-Bromoisochroman (CI) has been obtained by brominating
isochroman in benzene or carbon tetrachloride under UV
irradiation. ®%061.71:89  Ag 4 cyclic analogue of a-halogenoethers,
this bromo-derivative rearranges to its structural isomer o-(B-bromo-
ethyl)benzaldehyde (CIN®%'®% as a result of its high reactivity.!%*
Isochromans substituted in the 3- or 4-position [compounds (CIII)] are
also brominated in the 1-position under the same conditions.”®”%%

The bromination of 1-alkyl- and 1-benzyl-isochromans (CIV) does
not stop at the stage involving the formation of the monobromo-
derivative but leads to products of the substitution of the side chain,
for example, the dibromo-derivatives (CV). The latter have been
converted into the diols (CVI), which cyclise to the cis,trans-isomeric
spirocyclic derivatives (CVII) in an acid medium:®!
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The bromination of isochroman and its 1-substituted-derivatives by
N-bromosuccinimide has been investigated. It has been shown that,
whereas isochroman is converted into 1-bromoisochroman,™#* its
1-ethyl derivative is brominated both in the 1-position and in the
aromatic ring.®* Furthermore, if the 1-position in isochroman is
occupied by two alkyl groups, then bromination takes place in the
4-position.®* The bromination of 1-phenylisochroman by

N-bromosuccinimide in the presence of sodium ethoxide leads to
2-vinylbenzophenone (CVIII):

Br
Br
(o] 0 9] 5
CH, H,C; Br HC, C,H; HC, “C,Hy

w_ u ¥ oo,
5
0 0
N C—CyH;
CgH, HC,  Br 3

(CVIIL)

4, Certain substitution reactions of isochroman derivatives

Although 1-chloro- and 1-bromo-isochromans rearrange under
certain conditions to structural isomers,® nevertheless, they are of
special interest from the standpoint of their conversion into a wide
variety of isochroman derivatives. Thus, when 1-bromoisochroman is
treated with a solution of sodium bicarbonate or simply with water,
di-1-isochromanyl ether (CIX) is obtained.% The latter is also formed
from 1-ethoxy- or l-acetoxy-isochroman in quantitative yield when
they are allowed to stand in air:*°

/}/\

/\ NaHCO,
J =L
R=GCH,, CH,OO

(CIX)

On treatment with water, 1-chloroisochroman behaves similarly
to 1-bromoisochroman, forming di-1-isochromanyl ether.*®
1-Chloroisochroman has been condensed with hydroperoxides with
formation of the corresponding peroxides (CX) (vield 80-85%).1%
1-Isochromanyl peroxide is obtained by treating 1-chloroisochroman
with 30% hydrogen peroxide.'®® 1-Isochromanyl hydroperoxide is

formed on treatment with 5.3% hydrogen peroxide:

=03 g0

O—OR l Cl
(€X) (CIX)

