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I. INTRODUCTION

/3-Tetralone — tetralone-2 [name used throughout in
Russian text (Ed. of Translation)], or S^-dihydro-liT-
-naphthalen-2-one, or l,2,3,4-tetrahydro-2-oxonaphthalene
— and its derivatives are characterised by high reactivity
and can be used for the synthesis of various compounds.
Interest in them heightened after Robinson showed that they
could serve as raw materials for the synthesis of steroids
and terpenes. Subsequently /3-tetralone was successfully
used for the synthesis of compounds similar to morphine
and chrysene derivatives.

In several instances the interest lies not so much in
j3-tetralone itself as in various of its derivatives.

The problems of the synthesis of /3-tetralone and its
substituted derivatives and also the use of /3-tetralone in
syntheses have not been systematically covered in the
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literature. The present review aims at a complete picture
of work in the field of the chemistry of the compounds of
the /3-tetralone series.

II. METHODS FOR OBTAINING COMPOUNDS OF THE
/3-TETRALONE SERIES

/3-Tetralone (I) was first obtained in 1893 by Bamberger
and Lodter1 by the action of alkali at high temperature on
3-chloro-l,2,3,4-tetrahydro-2-naphthol. The yield of the
product was somewhat increased on using quinoline or
magnesium carbonate2»3:

OH

Somewhat later Εinhorn and Lumsden4 showed that /3-tetral-
one is formed in the dry distillation of calcium 2-(carboxylato-
methyl)phenylpropionate:

CH2COO>

(I).

Soviet investigators5"7 obtained /3-tetralone by pyrolysis
of 2-carboxymethylphenylpropionic anhydride and by Dieck-
mann condensation of the diethyl ester of the acid. How-
ever, their attempts to synthesise β-tetralone derivatives
substituted in the aromatic nucleus by this method were
unsuccessful.

Braun and coworkers 8 obtained /3-tetralone, together
with α-tetralone, by the oxidation of tetralin with chromyl
chloride (Etard reaction); it was shown later9 that in this
reaction both ketones are formed in approximately equal
amounts. /3-Tetralone is formed in the pyrolysis of tri-
methyl-(l,2,3,4-tetrahydro-2-hydroxynaphth-l-yl)ammon-
iumiodide8 andoftrimethyl-(l,2,3,4-tetrahydro-2-methoxy-
naphth-l-yl)ammonium iodide10 with subsequent hydrolysis
of the 3,4-dihydronaphth-2-yl methyl ether:

N(CH 3) 3I-

o 5 / O H
(I) .

N ( C H 3 ) 3 I -

OCH, OCH3

Crowley and Robinson n describe the synthesis of /3-tetral-
one and 6-methoxy-/3-tetralone by the Curtius decomposi-
tion of the azides of the corresponding 3,4-dihydro-2-naph-
thoic acids and hydrolysis of the resulting isocyanates:

C O N 3 N=C=O
(I).

Straus and Rohrbacher 12 obtained /3-tetralone in the
decomposition of epoxy-3,4- and epoxy-l,4-dihydronaph-
thalenesandalsobydehydrobrominationof l-bromo-1,2,3,4-
-tetr ahy dro - 2 -naphthol:

\
/ O .

Tchoubar13 obtained similar results. Probably the inter-
mediate formation and decomposition of an oxide formed
the basis of the production of /3-tetralone in the autoxidation
of 3-,4-dihydronaphthalene by air 1 4 .

The reaction for the preparation of β-tetralone from
chlorotetrahydronaphthols also passes through a stage in
which epoxynaphthalenes are formed15:

U),

and therefore the same ketone is obtained from both iso-
mers.

The method of decomposing epoxydihydronaphthalenes
subsequently proved to be extremely useful for synthesis-
ing substituted /3-tetralone derivatives.

Tchoubar16 describes the formation of /3-tetralone from
the cyanohydrin of indan-2-one by hydrogenation and then
deamination of the aminoalcohol obtained by the action of
nitrous acid.

