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Perfumery materials of macrocyclic structure are
highly esteemed in the industry, and it is natural that the
development of preparative methods for these compounds
and the study of their properties should continue to attract
the attention of chemists. In addition to papers describing
new syntheses of macrocyclic compounds, an increasing
number of papers and patents are being published which
describe successful solutions of practical problems. It is
with these reports, which greatly extend the opportunities
for large-scale production, that we shall begin a review of
recent achievements in the chemistry of macrocyclic per-
fumery materials.

The compound which has acquired the greatest practical
importance among macrocyclic compounds is pentadecano-
lactone,

(CHS)U-C=O

UJ

It is marketed under the trade names Exaltolide and Thi-
betolide, among others, and has exceptional perfuming pro-
perties, imparting fragrance and persistence and tending
to "ennoble" a whole composition. Moreover, the methods
that have been developed for preparing macrocyclic
lactones are very convenient compared with those used for
other macrocyclic compounds.

Papers describing very simple and convenient methods
for converting ω-hydroxy-acids into macrocyclic lactones
have already been noted1. The main problem in the develop-
ment of an industrial method of preparing ρentadecanolactone
and similar macrocyclic lactones has been reduced to a
search for the most efficient route to the ω-hydroxy-acids
required. In recent years several papers have been devoted
to a solution of this problem. Several methods of synthesising
hydroxyalkanoic acids have been developed at the All-Union
Research Institute for Synthetic and Natural Perfumery
Materials (VNIISNDV). In one of these the carbon
skeleton of the hydroxy-acid is built up by condensing an
αω-dihalogeno-derivative with two molecules of ethyl aceto-
acetate. Acid cleavage of the condensation products leads
to an αω-dicarboxylic acid containing four carbon atoms
more than the initial dihalogeno-derivative.

When a convenient method had been developed for the
preparation of alkylacetoacetic esters by direct alkylation
of sodium acetoacetic ester (prepared by ester condensation
of ethyl acetate [and (?)] sodium [ethoxide (?)], which is
obtained from alcohol and alkali2), this production stage
presented no fundamental difficulties. This route was used
for the preparation of tetradecanolactone, the next lower
homologue of Thibetolide:

HOOC (CHj), COOH — C 2 HBOOC (CHa), COOC2H6 -» HOCH2 (CH2), CHjOH + Β Γ | ,

- BrCH, (CH2), C H 2 B r + * t C H - C O C H C O O C t H | 1 N a . - OHtOOCCH (CH.)W

I I
COCH3 COCH3

c eavage ^ H 0 0 C C H 2 ( C H ] i ) i o CH2COOH - C,HSOOC (CH2),2

partial hydrogenation; via
HOCH, (CH2)12 COOH . - · (CH2)13—C=O

saponification polyester

The tetradecanolactone obtained in this way has the persist-
ent odour of musk and sandalwood3.
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In other methods for extending the carbon chain deve-
loped at VNIISNDV, salts of monoesters of dicarboxylic
acids are electrolysed, when the acid radicals combine.
Work in which two like acid residues were condensed elec-
trolytically has been considered in a previous review1;
this route was used for the preparation of hexadecano-
lactones, the next higher homologue of Thibetolide. Hexa-
decanolactone has a musk odour somewhat weaker but
"softer" than that of Thibetolide3.

Another electrochemical method of lengthening the
carbon chain consists in the "cross" condensation of radi-
cals of two different acids. This procedure is the basis
of a method worked out at VNIISNDV3-5 for the synthesis of
pentadecanolactone; the general scheme may be repre-
sented

CH 2 =CH (CH2), COOH

BrCH2(CH2),COOH HOOC (CH2)4 COOH

ι ι
CH3COOCH2 (CHj), COOH HOOC (CH2)4 COOQHj

I electrolysis of mixture of Κ salts |
4

CH3COOCH2 (CH2)13 COOQ-Hs
HOCH2(CH2)13COOH

I cycliiation via
I polyester

(CH 2 ) 1 4 -C=O

Lo-J
If electrochemical condensation is accomplished in one of
the later stages of the synthesis (compared, for example,
with the possible method of condensing undecenoic acid with
ethyl hydrogen adipate), the amount of material to be
electrolysed is greatly reduced. The development of a
successful design of electrolyser6 has made this method
acceptable in production. All stages of the synthesis have
been thoroughly worked out and tested in the production of
Thibetolide in commercial undertakings 7""9.

However, although these schemes include a simple and
elegant method of cyclisation, the starting ω-hydroxy-acids
can be prepared only with difficulty and in relatively low
yields; in the preparation of Thibetolide, the main diffi-
culty arises from the combination of like as well as of
unlike acid residues in the electrochemical cross-conden-
sation.

The composition of the mixture of products formed
together with ω-hydroxypentadecanoic ester in the electro-
lytic cross-condensation of ω-acetoxyundecanoic acid and
monoethyl adipate has been thoroughly studied10.

In the VNIISNDV laboratories several routes from
αω-dicarboxylic acids to ω-hydroxyalkanoic acids (via the
diesters or polyanhydrides) have been tried. Partial cata-
lytic hydrogenation of the diesters of αω -dicarboxylic acids
gives the ω-hydroxy-carboxylic ester and the correspond-
ing diol u in about equal amounts. The conditions for the
formation of glycols and hydroxy-acids in the hydrogena-
tion of aliphatic dicarboxylic acids and their esters have
been studied by other workers12. An investigation into the
catalytic dehydrogenation of αω-diols in the presence of
copper-nickel and copper-chromate catalysts has been
described13.

The use of tetrachloroalkanes, formed by the telomeri-
sation of ethylene and carbon tetrachloride

initiator
η CH.,=CH 2 + CC14

Cl(CH.,CH,)nCCl3,

presents entirely new opportunities for the synthesis of
ω -hydroxy-acids and many other products required for the
preparation of macrocyclic compounds.

In recent years this process, and also the varied chemi-
cal reactions of the tetrachloroalkanes, have been studied
in detail in the Laboratory of Organoelementary Synthesis
of the USSR Academy of Sciences. This work has led to
the development of convenient methods for the preparation
of various bifunctional compounds, including ω-hydroxy-
- acids.

To develop a method of preparing macrocyclic lactones
based on tetrachloroalkanes, conditions for the formation
of higher tetrachloroalkanes, containing 13-17 carbon
atoms, in the telomerisation reaction had to be studied. It
has been established14 that increases in pressure and in
the relative concentration of ethylene promote the forma-
tion of higher telomerisation products; conditions were so
chosen that the telomerisate contained up to 20% of the
C1 3-C1 7 tetrachloroalkane fraction. A flow-type plant has
been described for the continuous production of higher
tetrachloroalkanes that consistently reproduces the syn-
thetic process under a pressure of less than 150 atm with
increased concentrations of ethylene and initiator15.

The conversion of aaaω-tetrachloroalkanes into
ω-hydroxy-acids is achieved by the following simple scheme

Cl (CH2CH2)n CC13

acid hydrolysis
Cl (CH3CH2)n COOH

alkaline hydrolysis

HO(CH 2 CH a ) n COOH.

These reactions have been studied with various telomers1 8.

The following sequence of operations has proved most
useful in the development of a method for the production of
macrocyclic lactones from tetrachloroalkanes. A broad
C 1 3-C 1 7 telomer fraction is separated and converted via the
corresponding chloro- and hydroxy-acids into a mixture of
lactones, which can then be easily fractionated to give
individual macrocyclic lactones1 7 '1 8. Because αααω-tetra-
chloroalkanes are unstable at high temperatures in the
presence of even slight traces of heavy-metal salts, the
separation from the telomerisate of the higher tetrachloro-
alkane fraction for use in large-scale production is diffi-
cult. Under these conditions dehydrochlorination occurs,
leading to the formation of trichloroalkenes, which readily
form resins:

Cl (CH 2CHj) r t CC13
, , ^ C H 2 C H = C C 1 2 .

