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1. INTRODUCTION

Compounds of isoprenoid structure are known to occupy
a special position in the chemistry of perfumes. This
group includes a large number of natural compounds having
valuable scents, as well as synthetic compounds which are
not found in Nature.

The evolution of scientific research in this field has been
characterised during recent years not only by a continuation
of the intensive search for new perfumes but also by con-
siderable advances in developing industrial methods for the
synthesis of many important compounds of this type from
the simplest chemical raw materials. This work is exam-
ined in the present review.

2. TERPENOID AND SESQUITERPENOID COMPOUNDS

The direction of research on the synthesis of compounds
of isoprenoid structure was greatly affected by the work of
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Carroll, who in 1940 proposed an elegant method for pre-
paring unsaturated ketones by the treatment of tertiary
allylic alcohols with acetoacetic ester in the presence of
sodium ethoxide or of other alkaline reagents!,2:

R
R'>C (OH) CH=CHy+CH,yCOCH;CO,CyHy ——

R
—.R,>C=CHCH,CH,COCH3+CO,+C,H50H .

This methodf, subsequently developed by several other
chemists, opened up wide possibilities for the preparation
of the most important intermediates of isoprenoid struc-
ture. One of the most promising variants of Carroll's
method is the use of diketen instead of acetoacetic ester.
In this process the unsaturated ketone is obtained by con-
densation of the corresponding unsaturated vinylmethanol
with diketen followed by pyrolysis of the resulting aceto-
acetate:

, ?H CH;=C—CH, R OCOCH,COCH;
NC—c= Né_c= _— =
R /(‘/—E' CH, 7 R /é (I;, CH, R /C (‘:;CH,CH,OOCH,.

Among the compounds obtained in this way, 6-methylhept-
-5-en-2-one (I) 3 was described as early as 1943. A little
later 5,6-dimethylhept-5-en-2-one (Ia) was obtained ina
similar manner from 2,3-dimethylbut-1-en-3-ol (IIa) 5 (see
Scheme 1, p.122).

During recent years various aspects of these reactions
have been studied. A detailed investigation has been made
of the conditions for the conversion of tertiary allylic
alcohols into unsaturated ketones by the Carroll reaction®-13,
Dreux and Colonge? suggested the use of aluminium iso-
propoxide as catalyst, and also studied the effect of the

1 For the reaction mechanism, see Refs. 1, 3, and 4.,
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structure of the initial alcohols on the yield of the unsatu-
rated ketones. Nazarov and his collaborators®-!! estab-
lished that the alcohols can be made to react with aceto-
acetic ester even in the absence of a catalyst, if reaction
is carried out under pressure or in high boiling solvents;
high yields can be achieved if the ethyl alcohol formed is
distilled off during the reaction (using a fractionating
column)®.

Results have been obtained showing that, during the re-
action of acetoacetic ester with an unsaturated tertiary
alcohol, formation of an unsaturated ketone involves the
intermediate formation of an acetoacetate!!; on the other
hand, it has been shown that unsaturated ketones can be
obtained from substituted vinylmethanols by the “diketen”
method in a single stage without isolation of an aceto-
acetate?,4,

Amines — piperidine, pyridine, triethylamine, and
several others®-!! — are among new catalysts suggested
for the formation of acetoacetate by the “diketen” method.

An interesting extension of the method was found in 1953
by Kimel and Sax!®, who showed that tertiary ethynylmetha-
nols can be converted in this way into dienones. This
allowed for the first time the transition to be made from
dehydrolinalool (II), a product of the condensation of
6-methylhept-5-en-2-one (I) with acetylene, via its aceto-
acetate (IV) to pseudoionone (V), and also from dehydro-
methyllinalool (ITIa), obtained in a similar way from 5,6-di-
methylhept~5-en-2-one {Ia), to pseudoirone (Va). Kimel
and Sax's method was soon developed by Lacey¢,!” and
applied to the synthesis of various dienones of general
formula: ’

Re
R‘>C=CH—C (R)=CHCOCH, .

During subsequent years this method was subjected to a
thorough and comprehensive investigation, special attention
being paid to the development of various modifications of
the synthesis of pseudoionone (V) and pseudoirone (Va).
The possibility was noted of obtaining (V) and (Va) by the
direct reaction of (III) and (IIla) respectively with aceto-
acetic ester 4,11,12,18-2¢ or even by condensation with diketen
followed by pyrolysis of the resulting acetoacetate (IV) or
(IVa) respectively 8,11515,28~27,

The elaboration of new methods for obtaining dienones
of the type of pseudoionone and pseudoirone from acetyl-
enic alcohols has played an extremely important part in
the further development of the synthesis of compounds of
terpenoid structure. At the present time an isoprenoid
chain of any desired size can be constructed by repeated
introduction of an acetonyl radical followed by condensation
of the resulting ketone with acetylene and selective hydro-
genation of the triple bond to a double bond:

<+ CH=CH

-+ —— C(OH) CH=CHj - Carroll reaction ™ C—CHCH,|CH,COCH,

(acetroacetic ester /
or diketen)

+.H,

—_ >c=cacu.§ca,(l: (OH)C=CH
CH,

Carroll reaction
and so0 on

———>c= CHCH,CH,(|: (OH) CH=CH,
CH,
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The condensation of acetylene with ketones in the pre-
sence of alkalis, leading to the formation of the correspond-
ing ethynylmethanol, was discovered by Favorskiii as early
as 1900.%,% Thanks to the detailed elaboration of this
method by Nazarov and his coworkers3°~33  who studied the
condensation of acetylene with many carbonyl compounds,
no appreciable difficulty was encountered in carrying out
the reaction under industrial conditions. Data on the con-
densation of acetylene with acetone (influence of solvents,
nature and amount of alkaline agent, and added alcohols)
have recently been reported in a paper by Japanese
chemists %4, and also in Lacey and Jowitt's patent3®. This
reaction can also be carried out in solution in liquid am-
monia in the presence of metallic sodium -8,

There is no difficulty in converting the ethynyl alcohol to
the corresponding vinyl alcohol, the selective hydrogenation
of the acetylenic to an ethylenic bond, under industrial con-
ditions. This reaction has been quite well studied on many
examples 30,33,36-43

The above scheme for synthesising a terpenoid molecule
has already found practical application in the USA, where
Hoffmann-La Roche have constructed large works near
New York for the synthesis of linalool, citral, and a group
of isoprenoid vitamins4~47, From the general scheme for
the production of terpenoid compounds in these works, we
give below only that part which relates to the synthesis of
pseudoionone (V) and pseudoirone (Va) (Scheme 1).

Scheme 1

E/ ¢ CHZCH i H

?<ow “%
H
o) | ] (ila) R = CHy
% &
R\R(ococmcocn; —co.
l _=%o .

R
7 Q0 +ou=cn 7 7 b ~Co;
—— —— —— —
H OCQCH,COCH;

(1) R=H () R=H (V) R=H
(ta) R = CH, (la)R = CH, (IVa) R =CH,
\,
7 NN /7 7 %
H 4
V) R=H
((v:) R= CH, i) (va)

The yield of (V) is 35% based on the initial acetone and
acetylene.

The above authors note the wide possibilities for the syn-
thesis of terpenoid compounds opened up by the application
of this method: thus linalool (VI) and dihydrolinalool can be
obtained by the partial hydrogenation of dehydrolinaloool;
condensation of linalool with diketen and subsequent decom-
position of the resulting acetoacetate yields geranylacetone
(vIl), from which sesquiterpenoid alcohols and their ethers,

1 For the significance of this work and also of other investiga=-

tions by Favorskii on the synthesis of isoprenoid compounds
see the recently published review by Yanovskaya and Kucherov a8,
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etc. can be obtained. The method can, of course, be ex-
tended to the synthesis of the most varied isoprenoid alco-
hols, aldehydes, ketones, and their derivatives, homologues,
and analogues differing in chain length, substituents, or
position of double bonds. In a detailed paper Kimel et al.®
reported a considerable number of substances synthesised
in this way, but unfortunately they did not describe the
odour of previously unknown compounds.

A series of homologues and analogues of pseudoionone
of general formula

R
>c= CH—CHy—CHy—C=CH—CHy~—CH,—COCHj,
-
Hs

where R = CH,; and R’ = H, Cl, CH,, CH,, iso-C,H,, and
t-C H, and R = R’ = is0-C,H,, have recently been synthe-
sised by Nazarov et al. 4,5 by the reaction of homologues
and analogues of dehydrolinalool with acetoacetic ester,
and also by condensation with diketen followed by pyrolysis
of the resulting acetoacetates.

Pyrolysis of the acetoacetates of tertiary ethynyl alco-
hols is accompanied by a series of side-reactions, which
considerably lower the yield of the desired dienones. This
was responsible for the appearance of a large number of
papers aimed at seeking better conditions for carrying out
this stage®8,9,11,26,27,81  and also on the side-products which
are formed. It was established that the most important
side-products in the pyrolysis of dehydrolinalyl aceto-
acetate is a ketone§ (VII) isomeric with pseudoionone and
containing a cyclopentene ring52-%6:

A similar formation of ketones having a cyclopentene
group was noted also inthe pyrolysis of substituted dehydro-
linalyl acetoacetates 55:

RIW)
R, ]
' /7 —CO0y
.
COEH—COCH, I :\ *\
Ry
2 . .

The ketone (VIH) was also detected as a side-product in
the preparation of pseudoionone by the reaction of dehydro-
linalool with acetoacetic ester 2.

Possible schemes for the formation of pseudoionone and
its isomeric ketone (VIII) by the pyrolysis of dehydrolinalyl
acetoacetate have been discussed in several papers 54,5857,
It is assumed, for example ®,55,%, that an allenone is formed
as an intermediate product, and this undergoes further
changes, e.g.%

/
7 4 / 7V /N
—_ lo—CF 1] +
COCH;COCH, .
av) W

(vim)

§ The formation in this reaction of a ketone isomeric with
pseudoionone was noted also in a paper by Samokhvalov et al %%,

The following scheme has also been suggested55:

' e ey 7 oy

m n%./ AX l;COCH, v (‘E:,cocrl, (VI
7

(1)) OCOCH,COCH; 0 ,

Nazarov and Krasnaya 58 studied the pyrolysis of aceto-
acetates prepared from tertiary enynyl and dienyl alcohols.

