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Summary.

Pért I. A study of some synthetic routes to santonin.

Mukherjee's preparation of ethyl oK -(4-methyl-3-oxo-
cyclohexyl)propionate has been shortened and the overall
vield raised considerably, The preparation of the hither-
to unknown l-chloro- and l-diethylaminopent-l-en-3-one 1s
described, Attempts to condense these compounds with
2-methylgyclohexanone and with ethyl o -(4-methyl-3-oxo-
cyclohexyl)propionate were unsuccessful, Condensation of
the latter with l-diethylaminopentan-3-one affords ethyl
A-(2:3:4:5:6:7:8:10-octahydro-1:10-dimethyl-2-0xo0-7~
naphthyl)propionate: the best conditions for the reaction
have been determined,

The bromination-dehydrobromination of ethyl ok -
(2:3:4:5:6:7:8:10—octahydro-l:lO-dimethyl-2-0x057-naphthyl)-
propionate has beenvstudied - ethyl o ~(2:3:4:5:6:10-hexa-
hydro-1:10-dimethyl-2-0x0=-7-naphthyl)propionate is the
product in all cases, An attempt to convert the latter
to dihydrosantonin was not successful.} Several other
approaches to.the santonin structure have been studied,

but a satisfactory synthesis has not been found,

Part 11, The synthesis of some compounds analogous to

santonin, Methyl 4-methyl-3-oxocyclohexyl acetate has
been prepared for the flrst time by a modiflcation of



Mukherjee's procedure, Condensatiog with l-diethylamino-
pentan-3-one followed by hydrolysls gives 2:5:4:5:6:7:8:10-
octahydro-1:10-dimethyl-2-oxo-7-naphthylacetic acid which
yields 3:8-dibromo-2:3:4:5:6:7:8:10-octahydro-1:10-di-
methyl-2-0x0-7-naphthylacetic acid on bromination, De-
hydrobromination and lactonisation then glve the X
lactone of 2:5:6:7:8:10-hexahydro-8-~-hydroxy-1:10-dimethyl-
2-0x0-7-naphthylacetic acid which is similar in structure
to santonin, but lacks the methyl group at Cll. Chemi-
cal and spectrographic evidence for this structure are
provided.

» In the hope of preparing a second analogue, the X
lactone of 2:5:6:7:8:lO—hexahydro-8-hydroxy-10-methyl-2-
oxo-?-naphthylacetic acid, 2:5:4:5:6:7:8:10-octahydro-10-
methyl-2-o0xo-7-naphthylacetic acid has been prepared.

5 :8-Dibromo-2:3:4:5:6:7:8:10-octahydro-10-methyl-2-0xo~
7-naphthylacetic acid and the ¥ lactone of 2:3:4:5:6:-
7:8:10-octahydro-8-hydroxy-10-methyl-2-oxo-7-naphthyl-
acetic acid have been obtained from this acid, but could
not be converted to the second analogue. The second
lsomer of 2:3:4:5:6:7:8:10-octahydro-10-methyl-2-o0xo0-"7-
naphthylacetic acid has also been prepared by a shorter

route from 2-methylcyclohexanone,
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The anthelmintic property of extracts prepared
from various Artemesia species was realised as early as
the first century A.D.l, or possibly even earlier, and
the extract continued in use throughout the Middle Ages
and later centuriesz’s'

The active constituent was first isolated in 1830
independently by Kahler®, Alms® and Oberdorfrer®.

Kahler7 gave it the name "santonin" since one species from
which 1t was obtained was at that time known as Artemesia
Santonica, Santonin 1s extracted from the unripe flower-
heads (wormseed) of a number of widely distributed species
of Artemesia, e.g., A. maritima L,, A, gallica Willd, and

“A. coeresculens (formerly known as A, Santonica); the

santonin content of Scottish A, marltima L, has been dls-
cussed by Couttss.

At the present time santonlin has been partly dis-
placed by more modern anthelmintles but 1s still commonly

used against round worm (Ascaris lumbricoides).

During the century following the l1solation of san-
tonin this compound, along with 1ts many degradation and
rearrangement products, was extensively investigated,
chieflylby Cannizzaro and other Itallian chemists, Various
structural formulae for santonin were suggested, of which

9

(I) proposed by Cannizzaro and Gucci” is an example; the

others differed mainly in the arrangement of the double



bonds, the position of the carbonyl group and the polnt of
attachment of the lactone ring.

(1) (II)
In 1929 Clemo, Haworth and W’e.ltonlo éroposed the
structure (II) and explained the ready conversion of
santonin to desmotroposantonin, formulated as (III), by

assuming that a methyl group wanders from the angular

COLH
(II1) (Iv)
position to the adjacent 4-position. They also provided
definite proof of the point of attachment of the o -
propionic acid side chain by synthesising dl santonous
acld (IV); the lactonic oxygen atom was assumed to be
attached to the 6-position.

The same workers 1aterll

suggested that santonin
had the structure (V) confirming this by a synthesis of

(VI) which was identical with dl desmotroposantonin.



(V) (V1)

Clemo and Haworthl®? obtained additional evidence for the
position of the angular methyl group by showing that
deoxytetrahydrosantonin was dehydrogenated by selenium to
7-ethyl-l-methylnaphthalene with loss of a methyl group.
The formulation of santonin as (V) is now universally
accepted though, until very recently, no satisfactory
synthesis of (V) has been reported.

The preparation of santonin identlcal wilth natural
santonin without the use of asymmetric reagents was re-

ported by Paranjape et al.ls, but this synthesls has been

exhaustively criticised14-22 and is certainly incorrect.
A projected synthesis described by Banerjea23 does not
appear to have been completed,

Later, as a preliminary to a synthesis of santonin,

24,25

Gunstone and Heggile prepared the X lactone of

o - (2-hydroxy-3-oxocyclohexyl)propionic acid (VII) and
studled methods of synthesising the santonin-like dienone



winy . T wvImmy
2:5:6:7 :8:10-hexahydro-1:10-dimethyl-2-oxonaphthalene
(VIII).
Towards the end of 1952 Abe et a1.26’27 ax;%gorted
the synthesis of two racemic and one optically/form of
santonin; this synthesls 1s outlined below:

a— oo

aMe Coy Mo
(IX) (X) (XI1)
. ) ) 81‘
—_— —_—
YOQO °
; CoOLH
(XI1) : (XIII)

OH

(V) | - (VI)



Chlorocyclohexen-3-one (IX) was converted to methyl
o(-(4-methyl-3-oxogzglghexyl)propionate (X) in several
stages, (X) on condensation with l-diethylaminopentan-5-
one methiodide gave methyl K -(213:4:5:6:7:8:10-octa-
hydro-1:10-dimethyl-2-0xo-7-naphthyl)propionate (XI).
Hydrolysis of (XI) gave the acid (XII) two crystalline
forms of which, acids A and B, were 1isolated; dibromina-
tion of these aclds gave two bromolactones (XIII) from
which two dl1 forms of santonin (V), A and B, were obtained
on dehydrobromination, The dienone-phenol rearrangement
of santonin A led to 4l Ci.desmotroposantonin, whilst
santonin B rearranged to dl (5 desmotroposantonin,
Resolution of acid A gave an optically actlve acid which
was converted to an optically actlive santonin not identical
with natural santonin, The same workers later<® obtained
a third racemlc¢ santonin, éantonin D, from the non-
6rysta111ne fraction of (XII),

Clemo and McQuillin29 have also prepared the methyl
esters (X) and (XI) starting from (-) dihydrocarwone and
have made a study of the bromination-dehydrobromination
of (XI),

In 1954 Abe et alao announced the syntheslis of

natural santonin by a new method:



(cosEt),
o - (xv)
o S
_. ; 5 o
(CoxEt), (OuH)y
(XV) (XVII)
CO,H | ;
(XVIII) (V)

The Michael addition of diethyl methylmalonate to the
dienone (XIV)2% gave the keto-diester (XV) which was
converted to the dienone-diester (XVI) by treatment with
seleniu%ofwﬂdgydrolysis of (XVI) gave the dibasic acid
(XVII) which on decarboxylation yielded the dienone acid
(XViII), when (XVIII) was treated with selen:?.um'zinL acetic
acld a mixture of two racemic forms of santonin, which
were separated by fractional crystallisation, was produced.

The aclid (XVII) was resolved and the same procedure led to



two optically active santonins, one of which was identical
with natural santonin and the other with natursal @ santonin,

These workers also found that hydrolysis and decar-
boxylation of (XV) gave two new crystalline forms of (XII)
which could be converted by the bromination-dehydrobromina-
tion method to santonin D and a new dl isomer santonin C,
Matsul et al.sl have also prepared a racemlc santonin by
thils method. Later, Abe et al.52 reported an improved
synthesis of natural santonin from (XV) by a different
route,

The object of the major part of the present work
was the‘synthesis of santonin, there follows a description
of the preparation of ethyl O(-(2:5:4:5:6:7:8:10-octa-
hydro-l:lo-dimethyl-z-oxo-7-naphthyl)propionate.(XIX)

O3 EL

(XIX) ‘
with some attempts to convert it to santonin (Part I).
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After the publication of the Japanese workze’z,v interest
was shifted to the preparation of santonin-like compounds

lacking one or more methyl groups.




- PART I,

A STUDY OF SOME SYNTHETIC ROUTES TO SANTONIN,




DISCUSSION

Some reactlons using the & lactone of - (2-hydroxy-3-

oxocyclohexyl)propionic acid (VII).

Before undertaking the maln part of the work a
discrepancy between the melting point of a compound, ob-
tained'during the preparation of the keto-lactone (VII),
as observed by CGunstone and Hegg1e24 and that recorded in
the literature was investigated and several attempts were
‘made to use (VII) as the starting point for a synthesis

of santonin,

( O3 Et),

(VII) " (XX)

Diethyl cyclohex-2-enylmethylmalonate (XX), an
intermediate in the preparation of (VII), obtalned byAthe
condensation of 1l:2-dlbromocyclohexsne with diethyl
methylmalonate in the presence of two molecules of sodium
ethoxlide, gave the dibasic acid on hydrolysis with melt-
)24. 33

ing point l58°(decomp. Mousseron and Winternitz

o
however gave 1537 for the m.p. of this acld prepared by
the same method; Kon and Speight34 gave m,p, 155°for



cyclohex-1-enylmethylmalonic acid prepared by condensation
of cyclohexanone with diethyl malonate followed by methyla=-
tion and hydrolysis.

The method by which (XX) was obtained has been used
by a large number of other workers to prepare substituted
malonic esters containing the cyclohex-2-enyl or other
similar groupss-ss. The experiments of Kom and Speight
were repeated, diethyl gxglgheXPI-enylmathylmalQnate thus
obtained was found to be different from (XX) by a com=-
parison of the barbiturates, the free malonic acids and
the amides of the corresponding monobasic acids. It
appears therefore that the figures given by Mousserom and
Winternitz35 are incorrect. 8hortly after the completion
of this work the synthesis of (VII) by the same method was
announced by Abe et a1.39’ who gave 162° (decomp.) for the
m,p, Of the dibasic acid from (XX): +the melting points of
the monobasic acid amides were also close. Abe et a1.4o
have since synthesised (VII) by a new route from chloroe-
cyclohexen-3-one (IX) which can lead to only one structure
whereas the previous synthesis was not quite unambiguous

and th;4keto-lactane could not be related to any known sub-

stance .,

It was hoped that (VII) could be methylated at the

4-position and condensed with 1-diethylaminopentan-3-one
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methiodide (cf. 25).