This problem has been solved in several ways. For
example, good results have been obtained by first separat-
ing the tetrachloroalkane mixture by extraction with polar
solvents, and also by distilling off lighter fractions on an
ordinary column apparatus, with subsequent separation of
higher fractions by hydrovacuum distillation or by fractional
distillation with glycerol or ethylene glycol vapour under
reduced pressure.

aaa ω- Tetrachloroalkanes may also be converted into
ω-chloro-acids by the action of concentrated sulphuric19,
nitric20»21, or perchloric22 acid. The C1 3-C1 7 telomers
are most conveniently hydrolysed by heating with nitric
acid, first to 40-45°, and then at 70°. The yield of chloro-
-acid mixture is about 89%, calculated on the C15 acid17.
The ω-chloro-acids are converted into ω-hydroxy-acids
in 83% yield by the action of aqueous alkali at 6-7 atm.1 7

Hydroxy-acids are successfully lactonised via the inter-
mediate polyester, which is then subjected to thermal
depolymerisation in the presence of an alkaline catalyst23:

- ( χ - Ι ) Η , Ο
xHO(CH2CH2),,COOH — Η [Ο (C^CH*),, CO], OH —CO.
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The polyester is readily obtained in quantitative yield
by heating the hydroxy-acid (or mixture of hydroxy-acids)
to 200-220° under slightly reduced pressure; this is
lactonised without purification by heating with glycerol.
The lactone formed is distilled off in glycerol vapour.

The formation of lactone from polyester may be con-
sidered as an unusual intramolecular transesterification

Η {—O (CH2CH2)n CO . . . [—Ο (CH2CH2)n C O - k

Η {—Ο (CH2CH2)n CO . . . [—0 (CH2CH2)n C O - ]

+ (CH2CH2)n CO

L_0_J .

. . . Ο (CH2CH2)n CO—} OH _>.

!· · · Ο (CH2CH2)n C O - } OH +

Glycerol in the reaction mixture facilitates removal of the
lactone formed and promotes lactonisation. The intra-
molecular transesterification appears to be coupled with
transesterification of the polyester by glycerol, which leads
to the formation of glycerides of differing molecular weight;
in turn these undergo cleavage to form the lactone. The
addition of an alkaline reagent evidently promotes trans-
esterification23. The yield of lactones is 70-75%, based
on the initial mixture of hydroxy-acids.

ω-Chloroalkanoic acids may also be converted into
lactones without the hydroxy-acid stage: treatment with
alkali yields directly a polyester of the structure
Cl(CH2CH2)MCO[O(CH2CH2)MCOkOK,24>25 which is then con-
verted into a lactone (or mixture of lactones if a mixture
of chloro- acids has been used) by the method described
above for the lactonisation of polyesters obtained from
hydroxy-acids.

The rational use of telomers derived from ethylene and
carbon tetrachloride, other than the C1 3-C1 7 compounds,
makes the production of macrocyclic lactones still more
useful. One of the most promising ways of using tetra-
chloroalkanes as starting materials is the production of
oxa-lactones with multiple links. Some of the macrocyclic
oxa-lactones, which differ from the macrocyclic lactones
by having one -CH 2- link replaced by an - O - link, are of
undoubted interest in perfumery as musk preparations with
a characteristic variation in odour.

Virtually no macrocyclic oxa-lactones have hitherto
been synthesised on the industrial scale, because of the
inaccessibility of the ω-halogeno-acids. There are refer-
ences to the use in perfumery practice only of those oxa-
-lactones that can be obtained from a halogen derivative of
undecenoic acid, for example 12-oxatetradecanolactone,
synthesised by the reaction of 11-bromoundecanoic acid
with ethylene glycol, and 12-oxahexadecanolactone, ob-
tained from bromoundecanoic acid and tetramethylene
glycol.

Now that various ω-halogeno-acids have become readily
available, the production of perfumery materials from
oxa-lactones of general formula

(CH 2 ) m Ο (CH2CH2)n C = O .

presents many possibilities.

A number of oxa-lactones have been synthesised by the
reaction of C5, C7, C9, and CM chloro-acids with ethylene
glycol17, butanediol2e, pentanediol2e, hexanediol17, non-
anediol17 and decanediol17, the oxa-hydroxy-acid formed

being subsequently coverted into the oxa-lactone via the
polyester:

HO ( C H 2 ) m ONa + Cl (CH2CH2)n COOH -»

lactonisation
-» HO (CH 2 ) m Ο (CH2CH2)n COOH » (CH 2 ) m O (CH 2 CH 2 ) n C=O-.

Preliminary conclusions have been reached about the
dependence of odour on structure in this group of perfumery
materials17»26. The odour of oxa-lactones containing 15
carbon atoms in the ring is close to that of pentadecanol-
actone, while C16 oxa-lactones have an odour similar to
that of hexadecanolactone. The introduction of an oxa-link
into the molecule of a macrocyclic lactone leads to some
loss of odour, and when two oxa-links are introduced the
odour disappears almost completely. The odour of oxa-
-lactones in which the oxa-link is close to the alkoxycar-
bonyl group is less intense than the odour of those in which
the link is more remote.

A number of oxa-lactones have been tested for persist-
ence with respect to rate of evaporation. 10- and 12-Oxa-
hexadecanolactone are highly valued for their properties;
they have a musk odour to that of Thibetolide, but are more
persistent2 6 '2 7. References to the good properties of
12-oxahexadecanolactone have also appeared in foreign
[non-Russian] papers28»29. An American patent30 gives a
method for the preparation of 12-oxatetradecanolactone
from undecenoic acid and ethylene glycol.

A method recently proposed31 for the preparation of
higher αω-diols by degradative hydrogenation of the poly-
esters of the corresponding ω-hydroxy-acids:

+ 2*H,
χ HO (CH2)r t COOH — Η [Ο (CH2)n CO]X OH ^ χ HO ( C H 2 ) n + 1 OH + H 2 O ,

greatly extends the possibilities for the production of vari-
ous oxa-lactones.

Some papers on the synthesis of macrocyclic compounds
are exploratory and have not found practical application.

Blomquist et al. 3 2 have synthesised the musk prepara-
tions cyclohexadecanone and cyclooctadecanone by heat-
ing the monoethylene dithioketals of the corresponding
diketones with Raney nickel in alcohol, for example

H2C—S

H 2 C—ί
> C =

(CH2)
C=O

Ni(in alcohol)
H2C<

(CH2)
>C=O.

A similar reaction has been described by Cram3 3.

An interesting method has been described34»35 for the
preparation of cyclopentadecanone, which is the main
carrier of the musk odour in the product known as Exaltone,
isolated from the glands of the musk-rat. It was synthe-
sised by the scheme

O Cl (CH,), COC1
SnCl.. benzene

Zn+HCl

in methanol
NCO (CH2)eCl

CICOCH.COOCJHJ

(CH2), Cl ,(CH 2),

Nal I

K,coa ' I

COCH2COOC2H5

ketonic cleavage

CO—CH—COOC,H.

,(CH2),

Ni (H.) CO.

CO— CH,
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In very interesting work, Gol'dfarb et al. 3 6 " 4 0 have
studied conditions for the formation of intramolecular
acylation products (I) and (Π) and intermolecular cyclisa-
tion products (ΙΠ) from u>-thien-2'-ylalkanoyl chlorides
according to the schemes

2)»COCI

^CH,)»CO^

• Ο
b O - ( C H 2 ) «

(III)

iH,)« 0 C - \ JLfcH,). .