An interesting process, analogous to the Carroll reac-
tion, was described by Daev and Dashunin, who showed that
5,6~dimethylhept-5-en-2-one (Ia) is formed by the reaction
of pinacol with acetoacetic ester 5° or with diketen®°. In the
latter case the diacetoacetate of pinacol wasobtained, which
was subjected to pyrolysis at 200°.

An extremely promising new possibility of passing from
tertiary ethynyl alcohols to unsaturated aldehydes (IX) or
the corresponding dienones (X) has been reported in re-
cently published papers by Isler and his coworkerss!=ss,
According to them, acetates of tertiary ethynylalcohols (XI)
isomerise, on being heated with acetic acid in the presence
of copper or copper or silver salts, into allene acetates
(XII), which then add on acetic acid to form diacetates (XIII).
Alkaline hydrolysis of (XII) and (XIII), and also acid hydro-
lysis of (XIII) yield aB-unsaturated aldehydes (IX). The
simultaneous action of alkali and acetone, however, con-
verts (XII) and (XII) into ofyd-unsaturated ketones (X).

R|\ =CH Ry R,\ OCH3
Y — >C=C=CHOCOCH;—> c=cH—CH
R,—CHy7 OCHs  R—CHy (xn) R;—TCHYy’ (xm) “OCOCH;
(x1} 1
Ry Ry
>c=cn—cuo N =CH—CH=CHCOCH3,

RamCH ax) Re=CHy x

By this method Isler obtained citral:

CH,
[(m with Ry=CHs, Ry=CH,CH=C{ ] .
CH,
in more than 80% yield from dehydrolinalool (III) via its
acetate:

CH,
[(xt) with R;=CH,, R.=CH,CH=C<CH ] ,
'3

and also methylcitral, farnesal, and several other alde-
hydes from the corresponding ethynyl alcohols. From de-
hydrolinalool and methyldehydrolinalool (Illa), pseudoionone
and pseudoirone can be prepared, also in yields exceeding
80%, by esterification and rearrangement into allene ace-
tates and diacetates followed by treatment with alkali in
acetone.

The simplicity and elegance of this route for converting
tertiary ethynyl alcohols into unsaturated aldehydes or the
corresponding dienones have attracted the interest of other
chemists as well5!57,

In order to obtain the unsaturated ketones which are
intermediates in the synthesis of perfumes of the terpene
and sesquiterpene series, much of the work published
during recent years has also used the old, classical method
of condensing halogeno-derivatives with the sodium deriva-
tive of acetoacetic ester followed by ketonic hydrolysis of
the resulting substituted acetoacetic esters. In this way
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methylheptenone (I) s24,84-¢8 and dimethylheptenone (Ia)®?
have been obtained from 3-methylbut-2-enyl halides CH;.
.C(CH,) :CR.CH,Hal, and geranylacetone (VII)?1%43,64,88=70
from geranyl halides CH,.C(CH,) : CH.CH,.CH,.C(CH,) : CH.
.CH,Hal.

By successive repetition of acetonylation, condensation
of the ketones with acetylene, selective hydrogenation of the
ethynyl alcohols to vinyl alcohol, and conversion of the ter-
tiary alcohols via the halogen derivatives into primary al-
cohols, Nazarov et al, 4,% gynthesised a series of isopre-
noid alcohols according to Scheme 2.

Scheme 2
1. CHyCOCHNaC!
%on HCI o HBr f/ 3 Naow T coocas g
H,Hal via chloride 60%
(w) via bromide 75% M
5—10 atm +
+ CH=CH, KOH / 7 Hy (P4) /
92% 96%

H

1. CHyCOCHNACOOC,Hy
LNOH

via chloride 57%
via bromide 58%

(O —

(vi)

H “Gl
(m -‘W 1)
7 20H 1.cryc00K
2.NaOH
via bromide
55%

7 HaHal
|
xv)
+CHECH KOH (7 Hy(Pd) /
3% I
H
I (xv)

The change from (II) to (I), from linalool (VI) to geraniol
{(XIV) or geranylacetone (VII), and also from nerolidol (XV)
to farnesol (XVI), can be accomplished in one step, without
isolation of the intermediate products.

Starting from 4-bromobut-2-ene, Nazarov et al.™ syn-
thesised analogues of linalool and nerolidol containing one
methyl group instead of the gem-dimethyl grouping.

Nazarov and his collaborators, in another synthetic
route to isoprenoid compounds, have condensed the ketone
with ethoxyacetylene instead of acetylene. This method of
passing from a ketone to an unsaturated aldehyde containing
two extra carbon atoms in the chain, which had been em-
ployed earlier in syntheses of terpenoid compounds 3¢,72=7,
was used by Nazarov and his coworkers in two ways. In
one of them the ethoxyacetylene was used in the form of its
bromomagnesium derivative, and in the other the conden-
sation with ethoxyacetylene was effected in the presence
of caustic potash. The resulting ethoxyethynyl alcohols
were hydrogenated to ethoxyvinyl alcohols, which were then
converted into ag-unsaturated aldehydes, probably via the
intermediate formation of hemiacetals as a result of an
allylic rearrangement 77:

1. CH,;CO0K
N0 4

vis lmmlde I
60%
(xvi)

HyOH

R Ol .
N s BeMgCSCOC.H, / Hy(Pd)
re/ OO Tor + 0GR KO R’>C\CE®CsH;

OCsHs

Be [ NC=CH—CH,
R/ OH

R \C=CHCHO.
R \CH=CHOGH; R/

Use of methylheptenone (I) as starting compound gave a
high yield of citral, and several of its homologues and
analogues have been synthesised in the same way. This
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reaction has been employed also for the synthesis of ana-
logues of geraniol, farnesol, and some other alcohols of
isoprenoid structure®,™ (see Scheme 3).

Scheme 3

)'dgll‘
c--coa’ l-!qSO¢
w\ H,0H
KOH

CH"CH

& Ha(Pd)

ms.
d =COR’
—_—

o
Il

and so ou.

A fundamentally new route for the synthesis of citral
(XVI) "-22 and 3,6,7-trimethylocta-2,6-dien-1-al (methyl-
citral) (XVIIa) 8,0 is based on the construction of a terpene
skeleton by the treatment of the hydrochlorides of isoprene and
dimethylbutadiene respectively with isoprene in the pre-
sence of a catalyst; the geranyl chloride (XVII) and
1-chloro-3,6,7-trimethylocta-2,6-diene (XVIIIa), which
were respectively obtained, were further converted into
aldehydes by the Sommelet reactionf. In the case of
3,6,7-trimethylocta-2,6-dien-1-al (methylcitral) (XVIIa)
condensation with acetone was then carried out, followed by
cyclisation of the pseudoirone (Va) into a mixture of a- and
B~irones witha considerable preponderance of the former 83,84:

CH, R ey
CHy— ccr— -cu, + ) en=
cn,..c—(l: cu,—< >_°"E__ﬂ_.
cn,—cf i—cn,cn ’

=C=~CH,—CH,~C=CH—CH,C] ~=—> —C—CH,-’CH,-—C=CH—CHO
" i WO G

Hy 3
(XVIDR=H , (val) R =CH, (XVII)R H, (XVHla)R=CH,
H=CH—COCH;
R H=CHCOCH, a-irone
+ CH3COCH, 4 /
(XVIla) ——————> | \ CH=CH—COCH;
B-irone

(Va) R=CH;

The dependence of the yield of geranyl chloride, and also
of other terpene chlorides formed at the same time, on the

T Recently Swiss chemists ® suggested a noteworthy new
possibility for converting halogenated allyl derivatives into the
corresponding ugsaturated aldehydes by the action of nitroalkanes;
among other examples, they give the preparation of citral from
geranyl bromide; when the potassium salt of 2-nitropropane is
used, the yield of citral reaches 76%. Nazarov ef al.%
employed the potassium salt of nitrocyclohexane for this purpose.
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nature of the catalyst and the solvent, the temperature, and
other conditions has been studied in a series of special in-
vestigations 8779,

From a study of the infrared spectra of specimens of
citral obtained by the Sommelet reaction from mixtures of
terpene chlorides formed by the reaction of isoprene with
its 1,2- and 1,4-hydrochlorides, Petrov et al.%,%? estab-
lished that such specimens consist of a mixture of geranial
and neral, the content of the latter being higher than in
natural citral?®?, This synthetic scheme for citral and
methylcitral is attractive since it allows the carbon skele-
ton of the terpene compound to be constructed in a single
step, by the direct combination of isoprene with its hydro-
chloride (or, in the case of methylcitral, with the hydro-
chloride of dimethylbutadiene), which are now readily
available. Another extremely valuable feature is that the
compound obtained in this way contains an active chlorine
atom, which readily undergoes reactions leading to the for-
mation of the corresponding oxygen derivatives (the alcohol
by hydrolysis and the aldehyde by an oxidative change). All
this distinguishes the method favourably from others. The
processes which are assumed to form the basis of this
scheme for constructing an isoprenoid chain have been
worked out in detail in a series of investigations by Petrov
and Leets and their collaborators %375,

The formation of aliphatic terpene alcohols by the action
of acidic reagents on 2-methylbut-3-en-2-ol (II) was studied
by Lebedeva and Almashi®. They investigated the effect
of pH on the composition of the mixture of products formed;
the total yield of linalool and geraniol did not exceed 13-14%
with a low recovery of the original methylbutenol. Subse-
quent work®? established that, when aqueous KHSO, solution
acts on (II), several reactions occur, including hydration of
the geraniol formed during the reaction to geranyl hydrate
(XIX), elimination of water from which in the presence of
KHSO, yields an alcohol (XX) isomeric with geraniol:

H HC
H’2>C=cncn,cn,c' (OH)—CH,CH,0H ——» H’C >C=CHCH,CH,C—CH,CH,0H.
I
: CH, : CH,

(XIX) (XX)

Noteworthy work has also been done on the synthesis of
terpenoid compounds using the method developed recently
by Normant %,% for preparing organomagnesium compounds
of vinyl type and using them in condensations with carbonyl
compounds. The simplicity of the method (reaction is
effected in tetrahydrofuran or tetrahydropyran solution) and
the good yields of the reaction products make this an ex-
tremely attractive process, and have been responsible for
its rapid introduction into laboratory practicet.