The reactions of 1-halogenoisochromans with cyanide are described
in Section II. 'We shall only note the formation of 1-cyano-4,4-R,-
substituted isochromans from the corresponding 1-bromo-4,4-R,
derivatives and mercury(Il) cyanide.”® Compounds having different
substituents in the 1-position have been synthesised in satisfactory
yields by the reaction of a Grignard reagent and 1-halogenoiso-
chroman as well as its 4,4-disubstituted derivatives 33:6%:61.66.165  gucp
1-substituted isochroman derivatives are obtained in low yields on
chloroalkylation of phenylalkanols. 1-Ethoxy- and 1-acetoxy-
isochromans have been obtained by the reaction of 1-bromoiso-
chroman with sodium ethoxide and potassium acetate.® 1-Acetoxy-
isochroman has been converted into 1-cyanoisochroman on treatment
with trimethylsilyl cyanide in the presence of a Lewis acid.'®’
1-Ethoxyisochroman can be obtained also by treating 1-bromo-
isochroman with ethanol.®® 1-Alkylthioisochromans (CX1I) have also
been obtained by an analogous procedure. They were then converted
into 1,1-disubstituted isochromans.'®®
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A series of nitrogen-containing compounds has been obtained from Table 1. Compounds (CXIX)~(CXXXI).
1-bromoisochroman. Thus treatment of the latter with amines, ~
aminoalcohols, amides, sodium azide, and silver isocyanate yielded the [/jl |
corresponding derivatives (CXID—(XCIV).!8!%  These compounds AN ><o
were subjected to a series of transformations, which are illustrated in X7 Y
Scheme 4. L L. . Compound X Y | Compound X Y
Isochroman derivatives containing substituents such as the alkoxy-,
acyl-, acyloxy-, etc. groups in the 1-position are also capable of (CXIX) | CH.NHR H | (CXXVI) |CH,;NHCOCH=CMe,| (CHs):N(CsHy),
undergoing nucleophilic substitution reactions. The interaction of (R=H, Alk)
1-ethoxyisochroman with sodiummbisulphite, acetic anhydride,® (CXX) | (CHy),NHR H |(CXXVID| COCH, (CHy)eN(CsHy),
aromatic and aliphatic alcohols,'®! nitrogen-containing compounds- (R=Ar, Alk, n=1,2)
amides, thioamides, sulphonamides, urea, thiourc:a,192 and amines cxxy | RcanR: H (CXXVII) R "I[
(aromatic, aliphatic, heterocyclic),>*!? as well as benzoxazoline-2- (R'=Alk, R?=ArAlk) _(CH 2)"§<"v—“
thione has been achieved.!®® The final reaction products (CXVa-d), (CXxX1) | CHNH(CHy, NR H B o SN
(CXVI), and (CXVIIa—) are presented in Scheme 533191193 1y g (R;H_ Alk": &H:CHQ), £
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the synthesis of a series of isochroman derivatives (CXVIII) with Alk, allyl, Ar, ArAlk)
functional group substituents by reactica with compounds having — - ; ciciy),
active methylene groups: diethyl malonate, a-tetralone, acetylacetone, ¢ ) }%’3’{’ CES) GHs Xty
malononitrile, and acetoacetic ester.'®"'** It is notable that the ) :
isochroman derivatives [CXVIII, XY = (COOC,;Hs), or CHXY = (CXXY) zgi”c';;‘z? NR,=Het: A L _CH‘J\H>CH (R=H. CHy)
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derivatives in the presence of alkali metal alkoxides.!** (€xxx) | —CH—C=0
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1V. Biological activity of isochroman derivatives

Isochroman derivatives containing amino-groups in the dihydro-
pyran ring have been most thoroughly investigated from the
pharmacological point of view, since these compounds are in fact
“rigidly fixed” anaiogues of arylalkylamines. They are all
characterised by a broad spectrum of biological activity: anti-
depressant, diuretic, psychotropic, antiinflammatory, vasodilating,
etc..

The study of the influence of 1-meth; aminoisochromans (CXIX)
[compounds (CXIX)}{CXXXI) are presented in Table 1] on the
cardiovascular system24 showed that compound (CXIX, R = H)
exhibits a hypertensive activity. The corresponding N-methyl
analogue (CXIX, R = CHj;) possesses considerable adrenoblocking
properties, while 1-N-ethylamino- and 1-N-isopropylamino-
methylisochromans (CXIX, R = C,Hj; or iso-C3H7) possess a weak
hypotensive activity. According to the results of some workers who
have investigated the effect of phenylethylamines on adrenoreceptors,
the replacement of the hydrogen at the nitrogen atom in 2-phenyl-

(CXVb) R
R=2,5-(HO )CO,CH3CoH;
—> )
(C€Xve) R
R=2-HOCg I,
CqH;0H 4=-HO CG Hy
0

— O
.