An attempt to methylate (VII) with methyl lodide in
the presence éf sodium tert-smyloxide (cf, 41) resulted in
a very low yield of what appeared to be a methylated keto-
lactons, Methylation by Robinson's modificatlon of the

Sen-Mondal method42

, which involves intermediate formyla-
tion, gave no characterisable product; Abe et a1.27 were
élso unable to formylate (VII),

The condensation of (VII) with l-dlethylaminopentan
-3=-one methlodide in the presence of sodamide gave only a
minutg amount of solid productj condensation in the pres-
ence of piperildine gave a very low yleld of a substance
which appeared to be an open chain diketone,

No unchanged keto-lactone was recovered from the
above reactions, except the last iIn which plperidine was
used, Since the hydrogen atom at the 2-position is
acldic the keto-lactone dissolved readlily in cold dilute
caustic sodaj on acldiflcation a viscous gum was obtained
from which the original material could not be isolated.
The gum gave a low yileld of a 2:4-dinitrophenylhydrazone
which was separated into two components neither of which
was a derivative of (VII). It 1s possible that ths ene-
diol structure (XXII) is present in alkaline solution and

undergoes atmospheric oxldatlon to an acld by fission of

the double bond (ef. the ready oxidation of the sodium
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v

(xx1) : (XXIT)
derivative of the enediol intermediate iIn the preparation
of acyloins45’44) which would account for the low ketonic
activity of the recovered materisl,
In view of this instability of (VII) towards alkal-
ine condensing agents a different synthesis of santonin
was adopted, Morsover, it hes since been shown by

Szmuszkovicz and Born45

that when 2-acetoxycyclohexanone
was condensed with diethylaminopentanone methiodlde the
reaction occurred at the 2-position and not the 6-position,
The methylated keto-lactone mentioned above is therefore
formulated as the lactone of OL-(2-hydroxy-2-methyl-5-
oxocyclohexyl)propionic acid (XXITII) and the open chain

diketone as the lactone of o -(2-hydroxy-2-(3-oxopentyl)-

oS

(XXII1) (XX1IV)

3-oxocyclohexyl)propionic acid (XXIV).
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Routes to santonin from ethyl o ._(3-0x0-4-methylcyclo-

hexyl)propionate (XXV).

Hegg1921 suggested that ethyl oL-(S-oxo-é—methyl-
cyclohexyl)propionate (XXV) would be a sultable starting
point for a synthetic route to santonin: condensation

with pent-l-yn-3-one (XXVI) might give ethyl S 4

+ _—
o O o
copet

(xxV) Cown) (XXVII)

OAEX

-(2:5:6:7:8:10-hexahydro-l:lO-dimethyl-B-oXo-?-naphthyl)
propionate (XXVII) (cf. 25) which after bromination at the
8-position with N-bromosuccinimide (cf, 46), replacement
of the bromine by hydroxyl and hydrolysis shouldbgive a
substance possessing the santonin structure. This route
has the advantage that the introduction of the hydroxyl

group 1is left to a later stage.

The preparation of (XXV).

The keto-ester (XXV) had been previously prepared by
Mukerjee47: his preparation was shortened and the overall
yield much improved: the reaction sequence is given below:

the yields obtained when the work was repeated are shown:
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COLEt
557 ( I CoxEt 907 *
Q o
(XXVIII) (XXIX)

64, S £t

777, (CO:.&)Q

(XXX) (XXXI)
CD&Qt = \\r/[::i§ \\rJ:::i§J

zéf),. COzH (o, 6t

(xxxn) (XXXITI) (XXV)

Cyclohexanone was converted to 2-ethoxycarbonyl-
cyclohexanone (XXVIII)48; several methods of methylat-
ing (XXVIII) to glve 2-ethoxycarbonyl-2-methylcyclo-
hexanone (XXIX) have been described; methyl iodide was
the methylating agent in all cases, Chuang et 511.49 and

50

later Bachmann and Raunio used sodium methoxlide and re-

moved ummethylated material by extraction with 15% potash.
Fleser et a1,51 used potassium ethoxide and removed
starting material with sodium bisulphilte, Chatterjee and

Roy52 used powdered sodium: Kotz and Michels 53 and



15,

Dieckmann®? used sodium ethoxide, The latter states that
unmethylated material cannot be removed by alkaline ex-
traction. |

Methylation by Fleser's method®l

, washing the pro-
duct with sodium bisulphite and twenty times with 15%
potash gave a product which still gave a ferric chloride
colour; its refractive index, however, was ﬁery close to
that given by Fieser, (XXVIII) was also methylated by
the procedure of Chatterjee and Roy, no attempt belng made
to extract starting material, The refractive index of the
product was very similar to that obtained by the previous
method, The Indian workers' method gives ylelds of

c. 90% and was used for all subsequent preparations of
(XXIX). The product sometimes gave a weak colour with
ferric chloride and sometimes not, though the refractive
index varied but little, showing that the presence of only
a small amount of (XXVIII) as impurity was sufficient to
give a colour,

The synthesis reported by Mukherjee started from
the methylated keto-ester (XXIX), bromination followed by
dehydrobromination with quinoline gavse l-ethoxycarbonyl-l-
methylcyclohex-3-en-2-one (XXX). The ultra-violet ab-
sorption spectrﬁm of (XXX) is in agreement with the structure
assigned to it though the intenslity is slightly lower than

expected, This 1s probably due to the presence of a small
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amount of starting material which, however, 1s readily
removed at the next stage since only the unsaturated
ketone undergoes Michael addition, The structure of
(XXX) was also confirmed by catalytic hydrogenation to the
saturated (XXIX).

Mukher jee's method was quite satisfactory for
relatively small quantities, but when the reaction was
carried out on larger amounts, a considerable percentage
of lower boiling material (called fraction A) was also
obtained. Fraction A absorbed in the ultra-violet at
the same wavelength as‘(XXX); it therefore seemed likely
that it was a mixture of le-methylcyclohex-3-en-2-one,
2-methylecyclohexanone and some (XXX) produced by ketonic
hydrolysis of the ethoxycarbonyl group by hydrogen bromide
evolved during the bromination, Since the COOEt group is
to be removed later, it is still possible to use fraction
A In the synthesis, as wlll be seen below, When &
mechanical stirrer was used during the bromination, HBr
was evolved much more rapldly and the amount of.fraction A
produced wes halved,

The yileld of (XXX) varles with small changes in ths
dehydrobromingtion conditions: in some experiments an
appreciable fraction (called fraction C) boiling about

8 degrees higher than the product was obtained, This is
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probably connected with the highly exothermic nature of
the dehydrobromination reaction, especially noticeable
when large quantities are involved (see Part II, Experi-
mental) which causes the temperature of the reaction
mixture to rise much higher than that of the heating
bath. Fraction C had an absorption maximum at the same
Awavelength as the main product but with a lower intensity.
Malonic ester adds readily to (XXX) giving diethyl
4-ethoxycarbonyl-4-methyl-3-oxocyclohexylmalonate (XXXI),
which on methylatlon gave diethyl methyl-(4-ethoxycarbonyl
-4-methyl-3-oxocyclohexyl)malonate (XXXII) in 50% yield
accompanied by 30% retrogression: Mukherjee reported 82%
yield and negligible retrogression, His method also has
the disadvantage that methylated material cannot be
separated from starting material as thers is so little
difference 1n boiling point. The aeddition of diethyl

me thylmalonates%

was therefore examined: Mukherjee obtained
an 11% yleld when the reaction mixture was allowed to stand
for 15 hours, but it was found that a reaction time of one
week, at room tempersture, gave a yield of 78%.

Acld hydrolysis of the keto-triester (XXXII) gave
o - (4-methyl-3-oxocyclohexyl)proplonic acid (XXXIII).
Attempts were made to obtain thls acid in a crystalline

form in the hope that some separation of the stereoisomers
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would be possible: however, no solld material was obtained.
The ethyl ester (XXV) was prepared in good yield by the
usual method; the overall yield for the conversion of
(XXVIII) to (XXV) was 35% (Mukherjee reported 22% for the
conversion of (XXIX) to (XXV)). Clemo and McQuillin29
have described the preparation of the methyl ester (X)
from (-) dihydrocarvone in four stages: though this 1s
one stage less than the above method, the ylelds are
lower. Abe et a1.27 obtained (X) in seven stages, but
all ylelds are not given. Fraction A (see above) gave

an adduct with diethyl_methylmalonate which was presumably
a mixture of dlethyl 4-methyl-3-oxocyclohexylmalonate

and (XXXII), hydrolysis and esterification gave the same
ester (XXV): fraction C gave a low yield of adduct which

was not used any further,

Some attempts to synthesise the dienone (XXVII) in one step.

~ Attempts were made to condense (XXV) with pent-1-
yn-3-one (XXVI) in the presence of sodamide and sodium
hydride, but the desired dienone was not obtained. The
substance left after removal of starting material had
adsorption at 225 mu which could have been due to the
presence of the open chain diketone(:XXXIV)55 but cyclisa-

tion of any such material present (cf. 17) was unsuccessful,
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(o1 2

- (XXXIV)

Clemo and McQuillin®® have since obtained the methyl
ester corresponding to (XXVII) in very low yleld using
sodium triphenylmethyl as condensing agent,

| Bachmann and Raunioso have studied a similar re-
action between 2-mefhylgzg;ghexanone and ethyl proplolate,
finding that anlonoid attack of the ethynyl group on the
oxo group took place rather than Michael addition: such
a reaction may aiso occur in thils case, Since anion
formation is favoured by strong bases, pyridine and
aluminium ethoxide®® were tried but were no more effective,
If Michael additlon 1s the first step, it is most probable
- that only a ¢lis adduct can cyclise to a dlenone, failure
of the reaction may be due, in part at least, to the for-

mation of a trans adduct.

- Attempts to prepare (XXVII) in two stages.

Attention was then turmed to another method of
preparing (XXVII), which was condensation of the keto-
ester (XXV) with l-diethylaminopent-l-en-3-one (XXXVI) or

l-chloropent-l-en-3-one (¥&XXV) to give (XXXVII) from which
RH could be eliminated giving (XXVII).
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A A
Td + ﬁ -
o o o
O Et ‘ CO e
(XXV) (XXXV) R=Cl (XXXVIT)

(XXXVI) R=NEt2

The hitherto unknown (3 chlorovinyl ethyl ketone
(XXXV) was prepared in good yield by the general method
of Price amd Pappalardo57 and also by a similar method
due to Julia®®: the former is more convenient, The
diethylamino ketone (XXXVI), also a new compound, wes
prepared from (XXXV) by reactlion with diethylamine in
the usual way.

