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Part I. The synthesis of sesguiterpene lactones has been investi-
gated, with special reference to the synthesis of alantolactone.
The proposed synthesis entailed the formation of a bicyvelic adduct
by the Diels-Alder reaction between 4-methoxy-2:5-toluguinone and
l-methyl-2-bromobutadiene, followed by reduction to the glycol and
hydrolysis to the bicyeclic ketol, l-hydroxy-2-keto-7-bromo-8:10-
dimethyl- ﬂ3:G—hexahydronaphthalene. Hydrogenation to the saturat-
ed ketol, followed by dehydrobromination and reaction with bromo-
propionic ester was expected to give a product, which on dehydra-
tion and ring-closure would yield alantolactone. Model experiments
are described on the synthesis of a lactone by this method from
the adduct formed from 4-methoxy-2:5-toluguinone and butadiene, a
compound previously described in the literature. Both the cis- and
trans-fused adducts were prepared and the Reformatsky reaction was
studied using the cis- and trans-fused unsaturated bicyclic ketols;
some observations have been made on the stereochemistry of the products
from this reaction. An unsaturated lactone was prepared from the
cis-Reformatsky product. Model experiments are also described on
the addition of the unsymmetrical dienes, isoprene and l-methylbuta-
diene to 4-methoxy-2:5=toluquinone. The former gave two isomeric
adducts and the relationship between these compounds is discussed.
The latter gave a mixture of products, which could not be separated
or crystallised.

The Diels-Alder reaction has also been applied to the
synthesis of sesqguiterpene hydrocarbons. A synthesis of cadinene
was proposed, starting from the Diels-Alder addition of isoprene to

4-isopropylcyclohex-2-en-l-one, known as the natural product, cryptone.

‘Use other side if necessary.




The synthesis of dl-cryptone was accomplished by reduction of 4-
(2'—hydroxyethoxy)—gggpropyl benzene with sodium and ligquid ammonis
and acid hydrolysis of the resulting dlhydro ether t0 a mixture of
the a:p- ;Ed B:Y —unsaturated ketones. The equilibration of the
three-carbon system in these compounds has been studied. A second
product, in the form of a crystalline solig, was also obtained from
the reduction stage and its structure has been discussed. The addi-

tion of butadiene to dl-cryptone proved to be unsuccessful. A sim-

ilar synthesis and study of the ortho-isopropyl isomer is described.

Part II. Barbaloiﬁ, a s0lid isolated from the juices of the aloe
plant, was known to contain a sugar residue linked to an anthra-
guinone, anthrone or anthranol nucleus. Analysis and molecular
weight determination suggested the molecular formula, 021H2209

Studies of the ultraviolet and infrared light absorption of barb-

2loin and its degradation products demonstrated that the compound
contained an anthrone nucleus. Periodate oxidation studies showed
that the sugar residue was a glucopyranose attached to the anthrone
nucleus at C10 by a C-C linkage. These results led to the formula-
tion of barbaloin as 1:8-dihydroxy-3-hydroxymethyl-10-glucopyrano-

syl=9-anthrone.
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Fart I.

Studies on the Synthesis of Alantolactone

and other Terpenoid Compounds




INTRODUCTICN

Condensed ring systems are of ma jor importance bacause
of their occurrence in a large number of natural products, e.g.
the sesqui-, di- and triterpenes and the steroids,

Synthesis of such systems opens up & wide field of
synthetic possibilities in the sterocid end terpene fields and
various synthetic approaches have been the subject of intensive
research during recent years, The synthesis of a naturel
product is always complicated by the presence of asymmetric
carbon atoms in the molecule and for this reason the stereo-
chemistry of the compounds to be synthesised and of the reactions
involved in their synthesis muet be taken into consideration,
Before outlining the synthetic approach which hes been the
subject of the present study, it is proposed to review soue
of the more recent synthetic methods which have been described
in the literature, with special reference to the stereochemical
aspects of the work, The stereochemistry of the stercid
nucleus 1s discussed and the complete syntheses of the steroid
nucleus by Tobinson, Toodwsrd end “arett are described, In
the terpene field the survey has been limited to the sesquiter-
pene lactones since thils group of compounds is most closely
related to the subject of the present work, The syntheses of
the santonins have been outlined and their stereochemistry and

that of Y-sartonin is discussed. very little is known of



the stereochemistry of the aleanto-lactones, but some recent
work on the tetrahydroalantolactones is 1Included, "ention

is made of some new sesquiterpene lactones which heve recently
been isoleted and also of & method of synthesis of santonin-

like compounds reported by some Cermen workers,

stereochemistry of the steroid nucleus,

The stereochemistry of the steroid nucleus is
comple tely knownl. Cf the Pur rings, A and B may be cis-
fused (normal series) (I) or trans-fused (allo series),(II);
rings B and C are always trans-fused, For the purpose of
the: present study of the synthesis of bicyeclie ring systens
a brief survey of the correlation between the stereochemistry

and reactivity of the substituents in rings A end B 1s

necessary.




The currently accepted formulation of the steroid
nucleuaa has the maximum number (3) of the fused gyclohexane
rings in the chair form, In such & fused ring system con-
version of the gyclohexane rings from chair toc boat form is
virtual 1y impossible and therefore the stability snd re-
activity of substituent groups can be studied with respect
to the axial or equatorial bonding of the group and its
relation to other axial or equatoriel groups.

It has been found thet equatorially-linked sub-
stituents are thermodynamically more stable than those attached
by an axial link and also that they are less sterically hindered,

nvidence of the stability of equatorially=-linked
substituents has been obtained from a study of cholestanol
and coprostanol, the former belonging to the allo series and
the latter to the normal series. The cs-hydroxyl group in
cholestenol has been shown to be g =orientated and in
epicoprostanol to be 'a -orientated in the stable formas, the
orientation of the hydroxyl group in each oase arising from
its equatorial linkage to the ring. “teric hind»ence in
these two compounds is shown to be much less than in epi-
cholestanol and coprostenol by comparison of the rates of
hydrolysis of the corresponding acetates, In the esters
where the Us-substituant is trans (i.e, equatorially linked)
with respect to the cs-hydrogen atom, hydrolysis occurs more
rapidly since the acetoxyl group is less hindeared in this

position,
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dynthesis of the steroid nucleus.

The total synthesis of the sterocid nucleus (allo
series) was reported simultaneously by ‘?obinson5 and by
WQOdward.b |

Robinson's path was through the initial formation
of ringe B and ¢, followed by condensation of ring 4 snd then
ring D, The starting meterial, 1:6-dimethoxyneaphthalene,
was conveyted to S-methoxy-l-methyle-2-tetralone, Ring A was
condensed with this compound by the Robinson-Mannich base
method using diethylaminobutanone methiodide and the un-
saturated ketone (III) thus obtained was demethylated and
hydrogenated to the diol, which was shown to heve A/B cis-
fusion, Isomerisation to the required trans-fused system
was brought sbout et a later stage in the synthesis by
catalytic hydrogenation of the 5:6 double bond in (IV) giving
a product which, after & series of reactions, gave rise to
methyl 3 p-aceotoxy a~tioallcobilianate, identified by comperison
with the natural product, The trens-fusion of rings B end C
wee eccomplished by conversion of the above diol to two
tricyclic hydroxyketones (V), which, since they were g-decslones,
represented the two possible modes of jgggg-fusionv.

Woodward's synthesis involved the initial formation
of rings C and D, followed by fusion of ring B and then ring A,

In the steroid nucleus rings C &and D are in the form of a

hydrindeane system, the stable configuration of whieh 1is known
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to be gis , but in the steroid nucleus the fusion of these

rings 1s required to be trans, This difficulty was surmounted
by establishing the frans-fusion in a decalin system in which
the trans configuration is known to be highly favouredg. The
decalin system was formed through the Diels-Alder addition of
butadiene to 4=-methoxy=-2:5-toluquinone, an addition, which has
previously been desoribed by Eutzlo, and which oceurs smoothly
giving only one product, the c¢is-adduct with an angular methyl
group (VI), Isomerisation to the trans-adduct is readily
accomplished through the emnolate, Lithium aluminium hydride
reduction to the glycol proceeds without effecting the stereo-
chemistry of the ring junctions snd the trans=-glycol thus
cbteined is converted via the trans-bicyclic ketol to the
trans-bicyclic ketone (VII) . This ketone of known stereo=-
chemistry forms the starting-point for condensation of ring B.

The final product of both syntheses was methyl 3-
keto-eetiogllo cholanate, Sodiunm borohydride reduction gave
meinly the 3-p -hydroxy compound and this was converted to 3«3 =
acetoxysllopregnen=-i0~one, which was then converted to
cholestonol end thence to cholesterol,

Woodvward's synthesis has been criticised by cpeziele,
Stephens and T‘uompsonl1 on the grounds thet the recolution step
was not carried out until the end of the synthesis, The se

workers show that resolution could be effected after the intro-

duction of the first asymuetric centre and they describe the



resolution of the bicyeclie compound through stereoselective
reduction of the rscemic tran;-adduct to dl-trans~l-hydroxy-
4-keto=C=-methoxy=10-methyl- A ’6'—hexahydronaphthalene (VIII),
which was easily resolved through the d-camphor-lC-sulphonsate
esters, The bicyelic ketone (V'I) was obtaiped by clesvage
of the hydroxyl group followed by lithium aluminium hydride
reduction and vigorous trestment with mineral acid, The
structure of (VIII) was proved, but the configuration of the
hydroxyl group weas not established, it was probable however
that reduction would give rise to an a =hydroxyl group.

The stereospecificity of the Diels-Alder reasction
has also been utilised by ;arettlz in his synthesis of the
adrenal steroids, the initial adduct in this synthesis rep-

resenting rings B and € in the final nuecleus, carett has

emphasised the difficulty in estaeblishing the anti-trans

relationship between the centres at ca,c9 and clo end for

this resson has turned to the Diels-ilder reaction because
of its stereospecific course,

The addition of benzoquinone and toluguinone to 3-
12a
ethoxy=~l:3=pentadiene was found to proceed smoothly.

2:5- And 3:5-dicarbomethoxy-5-methylceyclohexene-1:4-dione

were also investigated as dienophiles ard were shown to be
12b
of the same order of reactivity as benzoquinone y, but 5=

carbome thoxy-5-methyl-cyclohexene-l:4~dione was found to
12e¢
react much more slowly , possibly due to the lack of an



augmentative polarising group. In connection with this latter
dienophile, 1t was pointed out thut the stereospecificity of the
addition reaction is destroyed because the conditions required
to bring about addition result in partisl isomerisatiorn of the
cis-adduect to the trens-adduect,

The sdduet formed from benzoquinone and 3-ethoxy~l:3=-
rentadiene formed the sterting point of the synthesis of the
steroid nucleus, Stereospecific reduction of the eis-adduct
with lithium aluminium hydride yielded the glycol (IX) &nd
the stereochemistry of the molecule was investigated, a
knéwledge of the stersochemical dispostion of the functional
groups being of importance in the study of the subsequent

12d
reactions ‘ It was shown that the c5umethyl group and

the 04-hydroxyl group were in the cis-configuration to each
other as steric hindrance vetween the two groups was observed
on acetylation of the compound, acetylation of the Cl-hyﬁroxyl
occurring muech more readily than scetylation of the {j -hydroxyl.
That the bridgehead hydrogen atome were still cis to each
other and frans to the two hydroxyl gsroups was shown by
the formation of ¥ - and 6§ -lactols (i and XI).

Wesy hydrolysis of the glycol (IX) gave rise to
the ketone, Se-methylperhydro=(4asa ;8aa )=naphthalene =1 §:
4P -diol=-6-one and addition of methyl vinyl ketone to this
compound wag effected in presence of aqueous benzyltrimethyl-

ammonium hydroxide (Triton B"). The product (XIY) had thus



1l2e
the anti-cis configuration at 08’ Cg and c10 (steroid

numbering). The required anti~-trans oonfiguration wes

esteblished by oxidation of this compound to the l4-keto

derivative in which the configuration at GB wag trans to
thet at C. and cis to that at Cy.. The final products
9 —_— 10 12¢

of the syntliesis were cortisone and dehydrocorticosterone ‘

Me_ OAc

Terpenes. A biecyellc ring system forus the nucleus of the
sesquiterpene hydroearbons, e.,z, selinene and cedinene, and
the sesquiterpene lactones, a group which includes the

santonins end the alantolactones,

santonin. Much interest has been concentrated on the synthesis

of santonin, a lactone with anthelmintic properties which can



be isolated from the immeture flower-heads of varicus Artemisia,

particularly Artemisia meritima, which is sbundant in Turkestan,

N.W., India and Russia, In addition to santonin the c¢losely
related lactones pgeseantonin, Yy -santonin and artemisin have
been isolzted from the Artemisia.

The structure of santonin (XIIX) proposed by Clemo
and Haworth, wse confirmed by synthesis firstly of dl-santonous
acid14[XIV) showing the position of the propionié acid residue
and secondly of gl-desmotroposantoninl.(XV), showing the position
of attachment of the lectone ring. santonin, in presence of
minersl acid, undergoes & rearrangement in which one ring

becomes asrometic and the angular methyl group &t cg shifts to

Cl, the product being desmotroposantonin,

OOH
X1V XV

Sentonin hes four asymmetric centres at Cg, Cg, Cg, and

XIII

c11 and theoreticelly there should be sixteen isomers, only

two of these, luevo~ and pe-santonin have been isoclated, Of

the eight possible desmotroposantonins four have been known for
16

some time and Cocker and MNchMurry have recently reported the

isolation of two more isomers, The four optically sctive
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santonous acids have all boen prepared,

Synthesis of the Santonins,

A synthesis of santonin was first desceribed by
Paran jape et gl.lv, who claimed to have synthesised an optically
active santonin without the use of an ssymmetric reagent during
their fynthesis. As this work has been severely criticised by
Clemolﬁ, uornforthlg and woodwardzo, among others, snd &as the
later successful syntheses follow the same lines, it is un-
necessary to give & detailed account of Faraenjape's work,

An early approaéh to the synthesis of santonin was
the synthesis 9r the lactone of o =-(2-hydroxy-3-ketocyclohexyl)
propionic acidal’zz. However, this approach was abandoned as
it was found that the compound was not sufficiently reactive
to allow condensation to form & second ring.

The first successful synthesis by Abe et g&?zwas
besed on Robinson's synthesis of o -cyperone (XVI) by con=-

densation of & Mannich base with a substituted 2-methyl
23
gyelohexanone ,

i "
?.JtHGHsI

\ XVI
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Abe applied this method to & Z-methyl cyclohexanone which,
insteed of an 1sopropenyl group, contained a side-cheain which
was readily convertible to propionic scid (“ee route 1), A
similar wethod to this was concurrently investigated by
Gunston824.

By condensation of methyl o-(3-keto-4-methyleyclo-
hexyl )~-propionate (XVII) with l-diethylaminopenten-Z-one
methiodide (XVITI) and subsequent hydrolysis, Abe prepared
a =({3=keto~4:;9-dimethyl-1,2,3,5,6,7,8,9-0ctahydronaphthyl-6)
-propionic acid (XIX), which he isolated in two of the four
possible racemic modifications, Bromination, concurrent
lactonisation and dehydrobromination of the two forms (A and
B) of this acid gave two racemic santonins which he termed A
and B, santonin A giving dl-a -desmotroposantonin and santonin
B dle~p ~degmotroposantonin on acld rearrangenent,

4 third racemic stereoiscomeride of santonin,
santonin D, was prepared by the above method after isolation
of a third racemic modification of the acid (xlx)?5-

Santonin D gave dl- B - desmotroposantonin,

Abe et al,also reported the synthesis of the naturally
occuring optically active santOﬁinsg by 8 method (route 2)
which was a modificatiocn of route 1, In the latter, ring A
was attached to ring B by the Robinson-lennich base method,
in the former the propionic acid residue at Cﬁ was attached

to a preformed bicyclic system (XX) by a Michael condensation
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- IR

giving (XXI). Both routes lead to the acid (XIX), which was

obtained as & mixture of ecids epimeric at C From these

11°
the C acid and the D acid were separated, Through the
bromolactone of the former a new racemste of santonin, santonin

C, was prepared, which gave dle- g =desmotroposantonin by the
dienone-phencl rearrangement,

A malonic ester with the crossed diencne system (XXTT)
wag prepared from (XXI) by selenium dioxide oxidetion, This
compound after hydrolysis and deearboxylation, yielded an
isomeric nixture of acids (XXIII) which on treatment with
selernium dioxide and acetic acid gave dl=- o =-santonin and
dl- B =-santonin., Resolution of the seid (XXITI) via the
brucine or quinine saltis gave the laevo- and dextro-isomers
from whiech d- o ~santonin and d-p =-santonin and l- O -and
l- B =santonin were obtalned respectively,

An alternative synthesis (route 3) involved the
conversion of diethyl 3-ox0-4:9-dimethyl-1,2,3,5,6,7,3,9,
=octahyiro=-6-naphthyl methyl malonate (XXI) to the enol acetate
(XXIV), followed by lactonisation, bromination, dehydrobrominstion
arnd hydrolysis to give the malonic acid derivative (XXV). dl=-
a =Santonin was obtained on decarboxylatiorn of the acid,
rasolufion of the acid through the brucine salt giving
l= o =santonin,

an 20

Syntheses of nor-santonin and of dihydrosentonin

have also been described, The former (XXVI) was prepered by
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Gunstone and Tulloch by the Mannioh bzse method, the latter
(XXVII) by Dutte and Dutta by selenium dioxide oxidation of the
enol acetate of methyl o=(3~keto-4:9-dimethyl-1,2,3,5,6,7,8,0-
octahydro~-6-naphthyl)-propionate and subsequent treatment with

potassium carbonate in methanol,

Stereochenistry of the seantonins.

The Desmotroposantonins, The easy rearrengerent of the santonins

to the desmotroposantonins indicates thet the two are very
closely related sterecchemically. A mechanism fcr the dienone-
phenol rearrangement has been advanced by Woodward and singhzo,
who postulate a VWegner-leerwein type rearrangement of the

con juzate acids formed by santonin in acid solution, As a
result of the dienone-phenol rearrengement the asymmetric centre
at c9 in santonin is destroyed, thus the desmotroposantonins
possess three asymmetric centres at 05, Cﬁ, and 011. The
stereochemistry of the desmotroposantonins, which is of me jor
importance in reletion to that of the santonins, has been
discussed by Huang-ﬂinlonag and by B&rtonao. ~ Huang='"inlon

has shown that the four known desmotroposantoning leqg =,

l1-p =, d=a = ond d=- g ~desmotroposantonin are interconvertible,
alternate acid snd elkeline treatment resulting in the cycle
outlined below, Criticism of this uni-directional cycle hes
recently been made by WoodwardSl on the grounds of the ther=-

modynamic impossibility of such an irreversible cyecle, but an



32
explanation of this has been proposed by Cocker , who has
shown that the alkall-produced transformastions all involve

the salts of the corresponding stereoisomeric scids,

2; (] - D.TIS. ( r }_ "B " I}.T.:h.
H
5 A%

d -a= D.T.5, ¢ d ~pg= D.T.5
CH®

D, T.5. = desmotroposantonin.
In sddition it has been found that d-o - and l-g =-desmotropo-
santonin cen be converted to d-p - and lgﬁa-desmotr0posa§tonin
by treatment with potassium carbonate in boiling xylene.02
Huang-ifiinlon edvanced mechanisms for the acid and slkelil
conversions, the former involving rearrangement at Cg and Cg
end the latter rearrangerent at C,,. The dextro- and laevo-
rotatory contributions of the asymmetric centres were deduced
by & congideration of the optical rotations of the desmotro-
posantonine and the santonous acids derived Trom them on
treatment with zinc and acetic acid,

The easy lactonisation of the four desmotroposantonins
suggests that in all of them the lactone ring is eis-fused,
gince Clemodshas shown that the e¢is-link is the more stable,

Barton has suggested that the acld &nd alkall

mechanisms advanced by Hueang-liinlon require to be supplemented

by & third mechanism involving inversion 2% one asymme tric
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centre cnly, this mechanism only being detected in compounds
where the lactone ring 1s fused in the trans-position. The
three mechanisms are outlined opposite. In the light of the
recent work discussed above, it appears that the alkali
mechanism (¢c) must be assigned to the inversion which occurs
when e,g, d=~a -desmotroposantonin is converted to d-p -des-
motroposantonin by the action of potassium carbonete in
beiling xylene, s fourth mechanism coming into play in the
reverse transformation which is brought sbout by alkeali
fusion, involving the potassium salt of the corresponding acid,
Barton has criticised the assignment of the dextro-
or laevo rotatory contribution of the vaerious esymmetric
centres in the desmotroposeantonins which Hueng-!"inlon based
on the Principle of Optical Superposition, since the additivity
of the molecular rotations in the case of the desmotroposentonins
is not very satisfactory. Derton hes therefore discussed their
stereochemistry on & different basis, which mey be summarised
as follows., On mild acid treatment sentonin is converted to
l=a -desmotroposentonin and on more vigorous treatment to
d-p ~desmotroposantonin, Tt might be assumed that the
configuration a% 05, CS' and °11 in santonin is the same as
in l-a =-desmotroposentonin, but it hes been observed that
santonin derivatives (oxime, ecetate, etec,) are converted to

hypo=-santonin (XOVIIT) under mild redueing conditions,
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Two hyposantonine are known, hyposentonin and igohyposentonin,
the lactone ring of the former opens to form & steble acid,
whareas the escid from the latter reedily reforms the lesctone
ring. Therefore hyposantonin must heve & trans-fused ring
end isohyposentonin & cis-fused ring, In this case santonin
must heve a trans-fused ring #nd must differ from l-a -desmot-
roposantonin in configurstion et C. or Cg e Hence the con=-
version of santonin to l-a ~desmotroposentonin must require
the mechanism (b) proposed by Barton, namely inversion at
only one esymnmetric centre, That inversion occurs et 05

and not C_, has been proved by Barton,

6
A similar consideration of the stereochemistry of
g -santornin indicetes thet this compound, which rearranges
to 1-p ~desmotroposantonin, must be the 011 epimer of

o =santonin, the stereochemistry at 05, GG and Cg beins the same,

Conformetion of the lactone rings in the santonins.
Sé
Cocker and lNeMurry have studied the conformation

of the lactone rings in the santonins, a= And pB=-santonin
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are known to be trans-fused and to be cll epimers, It has
been demonstrated that if ring B is in the chair form, then
the axiasl-axial fused rirg cannot be formed, therefore in

both o~ #nd p-santonin the lactone ring must pro ject
equatorially from ring B, (XXIX). Consideration of ring B

in the boat form shows the conformetion of the other two trans-
isomers (XiX),. (In these structures the configuration at C13
is arbitrary.) “vidence is also presented that the santonins
C end D synthesised by Abe gﬁlgifapOsaess cis-fused rings,

A11 the synthetic santonins were prepared from the keto-acid
(XIX), which was obtsired in two stereochemical forms by the
routes (1) and (2) slready described, cantonins ¢ and D

were both obteined from the aeid prepered by route (2), there-

fore they can only differ at C They must differ from aq -

11°

and p=-santonin &t C_. since they were all prepared from the

5
same keto-ester (XI(I), the subsequent lactonisation being brought
about by different methods, A11 four must be alike at Cﬁ and

09. Therefore since a - and Besantonin have trans-fused

lactone rings, the lactone rings in santonin C end D must be
cis~-fused, Racemic 4, C and o =-santonin rearrange with inversion
at 05 to dl- a =~desmotroposantonin, therefore these three santonins
must have the same configuration et Cs and cll’ end in this

case santonin C must be the cis-lactone identical stereo=-
chemically to a =santonin apart from its configuration at 05.
Similaerly B, D and B =-santonin, which rearrange to l-p -desmo-

troposantonin must have the =zame configuration at 05 and Ull’
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santonin D differing from g -santonin only at C..

Absclute configuratioh of the santonins.