The change from acetone to methylbutenol (vinyldimethyl-
methanol) and from methylheptenone to linalool (yield 83%)
was accomplished by Normant by treating these ketones with
vinylmagnesium bromide 01-103;

RO NGt ctmimen: |

H,C” NCH=CH,; < I [ ‘/ .
/N /
7/ \oH

HsC\C=O ~+ CHy=CHMgBr -
He”

(tn m
Somewhat later other chemists reported the preparation
of linalool in approximately the same yield by the reaction
of methylheptenone with vinylmagnesium chloride %4,

¥ The vast literature on this reaction is quoted in a review by
Toffe 10,

Skvortsova et al.®4,2% utilised the Grignard reaction with
vinylmagnesium chloride for the synthesis of nerolidol (XV),
methylnerolidol (XVa), farnesal (XXI), and methylfarnesal
(XXIa). The geranylacetone and methylgeranylacetone re-
quired for this were obtained by reaction of the correspond-
ing chlorides, geranyl chloride (XVIII) and methylgeranyl
chloride (XVIIa), with the sodium derivative of acetoacetic
ester. These syntheses made use of the chlorides obtained
as intermediates in the synthesis of citral and irone by
schemes discussed previously (see above):

CH,COCHNaCOOC;H,
H’c>c=ccn,c1-x,<:=cﬂm,c; ¥ OHCOoCTRCO0C,
Hy,C { - and ketonic hydrolysis
3
(XVIID R=H;

(XVIlla) R=CH,

H, CHy=CHMgB!
- aC>C=CCH.CH,C=CHCH,CH,OOCH, I S il
H,C 'CH and hydrolysis |
3
H,
- H'z>c=c (CH,):C—CH (CHy):C (OH) CH=CH, —
* b H, H,
(XV)R=H;
(XVa) R=CH,
H,
NG (CHys C=CH (CHIC=CHCHO
He” i
CH, CH,
(XXI) R=H;
(XXIa) R=CH, .

The transition from tertiary alcohols (XV) and (XVa) to
aldehydes (XXI) and (XXIa) was accomplished by an allylic
rearrangement and oxidation with chromic acid, the method
which is customary for oxidations of this type.

Subsequently, in the development of work on the use of
terpene chlorides to obtain valuable perfumes of the ses-
quiterpene series, nerolidol and methylnerolidol were con-
verted by a previously known method®¢ intothe correspond-
ing primary alcohols, farnesol and methylfarnesol, by
treatment with phosphorus tribromide, conversion of the
resulting primary bromides into acetates, and saponifica-
tion of these acetates%. The preparation of nerolidol by
the reaction of geranylacetone with a vinylmagnesium
halide has also been described by other chemists 107,

Normant’s method has been successfully used also in
syntheses of many other compounds, several of which,
judging from their structure, may be of interest as per-
fumes. Unfortunately, in by no means all cases are the
odours of the compounds obtained indicated in the papers.

Thereaction of magnesium halide derivatives of the type

HII—MZ\C R’

/
R/ C\R

with unsaturated ketones of general formula

R‘\C= /Ra.

yields the diene tertiary alcohols
R/ H,CH,COCH,

(XXII) - (XXV) 193 possessing the odours of bergamot and
lavender.

H,C\

HC
Ne— _ - _
H,C /C——CHCH,CH,C {OH) C=CH, HC /C CHCH,CH,? (OH) CH=CHCH3;
CH; CH;, CH,
(XXII) (XXHI)
H,C\ H,C
_C=CHCH,CH,C (OH) CH=C—CH, \C=CHCH,;CH,C (OH) CH=CH(CH,),CH,
HaC Hy,e” |
CH, CH, CH,4
(XXIV) (XXV)
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An extremely original new method for the successive
building up of isoprenoid chains was suggested recently by
French investigators 198, who utilised the Grignard reaction
with cyclopropyl ketones for this purpose. The resulting
cyclopropyl alcohols are converted by halogen hydracids
into dihalogenated derivatives with opening of the ring, and
these are then converted by partial dehydrochlorination and
reaction withmagnesium into organomagnesium compounds,
which with the original cyclopropyl ketones give cyclopropyl
alcohols containing five additional carbon atoms. Four of
these form a straight chain, while the fifth is attached to
the penultimate carbon atom. Repetition of these processes
results in the formation of a chain of isoprene groups con-
taining one double bond in each “isoprene” link:

HaHat
CHyHal + Mg + CHy—co—] — cu,?(om—d 2 cn —c{n.n)/ .
Hy

H H CHyHal Hs H'
—HHal 3;/\‘:{2 4wy + ay—co—] C\C//C\ \C(OH)—Q HHat
Hy

(xxv1) ¢y

-—-»Hac\j y\;ﬁ;‘%&nﬁ“l +' e +“CH'—_"'3-CO-4’ ;C>/Q< CH?

H cm c(oa)-d
(xxvir) CHs HyC  (xxvi) CHs Hy —
CHyHal
_Hml \c;\c/ (\/\ { e
— ..
(xxm) Hs

This method has yielded thetertiary cyclopropyl alcohols
(XXVI) and (XXVII), which differ from linalool and neroli-
dol in containing a three-membered ring instead of the
vinyl group; reaction of (XXVII) and (XXIX) with sodium
acetate followed by saponification gives primary alcohols
which are the immediate homologues of geraniol and farne-
sol respectively. The alcohols (XXVI) and (XXVIII) have a
very pleasant odour.

A recently developed method for passing from a car-
bonyl compound via an acetal to an af-unsaturated aldehyde
containing two extra carbon atoms in the chain09-113 hag
also been successfully employed for the synthesis of per-
fumes of terpenoid structure. This method, based on the
reaction between acetals and vinyl ethers discovered by
Miiller-Cunradi!™ as early as 1939 (see also Ref.115), has
been developed during recent years by Soviet chemists 116-129,
We shall note only those papers which are most closely re-
lated to the synthesis of perfumesi.

Nazarov and Krasnaya 123,125 studied the reaction of ace-
tals with ethoxyisoprene (for the preparatien of the latter,
see Ref.131). In the presence of zinc chloride or boron
trifluoride, an acetal reacts with one, two, or more mole-
cules of the ethoxyisoprene to form aB-unsaturated alkoxy-
-acetals, which can then be readily converted into alkoxy-
-aldehydes and polyenals. The main synthetic products ob-
tained when the acetal of dimethylacrylaldehyde is used are

1 A detailed review of work on this reaction has recently been
published by Yanovskaya”o
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3,7-dimethylocta-2,4,6-trien-1-al (XXX) and 3,7,11-tri-
methyldodeca-2,4,6,8,10-pentaen-1-al (XXXJ).

CH3COONs + CH3COOH

PO CH:C‘"lSOaH &(
CaHs (XXX}

OCqHs

/Dcrﬂs

OZI e
CaHs
OC,Hs
¢ A/cno HO
q I
N O:Hso (XXX1)
cz

CiHs  OCaMs (e CiHs  OCiHs
HO
2 N\ N\
4 | N \oc,n:.——’ p
CaHs CaHy

Preobrazhenskii et al.?8,!27 employed this reaction to
convert methylheptenone (I) into citral (XVII), and Nazarova
and Torgov to convert dimethylheptenone (Ia) into methyl-
citral (XVIIa):124

'ﬁ\ 7o ¥ GL=CHOGH, %}\H;CH(OC’HW F@QWO
—
CaHs d
(XVII) R=H}
R = CHy {XVIla) R= CHs

In a series of papers Preobrazhenskii and his collabora-
tors used the well-known Reformatsky reaction to build up
the carbon skeleton of perfumes of terpenoid structure.

In a previous review we noted 32 their syntheses of pseudo-
ionone (V) from methylheptenone (I) via its condensation
products with esters of halogenated acids 133,34, During
recent years Preobrazhenskii, Samokhvalov, and their co-
workers have studied the individual stages in these syn-
theses 135,138 and also the analogous conversionof dimethyl-
heptenone (Ia) into pseudoirone (Va), which on cyclisation
forms a mixture of isomeric irones. In another variant the
ester of methylgeranic acid was cyclised, and then the pro-
duct saponified and the acid converted into irone by the
action of methyllithium in dry ether 37,1%:

\P//O \}//c}\ug—w:cucom
A
CH

(1a) l
¥

N\
CHy—CH==CH—CQOH CHy—CH=CH—COOR CH=CH—COooR
S — Ui — U
Y 4 4 \

UC“! cn—cu—cocu,

H=CH—COOH
cn,—cn—cn COCH; LiCHy
CH=CH—COCH;
(va)

The sesquiterpene alcohol farnesol (XXXII) was syn-
thesised in Preobrazhenskii's laboratory by the reaction of
geranylacetone (VII) with chloroacetic ester, followed by
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dehydration of the resulting hydroxy-ester and reduction
with lithium aluminium hydride®s:

B
c /C=CH (CHy)sC=CH (CH2)y,COCH; ——

(vin CH,
OH
HC |
—— " )C=CH (CHy),C=CH (CH);C CH;COOR ——
HyC |
CH, CH,3

H
—_— H’§><:=CH (CH,),?=CH (CH;),C=CHCOOR LA,
: CH, CH,

H,
—_— H::>c=cn (CHy),C=CH (CH,),C=CHCH,0H .
CH, CH,
(XXXID)

A disadvantage of this synthesis is its clumsiness and
the low yields at several stages. On passing from geranyl-
acetone through the hydroxy-ester to the unsaturated ester,
for example, the yield is only 8.5%.

The method of obtaining polyenecarboxylic esters by
condensing aB-unsaturated ketones with 4-halogenocrotonic
esters was improved by Dorp et al.*®, who suggested
treating the unpurified mixture of esters, before saponifica-
tion, with dehydrating agents (PBr,, P,O,, and several
others).

Apart from the new compounds considered above, several
others have also been obtained during recent years, these
being homologues or analogues of the terpene and sesquiter-
pene compounds. Some of them possess a pleasant odour
and may find application as perfumes, while the preparation
of others is of interest in elucidating the relation between
odour and structure.

Several new compounds of this group having an inter-
esting smell have been synthesised by Naves and his colla-
borators 40 using alloocimene (XXXIII) as starting material.
Oxidation of (XXXIII) yielded the dioxide (XXXIV), hydro-
genation of which gave the saturated diol (XXXV); dehydra-
tion of the latter resulted in unsaturated alcohols isomeric
with citronellol, which were termed a-elgenol (XXXVIa)
and B-elgenol (XXXVIb):

CH, CH,
H, H
'C>c=cu—CH.—_CH—<J:=CH—cu,-. 'C>C—CH—CH=CH—J—CH—CH,-
HC HC N\o/ o/
(XXX1II) (XXXIV)
CH,
HC\ ]
CH, > C—CH,—CH,~CH,~CH~CH—CH,
H,C & /H.c
_.Hc>(?—CH,-——CH,—CH,— H—cI:H—CH\H (XXXVla) OH
™ OH OH H’z>c=cr{—cu,—cm—cﬂ—cu—ca.
: H, OH
(XXXV) (XXXVIb)
CHy—CHy—C—CH—CHy—C (OH)—CHy—CH,
Hy Hy

(XXXVID)

There are indications of the possibility of the use in
perfumery also of another isomer of citronellol, 3,6-di-
methyloct-5-en-3-ol (XXXVII), ¥!