The reaction between 2-methylcyclohexanone and
(XXXVI) did not lead to the expected product: both
starting materlals were recovered unchanged, (XXXVI)
1s very unreactive, formlng neither picrate nor semi-
carbazoné. These facts, together with the ultra-violet
absorption spectrum (Fig,l) in which the characteristic
absorption due to the 0((5 unsaturated carbonyl group has
undergone a bathochromic shift of ¢, 80 %P’ indicate th#t
the nitrogen atom, the double bond and the carbonyl group
form a conjugated system (¢f, 59) with the result that
the positive charée at the l-position necessary for

condensation to occur is much reduced,



Figure 1. Absorption spectra of
— l-diethylaminopent-1l-en-3-one (XXXVI)

l1-chloropent-l1-en-3-one (XXXV)

IS0 io0O
La)
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The absorption spectrum of the chloroketone (XXXV)
(Fig.l) however shows a bathochromic shift of only
c, 10 oy which indicates that the chlorine atom 1s only
slightly canjugated with the remainder of the system
(cf, 60), It was therefore expected that (XXXV) would
undergo Michsel addition and condensation and behave like
an alkyl halide, An attempt was made to alkylate (XXV)
with (XXXV) in the presence of potassium tert., butoxide

61 in

which has been used in alkylations of cyclohexanone
the hope that cyclisation would also occur to give (XXVII),
After chromatographing the product a very low yield of a
substance, absorbing at 240.,5 qp,and possessing two double
bonds, presumably (XXVII), was obtained, The remainder
of the product was a wéxy solld, showing very high ab-
sorption at 226 %p, contalning 4-5 double bonds and no
chlorine, which was thought to be a mixture of polymers
produced from (XXXV) containing a mumber of isolatedc(@
unsaturated carbonyl groups,

The chloroketone (XXXV) readily forms a normmal semi-

carbazone, in contrast to l-chloropentan-3-one which gives
62

1

l-carbamyl-3-ethylpyrazoline by elimination of HCLl
which indicates that (XXXV) possesses the trans configura-
tionj therefore even if alkylation occurred in the re-

action, cyclisation would be unlikely to take place, Ir
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Michael addition was the first step, this difficulty would
be avolded, However, an attempt to react 2-methylcyclo-
hexanone with (XXXV) in the presence of sodamide in the
cold was not successful, the unsaturated chloro-ketone
being completely decomposed,

After this work had been completed, Hills and

McQuillin63

reported the preparation of (XXXV) by reacting
propionyl chloride with vinyl chloride in the presence of
aluminium chloride and of (XXXVI) from (XXXV).  They
describe physical properties for the two ketones which are
in good agreement with those observed in the work discussed
above. They were also unable to condense (XXXVI) with
2-methylcyclohexanone, Working on a comparatively large
scale, they obtained a 4% yield of the desired product in
the reaction between (XXXV) and 2-methylcyclohexanone 1n
the presence of sodamidse, Using lithium amide in this
reaction, a 20% yileld of a monocyclic diketone, analogous
to (XXXIV) was obtained: this compound could be cyclised

to a dienone with 50% sulphuric acid,

Routes to samtonin from ethyl oL -(2:3:4:5:6:7:8:10-octa-

hydro-1:10-dimethyl-2-oxo-7-naphthyl)propionate (XIX).

The preparation of (XIX).
' A third route to santonin was now investigated: the

first stage was the condensation of the keto-ester (XXV)
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with l-diethylaminopentan-3-one methiodide (XXXVIII) in the |
presence of sodamide which gave ethylck-(2:3:4:536:'?s 8:10=-0cta~
hyd ro=-11 10-d imethyl-2-0x0=7-naphthyl )propionate (XIX)

64 v
(cf. du Feu at ale )o :

FJgMQI

- + —_
0 o

CO&Q‘ COLEt

(xxv) (XXXVIII) (X1x)
l1-Diethylaminopentan-3-one was prepared from diethyl-

65

amine and lI-chloropentan-3-one 3 the latter was prepared
66

by the modification of the method of McMahon et al, due
to Woodward et a,]..s?. The product had a low refractive
index due to the presence of vinyl ethyl ketone which,
howavér, also gives the diethylaminoketone with diethyl-
a.mine68.
64

The conditions used by du Feu et al. had been
shown to effect the reaction between 2-methylgcyclohexanone
and (XXXVIII) giving a 45% yield of 233:4:5:637:8:10-
octahydro-ié1o-diméthyl-a;oxanaphtha1ene (xxxzx)as.

These conditions were used in the first condensation
of (XXV) with (XXXVIII): a product was obtained in 26%

yield which absorbed in the ultra-violet at 249 mp
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(log&e 3.88) and gave a 2:4-dinitrophenylhydrazone with
the required molecular formula, The position of the

55,69  1ut the inten-

maximum supports the structure (XIX)
sity i1s only about half the expected value ((XXXIX) has
N max, at 248 ., log €& 4.1425). This suggested that
the pfoduct was contaminated with another substance of
similar boliling point but no absorption in the ultra-
violet, The most likely material seemed to be ethyl

A« - (4-methyl-3-oxo-4-~(3-oxopentyl)cyclohexyl)propionate
(XI.) which could be obtained if Michael addition without

cyclisation occurred,

COsEL COLM
(XL) (XII)

Treatment of the crude product with sodium ethoxlde
(cf, 65) gave no cyclisation but showed that an acidiec
substance was present after removal of the acid, which
accounted for about 30% of the material, with caustic soda
log ¢ rose to 3,99, The purified ester gave oK =
(2:3:4:5:6:7:8:10~-0octbahydro-1:10-dimethyl-2-0x0-7-naphthyl )~
propionic acid (XII) on saponification which partly
crystallised giving a mixture of racemates ()\ max, 249 mp.,

log ¢ 4.14). It is probable that the intensity of (XIX)
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should also be about this value. With the quantities
available it was not possible to isolate the Individual
recemates as was done by Abe et al.zv, who were able to
work on a very much larger scale,

Another condensation of (XXV) with (XXXVIII) was
carried.out using much more solvent to cut down losses due
to pplymerisation. About one third of the acidic material,
which was extracted, distilled at .5 mm,§ the residue
showed conslderable absorption at 249 qp,‘which suggested
that the acld (XII) was present, the ester group having
been hydrolysed during the reaction, After esterification
the acidic portion yielded starting material and product
(XIX) § the identity of the latter with material previously
obtained was shown by a comparison of the melting points of
the 2:4-dinitrophenylhydrazones,

The total yield was now about 40%, but loge was
only 3,78, It seemed that this low value must now be due
to the presenée of (XL}, caused by the milder reaction con~
ditions which had greatly reduced the percentage of tarry
by-products, Treatment of the crude product with alcohollc
potash (ef, 70) gave (XIX) with log & 4.04, showing that
(XL) had been largely cyclised, It was desirable, however,
to effect Michael éddition and complete cyclisation in one
stage. A 2.5 times excess of sodamide was used and the

reactlion time increased, Sodium ethoxide, formed by
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reaction between excess sodamide and the alcohol used as
solvent for (XXXVIII), completed the cyclisation, In
this reactlion the ester group was almost entirely hydro-
lysedsy the yield was 45% and log ¢ 4,08, This was con-
sidered sufficiently pure for the next stages,

The condensation was also carried out 1n the presence
of potassium tert, butoxide (cf, 42), but the yileld was
lower and the percentage of by-products greater than in
the above reactionj the method was therefore not Investi-
gated furthe r,

When this part of the work was almost completed, the
preparation of the methyl ester (XI) was reported using

sodium triphenylmethyl29 and also using sodium methoxidezv.

The bromination - dehydrobromination of (XIX).

The bromination of (XIX) with N-bromosuccinimide
followed by collidine dehydrobromination was investigated
In order to determine the most suitable route to follow
for the rest of the synthesis, The structure of the pro-
duct was deduced from its ultra-violet absorption spectrum,
The cross-conjugated dienone (XXVII) should absorb at
¢, 240-245 mp (absorption spectrum of santonin’'t), and the
alternate extended dienone ethyl ol -(2:3:4:5:6:10-hexa-
hydro-1:10-dimethyl-2-0xo-7-naphthyl)propionate (XLI) at

c. 290-300 qpvz.
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Coq et Co,Ex

(XXVII) (XLI)
The product obtalned from the bromination-dehydrobromina-
tion of (XIX) had sbsorption maxima at 295 mp  and 249 e
(Fig.2); the latter might have been due to starting
material alone or mixed with the dienone (XXVII). Chromato-
graphy on alumina gave three principal fractions, first
(XLI), then (XIX) and finally a small amount of (XXVII);
(XLI) and starting material could not be completely
separated, (Similar difficulties in the separation of
mono and diunsaturated ketones have been encountered in

the steroid series73).

The fractions were 1ldentifled by
thelr absorptlon spectra and by a quantitative estimation
of the number of double bonds, The ratio of (XLI) to
(XXVII) was, in this case, about 7:1, When the bromination
was carried out in the dark, the yield of (XXVII) was con-
siderably smaller; bromination in the presence of peroxide
Increased the yileld of (XLI) and gave no (XXVII),

These results are in agreement with thoss obtained
by Gunstone and Heggle2®, who found that bromination-
dehydrobromination of (XXXIX) gave the extended dienone

(XIV) though in higher yield than in the above case, The



Figure 2. Absorption spectrum of the product obtained by
the bromination-dehydrobromination of ethyl
cC-(2 :3:4 :5:6:7:8:10-octahydro-1:10-dimethyl-
2-oxo-T7-naphthyl)propionate (XIX).

2So Joo 38°
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bulky group in the 7-position therefore has little effect
on the product. While these experiments were 1ln progress
Clemo and l\/IcC,zu.:Lll:I.ng9 reported different results for the
bromination-dehydrobromination of the methyl ester (XI)
since they obtalned appreciable gquantities of the crossed
dienone corrésponding to (XXVII) in the presence of
peroxide (the actual amounts of the various products were
not given),.

The position of the double bond produced by dehydro-
bromination of a bromoketone 1s sometimes used to determine
the position of the bromine atom, but by-products formed by
dehydrobromination of a bromoketone in which the bromine
atom has migrated from 1lts original position are sometimes
obtained74’75, | Yanagita and Tahara’® have reported a
case in which the entire product (but the yileld was low)
was derlved from a rearranged bromoketone. However, in
the reaction with (XIX) while the possibility that some of
the intermediate bromoketone was the 3-bromocompound can-
not be eliminated, it seems reasonable to assume that
bromination in the presence of peroxide takes place at the
8-position since N-ﬁromosuccinimidé generally attacks an
allylic pbsition.

Johnson and Millar77 have shown that @X un-

saturated acids can be converted to a mixbure of acid and



29,

lactone by treatment with acid. Hydrolysis of (XLI) and
treatment with a mixture of acetic and dilute hydrochloric
acid gave a neutral substance with an absorption maximum
at 299 mp (Fig,3) instead of at 249 mp expected for a
dihydrosantonin (XLII), Decarboxylation of the extended

e}
O}—d
(XLII) (XLIIT)
dienone acid, which is a divinylogue of a e,ketoacid, had
taken place giving 7-ethyl-2:3:4:5 :6:10-hexahydro-1:10-dime&hyl~
2-oxonaphthalene (XLIII), The analysls and ultra-violet
absorption spectrum of the 2:4-dinitrophenylhydrazone
(Fig.3) (cf, 78) are in agreement with this structure.
Similar decarboxylations of a monovinylogue of a ﬁ keto-
acld have been reported by other workers in this fieldla’zo.

The dibromination - dehydrobromination of (XIX).