Compounds of the 2-naphthol series were found to be
valuable starting materials for preparing /3-tetralone and
its derivatives. Thus Robinson and coworkers 17 obtained
/3-tetralone by the reduction of methyl 2-naphthyl ether with
sodium and alcohol followed by hydrolysis of the 3,4-di-
hydronaphth-2-yl methyl ether formed. Ethyl 2-naphthyl
ether behaves similarly18.

The structure of the intermediate 3,4-dihydronaphth-
-2-yl methyl ether is confirmed by ozonolysis 19. 0-Tetral-
one, 7-methoxy-j3-tetralone, and 7,8-dimethoxy-/3-tetral-
one2 0 are obtained inhighyield in the electroreduction of the
methyl ethers of the corresponding naphthols.

Birch2 1 reduced 2-naphthol to /3-tetralone by the action
of sodium and alcohol in liquid ammonia. Subsequently the
reaction was studied more thoroughly22 and the side-pro-
ducts were investigated.

The Robinson-Cornforth and Birch methods are widely
used for the synthesis of various substituted /3-tetralone
derivatives.

2-Naphthol is hydrogenated under severe conditions to
|3-tetralone23»24 over palladium deposited on carbon, in the
presence of organic bases, and over copper chromite —
to l,2,3,4-tetrahydro-2-naphthol25, which is dehydrated by
ethylene over a catalyst to /3-tetralone.

Weil26»27 obtained /3-tetralone by reducing 2-hydroxy-3-
-naphthoic acid with sodium amalgam, but erroneously
ascribed to the product the structure 1,2,3,4-tetrahydro-
naphthalene-3-carbaldehyde; the same product was ob-
tained by him in reducing various 1-substituted (acetyl,
amino-, chloro-, bromo-) 2-hydroxy-3-naphthoic acids.

Weil's erroneous opinion about the structure of his pro-
duct was corrected by Przhiyalgovskaya and coworkers28,
who showed that when 2-hydroxy-3-naphthoic acid is re-
duced by sodium amalgam it gives the 3-car boxy lie acid of
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/3-tetralone, which is readily decarboxylated into /3-tetral-
one:

ι - (η.
COOH

2-Hydroxy-l-naphthoic acid is reduced similarly, but in
somewhat less yield29.

Phenylacetyl chloride gives /3-tetralone on reacting with
ethylene in the presence of aluminium chloride30:

XHoCOCl

(i).

7 -Methoxy-j3-tetralone is obtained similarly. Much earlier
this reaction was used for the synthesis of 4,4-dimethyl-
and 3,4,4-trimethyl-/3-tetralones3V2 and l-isopropyl-4,7-
-dimethyl-/3-tetralone33.

Of the methods for making /3-tetralone which have been
described, the following are sufficiently universal, that is,
suitable for the synthesis of substituted derivatives: reduc -
tion of compounds of the 2-naphthol series after Robinson -
Cornforth and Birch, amalgam reduction of hydroxynaphthoic
acids, and decomposition of epoxydihydronaphthalenes.

Thus, reduction of the corresponding naphthyl ethers
has yielded: S-methoxy-jS-tetralone27»34"36, 6-methoxy-0-
-tetralone17, 7-methoxy-/3-tetralone37"40, 5-methoxy-
methyl-/3-tetralone 4 J, 5-methoxy-l-methyl-/3-tetralone " J 4 2

5-hydroxy-l-methyl-/3-tetralone34, 5,8-dimethoxy-/3-
-tetralone4 3"4 7, 7,8-dimethoxy-/3-tetralone38)48, 5-acetam-
ido-/3-tetralone42, l-methyl-/3-tetralone 17, 6-methyl-/3-
-tetralone, and 6-vinyl-/3-tetralone49»50, 6-n-hexyl-/3-
-tetralone51, 6-(l-hydroxyethyl)-/3-tetralone52, 6-vinyl-
-/3-tetralone52, 5-(l-ethyl-l,3-dihydroxy-2,2-dimethyl-
propyl)-)3-tetralone52, 2-(2-hydroxy-2-methylpropyl)-
-l-methyl-3-(5,6,7,8-tetrahydro-6-oxo-2-naphthyl)cyclo-
pentanol52, 5-acetamido-4-carboxy-/3-tetralone53.