An aldehyde (XXXVIII) isomeric with citral was obtained
by Petrov et al.42and reported as having an odour resembling

that of citral. The citral analogue (XXXIX), which con-
tains chlorine and was synthesised by the same chemists,
possesses the same type of odour 43,

CHy—CH=CH—CH—CH,—C=CH—CHO
H, IL (XXXVIIL, XXXIX) .

where in (XXXVIII) R = CH,, and in (XXXIX) R = CL.

A series of homologues and analogues of citral were ob-
tained from the corresponding bromides or chlorides by
Nazarov et al.%88 These compounds possess the odours

indicated below:
R/
‘&mo
|

R = R = CH, (citral) smells like lemons; R = CH; and
R’ = H unpleasant smell not resembling that of citral;

R = CH, and R’ = Cl odour similar to that of citral; R=CH,
and R’ = C,H, odour not reported; R = CH, and R’ = iso-
-C,H,, R=CH, and R = C H,, and R = R’ = iso-C;H, the
smell has an unpleasant fatty aroma.

The geranylacetone isomer (XL) (6,8 -dimethylundec-5,9 -
-dien-2-one), and also its lower homologue (XLI) (8 -methyl-
undec-5,9-dien-2-one) and its analogue (XLII), have been
reported as possessing a peculiar, pleasant odour 144:

J |

1
(XL) (xL1) (xwi)

Patents issued in 1958 describe the preparation of esters
of dihydrogeraniol (XLII) 145 and of dihydromethylgeraniol
(XLIIIa), * several of which, for example those in which R’
is not higher than C;, possess a scent of flowers and are of
interest for perfumery:

0
HyC /
: >CH—-CHCH,CH,—C=CHCH,O—C£R’ ,
ne P
* (XLII, XLIlla)’

where in (XLII) R = H and in (XLIIa) R = CH,.

’ CH,
< \CH—-CH,CH,—CH—éHCH,
HyC”
H,OH .

(XL1V)

The German perfumery journal notes the valuable odour
of several esters of tetrahydrolavandulol (XLIV), and the
opinion is expressed that they could be usefully employed
in perfumery 147,148,
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We may note also the homologues and analogues of
linalool (XLV) % and nerolidol (XLVI) 3% synthesised by
Nazarov and his collaborators:

R
>C=CH-—CH.—CH.—C (OH)}—CH=CH, ,

H,
(XLV)
where
R | H CH, I CH, CH, l CH, J CH, | IseeC,H,
R, \ H H l cl CH, l i80~CyH, l t=CgH, l is0~CyHy
H,C
R><:=cHCH,CH.——C=C!-!CH.CH,C. (OH) CH=CH,,
H, CH,
(XLVI)

where R = H, Cl, CH,, iso-C H,, t-C H,.
Unfortunately, the odours of these compounds are not
reported.

The alcohols (XLVII)-(L), which are isomers of nero-
lidol and farnesol and were prepared by Shvarts and
Petrov 7,9 by the telomerisation of unsaturated chlorides

and diene hydrocarbons (for this reaction see above, p.124),

as well as the dehydronerolidol isomer (LI), the nerolidol
analogue (LII), and the dehydronerolidol analogue (LII),
are described as liquids having a pleasant smell, which
when dilute resembles that of nerolidol and farnesol:

CH;CH=CHCHCH,C=:CH (CHy)s G (OH) CH=CH,

éH, H, CH,
(XLVID)

CHyCH=CHCHCH,CH=CHCHCH,CH=CHCHOH—CH;

Hs Hl
(XLVII)

CH;CH=CHCHCH,CH=CHCHCH,C=CHCH,0OH

H, CH, CH,
(XLIX)

CH,CH=CHCHCH;CH=CHCHCH,C (OH) CH=CH,

|
CH, CH;  CH,
(Ln

CH,yCH=CHCCH,C=CH (CH,),C (OH) C = CH

H; CH, CH,
L
CH,CH:CHCCH.('I-CH (CH,)sC (OH) CH=CH,
H,; Cl H,

(LN
CH,CH=CHCCH,C=CH (CHj),C (OH) C=CH

CH, Ct CH,
(LI

Great progress has been made during recent years in
the chemistry of ionone preparations, one of the most inter-
esting groups of odoriferous substances of terpenoid struc-
ture. Several newhomologues of ionone havebeen obtained,
the most important stage in their synthesis — cyclisation
(the transition from pseudoionones to the ionones them-
selves) — has been studied in detail, new relations have
been elucidated between the formation of individual isomers
and the reaction conditions, the structure of several iso-
mers has been more accurately determined, etc.
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Some of these investigations relate to problems of the
synthesis of irone (6-methylionone), the aromatic principle
of orris oil. Several routes for obtaining irone which have
been proposed recently have been given above in the dis-
cussion of general schemes for synthesising isoprenoid
compounds. Several other syntheses of this valuable per-
fume have also been described. The starting material in
one of them was a-pinene, which was converted into irone

by the following reactions 49:
(}H
$ i VA
@ y \0 -co @
20P (Pd
catalyst) 80%

+ ca,cocu,coon iumerinuon in
Tex presence o{ lCld!

According to another scheme, suggested recently by
Barton and Mousseron-Canet !%, irone was synthesisedfrom
pseudoionone (V), which was converted by perphthalic acid
into an epoxide (LIV), the latter yielding on reduction with
sodium borohydride in methanol the epoxide of pseudoionol
(LV); the Grignard reaction (with methylmagnesium brom-
ide) was then used to introduce a methyl group into posi-
tion 9 with formation of a diol (LVI), transformed by oxi-
dation into a hydroxy-keton (LVI), from which it was then
easy to pass to irone:

CN %C’* W——»

(Lv) (Lv)

(Lvn V1) piyrare of a- and Beirones *

+ CH=CH
~ 100%

The significance of these two methods of synthesising
irone is probably confined to laboratory research. A very
tempting possibility mentioned in one of Verley's patents 5!
is the C-methylation of citral or geraniol with dimethyl
sulphate to form a 6-alkyl derivative. If the data in this
patent are confirmed, there are good prospects for obtain-
ing irone from citral or geraniol, since the further con-
version of the resulting 6-methylcitral or 6-methylgeraniol
respectively into irone presents no difficulty.

The possibility of the C-alkylation of terpenoid com-
pounds was noted also by the Hungarian chemist Szab6 152 in
his work on the mechanism of the cyclisation of pseudo-
ionone in the presence of acid catalysts. According to his
results, pseudoionone is converted on treatment with AICL,
and CH,Cl into y-irone; hence in this case cyclisation is
accompanied by methylation. He observed the formation
of irone also on treating pseudoionone with a solution of HCl
in methyl alcohol. In a similar way, the action of isopro-
py! chloride and Al1CL, on pseudoionone yields 6-isopropyl-
ionone, and interaction of pseudoionone with dichloroethyl-
ene and AICL, results in a 6-hydroxyethyl derivative, which
on dehydration gives 6-vinylionone. However, the yields
of the alkylation products are not high.
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A considerable number of investigations have been de-
voted also to preparing other homologues and analogues of
ionine. An isomer (LVIHI) of a-ionone has been described
in which the methyl group is in position 2 instead of posi-
tion 3 in the ring?®., This ketone possesses an odour of
violets differing somewhat from those of a-ionone and
a-irone. Another ketone (LIX), isomeric with ionone and
having a different arrangement both of methyl groups and
of the double bond in the cyclohexene ring, has been des-
cribed as having a faint smell slightly resembling that of
violets 154, Both the a- and B-forms have been obtained of
a homologue of ionone containing both methyl and ethyl
groups attached to the second carbon atom in the ring
[(LX): R=C,H.]. The odour of the a-isomer is stated to
resemble that of a-ionone!%%, and the B-isomer is des-
cribed as possessing the aroma of violets with a trace of
cedar %8, Higher homologues of ionone, containing R = iso-
-C,H, in formula (LX), have a woody smell, which is most
distinct with the a-isomer 157,

A series of such homologues and analogues of ionone
[(LX) with R = H, Cl, CH,, iso-C,H,, t-CH,] have been
synthesised by Makin et al.'%, but their odours are not
described.

Naves and Ardizio *® prepared structural analogues
(LXI) of &~ and B-ionones in which the gem -dimethyl group-
ing had been replaced by [CH,],; these spiro-compounds
were noted to have a faint but persistent odour of cedar-
wood with a hint of iris:

R eH=CH—COCH, O
=CH—COCH, 704<H=cu—oocm G I CH=CH~COCH,

(Lvi) (LX) (LX) (Lx8)

Interesting work has been carried out on the synthesis
of ionone analogues which are derivatives of thiophen 80,181,
It has been found that introduction of a thiophen ring into
the molecule of an ionone preparation does not substantially
affect its odour: the ketones (LXII), (LXII), and even
(LXIV), which has a considerably higher molecular weight
than ionone (molecular weights 350 and 192 respectively),
possess a well defined odour of violets, without the smell
of sulphur compounds. It is noteworthy that, up to the
present time, only comparatively few sulphur-containing
organic compounds are known which have a pleasant smell:

|| ] ! | | 4
-CH
Eim—cnco-[ s] cn:cuco—[ ]—ié;cﬂ; e co—[ ]—CHQ—Q
3

(LX1) (LXm) (LXIV)Y

=CHCOCH;

R
H=CHCOCH; A CH=CHCOCH,
n} "

(LXV) (Lxvt) (Lxvi)

H=CHCOCH,
(LXVII)

Several analogues of S-ionone of general formula
(LXV) were prepared recently by Nazarov, Kugatova, and
their collaborators162,163; unfortunately, the odour is des-
cribed only for the cyclohexane ketone (LXVI), which has
an agreeable, flowerlike scent 62,

Information on odoriferous properties is also lacking for
the aromatic ionone analogues (LXVI) and (LXVII) obtained
fairly recently 64,

Naves has prepared several new analogues of irone.
Thus 2,-allyl-a-irone (LXIX) and 2,-allyl-a-irone (LXX)
have been synthesised ¢, the latter being stated to have a
persistent smell resembling that of isovetivone§. Inanother
paper Naves 6 has described a-and B-isomers of 6 -methyl-
cyclocitrylidenecyclopentanone (LXXI) and 6-methyl-a-
-cyclocitrylidenecyclohexanone (LXXII); it is interesting
that, in contrast to the corresponding analogues of ionone,
which have the odour of violets 187,188 these ketones possess
a faint but persistent odour resembling that of oakwood
from which the bark has been freshly peeled.