It has been shown’Y that the dibromination-dehydro-
bromination of steroid-4-en-3-ones gives tri-l:4:6-en-3-
ones (steroid numbering): the ultra-violet absorption
spectra of these compounds show maxima at c¢,220, 255 and
300 ma. An attempt was made to prepare the corresponding
trienone ethyl o -(2:5:6:10-tetrahydro-1:10-dimethyl-2-



Absorption
ethyl
dimethyl (XLIII)
:4-dinitrophenylhydrazone (XLIIT)
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oxo-7-naphthyl)proépionate (XLIV) from (XIX) in order to

CO4Et

(XLIV) '
study the reactions of the trlenone acid, The product,
after purification by chromatography, possessed absorption
maxima at 232 and 310 qp.(Fig,4). There was no sign of
gbsorption due to the starting materialj the presence of
two double bonds was shown by hydrogenation, Though the
short wavelength maximum suggests the presence of some
type of cross-conjugated system, it is not possible to
assign a structure to the product, Steroids with such a

twin-peaked absorption curve do not appear to have been

25 obtained a substance

reported, Gunstone and Heggle
with this type of spectrum by the same sort of reaction
from (XXXIX) which appeared to be a mixture; the material
obtained from (XIX) may likewilse be a mixture,

' The preparation of an acetoxy derivative of (XIX).

Since the product obtained by brominating (XIX) with
N-bromosuccinimide is most probably ethyl o -(8-bromo-
2:5:4:5:6:7:8:10—octahydro-l:lo-dimethyl-2-oxo—7-naphthy1)-
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g = ri i —tx
Absorption spectrum of the product obtained
by the dibromination-dehydrobromination of
ethyl cf< - (2:3:4:5:6 :7:8:10-octahydro-1:10-
dimethyl-2-oxo-7-naphthyl)propionate (XIX).
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propionate (XLVI) should be obtained on treatment with

COzEL M 16X e
(XLV) (XLVI)
silver acetate (cf, 80), Hydrolysis and lactonisation
should then give a dihydrosantonin (XLII) which on
bromination-dehydrobromination might yield a santonin-
like compound.

The product obtained by reacting (XLV) with silver
acetate was a mixture of starting material, acetoxy com-
pound and the extended dienone (XLI), presumably produced
by spontaneous dehydrobromination, and could notAbe puri-
fied, Fractional distillatién and chromatography on
alumina or silica were unsuccessfulj chromatography on
charcoal appeared to effect some purification but a satis-
factory derivative could not be obtained, When the crude
Product was hydrolysed, the expected lactone was not
lsolated; only acidic material and a small amount of the
dienone (XLIII), produced by decarboxylation of (XLI)
present as impurity, were obtained, Two groups of

81,82

workers have since shown that treatment of a 6-bromo=

4-en-3-ketosterold, which possesses an unsaturated system
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similar to that of (XLV) but lacking the l-methyl group,
with pobassium acetate, ylelds a 2-acetoxysteroid and
not a 6-acetoxysteroid, It is possible therefore that
the product obtained by treating (XILV) with silver
acetate 1s the 3-acetoxy compound, which could not glve a

lactone on hydrolysis,

The dibromination-dehydrobromination of the keto-acid (XII).

Since this route was not at all promising and the
first full account of the Japanese synthesis of several
isomers of santonin®’ appeared about this time, the
attempts to synthesise santonin were discontinued. The
Japanese methods were, however, applied to the mixture of
isomeric scids (XII) in the hope that a santonin isomer
‘different from those reported might be obtained,

The acid (XII) was dibrominated with bromine in
ether-acetic acid and dehydrobrominated with collidine
without isolation of the intermediate bromination pro-
duct, The crude material was separated into neutral and
acidic fractions and the neutral portion chromatographed
on silica gel. The only crystalline substance isolated
hadkthe empirical formula Cl5H1705Br and an absorption
maximum at 256.5 mp (loge 4.19) (Fig.5). The structural
formuls (XLVII), a 3-bromosantonin, was suggested since

steroids containing this type of unsaturated system



Absorption 3-broracsantonin
(XLVITI)

500
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B~

(XLVIT)
85,84
(except for the methyl group at Cl) absorb at 255 mp .
In order to confirm this formula 3-bromo-l-santonin was
prepared by the method of Wedekind®® and had N max.,
255 m (log & 4,13) (Fig.6). The structure would be
completely confirmed if (XLVII) could undergo & dienone-

phenol rearrangement: 3-bromo-l-santonin wes rearranged

to 3-bromo-l-desmotroposantonin acetate (XLVIII) (Hﬁang Minlon i\
|

Pv

ofAc

(XLVIIT)
et a1.86) and the ultra-violet absorption spectrum re-
corded (Fig.7).

The dibromination—dehydrobromination reaction was
repeated, when a second substance with the empirical
formila C5H, 90zBr and N max, at 249 m (log € 4.05)
was obtained in addition to (XLVII) ., The former did

not give a dienone-phenol rearrangement and it was thought




Figure 6. Absorption spectrum of 3-bromo-l-santonin
(XLVII) .
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that this materlial was a 3-bromodihydrosantonin (XIII).

B~

(XIIT)
This implies that the dehydrobromination time, 15 mimtes,
was too short to remove all the HBr; evidence in agree-
ment with this conclusion is reported in Part II and will
be discussed there, The non-crystalline portion left
after removal of (XLVII) and (XIII), which had a high
bromine content, was refluxed with collidine for 2 hours
in an attempt to convert any (XIII) present into santonin.
A small amount of collidine hydrobromide was obtained, but
only a minute quantity of solid product, The sample of
(XLVII) prepared in the second reaction could not be
obtained entirely free from (XIII), The product of the
dlenone-phenol rearrangement therefore, while 1ts analysis
agreed with a bromodesmotroposantonin structure, had an
absorptidn spectrum (Fig,8) appreciably different from
that of (XLVIII) derived from natural santonin (Fig,7).
The curves were similar at the maxima but the minimum at
255 mp in Fig.7 was absent in Fig,8: it was presumed
that 1t had been cancelled out by the high absorption in



Figure 7.

The absorption spectrum of 3-bromo-l-desmo-
troposantonin acetate (XLVIII).



Figure The absorption spectrum of the product
obtained by the dienone-phenol rearrangement
Eoromo santonin
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this region caused by the small amount of (XIII) present.
Though the formula (XLVII) was not quite confirmed, it
seemed to be the only reasonable structure,

The collidine hydrobromide collected after both
dehydrobromination reactions was considerably in excess of
that calculated for the removal of one bromine atom. It
was therefore thought that some at least of the bromination

product was the dibromo acid (XLIX) and not the bromo-

By

o

-v
Coan

(XLIX)

lactone (XIII): this is in agreement with the results of
Metsul et al.o' (see Part II). The isolation of (XLVII)
may be explained by assuming that the isomers of (XII)
brominate at different rates so that some material 1s tri-
brominated with:a second bromine atom at C3 and in conse-
quence some material monobrominated at C3 only with no
- bromine at C8, which accounts for the isolatlon of some
acidic material,

The ma jor part of the work described above has been
publishedav.
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Melting points are uncorrected. Absorption spectra
were determined with a Unicem quartz spectrophotometer,
96% ethanol being used as solvent except where otherwise
stated,. Sodamlide used in the condensations was prepared

in situ from sodium and liquid ammonia88.

Oyclohex-l-enylmethylmalonic acid., - Diethyl cyclo-

" hex-l-enylmalonate was prepared and subsequently methylated
glving diethyl cyclohex-l-enylmethylmalonate and then
hydrolysed jielding cyclohex-l-enylmethylmalonic acida®4,
The acid had m.p. 150-152° (decomp.) (Lit., 155°). This
fell to 137-142°(decomp.) on admixture with cyclohex-2-
enylmethylmalonic acid, m,p, 158° (decomp.)24.

&~-Cyclohex-l~enylpropionamide., - The above malonic

acid was decarboxylated at 170° (15 minutes) and the residue
refluxed with thionyl chloride for 10 minutes, Treatment
~with smmonia then yielded the amide, m.p. 89-90° (Lit.5?,
m,p, 900).

&~Cyclohex-2-enylpropionamide, - Cyclohex-2-enyl-

methylmalonic acid®? wad decarboxylated and the residue
converted to the amide, white needles from benzene/40-60
petroleum ether, m.p, 129-134° (softens 116°) (probably a
mixture of racemates). Abe et al39 gave 134-135°:

Mousseron and WinternitzS® reported 112-113°,
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5-Cyclohex~l-enyl-S-methylbarbituric acid, - Diethyl

cyclohex-l-enylmethylmalonate (1 g.) was added to a solu-
tion of sodium (90 mgs.) in alcohol (2 ml,) followed by a
solution of urea (240 mgs,) in hot ethanol (2 ml.) and the
mixture refluxed for 7 hours, Hot water (4 ml,) was then
added and the solution acidified ﬁith concentrated hydro-
chloric acid, The barbituric acid was obtained on cooling
overnight: white needles from water, m,p. 190-194o

(Found: C, 59.42; H, 6,02; N, 12.66, CllHl405N3 re-
quires C, 59,45; H, 6.35; N, 12.61%), 5-Cyclohex-2-
enyl-5-methylbarbituric acid has m,p. 208024.

XL@QEQQ@ne of & -(2-hydroxy-2-methyl-3-oxocyclohexyl)-

propionic acid (XXIII), - A solution of sodium tert, amyl-

oxlde (from sodium (138 mg,.) and tert., amyl alcohol

(527 mg.)*') in toluene (2 ml.) was added to keto-lactone
(VII) (1 g.) and methyl iodide (0.85 g,) dissolved in
toluene (20 ml,). After 18 hours at room temperature a
further portion of methyl iodide (0.85 g.) was added,
After 36 hours the mixture was decomposed (dilute hydro-
chloric acid) and extracted, Concentration of the toluene
solution gave a brownish oil (0.61 g.), which on crystallisa-
tion from ether yielded solid (13 mgs.), presumably the
2-methyl keto-lactone (XXIII); colourless crystals from
ethyl acetate, m.p. 136-142° (Found: ¢, 66.32; H, 7.47.
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H requires G, 65,91; H, 7.74%).

14%
Condensation between the keto-lactone (VII} and

. ClO

l-diethylaminopentan-3-one methiodide, - Sodamide (0.5 g.)

was added to a solution of (VII) (1 g.) in benzene (7 ml.)
end the mixture stirred for four hours at room temperature
by a stream of dry nitrogen. l-diethylaminopentan-3-one
methiodlde (2.5 g.) in ethanol (1 ml.) was added and
stirring continued for 3 hours at room temperature and 2
houré at 30-40°, Decomposition (dilute hydrochloric acid)
gave a viscous gum (0,7 g.) which gave no carbonyl deri-
vatives, Chromatography on silica gel gave only a few
milligrams of solid.