ethylamines by higher alkyl groups leads to a transition from
adrenomimetic to adrenclytic properties. Although the analogous
isochroman derivatives exhibit a weak activity, they give rise to the
same pattern. On the other hand, the replacement of the hydrogen
atom at the nitrogen atem of l1-aminomethylisochroman by arylalkyl
groups as well as the introduction of an additional methylene group
between the nitrogen atom and the isochroman ring lead to
compounds (CXX), which possess some sympatholytic and adrenolytic
activity and exert an effect on the central nervous system (CNS).!%
This activity persists also in 1-aminoalkylisochromans (CXXI)
containing an alkyl substituent at the carbon atom linked to the
isochroman ring.!”® Many compounds (CXXII) in which two
1-aminomethylisochroman fragments or a 1-aminomethylisochroman
fragment and another basic residue are separated by different numbers
of methylene groups have been synthesised.!*”'%® It has been
established that they all exhibit cholinolytic activity, while compounds
(CXXII, n = 8) exert a pronounced blocking action on sympathetic
nerve fibres and adrenoreceptors.!®®  1-Piperidino- and 1-piperazino-
isochromans (CXX11II) have antihistamine properties.'*2%°

(CXVad)
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It is of interest to note that the simultaneous introduction of the
phenyl and aminopropyl groups in the 1-position, as in compounds
(CXXIV), leads to substances with a pronounced adrenomimetic
effect, which can be used in psychotherapy, particularly in the
treatment of endogenic depression.’® 2% The pharmacological
properties also of other 1,1-disubstituted isochromans derivatives have
been investigated. Thus l-cyano-1-morpholinomethylisochroman
[CXXV, NR; = N(CH,),0, n = 1] exhibits a spasmolytic activity,
while 1-cyano-1-(2-diethylaminoethyl)- and 1-cyanol-(2-piperidino-
ethyl)-isochromans {CXXV, NR, = N(C,Hs), or N(CH,)s, n = 2]
exhibit an anti-cough effect whilst lacking spasmolytic activity.®* Ina
dose of 2 mg kg™, the latter compound showed the same effect as the
familiar drug Silomat in a dose of 5 mg kg™'.*¥® The diamino-
derivative, namely 1-(B-diethylaminoethyl)-1-[N-(B-methyl-
crotonyl)amino-methyllisochroman (CXXVI), is a muscle relaxant.®

1-Acetyl-1-(2-diethylaminoethyl)isochroman (CXXVII) exhibits a
spasmolytic activity of the papaverine type and on an isolated intestine
manifests an activity equal to that of papaverine in strength.®

The isochroman derivatives (CXXVIII), having nitrogen-
containing cyclic fragments (imidazolylalkyl, tetrahydropyrimidyl) in
the 1-position, are pesticides in large doses, while in small doses they
exhibit a depressing effect on the CNS.!¥ These compounds eliminate
the convulsions induced by an electric shock more effectively than does
hexobarbital and are corazote antagonists. They also show a local
anti-inflammatory effect in the carrageenin oedema. Biological
activity has also been discovered in a series of spiro-derivatives of
isochroman. Spirooxazineisochromans (CXXIX) exhibit a
psychotropic activity,?*> while 1-methyl-2,5-dioxopyrrolidine-3-spiro-
1'-isochroman (CXXX) manifests a pronounced anti-inflammatory
effect.”!

In order to investigate the antitumour properties of 1-isochromanyl
hydroperoxide, the latter was synthesised but did not exhibit a
pronounced activity.2®* A compound of the isochroman series,
namely 3-(1-isochromanyl)-6-isopropyltropolone (CXXXI),205
showing an appreciable antitumour activity is known.?®® The
introduction of substituents of different kinds (aryl, heteroaryl) in the
1-position in isochroman lowers appreciably the above activity.?"”