Noteworthy attempts have been made by Schinz and his
coworkers to synthesise y-ionone (LXXIII) 182 and y-irone
(LXXIV) 1% from compounds already containingan exo-cyclic
methylene group (the conditions necessary for the formation
of y-isomers on cyclisation of the corresponding pseudo-
-products are not yet known).

H=CCOCH;
(Lxix) {LXX) (Lxxm)
) Ha l,—CH; H==CHCOCH
Vet e T
3 - Hy co—cHy”

(LXX1) (LxXi1) (LXXIV)

H=CHCOCH;CH;CH=CH, =CHCOCH;

The synthesis of y-irone would be of the greater inter-
est, since it is this structural isomer which constitutes the
main component of the mixture of irones present in the oil
from iris rhizomes. However, it did not prove possible in
the above work to obtain the pure preparations desired:
only crystalline derivatives enriched with those of the
corresponding y-isomers were isolated.

Several interesting new products have been obtained
from ionones and irones which have been hydrogenated at
the double bond in the side-chain. Thus of the bridged
polycyclic ketals (LXXV)~(LXXVII), patented by Ruzicka
and Jeger ™ and recommended for use in perfumery com-
positions, the first two can be obtained from dihydro-y-
-ionone and dihydro-y-irone respectively by oxidation to
glycols with subsequent dehydrationY:

{LXXV) (LxxvI)

Stoll et al.172,1™ have studied the cyclisation of dihydro-
-y-ionone in the presence of acid reagents. It has been
suggested that three isomeric octahydro-2,5,5-trimethyl-
naphth-2-ols (LXXVII), differing in the position of the
double bond and termed the a-, 8-, and y-ambrinols, are
formed in this process; the a- and y-isomers were iso-
lated from the reaction mixture and characterised, the
structure of y-ambrinol being confirmed by synthesis.

§ The name ‘“isovetivone” is arbitrarily applied to the mixture
of ketones isolated from oil of vetiver and possessing the specific
odour of the latter.

T The ketal (LXXVII) is obtained in a similar manner from
4-(5,5,9~trimethyl-2-methylenedecalin~1-yl ybut~3=-en-2-one.
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According to the suggested mechanism 72,1, the cyclisa-
tion of dihydro-y-ionone involves the intermediate forma-
tion of a carbonium ion. The mixture of ambrinols pos-
sesses an odour which is valuable in perfumery, having a
similarity to that of ambergris and civet172:173; the ethyl
ether of ambrinol has a faint smell which is of little inter-
est!™,

In another paper Stoll!™ has described the octalinols
(LXXIX) and (LXXX), obtained by cyclisation of dihydro-
-2,-methyl-y-ionone (dihydro-y-normethylionone) and
trans -2,6 -dihydro-y-irone respectively, these homologues
of ambrinol proved to have uninteresting odours.

(LXXVIIl) (LXXIX) (LXXX)

However, the dihydro-y-ionones themselves are difficult
to obtain. It has already been mentioned above that con-
ditions for the formation of y-isomers of ionone deriva-
tives on cyclisation of the pseudo-compounds are not yet
known. Methods have not yet been described for convert-
ing pseudoirone into y-irone, the latter being found in only
very minute quantities in the mixtures remaining after
cyclisation; therefore the sole source of y-irone and
dihydro-y-irone so far is natural orris oil. Only com-~
plicated and multistage syntheses have been suggested for
the preparation of dihydro-y-iononet: for example, Stoll's
scheme!"" using dihydro-a-ionone as starting material.
According to a 1959 Swiss patent!™, dihydro-y-ionone is
formed from dihydro-a-ionone by the action of phosphoric
acid in the presence of pyridine.

Stoll and his collaborators *79-182 have studied also the
acid cyclisation of dihydro-a-ionone. They have found that
the nature of the reaction products depends to some extent
on the solvent which is used. Thus the cyclisation of
dihydro-a~ionone under the influence of HCl or BF; in
solution in a primary alcohol, results in the formation of a
bicyclic ether [(LXXXI): R = Alk, corresponding to the
radical of the primary alcohol], whereas in solution in a
secondary alcohol a bicyclic alcohol is formed [(LXXXI):
:R=H]. The action of BF, in benzene solution yields an
unsaturated oxide (LXXXII). The alcohol and its ethers
(for example with R = C,H,) possess an odour of ambergris
and wood with a suggestion of camphor; this last is attri-
buted to impurities, which may be formed as side-products
in the cyclisation of dihydro-a-ionone.

a OO\

(LxxX1) (LXXXID

The exceptional significance, for the chemistry and
technology of perfumes, of processes involving the cyclisa-
tion of terpenoid compounds has been responsible for the
great interest of chemists in a comprehensive investigation
of these reactions. The detailed reviews published during
recent years on the mechanism of the cyclisation of ter-
pene compounds 183,184 make it unnecessary to dwell on this
question here, so that we can confine ourselves to those
investigations which are directly related to the preparation
or study of the individual isomers formed in the course of

t Dihydro-y~ionone is found in minute amounts among the oxida-
tion products of ambrein %176,
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cyclisation., Several such papers have already been cited
above in discussing the synthesis of individual perfumes of
terpenoid structure.

Several other workers have studied the effect of various
cyclising agents, and of the conditions under which pseudo-
ionone is cyclised, on the composition of the resulting
ionone isomers. This question, of very great importance
for the perfume industry, is as yet far from being com~
pletely elucidated, although its study started at the end of
the past century. Krishna and Joshi!8® have specified the
conditions necessary for the preferential formation of
B-ionone; they emphasise the great value of spectroscopic
methods of analysis for determining the content of isomers
in the mixture of ionones.

A detailed study of the way in which the composition of
the isomeric ionones depends on temperature, duration,
and amount of sulphuric acid used as a cyclising agent was
made by Kucherov et al.1%,87 They established that for-
mation of a-ionone is favoured by the use of low tempera-
tures (of the order of -60° to -40°), small quantities of sul-
phuric acid, and short times of cyclisation.

The problem of the cyclisation of pseudoionone with the
aim of obtaining a-ionone as the main reaction product is
dealt with also in a paper by Hung Lu-ming 8. Kucherov
et al.'® had confirmed Schinz's results %, according to
which mixtures containing the same amounts of - and
B-ionones are formed in the cyclisation of the cis- and
trans -isomers of pseudoionone (geometrical isomerism
due to the presence of a double bond between carbom atoms
5 and 6). They have suggested a mechanism for this pro-
cess.

Makin et al.%0,1% have studied the cyclisation of a series
of homologues and analogues of pseudoionone containing
various gem-substituents in position 10.

Dulou and Clément ® compare their results on the cycli-
sation of pseudoirone by the action of sulphuric acid, phos-
phoric acid, and boron trifluoride with those published
somewhat earlier by Naves} (pseudoirone was prepared by
the reaction of dehydro-6-methyllinalool with acetoacetic
ester; the stereoisomers were determined from the
characteristics of crystalline derivatives of the dihydro-
irones$ and from the ultraviolet and infrared spectra of
the latter). The agreement between the results is very
good; Naves's statement that the action of boron trifluor-
ide is stereospecific in this reaction is confirmed. The
advantage of this cyclising agent in forming the most
valuable stereoisomers from the point of view of odour has
been reflected in a series of patent claims during recent
years91-1%4  However, there are indications that the mix-
tures of isomers obtained by the cyclisation of pseudoirone
in the presence of sulphuric acid?% or of a sulphuric acid-
acetic acid mixture 1% can also be used in perfumery (cf.
the paper 18 cited above on the cyclisation of pseudoionone).

Fresh data have also been published on the properties
and structures of the individual isomers of ionone and its
homologues. Lecomte and Naves !®7 give the detailed spec-
troscopic characteristics of several isomers of ionone,
methylionone, and irone; new crystalline derivatives of
methyliso-a-ionone and of isomeric irones have been des-
cribed %8,

} This work of Naves is discussed in our previous review 182,

§ In order to eliminate the stereoisomerism due to the double
bond in the side-chain (at the 2;—2, C-atoms).
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Beets and van Essen!? made a thorough investigation of
the effect of the conditions under which citral is condensed
with ethyl methyl ketone with the aim of elucidating the fac-
tors favouring the predominant formation of methylpseudo-
isoionone (which gives methylisoiononef on cyclisation).
These workers assume that the condensation of citral with
ethyl methyl ketone takes place by two competing reactions,
the first being the elassical condensation catalysed by
anions, and the second a condensation catalysed by anions
and cations together, depending more on a hyperconjugation
than on a steric effect, and increasing the probability of
condensation at the methylene group. They recommend
that this condensation should be carried out in the presence
of quaternary ammonium bases in lower aliphatic alcohols.

New data obtained by Naves forced him to change his
previous view of the structure of the irone isomer whose
4 -phenylsemicarbazone meits at 174.5°~175.5°. Previously
this isomer had been assigned the structure of iso-a-
-ironef (trans-2,6, cis-2,, 2,-a-irone).2® Study of the
spectra showed that this isomer has a frans-arrangement
of the substituents attached to the carbon atoms 2, and 2,,
and is thus neoiso-a-irone (frans-2,6, trans-2,,2,-a-
-irone).21-203 By fractional recrystallisation of the mixed
semicarbazones of the isomeric irones followed by hydro-
lysis and fractional distillation in a highly efficient column,
however, he was able to isolate an isomer which was iso-
-a-irone.®!-23  Reduction of iso-a-irone and neoiso-a-
-irone with lithium aluminium hydride yielded the corre-
sponding alcohols, iso-a-irol and neoiso-a-irol 23,

Somewhat earlier Naves ?** had established an interesting
case of stereoisomerism of the incompletely hydrogenated
2,-methylirones, and had shown that hydrogenation of
2,-methyl-trans -2,6-a-irone yields two dihydro-ketones
(LXXXIMa) and (LXXXIIIb), further hydrogenation of which
results in two tetrahydro-2,-methyl-frans -2,6-irones,
which are stereoisomeric at the carbon atoms 2 and 3.
Naves adopts “half-chair” forms for (LXXXIIIa) and
(LXXXIMb), with carbon atoms 2-5 lying approximately in
the same plane, while the positions of carbon atoms 1 and 6
relative to this plane differ. The substituent containing
the oxo-group is equatorial in both configurations. Naves
remarks that one configuration can be readily converted
into the other in the case of 2,-methyl-trans-2,6-a-irone,
but the transition is difficult with the dihydro-derivatives.