Effect of piperidine on the keto-lactone (VII). =

(VII) (300 mg.) was refluxed with a solution of piperidine
(0.1 ml,) in benzene (2 ml,) for 40 hours: 33% of sharp-
melting crystalline (VII) was recovered,

Xiactone of o -(2-hydroxy-2-(3-oxopentyl)-3-0x0-

cyclohexyl)propionic acid (XXIV), - Keto-lactone (VII)

(1 g.) was dissolved in dry benzene (10 ml,), piperidine
(0,3 ml,) end l-dlethyleminopentan-3-one (l‘g.) were added
and the mixbure refluxed for 48 hours, Piperidine was
extracted with dilute hydrochloric acid and the solvent re-
moved, leaving a gummy residue (690 mg.) which was chromato-
graphed on silica gel, Elution with benzene-4% ethanol
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géve two principle fractions 1 (200 mg,) and 2 (180 mg.).
Fraction 1 in ether gave solid m,p. 170-183° (31 mg.) and
a second crop of starting material, m.p. 85-87°: Fractien
2 gave solid m,p. 85-170° (38 mg.), rechromatographed
giving material, m,p, 160-180° (18 mg,) which was combined
with the first crop from fraction 1, Recrystallisation
from ether ylelded colourless crystals, m,p. 167-178°
(Found: €, 66,23; H, 7,61, Cy4Ho004 requires C, 66,64;
H, 7.97%) probably largely the diketone (XXIV) contaminated
by a little starting materlal (CgH,,0; requires C, 64.3;
H, 7.2%) which could not be removed. A mono-2:4-dinitro-
phenylhydrazone (from one mol, of reagent) was purified

by elution from a silica gel column with benzene-chloro-
form 1:1; orange yellow crystals from chloroform-ethanol,
m,p, 255-256° (Found: €, 55.73; H, 5,32; N, 12.82.

C_ H 0N, requires C, 55,55; H, 5,59; N, 12,95%).

20724
The action of alkall on the keto-lactone (VII), =

(VII) (1 g.) was dissolved in cold 5% sodium hydroxide;
after 5 minutes the solution was acidified and extracted
wilth CHC:LS. Removal of the solvent gave a viscous gum
(0.89 g.) which after long standing in ether gave crystals
(2 mg.) m.p. 100-118° ((VII) has m.p. 87°), The gum gave
no semicarbazone but slowly gave a low yleld of a red

2:4-dinitrophenylhydrazone which was divided into two
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parts A and B, the former insoluble in benzene and the
latter soluble, A‘crystallised from ethanol as brick-red
crystals, m,p, 233-235° (Found: N, 14,99%): B was chromato-
graphed Eut no separation was obtained: yellow needles
from ethanol, m,p. 205-215° (Found: N, 16.77%). The
2 :4-dinitrophenylhydrazone of (VII) has m.p. 168-170° and
%N = 16,1,
2-Ethoxycarbonylcyclohexanone (XXVIII)48. - COyclo-

hexanone (196 g.) was condensed with diethyl oxalate
(292 g.) glving ethyl 2-oxocyclohexyl glyoxalate. The
latter on pyrolysis ylelded Z2-ethoxycarbonylcyclohexanone
which was fractionated through an 18" column packed with
helices, Yield, 160 g., b.p. 100/12 mm,, née 1.4830,
The reaction was also carried out satisfactorily without
isolation of the intermediate glyoxalate,
2-Ethoxycarbonyl-2-methylcyclohexanone (XXIX), -

(a) Using potassium ethoxidesl. 2-Ethoxycarbonylcyclo-

hexanone (20 g.) was added to a‘solution'of potassium (4.6 g.)
in absolute ethanol (117 ml,). Methyl ilodide (25 g.) was
then added and the mixture stirred and warmed for 1 hour,.
About half the alcohol was distilled off, the cooled

mixture poured into water and extracted with ether, The
ethereal solution gave a violet colour with ferric chloride

after two washings with sodium bisulphite and after twenty
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washings with 15% potash, The solution was dried over

magnesium sulphate and distilled: the product (8.1 g.,

37%) had b,p. 108-113°/14 mm, and n;Q 1,4548 (Lit.5l,

23 71,4530
np” 1. ).

(b) Using powdered sodium®®, (XXVIII) (378 g.) was added

dropwise to a suspension of powdered sodium (56 g, clean
sodium) in anhydrous benzene (2.8 1,), cooled to 5°, The
mixture was kept in ice water for 1 hour and at room tem-
perature for 18 hours, Methyl iodide (204 ml,) was added
to the voluminous pure white suspension of the sodium salt
and the mixture refluxed for 2.5 hours, A further por-
tion (80 ml,) of methyl ilodide was added and reflux con-
tinued for 2.5 hours, After cooling, water was added,
the mixture extracted with benzene and the cbmbined ex-
tracts distilled without drying. The product (XXIX)
(367.8 g., 90%) had b.p. 113-115%/15 mm,, n%? 1.4540, and
gave no colour with ferric chloride solution ( but some
preparations gave slight colour), Semicarbazone, m,p. 153-

5, 152°), colourless crystals

156° (softening 149°) (Lit.°
from benzene/40-60 petroleum ether (Found: C, 54,67;
H, 7.65; N, 17,19. Calc, for CllHlQOSNS; C, 54:75;
H, 7.94; N, 17.41%).

1-Ethoxycarbonyl-l-methylcyclohex-3-en-2-one (XXX), =

Bromine (43 ml,) was added dropwise to 2-ethoxycarbonyl-

2-methyleyclohexanone (145 g,.) with ice cooling and shaking,
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After 30 minutes at this temperature hydrogen bromide was
removed at room temperature under reduced pressure (1 hour
with a water pump). Redistilled quinoline (140 ml.,) was
then added and the mixture heated in an oll bath at 150-
160° (bath.temp.) for 30 minutes, when it was rapidiy
cooled, poured into cold sulphuric acild (64 ml, conc, acid
and 500 g. ice), extracted with chloroform, washed with ice
cold dilute sulphuric acid, sodium bicarbonate solution and
water, finally dried over magnesium sulphate. On dis-
tillation the unsaturated keto-ester (97.3 g., 68%),

b.p. 115-1169/11 mm, , n%5 1.4820 and absorption max, at

226.5 mu (log. e 3.95) was obtained, A forerun (fraction

15
D

max at 226,5 mu was also produced, Use of a mechanical

A) (19.5 g.) b.p. 110°/11 mm,, n_ 1.4820, absorption
stirrer during bromine addition led to the formation of

only 10,8 g. fraction A, Higher bolling material (fraction
¢) b.p. 120-124%/12 mm,, n3°*> 1,4830, absorption max. at
226,5 mpL wa.s sometimes isolated, '

All attempts to prepare a semicarbazone falled,
Hydrogenation (5% palladium charcoal) of the unsaturated
keto;ester (Xxx) (1 g.) (hydrogen uptake 123 ml., theoreti-
cal 144 ml,) gave the parent ketone (XXIX); the semi-
carbazone had m.p. 151-154° raised to 153-154° when mixed

with the sample already described,
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Diethyl 4-ethoxycarbonyl-4-methyl-3-0xocyclohexyl~

malonabe (XXXI), - Diethyl malonate (4.8 g.) was added to a
solution of sodium (14 mg,) in super dry alcohol (7 ml.),
cooled to -10° in an ice salt bath and l-ethoxycarbonyl-1-
methylcyclohex-3-en-2-one (5 g.) in super dry alcohol

(2 ml,) added drop by drop. After 2 hours in the cooling
bath the mixture was allowed to warm to room temperature
overnight. The pale brown solution was acidified (glacial
acetic acid), brine added, extracted with benzene, washed
with water and dried. Distillation gave the desired

product (6.3 g., 68%) b.p. 180°/2.5 mm., nég 1.4625,
Semicarbazone m,p, 146-147° (softens 144°) colourless

crystals from benzene/40-60 petroleum ether (Found:

c, 54,34; H, 6,97; N, 10,83, C,gHogN3z0, requires C, 54,12;
H, 7.32; N, 10,52%); addition of water to the filtrate

from the initial filtration gave a second semicarbazone

m,p, 130-132° colourless crystals from aqueous ethanol
(Found: G, 53.99; H, 7.33; N, 10.69%). Mukherjee™’
reported only one semicarbazone m,p. 1260.

Diethyl methyl-(4-ethoxycarbonyl-4-methyl-3-0x0-

cyclohexyl)malohate (XXXII). - (a) By methylation of (XXXI).

The keto-triester (XXXI) (5 g.) in ethanol (3 ml,) was
added to a cooled (-10°) solution of sodium (316 mg.) in
dry ethanol (12 ml.) followed after 30 minutes by methyl
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iodide (3.6 ml,) and the mixture refluxed on a steam bath
for 4 hours, After working up as described before, the

material was distilled giving a forerun (1.2 g.) b.p., 60-
90°/2,5 mm, , ngl'5 1,4430 and a fraction, presumably mostly
the desired product, (2,75 g.) b.p. 170-180°/4 nmm.,

22
)

satisfactorily purified,

1.4620 which gave a semicarbazone which could not be

(b) From (XXX) in one stage, Diethyl meth.ylmalonate24

(189 g.) was added to a solution of sodium (0,5 g.,) in
super dry alcohol (256 ml,) and cooled to below -5° in an
ice-salt bath, l-ethoxycarbonyl-l-methylcyclohex-3-en-2-
one (180 g.) in ethanol (76 ml,) was added dropwise over
30 minutes with swirling, After several hours in the
cooling bath it was allowed to warm up slowly. The mixture
was kept at room temperature (average 160) for eight days
then decomposed with glacial acetic acid (2 ml.), brine
(50% saturated) added, extracted with chloroform, washed
with water and dried over magnesium sulphate,. On dis-
tillation the desired keto-triester (XXXII) was obtained
(275.6 g., 77.5%) b.p. 166°/0.4 mm,, nzé 1.4635, Re-
action times of five, six and seven days gave yields of

69, 74 and 78%. Semlcarbazone m.p. 132-134° (gives cloudy
1iquid clearing at 137°) colourless crystals from agusous

ethanol (Found: C, 54,81; H, 7,61; N, 10,50,
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C1oflz1N 50, requires €, 55.18; H, 7,56; N, 10.16%).

&~ (4-methyl-3-oxocyclohexyl)propionic acid (XXXIII). -

The keto-triester (XXXII) (270 g.) was refluxed with con-
centrated hydrochloric acid (1350 ml,) for 40 hours. Most
of the aqueous layer was evaporated on the steam bathy the
residue was taken up in chloroform and extracted with 2N
caustic soda, the alkall solution washed with chloroform
and the organic fractions combined. On removing the sol=-
vent, unhydrolysed ester (3 g.) was recovered, The acid
was liberated from the alkaline solution, extracted with
chloroform and dried, Distillation ylelded the keto-
acid (XXXIII) (118.3 g., 84%) b.p. 150-152°/0.5 mm.,
n%l 1.4814, Various attempts were made to crystallise
this acid but without success.

Ethyl o« -(4-methyl-3-oxocyclohexyl)propionate (XXV), -

The acid (XXXIII) (50 g.) was refluxed with absolute al-
cohol (200 ml,) and concentrated sulphuric acid (12 ml.)
for 18 hours; the solution was dlluted with brine (50%),
extracted with chloroform, washed with sodium bicarbonate
solution and with water and dried, The crude keto-ester
was fractionated through an 18" helix-packed column giving
a product (51.5 g., 89.5%), b.p. 150-152°/13 mm.,

n;8.5 1.4607, 2:4~-Dinitrophenylhydrazone m,p. 119-1220'

(softens 1160), orange prisms from benzene/60-80 petroleum
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ether (Found: ¢, 55,07; H, 6,40; N, 14.186, Cq gHo N, 0g

requires C, 55,09; H, 6,16; N, 14.28%). Semicarbazone

m,p. 164-167° (softens 156°) (Lit.*”, 156°), colourless

needles from aqueous ethanol (Found: C, 57,98; H, 8,41;

N, 16.,87.  Cy3H5z03Nz requires C, 57.98; H, 8,61; N, 15,60%).
Fraction A (see above) (30 g.) gave an adduct with

diethyl methylmalonate (31,9 g.), b.p. 140-168°/0,5 mm.,

16,5
A5

ester (12 g,) semicarbazone m,p. 165-167° and mixed m,p.