The reaction is usually carried out in an excess of
alcohol — sometimes in an inert solvent (toluene)S1 — or
in liquid ammonia 19>34>41>42»54.

The reduction of naphthyl ethers does not always pro-
ceed smoothly. Robinson and coworkers 17 note that the
l-methyl-/3-tetralones are obtained in poor yield, but in a
subsequent communication42 they report a higher yield.
The yield was low also for 5-acetamido-^-tetralone42

owing to the loss of the acetyl residue during the reaction
and the tarring of the aminoketone produced. In the reduc
tion of 6-bromo-2-naphthyl methyl ether5 2 debromination
occurs; sometimes dehydration takes place when there is
an alcohol group in a side-chain52; with ethyl 6-methoxy-
-5-methyl-2-naphthoate52 the nucleus which contains the
ethoxycarbonyl group is reduced; simultaneously hydrogena-
tion and ester if ication of the group occurs and 1,2,3,4 -tetra -
hydro-2-hydroxymethyl-6-methoxy-5-methyl naphthalene
is obtained:

OCH,

COOC,HS

OCH,

CH,OH

the merits of the method are the mild conditions (low tem-
perature, no large excess of sodium); sometimes, how-
ever, the yield is worse5 1 than by the Robinson-Conforth
method.

Decomposition of epoxydihydronaphthalenes provides
a rather simple method of obtaining compounds of the
/3-tetralone series, as epoxy-3,4-dihydronaphthalenes can
be synthesised from a -tetralones:

6-n-Hexyl-/3-tetralone51 and 6-isopropyl-/3-tetralone54»55

were obtained by reduction by the Birch method. Among

Hence a simple conversion from the readily available
α-tetralones to the more difficultly accessible ^-tetralones
is provided. The following have been synthesised by this
method: 6-methoxy-/3-tetralone56"ei, l-methyl-/3-tetral-
one 6 2" 8 5, l-ethyl-/3-tetr alone65, l-phenyl-/3-tetralone66>68"71,
l-(2-biphenylyl)-j3-tetralone63»73, 5-methoxy-l-methyl-/3-
-tetralone63»74»75, 7-methoxy-l,6-dimethyl-/3-tetralone76>77,
7-isopropyl-6-methoxy-l-methyl-/3-tetralone78, 6,7-di-
methoxy-1 -methyl-/3-tetralone83, 5,8-dihydroxy-l-methyl-
-/3-tetralone and its ethers at the hydroxyl group7 9"8 1,
5,6-dimethoxy-l-methyl-/3-tetralone82, 5-isopropyl-6-
-methoxy-1 -methyl-/3-tetralone83. This is the best of all
the known methods for synthesising 1 - alky 1-/3 -tetralones.

The following oxidants have been proposed for the con-
version of 3,4-dihydronaphthalenes into /3-tetralone:
p e r a c i d s : perbenzoic56-59»62»63»68»69»71»72»75"79»83, per-
phthalic58»58»72»79, peracetic60»81»66; or a solution of hydrogen
peroxide in acetic acid in the presence of ammonium molyb-
date 6 5 >70; and also inorganic oxidants: osmium tetroxide79 "81,
Pb3O4 in acetic acid and lead tetra-acetate63»64»67.73*74»79»82,
or potassium permanganate in alkali82. Howell and
Taylor63 consider that the best results are given by per-
benzoic acid.

After oxidation, ketones are often obtained directly5 6"5 8,
β2,63,72,75,79̂  kut s o n iet imes an intermediate epoxide is ob-
tained, which on decomposition (for example, by sulphuric
acid) gives a diol, which is immediately dehydrated to a
ketone59»63*68)72. The diols were isolated as diacetates
when Pb3O4 in acetic acid was used for the oxiation; the
diacetates were readily hydrolysed into ketones.

It is noted65»68»70 that in the oxidation of dehydronaph-
thalenes by per acetic acid products of the oxidation of the
hydrogenated naphthalene nucleus are formed as well as
the ketone and diol.