OH,Cy

H H

(LXXXIIa)  CHy CHy  (LXXXIID)

Some new work has been done on the stereoisomerism
of the ionones. Tribolet and Schinz 25,206 established that
a-ionone obtained by the cyclisation of pseudoionone pos-
sesses a trans -configuration at the double bond in the side-
-chain; they also suggested a frans -configuration for
a-iononeand its derivatives. Biichiand Yang27~2° achieved
sterecisomeric transformations of the ionones by exposing

1 Methylisoionones possess a more pleasant odour than their
isomers having a side-chain of normal structure. Methyliso-az-
~-ionone (more precisely a mixture enriched with this isomer) is
widely used in perfumery under the trade name “iralia”.

t For the nomenclature adopted for the stereoisomeric irones,
see our previous review 132,

them to ultraviolet radiation. From trans-a-ionone these
workers obtained cis-a-ionone by this method; the odour
of the latter was found to differ from the smell of violets
possessed by the trans -isomers of ionone, and to resemble
that of cedarwood. Irradiation of B-ionone did not yield
the cis -isomer, since cyclisation took place with the for-
mation of a pyran derivative. From the latter the semi-
carbazone of cis-f-ionone could be obtained, attempts at
the hydrolysis of which yielded the pyran compound again.

Great new opportunities for the complete analysis of the
complicated mixtures formed in syntheses of ionone pre-
parations are provided by the use of gas-liquid partition
chromatography. This research method, which has
already been widely used in studying the most diverse
organic compounds, has been successfully employed during
recent years to separate and determine individual ionone
and irone isomers. Naves reports the resulis of an
extensive investigation of the application of gas-liquid
chromatography to the analysis of mixtures of citral and
some related compounds?°, He determined the geo-
metrical isomers of citral (geranial, neral) 6-methyl-
citral, and geraniol (nerol) in various samples of these
products, and noted the advantages of gas-liquid chromato-
graphy compared with infrared spectroscopy. He con-
firmed that, of the four possible stereoisomers of pseudo-
ionone (and also of pseudoirone), only two exist, corre-
sponding to the geraniol-nerol isomerism. The content of
isomeric pseudoionones was determined in mixtures ob-
tained by the pyrolysis of dehydrolinalool acetoacetate, and
the content of isomeric pseudoirones in the mixtures ob-~
tained by the pyrolysis of dehydro-6-methyllinalool aceto-
acetate., It was shown that mixtures of isomeric irones
could be reliably analysed by this chromatographic method.
Iso-a-irone, neoiso-a-irone, the total content of a-irone
and neo-a-irone, and neo-B-irone can be determined in
mixtures of @-irones. Furthermore, such a method of
analysis can reveal the possible presence of impurities,
particularly of oxides, isomeric with the irones, which are
formed as side-products during cyclisation, as well as of
pseudoirones which have not undergone cyclisation.

In the same work Naves used gas-liquid chromatography
to analyse the isomeric constitution of the nerolidols ob-
tained by the action of acetylene on geranylacetone (VII)
followed by partial reduction (see Scheme 2, above), com-
pared with samples of nerolidol isolated from natural
essential oils. The relative proportions of the isomeric
farnesols obtained from specimens of synthetic and of
natural nerolidol were determined.

Crisler and Benford?'! used this method of analysis to
determine the content of individual isomers of ionone and
also of methylionone in mixtures.

There are also interesting new publications on the struc-~
ture and stereochemistry of other terpenoid perfumes.
New experimental results have been obtained on the con-
tent in natural products of the isopropylidene (8) and iso-
propenyl (a) forms of citronellol, geraniol, nerol, lina-
lool, nerolidol, farnesol, citral, citronellal, and other
related compounds 212214,

The absolute configuration has been established of
(+)-citronellic acid and of (+)-citronellol2!5, From an
examination of the absolute configuration of the optically
active linalools, Prelog and Watanabe 2'® have explained the
long known fact?!? of the formation, by the cyclisation of
linalool, of a terpineol whose rotation is opposite in sign
to that of the original linalool.
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We have discussed above new work on the general prob-
lems of the synthesis of terpenoid perfumes and also of the
separate stages in the synthesis of the most important
compounds of this group, ionone preparations, the im-
provement of methods for their analysis, and several
closely connected investigations. In concluding this sec-
tion we have to consider briefly a small number of papers
published during recent years concerned with the prepara-
tion and investigation of several other odoriferous com-
pounds of terpenoid structure which are of a somewhat
more specialised character.

Joffre 28 has patented a method for isomerising citronel-
lol into rhodinol by the action of ultraviolet radiation at
~20°. A new method has been proposed for obtaining
citronellol based on the ozonisation of p-menth-3-ene, re-
duction of the ozonide with lithium alumipium hydride, and
dehydration of the resulting 3,7-dimethyloctane-1,6-diol by
heating it with sulphuric acid?®. Bag et al,?%,22! have
worked out a process for converting geraniol into citronel-
lal (dehydrogenation with simultaneous selective addition
of hydrogen at one of the double bonds) in the presence of a
copper—chromium catalyst containing barium oxide at
220°~-230° and a residual pressure of 100 mm. The yield
of the aldehyde is 65% (based on the geraniol). Bag et
at.?22 have discovered the conditions for the selective cata-
lytic hydrogenation of citral which make it possible to ob-
tain mixtures considerably richer in nerol.

Polyakov 2= noted a favourable effect of adding the
pinene fraction of turpentine on the yield of citral in the
oxidation of pure linalool or of coriander oil containing
linalool.

The conversion of hydroxycitronellal (LXXXIV) into
2,6-dimethyloctan~-2-o0l and the study of the infrared spec-
trum have confirmed 22 the structure 7-hydroxy-3,7-
-dimethyloctanal which has long been accepted for this
valuable perfume. Myrcene can be hydrated at the isolated
double bond, by the action of acetic acid in the presence of
a small amount of sulphuric acid followed by saponification
of the resulting acetate, with the formation of a tertiary
alcohol (LXXXV). 225,22 The alcohol itself, “myrcenol”
possesses an agreeable odour resembling that of linalool
and a-terpineol, its acetate being reported as having a
strong smell with a fruity and bergamot tinge2*, Accord-
ing to an American patent 227, the isomeric tertiary alcohol
(LXXXVI), with an arrangement of double bonds different
from that in myrcenol (it is prepared from alloocimene by
hydrochlorination followed by hydrolysis), can be employed
in perfumery compositions to give the scent of lilies of the
valley and of roses. Another patent?? describes a process
for obtaining linalyl acetate by the addition of hydrogen
chloride to myrcene with subsequent acetylation: the re-
sulting mixture comprises 80% of linalyl acetate and 20% of
geranyl acetate.

HoC HyC
*N\C—CH,CH,CH,CHCH,CHO >C—-CH,CH,CH,—C—CH=GH,
He” J HC” | 1
H H, OH CH,
(LXXXIV) (LXXXV)
HC
C—CH=CHCH=C—CH;CHj
HC”

H, -
(LXXXVI)

The patent literature also indicates that several new
acetates, prepared from myrcene possess an interesting
odour 22, Depending on the conditions, the incomplete
hydrogenation of myrcene (LXXXVII) can yield the diene
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hydrocarbons (LXXXVIH)-(XC), converted by the addition
of acetic acid into (XCI)-(XCII), the first two of the latter

group having a very pleasant odour.
E%mcm
KX

(xcn
OCOCH,

4 | glacial CH;COOH . CH3COONa
(H2505)

/ (LXXX VI
4 4 glacial CH3COOH . CH;COON3
—_—
(12504)
(LXXXVI) \ (LXXXIX)

7 7

(xcm

Ej;cocn,
N

(xXC) (xcmn

glacial CH3COOH , CH;COONa
(H2504}

Italian chemists have investigated the isomerisation of
linalool to geraniol in the presence of acetic anhydride.
Boiling a mixture of linalool with 1.5 moles of acetic an-
hydride for 10 h leads to the formation of geranyl acetate
(34%) and a mixture (40%) of limonene, myrcene, and oci-
mene. These hydrocarbons were separated by gas
chromatography and identified by their ultraviolet and
infrared spectra. The kinetics of the isomerisation of
linalool have been studied 3,

Several improvements have been suggested for the con-
version of a-pinene into terpineol and into terpin hydrate.
Thus it has been recommended #! that the well-known
hydration of a-pinene with sulphuric acid should be carried
out at a temperature not exceeding 3°; good results are ob-
tained by the addition of small quantities of cetylpyridinium
chloride #1, polyethyleneglycol monolauryl ether®:i, or
gelatin ®2 as emulsifiers, which considerably increases the
reaction velocity; access of air also has a favourable
effect 22,

A study of the influence of the polarity of the medium on
the mode and rate of reaction of pinene with acids =3 has
established that, in a strongly polar medium (CH,COOH
with water, CH;COOH with formamide or N-methylforma-
mide), a-terpineol containing the acetate as impurity, and
limonene with a-terpinene as impurity, are formed re-
spectively; theyieldof theterpineol increases withincreas-
ing duration of the reaction and decreasing concentration of
acid.