1,4640, which was hydrolysed and esterified giving

165-167°, Fraction € (17.5 g.) gave an adduct (6.0 g.),
19
D
Condensatlions between ethyl ol -(4-methyl-3-o0xo-

b.p. 162-168°/0,.6-0,9 mnm,, n.-° 1.4663.

cyclohexyl)propionate (XXV) and pent-l-yn-3-one (XXVI), -

Using (a) sodamide; (b) sodium hydride; (c) pyridine;

(d) aluminium ethoxide. In cases (a) and (b) the keto-

ester (XXV) in ether was allowed to react with one equi-
valent of the base for some hours at room tempe rature,
cooled to 0° and a solution of pent-l—yn-s-onez5 in ether
added, The mixture, which rapidly became deep red, was
kept at 0° for 10 hours, room temperature for 6 and decom-
posed with 2N hydrochlorlc acid, Starting material (60-
70%) was recovered: the residue had absorption max, at

- 225 mp log £ 3.97 (a) and 4.16 (b). In case (b) the

residue was refluxed with 45% alcoholic potash for 6 hours;
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the product showed a low absorption max. at 224 8 (the
expected dienone (XXVII) should have a peak at 240 qu).

In case (c) (XXV) was refluxed with (XXVI) in ethan-
ol in the presence of pyridine for 70 hours with a similar
result, In case (d) a mixture of (XXV) and (XXVI) and
eluminium ethoxide® in benzene was kept under nitrogen
at room temperature for 10 days: the result was the same
as before.

l-Chloropent-l-en-3-one (XXXV). - (a) Using carbon

tetrachloride as diluent. Propionyl chloride (92 g.) was

added to a stirred ice-cold suspension of aluminium chlor-
lde (147 g.) in carbon tetrachloride (300 ml,) and the
mixture maintalned at 0-5O during the passage of a rapild
stream of dry acetylene, After 4 hours heat was no longer
evolved and the reaction mixture was decomposed with crushed
ice and brine, The organic material was extracted with
ether and dried over magnesium sulphate in the presence of
magnesium oxide and hydroquinone. The product was dis-
tilled twice giving chloropentenone (XXXV) (76.4 g., 65%)
b.p. 43-45°/14 mm., ni® 1,4650, N max. at 229 m (loge
4,10) and 320 mp (logée 1.50) (Fig.1). This ketone was
too volatile to give accurate analytical results; it is a

colourless mobile liquid which solidifies at -20° and is

best stored at this temperature: it is also a veslicant
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and a lachrymator and should be handled with care. The
semicarbazone melts at 101-104° (to red liquid)} and
crystallises from aqueous ethanol as colourless rods,

(Found: €, 41,15; H, 5,59; N, 23,78; (1, 20.04.
CgHqoN30C1 requires C, 41,04; H, 5,74; N, 23,93; C1, 20.19%).

(b) Using excess propionyl chloride as diluent, - Finely

powdered aluminium chloride (67 g.) was added over 1 hour

to propionyl chloride (69 g.,) with stirring and ice cool-
ing., After reﬁlacing the ice bath by a water bath a stream
of dry acetylene was passed through the viscous yellow
mixture, After 5 hours the resulting thick black oll was
worked up as described, After a single dlstillation the
l-chloropent-l-en-3-one (38 g. 63%) had b.,p. 47-49°/15 mm,,
and n%? 1.4560,

1-Diethylaminopent-l-en-3-one (XXXVI), = l-Chloro-

pent-l-en-3-one (30 g.) in ether (75 ml,) was added slowly
with stirring to an ice cooled solution of diethylamine

(37 g.) in ether (150 ml,)., After 1 hour the cooling bath
was removed: 3 hours later 2N sodium carbonate (128 ml,)
was added and the product extracted with ether and dried.
Distillation gave the diethylaminoketone (XXXVI) (29 g.,
73%) as an almost colourless oil, b.p., 90°/0.5 mm,,
n]1)8'51.5290, (Found: N, 9.07.  CgH,.NO requires N, 9.03%),

absorption max, at 210 mp (loge 3.164) and 307 mp (loge
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4,39) (Fig.l). Attempts to prepare a semicarbazone and a |

picrate failed. é

Condensation between 2-methylcyclohexanone and 1—diethylamino-i

pent-l-en-3-one (XXXVI),- 2-Methylcyclohexanone (8 g.) was added §

to a suspension of sodamide (from 0,78 g, sodium) in ether (40nﬂf
and the mixture stirred for 4 hours at room temperature in a

stream of dry nitrogen, 1-Diethylaminopent-l-en-3-one (5 g,) was

added in ether (15 ml,) and stirring continued for 3% hours at
room temperature and 1% at the boiling point. After addition of
2N hydrochloric acid the solution was extracted with ether, dried
and distilled, 2-Methylcyclohexanone (5,8 g.) ngz 1,4473 was
recovered then unchanged (XXXVI) (2.93 g.) n%?'s 1.5258, N max,
210 %P (log ¢ 3.15) and 307 ?P (log € 4.36), The remaining
acidic solution was made alkaline (sodium hydroxide), extracted
wlth ether and distilled giving unchanged (XXXVI) (0,94 g.)

n]2>3 1,52686, N max, 210 m (log g 3.17) and 307 l’?l (log £ 4.36), }

Condensation between ethyl A - (4-methyl-3-oxocyclo- i
hexyl)propionate (XXV) and l-chloropent-l-en-3-one (XXXV),-

A mixture of the keto-ester (XXV) (5 g.) and the chloro-
vinyl ketone (XXXV) (4.2 g.) was added dropwise to a gently
boiling solution of potassium (1,01 g.) in tert. butanol
(25 m1,), After 30 minutes' refluxing the solution was
cooled, diluted with 50% brine, acidified (acetic acid)

and extracted (chloroform). The extract was washed with

N caustic soda and the product fractionally distilled, the
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fraction (0.48 g,) having boiling point(bath)l70-205o/
0.5 mm,, and refractive index,ning'5 1,5023,expected of the
desired product was chromatographed on alumina yielding a
pale yellow waxy solid (155 mg.) (elution with petroleum
ether 40-60/benzene 1:1) N max, 226 ny (loge c. 4.6)
(Found: 4,5 double bonds assuming a molecular weight of
c. 300) Beiflstein test negative and a viscous oil (29 mg,)
(elution with benzene 1% ether) N max., 240.5 m (loge
4,01) (Found: 2,0 double bonds) which may have been
XXVII),

Condensation between 2-methylcyclohexanone and 1-

chloropent-l-en-3-one, - 2-Hethylgcyclohexanone (5 g.),

sodamide from (1.0 g. sodium), and ether (100 ml,) were
stirred under nitrogen , (XXXV) (5.3 g.) in ether (20 ml.)
was added slowly with cooling, the bright red mixture was
stirred for 7 hours, the last 2 at the boiling point, Work-
ing up In the usual way gave 2-methylcyclohexanone (2,9 g.)
then two fractions with gbsorption maxima at 225 %P’ the
second of which solidified to a waxy solid: both gave a
negative Beilstein test. They are probably polymerisation
products of (XXXV).

1-Chloropentan-3-one, - Finely powdered aluminium chloride

(302 g,) was added to a solution of propionyl chloride

(200 g.) in chloroform (660 ml,)}, a steady stream of dry
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ethylene was then passed in for 5 hours with stirring, the
mixture belng kept at 5-50. After decomposition with ice
and 10% hydrochloric acld, the organic layer washed with
10% acid until the washings gave no flocculent precipitate
with ammonium hydroxide, The aqueous portion was extracted
with chloroform and the combined extracts washed with water
and dried. Distillation gave the desired chloroketone

(120 g., 46%), b.p. 56-59°/12 mm., nk> 1,4260 (Lit,®7,

gives b.p. 63°/25 mm, and n§5 1,4330): the refractive

index of vinyl ethyl ketone was given as ngo 1.419166).

l-Diethylaminopentan-3-one. - This ketone was prepared by

the procedure due to Ademson et a1.65; the yield was 70%
and the product had b.p.72-74°/10 mm., and nég 1.4363
(L1t.%°, gives n'° 1.4368).

1-Dietnylaminopegtan-5-one methiodide (XXXVIII), - Methyl

lodide (10 g.) was added drop by drop over 30 minutes with
swirling and ice cooling to l-diethylaminopentan-3-one
(1.1 g.), cooled at Oo for a further 30 minutes, then in
cold water for one hour, By this time most of the meth-
lodide had crystallised: in this form 1t dissolves in
ethanol very slowly.

Ethyl oA-(2:3:4:5:6:7:8:10-octahydro-1:10-dimethyl-

2-0x0-7-naphthyl)propionate (XIX). - Ethyl oA -(4~methyl-
3=-oxocyclohexyl)propionate (15 g.) was added dropwise to a
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stirred suspension of sodamide (2.5 equivs. from 4,1 g,
sodium) in dry ether (250 ml,) mainbained at 10-15° ﬂndef '
a stream of dry nitrogen. After 1 hour at this tempera-
ture the mixture was stirred for a further 5 hours at
foom temperature, The methlodide from l-diethylamino-
pentan-3-one (11.1 g.) in ethanol (12 ml,) was then added
over 15 minutes, the reactlion mixture being water cooled.
The whole was subsequently stirred at room temperature
for 6 hours, left overnight, heated to 50° for 4% hours,
decomposed (2N hydrochloric acid), extracted with ether
and separated into neutral (1,7 g.) and acidic (13.8 g.)
fractions. The latter was esterlfied by refluxing with
ethanol (110 ml,) and conc., sulphuric acid (3 ml,) for 5
hours, combined with the neutral portion and separated

into the following six fractions by distillation:

Wt.s. b.p./1 mm, n291.5 log ¢ at 249 n?
(1) 3.20 95-109 1.4630 -
(11) 2,03 110-117 1,4654 -
(111) 0.17 140-155 1.4710 -
(1v) 2,61 156-160 11,5050 4,04
(v) 2,37 160-168 1.5100 4,08
(vi) 1.45 168-188 1.5110 4,04

The first three were mainly unchanged (XXV); the last
three fractions were combined (45%) and redistilled through
8 short Vigreux column to give the desired keto-ester (XIX)
as a pale yellow oil b,p, 158-164°/0.6 mnm., ngo 1.5100,
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Nmax. at 249 mp (log £ 4.08) (L1t.°9 gives max. at

245 m (logg 4.05) eatnc126’2‘7 at 250 m (loge 4.05) for
the methyl ester (XI)}, 2:4-Dinitrophenylhydrazone,
scarlet leaflets from ethanol m.p, 178-183° (softens 173°)
(Founda: C, 60,37; H, 6,75; N, 12.43, CozglzgN 05 Te-
quires C, 60.24; H, 6,59; N, 12.22%).