A study of the absolute configurations of a=- and
B -santonin has since been made by two groupe of workers,
Woodward and Yate331 have basged their argument on a
consideretion of the structures of the santonic meids (XXT),
which are obtained from the santonins by vigorous treatment
with alkeld, The two stereoisomeric acids, santonic acid
and meta-santonic acid, have been shown to differ in con-
figuration only et cll. a =-Santonin glves one of these acids
and P esantonin the other, therefore o - and pesantonin differ
in configuration only at Cyq The complete configurations

(XAXIT) and (XXXITI) were assigned to o - and B e-santonin

respectively for the following reacsons,

Configuration at Cg, Cg and CQ'

An axial methyl group at Cq and an equatorial
a =propionic acid side-chain a?pcﬁ were likely in view of
similar placements in eudesmolsd. The configuration et C4
was proved by the synthesis of santonin through addition of
methyl malonic ester to0 3-0%x0-4;9-dimethyl-l,2,5,7,5,9=
hexshrdronaphthalene (Xi), this reaction being closely

analozous to the addition of malonic ester to 3:5~cholestadien-

7-one, which has been shown to have the addend in the mnore
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56
stable p=-position, The trans-fusion of the lactone rings
w0
had been esteblished by Barton and it therefore remained to

establish the configuration at cll'

Configuration at 011'

Santonin rearrenges to 1 -a -desmotroposantonin which must
be (XiXIV) or (LiXV), while pesantonin gives l=-pg ~desmotro-
posantonin, which must be (XXXV) or (XiXIV) l=a<Desmotro=-
posantonin on seid treatment is converted to d-p -desmotroe
posentonin with inversion at C5 end Cgs this change being
equivalent to an epimerisation at Cq4. (¥XX7) is obviously
more steble than (XXXIV) on steric grounds, therefore le-g =
desmotroposantonin must be represented by (XXXIV) and l-p -
desmotroposentonin must be (XVXV), Hence o =-santonin must
heve the confizuration shown in (XXXTT) and g -santonin that
in (XXXIII).

Identical configuvrations for ae~ and B =-santonin
were proposed by Coreysq, whose argument follows the same lines
a5 that of Woodward and YVYatee, Corey also proposes the con=-
figuration (XXXVI) for artemisin,

Abe and f‘ﬂ,un.'t.«s8 have arrived st the same configurations
ot 05, Cs and Cq by comparison of the molecular rotations of
the santonins and the acids from which they have been prepared
1,4_.

with the moleeuler rotetions of o =~cyperone end the A

oxosteroids,
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Stereochemistry of the synthetic routes to the santonins.

In the light of the absolute configuration of the
santonin wolecule, Jockersg nas made an interesting raview
of the stereochamical differences between the synthetic
routes to the santonins, The stereospecificity of the
Michael addition has alrsady been disocussed, Cocker points
out that the subsequent selenium dioxide oxidation of (XXTII)
must effect equatorial oxidation at the allylic centre Ce»
thus giving rise to the trans-fused lactone rings of a- &nd
B -santonin, Again, oxidation of the enol acetate (XXIV)
with peracetic acid wust result in a irans-fused lactone ring.
Cocker suggests that the cis-fused rings in santonins
C and O formed by bromination and dehydrobrominstion of the
acid (XIX) may result from SNB displacement of bromine from
05.
Racemic A and B santenin, whieh differ from the
racemie o - and p-santonin at Cg, were prepared by the Mannich
base reaction. By this method the reaction product initially
takes up the conformation shown in (XXXViJIa). For ring
closure to taeke place transformstion of the chair form must
oceur to bring the two groups involved into positicns in which
ring closure is favoured, i,e, (XXXVIID). The final product
has thus the configuration (XXAVIII).

Configuration of the desmotroposantonins.

The configurstion of the four desmotroposantonins
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with tue cis~{used rings are shown opposite, T™wo of the four
remuining truns-fused isomers have now been isolated by Cocker
and Mcllurry ° by mwild acid treatment of santonin snd g -santonin,
The former gave (X4iXIX), Tormulated with the 65 (H) configuration
egince it is dextrorotatory and the cis~dextrorotatcry lactones
end hyposantonin all have this configuration, The trans-
fusion wes demonstrated by isomerisation to the more steble

cis~lactone, The trang~-desmotroposantonin formed from g

santonin is formuleted #s the Cy, epimer of (XXXIX).

Yy =cantonin.

The structure of the related {y-Z?ntonin was the
subject ¢f much controversy for meny years ., It was finally
elucidated by Dauben and Hanee41, who proposed structure (XL).
The mwain difficulty lay in discovering the position of the
isolated double bond and the hydroxyl group with respect to the
lactone ring. Originally the hydroxyl group was believed to

be tertiary and was placed at C o? wiieh was believed to explain

the difficulty encountered in tte scetylation of p =sentonin

and the low yield obtained, However Dauben end Hance succeeded
in showing thet the hydroxyl group wes in fact secondary and
determined its exacet position by & study of the infrea-red
spectra of the lactones in the VY -santonin series, Thus the

lacgone Ifrom dihydroxy-sentanic scid and the lactone ring of

Y -santonin itself were shown to be Yy =lactones, implying that
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dihydroxy santanic acid must be (XLI). "vidence of the tetra-
substituted double bond was obteined by a consideration of the
ultra-violet absorption spectrum of y-santonin,

The sterochemicel conlormetion of the five asymmetric

centres st C CV' Cgs Cg &nd Cll has been discussed by Chopra,

5?
Cocker and Tdward 42, whe propose the configurations shown in
(X)) The configuration at C? and Gg followed from a con=-
sideration of the shift in moleculer rotations observed on
hydrolysis of the lasctone ring of y -santeonin @&nd on lactone-
isation of dihydro=-y =-santonin (ZL.II). lactonisation of the
latter is shown to give a treps~fused ring wherees the lactone
ring of y=-sentonin is in the more stable cis configuration,

Once the configurations at C CB’ and C, were established the

L 9

configuretion at 05 followed frowm consideration of ring B in
the chair form (XL.III). The alternative chair form does not
permit lactonisation of dihydro- ¢y -santonin and ring B in the
boat form, although fulfilling the chemical requirerents of

¥ ~santonin and its derivatives is stereochemically unl}ikely,
The configuration at %11 is &8s yet undecided, but Chopra et el.
conclude that it is most probably a&s represented in (X1) since

non—-bonded interactions between the angular methyl group end

ring B are thus reduced to a minimum,

The Alantoclacliones.

The alantolactones, alantolacicne (XLIV) and iso-
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43
alentolactone (XLV), cre found in the roots of Inula Helenium,
44
Their lectonde nature wes osteblished by Bredt and Posth, their

relationship % the santonins by catalytic hydrogenation to
tetrahydroalantolactone, a stersoisomer of deoxytetrahydro-
senton1n45 and their relationship to the eudalene group of
sesquiterpenes by degradetion to 1:5-dimethyl-7-isopropylneph-
thalenis, the structure ol which has been proved by synthesis,
The presence of two ethylenic linkages wes estabiished by
hydrogenaticn experiments45 end the preparation of derivetives,
Cne of these linkages was shown to be q:p %o the lactone carbe
onyl group. Reduction of alantolactone and isoalantolectone
with sodium smalgam results in the formation of the dihydro
oompounaséﬁ, ozonolysis of dihydroelantolactone gives the
lactonle keto-meid (A1VI), but dihydroiscalentolactone on
ozonolysie gives formaldehyde and a keto-lectone (XLVII) ,
the latter yielding & saturated acid and a saturated hydrocarbon,
d-~athyl-9-methyl~gcis-decaelin, on reduction, The positiorn of
the second ethylenie link in the alantolactones is thus
established to be &s in (XLIV end XLV), Ozonolysis of the
alentolactones themselves indiceted thet they are best rep=-
resented with the isopropylidene grouping al though & small
proportion may contein the isopropenyl grouping.éﬁb

As far as is known the syntheslis of alantolasctone
hes not Dbeen attenmpted, fisselineau, Bory and Lederer4v have

reported the isolation of two iscmeric tetrahydroalantolactones
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&énd have made some tentative suggestions rdating to the sterece
chemistry of the lactone ringe in these compounds, A tetrae-
hyiroalantolactone of high melting point is obtained on eztalytie
hydrogenation of alantolesctone, By the action of sodium
ethoxide on this tetrahydro derivative an isomeric lactone of
lower nmelting point is produced, but the conversion is not
quantitetive, Howaver, fusion with alkall was found to
produce & quantitetive yield of the low-melting compound,

By analogy with the reactions of the sentenins, it is therefore
supgested that the high melting tetrahydroalantolactone is the
stable isomer, It was observed that the lectone was recovered
unchanged after aecid trestument wWich suggests, egain by enalogy
with the santonins, ih&at the lactone ring is cis-fused, ecince

a&cid trestment is known {0 cause trens- to cis~ rearvangen&nt.

The conversion of the stable iscmer to the low-meltirg isomer
mugt proceed through opening of the lactore ring and formation
of the potassium salt of the hydroxy aeid, resulting in
epimerisation 8t Cll' It 1s suggested that during the s=sodium
ethoxide treatment, whicﬁ gives a mixture of isomers, two
mechanisms come into play, one involving opening of the lsctone
ring and the other the formation of an enolste ion without
opening of the ring. The infra-red spectra of the two isoners
provide soume support for their epimeric relationship, since

the difference in stretehing frequency of the bands due to the
Y =lactone ring in the two iscmers corresponds tc the difference

observed in the infra-red spectra of g - and g -sentonin,
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Kecently isolated sesquiterpene lactones,

In recent years some new sesquiterpenoid lectones
AR

heve been isolated, Xanthinin,_ an unsaturated keto-lactone,

cl?ﬂzgus' was obtaineu Irom the leaves of Xanthin pennsylvanicum

ana appears to be related to the other lactones, such as the

santonins, already isolated from the Compositae, Aristolsctone,

Crallon0sy which has been isclated {rom the rootes of Aristolocnia
15302 49

reticulata, heeg been shown to Le an a:p ~unsaturated Y-lactone
S50 51
containing two other isclated double bonds, Finitin,

31532003’ a keto-lactone, is found elong with y -santonin in

Artemisia finita, It is suggested that this lactone may be a

daoxy~y =santonin, Ite ultra-viclet spectrum is simiiar to
that of { -santoniu, The structure (XIVIII) of iresin, from
the lexican plant Iresine celosloides,has been advanced by

52
uUjerassi, This siructure is of interest in that it is the

first instance 1in which the bigyclofarnesol skeleton h&s been
encountered in the sesquiterpenes, Bﬁrtmqsa has described the
isoletion of tenulin from variocous Helenium species and he proposes
the unusual structure (X1L.IX) for this lactone, the carbon skelston
being based on hydrogeration experiments which give the two

azulenes, chamazulene and linderazulene,

Oynthesls of santonin-lixe compounds,

L new synthetic approach to santonin-like compounds

hes been described by Nosenmund and Herzberg, who developed a



me thod for thersynthesia of the enol laectones of cyclic
1:5-d1k@tsnes.U4 Condensation of bromacetic ester with the
cyclic diketone followed by hydrolysis and ring closure with
acetyl chlorlide gave keto-lactones of the type (L), which on
catalytic hydrogenation gave the saturated lsctone {(1I).

Ls the result ofra successful synthesis of l:3-diketo=8:10=
dimﬂthyldecalin5d they attenpted to applyrthe above method to
the synthesis of santonin-like compounas.J They succeeded
in synthesising the secid (LII) in low yield, the subsequent
ring closure with acetyl chloride resulting in an even lower
yield due to the formetion of the enol acetates, Difficulty
was encuntered throughout in separating the producets of the
reaetions from each other end from the starting meaterial,

As this ring closure could not be effected in good yield the
merno=keto derivatives could not be prepared by catalytic
hydrogenation of the keto-lecctone, It was found however thet
reduction of the enol acetate and separstion of the products
through the methyl esters of the mono-~keto acide formed,
resulted in formstion of the ketc-acid (LIIXI). These workers
have also prepared santonin-like compounds by the Reformatsky
reaction with browopropioric ester snd lC-methyl-Z-decalone,

dehydration end hydrolysis of the produet giving the unsaturated

acid which on treatment with 7C7 sulphurie acid formed the 57

lactone (LIV), which was found to have anthelmintic properties,
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The work to be deseribed herein was directed towards
the synthesis of bieyeclic ring compounds contri~%ng & lactone
ring, that is compounds of the sesquiterpenoid lsctone type., 1is
has elready been mentioned &bove, in the synthesis of natural
products it is desirable to know the stereochemietry of the re-
aetions invoived snd of the synthetie intermedistes, The use of
the Diels-Alder reaction described in the steroid syntheses
¢ommended itself to us, both bLeeause of its stereo-specificity
and beoause it provided & mesns of introduction of an angular
metiyl group of known configuration into the bieyclic ring
system, In the sapntonin syntheses the angular methyl group was
introduced by condensation of a methyl cyclohexanore with a
Roblinson~llannich base,

The 1ntermadiate‘bicyclic katol (1V) prepared by
ﬁuodwardﬁappeared to be a suitable precursor of a bieyeclic lacbhne
since it conteined adjacent carbonyl and hydroxyl groups, further-
more thelr position with respeet to the angular methyl group would
result in the formation of a lagtone of santonine~like structure,
It was anticipated that the Reformetsky reacticn should proceed

smoothly witn a compound of.this type yielding the required lzctone.
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Heving esteblished a lactone ring on ring A, it
was hoped that by varistio: of the type of diene used in the
initiel Diels-ilder reaction, different substituents could be
introduced into ring B, thus leading to a variety of poss-
ibilities in the synthesis of sesquiterpenoid lactones,

It seemed possible thet the Diels~ilder reaction
could also be applied to the synthesis of sesquiterpene
hydrocarbons, secordingly en approach to the synthesis of

cadinene was aleo investigeted,
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Studies on the synthesis of alantolactone,.

The formation of bieyecliec ring compounds by means of
the Diels-~Alder reaction has been studied, the ultimate aim in
view being ‘he synthesis of alantolactone, The proposed syne
thesis is outlined on the o:rposite page end it wes hoped thet if
it were successful, some light might be cest orn the stereoc-
chemistry of the molecule, The approach to this synthesis wes
prompted by the ready stereospecific formetion of an adduect from
butadierne agd 4-nethoxy=-2:5«tolugquinone which has been described
by ‘.'.-"oodwardb and the conversion of this adduct to & bieyeclice
ketol with an anculer wethyl group, & compound vhich appeared
to be eminently suiteble for conversion by the Teformateky re-
ection to & lactone of the sescguiterpene lactone type. tod-
jfication of Toondwerd's synthesis by eddition of & sultably
esubstituted diene toc methoxytoluquincmne would thus lead to
alantolactone, The work described may be divided into two
sections, firstly formastion of model compounde conteining a
lactone ring and secondly the addition of substituted butadienes
to methoxytolugquinone,

The formation of the lactonic compounds wes studied
using the bieyelic ketol (I) desceribed by “oodward, The
acetzteof this ketol wae found to reaet with bromopropionic
ester and the rroduet on subseguent hydrolysis yielded the

required lactone.



The addition of isoprene and l-methylbutadiene to
methoxytolugquinone was studied énd it wes hoped thet the adduct
formed on addition of the latter diene could be used as a model
compound in the alantolasctone synthesis, Both dienecs arvre
unsymmetrical ; end it was found that addition of isoprene led
to the formetion of two solid products, while the additior of
l-methyl butadiene gave rice to 2 syrupy product which could
not be erystallicsed, These additions will be discussed in

areater detail below,

Forme tion of lactonic bleyelic ring systems.,

The preparation of the hicyclig ketol (I) was carried
out by the method described by woodward.b Methoxytoluquirone
was prepared from toluquinone throﬁgh triacetoxytoluene,
trihydroxytoluene and hydroxytoluquinone, The Diels-Alder
additior of the quinone to butadiene cave the cis-adduct, which
woe lsomerised to the trans-adduet tharough formation of the

enolate and subsequent acidification in presence of a small

quantity of trans-adduct, the latter having been isoleted from



the equilibrium mixture of the isomers which is formed on
prolongad treatment with sodium hydride, Although it is most
probable that the ring-juctions in alantolactone and related
compounds are in the trens-configuration, the lactone synthesis
was investigcated in both the gig- and the trens-series as it
was thought that comperison of the stereochemistry of the
products mizht be of interest, Acgordingly the eis- and
trans-ketols were preprred by lithium aluminium hydride
reduction of the corresponding adduets to the glycols followed

by mild aeid treatment in dioxan selution to the ketols,

Cis-geries, The cis-bicyclic ketol was scetylated to give &
partially crystalline acetate, which wses reacted with bromo-
propionic ester and zinc in bvoliling benzene solution in presence
of a crystal of iodine, The product, a pale yellow syrup,
showed maximum absorption in the ultra-vioclet at 2650 A, whereas
the acetete hed a maximum at 2300 4, The latter is typlcel of
the absorption of ¢ :p -unsaturated ketones as would be expected,
but the absorption of the product is cheracteristic of the
system R,CH=CH,CHSCH,000% , (for example, sorbic scid shows
maximum absorption at 2610 £), This observation suggested

that dehydration had occurred spontaneously during the reaction,
The produet was hydrolysed in bolling ethsnolic s2lkeli yielding
& colourless crystalline solid. As this material gave no

regetion with bicurbonste solution it wes at first assumed that
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hydrolysis had been incomplete, the ester group still being
present, The s0lid was therefore subjected to a more prolonged
hydrolysis but the produet isolated proved to be identical with
the starting material, The solid produet still showed maximum
absorption at 2650 A and anelysis showed that 1t must be the
lactone (IX)., In this case hyirolysis and subsequent lacton=-
isation of the Neformatsky produet must be brought about very
readily, which suqéests that the lsectone formed must be

extremely stable, It was found that after several distillations
of the liquid Reformatsky product partial crystallisation ocecurred,
the solid was seperated and proved to be identicel with the lact-
one, This supports the above conclusion that the leactone forms
very easily. Analysie of the Reformatsky product gave the
figures, C,72.3; H,8.4 7. The expected product 018H2404 (111)
requires C,71.03 H,8,07, but loss of the scetyl group would give
clsﬁazoﬁ with ¢,73.3; H,8.47, It is seen that the analysis of
the product corresponds more closely with the latter figures and
it may be thet the acetyl group has been lost during the seid
trestment required for isolation of the Jeformatsky product,
sAnother explanation of these figures lies in the possibility of
the presence ofla small percentage ol the lactone ss it was
demonstrated that the lactone was formed after severasl dis-
tillations of the Neformetsky product. This direct formation

of the lactone before trestment with elkalil must correspond

to the eliminstion of either ethanol or ethyl acetate, ond 1t



must be concluded from this that the relative positions of the
hydroxy or scetoxy group and the carbethoxy group of the prop=-
ionic acid residue must be such that eliminection ocours very

readily with formation of the lactone,

./'
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Trans-series, The lactone from the trans-xetol has not yet
been prepared, but the course of the Reformatsky reaction hes
been studied and has been found to proceed differently from
that of the gis-ketol. The reaction was carried out both in
presence and absence of iodine, but in both ceses the product
was the seme, & yellow syrup which showed only end-absorption
in the ultra-vicl~t and which could nect therefore have undergone
dehydration during the course of the reaction, Subsequent
dehydration of the product was attempted in presence of iodine
in ethereal and in benzene solutions but the starting me terial
was recovered unchanged, Analysis of the produet zave the
figures, C,69.0; H,7.97. The compound (IV), CygHpg O requires
¢,67.1; H,8.1%. By analogy with the eis~-product it might be
possible that the scetyl grou; has again been lost, in which

case the compound C 0, would be isolated from the Reformetsky

H
16 ‘2474



recction, requiring C,68,6; ¥,8,89, Again the analytical
figures sug:est that the latter compound hzs been obtained

from the reaction.

HO,

OAc
OOEt

v

On the basis of these results some attempt may be made
to discuss the stereochemistry of the c¢is- and trans-Reformatsky
products, The presence of double bonds in both rings makes
stereochemical predictions rather difficult eand it is hoped that
a further study will be made on the fully hydrogenated products,
Initially both rings must be in the "half-cheir" conformation
(V), which is beliexed to be the most stable conformetion for
eyclohexene rings.ﬁu With the introduction of an exocyclie
double bond, us in the gis-Reformatsky product (III), the chair
conformation is almost completely destroyed, conformetion (VI)

o8
having been suggested for gyclohex-Z2-enone,

- s
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Now it hes been observed thet dehydration of the cis-Reformatsky
product proceeds readily giving the compound with the exocyelie
double bond, while the trans-product cannot be dehydrated. The
most obvious stereochemical difference between these compounds is
the configuration &t the ringe-junctions énd the effect on these
linkages on formetion of an exocyelie double bond has therefore
been considered, By a study of models it has been observed that
the altevration of the eyclohexene "half-chair” conformetion to
the aluwost planar conformetion of the ring with the exocyeclic
double bond causes greater strain in the ring with the ¢,e-

link (i.e, the trans-fused ring), than in the e,p ~linked ring
(i.e, the cis-fused ring). It is tentatively suggested there-
fore that the strain whieh would be inmposed on the ring junctions
of the trans-compound by the formetion of en exocyelic double
bond is so great that dehydirstion cannot readily be effected,
Also it may be that the almost planar conformation teken up by
the dehydrated cis-compound may account for the facile formestion
of the lactcone ring, the hydroxyl group and the carboxyl group

of the propionie scid residue being =0 placed with respect to
each other that elimination occurs easily with formation of the

stable l=zctone,

Addition of substituted butadienes to methoxytoluquinone,

Isoprene, It might be expected thet the addition of isoprene to

me thoxytoluguinone would give rise to two isomers (VIIs. Q1=cﬂs,
6

R,= I ¢ VIIb Ry = H, R, = CHg), voodwerd, in a footnote to
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his paper, makes & very brief mention of this sddition, saying
thet the two isomers (VII= and b) were studied both in the cis-
and trans-forms, but no deseription of the products is given,
end no leter communication on the subjeet has epreared in the
literature, Ayer, Humber and Taylorﬁg heve also studied this
addit;on, their work being reported during the course of this
investisation, These workers isolated only one producet which
they proved to be (VIIa), since they were able to convert the
adduct to l:6~dinethyl-2-naphthol, s"own to be identical with
a synthetiec product, They also reported that isowerisation
of the initially formed cis-sdduet to the irens-adduct wcs

accomplished without difficulty by the method described by

Woodward for isomerisation of the butadiene sdducts,

R, (a) Ry = CHy; R

3 (b) Ry = H; Ry

= H
CH

MeO

VII

In our study of the sddition two products were isolated, one

with m,p. 69-71° and the other with m,p. 113-200, annlysis
demonstrating that they vere isomeric forms of the expected
adduct, In the preliminary experimerts using only a small excess

of diene (e,c, 1 mole quinone:3 moles diene) only the highe

melting compound wae isoclated in very low yield, On increasing



the amount of diene to nine moles to one mole of quinone a
product was isolated with m,p. 70-100°, Repetition of the
addition using twelve moles of diene gave the two producte;

the high-melting in 257 yield was 1aolated simply be geparation
from the cooled reaction mixture, while the low-melting wes
isoleted in 504 yield by concentrstion of the mother liquors,
Initielly it was assumed that the two products must correspond
to (VIIa end b), but this explanation had to be re jected when

it was found that on lithium asluminium hydride reduction they
both gave rise to the same glycol, m.p. 1560. The low-melting
isomer exhibited somewhat unusual behaviour on recrystallisation
as 1t was found that alfter several recrystallisations the
melting-point, instead of reaching a constant value, gradually
rose and the compound melted over the range 70-1000, suggesting
that conversion to the high-melting compound was taking place.
Repeated orystallisation of the latter gave a finel m,p., of
121-20, which wes unchanged by further recrystallisation, Tt
seemed possible that the low-melting product might be the cis-
isomer and the high-melting the tIrens. Accordingly isomerisation
of the low-melting adduet in presence of the other was sttempted
by the method deseribed by Woodward, The lowemelting adduct

in alkaline sclution was seeded with the high-melting iscmer
end the s=clution acidified, precipitating a syrup which solid=-
ified on trestment with light petroleum and had m.p. 80-100°.