(I) VZ-Xfll)
Detailed development of methods for the preparation of new
ketones of type (I) containing the thiophen ring37"39»41»42

and also methods for their reductive desulphurisation37

^£o ,
has led to relatively simple syntheses in good yield of a
number of useful macrocyclic ketones with a musk odour,
including cyclopentadecanone (exaltone), cyclohexadeca-
none, and cycloheptadecanone (dihydrocivetone). The
desulphurisation of thiophen systems for the preparation of
intermediates in the synthesis of macrocyclic compounds
has been described in other papers4 3"4 7.

Attention has been directed48 to wastes from cork oak
and Amur cork woods as possible additional sources for
the preparation of perfumery materials. These contain
phloionic acid HOOC(CH2)7(CHOH)2(CH2)7COOH, which can
be converted into macrocyclic compounds.

Preobrazhenskii and his coworkers49 have achieved a
multistage synthesis of 3-methylhexadecane-l,16-dioic acid,
an intermediate in the preparation of muscone. Some new
schemes have been proposed for the synthesis of Exaltolide
(Thibetolide)50»51, ambrettolide52, exaltone50»51'53, cive-
tone5 4, and dihydrocivetone51'53»54.

New methods of synthesising dicarboxylic acids5 5 and
hydroxy-acids58 which may be converted into macrocyclic
compounds are based on the addition of cyclopentanone and
cyclohexanone to undecenoic acid55 or undecenyl acetate5 6

in the presence of t-butyl peroxide. Thus, dihydroambret-
tolide has been obtained56 in the following way

+CH,=CH(CH.).CH,OCOCH,

Ο
!l

HOOC — ( C H 2 ) 3 C — ( C H 2 ) , 0 C H 2 O H
Zn+HCl

HOOC (CHj,)14 CH2OH - • CH2—(CH2)MC=O.

The importance of studying compounds with large and
medium rings has been emphasised in a review by Gol'd-
farb and Belen'kii57. Very interesting work has recently
been reported on the preparation and properties of macro-
cyclic compounds containing aromatic rings5 8 and conju-
gated double59, or double and triple «ο»», bonds; a review
has been published62 on polymethylene rings containing an
acetylenic bond.

A method has been developed for the preparation of
diyne and diene macrocyclic lactones according to the
scheme β 3"β 5

HC^C (CH..),, COOH - HC=C (CH2)n COC1
HOCH (R) (CH,)mC=CH

-> HCHEC (CH.^COOCH (R) (CH.)m CSECH -»

-* C-C (CH,L COOCH (R) (CH..),,. C s C -* CH=CH (CH..),, COOCH (R) (CH.,)m CH=CH.

. 1 _ _ J I I

Hydrogenation of the unsaturated macrocyclic lactones,
which are practically odourless, gave the corresponding
saturated cyclic compounds. In a similar way, saturated
macrocyclic ketones were obtained via diacetylenic ketones M .
The ω-acetylenic acids used as starting materials in these
new syntheses were prepared from the readily accessible
ω-chloro-carboxylic acids6 4:

Cl (CH2)n COOH I (CH2)n COOH
HC=CXa NH,

HCsC(CH2)nCOOH.

The synthesis of homologues and analogues of previously
known musk preparations are dealt with in a number of
papers. The recently synthesised 2-methyl-2-azacyclo-
hexadecanone

CH S —N- -C=O

L—(CH a ) u 1
[other] macrocyclic N-methylamides, and macrocyclic
JV-methylurethanes, in which nitrogen is a component of
the many-membered ring, have been described as com-
pounds with a musklike odour 67>88. These examples again
emphasise that the odour of a compound is determined not
only by the presence of certain groups of atoms, but also
by the structure of the molecule as a whole.

Cyclohexadec-8-en-l-one (IV) and cyclooctadec-9-en-l-
-one (V), homologues of civetone with an intense musk
odour, have been synthesised69»70 by partial hydrogenation
of cyclohexadecane-l,9-dione and cyclooctadecane-1,10-
-dione respectively, followed by dehydration of the hydroxy-
- ketones obtained:

-(CH s)n

CO

-(CH2),

CH (CH2)n_x

CH(CH2).

HOCH

(CH2)n

-(CH2L-

CO

(IV) n=7

(V) n=8

CH (CH,),.
II >C=O

CH(CH2)/

civetone

Ruzicka71 isolated a compound C^H^N from the glands
of the musk-deer {Moschus moschiferus), which he termed
"muscopyridine". Recently its structure has been deter-
mined and confirmed by synthesis 72. This compound
shows some structural similarity to the known macrocyclic
ketone muscone, which also occurs in the glands of some
musk animals.

mnscopyridine (C14Hj,N) muscone (CMBMO)

Π. MUSK PREPARATIONS OF THE AROMATIC SERIES
- POLYALKYLINDANES, ETC.

A study of the alkylation of />-cymene led to the dis-
covery of an essentially new class of perfumery compounds
with a musk odour. Until recently it was thought that the
action of a tertiary alcohol or a branched olefin on
/>-cymene in the presence of a catalyst73"77 resulted in
nuclear alkylation. Thus, the fragrant compound prepared
by reaction of t-butyl alcohol with p-cymene followed by
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nitration of the alkylated product was described as dinitro-
-t-butyl-/>-cymene (VI) 78»77. The structure (VII) was
assigned to the homoldgue synthesised some time later by
alkylating />-cymene with 2-methylbutan-2-ol.74

It has been established that in these reactions p-cymene
behaves in a different way from other aromatic hydro-
carbons. The reaction in the presence of concentrated
sulphuric acid of tertiary or secondary alcohols having a
tertiary carbon atom gives a mixture of indane hydro-
carbons as the main product, not products alkylated in the
aromatic nucleus78"82. Thus, alkylation of />-cymene with
2-methylbutan-2-ol gives 1,1,2,3,3,5-hexamethylindane
(Vni) (41%), l-ethyl-l,3,3,6-tetramethylindane (DC) (23%),
1,1,3,3,5-pentamethylindane (X) (12%), a substituted indane
CieH,4 (structure not established), and 1,1,3,5-tetramethyl-
-3-^-tolylindane (XI)78. The stoichiometric equation for
the main reaction may be expressed: 1 mole of p-cymene +
+ 2 mole· of 2-methylbutan-2-ol = 1 mole of C15 indanes +
+ 1 mole of isopentane + 2 moles of H2O.

(VI) (VII) (VIII) (ΐχ) (Χ) (XI)

The following mechanism has been proposed to explain
the formation of the main products of this reaction78»79

c-c=c-c

Side-reactions with elimination and migration of the methyl
group give C14 and C l e indanes. />-Ethylcumene and
/>-t-butylcumene also tend to form indane derivatives in
similar alkylations 79.

A large number of derivatives of different kinds have
been synthesised from the poly alky lindanes obtained, and
some relationships between structure and odour have been
established. Weber et al. τ8»79»83 found that acetylpoly-
alkylindanes have a musk odour when there are two pairs

of geminal methyl groups on the carbon atoms adjacent to
the benzene ring. Most of these indanes have i-3 alkyl
groups in the benzene nucleus; an additional 6-methyl
group weakens the musk odour. According to Beets et al. M ,
the presence of an acyl group and two tertiary or quater-
nary carbon atoms attached to the benzene nucleus is the
minimum condition for the presence of a musk odour in
indane derivatives. These tertiary or quaternary carbon
atoms may be present in the non-aromatic ring, or one of
them may be introduced as an independent alkyl group.
Compounds with an acyl and two quaternary groups have a
strong musk odour.