Comparatively recently there was an interesting pro-
posal of a new method for obtaining /3-tetralone by reducing
2-hydroxy-3-naphthoic acid by sodium amalgam. It is
found that substituted 2-hydroxy-3-naphthoic acids are
converted, like the unsubstituted acid, into the correspond-
ing β -tetralones:

"XOOH

6-Bromo-/3-tetralone84, 6-acetamido-/3-tetralone85, and
7-methoxy-/3-tetralone86 were obtained in this way.
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The method of indirect electroreduction differs favour-
ably from the methods described above for preparing
/3-tetralones, by its mild reaction conditions. The sub-
stance to be reduced is treated in neutral or weakly acid
medium (pH 6-7) at room or reduced temperature with
very dilute sodium amalgam. Thanks to this even in the
most complex instances, such as the preparation of halo-
genotetralones and acylaminotetralones, the reaction pro-
ceeds unambiguously and the substituted β-tetralones are
obtained in good yields.

Other preparations of certain substituted j3-tetralones
have been described but have a partial nature and will not
be described here. This relates to l,l-dimethyl-/3-tetral-
one87»88, 1,3,3-trimethyl- and l,3,3,7-tetramethyl-j3-tetral-
ones8 9, l-chloromethyl-l-methyl-|3-tetralone87, 1-dichloro-
methyl-l-methyl-j3-tetralone90, 5-bromo-7,8-dimethoxy-
-l-methoxycarbonyl-)3-tetralone91, 5,8-dimethoxy-/3-tetral-
one20»47, and l,l,4,4-tetramethyl-|3-tetralone92.

ΙΠ. CHEMICAL PROPERTIES OF COMPOUNDS OF THE
/3-TETRALONE SERIES

β-Tetralone forms derivatives at the keto-group; the
semicarbazone8»12, phenylhydrazone8»12, oxime12»98, and
2,4-dinitrophenylhydrazone28 have been described.

Some of these derivatives have been used in organic
syntheses. Thus β-tetralonephenylhydrazone93»94 and
5-, 6-, and 8-quinolylhydrazones95 are cyclised by the
method of Fischer into the corresponding dihydrobenzo-
carbazoles:

Knunyants and Fabrichnyi96 carried out a Beckmann
rearrangement of the β-tetralone oxime, and obtained the
lactam (A):

In addition to this, lactams (A) and (B) were obtained96 by
the action of hydrazoic acid on β-tetralone.

The Beckmann rearrangement of the 1,1 -dimethyl-β-
-tetralone and 1,1,4,4-tetramethyl-β-tetralone have also
been studied97.

β-Tetralone gives a crystalline bisulphite compound1"3,
but one is not formed (probably because of steric hindrance)
when there is a basic substituent in position 1 of
β-tetralone17.

β-Tetralone forms an enol acetate when heated with
acetic anhydride and sodium acetate9 8.

The formation of a cyclic ketal with ethylene glycol has
been described for 5-bromo-7,8-dimethoxy-l-methoxy-
carbony l-β -tetralone 9 J.

The keto-group in the compounds of the β-tetralone
series is reduced after Kishner into a CH2 group«,99,100 a n ( j
also into a hydroxyl group, by aluminium isopropoxide 101>102,
lithium tetrahydroaluminate41»92, and hydrogen over Raney
nickel33.

2,2-Dichloro-l,2,3,4-tetrahydronaphthalene is formed
in the reaction of β-tetralone with phosphorus pentachloride.

The ketones of the β-tetralone series react with organo-
magnesium compounds 8,40,50,51,104,105 a n <j organolithium
compounds 106, and undergo a Reformatsky reaction89»107»108

to form tertiary alcohols.

However, the yields in these reactions are usually low
because the enols which are readily formed by β-tetralones
decompose the organometallic compounds.

Mosettig and Burger109 carried out the reaction of
β-tetralone with diazomethane; ring expansion did not
occur but an epoxide of the following structure was formed:

The authors did not isolate the reaction product, but its
structure is confirmed by various transformations.