In the absence of a catalyst, a-terpineol can be obtained
mixed with its acetate by boiling a-pinene with dilute acetic
acid =4,

It is recommended *2 that terpin hydrate should be con-
verted into a-terpineol in the presence of 5% sulphuric acid
in an organic solvent; when 0.5% of oxalic acid is employed
as dehydrating agent, the terpineol obtained is of high
quality 2,

The work of Japanese chemists % has shown that treat-
ment of terpin hydrate with lead tetraacetate in acetic
anhydride at 65° for 8 h yields d,!~terpineol together with
terpin monoacetate, whereas treatment of terpin hydrate
with a mixture of acetic anhydride andacetic acid in theab-
sence of lead tetraacetate gives d,l-terpineol, its acetate,
and terpin monoacetate, the yield of these products being
higher than in the first case. It was concluded from these
observations that the transformations of terpin hydrate in
the presence of a mixture of lead tetraacetate and acetic
anhydride are a result of dehydration and acetylation under
the influence of the acetic anhydride.
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One patent ¢ notes the high yields of terpineol, con-
taining no hydrocarbons, produced by the dehydration of
terpin or terpin hydrate in the presence of feebly acid solid
catalysts such as silica gel activated with phosphoric acid,
titanium hydroxide activated with acetic acid, acid cation-
-exchange resins, etc.

The conditions for the conversion of a-terpineol, limo-
nene, and some other related compounds into cis- and
trans -terpin under the influence of sulphuric acid have been
studied by Lombard and Geiger =7,

Interesting results have been obtained from a careful
study of the substance having the composition C, H, O, first
isolated by Seidel and Stoll #2 from high-boiling fractions of
Bulgarian rose oil, and given the name “rose oxide”. It
has been established that this compound is not a tetrahydro-
furan derivative of formula (XCIV), as had at first been
supposed, and in conformity with which the first attempts
at synthesis had been made®®; it was in fact a tetrahydro-
pyran derivative having the structure (XCV).240-2¢38  Stereo-
isomers of the “rose oxide” were then synthesised in a
series of investigations240,244-246 a5 well as its structural

isomer (XCVI), 24
@‘ Q\)‘

(xcrv) (xcv) (Xcvn

3. PERFUMES OBTAINABLE FROM AMBERGRIS AND
FROM SCLAREOL

In our review!32 we reported the results obtained mainly
by Swiss chemists, which established the nature of the
odoriferous substances in ambergris. Since then, some
new work has been published which has refined the earlier
results and also indicated new routes for the synthesis of
compounds having an ambergris odour.

From the non-ketonic portion of ambergris, Seidel and
Stoll isolated an alcohol which is a homologue of y-cyclo-
geraniol and is a liquid with an ambergris type of smell.
The structure of y-cyclohomogeraniol (XCVII) has been
confirmed by synthesis 7. This alcohol has been synthe-
sised also by other investigators 2, but they do not des-
cribe its odour.

H
?\CH,
('ZHZOH ' 5 — \/ —
HOOC
(xcvin) (xcvin) cn 07 NV(C)  (xCIX) .

Various products have previously been described, obtained
by chemical transformations of ambreinolide (XCVII), a
lactone formed together with other products by the oxidation
of ambrein, which is contained to the extent of ~25-45%
in ambergris. A product of the action of acidic reagents
on ambreinolide is an unsaturated tricyclic ketone C,;H,O,
which possesses a strong ambergris—-musk smell; this
ketone had previously been assigned the structure (XCIX).2®
Recently, a somewhat different structure (C) has been
established for this compound; its formation from the lac-
tone (XCVHI) is explained by a Wagner~Meerwein rearrange-
ment yielding an unsaturated bicyclic acid (CI), dehydration

of which gives the compound (C).2%® In 1950 the prepara-
tion from ambreinolide (XCVII) of an oxide (CII), having a
smell of ambergris, was described??!. Somewhat later a
similar scheme was used to convert 2-methylambreinolide
(XCVIHa) into the corresponding oxide (Clla), which was
described as a compound having a fruity odour 252,253,

R R
LiALO, —H,0
A ——— ——
o] H 0 o
H,OH

(XCVIID R=H; (CIDR=H (C1m
(XCVIIla) R=CH, (Clla) R = CH,;

In the development of this work a lactone containing a
smaller lactone ring than (XCVII) and (XCVIIIa), and thus
constituting their lower homologue, was converted by reduc-
tion followed by dehydration into an oxide (CIHI) smelling,
like (CII), of ambergris 254,

From the same series of investigations, we may men-
tion papers on the synthesis of (XCVII) and (XCVIIIa) from
dihydro-a-ionone 255 and dihydroiso-a-irone 252,253 regpec-
tively. This work again emphasises the close genetic rela-
tion between the aromatic principles of ambergris and
derivatives of the ionone group; its practical interest con-
sists in the indication of new routes for the synthesis of
compounds containing an ambreinolide skeleton and related
products. i

Another line of work in this field, which in our view is
promising, is the preparation of valuable products from
sclareol (CIV), a bicyclic triterpene glycol present in the
waste remaining from the plant Salvia sclarea L. (muscatel
sage) after the essential oil has been distilled off. Some
years earlier the multistage preparation had been described
of bicyclohomofarnesal (CV) and bicyclohomofarnesol (CVI),
which have an odour of ambergris, from the products of the
oxidative degradation of sclareol (for a description of this
work see, for example, our previous reviews?),

A method has now become available for the direct con-
version of (CIV) into (CV) by the action of a chromic acid
mixture or of chromium trioxide in glacial acetic acid256-259;

—_— “ N “
H HO

(cvi)

H
':
0 H,OH

(cv) (cv)

The composition of the products obtained has been
studied as a function of the reaction conditions, and a
mechanism suggested for their formation?°; the method
for obtaining bicyclohomofarnesal, which is known also as
ambrial, has been tested on a large scale in our institute,?5®

The use of bicyclohomofarnesal and bicyclohomofarnesol
in perfumery compositions has been described in a recent
patent from the Federal Republic of Germany 280,

The work of Soviet chemists %9521 has repeated and
somewhat improved the conversion of sclareol (CIV)
through a series of intermediate products into the oxide
(CHI) (termed “ambroxide”), which had been accomplished
earlier by Ruzicka and his collaborators 262 and later by
Stoll and Hinder 263,264, The lithium aluminium hydride
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used earlier to reduce the lactone to a glycol was success-
fully replaced in this work by sodium borohydride 259,265
however, an attempt to effect the process catalytically was
unsucessful ¢,

(Civ) (cu)

Thus new investigations in this branch of the chemistry
of perfumes have led to the discovery of comparatively
simple methods for obtaining compounds possessing the
odour of ambergris.

4. ALKYLOCTALIN DERIVATIVES

An extremely interesting new class of odoriferous com-~
pounds has been described recently in a series of papers by
Ohloff 27-272, He has made a detailed study of the diene
synthesis reaction using as the initial compounds myrcene
(LXXXVI)1 and various dienophils (CVI). The cyclisa-
tion of the resulting adducts (CVII) yielded a series of dif-
ferent derivatives of 1,1-dimethyloctalin. The readiness
of (CVII) to undergo diene synthesis was found to depend to
a considerable extent on the degree of substitution and the
positions of the substituents: thus a-substituted (CVI)
derivatives are more reactive than the S-substituted com-

pounds.
Ry 0 Rz R
ﬁ L .R, N
—R, Ra
(cvi) (c X) f

{LXXXVID) k‘ (cvin

Cyclisation of (CVII) in the presence of sulphuric or
phosphoric acid, or a mixture of formic and sulphuric
acids, is made more difficult by increasing the number of
substituents in the cyclohexene ring; however, when boron
trifluoride is employed as cyclising agent§, the rate of
cyclisation is the same independently of the degree of sub-
stitution of (CVHI), 2%

In Ohloff's view %8,27! the formation of isomers [¢, 8,
and y, differing in the position of the double bond, indicated
by dotted lines in formula (CIX)] can be explained by the
intermediate formation of a carbonium ion¥, just as in the
cyclisation of pseudoionone.

The preparation by the above scheme of a wide variety
of derivatives of 1,1-dimethyloctalin has enabled some

1 In the reactions with some of the dienophils, 3-methylmyr-
cene *®, its isomer 2-isopropyl-5-methylenehepta-1,6-diene %%,
and a homologue of myrcene 2-methyl-6-methylenenona-2,7-
~diene 2™ were also studied as diene components.

§ As in several other cases known previously, this shows the
specific character of the catalytic action of boron trifluoride.
Another example of this is the stereospecific cyclisation of
pseudoirone under the influence of boron trifluoride, which we
have examined in detail®? and which has been mentioned in the
present review (Section 2).

¥ The cyclisation of (CVIII) is discussed in greater detail in
the review by Smit and Kucherov %,

134

generalisations to be made concerning the dependence of
the odour of these compounds on their structure 268,28,271,272,
Thus (CIX) with R, =CH, or C,H, and R, = R, =R, = H
possess an ionone smell, which becomes weaker with in-
crease in the size of R, and completely disappears when

R, = n-C,H, or C(CH,),. Special interest attaches to deri-
vatives of unsaturated 1,1,7-trimethyloctalins containing a
functional group and a methyl group on the same carbon
atom. Thus esters of this group (R, = OR; R, = CH,;

R, = R, = H) possess a very persistent odour of animal
musk, which becomes especially intense if the COOR group
is transesterified with higher iso-alcohols. When R, = H
or Alk, the 1,1,7-trimethyloctalin derivatives have a woody
or ambergris type of smell. For example, (CIX) in which
R, =R, = R, = CH, and R, = H is described as a compound
having such an odour 27,

A group of French chemists 2" have recently utilised the
long known reaction of myrcene with maleic anhydride for
the synthesis of new perfumes. The dibasic acid (CXT),
which is readily obtainable from the adduct (CX), was con-
verted into the ester (CXII), which on reduction with lithium
aluminium hydride gave the corresponding diol (CXIII),
dehydration of which yielded the bicyclic oxide (CXIV),
which was then isomerised to the unsaturated tricyclic
oxide (CXV). The adduct of myrcene with citraconic an-
hydride was used to synthesise, by an analogous series of
reactions, the unsaturated tricyclic oxide (CXVI). These
tricyclic oxides possess a very interesting ambergris
odour.,

C O OOH CH;
7 4 E/ﬁ(m LIAH,
/ — —_— —t
OOH COOCH;

(cx) (Cx1) (CXin
@C CU >—() ‘(“} ()

CHy CHy ‘ /
(Cxm) (CX1v) (cxvi)

It is interesting'to note here some analogy in structure
between these oxides and those obtained earlier ??” and also
possessing an ambergris smell, such as the unsaturated

_ oxide (CXVII), formed by the oxidation of ambrein (a tri-

cyclic triterpene alcohol present in ambergris) and also
the saturated oxides (CII) and (CHI) (the so-called am-
broxide, obtained from sclareol) mentioned in the present
review (see Section 3).