Isomerisation of the butadiene adduct by this method gave a



80iid on acidiflcation which proved o be pure irans-isomer,
Both adducts were also stirred with sodium hydride in dry
benzene solution (ef, Woodward) for long periods, but little
reaction ocecurred and the starting material wsg recovered une-
changed, This method is effective in formstion of an equil=-
ibrium wixture of the isomeric enolates of the butadiene adducts,
but it may be thet the enolste of the isoprene adduets is not
readily formed under these conditions, The equilibriun
mixture of g¢is- ¢nd trens-isomers of the butediene adduct was
gseparated by fractional corystsllication from methenol in whieh
the cls-adduct was soluble, It may be that the solid obtained
from the attempted isomerisation in alkaline solution described
above, which had m.p. 80-100°, could be separated into the two
pure isomers if a suitable solvent system could be found, so
far the solubility of the two iscmers in various eolvents has
been found to be similar, In any case it is surprising that
complete isomerication does not occur under these conditions
when the lowemelting isomer appears to change into the high-
melting isomer merely on reerystallisation, It is also
surprising thet lithium aluminium hydride reduction should

give the same glycol ir the two products are cis-trans isomers,
since in other cases it has been found that reduction under
these conditions proceeds without affecting the stereochemistry
of the bridgehead atoms,

The two adducts and the glycol prepared from them were
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compared with the eig-adduct and glyeol prepared by Ayer, Humber
end Taylor by means of mixed melting points, The analytical
sample of the cis-adduct prepared by these workers had m,p.
115-8° and the glyeol, m,p. 130-20. However they later found60
thet repeated recrystallisation of these compounds resulted in e
significant increase in thelr melting points, the adduet finally
meltine et 127-30° and the glycol &t 155-6°, Now the melting
points of the supposedly trans~isomers of these compounds were |
127~39 &nd 163-5° respectively and doubt now arises whether
isomerisation has in fect been effected or whether the produet
of isvmerisation reaction wes dmply purified starting meterial,
(The conditions of the isomerisation resction do effect purifi-
cation of the adduet, which is freed from methoxytoluquinone
during the course of the resction,) The two glyools were found
to be identiecal, their melting points being undepressed on mixing
the two compounds, The adduet must therefore have structure
(VIIa) since Ayer et al, have conclusively established the
structure of the glycol, However the sdduct, m,p. 12?-300
(prepared by ayer et al,) and the adduetd, m.p, 118-200 on
aduixture gave o melting point of 97-1070. This result is most
surprising, if the two adducts give the same glyeol it appears
to be impossible thst they cen be different compounds,

The infra-red spectra of the two adducts were determined
in the hope that they might csst some light on the stereochemistry

of the ring-fusion, Unfortunately it was found that the presence



of an additional methyl group so complicated the spectra that
direct comparison with those published by ﬁoodwardo for the cis-
and trans butadiene adducts was very difficult, Dr, ®Bgzlinton
of Glasgow Unilversity, who kindly determined the spectra,
tentatively reported that the highe-melting adduet appeared to
bear more resemblance $o the trans butadiene adduet than the cis.
The gpectrum of the lowemelting adduet showed contamination with
highe=welting material,

Meny probleﬁs have been raised by the study of this
addition, The stereochemistry of the two adducts has yet to be
proved, although it secems most likely that the high-melting
adduet has the trens-configur:tion end the low-melting the cile,
However it remains to be explsined why these isomers should
rearrange merely on recrystallisstion while isomerisation of the
butadiene adduets has to proceed through the enolate, The
failure to effect complete resrrangement in squeous alkaline
solution might be due to a decrease in solubility of the isoprene
adduect in aqueous alkéli coupared with that of the butadiene
adduet. It would be of interest to repeat the Diels-ilder
addition under milder condit' ons, as this should give rise to a
higher proportion of low-meltiing edducet, if it is indeed the cis-
adduct, It would elso be worth while to oxidise the glycol,
MePe 155-60, to the diketone and determine the melting point
of the product,

The above argument is besed on the sssumption that the



diene has added in one direction only, but the possibility of
the presence of the two isomers (VIIa and VIIb) cannot be
entirely rejected, Woodward claims to have isolated both
compounde and it is theoretically more probable thet both
should be formed, The evidence against the presence of (VIIb)
advanced by Ayer et al. may be criticised on the grounds thet
small traces of this isomer could easily have been elininated
during the series of resctions which led to ' l:6-dimethyl-2=-
naphnthol, & oriticism which also applies to the cornversion of
both the low~ and high-melting adducts desceribed above to the
same glycol, It way be that the low-melting isomer contains

a small proportion of (VIIDb),

Asddition of l-methyl butesdiene, The laerge-scale preperation of

l-methyl butadiene proved to be a umetter of some difficulty.
Decarboxylation of sorbie acid in presence of copper bronze was
stteupted but the yield of diene was low, The best method

wag found to be dehydration of the carbinol prepared by the
reaction of methyl megresium iodide on crotonaldehyde, although
tnis was a slow and expensive method of preparing the diene in
quantity. fadition of the diene to methoxytoluguinonrne was
carried out under the same conditions used for addition of'_'
butadiene arnd iSOpr@ne, the reéaction product being obtsined

in the form of a syrup which could not be induced to crystallise,
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either by treatment with different solvents or by stending for
prolonged periods at 0°. The syrup was distilled in a miero
apparatus but still would not erystallise, Thet the adduct
had in fact been formed was indicated by analytical and spectro-
photometric results, Analysis of the distilled product gave

the figures C,68.5; H,7.29. The adduct, Cqufly o0 Tequires

16
C,70,9; H,7.37. while the quinone, 08H803' requires (,63,0;
H,5,37. The ultra-violet spectrum of the syrup showed maxie
mum absorption at 2685 A, which corresponds to the maximum
observed in the spectra of the isoprene adduets, both of which
show peaks at 2675 4, while the spectrum of methoxytoluquinone
has a maximum at 2580 A,

The syrup was reduced to the glycol by the usual
method using lithium aluminium hydride eand the product was
acetylated, but neither the reduction product nor the acetate
could be crystallised,

The fallure to isclate any erystalline products is
doubtless due to the number of possible isomers, not only may
the diene add in two ways (VIIIas R1= Cig, Rgp= H: VIIIb Ry =H,
R.= CHS) (in the addition of l-methyl butadiene to toluquinone

2
two products were isolated which corresponded to the two poesible
61
modes of addition of the diene ), but the introduction of the
methyl group results in the formation of another asymmetiric

centre, and further increases the number of possible isomers,
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o R
(a) Rl = CH3; R, = H
M (b) R, = H;R2:CH3.
© 2
VIII

The work deseribed in this section may be regsrded
&8 providing a foundation for further investigation in this
field, Zince the proposed method of synthesising bicyeclie
lactones has proved successful, it should be possible to apply
the method to the synthesis of the lactone from the isoprene
adduct, As it has been found that the ease of dehydration of
the intermediate Reformatsky produet in this synthesis appears
to depend on the stereochemistry of the ring-fusion, invest-
igzation of this reactipn on the corresponding ketol from the
isoprene adduet wmay meke it possible to determine the config-
urastion of the bridge~head stoms in the original adduet.
Considering the doubt which still exists &as to the stereochemistry
of the adduct and the difficulty which has been encountered in
its isomerisation, evidence of this nuture would be of considerable
value, The addition of l-methyl butadiere to methoxytoluguinone
has led to dissppointing results, but it may be that a large
scale preparation of the adduct would make it easier to separste

the isomers, If a mathod of sepa-ation could be evolved 1t
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should then be relatively siwmple to prepare a compound of the
sesquiterpene lactone type. The stereochemical aspects of
.these lactones and their synthetic intermediates should also
be studied fully and it is hoped thet work will be continued
in this field, |



EXPERIMENTAL

T
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The following notes apply to all seetions of

experimental work,

lielting points were determined on & Kofler heating bloeck and

are uncorrected,
Apnalyses are by Dre, Weiler and Strauss, Oxford,

The ultraviolet spectra were deteruined using a Uniceam, S.P. 500,
ultraviolet spectrophotometer and were measasured in ethanolic
solution unless otherwise stated, Absolute ethanol was purified
by refluxing with sodium (10 g. to a winchester) for three hours
followed by distillation, Aqueous solutions were prepared from
glaes;distilled water, The g¢yclohexane used was of spectro=-

scopic grade supplied by B.D.H.
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. 6
4-liethoxy=~2:5~toluquinone, (ef. Woodward et al.).

R:4:5~-Triacetoxytoluene, Toluquinone (200 g.) was dissolved

in acetic anhydride (296 ml.) and added slowly (1.5 hr) to &
solution of coneentrated sulphuric acid (16.3 ml,) in acetic
anhydride (296 ml,). The reaction mixture was stirred through-
out and the temperature maintained at 50-5° by ocecasional cooling
in an ice~bath, After stending overnight at room temperéture,
the solution was poured into water (2.5 1,) and stirred until
the yellow oil which separated had solidified, The solld was
filtered off, washed thoroughly with water and recrystasllised
from ethancl {chercoal) giving 2:4:5-triacetoxytoluene as
colourless needles, n,p. 118-40, 182 g, (427), ("codward records
MePe 110—50).

4-lydroxy=-2:5~-toluquinone., Triacetoxytoluene (182 g,), concent-

reted sulphuric acid (8,0 ml,) and dry methanol (246 ml,) were
reluxed for 45 min.. lost of the solvent was removed in vecuo
from the resulting yellow solution and the residual crude
2:4:5«-trihydroxytoluene was dissolved in water (62C ml,)

givirng a red solution, which was added at room temperature to a
rapidly stirred solution of ferric chloride hexahydrate (492 g.)
in water (134 ml.). The yellow quinone separated out end,
after cooling the mixture in ice for & short time, was filtered
off. The solid wes then suspended in saturated aqueous sodium

chloride (cz.400 ml,), re=filtered and washed with & small volume



of ice~-water (ca,lC0 ml,). The cuinone was drained as dry as
possible under suction and then dried to constant weight in a
vacuum desxsicoator over phosphorus pentoxide (2 days). Yield

of crude hydroxytoluquinone : 84 g, (897).

4-lethoxy-2:5=toluquinone, Hydroxytoluquinone (84 g,.), dry

methanol (840 ml,) and concentrated sulphuric acid (16,8 ml,)
were refluxed for 15 minutes, during this time golden plates
began to separate from the hot solution, after thorough cooling
the solild was filtered off and washed with & 1ittle cold
methanol, It was obtained in the form of dark yellow plates,
which ver~ purified by adding a little alumina to a chloroform
solution of the quinone, the dark red solution becoming clear
orange after three treatments with alumina, The alumina was
filtered off and after the chloroform solution had been cone
centreted to small volume 1in vacuo, methanol was acded to the
cold solution until the separation of the guinone c¢ommenced,
Removal of quinone, concentration of the mother liquors and
addition of methanol resulted in & second corop of methoxy-
toluguinone,

Yield of pure 4-methoxy-2:5-toluquinone: 57,5 g. (719), m.p. 1720,

("oodward records m,p, 174-5%.)

1:3-Butadiene, Butadiene was generated from purified butadiene

sulphone supplied by British Celanese Ltd,. The sulphone was

heated to IUD-SGO, condensable material was removed ard the



resulting vapours were passed through sodium hydroxide solution
{20%) to absord sulphur dioxide, The butediene was dried by
passing through a column of activated alumina and condensed
through a coil cooled in acetone/sclid carbon dioxide mixture,

1CC g, of sulphone yielded 30-40 g, of butadiene (707).

cis=l:4«Diketo=-B-methoxy~10-methyle=A 2:snhexahydronaphthalene.
(cis~-Adduet; ef, ?oodwardﬁ.)

Methoxytoluguinone (50,4 g,) ond butadiene (96 ml,) in benzene
solution (12C ml,) containing & trace of hydroguinone were

heated in sealed tubes at 100° for 96 hours, The pale yellow
reaction mixture was filtered and concentrated to smell volume,
On addition of 1light petroleum (60-:0°) the gis-adduct separated
out, was filtered off and the mother liquors concentrated,
Addition of light petroleum to the residue resulted in 2 second
c¢rop of product, Total yield of crude c¢cis-adduct: 62 g. (927),
m.p. 89-91°, = Recrystallisation of a semple from light petroleun
(60~30°) gave pale yellow prisms, m,p. 92-3°, (Lit, m.p, 94,5~
95.5°). The product, even after several recrystallisations,

was contaminated with quinone, An attempt at purification by
passing the adduct in benzene solution through magnesium carbonate

and alumina columns was unsuceessful, no separation being effected

2:6
eis=l:4=-Dihvdroxy=2~nethoxy=-l0=-methyle= A ~hexahydronaphthalene,

6
(cis-Glycol, cf, loodward
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cis=-adduet (28 g,.; dried to constant weight in vacuum dessicoator)
wag dissolved in dry, redistilled tetrahydrofuran (200 ml,)

and the solution was added to a stirred suspension of lithium
aluminium hydride (6,2 g.) in dry ether (160 ml,) in en atmosphere
of dry nitrozen, The addition of the adduct solution was cone
trolled to &8 rate at which the ether refluxed gently. A white
solid separated and after sddition of the adduect soclution was
econplete the reaction mixture was stirred for a further 15 nin..
The excess reagent was decomposed by slow addition of ethyl
acetate, followed by saturated aqueous sodium sulphate which

was added to the stirred solution until the precipitate adhered
to the sides of the flask, Anhydrous magnesium sulphate (20 g,)
was added and the mixture was vigorously stirred for 15 minntes.
The precipitated salts were filtered off, washed well with ether
and the filtrate concentrated to a clear reddish syrup (25 g.),
which wes left overnight et 0°. 45 crystallisation did not
occur a portion of the syrup wes treated with ether and acetone,
The crystalline maferial obtained by this trestment was added to
the bulk of the syrup, when partial corystallisation took place

on standing, A sample of this meterial was téice recrystol lised
from ether giving the eis-glyecol in the form of colourless needles,

(@)
m.p. 125-7°, (Lit. m,p. 119-21"),

c1s-;-Hydroxy-Enketo-lo—methyl-Q5'6—hexahydronaphtha]ene.

6
(cis-Bicyeclic ketol, cf, locodward )

The semi-crystalline cis-glycol (25 g,) was dissolved in dioxen



(Analar, 270 ml,). Sulphuric acid (24,250 ml,) was added and
the resulting yellow solution was left 2t room temperature for
4¢ hours. The solution was poured into water (ca, 1 1,) and
extracted with ether, The combined ether extracts were washed
with water, aqueous sodium bicarbonete and water and dried over
sodium sulphate, The residue after removal of solvent was
distiiled through & Dufton column, ‘‘he produet, b,p. 89-920/
G5 m,m,, cerystallised in the receiver, 6.7 g.. A Turther 2 g,
of product was obteined by continuous ether extraction of the
sgueous layers, Totsl yield of crude ketol: 8.7 g. (417),

A sample of the crude product was recrystallised from light
petroleun (60~80°) containirg & few drops of acetone as c¢olour=-
less needles, m.p. 41-5ﬂ. (Woodward records b.p. 120-3o°f3
m,m,, but no solidification of the product,)

n 6
cis~l~icetoxy=L-ke to-1C-methyl - A“»8-hexanydronaphthalene,

The crude cis-Ketoi (8.5 8.) in the form of & psrtially

erystalline syrup wes dissolved in dry pyridine (42 ml,),

scetic anhydride (9,3 nl,) was added and the orange solution
wes heated on the water-bath for 5 minutes, with exclusion of
moisture, sTter standing overnight the bulk of the solvent
was removed ip vacuo and the orange residue dissolved in ether,
washed with water until the wesiings were free from acid and
dried (Ra2304). Temoval of ether left &n orange residue which
became partially solid on standing. 9.8 g. (239)., U,v. Spectrum;

A 2270=-2290 A,
max



Reformatsky reaction on cis-bicyclic ketol. A solutior of the

acetylated cis~bicyclic ketol (2,2 g.) and ethyl o =bromoprop=
ionate (1.5 . g.) in dry benzene (10 ml,) was added to zinc wool
(0.6 &.). A crystal of iodine was added and the mixture waes
refluxed for one hour; all the zinc reacted giving & brownish-
vellow soluticn,  Dilute sulphuric acid wes added to the ccoled
reaction mixture, the yellow benzene layer was geparated and the
aqueous layer extracted twice with benzene, The combined
benzene layers were shaken with dilute sulphuric acid, followed
by aqueous sodium bicarbonste and washed with water. The
extracts were dried (ﬂ32£04) and the solvent removed leaving a
yellow residue (2.2 g.), which was distilled in vecuo at 0.05 mm,

giving & yellow oil (1.5 g.); bath temperature, 90-1C0°. (round:

C,72,3; I,8.47, C ¢, requires C,71,0; H,8.0%. C
] ] ;] 181I24 4 q C" 0 3 Liy 16H2205
(i.e. 01882404 -0Ac) requires C,73,3; H,8,5%.) Yield
H t—‘f
based on 016H2203 is 579,

U.v., spectrum: Kmaxzsss L

Cn redistillation of the oil, the distillate becawme partially
crystalline, the solid was sepsrated and recrystellised from
light petroleum (60-80°) in the form of fine needles, m,p. 134",
undepressed on admixture with the product, m.p. 136=7°, obtained

after alkaline hydrolysis of tie oil,

Jeacetylation of cis-Peformatisky product, (1) The oil obtained

above (1 g.) was refluxed in alcoholic sodium hydroxide solution




(1¢ ml,,5%) for 30 min., The orange solution was acidified
with dilute sulphuric acid giving & yellow solution which was
poured into water and extrasocted with ether, ATter washing

(water) and drying (Na2304
an orange residue was obtained which crystallised on cooling

) the extract and remcval of ether,

and was recgrystallised from aqueous methanol in the form of
golourless needles, m,p. 136 .5-7°, 2C0 mg, The es0lid gave no
effervescence with bicarbonate solution, but did not give the
ester test with hydroxylamine and ferric chloride,

62
Tster test, A drop of the compound in ether solution was

treated in a porcelain microcruecible with a drop of saturated
alcoholic hydroxylamine hydrochloride solution end a drop of
saturated alcoholic potassium hylroxide solutiah. The mixture
wes heated over a microflame until it began to bubble slightly,
showing thet the reacticun had started, After cooling the
mixture wus acidified with hydrocnloric acid (0.5N) and a drop
of ferric chloride solution (1¥) wes added, In the presence

of an ester a violet colouration should appear,

(2) As the product obteined sbove fuiled to give any reaction
with bicarbonate solution, it was assumed that hydrolysis by
the sbove method had been incomplete, A wmore prolonged

alkeline treestuent was ca- ried out as follows, The erude

solid obtsined above (100 mg., n,p. 130-3%) in ethenolic solution
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(5 ml,) containing alecoholie potessium hydroxide (5 ml,,0.5N)
was left to stand overnight. Leildification of the yellow
solution with dilute sulphuric acid gave a colourleés sclution
from which colourless orystalline solid separated, Tater
(ca.30 ml,) was added, the solid was filtered off and recrystel=-
1ised from aqueous methanol, m.p. 133=5°, 80 mg, The product
was proved to be identical with the starting msterial by a

mixed melting point whieh showed no depression.

(Found: C,78.0; H,7.7%. C,,H,s0, requires ¢,77.8; H,7.57.)

. : A .
U.v. spectrum: maxzsas A

2,6
trans~l:4-Diketo=-2-me thoxy~lC-methyl- A "’ -hexahydronaphthalene,
]
(trans-adduct; cf, loodward, )

(1). Isomerisation in presence of sodium hydride, cis-Adduct

(1 g.) in dry benzene solution (10 ml,) was stirred with sodium
hydride (0.15 g.) in an atmosphere of dry nitrogen, w=fferves-
cence occurred and the sodium hydride went slowly into solution
(6 hr,). The green solution was acidified by dropwise addition
of hydrochloric acid (2N). The dark red o0lly layer which
separated was extracted into benzene, The orange extract was
washed thoroughly with water and the resulting pele yellow
solution was dried (Hazseé) and concentrated, On addition of
1ight petroleum (60-80°) the residue erystallised, m.p. 90-118°;
0.5 g. On two recrystellisations from methanol, in which the

cis-adduct is soluble, the product (0.3 g.) had m.p. 129°,

(Lit., m,.,p. of trans-adduct, 1510).



- B4 =

larpe=ncale isomarisation of eclse-pdduet, Ae the gis-sdduet wes
contaminated with unchenged quinone, the isomerisation was carried
out in presence of sodium hydrosulphite, a modificatior introduced
by "oocdward for the removal of unchanged quinone,

“odium hydrosulphite (3,6 g,) was added to a vigorouely
stirrad solution of the gis-adduct (60 g.) in dioxan (120 ml,)
at 60-70° in o water=bath, /fter stirring for 5 min, the water-
bath was removed and a solution of sodium hydrosulphite (12 g.)
in sodium hydroxide solution (78 ul,,N) wes ndded dropwise,
followed by the slow additin of sodium hydroxide solution
{280 ml, ) Finely powdored frans-adduct (1,8 g.) wes zdded
to the stirred orange-coloured solution, After dilution of the
solution with water (760 ml,), hydrochloric seid (ce.88 nl,,N)
wana added slowly until the colour of the supsrnatent liquid
chanpged from orange %o pale yellow, indiceting thet neutraliesation
of the alixall had oceurred, gJuring addition of anid & creelie
coloured granular so0lid seperated and was filterad.nff aftar
dilution of the solution with a further velume of water (760 ml,)
The s011d was wasghad with water and dried. Yield of arude
trans-edduet: 50 g, (837), =m,p, 126-87,

&

2‘s-haxahzgronaphthalene.

trans-l:4-Dihydraxy-zamethoxy-lo-mnthyl-A

{trans-:lycol, )
The lithium sluminium hydride reduction was carried out by the

same mothod as that decseribad above for the reduction of the ¢lpe-



adduet to the gis-glycol, The trans-adduct (49 g,) in tetra-
hydrofuran (378 ml,) was added to lithium aluminium hydride

(9.8 g.) in dry ether (265 ml,) in an atmosphere of dry nitrogen,
Although an obvious excess of the hydride was present after
addition of all the adduct solution, the addition of ethyl
acetate to decompose the excess reagent caused no visible
reaction, Decomposition of the reagent was initlated by
addition of a small volume of satursted sodium.aﬁlphata solution
end completed by the addition of ethyl acetate (ca.250 ml,)
Saturated aqueous sodium sulphate solution waes added, followed
by anhydrous magnesium sulphate (37,8 g.) The reaction mixture
was worked up as before and yielded a yellow syrup, which
crystallicsed on trecstment with ether at = g Colourless syrup,
(16.9 g.) was separated and the mother liquors concentrated

thus yilelding a second erop of solid (1.6 g.) Ra=concertr tion
o the mother liquors zave a syrup (28 g.) in which very little
further crystallisation ocecur-red, Total yield of corude glyecol:
17.5 ¢. (357), m,p., 118-33°. (Woodward records m.p. 120-30°.)

6

trang=]-lvdroxy=2=-ke to=10=-methyl= A

(trens-bicyelic ketol.) The method used 1s iderticzl with that
used for conversion of the cis-glycol to the gis-ketol, with the
exception that the scid solution was left to =tand &t room
temperature for only 24 hours instead of the 4C hours required

for the c¢is-isomer, Treng=-glycol (17 g.) was dissolved in
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dioxen (93,5 ml,} containing sulphuric ecid (75 ml,). mther
extraction of the solution yielded the trans-ketol (8 g,) in

the form of a erystalline residue,. A further 1 g, of product
was obteined by continous ether extrection of the aqueous
residues, Totel yield : 9 g, (6287) m,p. 67-9° (erude product,)
(Lit. m.p. 71,5=-3°,)

A portion of the syrupy residue from the reduction was similarly
treated but the produet would not erystallise, even on seeding
with the solid obtained above,

3 . 6
tnans-l—ﬂcetoxy-zuketo—;o-methyl-ggf”a-hexahydronaphthalene.

A solution of the crude trans-ketol (9 g.) in dry
pyridine (46 ml,) wes heated with acetic anhydride (10.2 ul.)
for 10 minutes on & boiling water-bath, The orange solution
was left overnight 2t room temperature, and the product was
isolated by the method described for ecetyletion of the cig-
ketol, The orange residue (11 g.) thus obtained solidified
on seratching with &8 glass rod and was recrystallised from
lignt petroleum (60-8G°), m.p. 53-4°, 8 g, (727).

. o}
@it, m.p. 557), U.v, spectrum: A maxeoe0 A,

Reformatsky reacticn on trans-bicyelic ketol.