Braun and coworkers8 condensed β-tetralone with alde-
hydes in alkali but could not isolate any definite product.
Condensation proceeded normally in acid110; 1,3-dibenzyl-
idene-β-tetralone and 1,3-disalicylal-β-tetralone (the latter
in the form of a ketal) were obtained:

Cromwell and David111 condensed l,l-dimethyl^-tetral-
one with ο -nitrobenzaldehyde to synthesise substituted
dihydrobenzacridines:

Condensation with aldehydes can be used to characterise
substituted β-tetralones loe.

Braun and coworkers8 studied the bromination of
β-tetralone but did not establish the structure of the pro-
duct. Soffer and coworkers 112 showed that on bromination
in ether β-tetralone is dehydrated and forms 2-naphthol
with a yield close to quantitative.

In chlorination, β-tetralone gives the stable 3-chloro-
-β-tetralone102; the same compound is obtained103 by the
decomposition of 3-chloro-l,4-dihydronaphthalene.

The formation of 2-naphthol in the bromination of
β-tetralone becomes understandable when it is assumed that
the first stage of the reaction is the formation of 3-bromo-
-β-tetralone, which is dehydrobrominated to form 2-naph-
thol:

(i) ->
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The method of converting β-tetralones into 2-naphthols
can be applied to a variety of j3-tetralones substituted either
in the aromatic or in the aliphatic nuclei of the molecule,
dehydrogenation by bromine giving the best results84"86»113.

The methods of studying the structure of compounds of
the |9-tetralone series have not been developed in the
literature. The 2-naphthol derivatives formed in dehydro-
genation by bromine have been rather fully described in the
literature; therefore the method described above can be
recommended for finding the structure of various compounds
in the /3-tetralone series.

1,1-Dialkyl-substituted /3-tetralones — 1,1 -dimethyl-β-
-tetralone U 4>1 1 5 and l-(2-dimethylaminoethyl)-l-methyl-
-/3-tetralone100»116'117 — are brominated in position 3.

Einhorn and Lumsden4 in oxidising /3-tetralone with
dilute nitric acid, obtained a dibasic acid to which was
ascribed the structure of o-phenylenediacetic acid. How-
ever, Huckel and Friedrich1 1 8 found that this compound is
2-(2-carboxyphenyl)propionicacid, that is, the bond between
the first and second carbon atoms in the hydrogenated ring
is broken.

There are analogous results in the oxidation of )3-tetralone
by peracetic acid1 1 9.

The formation of 2-(2-carboxyphenyl)propionic acid has
also been observed in the vacuum distillation of /3-tetralone
in a stream of air 2 9 .

Oxidation under more drastic conditions completely
destroys the hydrogenated ring; thus, on oxidation by
permanganate in alkali ?,8-dimethoxy-/3-tetralone gives
the corresponding dimethoxyphthalic acid38:

CH3O
OCH3

Ό:
0CH3

C H 3 ° . I .COOH

0
The oxidation of l,l,4,4-tetramethyl-/3-tetralone has

been described120»121; o-di-t-butyl benzene is obtained
through o-phenylenedi-isobutyric acid:

CH3

C—COOH
/ \

H.,C CH,

On treating /3-tetralone with alkali in the air it becomes
intensely blue12. An analogous coloration is also produced
in the presence of aliphatic amines 119. The reaction is
characteristic for all the /3-tetralones unsubstituted in the
first position11. The reaction is very sensitive and can be
used to detect traces of j3-tetralones. In studying this
reaction, German investigators u 0 showed that β-tetralone
is rapidly oxidised in alkali by atmospheric oxygen, with
the formation of 4-(3,4-dihydro-2-hydroxynaphth-l-yl)-
-1,2 -naphthaquinone:

O OH

to which the blueness of the solution is due.

The Cornforths and Robinson 17 observed that /3-tetralone
is methylated in position 1 on heating with methyl iodide and
sodium isopropoxide in isopropyl alcohol; by this method
they obtained l-methyl-/3-tetralone.

The great ease of alkylation of β-tetralone compared
with the aliphatic ketones explains its tendency to enolisa-
tion in alkali by conjugation of the double bond formed with
the aromatic nucleus.