5 Ty iy -

(cxviy (cn) (Cin) (Cxvin (CXIX)

Among other interesting compounds synthesised from
myrcene as diene component we may mention the lactones
(CXVI) and (CXIX), the latter possessing a strong odour
of animal-faecal type. Experimental details of its prepa-
ration have been reported recently by Ohloff in a West
German patent 28, The value of this lactone for perfumery
has been confirmed by the work of Soviet chemists 2,

Several adducts of myrcene with unsaturated aldehydes,
as well as compounds obtained after their hydrogenation,
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also merit attention as perfumes. Thus, for example, the
adduct of myrcene with crotonaldehyde [(CVII): R, = R, =
= H] possesses the odour of aubépine (p-methoxy-
benzaldehyde), while the corresponding alcohol is said to
have a pleasant delicate scent28; the mixture of the iso-
meric aldehydes (CXX) and (CXXI), obtained by the con-
densation of myrcene with methacrylaldehyde followed by
hydrogenation, has a strong scent of flowers 28!,

Qe (O

(CxX) (CXx1)

The group of octalin derivatives includes also the am-
brinols discussed above [(LXXVII) in Section 2], as well
as bicyclohomofarnesal or ambrial (CV) and bicyclohomo-
farnesol [(CVI) in Section 3], compounds possessing an
extremely valuable scent,

5. PERFUMES BASED ON TERPENYL PHENOLS

On the basis of the little information available, mainly
in the patent literature 281-288, Soviet chemists have syn-
thesised a series of new compounds which are oxygen-con-
taining derivatives of cyclohexane with a terpene radical.
In view of the great value of some of the products obtained,
the synthesis was extended to a wide variety of derivatives,
differing from one another in the functional group and the
structure of the terpene radical.

Belov and Kheifits 287 have described compounds based
onthe condensation products of menthyl chloride with phenol,
and also of a mixture of bornyl and isobornyl chlorides with
phenolf, m-cresol, and o-cresol respectively.  The re-
sulting condensation products were subjected to hydrogena-
tion. It was found that menthylcyclohexanol (CXXII) pos-
sesses a weak odour of cedar, whereas alcohols containing
a bornyl radical have a stronger smell. Bornylcyclohexa-
nol itself (CXXIII) has a very persistent, but not strong,
cedar type of odour.

3Hy NagCry0y + H3S0,
OH D l =
(Cxxn) (CXXV)
P (O mmnm, (y O
D —————
(CXX1V) (CXXIn) (CXxvi) ’

The smell becomes weaker on passing to bornyl-3-
-methylcyclohexanol, but is intensified with bornyl-2-
-methylcyclohexanol, which, in the opinion of the authors
of the paper, is due to the presence of the tertiary carbon
atom, linked to the methyl group, adjacent to the alcoholic
hydroxyl. Furthermore, with the 2-methyl isomer the
odour acquires a sandalwood nuance. The acetates were
almost devoid of smell. Oxidation of the alcohols with a

1 Later the reaction of bornyl chloride with phenol formed the
subject of a special study by Bulgarian chemists ¢, who carried
it out in the presence of aluminium chloride.  They consider that
the most probable formula for the resulting bornylphenol is (CXXIV).

chromic acid mixture yielded previously undescribed
ketones. The transition to the ketones results in a con-
siderable intensification of the odour; further, terpenyl-
cyclohexanones containing a bornyl radical possess a
pleasant odour, while menthylcyclohexanone (CXXV) has a
disagreeable, obtrusive smell.

On passing from bornylcyclohexanone (CXXVI) to its
homologues, a similar variation in odour is observed as in
the case of the corresponding alcohols: with bornyl-3-
-methylcyclohexanone the odour does not change in charac-
ter but becomes weaker, whereas with isobornyl-2-methyl-
cyclohexanone the smell is markedly stronger and has
acquired a different character, of musk and balsam.

Inorder to simplify the synthesis of isobornyl-2-methyl-
cyclohexanol and isobornyl-2-methylcyclohexanone, which
are valuable compounds for perfumery, the alkylating agent
used for the preparation of isobornyl-2-methylphenol, an
intermediate in this synthesis, was camphene, a cheap and
readily available product which can be made to react with
o-cresol without preliminary conversion into the chloride 289,
The product formed as a result of the condensation of cam-
phene with o-cresol followed by hydrogenation, which is
obviously isobornyl-2-methylcyclohexanone, has found
application in the perfumery industry under the name
“musterone”; some details of its industrial synthesis were
published recently %%°,

The condensation of camphene with phenols has been
studied in detail by Kheifits in the case of the preparation
of isobornylphenol: it was found that, on alkylation in the
presence of boron trifluoride, the proportions of o7tho- and
para-isomers were 3.5:1, a simple and convenient method
was worked out for separating the isomeric isobornyl-
phenols from their mixtures 291,

Recently Kheifits, Belov, and their collaborators have
published a series of papers on the structure and the com-
position of the condensation products formed by camphene
with 0- and p-cresols. It is assumed that, under the con-
ditions of acid catalysis, the camphene undergoes a
Wagner—~Meerwein rearrangement and enters the aromatic
ring as an isobornyl radical. On the basis of the different
acidities of the individual isomers, due to the strong
screening of the OH group in compounds containing an
o-isobornyl radical, an elegant method has been worked
out for separating the ortho- and para-isomers, which are
thus obtained in a quite pure form, by treatment with an
insufficient quantity of aqueous-alcoholic alkali?9!,292, The
dissociation constants of the compounds (CXXVII)-(CXXX)
in various aqueous organic solvents have been determined 29;
the acidity of the para-isomers is considerably the higher.
The structure of (CXXVII)-(CXXX) has been rigorously
established from the infrared spectra ?°',292 and measure-
ments of the dipole moments of their bromo-derivatives 294,
Quantitative analysis by means of the infrared spectra has
shown that the ratio of the ortho- and para-isomers on
alkylation with camphene is 3.5 :1 in the case of phenol 2%¢,
whereas with o-cresol it is 1.9 :1 22 (probably owing to one
ortho -positionbeing occupied). A method hasbeendeveloped
for identifying the individual isobornylphenols and isobornyl-
cyclohexanones by thin-layer chromatography 25,29, The
compounds (CXXIX) and (CXXX) are converted by hydrogen-
ation and oxidation into the corresponding cyclohexanones
(CXXXI) and (CXXXII), when it is found that the former has
a strong smell of musk, whereas the latter has a very faint
but more pleasant odour of the same type??%, Musterone
contains ~30% of (CXXXI) and ~70% of (CXXXM). 295
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2-Isobornyl-4-methylcyclohexanone %, prepared in a simi-
lar manner, has a peculiar faint odour.

o=
L G

@ R

(CXXVlll)
+ OH
e O

R = isobornyl

+ i R (CXXIX) (CXXX1)
cxxx) (CXXXt) .

Belov and Kheifits 297 have studied the effect on the odour
of converting'terpenylcyclohexanones into previously undes-
cribed related compounds containing different functional
groups. The aldehydes (CXXXIM) and (CXXXIV) obtained
from (CXXV) and (CXXVI) respectively were found to have
a rancid tinge to their odour and to be of no interest for
perfumery. Of the hexan-1,6-olides which have been syn-
thesised, (CXXXV) is completely devoid of smell, and
(CXXXVI) possesses an odour similar to but fainter than
that of the original (CXXVI), These observations agree
with earlier information?® on the odour of other hexan-1,6-
-olides; the conversion of substituted cyclohexanones into
such lactones is obviously accompanied by the disappear-~
ance or weakening of the odour.

The ketones (CXXV) and (CXXVI) have also been con-
verted into the corresponding hexane-1,6-lactams (e-capro-
lactams), of which (CXXXVII) is reported to be odourless,
while (CXXXVIII) possesses a peculiar smell, somewhat
resembling that of the lactone (CXXXVI) but still weaker
than that of the ketone.

/CH,~CH ,——C =0

\cnf—cu,—o

(cxxxm) (CXXX1V) (CXXXV)

_/CHa ~cu,—c_o _/CH,—CH,—C=0
CH
C\CHQ—CH;—O /CH,_(;H,_T=Q \CH,-——CHz—NH
<«
A\ CHy—CH,—~NH

{CXXXVI) (CXXXVII) (Cxxxvin)

An extremely interesting product, possessing a sandalwood
odour and excellent fixation properties, is formed by the
hydrogenation of isobornylguaiacol (isobornyl-2-methoxy-
phenol). A team of workers at the VNIISNDV (All-Union
Synthetic and Natural Perfumes Research Institute) and
industrial scientists have worked out and published an in-
dustrial method for the synthesis of this most valuable
product, which has been provisionally named “santalidol” 2%
The preparation of isobornyl-2-methoxyphenol was accom-~
plished by condensing camphene with guaiacol in the pre-
sence of boron trifluoride, the benzene ring being subse-
quently hydrogenated to a cyclohexane ring in the presence
of a Raney nickel catalyst. The chemical structure of the

136

product has not been finally elucidated, the authors of the
paper regarding it as a mixture of various alcohols of
closely similar structure.

A hydrogenation product of isobornyl-2-ethoxyphenol,
synthesised from camphene and guaethol, was likewise
obtained as a mixture of alcohols, having a very similar
odour to that of santalidol 2°, Oxidation on the alcohols
with a chromic acid mixture yielded a mixture of ketones
having a stronger scent of sandalwood than the original
alcohols.

Thus the research done during recent years on terpenyl-
phenols has yielded several products of great value in per-
fumery, and has provided new data on the effect of the
structure of organic compounds on their odour. Even the
fact itself of a strong and persistent odour in terpenylcyclo-
hexanols and terpenylcyclohexanones, which have quite
large molecules with radicals of high molecular weight, is
undoubtedly of interest.
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INTRODUCTION

In recent years detailed studies of polymerisation pro-
cesses of different types have established that the main
reactions in these processes are accompanied by a number
of supplementary secondary processes or reactions. The
distinguishing feature of these secondary reactions is the par-
ticipation of previously formed polymer chains. It is there-
fore natural that at low degrees of conversion of monomer,
i.e. in the range in which polymerisation kinetics, etc. are
usually studied, these reactions are almost non-existent and
the polymer obtained under these conditions is the product
of only the main or primary reactions.

On the other hand, at high degrees of conversion, par-
ticularly when the concentration of polymer becomes com-
parable with the concentration of monomer, the probability
of secondary reactions in polymerisation systems is con-
siderable and these reactions have a significant effect on
the polymerisation product.