The method is the same as that used with the cis-
ketol. The trens-acetyleted ketol (2,2 g.) in dry benzene

(10 ml,) was refluxed with ethyl o -bromopropionate (1,3 ml.)
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and zine (0.6 g.) until all the zinc had gone into solution

(2.5 hr,)., The resction mixture was treated as before, yielding
a crude yellow syrup (2,0 g.) which was distilled at 0.05 m.m,,
bath temp. 120-30°, (1.0 g8.). U.¥v. spectrum: A may 2230-2250 A,

(Found: €,69.0; H,7.97. Cogllpe0s Toquires ¢,67.1; H,8.17.

CygHgy04 Tequires C,68,6; H,8,67,)

The reaction was repeated in presence of a crystel of iodine but

no dehydration occurred and the same product was obtained.

Attempted dehydration of trens-Reformatsky product,

A few milligrams of the syrup prepared above were re-
fluxed in ethereal solution in presence of iodine for 1 hour,
The solution was sheken with sodium thiosulphate solution and
then with water and dried (Na,s0,). The syrup which was
isolated showed no alteration in its ultraviolet spectrum,

The experiment was repeated in benzene solution and the mixture

was refluxed for 2 hours, but no dehydrated product wes obtained,

Diels-Alder addition of 4-methoxy-2:5-~toluquinone to isoprene,

The reaction conditions were the same as those described
for the addition of butadiene and methoxytoluquinone, namely
heating of the reaction mixture in sealed tubes at 100° for 96
hours, In the latter addition the proportion of diene to

quinone wes in the ratio 3&:1. Preliminery experiments were
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carried out using similer proportions of the quinone snd isoprene,
but the yileld was always very low and difficuliy was encountered
in ecrystallicsation of the product, in improved yleld of adduect
was obtained in presence of & large excess of diene, The
optimum conditions are described below
(1). 4-tiethoxy-2:5~-toluquinone (12 g,), isoprere (75 ul,,
redistilled; quinone:diene, 1:9.,5) were heated in benzene svlution
(9C ml,) containing & trace of hydroquinone, The pale yellow
reaction mixture was concentrated to smell volume in vacuo and
left overnight at ¢® when the erystalline adduet separated out,
A second ecrop of product was obtained on adadition of light
petroleum (60-800) to the mother liquors after removal of the
solid adduet, The crude product (13,0 g., 757) melted over a
wide range, 70-100°.
(2) Methoxytoluquinone (4 z,), isoprene (32 ml,: quinone:diene,
1:12) and benzere (2C ml,) were heated together, Defore removal
of any solvent from the reaction mixture, the solution was cooled
in a freezing mixture of acetone and solid ecarbon diocxide, On
warming to room temperature it wﬁs’observed thet some solid had
sepcrated, this was filtered off (1.4% g.257) and found to have
MePo 110-8°.

The mother liquors after separation of the solid were
concentrated to & syrup which erystallised on cooling overnizht

at 0°. The solid which separated had m.p. 68-71°, (2.86 g.,

50%) .
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In the preliminary experiments in presence of a small

excees of diene, conly the higher-melting product wes isolated,

Recrystellisation of the sdducts. The high- and lowe-melting

adducts were reerystasllised from light petroleum (60-8001.

High-nelting adduect,

1st. recrystallisat{on: m.p. 112-8°

2nd, » : M,P. 116=20°
Brd., " : m,p. 118-20°
‘4:th. L H m.P- 118-200

Further recrystallisation from methanol, (the solvent used by

59 :
Ayer et al,.), gave m,p. 131-20, unchanged after three recrystalle
isations.

Analysis: Found: C,71,3; H,7.47. C O requires C,70.9;

136
B,7.3%,

Low-melting adduct.

Crude product m.p. 48-71°
1st.reorystellisation : m,p. 69-71°

m.p. 70=72°

2nd " :
3rd, " s m.p. 70-115°
4th " : myp. 80-115°

The product, m.p. 69-?1°, was analysed, Found: C,70,5; H,7.97.

6, .05 TeAIreR B,70:3 H,7.3%.
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Attempted isomerisaztion of adducts.

(1). In presence of sodium hydride. The sdduct, m,p. 118-20°,

(C.5 2,) was stirred with sodium hydride (0.1 g.) in dry benzene
(10 ml,) for 6 hours, The solution remesined pale yellow in
colour, very little effervescence occurred and little, if any,
of the hydride appeared to go into solution, The solution
was neutralised (dilute hydrochloric acid) and extracted with
benzene as described for ilsomerisation of the cis-adduct formed
from butadiene, The syrup obtaired was taken up in methanol
from which it orystalllised, m,p. 122-5° (200 mg. ).

The lowe-melting adduet wes treated gimilsrly =nd the

starting material was recovered unchanged,

{2). The lowemelting adduct (1 g,) was dissolved in dioxan
(1.9 ml,) at 60-70°. Sodium hydrosulphite (0.06 g.) was added
to the vigorously stirred solution, After 5 minutes the source
of heat wae removed and a solution of sodlum hydrosulphite (0.18 g.)
in sodium hydroxide (1.2 ml.N) wes added dropwise, & nitrogen
atmosphere being msintained throughout, On edd’ tion of sodium
hydroxide (4,7 ml,,N) the solution turned dark red, Finely
powdered adduet (m,p, 118-20°, 0.06 g,) wes added and the
solution diluted with water (12.5 ml,). Dilute hydrochlorie
ecid was added slowly to the stirred solution until the colour
changed from red to yellow indieating that neutrslisation was
complete, when the solution was diluted with & further 12,5 ml.

of wafer. The material which separsted was rather syrupy and
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was recrystallised from light petroleum (60-3¢°), m.p. 80-95°,

005 Heon

Tithium aluminium hydride reduction of adducts,

(1) Low-melting adduct. The adduet (3 g., m.p. 70=8°) in dry

tetrahydrofuran (80 ml,) was added to lithium aluminium hydride
(0.,5g,) in dry ether (14 ml,) at & rate at which the ether re-
fluxed gently. (15 min,) (An atmosphere of dry nitrogen was
maintained, ) The exeess reagent was decomposed with ethyl
acetate (5 ml,) and saturated aqueous sodium sulphate solution
(1 ml,) was added until the precipiteate adhered to the sides of
the flask, After the addition of anhydrous megnesium sulphate
(2 g.) to the vigorously stirred solution, the precipitated
salts were filtered off and washed with ether, A pale yellow
viscous syrup was obtained (2,3 g,) after evaporetion of the
solvents and erystallisation was initiated by trestment with a
small volume of lizht petroleum and ether, The s0lid product
(0,43 g.) was recrystallised to constant melting point from
benzene, ,p. after four recrystallisations, 152-2,5°. (Found:

-

C,70.0;5 H,9.07. Gy4H, 0y Tequires C,69.6; H,9.07.).

(2) High-mel ting adduct. The adduet (2.4 a., m.p. 118-20°) was

reduced with lithium aluminium hydride as des=eribed above, A
pale yellow viscous syrup (2,16 g.) was obtained from which a

solid product (0.28 g,) was isolated, m,p. 156-7° (benzene ),
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The melting point was undepressed on admixture with the product,

¢
m.p, 152 , obtained by reduction of the low-mel ting adduect,

The low= and high-melting adduects and the glycol were
compared with the compounds prepared by Ayer, Humber and Taylor
by means of mixed melting points, The cis~adduct prerared by
these workers had m,p,. 127-30° and the eis=-glyecol, m,p. 155-6°,

Vixed m.p.

Adduet, m.p. 69=71° Adduet, m,p. 127-30° 61-5°
Adduct, m,p. 118-20° " 97=107°
Adduet, m.p. 69-71° Adduot, m.p, 118-20° 7¢-75°
Glycol, m,p. 156=7° Glycol, m.p. 155-6° 155-6°

l-Methyl butadiene,

Preliminary attempts were made to prepare the diene by
de-carboxylation of sorbic acid in presence of copper bronze,
The reaction conditions were varied, but even under the pptimum
conditions (sorbic scid (2 g.,) in quinoline (5 ml,) heated at
2400 for 2% hr, in presence of copper bronze (0.2 g.) ), the
yield of crude diene was very low (337),

63
ethyl propenyl carbinol, (ef, Kyriakides ).

Methyl magnresium icdide was prepared by addition of
‘&ethyl ijodide (440.2 g.; 3.1 moles) to magnesium (75.3 g.; 3.1

moles) in dry ethereal solution in an atmosphere of dry nitrogen,
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Crotornaldehyde was purirfied by fractionation through
a Fenske solumn, Ture, dry ecrotonaldehyde (182 z.; 2,6 moles)
in dry ether (150 ml,) wes added slowly to the Orignard reagent,
sfter the resction had subsided the mixture was heated on the
water-bath for 1 hour to complete the resction and the complex
was then decomposed by addition of satursted ammonium chloride
solution (ca,4lC ml.). The ethereal solution was decanted
from the residue and the latter extracted with ether until free
from organic naterial, The combined ether extracts were dried
(Na2504] and the ether removed leaving a dark red residue (96 g,),
which was fractionated in an inert atmosphere, The firsty fraction
b.D. 65-930, was mainly erotonsldehyde and was discarded, the
second fraction had b,p. 110-117°, n%ﬁ 1,4300 (lit, for nethyl
propenyl earbinol, b,.p. 1229, nge 1.4277),
Yield of carbinol: 62 g.; 27.67,

Dehydration of methyl propenyl carbinol,

The earbinol (62 g.) was dehydreted by slow distillation
in an atmosphare of nitrogen et slightly reduced pressure (60-75 mny.),
the distillate Dbeing passed through & column of kasolin heated
to £§,4co°. The resulting vapours were passed through e water
ccndenser $0 remove water and then into = freezing mixture of
acetone and golid carbon dioxide to condense the diene, the
ecrude diene (27 g,.,) was dried {Ha2$04} and distilled, The
rroduet (19 g.) had b,p, 41-3°, nl% 1.4289, (1it. for l-methyl
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~ 2
butadiene: b,p, 41-4", nno 1.4280), Yield of diene:; 33.47,

Diels-/ldsr addition of l-methyl butadiene and 4-methoxy-2:5=
toluquinone,

Methoxytoluquinone (4.9 g.), l-methyl butadiene
(19.0 g.; quinone: diene, 1 mole: 10 moles) were heated in
benzene (35 ml,) containing & trace of hydroquinone in sealed
tubes at 100° for 116 hours. Removal of solvent left a yellow
syrup (9.0 g.,) which could not be crystallised either by
. treatment with solvents or by standing for prolonged periods

Q
at O »

The product, methoxytoluquinone and the isoprene
adducts were exanmined by paper chromatography in seversl solvent
systems, but no effective separation of quinone aend adduct could
be achieved, The solvent systems used are given below,

(L). n=BuCH:pyridine:water 3:2:1.5 3:2:2,5 3:2:4,

(2), n=PrOH:water 70: 30,

(3), n=BuOH satd. with water,

In all of these systems, the adducts and the quinone had RF

values rangirg from 0,85=0,92,

Sublimetion of syrup. A portion of the syrup was sublimed at

120-30°/0.1 m,m. The pale yellow oil which sublimed did not

erystallise, hnalysis gave the figures: C,68,5; H,7.3¢,
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c 0z (the adduct) requires C,70,9; H,7,37, IlMethoxytoluquinone

13516
GBHBO3 requires C,83,0; H,5,3%.

Ultreviolet spectra, The ultraviolet speectra of methoxye

toluquinone, the isoprene adduets, 2nd the syrup obtained from
addition of l-methyl butadisne were compared, The maxima are

given below,

A (4) €

mex., -
Me thoxytoluquinone, 2585 13,270
Isoprene adduct (m.p., 69-71°) 2670 8,230
Isoprene adduet (m,p., 118-20°) 2675 9,400
l-tethyl butadiene adduct, 2685 5,980

Reduction of le-methyl butadiene adduet, The reduction was carried

out using lithium alunminium hydiride as described before, The
syrupy adduct (7.9 z.) in tetrahydrofuren (54 ml,) was added to
lithium aluminium hydride (1,32 g.) in dry ether (37.5 ml,)
®thyl acetate, saturated sodium sulphate solution s#nd anhydrous
magnesium sulphate were added to the reaction mixture, the ine
organic residue separated and washed with ether and the combined
ether extracts concentrated. A yellow viscous syrup (7.5 g.)

was obtained which could not be erystallised,

Acetyletion of reduction product. A portion of the reduction

product (3 g.) was dissolved in dry pyridine (15 ml,), acetic



anhydride (£,9 g.) was added and the dark yellow solution heated
on the water=-bath for J minut~s and then left =t room temperature
for 12 hours, The reaction mixture was worked up by thelusual
method giving & yellow syrup (2.6 g.) which again could not be

erystallised,
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Studies on the Synthesis of fesquiterpene lydrocarbonsg,

The Diels-ilder reacticn is also of potentiasl value
in the stereospecific synthesis of some bicyelic sesquiterpene
hydrocarbons. A possible synthesis of cadinene (I) using 4-
isopropyleyelohex-2-en-l=-one (II) as dienophile and isoprene
as diene is outlined opposite,

The success of the synthesis would depend almost
entirely on the various fectas involved in the diene addition,
Bartlett and '-*.‘oods64 have shown that adducts can be obtained by
addition of butadiene asnd 2:3-dimethyl butadiene to A a-gzglg-
hexenones, under vigorous reaction conditions, but it is not
unlikely that the presence of an isopropyl group in (T7) will
decrease the reactivity of the cyciochexencne as & dlenophile
due to the effeet of hyperconjugation on the position of the
double bond. The success of the synthesis also depends on the
direotion of sddition of the diene, In the addition of isoprene
to methoxytoluquinone, desceribed in the previous section, it was
found that the diene apparertly added in one direction only.
However, it is not only neeceessary that the diene add predominantly
in one direction, but that the sdduct formed should possess the
potentiel carbon skeleton of cedinene end it is possible that
the presence of the large isopropyl grouping may have & hinder-
ine =f{fect, csusing the diene to add in the opposite direction,

Of ma jor importance however is the fact, esteblished by nartlett
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and Yoods, that A 2-_xg$2hexenones will react as dienophiles,

The actual effect of the other factors considered sbove could
only be ascertained by experiment and it was therefore considered
that an investigation of the Diels-Alder reaction would be of
value,

The starting weterial, 4=-isopropyleyclohex-Zeen=-l-one,
was well known as the ketqqic mono-terpene, coryptone, which was
first isoleted by wallachbh a8 an aeriai'oxidation product of
g =phellendrene and by the sction of dilute minersl acid on
nopinone and sabinaketoneﬁs. Both l- and d-cryptone have been
isolated from naturasl sources; l-cryptone occurring in verious

67
Fucalyptus oils and %—cryptone in water-fennel oil from

Fhellendrium aquaticum . Supplies of the natursl product

were not available 2nd therefore before the synthesis of
cadinene could be investigated, a synthetic route to dl-cryptone
had to be evolved, It eppeared thet this could readily be
accomplished by‘a similsr route to thet deseribed by Birchﬁg
in the synthesis of piperitone (III) and carvenone (IV).

The method is outlined on the previous page,

Synthesis of dl-Cryptone,

p-lsopropylphenol was prepared by the method of [renk,
S 7C
Berry and shotwell by fusion of cumene sodium sulphonate with
caustie potash, The product contained & small proportion of

the orthoiscmer, detected by & positive liebermann reaction,
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which was eliminated by repeated recrystellisation from light
yetroleun, Ture p-isoprropylphenol was condensed with ethylene
chlorohydrin giving the hydroxyethyl ether (V) in good yield,
the ether then being reduced to the dihydro-compound (VI) by
the EBirch m@thodvl using sodium snd liquid ammonia in presence
of aleohol,

This method of reduction results in the formetion of
& dihydro=compound containing two uncon jugated double bonds,
That these bonds are uncon jugated was shown by the absence of
absorption in the ultraviolet in the region 240C~-2800 A,, and
e£lso by the fact that two conjugated double bonds would readily
undergo furtiher reduction under the conditions of the reation,
Compounds of thisg type are the enol alkyl ethers of the corresp-
onding unsaturated ketones and the presence of the uncon jugated
pair of double bonds has been conclusively established by the
isolation, on mild hydrolysis, of the p:Y -unsaturated ketone,l?2
while on more vigorous acid hydrolysis the g:p =-unsaturated
iscmer is isolated,

In the Birech synthesis of piperitone the reduction
was reported to proceed smoothly, but in the cryptone synthesis
the reduction product, instead of being trensparent in the ultra-
viclet, showed absorption at 2760 A,, € 930, while repetition
of the reduection resulted in products with sbsorption in the

ultruiviclet ranging from e ,pp., 500-1,600,  Cereful. fraction=-

ation of this meterisl gave a fraction, in low yield, with the
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required transparency in the ultraviolet, A second product,
isolated in the Torm of & colourless erystalline s0lid was
obtained from the still residues, The nature of this solid
has been investigated and will be discussed below. It was
found to exhibit strong absorption in the ultraviolet

{ % 2770 A., € ,10,000)., In the course of one experiment it

max
was observed that, on strong heating, the =01id product
apparently co-~distilled with the dihydro-ether. Tt was &8t

first assumed that the ultreviolet absorption exhibited by the
reduction product was due to contamination with unchanged
starting meterial, However the latter only shows weak absorp=-
tion in the ultraviolet ( lmax 2760 A.,€ ,1,3800) and therefore
the degree of absorption exhibited by the reduction product would
correspond tp the presence of 25-60% of starting meterial, In
view of the successful reductions reported by Birch it seems
unlikely that the reacfion has proceeded so0 poorly &nd it is
probable that the absorption is due, at least in part, to the
presence of some of the s0lid product,

Hvdrolysis of the dihydro-ether with saturated sodium
bisulphite solution resulted in the formation of the pg:Y -un=-
saturated ketone, 1lso~-cryptone, The semicarbazone and 2:4-
dinitrophenylhydrazone were prepared and the ultraviolet

absorption spectra of these derivatives and of the parent ketone

were found to ve in sgreement with those expected for a g:¥ =~-un=-
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saturated ketone and its derivatives, Hydrolysis with boiling
dilute sulphuric ecid gaeve & mixture of the a i =« and B:Y =un=-
saturated isomers, The proportion of the two isomers could be
estima ted spectrophotometrically by measuring the ultraviolet
absorption of the mixture, since the g :Y -unsaturated ketone
shows no absorption in the region 2200-2800 A, and the a :B -un=-
saturated ketone shows meximum esbsorption &t 2270 A,, ¢ ,ca.
12,000, The typical maxime observed in the ultraviolet spectra
of o :p = and B :Y ~unsaturated ketones and their derivatives are

summarised in T=ble I,
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Table 1I.

l-vbthyl-gzgighex-l-en-S-onaa.
" " s semicarbazone’
" " " 2:4-D.N.P,

Gzclohexanone?

" semicarbazone?
d
" 2:4"3).!‘1.?0
1-Cryptone?

dl-Cryptone semicarbazone.
n 2:4-D,N,.F.
isoCryptone,
= semicarbazone,
% 2:14-D,N,F,
isoCryptone semicarbazone + cryptone

" semicarbazone [m.p.lEG-GSG).

{D.,lI.F, = dinitrophenylhydrazone)

Taeble 1; references,

(e). %"vens apd Gillam, J., 1941, 0195,

ca. 3800
2850
2295
3630
2263
2625
3730
2840
2300
3620

(A.) e
12,950
26,700

ca.30,000

14
11,200
23,500
12,600
26,700
30,100
72
15,300
22,900
13,350
9,800

(b)e. Benson and Kistiakowsky, J. amer, Chem, Soe¢.,1942, 64, 80.

(e)e Gillam end Stern, "An Introduction to Tlectronie Absorption

Spectroscopy in Crgenic Chemistry", Arnold, 1954, p.52,

(d). Breude and Jones, J., 1945, 498,

(e). Cook and Macbeth, J., 1938, 14C8,
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Cryptone and isocryptone are related to the three-
carbon systems which have been studied by Kon, ILinsteasd and
ooworkers.73 A study of the system R-CH,~CH=CH=000" & R-CH=
CH_GHE-COO- has shown thet when M=H the q :8 ~unsaturated isomer
predominates to the extent of 974, but when R=Me hypercon jugation
comes into play end only about 3¢ of the o33 -unsatureted isomer
i1s present. Yhen '.-_'{==Pr1 the effect of hypercon jugation will be
greatly diminished, but it should still have some effect on the
position of the double bond and it might be expected that iso-
eryptone should be present in the equilibrium mixture teo the
extent of about 204, Wallach, in tp? preperation of cryptone
from sebineketone by ecid treatment,bo obtained & mixture of
isomers Trom which he prepared pure cryptore by frectionel cryst-
allisation of the semicarbazones, However the racemisation of
d«cryptone, which is described by Cillespie and Mncbeth,74 suggests
that very little isocryptone can be present in the equilibrium
mixture, d-~Cryptone was racemised by refluxing with concentreted
hydrochloric acid in etheresl solution and the semicarbazone
prepared from the racemate had m,p. 188°, “he melting point
racorded for pufh eryptone semicarbazone, Cook end thbethvs
have also reported a similer observation, These workers
prepared pure l-cryptone by regeneration of the semicarbazone,
They mention that some reacemisation mey heve taken place during

the acid treatuent required for regenerstion of the semicarbazone,

but it is obvious that no rearrencement has teken place since
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the ultraviolet spectrum of their partisal ly racemised product
hes a meximum at 2263 A, with an € value of 12,600, The degree
of absorption exhibited by a:8 =-unsatureted ketones i1s usually
in the region of 10,000 to 12,000, Had rearrangement to the

B :Y -unsaturated ketone occurred the value would have been
lower,

In view of this 1t was expected that the mixture
obtained on secid hydrolysis of the dihydrceether would readily
rearrange to give pure cryptone on further acid treatment, This
was not found to be the case, A mixture containing ca.407
eryptone was refluxed with concentrated hydrochloric acid in
ethereal sclution according to the method of Gillesple and
?ﬁacbeth,'?4 but the product conteined only 704 of cryptone,
estima ted speotrophotometrically, A similer result was obtained
when rearrangement was attempted by &8 method described by Wallagg.
The isomeric mixture was converted to the semicurbazone, which
was refluxed with aelid, followed by steam-distilleation of the
liberated ketone, The product =gein contained only ebout 709
of cryptone,

The rearrangement in ecid solution wes also studied
by & spectrophotometric method, It-was found that & mixture
containing 20% of eryptone showed no increase in absorption on
standing for 24 hours in 47 sulphuric acid sclution, ©Cn heating

the solution at 75° in a =2eoaled tube for one and a half hours

the absorption incressed to » value corresponding to ca, 507
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eryptone, Pure cryptone could only be obtained by fractional
crystellisation of the semicarbazone,

As the rearrangement of the giy - to ilie gqipg «un=
saturat~d ketone had proved to be more difficult than had been
snticipated, the rearrangement of the o:p - to the p:vY =-unsat-
urated ketone was studied, L suampl=s of l-cryptone was 1solated

from Bucalyptus residues and the acld-catalysed rearrangement

of this material was Tollowed spectrophotometrically., Tt was
found that in presence ¢f dilute sulphuric acid st room temp=-
erature rearrengrment to isoeryptone only cccurred to the extent
of 10% and was complete after half an hour, no further decrease
in absorption beling observed when the sclution was heeted for one
hour in & ssealed tube at ?C-BOO. These results apparently confirm
the observetions made by Cillesple and Hacbeth74 end Cook and
Hacbethvs on the recemiseticon of neturslly-occurring eryptone,
but they do not offer an explanation of the difficulty encount=
erad in converiting iso-cryptone to eryptone, A possible explen-
ation of this was the rearrangement of isocryptone to 4~iso-
propylidene gyglohexanone as well as to cryptone,