Subsequently similar reactions were studied both for
/3-tetralone and various substituted /3-tetralones. Some
think91 that the process takes place in a single stage
and that a mixture of products of 1-mono- and 1,1-di-
-alkylation is formed, this being difficult to separate.
Some compounds, for example, 5-methoxy-/3-tetralone 17>34

and 5,8-dimethoxy-/3-tetralone43 are methylated so readily
that the monoalkylation product is not obtained at all, or is
obtained in only insignificant quantities. The use of
potassium t-butoxide87»99»122 in this reaction improves the
yield of monoalkylation products.

It is much more convenient to carry out the reaction not
in alcohol, but in an inert solvent using as the base metal-
lic sodium, potassium, sodium hydride, or sodium amide.
By varying the molar ratio of the reagents it proved pos-
sible to introduce sharply one or two alkyl substituents,
including also those instances when alkylation in alcohol
was unsuccessful.

It is also possible to introduce two different radicals into
position 1 of the /3-tetralones, by performing the alkylation
successively with different alkyl halides106»118»128.

The following is the order of activity of the condensing
media:

NaH =U NaNH2 > Κ > Na a* t-C4H,0K > (CHs),CHONa > CH,ONa.

Carrying out the reaction in an atmosphere of inert gas is
recommended, as /3-tetralone in alkali is oxidised by air.

Examples of the alkylation of compounds of the /3-tetral-
one series which have been described are given in the
Table.

In recent years the Stork reaction has been used with
success for the alkylation of /3-tetralones — alkylation
of the enamines of the /3-tetralones 3V4»55>67>117,132-134.
l-Alkyl-/3-tetralones are obtained by this method in good
yields and free from l,l-dialkyl-/3-tetralones as impuri-
ties.

Biquard 135~137 described the ultraviolet and Raman
spectra of /3-tetralone. The infrared spectra of some
substituted /3-tetralones have also been described. The
relation between the structure and the infrared spectra of
/3-tetralones substituted in the aromatic and aliphatic nuclei
of the molecule have also been studied138.

IV. SYNTHESIS OF NATURAL PRODUCTS AND THEIR
ANALOGUES ON THE BASIS OF COMPOUNDS OF THE
/3-TETRALONE SERIES

Crowley and Robinson u suggested a method of construct-
ing phenanthrene systems by starting from compounds of
the /3-tetralone series:

CH2CH2COCH3

,0

CH. N(C!HS)2-CH,I OCH3

Methyl vinyl ketone73»79»139 and ethyl vinyl ketone73»139

can also be used in this reaction.

The synthesis opens great possibilities, as the most
diverse substituted /3-tetralones can be used in it. The
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TABLE. Preparation of 1-substituted β-tetralone derivatives.

Initial ketone

/3-Tetralone

l-Methyl-j8-tetralone

3 -M e thy l-/3-tetralone

5-Methoxy-/3-tetralone

6-Methoxy-/3-tetralone

7-Methoxy-/3-tetralone

5,8-Dimethoxy-/3-
-tetralone

7,8-Dimethoxy-/3-
-tetr alone

7,8-Dimethoxy-l-methyl-
-β-tetralone

7-Methoxy-l ,6-dimethyl-
-/8-tetralone

Substituent introduced

methyl
methyl
allyl
benzyl
m-methoxybenzyl
phenethyl
2-dimethylaminoethyl
2-diethylaminoethyl
2-piperidinoethyl
3-piperidinopropyl
2-methoxyethyl
2-benzyloxy
1-methoxycarbonylethyl
2-ethoxycarbonylethyl
3-methoxycarbonylpropyl
3-cyanopropyl
methoxycarbonylmethyl
cyanomethyl
2-methoxycarbonylethyl
2-ethoxycarbonylethyl
2-cyanoethyl
3-methoxycarbonylpropyl
3-cyanopropyl