Further expansion of the research into biologically active
isochroman derivatives has consisted in the simultaneous introduction
of the amino-fragment in the 1-position and of hydroxy- or different
alkoxy-groups in the aromatic ring of isochroman. Thus numerous
1-(aminoalkyl) derivatives of isochroman (CXXXII) have been
patented.'*"2°5-217  Alkyl, arylalkyl, and heteroaryl groups are used as
substituents at the nitrogen atom. In particular, many compounds
containing substituted piperazine fragments have been described. The
biological activity spectrum is extremely broad: anti-depressant,
anticonvulsive, hypotensive, anti-inflammatory, analgesic, vaso-
dilating, myorelaxing, anticoagulation, and other activities. Com-
pounds (CXXXIII) are also of interest;?'%2'® the presence of the
poly(ethylene oxide) chain in them did not affect the selectivity of their
action:

(RO)~ (RO) -

(cu,),,n( (CH,), (OCH,CH,) kN/

~
(cxxxi) (Ccxxxun

m,nk=1-3,

The biological properties of the isochroman derivatives (CXXXIV)
and (CXXXYV) containing a basic fragment in the 3- and 4-positions
have also been investigated. Among them, l-arylisochromans

(CXXXIV) with the aminoalkylene chain in the 3-position, for
example, can be used in the treatment of disturbances of the activity
of the CNS: in particular, they exhibit anticonvulsant, anti-
depressant, and appetite-depressant activities.??%??! The most

active compound—3-(N-methylaminomethyl)- and 3-(NN-dimethyl-
aminomethyl)-1-phenylisochromans—exhibit a more pronounced
activity than the familiar appetite depressant (d)-amphetamine.
Furthermore, they are free from the disadvantages of the latter—the
excitation of the CNS.222 The introduction of a fluorine atom both in
the aromatic ring of isochroman and in the phenyl group in the
1-position does not alter the activity. It is notable that the study of the
pharmacodynamics of 3-aminomethyl-7-fluoro-1-phenylisochroman
established that, in contrast to the anorexigenic preparations, this
compound does not increase the pulmonary blood pressure.223

Isochroman derivatives (CXXXVI) containing simultaneously aryl
and aminoalkyl substituents in the 3-position are known; in contrast
to compounds (CXXXIV) and (CXXXV), they are effective drugs for
the treatment of cardiovascular diseases (they exhibit hypotensive and
diuretic activities).??#?2% Isochroman derivatives having the structure
(CXXXVII) also possess hypotensive properties.?®  i-Methyl- and
1-phenyl-isochromans with dialkylamino- or piperazinyl groups in the
4-position manifest antihistamine properties.??’ Piperidine-4-spiro-4'-
isochromans (CXXXVIII) exhibit the same type of activity.??® 1t is of
interest that compounds (CXXXIX), which also contain the piperidine
ring but the latter is linked to the isochroman ring by a C-C bond,
manifest anti-allergic properties, 2?23

N-Substituted piperidine-4-spiro-3'-isochromans (CXL) possess
hypotensive and anti-depressant activities.?*!

Among semisynthetic cephalosporins, a substance with an
isochromanyl residue exhibiting a bactericidal activity has been
discovered.?*?

Among more complex structures (tri- and tetra-cyclic), dibenzo-
pyran and morphine-like substances, possessing antipyretic, analgesic,
and anti-inflammatory properties, are known. 2> Acids of the
isochroman series also exhibit anti-inflammatory and antibacterial

activities.!40-23
: 6@ :
/
0 <|:ucu N
(CxxXxv1)

(CXXX1V), (CXXXV)
(CXXXIV):

Q=3- or 4-(CH,),NAI,,
(CXXXV) :

Q=3- ?HC”?.NRz

(:Q‘ﬁ‘"\_/ 'T’:ﬁ

(Cxxxvi, R-Alk

CH,
i
|
(cxxxlx)
(CXXXvi) x=cR'R®NR} (cxr)
R=CHy, (CHp) C/H,} n,n =H,Alk, R=H,CH,CH,,
n=12 ArAlk COOC,Hy
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Summarising, one should note that it is as yet too early to reach
conclusions about the relation between the structure and activity of
isochroman compounds, but the existence of a large number of
substances with different biological activities suggests that deliberate
search for preparations among individual groups of isochroman
derivatives is desirable. The availability of the starting materials and
the existence of methods of synthesis make it possible to use on a wide
scale a series of isochroman derivatives as synthons for the preparation
of biologically active substances.
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