Some special odour-structure relationships of poly-
alkylindane derivatives may be traced in the following com-
pounds

C H 3 C O

CHjCO

CHjC

ΝΑ
ΑΛ

CH3CO-|- |Ι \

CH j C O' ^ /^ ^ / \

(ΧΙΙΙ)ΐ (XIV) (XV)|

iso-C.H,,

(XVI) | (XVII) t (XVllIlf (XIX)t

Compound (XII) is odourless78; according to one report8 0,
compound (ΧΙΠ) has a weak musk odour, but according to
other workers78»82 it has a musk-wood odour weaker than
that of (XIV); (XIV) has a strong musk odour7 8"8 2, and the
odour of (XV) does not differ in character but is much
weaker78»82. Compounds (XVI)-(XVIII) are completely
odourless59, and (XIX) has a musk odour79.

CH 3 C

C H 3 C

CH3C0

(XX) (ΧΙΠ)Τ (XX I if (XXII)

In the series (XX), (ΧΠΙ), (XXI), (ΧΧΠ), which contain the
same non-aromatic ring, the first two members have a weak
musk odour 7»-8o,82,84. (χχΐ) h a s b e e n described as a com-
pound with a musk odour; and its ho mologue (ΧΧΠ), with an
isopropyl group in the benzene ring, is odourless79.

(XXVII)

(XXVI)

(XXIX) (XXX)

Of the compounds (ΧΧΙΠ)-(ΧΧΙΧ) with an acetyl group
on the same carbon atom of the benzene ring, (XXIII)M is

t Later work indicates that in all these compounds the acetyl
group is in the same position as in compound (XIV), the structure
of which has been established85.
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odourless, its homologue (XXIV) has a very weak musk-
-type odour84, the ketones (XXV)-(XXVII) have been des-
cribed as compounds with a strong musk odour a4»8e~88, and
compounds (XXVIID and (XXK)M have a weak musk odour.

Among compounds of general formula (XXX) that have
been synthesised, the aldehyde (R = H) has a very strong
musk odour84, and the acetyl derivative (R = CH,) has a
strong musk odour (see above), which gradually becomes
weaker as the molecular weight of the ketone increases
(R = C2H5; R = C3H7). **>**

It will be noted that, both in the example given above
and in the other cases described, the aldehydes of the
polyalkylindane series have a stronger musk odour than the
corresponding methyl ketones83»84

Some of the new polyalkylindane derivatives have found
applications in the perfumery industry. Thus, 5-acetyl-
-1,1,2,3,3,6-hexamethylindane (XIV), provisionally termed
Phantolid82'89»90, has become known as a perfumery
material with a persistent musk odour. Special mention
has been made in the perfumery journals of the high odori-
ferous qualities of the indane derivatives (XXVI), (XXIX),
and (XXX) with R = C2H5, "·ιβτ,9ΐ,92 a n ( j they have been
recommended for use in compositions for perfumes,
eau de Cologne, scented soap, powders, etc.

Polyalkyltetralin derivatives with a musk odour, and
similar in structure to the above compounds of the indane
series, are described in a number of reports, mainly from
the patent literature. l,2,3,4-Tetrahydro-l,l,4,4-tetra-
methylnaphth-6-aldehydes containing an extra methyl or an
ethyl group at position 7 — (XXXI) and (XXXII) — have a
strong musk odour; the corresponding 7-isoproyl deriva-
tive (ΧΧΧΙΠ)93'94 has a weaker musk-type odour.

(XXXI)

CHjC

(XXXV) (XXXVI)

Ketones of the substituted alkyltetralin group that have
been described as compounds with a musk odour include
the homologues of 6-acetyl-l,2,3,4-tetrahydro-l,1,4,4-
-tetramethylnaphthalene containing 7-methyl (XXXIV)95,
3,7-dimethyl (XXXV)96, and 7-ethyl (XXXVI) groups, the
last of these compounds being used in perfumery under the
name Versalide97»98.

Buu-Hoi and other chemists have described 7-t-butyl-
tetral-1-one (XXXVII) as a compound with the odour of
burning sandalwood99»100. For comparison, its isologues
2- and 3-t-butyl-4,5,6,7-tetrahydro-4-oxobenzo[6]thiophen
(XXXVIII) and (XXXIX)101 have been synthesised; (XXXVIII)
is found to have the characteristic odour of burning sandal-
wood, but the odour of (XXXIX) is less interesting.

In recent years compounds with a musk odour belonging
to more complex fused systems have become known.
Patents have been obtained for a number of poly alky lhexa-
hydrocyclopentanaphthalenes102 and for polyalkylhydro-
indacene derivatives103, the formulae of which are given
below. It is noteworthy that compounds of such high mole-
cular weight (18-20 carbon atoms per molecule) should
have an odour; these products are perhaps the "heaviest"
known perfumery materials.

In an investigation104 to elucidate the relationship
between the non-aromatic indane ring and the presence of a
musk odour, various benzene derivatives were synthesised,
and some correlations were found between structure and
the character and strength of odour. These products
included benzene derivatives without a nitro-group that had
a musk odour. Up to now only a few representatives of
this group of musk preparation1 '1 0 5 have been known. The
following are the formulae and characteristic odours of the
compounds prepared in this work

R=H strong musk odour
R=CHj strong musk odour
R=CjH, moderate musk odour
R>C 5 H 7 weak odour finally

disappearing

somewhat modified
musk odour of

medium strength

odourless
weak odour reminiscent

of p-isopropylbenzaldehyde

odourless

R=H weak musk odour
R-CH, odourless

I |l odourles

CH=CHCOCH3

no musk odour; on heat-
ing, strong odour of

p-isopropylbenzaldehyde

no musk
odour

weak musk-type odour with
hint of wood

From a comparison of the odour of these benzene deri-
vatives with compounds of the indane series, Beets con-
cluded that the non-aromatic indane ring is not essential
for the presence of odour. He considered that the benzene
nucleus, with bulky groups (e.g. t-butyl) and also aldehyde
or ketone substituents, preferably in a sterically unhin-
dered position, is the carrier of the musk odour. Beets
observed that compounds in which the carbonyl group is
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sterically hindered to such a degree that it does not react
with carbonyl-group reagents have no musk odour, unlike
their isomers with a more "accessible" carbonyl group.

Work on the chemistry of the "nitro-musks" that
deserves mention included an investigation into the separate
stages of the preparation of musk xylene10e and a new syn-
thesis of 4-bromo-5-t-butyl-2,6-dinitro-m-xylene107 pre-
viously described by Carpenter.

ΠΙ. OTHER PERFUMERY MATERIALS

Improvements in the preparation of benzyl and phenethyl
alcohols and their derivatives continue to attract attention.
An industrial method has been described for obtaining
benzyl alcohol by hydrolysing benzyl chloride with sodium
carbonate solution, and also a method for esterifying benzyl
alcohol with acetic acid in the presence of sulphuric acid to
give an ester of high perfumery quality108. Another paper
recommends that benzyl alcohol should be esterified by
carboxylic acids (formic, acetic, and some others) in
chloroform with chlorosulphuric acid as catalyst109. A
good yield (86%) of ester was obtained from benzyl alcohol
and acetic acid, the water formed being distilled off with
toluene vapour u 0 . New work has also been described on
the preparation of benzyl acetate from benzyl chloride and
sodium acetate111.

A considerable part of the work done to develop indus-
trial methods for the preparation of phenethyl alcohol has
been devoted to the study of separate stages in its synthesis
from styrene via the halogenohydrin and the oxide

C eH 5CH=CH i ->· C,H6CH (OH) CH2Hal -* C,H6-CH—CHa — CeH6CH2CH2OH.

Apart from a number of patents obtained in different
countries that deal mainly with the catalytic hydrogenation
of styrene oxide112"115, the process as a whole has been
thoroughly examined by Beets11β, who points out that this
method, which gives phenethyl alcohol of high purity,
appears to have been adopted on an industrial scale in the
U. S. A. The high quality of the 2-phenylethanol obtained
from styrene has recently been confirmed by Soviet
workers m . The reduction of a number of oxides, includ-
ing styrene oxide, with lithium tetrahydroaluminate has
been described118.