In a simllar experiment using one equivalent of
sodamide and a total reaction time of 12 hours the neutral
product (9.7 g.) was separated into (XXV) (4.28 g.) and
(XIX) (4,04 g.) by distillation and the acidic pdrtion
(5.8 g.) after reesterification also gave (XXV) (0.97 g.)
and (XIX) (2.97 g.). These samples of product gave the
same 2:4-dinitrophenylhydrazone as before but had a low
absorption (log & 3.78). This was raised to 4,03 by
boilling with ethanol (150 ml,) and 45% potassium hydroxide
Solutiqn (10 m1,) for 16 hours followed by esterification
and distillation, |

°(-(2:5:4:5:6:7:8:10-Qctahydro-l:10-d1methzl-2-oxo-7-

naphthyl)propionic acid (XII), - Ethyl «-(2:3:4:5:6:7:8:10-

octahydro-1:10-dimethyl-2-0xo-7-naphthyl)propionate (XIX)
(313 mg.) was refluxed with 10% sodium hydroxide (2 ml,)
for 1% hours. On acidification the acid was obtalned as a
gummy solid (253 mg.) which gave solid acid (40 mg.) on
cooling with ether. The crystalline acid, m,p. 152-1610,
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colourless prisms from ether (Found: C, 71,94; H, 9.01.
0, 585505 requires C, 71,98; H, 8.86%), had absorption
max, at 249 mp (log € 4.14). (Abe et a126’27 reported
two solid isomers m.p. 181°, N\ max. 250 ma (loge 4.11)
and m.p. 125°, N max. 250 mp (log & 4.16) in methanol).

The bromination-dehydrobromination of ethyl oA -

2:5:4:5:6:7:8:10-octahydro—l:lO-dimethyl-Z—oxo-?-naphthy;)—

propionate (XIX), - A typlcal reaction in the absence of

peroxide: N-bromosuccinimide (0,64 g.) was added to a
solution of (XIX) (1 g.) in dry carbon tetrachloride

(5 ml,) and the mixture refluxed until #igorous reaction
took place (11 minutes), Succinimide (0.3 g., 84.5%) was
removed from the cold solution, followed by the solvent and
the residue refluxed with X -collidine (5 ml, redistilled)
for 40 minutes, After cooling, ether was added and hydro-
bromide (0.48 g., 67%) collected: collidine was removed

by extraction with 2N hydrochloric acid, solvent evaporated

and the residue distilled, A yellow oil (0,42 g.) was
20
D

tion maxima at 295 mp (log &€ 3.94) and 249 g (loge 3.92)

obtained, b.p. (bath) 170-220°/0.5 mm,, n° 1,5251 absorp-
(Fig.2).

A similar reaction carried out In the presence of
dibenzoyl peroxide gave 98% suecinimide and 84% collidine

hydrobromide, A reactlon was also performed in the dark,
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The products were chromatographed on alumina; three main
fractions (A, B and C) were obtained, these being eluted
from the column with a 1:1 mixture of benzene petroleum
ether (b.p., 40-60°) A, benzene B and benzene containing

1% ether C,  The results are summarised in the following

table:
Expt.No. (1) (11) (111)

wt, (mg, ) 214 340 300

A, Nmax. 295,5, 252 206,5, 250 206,5, 253.5
logs 4,05, 3,91 4,02, 3.92 4,15, 3.83
wt, (mg,) 90 22 . 24

B, Nmax. 295,5, 250 301, 246,5 303, 235
logg 3.92, 4.02 3.86, 3.92 3.83, 3.87
wt, (mg, ) 23 8 -

C. Mmax, 240 238 - -
log e 3,97 3.8% -

Of the three experiments described above, the first was
heated by a bunsen burner in the daylight; in the second
daylight was excluded; whilst in the third a trace of
- peroxide was added and the reaction flask heated and 1l-
luminated by a 100 W, lamp,
‘the: (1) In some experiments less than 1 g, of (XXV) was
used but the results have been adjusted to thls amount for
comparison,

(2) In experiment (1) portlons of each fraction were quanti-
tatively hydrogenated, over palladium in acetic acld, The
results showed the presence of the following double bonds

(A) 2.2, (B) 1.0 and (C) 2.0.
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Fraction (&) (Expt.iii) readily gave the 2:4-dinitro-
phenylhydrazone of ethyl A -(2:3:4:5:6:10-hexahydro-1:10-
dimethyl-2-0x0-7-naphthyl)propionate (XI), m,p., 122-125°,
deep crimson leaflets from ethanol (Found: C, 60.42;

H, 5.73; N, 12.12,  CpqH,N,0, requires C, 60,51;
H, 6,18, N, 12,27%).

7=-Ethyl-2:3:4:5:6:7 :8:10-0octahydro-1:10-dimethyl-2-

oxonaphthalene (XLIII), ~ Fraction A (214 mg., expt.(1)

above) was refluxed witn 10% sodium hydroxide (2 ml,) for
75 minutes, cooled, washed with ether, acidifled and ﬁhe
acids extractéd (149 mg,). After heating at 135-140° for
10 minutes with a mixture of acetic acid (1.4 ml,), conc.
hydrochloric acid (0.2 ml,) and water (1.5 ml), the pro=
duct was poured into a slurry of ice and sodium carbonate,.
Isolation of the neutral fraction gave (XLIII) (29 mg,),
N max, 299 mp (Loge 4.35) (Fig.3); 2:4-dinitrophenyl-
hydrazone m.p. 251-255°d., very deep crimson plates from
acetic acid (Found: €, 62,05; H, 6,05; N, 14,30,
CooligaOsN, requires C, 62.49; H, 6.29; N, 14.57%), ab-
sorption mexima at 258 mp (loge 4.05), 318 1 (loge
4,08) and 417 g (log & 4.51) in chloroform (Fig.3). The
absorptlion spectrum of the acidic portion (72 mg., N max,
298 mp (log ¢ 3.35) and 249 mp (loge 4.,03)) indicated
that this was mainly the acid derived from the keto-ester
(XIX).
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The dibromination-dehydrobromination of ethyl & -

(2:5:4:5:6:72:8:10-octahydro-1:10-dimethyl-2-0x0-7~naphthyl) -

propionate (XIX), - Bromine (1.2 g,) in glacial acetic acid
(11 ml,) was added over 1 hour to an ice-cooled solution of
the keto-ester (XIX) (1 g.) in dry ether (30 ml.) contain-
ing 4 drops of 4N HBr in acetic acid. After keeping at 0°
for 40 minutes, the solvent was removed under reduced
pressure at 25° and the residue refluxed with collidine

(9 ml,) for 75 minutes. Collidine hydrobromide (1.2é 8.
93%) was collected and the reaction mixture worked up in
the usual way, After distillation the product, a viscous
pale brown oil (0.4 g.), had b,p. (bath) 200-240°/0,9 mm,
and. n%v 1,5426: chromatographing on alumina (elution with
benzene} gave material with absorption maxima at 232 mp.
(log & 4.04) and 310 gp.(log e 4,04) (Fig.4); quantitative
hydrogenation showed the presence of 2,2 double bonds,

Attempts to prepare ethyl o -(8-acetoxy-2:3:4:5:6:7:8:-
10-octahydro-1:10-dimethyl-2-0x0-7-naphthyl)propionate (XLVI),-

The keto-sster (XIX) (2 g.) was treated with N-bromosuccinimide
(1.28 g.) in carbon tetrachloride (10 ml.) in the presence

of péroxide as described previously. After removal of the
solvent at room temperature the crude bromoketone was re-
fluxed with silver acetate (2.4 g.) in glacial acetic acid

(20 m1,) for 18 hours. Silver bromide (1,18 g., 88% left
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after washing the precipitate with dilute nitric acid) was
removed and the product isolated and fractionated glving

the fractions:

wt,(g.) Db.p. (bath)/8x10"5mm. n%)s‘s
1, 0.18 178 - 188 1.5103
2. 0.25 188 - 200 1.5198
3, 0.29 200 ~ 220 1.5227
4. 0.19 220 - 233 1.5259,

Fractions 2, 3 and 4 after combination had absorption
maxima at 295.5 mp (log ¢ 3.82) and 249 p (logg 3.98).
The undistilled product from a second experiment in which
the bromo-ketone was shaken with silver acetate at 25°
for 45 hours had absorption maxima at 296 I (log g 3.72)
and 249 T (log e 3.83); therefore (XLI), -causing the
maximum at 295 ny s, 1s probably formed at the bromination
step and not during the sllver acetate reaction, When
the product was chrometographed on alumina most of the
material was irreversibly adsorbed, silica gel effected
very little separation, charcoal gave material with

max, 295 ma (logg 3.63) and 248 1 (Loge 4.05): the

2 :4-dinitrophenylhydrazone had m.p. 128-136°, (Found :
c, 60,42; H, 6.12; N, 12,20, 025H32N408 requires

¢, 58,13; H, 6.25; N, 10.85%). This compound may be
en impure derivative of the starting material

(CozHy N ,0, requires C, 60.24; H, 6,595 N, 12,22%).
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The hydrolysis of the acetoxy compound:- The crude pro-

duct from the above reaction (0,5 g,) was refluxed with
10% aqueous sodium hydroxide (10 ml,) for 75 minutes,
washed with ether, acldified and the product extracted
with chloroform, The residue, after solvent removal, was
heated for 10 minutes at 135-140° (oil bath) with a mixture
of glacial acetic acid (2.8 ml,), hydrochloric acid (0.4 ml.)
and water (3 ml,), poured onto ice and sodium carbonate
and neutral materlal extracted with chloroform, Acidic
material (220 mg.) was recovered from the alkaline solu-
tion, The neutral fraction was refluxed with sodium car-
bonate to extfact lactone but only a very small amount of
an smorphous substance was isolated: the neutral material
which now remained (23 mg.) had » max, 299 mm (loge

4,39) was presumsbly (XLIII). The acidic fraction was re-
fluxed with /5 alcoholic potash for 75 mimutes, but still
gave no lactone on acidification,

The dibromination-dehydrobromination of of (213 :4:5:6-

7 :8:10-octahydro-1:10-dimethyl-2-0x0~7-naphthyl)propionic

acid (XII), - The keto-ester (XIX) (1.2 g.) was hydrolysed
wifh,lO% sodium hydroxide and the crude gumny acid isolated.
Bromine (1.26 g.) in glacial acetic acid (12 ml,) was added
dropwise to a solution of the acid in dry ether (80 ml.)
containing three drops of 4N HBr/HoAc. After being kept

i
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at room temperature for 1% hours the solvent was removed
under reduced pressure (at 25°) and the residue refluxed
under nitrogen with ¥ collidine (7 ml1,) for 15 minutes,

The solution was cooled, diluted with benzene, collidine

| hydrobromide (1.08 g., 133%) removed, excess collidine
extracted with hydrochloric acid and separated into neutral
(0.68 g.) and acidic fractions (0.16 g.) by extraction with
sodium carbonate (5%). The neutral portion was chromato-
graphed on silica gel and eluted with benzene-chloroform
1:1 giving a red gam (428 mg,), the ether solution of which
deposited a crystalline substance (20 mg,); colourless
prisms from methanol, m,p. 198-208°3, (Found: €, 55,50;

H, 5,20; Br, 24,54, c 0_Br requires C, 55,41;

15%17%
H, 5,26; Br, 24.58%) N max. 256.5 mp (log € 4.19) (Fig,.
5). This material was most probably a 3-bromosantonin
(XLVII), The non crystalline fraction had Br 17.68%.