The formetion of this isomer wes rether unlikely as
‘ﬁallach65 has reported that the monohydrochloride of sabinaketone,
on elimination of hydrogen chloride, yields isoeryptone and
very little, if sny, of the compound with the exoocyclie double
boud, This compound would nsturally shiow no absorption ir the

ultravioclet in the range 22(0-2240 A, and its presence would thus
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account for the low percentage of cryptone found after acid-
treatment, 4-Isopropylidenegyclohexanone is known to be &
stable compound, it has been synthesised by different methods
by Ferkin end Pimonsen?e and by Frark end HcPherscn.qv Lew1378
hes shown that it will rearrange to the a:p -unsaturated ketone
only during preparation of the 2:4-dinitrophenylhydrazone in
hot acid =olution, Should this third isomer be present in
the equilibrium mixture ozonolysis would give rise to acetone,
which eould be characterised es the 2:4-dinitrophenylhydrazone,
Accordingly, ozonolysis of the ketonic mixture was carried out,
but no acetone 2:4-dinitrophenylhydrazone could be detected,
While this work was in progress a paper on the synthesis
of dl-cryptone was published by “offer and Jevnik.79 Their
mathod ie essentially the same as that described ebove; p-iso=-
propylanisole was.used in place of the free phenol, thus
eliminating the preparation of the hydroxyethyl ether, In
preliminery experiments these workers reduced p-isopropylanisole
by the Birech method. No attenpt was made to purify the procduct
and 1t was converted directly to cryptone 2:4-dinitrophenyl-
hydrazone, the over-all yield being only 277, On eccount of
the poor yield, this method wes abandoned and the reduction
gtep was carried out ececordines to the re thod described by Wilds
and Neleonao uaing lithium, By this method an 849 yield of
the 2:4-dinitrophenylhydrazone was obtained, It was found that

the raduction product gave pure cryptone semicarbazone on boiling
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with methanolic semicerbazide hydrochloride, but that preparation
of the semicarhbazone under milder conditions yielded a mixture
of the derivatives of the two isomers,

A second route was also described for the synthesis of
eryptone, p-Isopropylrhenol was hydrogenated and the saturated
aleohol thus obtained was oxidised in good yleld to 4-isopropyl-
eyclohexanone, Brominetion with Nebromosuceinimide followed by
collidine dehydrobromination gave a mixture conteining about 604
of the a:p =-unssturated ketone,

Tha work of Soffer and Jevnik is in agreement with the
results described adbove, namely that acid-catalysed rearrangement
results in a mixtur2 containing 20-307 of the B:Y -isomer, They
aleo record that base-catalysed resrrangement in hot solution
results in polymerisation of the ketones, an observation which
wae earlier made by %allaah.seb It remoins to be expleined why
Gillecspie and Macbeth succeeded in racemising d-eryptone without
causing rearrangement to the g Y «unsdtureted isomer, Had this
occurred » semicarbazone of low melting point should have been
ottained, which would have required many recrystallisations
bafore reaching the recorded melting point of 188°, A possible
explanation mey lie in the method of preperation of the deriveative
s Coffer and Jevnik suceceeded in preparing pure cryptone semie-
carbazone under vigorous conditions from the isomeric mixture
as described above, Thie doee not however explain the absorption

spectrun of aclid-treated ecryptone, which is typiesl of the pure
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o ;@ -unsaturated ketone,

It 18 of interest to note that the melting point
182-3%, of iso-eryptons semicorbazons recorded > “offer and
Jevnik, differs from that recorded herein, which is 123-135" .
In the ultraviolet the former showed a maximum &%t 2260 A,,
e 13,800 end the latter a maximum et 2280 A.,€ 15,300. A8
the ¢ value of Coffer and Jevnik's derivative is slightly
lower it may be that it contained a small proportion of the
B :¥Y =isomer, althoush they rerort that the derivetive was
recrystallised to constant melting point,

An earlier synthesis of eryptone was reported by
Bhati,al also during the eourse of this work, HWHis method is
identical with the first method investisataed by “offer and
Jevnik, that is Birch reduction of p-isopropylanisole, followed
by acid hydrolysis, The erude hydrolvsis produet wmas converted
directly to the semicarbazone, which was obtaired in 157 yield
and had m.p. 18%-185° after three reerystallisstions No mention
is made of ary difficulty encountered due to the presence of the
B ¥ -unsaturated isomer, Bhati also ohtained a second product
from the Bireh redueticn in 139 vield, a solid of m,p. 188° ard
molecular formula CgOH3404! which he gugrested was a dimer,
It was found to take up six moles of hydrogen on catalytic

hydrogenationr and on nitretion 1t yielded a tetranitro compound,

Investigation of the solid product obtruined from the yirech reduction,

Ae has beer mentioned ebove, Birch reduection of the
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hydroxyethyl ether of p-isopropylphencl alsc gave rise to a solid
produet .in the form of colourless plates, m,p, 104-6°, from light
petroleun, That the solid contaired po frees || .roxyl groups wes
shown by ite failure to react with sodium in dry benzene solution
and by a negative anualysls for active hydrogen, +The analytical
figures suggested the molecular formula, Caoﬁzsoa, which was oone
firmed by & molecular weight deteruination by X-ray crystello=-
graophic methods, & value of 296 being celculated provided the
molecule possessed & centre of symmetry. The rsactions of the
8clid wiich are dlscussed below have thrown some light on its
strueture,

On acid hydrolysis the =01id yﬁelded some ketonice
meteriel which was converted to the 2:4-dinitrophenylhydrazone, m,p
110-1130, shown to be a mixture of the Z2:4-dinitrophenylhydrazones
of cryptone and iso-cryptone since it could be rearrenged in hot
acid solution io the pure eryptone derivative, identified by e
mixed melting point with the authentic meterial, This must mean
~that the solid eonteins the dinhydro-ether nucleus, The solid on
catelytic hydrogenation took up epproximstely two moles of
hydrogen and on dehydrogenation gave crystalline product analysing

0 The anslytical end moleculer veight results

suggest thet the solid must be dimerie, one ring Las been shown
to have the dihydro-ether structure and examination of the ultra-
violet absorption of the solid, of the compounds prepared from

it and of compcunds structurally related tc it has indicated that



the other ring may be benzencid in chhraéter. Since the molecule
contains no ective hydrogen and hes been formed from eithe£ two
molecules of hydroxyethyl ether or one molecule of the ether and
one molecule of the original phenol, dimerisation must have
oceurred through condensation of the hydroxyl groups. Strueture
(VII) is tentatively proposed for the solid product and the ultra=-

violet resultis are summarised in Table IT.

Table II.

v °'(C“z)$H 2760 1,800
VII >—©— 0 (c Hl)z-o-@—< 2770 10,000
X >‘© °'(c“z);°<:>—'< 2770 2,270
e >_©' O'GH‘)Z'O 2770 1,700

ot L0

>
=
|@

It was initially essumed that the two double bonds
1
in the partially redueced rinz of the s0lid product would be
uncon jugated, ir which cese the ultravioclet sabsorytion of the

compound would be similer to that of p-isopropylphenol hydroxy-
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ethyl ether (V). However the compound was found to exhibit

strong absorption in the ultraviolet (e 10,000). The

2770°
only possible explanation of thie observation was con jugation

of the pair of.double bonds and strong support of this conclusion
was provided by the formetion of 2 maleie anhydride adduct.
(viII). It was observed that the ultraviolet absorﬁtion of both
the adduet and the hydrogenation produet (IX) had dropped to a

value (e c8.2,000) which could be attributed to the presence

a77¢?
in these compounds of e phenol ether nueleus, the absorption due
to the conjusated peir of double bonds haviné been destroyed,

An attempt was made to confirm the presence of the
phenol ether nueleus by isolating it as the benzoate from the
tcid hydrolysate after seperstion of the ketonic fraction, but
no derivative could he obtained,

is 1t hes been concluded thatthe double bonds in the
reduced ring are conjuzated, three possible structures may be

gonsidered for this part of the molecule, The position of the

double bonds may be as in (VII) or as in (X) or {XT).

OR OR

X XI

That the bonds are situated as in (VII) mey be deduced by &
' 82
similar argument to that used by Birch ', when considering the



position of the double bonds in 2;3-dihydroanisole, If the
molecule contained structure (X) acid hydrolysis would not
yileld the gyclohexenone, whereas if it contained structure (XI)
it would be expecied that ceryptone 2:4-dinitrophenylhydrazone
would be formed, wiich is contrary to the experimental evidence,
a 2:4«~dinitrophenylnydrazone being obtsined which contained a
high proportion of the iso-cryptone derivative,

come uncertainty is still attached to the structure of
.the dehyurogenation product, which was expected to he l:2-di-
(p~isopropylphenoxy)-ethane, Compounds of this type show
ultravioclet absorption at 8770 A, withe, 08,4,000, 1l:2-

diphenoxy ethane uhaving lmax2?70 Ayyt S,BOOGS. However it was

found that the aahydregenaiion product, although it analysed
correctly for this type of cowpound had hmax 2600 A.,€ ,10,000,
The structure of the hydrogenstion product (IX) has
been based on the observed uptake of hydrogen and on the ultra-
violet absorption of the compound since the analytical figures
were unsatisfactory,agreeing with the formula caoﬂgaoz which
has been assigned to the starting materdal, and insufficient

msterial remained for a second analysis,

Formation of the so0lid product.

The method of formetion of the solid produet is still
in doubt, Initially it was assumed that the bis-ether had

been formed during the etherification of p-isopropylpherol



due to the presence of a small quantity of ethylene dichloride,
Had this Leen the cese it wes surprieing thet several grams of
the s0lid were isolated from the reduction, since the hydroxy=
ethyl ether had been carefully fracti.nated and the benzoate had
been prepared in good yield. The preparation oi the hydroxye
ethyl ether wss repested using ethylene chlorohyirin which had
been fractionated to remove any traces of the dichloride, Oon
reduction of the produet from this prepsration, the z30lid was
again isoclated in similar yield, A model experiment was
carrizd out in which pure ethylene dichloride waes coundensed
with p-isopropylphencl in alkaline solution, the blsg-ether
being isolated in very poor yield, It is therefoure extremely
unlikely that the diweric prcduct can have been formed by such
& condensation. It was observed that the ultiraviolet sbsorption
spectrum of the bis-ether had a maximum et 8770 A.,¢e ,4,520, a
value which is in complete agreement with that recorded for
l:a-diphenoxyethane.a3

Another poesibility lay in the cordensation of 21352
propylphenol with hydroxyethyl ether during the ethefification
reaction, However when an equimolecular mixture of these
compounds wes heated in alksline solution under the conditions
used in the etherificetion reaction, the starting materials were
recovered unchanged,

In view of the above results it nmust be coneluded that

the dimeriec produet is formed during the Bireh reduction, n



support of this is Bhati's observation that a s0lid produc% was
obtained on Birch reduction of p-isorropylaniscle., iIn this
synthesis no etherification stage was required and therefors the
formation of the solid product miet occur during the Rirech
reduction. There is a possibility that the dimer may form
during distiliation of the reduction produet, since it has

been observed that on refractionation & considereble quantity of
the =0lid ogeir sppears in the still residues, 2ince the

first fractionation was carried out using en efficient freetion-
ating column, it 19 extremely unlikely that the distillate wes
contaminated to this extent with the dimer, Tt hes also been
observed that refractionation of an apparently pure, dry sample
of the reduction product results in a distillate containing a
quantity of water, which could be explained by the elimination of
water during formtion of the dinmer.

Insufficient experiuental evidence ig at present evail-
able to enable us to propose & structure for this solid product
with any certainty. The structure (VII), tentatively suggested,
apprars to be in agreement with the enalytical and spectrosetopic
evidence, but in view of the fect that the solid appears to form
simply on distillation cof the liquid reduction product, it is
difficult to envisage a mechanism for its formetion which would
leed to e dimer of this structure, It is hoped that a further
fnvestigation of this solid will be made; for instance it would

be interesting to examine the ultraviolet absorption of the orude
- ¥ -



reducticn produet before distillation and also that of a pure'

sample of dlistilled dihydro-ether after redistillation,

Synthesis of o~isopropyleyclohexenone,

A similar series of reactions were carried out starting
from o-isopropylphenol, prepared from phenol and isopropyl alcohol
in presence of 984 phosphoriec aeid, ttherilication proceeded
smoothly, but nc venzoate of the resulting hydroxyethyl ether
could be prepared, presumebly due to the hindering effect of the
isopropyl group in the ortho-position, Birch reduciion of this
compound took place very slowly, the rate belng sbout cne~fifth
of thet for reduction of the corresponliing para-compound,

However the product of the reduction was found 1o be almost
transparent in the ultraviolet and no s0lid product correspond-
ing to (VII) was isolated, an observetion which must have some
bearing on the mechanism of formetion of the solid from the para-
isomer,

The reduction of the ortho-isomer is cowplicated by the
poseibility of the formation of two different products: The
mechanism of the reduction hes been discussed by Birchﬁ4 and may
be summarised briefly as follows: the first stage in the reduction
is the addition of two electruns followed by the addition in two
stages, of two protons "to bivalent mesomeric anions, The
electron distribution in the mescomeric anions mey be represented

as in (XII1), where the two charges are shared by alternate
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carbon atoms, It haes been shown experimentally that the protons
are added a:; 6 %o each other and thet they avold carbon atoms
which carry electiron-repelling groups in the order wueg, Cire>
alkyl. In the reduction of & compound such as 9-methylenisole
(XII1), one electron is distributed beiween the 1:5:;5« and the
other between the 2:4:06-positions, The energy of the former
gysten is higher due to the greater electron-repulsive character
of tihe OMe usroup end therefore addition of the first proton
oceurs at either the unsubstituted 3~ or S5~-position, bue to

tie methyl group at 02 the charge density et the J3-position 1is
greater then thet at the D-position and therefore eddition &t

the former positicn cccurs ucre readlly. This theoretical
argument is confirwed in practice since two producis are obteined,
(XIV) corresponding to initial proton addition &t the 3-position
and (XV) due to initial addition at the S5-position, the former
being the main producet of the reaction es predicted, oimilarly
in the reduction of Q-isopropyl phenol hyoroxyethyl ether two
products must be expected. In this cese however the greater
electron-repulsive nature of the isopropyl group in the Z2-position
should result in & much higher charge-dsnsity at the 3-position
and thus (XVI) may be expected to form the mejor, and possibly
the only, produect of the reduction, Theoretvically no difficulty
should be encountered in the rearrsngement of the g :y -unsaturated
ketone obtained on aclid hydrolysis to the a:p ~unsaturated ketone,
However it was egain found thet ecid-catelysed rearrangement re=-
sulted in & mixture,which contained only 60=704 of the a;p =-un=

sgturated ketone,
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Addition of dienes to o= and p~isopropyleyclohexenone,

Tt has been found that the additicn of isoprene to
the equllibrium mixture of the o-isopropyleyclohexenones, even
under vigorous reacticon eonditions, cannot be accomplished,
Similarly the addltion of butadlene to the corresponding p-
isomer, has met with little success, although in this case
addition has only been attempted at temperatures of 33.1000 end
the possibility ther~fore remains thet addition might occur at
higher temperatures, Unfortunatel vy & thoroush investigation of
the reaction conditions required for this addition, necessitates
an adequate surply of dl-cryptone, It 1s now evident that
the ketorne cennot be prepared in good yield by the method desc~
ribed above due to the unexpected course of the Bireh reduction
whiech, although it has produced some interestin: results, gives
o very poor yield of the dihydro-ether, The failure of these
preliminery experiments by no means precludes the possibility of
synthesising eesquiterpene hydrocarbons by the proposed method,
Since an alternative nmethod, thet of “offer, is now available
for the synthesis of dl-eryptone, further investige tion of the
diene addition under the vigorous conditions deseribed by Bartlett
and ‘-';»‘c:;odse"“t may yet prove to be successful,

\lthough the ultimate object of the work described in
this section remains unaccomplished, it has led to some interest-
ing observations on the aguilibration of the three-onrbon system
existing in eryptone and iso-eryptone and elsc on the course of

the Birch reduction of p-isopropylphenol hydroxyethyl ether,
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70
p~Isopropylphenol, (ef, Frank, Berry and Shotwell, )

Cumene (600 g., 5 moles) and concentrated sulphurie
acid (5.6 moles) were heated with stirring for 5.5 hr., on s
boiling weter-bath, The mixture was poured into water (1,700 ml,)
the unchanged cumene rose to the surface and was sepurated,
Sodium bicerbonate (265 g,) was added gredually to the warm
aqueous solutior, followed by the addition of sodium chloride
(700 g.). Cumene sodium sulphonate separated, and, after
thorough cooling of the solution in ice, it was filtered off,
washed with & small volume (ca, 240 ml,) of saturated aqueous
sodium chloride solution and dried for two days at 800.
Yield of crude product: 9C0 g. (8l1Y),

Potassium hydroxide (960 g.) and water (40 ml,) were
. heated to 250° in an iron pot. Crude cumene scdium sulphonate
(36C z,) was added gradually with stirring over a period of
0,5 hr,, the temperature being maintained at 2500. When

addition was comrlete, the temperature was raised to 325°.

After 10 min, at thies temperature the yellow molten liquid

was poured into an iron tray end left to cool, The so0lld mess
was decomposaed with ice and water and the dark red sclution
(ca.2,5 1,) was neutralised with sulphuric acid (400 ml.
concentrs ted sulphuric acid in 520 ml, of water), fodium

sulphate separated and a dark red oil which solidified on



standing, rose to the surface of the solution. The mixture
was steam-distilled and ieo~-propylphenol separated from the
aqueous distillate as a colourless o0il which soon crystellised

in fine needles. (82,8 g.; 37.5%).

Liebermann Reaction., Iso-propylphenol was tested as follows

for the presence of the ortho-isomer, Controls were run
using o- and p~cresol and with the reagents alone,

Phenol (0,5 g.) and & minute erystal of sodium
nitrite were heated gently in e clean, dry tube for 20 seec,,
after cooling, twice the volume of concentrated sulphuric
acid was added and the tube was rotated slowly to mix the
contents, When the ocolour had developed fully the solution
was diluted with water, the colour of the dilute solution
noted and the solution made alksline with sodium hydroxide
solution, the colour change again being noted, The colour
changes observed are given in Table III,

Table III.

Acid ~ Dilute acid Alkeli
p=Cresol Fink Brown e
o=-Cresol Dark green Pink Green -
Crude Pri-phenol. Green -—— Fale green
Pri-phenol (1 x reeryst.) Yellow - "

" (2 x recryst.) Pink ———— I
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“team~-distillation of the phenol wes repeated, but
the product still contained the ortho=-isomer,. TwO reérystall-
isetione from petroleum ether (60-80°) resulted in & product
free from ortho~-isomer, as shown in Table III, p-Isopropyl=~
phenol hed m,p. 61-2° (1it. 61°),

855
Phenoxyacetic acid derivetive, p-Isopropylpherol (2 g,) was

dissolved in sodium hyiroxide solution (7 ml,, 339¢). chlore
acetic acid solution (5 ml,, 504) was added and the pink
solution was heated on & boiling water-bath for 1 hr.. The
warm solution was diluted with water and on ascidificeation
(Congo Red) with dilute hydrochloric acid, the phenoxyacetic
acid derivetive separated out. It was filtered off and dried,

56
M.P. 81"‘20| (111;0’ Blo)c

69
p-(atﬁydrOxy-ethoxy}-150propy1 benzene, (c¢f., Bireh, ).

p-Isopropylphenol (100 g.) wes dissolved in sodium hydroxide
solution (50 ml,, 104) at 80°. Tthylene chlorohyirin (192 g, )
was added in 5 g, portions alternating with 10 ml, portions of
sodium hydroxide solution (400 ml.,204). The tempevqture was
maintained at 80° throughout and the reaction mixture was
stirred continuously. The reagents were added over & period
of 4 hr, and heeting was continued for 1 hr., further, (The
ethylere chlorohydrin used in this reaction was carefully

purified by fractionetion through a Dufton column, Low
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boiling fractions were discarded, the fraction b,p. 126-7° being
used for the reaction,) The reaction mixture was poured into
water and extracted with ether, The ether extracts vere

washed with water, dried (Nazﬁoé) and the ether removed leaving
& reddish-~brown residue (13¢ g.), which on fractionation through
a Fenske column under reduced pressure gave By(zlhyuroxy—

ethoxy)=-isopropyl benzene as & colourless liquid, b.p, 1480/
10 m,m,, n;a 1,5191; 185.5 g. (947). (Found: €,73.3; H,9.1.
cllﬂiﬁo2 requires C,73,3; H,9.07). U.v. spectrum: Ay, 2765 A.,
e 51,870,

Benzoate, Hydroxyethyl ether (200 mg.), benzoyl chloride

(0,5 ml,) and sodium hydroxide (2 ml,,104) were shaken together
for 10 min,. The oil which separated solidified on cooling in
acetone/carbon dioxide, water was added and the solid filtered
off (230 mg.70%) and recrystallised to constant melting point
from methanol, as colourless needles, m,p. 57.0-57,5%. (Found:

0,76.0; H,7.3%. clBHBDOB requires C,76.1; H,7.14).

4-(2'-Hydr§5¥ethoxy}-1-isogropy1 eyclohexa-1:4=diens,

(cf. Bireh g). R-(ziﬁydroxyethoxy)-iggpropyl benzene (80 g.)
in ethanolie solution (150 ml.) wes sdded to liquid ammonia
(R0 Yala Sodium (60 g.) wae added slowly with stirring over
a period of two hours, The reduction proceeded rapidly as the

dark blue colour was observed to disappear very quickly after
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addition of the sodium. The colourless reaction mixture was
decomposed with lce and water (¢, 2 1,). After the ammonie
hed evaporated the aqueous residue weas extracted with ether,
the combined extracts washed with water until no longer
alkaline and dried over sodium sulphate. Simple distillation
of the residue after removal of solvent gave & colourless
1iquid, b.p. 129-130°/0. 4 mm., ni® 1.5046; 52.8 g. (657),
U.v. spectrum: hhax 2760 A,,e ,930, This material was used
in the subsequent hydrolyses to the ketone mixture,

The reduction was repeated on freshly prepared p-iso-
propylphenol hydroxyethyl ether and the produet distilled through
a TFenske ocolumn, b,p. 112-20°/0.6 mm,, n§2 1.49865 A 2760 A.,
e ,1,625, in 459 yield, The liquid (48,7 g.) was carefully

fractionated through & Fenske column,

Yield Bep./0.1mm, n;e hmax(A) €
G 95k & 605" 1,4769 2770 38
(), 5.9 &. 65-75"  1,4762 2770 99
(3). 7.3 a. 93-100°  1.4838 2770 410
(4). 8.7 g.  105-115°  1.4977 2770 960

411 the frectioms contained water, about three grams being
isolated from fraction (1). Anelysis of a semple of pure
dihydro-ether gave the figures: C,72,1; H,10,37. 011H18°2
requires, C¢,72,5; H,10,0%. The residue in the still (16 g.)
erystallised completely on cooling, recrystallisstion from

0
light petroleum (60-80°) gave plates, m,p. 104=106 (Found:
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0’79'6; H’gigﬁl conzsoa req‘uiras 0’80'0; H’g'sﬁ‘) U'v'
spectrum: hmax 2770 A., € ,10,000, (measured in cyclohexane,)

72

Iso~Cryptone, (of, Bireh ) Dihydro-ether (5 g.; 930)

Can80?
was shaken with saturated aqueous sodium bisulphite (10 g. in
40 ml, water) for 4 hours and left overnight. The colourless
solid formed was filtered off and decomposed with saturated
aqueous sodium bicarbonate (5 g. in 12 ml, water) giving an
©il which was extracted into ether, The ether extracts were

washed with water and dried (N32504) end the ether removed

leaving a pale yellow liquid (3.4 g.) which was fractionated,

Yield,  B.p./11 um, n%a
(1). 0.98 g. 85~90° 1,4762
(2), 0.79 g. 98-101°  1,4857 M oy 2260 A, 1,398,

The remainder of the material was-left in the still a= a yellow
residue which partially solidified, Fraction (2) was con-
teminated with ebout 157 of cryptone, but fraction (1) showed

no absorption in the ultraviolet characteristic of the ao':p =
unseturated isomer, a small peak at 2840 A,, € ,72, being
assigned to the carbonyl group,. Redistillation of fraction (1)
gave iso-cryptone, b.p. 85-8°/ 11 mm,, n;l 11,4745, (Soffer

79 o 20
and Jevnik record b,p., 77-8 / 7 mm,, np 1.4710.)