The preparation of 2-phenylethanol from phenylacetic
ester has been described in two recent papers: Daniew-
ski1 1 9 somewhat modified the well-known Bouveault-BlancJ
reduction of phenylacetic ester, and Bag and Bliznyak121

obtained good results in the catalytic hydrogenation of this
ester with a copper-calcium catalyst§ (at 165-170° and an
initial pressure of 200 atm); alcohol of high purity was
obtained in 60% yield, based on the ester consumed.

Phenethyl alcohol has been prepared from benzene and
ethylene oxide by the Friedel-Crafts reaction123. The
results have been reported of an investigation into the

t Filipescu and Manisor120 recommend that the Bouveault-
Blanc reduction of esters should be carried out in aromatic
hydrocarbons with sodium and such alcohols as cyclohexanol,
methylcyclohexanol, pentanols, etc.

§ According to a patent122, high yields of aromatic alcohols (up
to 95% and above) are obtained in the hydrogenation of esters under
pressure in the presence of copper chromite.

purification of phenylethanol by vaporised solvents in an
injector column184. Shutikova and Cherkaev128 have des-
cribed the 2-methylation of 2-phenylethanol and 2-cyclo-
hexylethanol, and have reported on the perfumery proper-
ties of the products (2-phenylpropanol and 2-cyclohexyl-
propanol) and also of the corresponding aldehydes.

3-Phenylpropanol has been prepared by two methods, by
the reaction of benzylmagnesium chloride with ethylene
oxide in ether, and by the reduction of ethyl cinnamate with
sodium and pentanol in toluene126. These methods are,
however, less suitable for industrial use than the method
worked out a few years ago at VNIISNDV for its prepara-
tion from styrene1 2 7.

Several papers describe the preparation of cinnamyl
alcohol by the reduction of cinnamaldehyde. Two variants
of the reduction with aluminium isopropoxide128 have been
developed, and the effect of adding aluminium halide alkoxides
in this reaction has been studied129. Several carbonyl com-
pounds, including cinnamaldehyde, were reduced with a mix-
ture of aluminium isopropoxide and CLAl[OCH(CHg)2]2, cin-
namy 1 alcohol being obtained in 9 2% y ield, The ale ohol has
also been obtained in the same yield (90-92%) by a method in
which less the usual amount of aluminium benzyloxide was
used130.

Gorshkov and Freidlin have made a comprehensive study
of the reduction of a number of unsaturated carbonyl com-
pounds, including cinnamaldehyde, on zinc catalysts ob-
tained by leaching out Zn-Al and Zn-Cu-Al alloys. They
find that selective reduction of the ethylenic bond or of the
carbonyl group depends on their relative positions131.
Polish workers have proposed a new method for the pre-
paration of cinnamyl alcohol from styrene via pentylzinc
chloride and the corresponding acetate132.

Several papers deal with the preparation of alcohols of
interest in the perfumery industry. Japanese workers
have described133 the hydrogenation of aliphatic acids,
isolated from coconut oil, to the corresponding alcohols in
the presence of a mixed CuSO4-Na2Cr2O7 catalyst and
aqueous ammonia. They consider that hydrogenation of
the acid itself occurs only in the initial stage; the alcohol
formed then esterifies the acid, and the ester is now
hydrogenated to the alcohol. Indian workers have sug-
gested reducing esters to the corresponding alcohols by the
action of aluminium amalgam in alcohol; the method is
said to have advantages in work with small quantities134.
Sladkov et ah 1 3 5, using 2-methylpent-l-ene and 2-ethyl-
hex-1-ene, have made an interesting study of the Ziegler
reaction for the conversion of olefins into alcohols via
organoaluminium compounds

6RCH : CH, + 2A1 + 3H, - 2(RCH,CH,),A1,

2(RCH,CH,),A1 + 30, -» 2(RCH,CH,O),A1,

(RCH,CH,O),A1 + 3H,0 -» 3RCH,CH,OH + Al(OH),.

They point out the relative simplicity of this method and
the good yield of alcohols obtained (60-65% of theoretical).
This reaction was also used for the preparation of 2-phenyl-
propanol in 55% yield, based on the initial methylstyrene13e.
A group of Soviet workers1 3 7 have described the prepara-
tion of 2-phenylpropanol by the reaction of a-methylsty-
rene with isobutylaluminium followed by oxidation with air
of the 2-phenylpropylaluminium formed.

According to Weissenborn138, 3-methyl-4-phenylbutan-
-2-ol (XL) and 3-methyl-4-/>-tolylbutan-2-ol (XLI), pre-
pared by the condensation of benzaldehyde and />-tolu-
aldehyde with ethyl methyl ketone in acid medium, followed
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by reduction of the unsaturated ketone, have an odour
similar to that of linalool.

CH·.—CH—CH (OH) CH3 (XL) R = H

(XLI) R = C H 3 .

A floral odour has been noted139 in secondary alcohols
obtained by the reaction of methylmagnesium iodide with
2-formyl-l,2,3,6-tetrahydrobiphenyl and its homologues,
which in turn are obtained by diene synthesis from cinnam-
aldehyde and the corresponding diene hydrocarbons

N /
CH (OH) CH3 CH (OH) CH3

CH (OH) CH3

H,CX/N/CH(OH)CH,

Ji 1
An odour close to that of methyl oct-2-ynoate (Folione)

has been noted in oct-2-yn-l-ol, obtained by condensing
hept-1-yne with formaldehyde140.

The method developed by Normant for carrying out
Grignard syntheses with organomagnesium compounds con-
taining a vinyl-type radical1 4 2 has presented more oppor-
tunities for the synthesis of various unsaturated alcohols.
Thus, various ethylenic aliphatic secondary and tertiary
alcohols 142>143 have been obtained by the reaction of vinyl-
magnesium bromide, and also its alkyl-substituted deriva-
tives, with saturated aliphatic aldehydes and ketones;
analogous reactions with unsaturated carbonyl compounds
and esters have led to diethylenic and polyethylenic
alcohols 144>145. Condensation of vinylmagnesium halides
and their substituted derivatives with dihydropyran and
dihydrofuran hydrobromides gives 2-alkenyltetrahydro-
pyrans and 2-alkenyltetrahydrofurans respectively, which
are then converted into δ- and y-unsaturated primary
alcohols14e

CHBr—CH2R' N a · H + , R'CH2CH=CCH2CH2CHaCHs0H,

o' X R

•n

c l +R'CH=CHMgHal , f i C H = C H R ' + H B r ,

XHBrCH2R' N a · H + > R'CH2CH=CCH2CH2CHSOH.
κ I

R

Heptenols and octenols have been synthesised from
isohexene and isoheptene hydrocarbons (obtained by the
polymerisation of simple olefins), by condensing the
latter with formaldehyde (Prins reaction). Under certain
conditions the yield of unsaturated primary alcohols reaches
80 wt. %.1 4 7

Much work has recently been done in the search for new
and improved methods for preparing phenylacetaldehyde,
cinnamaldehyde, a-/>-isopropylbenzylpropionaldehyde, and
their homologues and analogues.

The use of aluminium or iron oxide148 and of activated
aluminium oxide i4e has been proposed for the conversion of
styrene oxide into phenylacetaldehyde; when the isomerisa-
tion is conducted in an inert gas at 170°, an almost quanti-
tative yield is obtained149. Styrene150 has been used as
starting material in the synthesis of cinnamaldehyde: the
styrene is chloromethylated to give cinnamyl chloride,
which is then subjected to the Sommelet reaction; however,
the yield is low. The Sommelet reaction has recently been
used151 for converting 2,4,5-triisopropylbenzyl chloride
into the corresponding aldehyde, which had previously been
described as a compound with a musk-type odour105.
Cinnamaldehyde152 and triisopropylbenzaldehyde153 have
recently been obtained from the corresponding halogeno-
-derivatives by Krohnke's method.