2-dimethylaminoethyl
2-diethylaminoethyl
2-ethoxycarbonylethyl

methyl

methyl
methyl
phenethyl
3-methoxyphenethyl

3-methoxybenzyl
3-methoxyphenethyl
2-ethoxycarbonylethyl
3-methoxycarbonylpropyl
3-cyanopropyl

methyl
ethyl

methyl
methyl

methyl
ethyl
2-ethyl-l-methyl

ethyl

4-oxo-hexyl

Degree of
substitution

mono-
di-
mono-
mono-
mono-
raono-
mono-
mono-
mono-
mono-
mono-
mono-
mono-
mono-
mono-
mono-
di-
di-
di-
di-
di-
di-
di-

mono-

mono-
di-
mono-
mono-

mono-
mono-
mono-
mono-
mono-

mono-
mono-

mono-
di-

mono-
mono-
di-

Reference

17,67,123
48,87,115
101,124
125
125
59,125
126
125,127
127
127
126
104
128
129
129
129
48,99
48
48
99,129
99
129
129

100
116
123

113

34,35
17
122,130
122,130

125
59,125
)
} 129
)

37
117

43,131
43,131

106

106

76,77

phenanthrene group is present in extremely important natural
products — steroids, the alkaloids of the morphine series,
terpenes, resin acids. It is understandable, therefore, that
the synthesis proposed by Robinson immediately aroused
lively interest and work in this direction is continuing
e v e n now34-37,43,54,55,63,67,74-78,80-82,123,126,134,139-142> ^ S a

result of these investigations several complex natural
compounds and their synthetic analogues have been ob-
tained.

Salzer59*143 used /3-tetralone and 6-methoxy-|3-tetralone
for the synthesis of the tetracyclic chrysene system:

5-Methoxy-j3-tetralone was alkylated with 2-phenylethyl
bromide and 2-(o-methoxyphenyl)ethyl bromide and the
compounds obtained were cyclised to chrysenes 1 2 2,1 3 0.

Indian investigators 1 0 1,1 2 4 propose an original method
for synthesising chrysenes 1 0 1,1 2 4:

A method for obtaining tetracyclic compounds by sue -
cessive repetition of the Robinson phenanthrene synthesis
has been described139»146»147:

(I) α
Among the compounds of the chrysene series which have

been synthesised there are steroid analogues with a six-
-memberedZ) ring and also carcinogenic substances.

The compounds of the β-tetralone series have been used
for building heterocyclic structures similar to morphine.
A bicyclic analogue of morphine (benzomorphan) was thus
obtained116:

.CHiCH,N(C,H5),

and then the tricyclic analogue126. May and coworkers have
studied the chemistry of the benzomorphanes 100,105,117,148,

As is evident from what has been said above, various
syntheses are based on the high reactivity of the hydrogen
atoms in position 1 of the β-tetralone molecule. The first
stage of a -synthesis is usually the introduction of a sub-
stituent into this position of the molecule and then further
substitutions are carried out.

The methyl ester of 0-tetralone-3-carboxylic acid has
recently become available, having been obtained for the
first time by the authors of the present review149:

(I)

Pentacyclic systems can be obtained similarly by using
naphthylethyl bromide for the alkylation144. Benzofluor-
enes have also been synthesised like this 143,χ«:

(i) 00

A convenient preparative method for obtaining this
ester is the reduction of methyl 3-hydroxy-2-naphthoate
with sodium and alcohol in liquid ammonia 15°:

OH

COOCH3

Ο

COOCHs

The methyl esters of the 6-bromo-, 6-acetamido-, and
7-methoxy-8-tetralone-3-carboxylic acids have been
obtained from the substituted β-tetralone-3-carboxylic
acids8 4"8 6.
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Pelletier and Parthasarathy151 obtained 5-methoxy-
-/3-tetralone-3-carboxylic acid and its methyl ester by
treating 5-methoxy-/3-tetralone with methylmagnesium
carbonate. All these compounds contain a labile hydrogen
atom in position 3 and therefore are of independent synthe-
tic interest.

By the example of the simplest of these, methyl /3-tetral-
one-3-carboxylate, Przhivalgovskaya and coworkers carried
out a series of transformations. This ester was unambigu-
ously methylated in position 3, which makes possible the
simple preparation, after ketonic cleavage, of previously
inaccessible 3-substituted j3-tetralones 113:

Y
CH,

CH-,

The condensation of methyl /3-tetralone-3-carboxylate with
aromatic amines 152 takes place at .the carbonyl or the ester
group according to the conditions. Further conversion of
the condensation products allows them to be changed into
complex heterocyclic compounds of the benzacridine and
benzophenanthridine series containing a dihydronaphthalene
nucleus.