Iso-cryptone semicarbazone, The reagent in this and 211 other

preparations was prepared as follows, Anydrous potassium
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acetate was dissolved in the minimum amoqﬁt of boiling methanol
and wes added to a solution of an equimolecular amount of semi-
carbazide hydrochloride dissolved in the minimum volume of
boiling water, After cooling, the potassium acetate which

had separated was Tiltered off and the filtrate was added to the
ketone, On shaking at room temperature for about 5 min, the
derivative separated out, the solution was diluted with water
and the semiocarbazone filtered off and weshed with & small
volume of aqueous methanol, Iso-cryptone semicarbazone had
MeP. 133-50, unchanged after five recrystallisations from
aqueous methanol, (Found: ¢,61,5; H,8,9; N,20.7%, C, H,,O N

10717 3

requires ¢,61,5; H,8,8; N,21,5%.) U.,v, spectrum: A 2300 A,
79 A
e 15,300, (Soffer and Jevnik record m,p. 159-60°, Apax

2260 A,,e 13,800,)

Iso-cryptone 2:4-dinitrophenylhydrezone,

The reagent was prepared as follows (Bredy method),
the same method being used in all preparations of this derivative
unless otherwise stated. &:4~dinitrophenylhydrazine (1 g.)
was dissolved in conc,sulphuric acid (2 ml,) and methanol
(15 ml,) was added, The ketone (1/200 g. mol,) in methanolic
solution was added to the freshly prepared reagent, the crystell-
ine derivative separated on mixing at room temperature, the
mixture was diluted with 2N sulphuric acid and the solid

filtered off, washed with a little cold aqueous alcohol &nd



recrystallised, Iso-cryptone 2:4~dinitrorhenylhydrazone was
isolated as orange-yellow needles from aqueous ethanol,

m.p, 106-8".  (Found: C,56.7; H,5.7; N,17.0%. 0y H;o0,N,
requires C,56.6; H,6.7; N,17.64.,) U.,v, spectrum: N ay 3620 A.,

79

€ ,22,900, (“offer and Jevnik record m.p., 107-8°, A
max

3630 A,., € ,22,400,)

Acid hydrolysis of dihydro-ether, Dihydro-ether (30 g.

e 2760 930) was reluxed with dilute hydrochloric acid (100 ml,,

16%) for 20 min,. The yellow oil, which had a characteristic
eucalyptus-like odour, was extracted into ether, the extrescts

viare washed (NalCO_, end weter) and dried (Nazso Nemoval

3 ale
of solvent left a pale yellow liquid (23 g.) which was fraction=-

eted through a Fenske column,

18
(1) 9.1 &. 85=90° 1.4774 3,590
(2). 0.84 g. 93° 1.4798 9,600,
(3), 9.0 g, 135-150° 1.5140

Frection (3) appeared to consist of unreduced ether, which has
b.p. 148°/10 m.m. and n%s 1,5191,

74,75 5 50
(Lit. for dl-cryptone: b.p., 78 /2,8 m,m, n, 1,4810,

A 2263 A4,,€ ,12,600.)
max

Acid rearrengement of isomeric ketonic mixture,
65
(a)s (of., Wallach. ) The ketonic mixture (fraction (1)
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above, 2 g.) was converted to the semicarbazone, m,p. 153-50,
(3 g.), 8nd warmed with sulphuric acid (100 ml,, 1:2) for 5 min,.
The liberated ketone was steam-distilled, extroeted irom the
distillate into ether snd the extract dried (N 2304). Yemoval
of solvent left a pale yellow residue (1.5 g.), which was
distilled giving a colourless liquid (1 g.) b.p. 90-5°/10 m.m,,
nll)a 1.4822, A . 226C A.,¢€ ,7,0.?,:'3;
(b). (ef, Gillespie and llacbeth ). The ketornic mixture (5 g.)
was refluxed with concentrated hydrochlorie acid (0.3 g.) in
ethereal solution (6 wml,) on the water~bath for 1.5 hours,
The solution was washed (NaHCOz and water) and dried (Ng§04).
The produet (3.5 g.) hed b.p. 105-10°/20 w.m., n%s 1.4321;
h‘max 2260 A,,e ,7,370C,
(¢)e A sclution of the ketone mixture (14,06 mg./l.) in
aqueous ethanol wes acidified with concentrated sulphuric aecid
to give a 44 acid solution, The ultraviolet absorption of
this solution was measured et intervals, but the velue of Bmax
remained unchanged at 1,800 during 24 hours,

A portion of this solution was heated in a sealed
tube at 75° for 1,5 hours and the velue of &nayx TOse from
1,800 to 4,600, where it remained steady. (cf, similar

resul ts for the ortho-isomer deseribed below, )

dl=-Cryptone semicarbazone, The ketonic mixture (3.6 g.) was

converted to the semicarbazone, m.p. 168-710, (4.5 84)3
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Figure 1.

Cryptone semicarbazone. i

Semicarbazone mixture, m.p.
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A max3540, 2660 A,e ,9,650, 18,100 respectively. Aftqr eight
recrystallisstions from methanol the produet (0.5 g.) had m.p.
1820, undepressed on admixture with euthentic l-cryptone semi-
carbazone, m,p., 185-6°, U.v, spectrum of dl-cryptone semi-
carbazone : xmaxasaﬁ A.ye ,25,700, (Soffer and Jevnik79 record
m.p. 187-8%; A, 2620 A., e ,21,200.)

The progress of the purification of the semicarbazone
mixture was followed spectrophotometrically. Figure I shows
the ultraviolet spectra of the pure semicarbazones and of the
mixtures, showing the gradual diseppearsnce of the meximum due
to the presence of the B:Y ~unseturated isoner,

an attempt was made to convert the dihydro-ether
directly to cryptone semicarbazone by the method deseribed by
Soffer and Jevnik.?g The dihydro-ether (150 mg,) was re=
fluxed with sem&carb&zide hydrochloride (1.1 g.) in methanol
{10 ml,) for 20 min,. The solution was cooled end water (16 ml,)
was added un;il the solution became turbid, The solution was
then refluxed for a further 1C min,, Tater (eca.20 ml.) was
added and the s0lid which precipitated (3C mg. 207) was
separated, dried and recrystallised once from aqueéus me thanol,
The product was found to have m,p. 1?2-60. By an identiecal
metnod Scffer send Jevnik describe the preperstion, in 657 yield,

of a crude semicarbazone, m,p, 186-8°,

dl=Cryptone 2:4-dinitrophenylhydrazone, The derivetives

prepared from the ketonic mixture in the cold had melting points



in the range, 110-1150, indiceting & mixture of cryptone and iso-
cryptone 2:4-dinitrophenylhyirazone, Complete rearrangement

to the pure cryptone derivative was achieved by the method E
described by Soffer and Jevnik.vg The low-melting derivative
was dissolved in ethanol (5 ml.,95%) conteining cone.hydroch-
loric éoid (Coel ml,) and the solution was refluxed for 4 min..
Jark orange-coloured crystals separated and after filtering,
washing, and drying they were found to have m.p. 129-1329, Cne
recrystallisation from ethanol geve bright orange plates, m,p.
131-1340,?\max 3730 A.,€ ,30,100. (Soffer and Jevnik record

m.p. 135-136°, A o 3760 A, € ,28,100.)  The melting point

of the synthetic dl-cryptone b:4-dinitropheny1hydrazone was

undepressed on admixture with the derivative from l-cryptone,

l-Cryptone, (With J, Hindley.) A sample of the natural product
was sxtracted from a mixture of cuminal end eryptone, obtaired
from the sti1ll residues of Tucalyptus polybractea, by the
method of Berry and Macbetheq. The ketone isolsted had b,p,

2 67
08-103°/12 m,m,, ng° 1,4841; A__ 2280 A.,e ,10,700.  (Lit,

for l-oryptone: b.p. 98-100°/10 m,.m,, néa 1.4810;7\max3253 Aoy
e ,12,600.)

5]
l1-Cryptone semicarbazone: Needles from methenol, m,p, 185-6 ,

67 o
A maxaeao A.,ec ,26,880, (1it, m.,p. 186 )



1-Cryptone 2:4-dinitrophenylhydrazone, Reddish-orange needles

from ethanol, m,p, 1300; A 3?50'A.,e ,28,270 (11t, m,p. 132°).
mha X

Acid rearrangenent of l=-cryptone, The acid rearrangement was

followed spectrorhotometrically in 47 sulphuric acid solution et

room temperature and after heating st 70-80° in a sealed tube

for one hour, The concentration of l-eryptone in solution was
6.664 mg./l.. The absorption maximum in the aﬁueous solvent

was at 2350 A,

Rearrangement at room temperature,

Time (hours): ¢ 0.5 1.5

& : 10,680 9,570 9,570
max

-

Rearrangeunent at 70-803. After one hour's heating ¢ 2350

10,060,

Ozonolysis of the isomeric mixture of ketones, The ozoniser
88

was of the Berthelot type. Oxygen (dried by passing through

concentrated sulphuric acid) was drawn through the aspperatus
et a rate of 1~-2 bubbles / second, the volume being messured
by means of a calibrated aspirator (10 1.). The apperatus
was calibrated by volumetric estimetion of the iodine liberated
by the passage of the ozonised oxygen through potessium iodide

solution (50 ml,,5) containing boric acid (ca.2 g.)
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Before carrying out the ozonolysis of cryptone, the
method and efficienecy of the spparatus were checked by a model
experiment on the ozonolysis of geraniol from which a good
yield of acetone 2:4-dinitrophenylhydrazone was obtained,

The equilibrium mixture of 4-isopropylcyelohexenones
(2,0 &4y %mx 2270 A.,& ,7,490) was dissolved in glacial acetic
acid (20 ml,) and ozonised oxygen was bubbled through until the
uptake of ozone wes complete, (36 1, of oxygen containing 0,57
ozone passed through in 27 hours. Uptake of ozone was complete
when the ozonised oxygen liberated iodine from the potassiunm
iodide / boric acid solution after passing through the reaction
mixture. ) Water (30 ml,) was added and the solution was warmed
on the weter-bath until it became clear, fore water (70 ml,)
was added and the solution was steam-distilled, The distillate
was c¢ollected in 20 ml, fractions and tested with an aqueous
solution of 2:4-dinitrophenylhydrazine sulphate, No acetone

2:4-dinitrophenylhydrazone was formed,

Structural investipgation of the s0lid product isolated from the

Bireh reduction,

The so0lid orystallised in plates from light petroleun
(60-800), m,p. 104-6°, It was sparingly soluble in cold
sleohol and gave no effervesence with sodium when dissolved in
dry benzene, It appeared to be rather unstable, on standing
in air for several days it became syrupy and smelt strongly of

the ketone,
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inulysis. Found : G,79.6; H,9.97. C, Hy,0, TequiTes ¢,80.0;

H,9.3%,

Molecular weight, The molecular weight was determined by an

Xi-ray crystallographic method by Mr, H.D. McGeachin,

The density of the material was determined by
flotation in potassium mercuri-iodide solution, Two determine
ations gave the figures, 1.084 and 1,075; the mean value of

1,08 being used in the Ii,W, determination.

lolecular weight by H,D. loGeachin, A single crystel which

showed complete extinction under the polarising microscope was
selected for the determination, The erystels were lath-shaped
and it wes observed that on standing for several days the
orystals decomposed, thelr surfaces becoming covered with powder,

An X-ray photograph showed a plene of syvmmetry in the
observed spots, indicating that the erystal class was monoclinie
with, at least, a two-fold axis of symmetry.

Zero= and first-layer line Teissenberg photographs
gave the volume of the unit cell Vv = 910 As (¥ 30). Hence
the mass of the unit cell was 592, using the determined density
of 1,08,

The possible space ;roups with the systematic absences
were Pc Pz/c and le/c' Of these the first had two-fold
multiplicity and the second end third had four=-fold in general

positions, but two-fold special positions of symmetry. NMone
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of these space groups could be eliminated owing to the very long
exposures necessary ( 12 hours for a eissenberg,)

The possibilities for the molecular weight were therefore:

P .

296 (most 296 = 206 =
likely)

148 148 (most 148 (most

likely) likely)

(x only possible if the molecule has & centre of symmetry)

Since the moleculsr weight cannot possibly be 148 and the
molecule can have a centre of symmetry, the molecular weight

must be 296 (¥ 10), ¢ H (0 requires M.¥., 300,
(“ ) 0 28 2 1

2

Acid hydrolysis of solid.

The solid (2 g.) was refluxed with sulphuriec acid
(30 ml,, 2N) for half an hour, The mixture, which smelt
strongly of the ketone, was extracted with ether, the ether
extracts washed (NaH005 end water) and dried (Nazﬁoé) and the
ether removed leaving e yellow oil (1,8 g.) which partially
crystallised on cooling. The solid wes thought to be un-
deconposed stérting meterial eand the bulk of it was removed
by treating the mixture with cold petroleum ether and filtering

off the so0lid, which is only sparirgly soluble in this solvent,
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The liquld product was shaken with saturated sodium bisulph=-
ite solution (5 ml,) for 40 min,. The solid bisulphite
addition compound which separated was filtered off, washed
well with ether and decomposed with satureted sodium carbonate
solution, The liberated ketone was extracted into ether, the
extracts vashed and dried and the solvent removed leaving a
yellow liquid (0.45 g.) which was converted to the 2;4-dini=-
trophenylhydrazone, obtained in the form of orange-yellow
needles, m.p. 110-112°%, after one recerystallisation from
aqueous ethanol, The derivative was corverted to cryptone
2:4-dinitrophenylhydrazone by the method described above, the

product melted at 132-4° and the melting point was undepressed
on admixture with authentlce l~cryptone 2:4~dinitrophenyl-
hydrazone,

The filtrate from the bisulphite addition compound
which must contain the non-ketonic fraction, was freed from
solvent, 100 mg, of residue being obtainéd, An attempt was
made to convert this material to the benzoate, So@ ium
hydroxide (1 ml,, 10%) end benzoyl chloride (0.5 ml,) were
added snd the mixture shaken for half an hour, but no derive-

ative was isolated,

Hydrogenation of solid,

The so0lid (1 g.) in ethyl acetate (40 ml,) was

shaken in an stmosphere of hydrogen in presence of Adam's



catalyst (100 mg.) The upteke of hydrogen ceased after four
hours, a@lthough the rate was greetly decreased after the first
hour.

203,4 ml, of hydrogen were consumed, Tempersture 17-17,5°C,
pressure, 751 m.,m, '

On the basis of a molecular weight of 300, the hydrogen uptake
was found to be 2.3 moles hydrogen per mole of solid,
(Caloulated upteke: 2 moles/mole., The high experimental
flgure may be due to partial hydrogenation of the benzene
nucleus, as the rate of uptake of hydrogen dropped rapidly
after the first houw.)

The catalyst was filtered off, solvent removed
under reduced pressure and the residue thus obtained
erystallised on standing (0.5 g.) It was recrystallised
from ethanol in the form of colourless plates, m.p. 79-810.
(Found: C,79,9; H,9.5{, CpoHgp0p requires (,78,9; H,10.67.
Uev, spectrum: A,y 2770 A., e ,2,870C. (In gcyclohexane.)

89
Dehydrogenation of the solid, (cf. Arnold, Collins and 7enk,)

The solid (266 mg,), chloranil (230 mg.) and xylene
(2 ml,) were refluxed for 16 hours., The clear yellow
solution obtained deposited colourless needles on cooling,
an equal volume of ether was added and the solution was
shaken with potassium hydroxide solution (47) until the

alkaline layer was no longer red in colour, The ether
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layer was washed with water and dried (Na2804). The ether
was removed and the cold xylene solution deposited colourless
crystals which were filtered off and reerystallised fronm
ethanol, m,p, 118-9°, (160 mg., 609),

(Found: €,80.0; H,8.69, C requires ¢,80.5, H,8.8%.)

2072602

U.,v. spectrum: Amaxaeoo A.,& ,10,000, (In cyclohexane,)
Acidification of the alkaline extracts gave colour-

less needles, m,p. 3300. (Lit. for tetrachlorohyiroquinone,

n.p.232°.)

Dehydrogenation was also attenpted by the method
desoribed by Braude.90 The reduction solid in benzene
solution was refluxed for 2C hours in presence of a P4d/C
catalyst and nitrobenzene, The latter was removed by thorough
washing of the residue obtained after removal of catalyst and

solvent, with alcohol, The starting meterisl was recovered

unchanged.

Addition of maleice anhyvdride to the solid. The solid (300 mg,)

and maleic snhydride (600 mg,) were shaken in benzene (5 ml,)
until solution was complete, The orange solution was then
refluxed on the water-bath for two hours, after the first
half-hour the colour of the solution changed from orange to
pale yellow. No solid separsted on cooling, IInreacted

maleic enhyiride was removed by shaking the benzene solution
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with water, Subsequent drying and removal of solvent did not
result in the sepsration of any =0lid product, However, on
standing for severasl days, the residue became partially cry-
stalline and complete ecrystallisation was brought about by
treatment with ethanol., The crude produet (100 mg., 257)
was recerystallised from aqueous methanol, n,p. 96-70, mixed
melting point with sterting méterial zave depression, m,p.
75-90". (Found: C,72.4; H,7.6%. CogHz005 requires (,72,3;
H,7.67), U.,v., spectrum: A__ 2770 A., e ,1,700. (In gyclo-

hexane, )

Condensation of p-~isopropylphenol snd ethylene dichloride,

p~Iso~-propylphenol (8 g.,) was dissolved in sodium
hydroxide solution (5 ml,,10%) at 800 giving a brown solution,
Tthylene dichloride (b.p., 82,5-83,5%; 10 g.) was added in 1 ml,
portions alternating with sodium hydroxide solution (40 ml.,
20%) 4n 5 ml. portions, Addition of the reagents was complete
after 2 hr, and heating at Boo_and stirring were continued for
- & further 2 hr,, The reaction mixture was poured into water,
extracted with ether and the ether extracts washed and dried,
The pale yvellow liquid (5 g.) left after removal of ether
became partially erystalline on standing. The c¢rude product
(5¢ meg.) in the form of colourless needles hed m,p. 116°.

U.v, spsctrum: hnax2?70 Aeye ,4,320, (In oyclohexane)
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Attempted condensation of p-isopropylphenol and the h&droxathyl
 ether,
The hydroxyethyl ether (1 g,, n%V 1.5190) was added
to a solution of p-isopropylphenol (0.8 g,) in sodium hydroxide
solution (2 ml., 207) and the mixture hested at 80° for one and
a half hours, The yelloﬁ reaction mixture was treated as
above,  The pale yellbw l1iquid residue (1.3 g.) obtained after
removal of ether smelt strongly phenolic and no solid separated,

The residue was distilled givirg a colourless liquid (1.1 g.),

b.p. 140°/20 mum., nl? 1.5104 1dentified as the starting material,

91
o~Isopropylihenol, (ef., Tsukervanik ),

Phenol (140 g., 1.5 mole) was dissolved in phosphoric
acid (220 g., 2.3 moles, sp, #r. 1,84) e aclid was prepared
by stirring phosphorus pentoxide with water until the solution
attained the required density. The experiment was also carried
out usingz syrupy phosphoric acid, but no reaction occurred,
Isopropyl alcohol (120 ml,, 1.55 moles) was added dropwise to
the solution over a period of three hours, The reaction
mixture was stirred continuously and the bath femperaﬁure
maintained at 120° for eight hours. The raaction mixture was
poured into water when & pink, oily_layer sepnratea et the surface,
It was extracted into ether and thie combined extracts were washed
with aqueous sodium bicerbonate and water and dried over sodium
sulphate, The ether wes removed and the orange residue was

fractionated,
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Yield B.p./17ma, n >
(). 29.4 g, 94-8° 1,5204
(2). 53,6 g. 100-8° 1,5252
{3). 67.0 g, 110-5° 1.5251
(4). 28,5 g. 124-8° 1,5223

Fraction (1) gave a purple colouration with 19 aqueous ferrie
chloride, indicating the presence of some unreacted phenol;
the other three fractions gave a green colouration with ferrice
chloride,

92
(Lit, for o-isomer: b,p. 90-1°/8 m,m,, ngo 1.5315. p-Isouer:
b,p. 109-111°/10 m,nm., n§° 1,5228, )
Fractions (2) and (3) were combined and used in the subsequent
stages, Yield of o-isopropylphercl: 120,6 g. (59.57),
The product was characterised by methylation and by preparation
of the phenocoxyacetic acid derivative,

23
o-Isopropylanisole, (cf, ZBert )

o-Isopropylphenol (13,6 g.,0.1 mole) was dissolved in
sodium hydroxide solution (850 ml,, 107) and dimethyl suphate
(12 ml,) was added dropwise to the stirred solution at room
temperature with evolution of heat, At the end of two hours
the solution was boiled for 5 minutes and on cooling & red 5il
separated at the surface of the solution, This was extracted
into ether, the oxtraets washed with weter until free from
alkeli and then dried, Mther was removed and the residue

distilled giving a colourless liquid (12.17 g., 81Y),
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b,p. 75-80°/15 m,m., n3® 1,5080. (Lit. for o-isopropylanisole:

b.p. 198-90/751 m,nm,, n%s 1.5089, p=Isopropvlanisole:
b.p. 212-3°/751 m.m,, 95-6°/19 m.m,, ni? 1,5045.)

Phenoxyacetic acid derivative, o-Isopropylphenoxyacetic acid

was prepared as before for the p-isomer, The produect, obtairned
in 359 yeld, was rggrystallis&d from light petroleum (60-80°),
M.P, 127°. (Lit. for o-isopropylphenoxyacetic acid, m,p.
180w1 ")

o-(é;Hydroxyethoxy)-iSOpropyl benzene, The re thod is identical

with that described for preparstion of the p-isomer, 0=IS0=
propylphenol (94.5 g.) yielded a erude produet (110 g.) which

was fractionated through & Feneke column,

Yield B.p./16 mm, n;S
(1). 1.5 g. 112-123° 1,4968
(2). 52.4 g. 145-7° 1,5212
(3)., 31.3 g. 148-9° 1.5205
(4), 10.0 g. 150-1° 1.5200

Fractions (2) ~ (4) were combined and used for the subsequent
stages, The product was found to give a yellow colouration
with aleohollec ferric chloride solution,

The analytiocal sample had b,p, 139-300/10 m,m,, nig 1.5206.
(Found: ¢,73.5; H,8.9%. Cllﬂlaca requires ¢,73.3; H,9.09)

in attempt was mede to prepare the benzoate, but the

derivative could not be formed,
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4*(5 ~dyaroxyethoxy )-b-isoprops1l cyclohexa=-l:4~-diene,

| The wethod was identical with thet used for the p-isomer,
In this cuse, however, the reaction proceeded much more slowly,
after sidition of all the sodium (L5 g, edded during ome hour)
the reasctiocn mixiure was stirrved for a further eight hours before
the dark blue colour had disappeared, (The ammonia lost due to
evaporation over this period wus replaced from time to tiue,)

The pale yellow liquid left after removal of ether was fractione

ated,
Yield B /0 .8mn nl? Ao lhe) €
opa; . =L e D max .
(1) 21.0 g. 105-9" 1,4971 2790 94
(2) 24,9 a. 110-3° 1.4955 2790 68
(3) 13,7 g. 114-8" 1.4939, 2790 113

The ultraviolet adsorption of the oroduct indieated thet it
conteinaed only from 3«57 starting meterial, The three fractions
we=4 combined and hydrolysed as deseribed helow, Vield: 59.6 g.
(78,57) from 75 g, of ether,

The analytieal sanple prepared by redistillation of this material
hed b,p, 85°/0,2 m,m,, n3? 1,5011, (Found ¢,72.2; H,10.0%.

c 0, Tequires ¢,72.5¢ H,10,04%,)

11718

]
Hydrolveis of 4-(2 ~Hvdroxyethoxy)=5~isonropvl cyclohexa-1:4-diene,

() 7ith sodium bisulphite, The diene (5 g, ) was sheken for

16 hours with & satursted solution of sodium bisulphite, no
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s0lid adadition product was formed, The organic layer was
separated and treated with sodium carbonete solution followed
by ether extrecetion of the product and distillation of the

residue after removal of solvent.

viald 3.p./12 m.m. néﬁ A (he) e
(1) 0.23 g. 85-92" 1,4752 °  ee- —
(2)  1.11 g. 04104  1.4770 P —
(3) 2,19 a. 104-112° 11,4300 2270 40

Since fractions (1) and (2) are transparent in the ultraviolet,
they must constitute the B:Y ~unsaturated isomer (354 yeld)
fraction (35) containing a very small percentage of the a: -un-
saturated iscmer. (57.59 yield), The analytical sample wes
prepared by distillation of fraction (2), b.p. 90-2°/13 m.m,

n}® 1.4762, (Yound: C,72.9; W,10.0¢. C,H,,0 Tequires G,78.2;
H,10.2%.) Tt would appear from this analysis that the product
is largely unhydrolysed dihydro-ether (C,72.5; 1,10,07), The
semicarbazone of this material was prepared. Five recrystall=-
isations from aqueous methanol gave plates, m.p. 155-9°, (Found:
c,61,3; H,9.1; N,21,7%. 010H190N3 requires C,61.5; H,8,8; N¥,21,
5¢) U.v, spectrum: } ,2280 A.,€ ,7,200, It seems likely
that this material contains some of the asp -unsturated isomer
since the absorption is low and it wes found that on recrystell-

isation the m,p. of the erude material rose from 148° to the

fizure given bbove,



(b} With acid, The diene (5 g, ) was refluxed with hydreoehlorie
acid (50 ml,, 57) for 12 hours. "he product, which waes a derk

yellow, waes isolated by the usual procedure and fractioneted,

vield B.p./12um, nﬁﬁ
(L) 0.72 g. 76-86° 1,4773
(8) 31.47 & 86-100°  1,4803
(3) 0.48 g. 102-108° 1,4979

Fraction (2) had '%Bx2270 hey® ,9,300, and comprised 314 of the

total yield, (Found: C,78,0; H,10.1%. Cng4

H,10,2%, ) The low value for the ultraviolet absorption of this

0 requires C,78,2;

material must therefore be due to the presence of the B:Y -un~

saturated ketone, Fraetion (2) was converted to derivatives,

2:4-Dinitrophenylydrazone, Orange pletes from ethanol, m,p. 128°

after four recrysmllisations, (Found: C,56,.2; H,5,4; N,17.07,
CqgHy g0ty requires C,56.6; H,5,7; N,17.67.)