Phenylacetaldehyde can be prepared in yields up to
90% i"»"* by the electrolytic oxidation of cyclooctatetra-
enei5e-i59 Zakharkin and Khorlina160 have prepared
phenylacetaldehyde, anisaldehyde, and some other aldehydes
by reducing the nitriles with diisobutylaluminium hydride:

RCN + (iso-C4H,),AlH ·* HCH-NAl(ieo-C4H,)|
H,0

RCHO.

The yield of phenylacetaldehyde reaches 86%, that of aubS-
pine (anisaldehyde) 88%.

A new method of preparing phenylacetaldehyde, /3-phenyl-
propionaldehyde, and other aromatic and aliphatic aldehydes
by the reduction of carbothiolic esters with Raney nickel
has been described161. To prevent further reduction of the
aldehyde, it is combined with 1,2-dianilinoethane; the
compound thus formed is easily decomposed by mineral
acids:

R—C—SQHj Raney Ni

1,2-dianilinoethane \r/ L·CH2

S N-CH 2

C.H6

X H

This method gives yields of 79%, 84%, and 80% respectively
of phenylacetaldehyde, /3-phenylpropionaldehyde, and benz-
aldehyde, calculated on the initial carbothiolates.

New patents have been obtained for a method of stabilis-
ing phenylacetaldehyde as its trimer1 6 2»1 6 3, which can be
decomposed to give the free aldehyde184.

The preparation of aliphatic ketones by pyrolysis of
manganese salts of the acids has been studied, as well as
the preparation of aldehydes by pyrolysis of manganese
formate and a manganese salt of the carboxylic acid. In
the synthesis of ketones this method has advantages over
the classical Piria reaction (pyrolysis of calcium salts);
the yield of aldehydes is generally low, however, but C7

and C8 aldehydes can be prepared with good results1 6 5.

A method has been described for the preparation of
normal C10, C12, and C14 aldehydes by oxidation of the
alcohols with selenium dioxide16e. Dodecanal has been ob-
tained by dehydrating dodecyl alcohol on a copper chromite
catalyst167; and undecanal and dodecanal have been syn-
thesised from the corresponding bromides and 2-nitropro-
pane in the presence of alcoholic alkali168.

Conditions for increasing the yield of heptanal and
undecenoic acid in the pyrolysis of castor oil have been
described in a patent169.

Normant170 has proposed a method for the preparation
of α β- unsaturated aliphatic aldehydes in which ethoxy-
-ketones of the type RCOCH2OC2H5 react with 1-substituted
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vinylmagnesium halides, and the resulting l-ethoxybut-3- different alkyl groups in the a position to the carbonyl
-en-2-ols are decomposed with formic acid: group have been synthesised by the new scheme178»177

R—CH=CHMgHal + QHsOCH.COR R-CH=CH— C-CH..OQHj -

OH

- R-CH=CH—CH—CHO - RCH.CH=C—CHO.

R< " R'

CH3MgCI CH-COCHjOCH,

0
/ \

CH,—C—CHjOCH,
I I

O H

Υ
/\

Aldehydes obtained by this scheme include 2-propylidene-
nonanal (R = CH3, R' = C7H15) with a floral odour, and
2- ethylidenenonanal (R = H, R' = C7H15) with a lemon odour.

Two new methods of synthesising α/3-unsaturated alde-
hydes have been reported. Dec-2-enal, octadec-2-enal,
and some other aldehydes of similar structure are pre-
pared by the scheme1 7 1

CH.—CH—CHO
i "

/ \

CH3

CH,—CH—CHO

y

O — C H 2

2-piperonylpropanol

RCOC1- RC-CH=CHC1
CH.OH

R _ C H - C H 2 C H ( O C H 3 ) 5 - R - C H = C H - C H O .

OH

The odour characteristics of these compounds are not
mentioned.

Substituted ethylcarbinols are used as starting materials
in another method172:

OH OH
I

:=cci

OH
I

>C—CH=CHC1
dil.H,S04

N >C=CH—CHO.

The aldehydes were not separated in the pure state but were
characterised as their semicarbazones.

Homologues and analogues of well-known perfumery
materials are described in a number of other papers.
Thus, /3-methylcinnamaldehyde, which has an odour simi-
lar to that of cinnamaldehyde, has been obtained173 by re-
duction of ethyl β-methylcinnamate to the corresponding
alcohol, which is then oxidised to the aldehyde. A year
later, y-methylcinnamyl alcohol, from which this aldehyde
can readily be obtained, was synthesised from acetophe-
none according to the scheme1 7 4

C,H5COCH3 . τ - ^ " ,

- C,Hj—C=CH—CH.C1
I

CH3

C,H 5 -C-C=CH

OH CH, .

C.H.—C—CH=CH-2

/ \
OH CHa

CH,COOXa
inCIIjCOOH

C.H t-C=CHCH iPCOCHr>C tH,-C=CHCH<OH •

CHj CH3

The next homologue of jasminaldehyde, with a methyl
group in the nucleus, p-methyl-o-pentylcinnamaldehyde175,
has an odour close to that of jasminaldehyde but coarser.

Cyclamenaldehyde (α - p - isopropylbenzylpropionalde-
hyde) and several of its homologues and analogues with

where R = CH3 (cyclamenaldehyde), C2H5, n-C3H7, iso-C3H7,

iso-QHg, iso-C5Hu, —<( \,-\ ) ·

The odour of these compounds is inferior in strength
and quality to that of cyclamenaldehyde itself; 2-p-iso-
propylbenzyl-5-methylhexanal (R = iso-C5Hu) is the only
one that has been described as a compound of distinctive
odour with a musk trend.

A method of synthesis of the new perfumery material
2-piperonylpropanal [a-(3,4-methylenedioxybenzyl)propion-
aldehyde], an analogue of cyclamenaldehyde, was patented
in 1960 1 7 8 and then developed in detail by Laskina and
Devitskaya17e. Its excellent perfumery properties have
been noted.

Among other isomers and homologues of cyclamen-
aldehyde that have been synthesised recently, β- (p -t-butyl-
phenyl)propionaldehyde180 has a strong odour of lilies,
£}-/>-cumenylbutyraldehyde181, an agreeable odour, and
a-p-methylbenzylbutyraldehyde182 an odour reminiscent
of cyclamenaldehyde. Japanese workers have patented183

a series of homologues of cyclamenaldehyde that differ
from it in having alkyl groups in the a position to the
aldehyde group, and also in the para position to the propyl
chain. In a United States patent184 the dimethylacetal of
2-benzylpropanal, a lower homologue of cyclamenaldehyde,
is recommended for use in perfumery.

Some research was done on the preparation of cyclamen-
aldehyde itself. A synthesis via the substituted acetoacetic
ester />-iso-C3H7.CeH4.CH2.C(CH3)(COCH3).COOC2H5 has
been published: acid cleavage gives a-/>-isopropylbenzyl-
propionic acid, which is then reduced to the aldehyde185'186.
/>-Isopropylbenzyl chloride has been converted187 into the
aldehyde by the action of an alkaline aqueous-alcoholic
solution of nitrocyclohexane:

CH3C1
I

/ \

CH2—Ο—Ν—ζ
\ /

CHO
I

/ \

N—OH

Oxidation of />-isopropylbenzyl chloride followed by
condensation with propionaldehyde of the />-isopropylbenz-
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aldehyde formed gives />-isopropyl-a-methylcinnamalde-
hyde in 58% yield, calculated on the initial /»-isopropyl-
benzyl chloride.