The use of the esters of )3-tetralone-3-carboxylic acid
and the substituted acids for other synthetic purposes is
very promising.
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I. INTRODUCTION

The problems of the synthesis of polynucleotides are now
attracting attention from scientists. Enzymes have been
used to obtain deoxyribopolynucleotidesx and ribopoly-
nucleotides2"5 of high molecular weight (from 30 000
to 2 000 000) and a random distribution of purine and pyri-
midine bases along the polynucleotide chain, which have
played an exceptionally important role in investigations
which have been undertaken as the start of the study of the
amino-acid code6 '7. For several investigations there is a
need for polynucleotides of definite composition and com-
paratively low molecular weight8'9. In studying the
influence of the chain length of polyuridylic acid on the
inclusion of phenylalanine in a cell-free yeast system it
was found that the polyuridylic acid is active from the
nonanucleotide onwards10. A sharp increase in the inclu-
sion of phenylalanine was noted on going from U8t to Ug

from U u to U12 and from U14 to U16 (up to U22 studied), but
for definite conclusions it was necessary to check the
results on pure specimens of the polynucleotides.

Preliminary experiments with hexauridylic acid having
a terminal 3'-phosphate group showed that in a mixture
with a high-polymer polyuridylic acid the hexanucleotide
inhibits its activity by ~ 30% in relation to the synthesis of
polyphenylalanine13. When hexauridylic acid is treated
with dicyclohexylcarbodiimide (DCC) under conditions lead-
ing to the cyclisation of the 3'-monophosphate into the
2',3'-cyclic phosphate, inhibition is not observed. An
analogous effect, but with oligouridylic acids having a
terminal 5' -phosphomonoester group was observed by Jones
and coworkers14. The dependence of the synthesis of
peptides of lysine on the length of the polyadenylic acid
chain has also been noted15.

Homopolynucleotides with different terminal groups are
frequently used in work to determine the specificity of
nucleases1 6"1 8 and as formerly is of interest for determin-
ing the sequence of the purine and pyrimidine bases in the
nucleic acids and in the investigations of enzymes which
synthesise the nucleic acids1 9.

The availability of polynucleotide with a chain of known
dimensions, known composition, and with known terminal
groups should facilitate the study of systems which syn-
thesise polypeptides, and apparently show the direction of
further work on the synthesis of specific ribopolynucleo-
tides of interest in the study of the amino-acid code20.
The problems connected with obtaining such polynucleotides
should also be solved by chemical methods of polynucleo-
tide synthesis.

Chemical methods of synthesising polynucleotides are
developing in two directions: (1) the stepwise synthesis of
oligonucleotides, and (2) polycondensation. The stepwise
synthesis of oligonucleotides recently formed the subject
of a special review21. The present review will consider
methods of synthesising polynucleotides by condensation}:
of mononucleotides or other "monomeric" units.

Π. METHODS OF POLYMERISATION

1. Types of "Monomers"

It must be specially emphasised that in developing
methods of synthesis of polynucleotides it must be taken
into account that the polymeric chain should be formed by
molecules of sugar (deoxy-D-ribose or D-ribose) joined
by residues of phosphoric acid through the OH-group at
the C(3,) atom of one carbohydrate molecule and the
OH group at the C ( 5 ) atom of another. In accordance with
this requirement, the "monomers" for obtaining the poly-
nucleotides can be derivatives of nucleotides of the follow-
ing types: (a) for the deoxyribopolynucleotides series:

"Ο—P— OCH, R
I

OH

t The nomenclature, abbreviations, and representation in dia-
grams corresponds to that generally accepted11»12.

t Usually in the literature devoted to the problems of obtaining
polynucleotides this method is inaccurately termed polymerisa-
tion; we will keep to this name subsequently as it is the most
widely employed.
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