Semicarbazore, Needles from methanol, m,p. 176-8°,

Aclid-catalysed rearrengement of the isomeric ketones,

The rearrangement was followed spectrophotometrically
in presence of 4% sulphurie acid, The ketone mixture contained
orly a trace of o:B ~unsaturated isomer, The ultraviolet
absorption of this sclution (19.93 wug./l.) was measured at

intervals until the absorption had reached a constant value,
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Measurcments were carri=d out at room tempeorature and also on
aliquots of solution which had been refluxed for & messured time,'
and then cooled to room tempera ture, (Dbue precautions were
teken to prevent loss of solvent due to evaporatlicn during this
operetion, ) The «Usorption maximum in this solvent was at

ol 4,

Rearrangevent at room tewperature,

Time (hours) 0.5 3 3 19.8 96 120

L 262 317 620 662 2,622 2,739

Rearrangenent in hot soliution,

Time (hours) 0.5 1 5 Bl

€ 4,706 5,417 6,452 6,693
2320

L similer result was obtained by heating the ketone
mixture ( €p0a0 2,780) for five hours in a sealed tube in presence
i ’
of 54 sulphurie acid, The absorption of the produet was shown
to be 32280,5’970'

Hydrogenation of the Z-isopropylcyclohexenones.,

The ketone mixture (2 g.) in ethyl acetate solution (30
ml,) was shaken in an atmosphere of hydrogen in presence of

Fd/BasQ, catalyst (0.2 g.) The uptake of hydrogen was 288 e.c,

4
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at 18° © in 3 hours. (Caleculnted uptake: 345 e,e¢,) The
catalyst was filtered off and the solvent distilled through a
Fenske column, The residue was distilled giving a colourless
1iquid (1.44 g., 70%), b,p. 85-95°/14 m.m, n3C 1,4559. Semi=
carbazone; needles {rom methanol, m,p. 178-80°, 2:4-Dinitro~
phenylhydrazore: orange needles from ethanol, m,p. ]18-210.
(Lit.g4 for 2-isopropyleyclohexanone; b.p, 83°/17 m.u,, n%s

1,4564. Semicarhazone, m.p. 180°.)

Diels~-Alder addition of isoprere to o-isopropyleyclohexenone,

The equilibrium mixture of the o-isopropyleyclo=-
hexenones (3,2 g.,) was heated in & sealed tube with isoprene
(6,4 g.: 1 mole ketone:4 moles diene) for 8C hours at 180-90°.
The resulting pele yellow solution, after removal of unchenged
diene, wass distilled giving & colourless liquid, db.p. 55-500/
0.7 mm,, ngo 1.4870, (2 g.,) which proved to be identical with
the starting rmteriel. The residue in the =2till could neither
be distilled, even &t high temperstures, nor could it be
eryetallieed, It appeared %0 be polymeric in nature and was

probably a polymer of the starting materiel,

Dielsg=ilder =ddition of butediene to p-isopropylecyclohexenocne,

4 mixture of the p-iscpropylerclohexenones conteining
epproxinetely 30¢ of eryrtore (2,5 g.) wes heated in & sesled

tube with & 507 rizture of butadiene and pentene for four days
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at 100°. after removal of low~boiling material, the pale
yellow residue was distilled, giving & colourless distillate,
Depe 80-9{,0/0.:5 nma, , n?‘)o 1,4780, whiech was identical with the
starting material, b,p. 80=5°/0.3 mu., ng® 1.4789.
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The Structure of Barbaloin
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INTRODUCTICN

Berbaloin can be isolated &s & lemon-yellow cryste-
alline solid from the inspissated Jjuices of certain species
of the aloe plant, On drying, the juices form a dark brown
resin known as bitter aloes, The proportion of barbsloin in
thie resin varics from nine per cent in Cape sloss obtained
from 4.ferox Mill and A.perryi Baker, growing in “outh and
Test Africa, to twenty-five per cent in Curagao aloes
obtained from A.vera Linm (A. vulgasris Tam), growing in the
fest Indies, The resin is extracted with hot water and the
insoluble calcium =alts are precipitated with lime and
ammonia, The precipitate is treated with strong hydrochloriec
acid, giving s yellow powder known commercially e&s aloin,
Aloin is of considerable importance ss a drug, being used as
a purgative. Repeated recrystallisation of the crude sloin
yields barbaloin, which is present as the ms jor constituent,
A second constituent is iso-barbaloin which closely resembles
barbaloin in its properties,

Crystalline barbaloin was first isolated by T. & H.
Smitguin 1861, but structursl investigations cerried out
during the last hundred years have led to inconclusive results,

The presence of an anthracene nucleus in barbaloin

o
was demonstrated by Tilden , who obtained methyl anthracene

on zine dust distillation, On chromic acid oxidation, he
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obtained & product which he termed aloe-xanthin, This was
shown by later worggrSS to be & mixture of aloe-emodin (71)
end rhein (II), the latter was found to be identical with
the rhein isolsted from rhubard by Hasse4. That these
compounds are derivatives of chrysazin (III) was proved by
Oesterles, who converted aloe-emodin into chrysophanic acid
(IV) by reduction and into rhein by oxidetion,

The struectures of asloe~emodin and rhein have slso
been confirmed by synthesis. itter and Banerjeaﬂ, converted
synthetic rhein7 to the aeid chloride (V) and thenece to the
aldehyde (VI), reduction gave the corresponding alecohol which
was shown to be identicsl with aloe-emodin,

riilder oxldising agents such £s aqueoue ferric
chloride solutiona degrede barbaloin into aloe-emodin,

A significant advance in the determiration of the
structure of barbaloin was made by Lééerg, who found that
prolonged acid treatment of barbaloin with ethanolie hydroch-
loric acid over & period of six menths to a year, ylelded
aloe~emoain and aldo-pentose, The sugar, which was obtained
in good yield, was characterised as D-arabinose. It is of
interest to note that the ocecurrence of this sugar in higher
plante has been reported only in one other case, namely in the

plant Sapindus lakurosi, Cn the basis of these results

Lé&er surgested that barbaloin was an anthraquinone D=

arabinoside (VIT).
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CHPR

VII (R = D-arabinose) VIII

10
In 1931, Hauser found that on borax hydrolysis

of barbaloin 2n anthrone was produced. Barnaloin is known
to be unstable in alkaline solution, but borax treatment is
the only method by which an identifiable product can be iso-
lated. Aloe-emodin anthrone may have either of two possible
structures (VIII, IX). That it is the Q9-anthrone (VITII)

hesg been proved by its reduction to chrysophanic acid « 9 -

12
anthrone (i) .

OH OH

CH:?H

IX X

Further evidence for its formulation #s the 9=
anthrone has been obtained by spectral studlies in the course
of the present work,

As simple alkaline hydrolysis of barbaloin yields
aloe~emodin anthrone, it would appear that barbaloin may

contain an anthrone or enthranol nucleus snd not sn anthe
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raquinone nucleus as suggested by 1éger, Hauser and
12

Rosenthaler , both advanced structures of this type

(XI #nd XII) which vary only in the moie of attachment

of the suger residue to the anthrancl grouping.

o
o CH-(c HOH)f H-C HOH O-CH(CHOH); cHO
OH OH
e
Z CHOH
2
XII

The yield of anthrone obtained on borax hydrolysis
of berbaloin ies low and it has been ergued by Légerls, that
it is in fact a secondsry reaction product, the snthraquinone
primarily produced being reduced to the anthrone by the sugar
present. 5

In 1932, Cahn and &1monsen} sugzested structure IITI
for barbaloin., They claimed that degrzdation of this compound
could lead to sloe-emodin anthrone and to arebinose, Their
structure is of interest in that they suggest that the sugar
need not be present as such in barbaloin, but thast the presence
of & potential pentose unit, such as is conteined in structure
XIII, is sufficient,

Cahn snd Simonsen were successful in methylating

barbaloin, Previous attempte by the Haworth method had
failed due to the instability of barbeloin in alkaline
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solution, Using the Furdie method, Cahn and Cimonsen
obtained a colourless crystaelline produet, which on

permanzenate oxidation ylelded rhein dimethyl ether (XIV).

XIV

This degfadatiom is of importance in that it implies that
the two phenolic hydroxyl groups in barbaloin iteelf must be
free and cannot therefore be involved in linksge with the
sugar residue,
14

Gardner, lNebonnell & Wiegand have studied the
nature of the sugar residue, They measured the rates of
hydrolysis of some a~hydroxy anthraquinone glucosides end
erabinosides and found that hydrolysis in hydrochloric scid
solution was more rapid than in borex solution, In addition
they observed that the arabinoside was more rapidly hydrolysed
than the glucoside, From these results it was conecluded that
barbeloin could not be aloe~encdin LD-erabinoside,

4Ls D=-erabinose can be isclated from barbaloin, it
had been assumed that a pentose residue was present in the
molegule, Gardnerls examined the borax hydrolysis products

of barbaloin and D-glucose and found that they both yielded

formaldehyde and furfural, It was therefore possible that
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barbaloin could contain & hexose residue and not a pentose as
previously believed,

Cne of the main difficulties in assigning a structure
to barbaloin is found in the great diversity of aralytical data,

The first molecular formule, Cy, HygCp, was advanced ?g
16 '

“tenhouse ., This was amended to C,,.Hi/0, by Tilden , a
% 18%7 19

value wnich wes confirmed by Schmidt, Jowett and Fotter ,

5b 8

Robinson and Simonsen , and Cehn and Simonsen , are in asgree-
20

ment with this formula, Groenewald suggested the formule

016H1607' which wes aleo sccepted by Lééer. After Iééer's
discovery that barbaloin will give asloe-emodin and D-arabinose
he advenced the formula C_, H 09 to agree with the new struclre

20718

(VII) which he then proposed, 4 Cpy formula has been post-
21
ulated by Cwen and Simonsen ., The latter workers obtained a

molecular formula, Galﬂlvoatome)7, for barbaloin methyl ether
by & molecular weight determinastion by x-ray methods and from
analyecis, Thies would supgest the formula 021H2409 for
barbaloin itself and Gardner15 quotes analytical results in
agreement with this formula, Molecular weight determinations
carried out on barbaloin by ebullioscopic and cryoscopic
methodslg’za have resulted in values ranging from 195«440,

In solvents such as ethyl acetate and acetic scid, it hss
been reportedzg that no elevation of the boiling point is

observed,
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Structural Investization of Barbaloin,

From & survey of the literature it was evident that
the main difficulty encountered by earlier workers lay in the
inconclusive results obteined on analysis, formulaé contain-
ing sixteen, twenty, or twenty-one carbon atoms having been
advanced, The nature of the aromatic nucleus, whether
anthrsnol, anthrone or anthraquinone in nature, was also in
doubt, It was known that degradation of barbaloin yields
D-srabinose, that barbaloin is unstable in alksline solution,
borax treatment yielding aloe~enmodin anthrone and that it is
stable to acid under conditione which should bring ebout
hydrolysis of a glycoside, It has been observed by Gibson
and ﬁimonsanzs that tribromobarbaloin is unaffected by heating
at 100° in & sealed tube in presence of 207 aleoholic
sulphuric acid, It is therefore unlikely that the molecule
contains a simple glycosidie 1link,

In the present investigetion, reliable analytical
resultes have been obtained for barvaloin eand barbaloin methyl
ether, The nature of the aromatic nucleus has been studied
by means of infra-red and ultre-violet spectroscopy. The
sugar residue was examined by periodate oxidation and D~
arabinose has been isolated by oxidative degradeation of

barbaloin,
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Anelytical results,

A complete analysis of a sample of pure barbaloin
dried to constant weight in vacuo prior to analysis gave the
figures: ¢, 60,17, 60.33; H, '5.50, 5.50; 0, 34,72, 34,387,

It was obgerved thaet dried barbaloin is hygroscopic and rapidly
absorbs from one to two molecules of water on standing in

alr, Barbaloin crystallises as long yellow crystal bundles
and X-ray photogrephs of these crystals show a typical fibre
diagram, From a sample of carafully erystallised barbaloin
it is possible to sepurate a few erystals whieh appear to be
single erystals, An X-ray crystallographic determinstion of
molecular weight has been carried out on one such corystal,
giving a value of 449%12 for the moleculer weight of air
4dried barhaloin, It is of course possible that these single
erystnls are not barbaloin as only e few of them occur in sny
sample of barbaloin, However as they are found in all care=
fully purified sampl~s it seems reasonable to assume that they
are indeed barbaloin. These analytical figures indicate a

molecular formnula for barbeloin of C Og (Pequired:

21 Uz2
Confirme tion of this formula has been obtained by

analysis of barbaloin me thyl ether. The molecular weight
21
of 521 determined by Owen and cironsen was confirmed, a

value of 516 being obtained, Analysis gave the figures;:



¢, 651; H, 6-98; Ole 42.17%., The molecular formula
Cpy Hyg O2 (OMe),, requires C, 64:8; H, 6°96; 0, 42:37
e, 5166, Barbaloir hepta-methyl ether hags thus
arisen from barbaloin, Cyy Hyg Og (GH)p, or Cgy Hgp Og,

the molecular formula suggested above,

Spectral “Zesults.

Ultra=-violet spectra, The ultre-violet spectra of barbaloin

end aloe~emodin antirone (¥ig.I.) show a close resemblance,
However, the curvee are not identical, the maximum at 2690 A

in the bsrbaloin spectrum veing of low r intensity than that
at 2620 A in the aloe-emodin anthrone spectrum and the maximum
at 2880 4 in the latter being displaced to 2980 A in the
barbaloin spectrum, The ultra-violet spectrum of dithranol
(Fiz,7I.) 1is identical with that of aloe-enmodin anthrore,

This would suggest that the difference in structure between
aloe-emodin anthrone end barbaloin must involve the anthrone
absoroving system to souwe extent, Tinkapge of the super residue
at the 05 hydroxymethyl group should not cause any appr'eciaal:rl;‘?t
elteration in the spectrum for it has been gbserved by Morton
that the ultra-violet spectrum of Z2-methoxyanthrequinone is
almost identical with that of 2-hydroxy anthraquinone. Cn the
other hapd, linksge through the carbonyl group of the anthrone

nucleus would lead to much greater differences in the conjugated

absorbing system then heve been observed, The ultra-violet
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spectra of barbaloin and aloe-emodin (Fig.I.) show no close
similarity end therefore it appears thet barbaloin nust

contein an anthirone and not an anthrenol or anthraquinone

nucleus,
Table I,
Barbaloin floe=emodin Dithranol Lloe=emodin
= anthrone
A lLoge A loge A 10g e A 1Loge
Max lax Max Vax
208 de4] 206 4°46 208 4+38 226 4+61
269 3+ 01 262 427 260 433 263 435
297 305 288 597 287 3908 277 4-01
363 405 367 4+01 3685 599 287 4+02
428 405
25

After completion of this work & paper by Birch
became available, A study is made of the ultrs-violet spectra
of ecetylated barbaloin end acetylated eloe-emodin santhrone
and the epectrs are compared with those of 2:2' - disubstituted
benzophenones, The spectra of barbaloin and aloe-emodin
anthrone are shown to bear & close resemblance to the spectrum

of 2:2' - dihydroxy benzophenone,

Infra-red spectra. The presence of an anthrone nucleus in

barbaloin has been confirmed by & study of the infra-red spectra
of barbaloin, its degredation preducts and related compounds,
The carbonyl stretching frequencies observed for these compounds

are given in Table II,



- 131 -

Table 11.

G_= 0 Stretching freguencies (om~l)

Anthraquinone 1676
Chrysazin 1674, 1625
Aloe-emodin 1674, 1626
Anthrone 1654
Dithranol 1631
Aloe-emodin &nthrone 1636
Barbaloin 1630
Barbaloin methyl ether 1680
Rhein dimethyl ether 1726, 1672, 1649

Anthraquinone possesses two unassociated carbonyl
groups which give rise to the band at 1676 cm'l. This band i=
also present in the spectra of chrysazin and aloe-emodin, In

addition, bands at 1625 and 1626 cm™t

respectively are present,
these bands must arise frowm the strongly hydrogen-bonded
carbenyl groups in chrysazin end aloe-emodin, Anthrone,
conteining a single carbonyl group, has a band at 1654 om™t

1 in dithranol end to

and this is displaced to 1631 cm
1636 em~+ in alce-emodin enthrone by the introduction of the
l1- and 8~hydroxyl groups. Similerly the infra-red spectrum
of barbaloin haes only one band in the carbonyl stretching
frequency region at 163C cm-l. In barbaloin methyl ether
the position of the carbonyl stretching frequency band hss

1, that is the carbonyl aroup is no

returned to 1680 cm
longer hydrogen-bonded due to methylation of the neighbouring
hydroxyl groups. It is important that this gives evidence

of the presence of & carbonyl group in the methyl ether showing
that methyletion haes had no effect upon the anthrone carbonyl

group,
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Unexpected results were obtained in the infra-red

1

spectrum of rhein dimethyl ether., The bend at 1726 cm — may

be attributed to the carboxyl carbonyl group and that at

1672 om +

to the unassociated carbonyl group of the anthraquinone
nucleus, It would be expected thet the carbonyl group with

the neighbouring 1 : 8-methoxyl groups would show a stretching
frequeney between 1680 end 1670 em L. Flatt26 has found this

to be the case for other methoxyanthraquinone derivatives,

Thet the band actually appesrs at 1649 om™+

may be due to the
effect of the carboxyl group in the para position to the

carbonyl group. The only other explanetion of this observation
is the presence of a free hydroxyl group in the l« or 8-~ position,
This cannot be the oase as Cahn and ﬁimonsena heve quoted con=-
clusive evidence as to the identity of rhein dimethyl ether

and analysis has shown the presence of two methoxyl groups,

Investipation of the Suger Residue.

Attempted hydrolysis, Barbaloin was found to be =stable to

N hydrochloric seid and to 389 hydrobromiec acid et 100°,
An aqueous solution of barbaloin was incubated with emulsin,
Chromatographic examination of portions of this =olution
showed the ebsence of any sugar,

The failure to hydrolyse barbaloin with aseid or

with an enzyme impliers the absence of a simple glycosidie

link.
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Feriodate oxidation. Oxidstion of barbaloin at 0° with

sodium meta periodate results in a rapid uptake of two
nolecules of periodate with formaticn of formic acid, 7o
further oxidant was consumed during 24 hours, The sugar
residue in barbaloin must therefore contain the grouping

-CH(OH), CH(OH). CH(CH)=-.

Isolation of D-arabinose, Cxidation of barbaloin with aqueous

ferric chloride solution gives rise to aloe-emodin, The
mother-liquors fraom this oxidation were extracted until free
from aloe-emodin, inorganic material was then removed using
ion-exchange resins and evaporation of the resulting solution
led to the isclation of c¢rystalliine D-arabinose, The sugar
was fully characterised by melting point, mixed melting point,
rotation, paper chromatography and the preparation of De-arebinose
diphenylhydrazone (mixed welting-point,). I.éczer obtained the
same products by prolonged acld treatment of barbaloin, Tt
is known thet barbaloin is stable to acid under conditions
whiich usually effect hydrolysis of e glycoside and 1t therefore
apprars likely that Lé@er'a degradation is not a hyirolysis but
an aerial oxidation of barbaloin,

From the foregoing evidence it is possible to postulate
a structure for barbaloin, The molecular formula is 021H2209'
Of the nine oxygen atoms, seven must be present in hydroxyl

groups since methylation of barbaloin ylelds & hepta-methyl
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ether, ALtteck on the anthrorne carbonyl group during methylation
does not occur as the presence of the carbonyl group hes been
detected in the infra-red spectrum of the methyl ether, Further=-
more, Cahn & ﬂimonsenﬁ have been able to prepare a 2;4-
dinitrophenylydrazone of the methyl ether, The eighth oxygen
atom is present in the carbonyl group in the anthrone nucleus,
If, as is indicated by periodate oxidation results, a sugar
ring is present in fhe molecule, then the ninth oxygen atom is
scoounted for, The sugar resldue eannot be attached to either
of the phenoclic hydroxyl groups as rhein dimethyl ether is
produced on oxidation of berbaloin methyl ether, Spectral
evidence implies that it cannot be attached to the hydroxy-
methyl group at Cg, In addition, a second inert oxygen atom
would be required for the formation of & glycosidic link,
The sugar residue nmust therefore be attached to the aromatic
nucleus by a C=C link and the most probable position for
substitution is at Cy4.