The reduction of />-isopropyl-a-methylcinnamaldehyde
to cyclamenaldehyde in the presence of Raney Ni-W-5
(from an Ni-Al alloy) in methanol188 has been studied by
infrared spectroscopy and gas chromatography. It has
been shown that the mixture obtained under these conditions
contains ~ 53% of cyclamenaldehyde; />-isopropyl-/3-
-methylcinnamyl alcohol and 2-/>-isopropylbenzylpropanol
are formed as by-products. The latter can be converted
into cyclamenaldehyde in 60%\ yield by dehydrogenation at
230-240° and a residual pressure of 28-30 mm in the pres-
ence of copper-chromic oxide catalyst with the addition of
barium oxide189.

It has been suggested that in the preparation of cyclamen-
aldehyde it is useful to hydrogenate />-isopropyl-a-methyl-
cinnamaldehyde to 2-/>-isopropylbenzylpropanol and then
convert this to the aldehyde 19°.

Workers at VNIISNDV have continued to develop a
method for the synthesis of heliotropin (3,4-methylenedi-
oxybenzaldehyde) from catechol. Simplifications have
been introduced into separate stages of the synthesis, which
was first proposed in 1938 1 9 1

CHO

:/\f

OH —CH2

Until recently the methylenation stage was effected by
heating catechol with methylene chloride in alkaline medium
under pressure; this was accompanied by the formation of
much resin. It has been shown that methylenation can be
successfully carried out at ordinary pressures in the pres-
ence of sodium iodide in benzyl alcohol 1 9 2> 1 9 3. To intro-
duce the aldehyde group into the molecule of catechol
methylene ether, several variants have been employed of a
method for preparing hydroxy-aldehydes containing a free
phenolic group which has been widely used, for example in
the synthesis of vanillin 194~19e.

In another scheme the aldehyde group is introduced
directly into the catechol molecule, and the resulting alde-
hyde converted into the methylene ether1 9 7.

In the production of heliotropin from the essential oil of
sassafras, isosafrole, obtained by isomerisation of the
safrole contained in the oil, has been oxidised electrolytic-
ally 1 9 8.

It is natural that new synthetic methods for preparing
vanillin and the improvement of existing industrial methods
should attract attention. The synthesis of vanillin from
salicylic acid in two stages has recently been reported199.
However, until the results are confirmed it is difficult to
evaluate the method.

The so-called chloral method for the preparation of
vanillin and vanillal has been improved 20°. When dichloro-
ethane is used as solvent in the formation of 4-hydroxy-3-
-methoxyphenylglycollic acid (and also the 3-ethoxy-com-
pound), a yield of 80-85% is obtained, based on the initial
guaiacol (or guethol); technical chloral hydrate was used
in the condensation. It has been proposed that oxidation

of the condensation product in the last stage of the synthesis
should be carried out with an air spray in the presence of a
permanganate catalyst. The total yield of vanillin was
50-55%, calculated on the guaiacol taken.

Comparative results on the preparation of vanillin from
guaiacol and formaldehyde with the use of nitrosodimethyl-
aniline (the so-called nitroso-method) or m -nitrobenzene-
sulphonic acid are given in a paper published in 1963 a 0 1.

The products of the condensation of guaiacol with form-
aldehyde have been investigated202 with the object of pre-
paring 4-hydroxy-3-methoxybenzyl alcohol, a supposed
intermediate in the synthesis of vanillin from guaiacol, but
the pure alcohol could not be isolated from the reaction
mixture

The development of convenient methods for the prepara-
tion of guaiacol and guethol from catechol and its mix-
tures 2 0 3 " 2 0 5 extends the range of raw materials available for
the synthesis of vanillin and vanillal.

The search has continued for improved conditions for
the preparation of vanillin from lignin, its derivatives, or
lignin-containing materials; most of these investigations
have been reported in the patent literature (reviewed in
Ref. 206).

Good results have been obtained in work on the prepara-
tion of vanillin by alkaline oxidation of lignosulphonates
contained in post-alcohol residues, a waste product of the
sulphite-alcohol industry207"209.

The odour of a series of recently synthesised aromatic
aldehydes — analogues of vanillin, vanillal, and heliotro-
pin — has been described210. Patents have been ob-
tained2 1 1 '2 1 2 for the preparation of 2-ethoxy-5-propenyl-
phenol, an interesting perfumery material with the odour
of vanillaif, from the ethyl ether of eugenol, which is sub-
jected to demethylation accompanied by isomerisation of
the allyl group to propenyl:

CH2CH=CH2 CH=CH—CH3

I

OCHs

OQH,

Laskina et al.2l4 have recently developed the following
synthesis of Vanitrope

GHICH=CHI

CH,C1CH=:CH,

/\>H

SO,

OH
. OH γ NOH

OCHaCH=CH2 OH

CH!1CH=CHi!

I

γ
0 Q H 6

CH=CHCH3

I

OH

OQH,

f Marketed by the American firm Shulton Inc. as Vanitrope.'
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So me new work has been devoted to the preparation of sub-
stituted cyclopentenones, a group that includes the interesting
perfumery material jasmone (3-methyl-2-pent-2'-enyl-
cyclopent-2-enone), a constituent of the essential oil of
jasmin. 2-Hexylcyclopentenone, the so-called dihydro-
jasmone, has been used in the industry; it is obtained by
cyclodehydration of y-undecanolactone or of undecenoic
acid.

C,H,5—CH-CH2-CH,-C= O

Ι—ο '

C H 2 = C H - (CH2), —COOH •

C H - C H 2 T
II I

• C e H 1 3 — C CH-2

Polyphosphoric acid has recently been proposed for
converting y-lactones2 1 5 '2 1 6, δ-lactones217, and unsaturated
acids 218>21β into alky Icy clopentenones. High yields have
been obtained and new interpretations of the mechanism of
reactions of this kind have been put forward.

According to some reports2 2 0, the use of polyphosphoric
acid for the preparation of dihydrojasmone itself from
undecenoic acid gives the required product in good
yield; according to other reports2 1 9, a mixture of iso-
meric ketones is formed and the yield of dihydrojasmone
is low. Comparative results on the preparation of dihydro-
jasmone from undecanolactone and from undecenoic acid
by the action of polyphosphoric acid have been reported221.
A new synthesis of dihydrojasmone has also been des-
cribed222.

Work in recent years on the development of new methods
for the preparation of alky 1-substituted γ- and δ-lactones
includes the promising synthesis suggested by Belov and
Dil'man223 of γδ-dialkylated δ: lactones; this has been
further developed by Belov and Voitsekhovskaya224»225:

CH^COCHWCOOCH. +C"'=CHCN • CUPOCWOOOCH. -> <™.COOH • HJO.) ,
CHJCHJCN

—• CH,COCH(R)CHSCH2COOH I j ^ g " > CH,CH-CH (R) CHtCH,C=O ·

I 0 1

The use in this synthesis of esters of keto-acids
R'CH2COCH(R)COOC2H5, obtained by ester condensation
of esters of aliphatic acids, enables δ-lactones of general
formula

R^-CH,-CH-CH (R) CH,CH,-C=O

to be synthesised relatively easily; new substituted cyclo-
alkenones, analogues of dihydrojasmone, may be obtained
from these by cyclodehydration.

Petrov, Nikishin, and their coworkers 22e~228 have
recently published detailed papers on the preparation of
various alkylated y- and δ-lactones, several of which may
be of interest in perfumery.

Surmatis 22e>23° and Kimel231 have described the prepara-
tion of 6-cyclohexylidene-3-methylhex-l-en-3-ol (XLII),
which has a musty odour (recommended for conferring an
earthy odour on floral compositions), and 9-cyclohexyli-
dene-6-methylnon-5-en-2-one (XLIII), which has been
described as a compound of rose fragrance with a fruity

t One of the isomers, which differ in the position of the double
bond in the ring, is shown.

shade. These compounds were synthesised from 1-vinyl-
cyclohexanol by the scheme

CH=CH,

<ZX —
OH

< >=CHCH,C1 r r - r — - . — . '
Ν / 2) ketonic cleavage

OH

I

OH

(XLII)

I
CH,

)=CHCH,CH,-C-C=CH ± i k

CH,

2) pyrolysls of aceto·
acetate

<( ]) CHCH,CH1C=CHCHtCHtCOCH,.

CH,
(XLIII)

The acetates, propionates, butyrates, and isobutyrates
of cis- and irans-isomers of 4-t-butylcyclohexanol have
been found to differ greatly: the odour of the cis-isomers
is 2-5 times as strong as that of the corresponding trans -
-isomers, and it is also more delicate232.

Belov and his coworkers233 have observed an interesting
odour, resembling that of vetiver oil, in the ketone (XLTV);
the corresponding alcohol (XLV) has a strong characteristic
odour, and its acetate (XLVI) an odour close to that of
musterone. These compounds are easily prepared from
Ρ - 1 - methy lcyclohexylphenol:

—COCH.

The ketone (XLVII), the alcohol (XLVm), and its acetate
(XLLX) have only a weak, uncharacteristic odour, that of
the ketone being somewhat stronger. These compounds
are prepared by the scheme2 3 4

(XLVIII)

—OCOCH,

=o.

(XLVII)

Change from a five- to a seven- membered ketonic ring
has no material effect on the odour. The ketones (L)
and (LI) have the same kind of odour as the ketone (XLVII);
the ketone having a five-membered ring possesses the
strongest odour235.

rO /°
CH,

(LI)

Improvements in the synthesis of isoeugenol from guaia-
col via its propionate are reported in several publications.
The propionate is converted by Fries' rearrangement into
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4-hydroxy-3-methoxypropiophenone, which is hydrogenated
to the corresponding alcohol; the alcohol is then dehydrated
to give isoeugenol 2 3 6 ~ 2 4 1 . In work on the direct C-allyla-
tion of guaiacol para to the hydroxy-group, Tsukervanik
and Mel'kanovitskaya242"244 developed a method of prepar-
ing eugenol by the interaction of guaiacol and allyl chloride
in the presence of a copper catalyst. The yield of the
resulting mixture of allylguaiacols is ~ 29%, based on the
allyl chloride taken, or 39% on the guaiacol consumed;
the eugenol content of this mixture, determined by infrared
spectroscopy 2 4 5 , is 59% 2 4 4 .

Allylation in the presence of a copper catalyst has also
been used for the preparation of safrole from methylene-
dioxy benzene246.

Bratus and Voronin247"249 have studied the separate
stages of the synthesis of coumarin [2-oxochromen] by the
Knoevenagel reaction, in which salicylaldehyde is con-
densed with malonic acid or its ester, and the 2-oxo-
chromen-3-carboxylic acid obtained is decarboxylated:

In the search for a more convenient method of synthesis-
ing coumarin, the preparation of the 3-carboxylic acid by
interaction of salicylaldehyde and sodium cyanoacetate has
been studied; sodium cyanoacetate is an intermediate in
the production of malonic ester 25°.

A method proposed251 in 1958 for the conversion of
2-oxochromen-3-carboxylic acid into coumarin, based on
the addition of bisulphite to the double bond of the pyran
ring with simultaneous elimination of carbon dioxide, has
been successfully extended to the ester. High yields of
coumarin indicate that the method is suitable for industrial
use2 5 2.

Some problems in the preparation of coumarin by the
interaction of salicylaldehyde and acetic anhydride253»254

have been examined. Belov et al.255 report an improve-
ment in the synthesis of salicylaldehyde by the Reimer-
Tiemann reaction.

In work on the relation between odour and structure in
organic compounds 25β»257, a lactone of the octalin series,
with the proposed structure (LII) or (LIII), has been syn-
thesised; an analogue (LIV), with a t-butyl group instead
of one of the cylcohexane rings, has also been synthesised.
Both lactones have an agreeable sandalwood odour, that of
the first being the stronger.
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I. INTRODUCTION

The last few years have seen the introduction and
vigorous development of a new field of chemistry — the
chemistry of the odour of foodstuffs. This review con-
siders the main lines of investigation from 1956 to 1961 on
the chemistry of the odour of meat, fisht, bread, milk and
milk products, cocoa, and coffee.

At present the primary task of the chemistry of odour
is to investigate the connection between odour and the
physicochemical nature of the material, and on this basis
to construct a theory to explain the mechanism of the inter-
action of substances with the olfactory organs. A theory
of odour will enable a directed "synthesis" of the aroma of
food products to be achieved and an objective odour ana-
lyser to be created; such an analyser will find wideappli-

t Section VI has been written by S.D.Sokolov.

cation not only in the food and perfumery industries, but
also in chemistry as an improved method for the analysis
of volatile compounds. In medicine it may be used as a
sensitive diagnostic apparatus for various diseases asso-
ciated with the disturbance of metabolism.

Investigations of the chemistry of odour should also
help in solving many of the most important problems of the
food industry, in the first place retention of the original
odour of commercial food products, avoidance of undesired
flavours, shortening of ripening periods, and prevention of
aging processes. Of particular significance for the food
industry is the creation of aromatic mixtures to reproduce
the odours of foodstuffs. In the future, synthetic compo-
sitions of food aromas will have particular value in con-
nection with the production of artificial food. Solution of
the above problems requires the combined efforts of
chemists, physiologists, microbiologists, and food tech-
nologists.

The rapid development of the chemistry of odour has
been held back by the absence of proper methods of analy-
sis. Our olfactory organs are unsurpassed as analytical
devices, and the best methods of analysis cannot as yet
compete with them. A man can, for example, distinguish
vanillin at a concentration of 10~14. Additional difficulties
in studying the odour of food products arise because the
odour and the taste of food are extremely closely related,
and can be separated only with difficulty, especially in the
case of products having little taste and aroma, the latter
being perceived only during actual consumption. Analysis
of the odour of food products is also made difficult by the
fact that odour is associated with the presence of minute
quantities of a mixture of volatile substances: for example,
1 kg of cheese contains 1-2 mg of the material responsible
for its aroma. Moreover, the aromatic mixture which
provides the odour of food products is a multicomponent
composition, containing sometimes up to 70 volatile sub-
stances. It is not surprising therefore, that the main
advances in the chemistry of odour have been made in the
last five years, and are principally associated with the use
of various types of chromatography, particularly gas
chromatography. Investigation of the odour of food pro-
ducts has required specific methods for the isolation and
identification of the volatile substances responsible for the
odour.

Π. METHODS OF ISOLATION AND IDENTIFICATION

Methods of Isolation

Steam distillation in a current of nitrogen at 1-2 mmHg
and 35-40° is generally used to separate the odoriferous
principles from the mass of foodstuff1"5. The aromatic
substances are sometimes distilled under a high vacuum
(10~5-10~e mmHg) in a film evaporator over the same tem-
perature range; the distillate is collected in a series of
traps cooled to temperatures of -10° to -180°. e " 1 0 When
these methods of concentration are used, there is the
possibility of a change in the composition of the aromatic
material when the foodstuff is heated.

The aromatic substances are sometimes separated by
centrifuging11 or by repeated extraction with solvents12;
with the latter method, possible losses of readily volatile
substances must be borne in mind, as well as the danger of
contamination by trace impurities present in the solvent.
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