It has been observed that barbaloin does ngt give
the colour reactions characteristic of anthronesg?’zu, there=-
fore it must be mono- or disubstituted at clo' The six=
carbon residue or residues attached at clc must contain four
hydroxyl groups, three in the form - CH(CH). CH(OH). CH(CH)-;
the remaining three being present in the arnthrone nucleus,

On the basis of elementary analysis and the evidence presented

above, two possible structures may be proposed for barbaloin,
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XV XVI

Structure VI wes at first rejected because
evidence was obtained wiich appeared to suggest that barbaloin
was disubstituted at GlG'

The ultra-violet spectra of barbaloin methyl ether
were examined inethanolie and in sodium ethoxide solutions,
Initially the two spectrs were virtually identical, but
after the solution had been allowed to stend for 24 hours
8 new maximum at 2590 A was observed (Fig.IV). It is
doubtful whether this slow shift has any significence, On
prolonged alkel ine treatment it is not unlikely that a
methylated l-hydroxy-anthrone derivative night lose its methyl
ZTroup. Tow, if the anthrone nucleus were mono-substituted
at Glr a rapid alteration of its spectrum in alksline solution

9]

would be expected to oocur due to the formation of the sodium
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salt of the anthranol, The fset that no such rapid alterstion
was observed was taken as an indication of disubstitution at
Cl10. Independent evidence supporting this conclusion was
advanced by Hirchas, who acetylated aloe-emodin anthrone and
barbaloin. The anthrone yielded a tetra-acetate XVIT and

barbaloin ylelded a hepta-acetate,

The ultra-violet spectrum of aloe-emodin anthrone tetra-acetate
showed the absorption typieal of an anthracene nucleus, whereas
that of barbaloin hepta-acetate closely resembled the ultra-
vioclet spectra of benzophenone and of 2:2'-diacetoxybenzophenone,
showing that the carbonyl group was still present and therefore
that enolization was impossible in the barbaloin molecule,

The failure to bring about enolization together with
the reasonably good yield of D-arabinose obtained on degradation
both favoured structure (XV) for barbeloin,

An unusual feature of this structure is the C-C
link between the aromatic nucleus and the sugar residue, Tts
presence expleins the observed acid stability of barbaloin,

Nvidence of this type of linkage hes been obtained by applying
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29
to barbaloin & method evolved by Smith and Van Cleve to

determine the ring structure of naturally occuring glycosides,
The periodate oxidised glycoside is reduced with sodium

borohydride, The acetal thus obtained is readily hydrolysed
with acid resulting in the formation of either ethylene glycol

or glycerol deperding on the ring structure of the original

glycoside,
OR = O OR
| f |
CH CH CHOH
I | i
CHO NaBH OH. CH gt ou_on
4 2 2
0 —» 0 —_— ~+
'\.}31?0 f!zCH ?HQOH
_ S
CH, Cil, CHgOH
OR — R — OR
1 I |
o) CH CHOH
I I I
CHO NeBH, CH,0H 0 CH,OH
0 ——> 0 —
CHO CH,. OH CH_OH
| __J 1 2 | 2
CH ey —d CHOH
| [ |
CH50H CHoCH CHoCH

30
A paper chrometogrephic method is desceribed by xarrer

by means of w ich mierogram quantities of ethylene glycol and
glycerol can be detected, Karrer's method was found to give
excellent resultes with methyl «a - ) = glucopyranoside (glycerol),
adenosine (glycerol), sucroée (zlycerol) and methylepf = D =

xylopyranoside (ethylene glycol), With barbaloin however,
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no trace of ethylene glycol or glycerol could be detected,
This result is in asccordance with the suggested structure for
barbaloin, Reduction to the di-alcohol in this case would
result not in an acetal, but in an ether which should be steble
to acid,

» 31

4% this point a paper by Muhlemann became available
to us. In it was described the partial sgsynthesis of barbeloin
by condensation of aloe-emodin « 9 - anthrone end acetobromo-
glucose and subsequent deacetylation of the resulting tetra-
acetyl aloe~emodin glucoside, The product wes shown to be
identical with barbaloin by mixed melting point, and chroma-
tography, Further proof of identity was obtsined by re=-
acetylation of the tetra-acetate to give & hepta-acetate, which
was identicel with the hepta-acetate produced on acetylation of
barbaloin, luhlemann therefore proposed structure XVI for
barbaloin.

As already mentioned, & compound of this type should
be capable of enolization, Muhlemann obtasined two hepta-
acetyl barbaloins., Ope of m.p, 129+129+5° which was colour-
less ahd showed no fluorescence in solution, and another, m,p.
202-204°, which was pale yellow in colour and showed blue
fluorescenee in solution, Muhlemann suggested that the former,
wihich is the usual acetylation produet, hes an anthrone structure,

whereas the latter, which was only obtained once in & corystal=-

line condition, has an anthranol structure, He also succeeded
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in preparing an amorphous octe-acetate by acelXylation of the
hepta-acetate with pyridire and acetic anhydride, The cecompound
was pale yellow and showed blue fluorescence in solution,

An acetyl determination gave 45°16% CAc (Required for octa-
acetate 45°637 OAec), The low acetyl value snd the failure

to obtain a crystalline product was ascribed to contamination
with the hepta-acetate, which could not be completely separated
even by chromatogrephy.

Bohme and Bertramsz repeated Muhlemann's synthesis
and further identified the product with barbaloin by exame
ination of ultra-violet spectrs and by counter-current
separation, For the latter it was necessary to evolve a
quantitative method for the estimation of barbaloin. The
ultra-violet absorption mexima shown by barbaloin can be used
as a8 means of estimation as the peaks are well-defined,
However, aqueous solutions of barbaloin rapidly become oxidised
on standing, This effects both the quantitative estimation of
barbaloin and its counter-current separation, Bohme and
Bertram succeeded in increasing the stability of aqueous
solutions of barbaloin by using twice-distilled, nitrogen-
saturated water containing ascorbic acid es solvent, 2uch
& solution remeined stable for severesl days and showed no
alteration in the ultra-violet absorption spectrumés

A reference to the vwork of TWder and Zinn was

made in Muhlemenn's paper, As their paper hes not been
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abstracted, no reference to it has been made in the foregoing
literature survey. Tder and Zinn proposed the molecular

or barbal b aleme
: 21H2209 T oin from elementary analysis and
molecular weight determination, They proposed structure

formula C

XVIII for barbaloin.

Although this structure accounted for the formation
of a hepte~acetate and the stability of bardbaloin to acid
hydrolysis, 1% did not explain the formation of D-arabinose
on alkeline hydrolysis,

Yuhlemenn's synthesls does not constitute a rigid
proof of the structure of barbaloin, His proof that con=-
densation has occured at Clo ard not at one of the hydroxyl
groups in the enthrone, rests principally on the formetion
of &an octa-acetate and of the two hepta-acetates, one of which
apprears to have an anthrone structure and the other an anthranol
structure, However, the octa-acetate could only be obteined

in an amorphous condition and analysis showed & low velue for
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the percentage acetyl in the compound, The hepta-scetate
with the anthranol structure was only prepared once, subsequent
attempts at its preparation being unsuccessful,

uhlemann's synthesis was repeated end the tetra-
acetate obtained was de-scetylated in ecid solution and
subjected to ferrie chloride oxidation, Arabinose was
identified as & product of the reasction, no glucose being
isolated., It would appear from this and from the ident-
ification of the synthetic product with barbsloin by the
met 0ds described sbove, that barbaloiln is indeed represented
by structure XVI, Conclusive proof of this was obtained
by a modification of the Karrer method described above,
After periodate oxidation of barbeloin and reduction of the
dialdehyde with borchydride the produet was oxidised with ferric
chloride, Inorgenic material was removed using lon-exchange
resins and chrometogrephy of the resulting solution by the
usual method showed the presence of glycercl in the solution,
This ceould only arise from break-down of a hexose residue

attached at C o as in structure VI.

1
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Barbeloin, - Commerecial aloin (from Curagac aloes) (450 g.)
was recrystallised twice from water (1.5.1.) and then several
times from methanol, Barbaloin (200 g.) wes thus obtained as
a mass of lemon-yellow needles m,p. 148-148,5°, (Found
(arithmetic mean of five analyses): C, 575; H, 5°*7; CNMe,O.
Galﬂaaog.ﬂzo requires C, 57+5; H, 5-557. Joss in weight

on drying over phosphoric anhydride in vacuo at 100°, 5+07;
required, 4+13%, This loss in weight was recovered when the
anhydrous barbaloin was allowed to stand in air for two days,
Found in material dried to constant weight in vecuo immediately
before analysis: C, 60°2, 80+3; H, 55, 5+5; 0, 34°*7, 34-4.
021H3309 requires C, 60+3; H, 53; 0, 34+8%.)

Moleecular weight determination by Dr, C.,A, Beevers.

The meterial showed as long yellow crystal bundles
with striations parallel to the length, often Dbreaking up into
nerrower fibres at the ends, An X-ray photograph (Cu Ké
radiation, 50 KV,, 25 m,8,, 2 hours exposure} of one of these
erystals showed a typical fibre disgrem. A Tfew specimens were
found, however, of size less than 0.1 mm, wide, which appeared
to be single crystals under the polarising microscope, and
these showed a parallel extinetion, Une such single crystal,

dimensions ©+C7 by 0<01 by 0°5 mua, length (estimeted weight
0+5 pz.) was picked up by & fine glass fibre which had been

slightly greesed, Tt wes orientated by microscope on a



- 143 =

Weissenberg {-ray goniometer, and & ceries of 10° osecillation
photographs, each of 1 hour exposure, was taken, These showed
distinet spots on the first and second layer lines, with a few
spots on the zero snd third layer lines, Upper a2nd lower
layers were identical, The layer-line spacing corresponds to
an axial dimension of 954 & o-1§, and this may be teken ss

the b axis. 411 the spots observed (numbering approximately
22 in first and second laysr lines) could be indexed on the

basis of orthogonal axes of dimensions a = 21«1 & (3 g,

c = 203 ¥ 0.3 E. The b axis is perpendiculer to the otgars,
thus the cell is orthorhombic and has a volume of 4080 E.
Referred to the axes, the largest face on the erystsl is (00l).

When some of the maferisl was stirred in chloroform
a few crystals sank although the ma jority floated, Thus a
density of 1+48 g./cc, was suggested, giving & value of 359C
for the molecular weight of the cell contents. Assuning
eight molecules per unit cell, this gives a value of the
molecular weight of 449 + 12,

There were not sufficient spots observed to enable
the space-group to be determined, However, the general planes
(r k 1) seem all to be present, indicating the primitive
lattice P. There seems to be a definite series of absences
in the (h C 1) plenes when 1 is odd, In the ocase of the
(G, k, 1) planes only the (C08) was observed, In the case

of the (h, 5; 0) planes all reflexions were present., In the
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cases of the pinacoidal reflexions there are insufficient data
to establish any definite absences, These findings leave &

number of space groups,

Reaction of bsrbaloin with aqueous sodium borate, -
8

A,In presence of hydrazine, c¢f, Cahn & Simonsen,

An aqueous solution (100 ml,) of barbaloin (10 £.),

sodium borate (10 g,) and hydrazine (1 g.) was refluxed for
30 minutes in an atmosphere of nitrogen, The dark red solution
was acidified with dilute hydrochloric acid and the dark yellow
solid which separated was dried and extracted into bolling
toluene, Tvaporation of the solvent left eloe-emodin enthrone
(21 g., 347), mp. 190 = 2° after four recrystallisations from

»

glacial acetic acid,
10

B.In absence of hydrazine, cf, Hauser |,

The hydrolysis wos carried out es in method A., but
addition of hydrazine to the reaction mixture was omitted,
The sloe=-emodin snthrone obtained (2 g. from 25 g, barbaloin,
114) had mp. 109°, (Cehn & 531::101’159::3 give mp. 199°).

34
C.In presence of phenylhydrazine hydrochloride, ef, Rosenthaler

An aqueous solution (100 ml,) of barbaloin (5 g.)
sodium borate (10 g.) and phenylhydrazine hydrochloride (2 g.)
was refluyxed during 2 hours in an atmosphere of nitrogen,
The aark red solution was scidified with dilute hydrochloric

acid and the yellow solid which precipitated was extracted
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into ether (ca. 500 ml,). Bveporation of the washed, dried

(Ha3804) ether extract gave a reddish solid which on crystal-
lisation from gleciel acetic acid (charcoasl) gave aloe-emodin
enthrone (1+5 g., 51%) es yellow needles mp, 199°.

D.Borax hydrolysis under pressure,

An aqueous solution (100 ml,) of barbaloin (5 z.)
end sodium borate (10 g.) was heated in sealed tubes at 150°
for 2 hours, The derk brown reaction mixture was acidified
(dilute HCl) and the dark brown solid which separated wes
dried (5 g,). Unlike the anthrone, this material was almost
insoluble in boiling toluene, It was also insoluble in water,
but was found to be sparingly soluble in acetone, ethyl acetate
ethanol and amyl alcohol. It could not be crystallised and

was not exemined further,

o
Attempted ecid hydrolysis. - Barbaloin was heated at 100

with N hydrochloric acid for 2 hours or with hydrobromic acid
(384) for 4 hours, The soluticns were examined using paper

chromatography but no sugarlike materials could be detected.

Attempted enzymic hydrolysis,~ A solution of barbaloin (320 ng,)

in water (30 ml,) was incubated at 37° with en aqueous solution
(20 ml,) of emulsin (320 mg,.,) containing scetate buffer
(pH 5°0, 5 ml,.). After 24 houre the yellow solution turned

dark red. Aliquots were removed at intervals end examined by
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paper chromeatography for the presence of sugar, After one
week's incubation no sugar had been detected. Some golid
material had separated and was identified e&s aloe-emodin by

ciirome tograrphy,

Periodate oxidation.- An aqueous sclution of barbaloin (436 mg.,)

and a 0*2 I{ solution of sodium metapericdate (20 ml,) were
mixed, the volume made up to 100 ml, with distilled water, and
the solution allowed to stand at 00. The yellow barbaloin
solution immediately turned red. Progress of the oxidation
was followed by the titration of aliquots, The reaction was
complete in three hours; the periodate uptake wes equivalent
to the consumption of 2+1 moles of periodate per mole of
barbaloin, In & second reaction, when the oxidation wes
complete the solution was steam-distilled: formic acid wes
detected in the distillate by its colour reaction with

a5
chromotropic acid,

Reduction and attempted hydrolysié of the periodate oxidation
30
product.- (c¢f, Viscontini, Hoeh and Karrer )

Sodium metaperiodate (10 pif, 2 mg.,) was added to a solution of
barbaloin (5 uu, 2 mg.] in watgr (C*2 ml,) and the solution
was kept at 0c for 4 hours, Fotassium borohydride (2 mg,) in
water (0°*1 ml,) was added and the yellow solution aliowed to

o
stand overnight at 0 , Different saniples were hydrolysed at
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100°, (&) with N hydroehloric ascid (0+2 ml,) for 15 minutes,
(b) with 389 hydrobromic seid (0+2 ml,) for 15 minutes and
1 hour, Adenosine, suerose, g-methyl-Deglucopyranoside,
and g=-methyl-bD-xylopyranoside were treated as above save that
the solutions were kept at room temperature, Hydrolysis was
effected with N hydrochloric scid (0«2 ml,) at 100° for 15
minutes,

The hydrolysates were spotted on & paper chromatogram
with spots of ethylene glycol and glyeerol to act as markers
and allowed to run in ethyl acetate (1C) - pyridine (4) - water
(3). The air-dried papers were sprayed with aqueous sodium
metaperiodate solution (0+57), allowed to stand for five minutes
and then sprayed with benzidine solution (0*5 g, in 20 ml, of
acetic acid and 50 ml, of ethanol). Frecautions were taken to
avoid breathirg any of the benzidine spray, élycerol
(Rp 0*42) and ethylene glycol (RF 0*51) yield white spotes on
2 blue ground, Adenosine, sucrose, and a-methyl-D-glucopyraroside
all gave a white spot RF 0+42, p-methyl-xylopyrenoside gave a
0°23;

F F
this is possibly due to dihydroxyacetone, Barbaloin gave no

white spot R, 0°51, Suerose gave a second white spot, R

white spot. However, & white spot with Ry 0+42, identifiable
as glycerol, was given by barbaloin which had been trested as
follows (with the assistance of J.Muir). Rarbaloin was
oxidised and reduced as deseribed above, The aquecus solution

was saturated with salt and extracted with amyl alcohol, The
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residue, after removal of the alcohol, was refluxed with aqueous
ferric chloride solution (204) at 115° for 15 minutes and 125°
for 6 hdurs. The reaction mixture was filtered and the
filtrate passed through 8 column of Amberlite resin IP=120 (H)
to remove ferrous ilons, This solution wes examined chromato-
graphically as described above,

&
Ferric chloride oxidation,.~- {(ef, Cahn and Simonsen )

A. A solution of barbaloin (10 g.) and ferric chloride (50 g.)

in water (150 ml.) was heated under reflux at 115° for 15

minutes end then at 128° for 6 hours, A dark-brown solid
separated from the hot solution, The solution was cooled

and the solid collected, dried snd extracted (Soxhlet) into
boiling toluene, Removal of the toluene yielded aloe-emodin

(4 g, 647) which on recrystallisation from ethagol gave reddish-

orange ngedles m,P. 216-219° (Cahn snd Simonsen give m.p. 2180,

Cesterle gives m.p. 22301. Sublimation of this material at
160~170° /0*2 mm, gave orange needles m,p., 224-226°.

The dark red filtrate obtained after collection of
the solid sloe-emodin was extracted with amyl aleohol (10 x 30 ml,)
The pale yellow aqueous solution was passed through columns of
Amberlite resin IR-120 (H) until the eluste was free from ferrous
ions, The colourless solution thus obtained was passed through
columns of Amberlite resin IR-4B (OH) until all chloride ions
had been removed, The neutral soclution was concentrated to

a small volume, A little ferric hydroxide seperated snd wes
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removed and the solution was again passed through cationic and
anionic exchange resins, The colourless solution was cone
centrated in vecuo to a pale yellow syrup which orystallised
on treatment with ethanol, Reerystallisation from aqueous

me thanol gave D-arabinose (0+7g,) m.p. 155+5-156+5° undepressed
on admixture with an authentic speeimen n,p. 155+5=1565°,

[a] ﬁ? - 1042 (¢ = ¢e42 in dg0) (D=-arabinose has Da]D- 108°).
The material was identical with authentic D-arabinose when
exsmined paper chromatogrephically using two different solvent
systens and formed a diphenyl~hydrazone m,p. 19?0, undepressed
on admixture with an euthentic specimen m.p, 199%.

B. With linited smount of ferric chloride,

The oxidetion was carried out -&as in method A., but
the amount of ferric chloride used (24 g,.) was half the theoretical
quantity required for complete oxidetion of the barbaloin molecule,
The only product was aloe-emodin, The crude product, an orange=
yellow solid, was obtained in a state of greater purity then
that from method 4.

Ferric Chloride Oxidation of “ynthetie Darbaloin.(With
J.l, Henderson ard J,C, Paxton.)

Tetra-acetyl barbaloin was syntheslsed according to
31
the method desceribed by Mihlemann , The produet (500 m,g.)

wae refluxed with dilute hydrochloric acid for § hour. 4
solution of ferric chloride (2+5 g.) in water (5 ml,) was
auded and the oxidation carried out as above, The sugar
isolated from the mother liquors was identified as arabinose

by paper chromatography,
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parbaloin hepta-methyl ether,=-

(3]
4.By Turdie method. (cf, Cahn end Simonsen ),

lMethyl .iodide (147 g.) and silver oxide (64.8 g.)
were gredually added over a period of eight hours to & gently
refluxing saluﬁion of dry barbaloin (14 g,) in dry acetone
(315 ml.), & nitrogen atunosphere being maintained during the
whole period, The mixture was cooled, the sclid collected
and the solvents removed from the filtrate leaving & dark red
syrup (14.1 g.). This residue was methyleted twice using
dry acetone (45 ml,) wethyl iodide (73 g.) end silver oxide
(32 g.). The resulting syrup (13,2 g,.,) was dissolved in
benzene ond allowed to stand, but nc erystals separstel The
syrup, dissolved in benzene, was run on t0 an @lumina columm
and eluted with benzene, “veporation of the solvent fron
the first freection left & syrupy residue which orystallised.
Recrystallicsation from ethanol gave barbaloin hepta-methyl

ether (1.5 g.) M.p. 180-—1820, [a]l? - 13.50 (e = 1,46 in
¥

a8
chloroform), (Cahn end Simonsen record m.p. 177-179°,
[0]4er - 12.05° (e = 1.4C in chloroform) (Fourd, G64.8;
H, 6.95;0Me, 42,3. Cale, for 021H1502 (ome}7. c, 65,1;
g, 6,98; OMe 42.1%).
36
B,iith Dimethyl Formamide,- ef, Kuhn,

Barbaloin (5 g.) was dissolved in dry redistilled
dimethyl formemide (60 ml,) giving an orange solution which

did not alter in colour on addition of methyl iodide (25 ml,)
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Silver oxide (23 g.) was added gradually with vigorous stirring,
The expected rise in temperature to 95.300 did not occur, a
slight inereace of 1-2° being observed, The resction mixture
was warmed to ca 30° for } hour and then shaken overnight.

The dark red supernatant liquid was separated from the yellow
solid by centrifugation and the silver residues weshed with
chloroform, Cn standing, some yellow c¢rystalline golid separeated
from the dimethyl formamide solution, This proved t0 be a
complex formed by thereagents whiech has been described by
Kuhn, The combined dimethyl formemide and chloroform layers
were washed with water, An emulsion formed which seperated

on addition of ether, More yellow solid separated out,
removal of this s0lid leaving a dark red solution wiich was
dried and concentrated giving a dark brown tarry residue which

would not crystallise,

Moleculer weight of barbaloin methyl ether by Dr, C.A, Beevers,

A few crystals were aveilable in the form of clear,
almost square prisme of length 1 mm. and width about 0?2 mm, ,
showingz under the polarising microscope en extinetion parallel
to their length, The crystals gave excellent X-ray spots and
an osecillation photograph and "Weissenberg photographs of the
zero and first layer lines were obtsined, the erystal rotating
ebout the prism axis, From these it appears that the erystal

system is orthorhombic with axes a = 8.47 * 0,10 X,;
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b=17.,35 £ 0,05 A«; € = 18.28 % 0,05 &L, There are serew

axes in the structure parallel to b and ¢, the latgice being
a primitive one, The cell volume is thuslaﬁﬁﬁ g.d The
observed density is 1.28 g,/cc., giving 8 molecular welght
for the cell contents of 2065, Assuming four molecules per
unit cell, thies gives a2 molecular welight for barbaloin methyl
ether of 516 ¥ 10, The crystal used exhibits 0ll planes to

meke up its prismatic chape parallel to the & axis,

Permancenate oxidation of barbaloir methyl etner,-
8
(ef, Cehn and Simonsen ) Barbaloin methyl ether (1 g.)

was mixed to a paste with a 1ittle hot water and aqueous
potassium permangenate solutiorn (107 ml., 2,57) wes added over

a period of 45 minutes, The mixture wes stirred and heated

on the water-bath during three hours. Acidification with
dilute hydrochloric acid of the orange coloured =olution
obteired after removal of manzanese dioxide gave rhein dimethyl
ether (250 mg,, 417) m.p. 287-289° (Found, OWe, 22.3, Celec,
for C, 1,0, (02&)2, OlMe, 192,97).

The mother liquors were extracted with ethyl acetate
and amyl elechol until free from anthraquinone. Inorganic
catione were removed by passing through columns of Auberlite
rasin IR=120 (H) and the resulting solution neutralised with
silver carbonate. The aqueous solution was concentrated

giving e yellow syrup (ca.50 mg) which was partially
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erystalline, The s0lid meterial was soluble in ether, acetone,
alecohol and water, Lp. 140 = 44°, The ultra-violet spectrum
had A mex 2170, 29&0,.3590-3600 A, suggesting that the solid
was an oxidation product of the aromatic nucleus. The syrup
was examinéd chroma togrephically, but no sugar acids could be

detected,

Faper Chroratography.

The solvent systems examined are summarised in
Table III. Whatman lio, I paper was used throughout,
Table II1I.

Solvent System. _ Barbaloin 7
(1) n-Butanol : Fyridine : Hzo (3 :2 :8+5) 0-8
(2) mthyl Acetate : Fyridine t HoO (100:45:100) 0«8
(35) Bthyl Acetate : Acetic Acid 3 HEO (3 : 1 ¢ 3) 07
(4) Bthyl Acetate : Acetic Acid : Hy0 (10:1-3: 1) 0+64
(5) Tetrahydrofuran : HypO (30 ¢ 70) 0.R1
(6) Tetrahydrofuran + Hp0 (50 @ 50) 084
(7) Amyl alcohol : Hg0 0+58
(3) n-Butanol $ H20 ' 065

Streaking ococured in most solvent systems, particularly those
containing pyridine, Solvent (4) gave the best results,
Solvent (5) proved to be of use in differentiating between
barbaloin, aloe«emodin and aloe~-emodin anthrone, The latter

compounds travelled only & very short distence from the
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starting line, The spots were detected in ultra-violet light.
Barbaloin gave a pale orange fluorescernce, aloe-emodin was bright

orange and aloe~emodin anthrone brown,

Colour renctigns of barbaloin and its degredetion products,
)
(ef. Kariyone )

Three drops of p-nitrosodimethyl aniline in pyridine
(0+1¢ solution) were added to ca 2 mg; s0lid, The following
_coloura were observed, (Table IV)
Table IV.

Colour with p-nitrosodimethyl aniline,

Anthrone, Dark Red,
Aloe~-emodin snthrone, Dark green,
Barbaloin, Ko eolour change,

Aloe~emodin, o colour change,
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Ultraviolet Spectra,

On the following pages are the ultraviolet
spectra of barbaloin end some of its degradetion products,
All the spectra were determined in ethanoliec solution,with
the exception of aloe~emodin anthrone, which was determined

in 509 aqueous ethanol,
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