This preparation was repeated with (XIX) (4.2 g.);
the first solid fraction (81l mg,) an crystallisation from
methanol gave a less pure sample of (XLVII), m,p. 172-182°4,
The mother liquors gave a second fraction (41 mg,), m,p.1l71-
181° which 4did not undergo a dlenone-phenol rearrangement,
colourless crystals from methanol m.p. 182-190%d. (Found:
¢, 565,50; H, 5,77. ¢._H._O0_Br requires C, 55,06;

15719 3
H, 5,85%) N max, 249 mp (log € 4.05): this was probably
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a 3-bromodihydrosantonin (XIII).

The non-crystalline portion (638 mg.) was refluxed
with collidine for 2 hours,base hydrobromide (63 mg.)
was obtained, but only a very small amount of solid product.

3-Bromo-l-santonin (XLVII), - Bromine (0,65 g.) in

90% acetic acid (2 ml,) was added drop by drop to & sus-
pension of santonin (1 g.) in 90% acetic acid (3 ml,):
the santonin gradually went into solution as the addition
proceeded, After five hours the red solution was poured
into a mixture of ethanol (6 ml,) and water (40 ml,) and
left overnight; the yellow solid was collected, dissolved
In ethanol (12 ml,) and aniline (1,25 g.), refluxed for

5 minutes, alcohol removed on the steam bath and aniline
extracted with dilute acid. The residue, after several
crystallisations from methanol to remove considerable
amounts of unchanged santonin, gave the desired bromo-
santonin (50 mg., 3.8%)? colourless prisms, m.p. 214°4.
(insert 210) (Found: ¢, 55.68; H, 5,64, Calc, for

c Br, C, 55.41; H, 5.26%) N\ max 255 mp (loge

15717%
4,13) (Fig.6). , v
3-Bromo-l-desmotroposantonin acetate (XLVIII), - A

solution of (XLVII) (40 mg.) in acetlc anhydride (2.5 ml.)
containing concentrated sulphuric acid (12.5 mg.) was

allowed to stand at room temperature overnight, heated on
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the steam bath for two hours, shaken with water (10 ml.)
and the gummy solid collected, Crystallisation from
methanol gave the product (15 mg,), colourless rods from
methanol m.p, 183-185° (Found: C, 56.55; H, 5.64;

Br, 21.80, 017H1904Br requires C, 55,60; H, 5,22;

Br, 21.75%) N max 283, 275, 207,.5 N (loge 2.92, 2.89
and 4,57) (Fig.7).

The Dienone-Phenol rearrangement of synthetic 3-

bromosantonin, - The material obtained in the second

bromination-dehydrobromination of (XII) described above
(41 mg,) was treated as in the above experiment. The
product (15 mg,) had m.p. 185-190° (softens 1680), colour -
less crystals from methanol (Found: Br, 21,50,

CynH190,Br requires Br, 21,75%), The ultra-violet ab-

sorption spectrum is shown in Figure 8.



PART II

e et

~ THE SYNTHESIS OF SOME COMPOUNDS

ANALOGQUS TO SANTONIN, -
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In view of the unsatisfactory results of the appli-
cation of the Japanese procedur927 to the acid (XII) re-
ported at the end of Part I, it was thought desirable to
confirm this method by trying to use it to prepare similar
but simpler compouhds. The compounds selected for syn-
thesls were the ¥ lactone of 2:5:6:7:8:10-hexahydro-8-

hydroxy-1:10-dimethyl-2-0x0-7-naphthylacetic acid (L)

(L) (LI)

which lacks the methyl group at Cll and the X’lactone of
2:5?6:7:8:lo-hexahydro-S-hydroxy-10-methy1-2-oxo-7-
naphthylacetic acid (LI) which lacks the methyl groups at
both C11 and €1. 1Both (L) and {LI) possess one less
asymmetric carbon atom then santonin and might therefore
be obtainable more readily and in higher overall yleld.

It 1s possible that such compounds would possess
anthelmintic properties, Gluschke91 has found that the
tetrahydronaphthalene lactones (LII) and (LIII) had

(LII) (LIII)
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anthelmintic actions similar to that of santonin, but with
the exception of 1:2-dihydroxytetrahydroalantolactone pre-
pared from the naturélly occurring alantolactonegz, CO¥="-:
pounds more closely related to santonin than these do not
~ gseem to have been prepared or examined.

The starting material for the.synthesis of the
analogues of santonin was methyl 4-methyl-3-oxocyclohexyl-
acetate (LIV), Acid hydrolysis of diethyl 4-ethoxycarbonyl-

—_ >
O O
COLEf)L O1 K O M. .

(XXXTI) (LV) (LIV)

4-methyl-3-oxogyclohexylmalonate (XXXI) ylelded the parent
acid 4-methyl-3-oxocyclohexylacetic acid (LV) which con-
sisted largely of one of the two possible lsomers:
fractional crystallisation failed to yield a second isomer,

The synthesis of the santonin analogue (L}.

Methyl 22324 :5:6:7:8:10-octbahydro-1:10-dimethyl-2-
oxo-7-naphthylacetate (LVI) was prepared by‘condensing the
keto-ester(LIV) with l-diethylaminopentan-5-one methiodide

(XXXVIII) in the presence of sodium methoxide (cf,.27).
' N F—t:LMQ.I

SEEPEE QC@%
o o
©2 Mg Mo

(LIV) ' (XXXVIII) (IVI)
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(LVI) was hydrolysed with caustic soda to 2:3:4:5:6:?:8:10-
octahydro-1:10-dimethyl-2-oxo-7-naphthylacetic acid (LVII),
one of the two possible isomers of which crystallised from
the crude product first, Later crops consisted of mixtures
of the two which were not separated.

Bromination of the acid (LVII) with bromine in ether
acetic acid gave 3:8-dibromo-2:3:4:5:6:7:8:10-octahydro-
1:10-dimethyl-2-o0xo~7-naphthylacetic acid (LVIII). The

By

v

0
O H Coz
(LVII) (LVIII)
isolation of a dibromoacid is in agreement with the results
obtained by Matsul et al.:51 in the santonin series, Abe
et 21,27 (see Introduction), however, working with the
acld (XII), obtained a bromolactone by spontaneous elimina-
tlon of hydrogen bromide. The ultra-violet absorption
spectra of (LVI), (LVII) and (LVIII) were in agreement with

the structures assigned to them,

(LVIII) underwent simultaneous lactonisation and

By

Vv

mY

(LVIIT) (L)



absorption spectrum of
8-hydroxy dimethyl
acid (1).
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amiGrassnicklegs for the dienone-phenol rearrangement gave
a much better yield than those used by Huang Minlon et
al.94 to prepare 1 A-desmotroposantonin acetate (LX).
The preparation of (LX) was repeated and its ultra-violet
spectrum (Fig,11l) and that of (LIX) (Fig.ll) were found
to be very similar,

An attempt was made to prepare the Kllactone of
2:3:41:51:61:7:8:10~0ctahydro-8-hydroxy-1:10-dimethyl-2-0x0-~
7-naphthylacetic acid (LXI) since it might yield the

h 4

O2H
(LXI) (ILXIT)

analogue (L) on bromination dehydrobromination. Brominé-
tion of (LVII) with N-bromosuccinimide gave 8~bromo-~
2:3:4:5:6:7:8: lO octahydro-1:10-dimethyl- 2-oxo—7-naphthyl-
acetic acid (IXII) in falrly good yleldy in the santonin
series, Abe et a1.27 obtained é lactone directly. Treat-
ment of (LXII) with alcoholic sodium ethoxide, a method
which converted X'bromobutyric acld to butyrolactonegs,
gave a very low yleld of a substance which was presumably
an impure sample of (LXI), This material could not be
obtained pure and the preparation was not iInvestigated

further,



absorption spectra of

tetrahydro hydroxy 1 :4-dimethyl
naphthylacetic acid (LIX).
desmotroposantonin acetate
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Attempts to s ynthesise the santonin analogue (LI).

Condensation of the keto-ester (LIV) with l-diethyl-
aminobutan-3-one methiodide (LXIII), prepared by the

NE"LMLI
+ —
O O
2 Mg O Mg
(LIV) (ILXTIII) (LXIV)

method of Wilds and Shunkvo, gave methyl 2:3:4:5:6:7:8:10-
octahydro-10-methyl-2-0x0-7-naphthyl acetate (ILXIV). Both
sodamide and sodium methoxide (cf.27) were used as condens-
ing agents: +the yield in both cases was almost the same,
but the latter method was more convenient and led to a
purer product,

An examination of the first route to (LI} from (LXIV),

An attempt was then made to prepare methyl
21:5:61:7 :8:10-hexahydro-10-methyl-2-oxo~7~-naphthylacetate
(IXV) which should be convertible to the analogue (LI} by

[§) : : :O
O,_ME

(LXV) (LXVI)
the method suggested for preparing santonin from (XXVII),
Gunstone and Heggie25 obtained 2:5:6:7:8:10-hexahydro-10-



(ILXVII)

0163
(IXVIII)

(1XIX)
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methyl-2-oxonaphthalene by dibromination dehydrobromina-
tion of 10-mefhy1-2-oxodecalin (LXVI) which was prepared
by catalytic reduction of 2:5:4:5:6:7:8:loéoctahydro-lo-
methyl-2-oxonaphthalene (LXVII). (LXVI) consisted

largely of the cis decalin derivative64"67

and methyl
decahydro-10—methyl—2—ox6naphthylacetate (LXVIII) prepared
by hydrogenation of (LXIV) may likewise be chiefly the
cls isomer, However, the presence of the trans isomer
should not affect the result of the dibromination dehydro-
bromination since it has been shown that 3-ketosteroids of

both the norma196’97

Som————— g

and the g;;g?a serles can be converted
to cross-conjugated dienones by this method. On the

other hand, Yanagita and'Tahara76 have reported that di-
bromination dehydrobromination of (LXVI) gave the extended
dienone 2:3 :4:5:6:10-hexahydro-10-methyl-2-oxonaphthalene
(LXIX), though in low yield, which would not be expected
from t he above results, The saturated keto-ester (LXVIII)
on dibromination with bromine in acetic acid and dehydro-
bromination with collidine gave a product with absorption
maximum at 236,.5 m. (LXV) should absorb at 240-245gy99.
There was no peak 1n the reglon 280-285 mp where extended
dienones related to (LXIX) would absorbgg’vz.

Chromatography on alumina gave three nearly equal

fractions, A, B and C, A had N max, at 227.5 Tp
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(log € 3.70) which suggested the structure (IXX).

2. Mo

(LX) |

The absorption spectrum of the 2:4-dinltrophenylhydrazone
supported this formila °: (LXX) would be formed if
(LXVIII) was mono-brominated at C3, B had N max, at

238 M (log € 4.10) which suggested the presence of an
absorbing system similar to that of (LXIV): the 2:4-
dinitrophenylhydrazone spectrum also supported this con-
clusion, However, quantitative hydrogenation showed the
presence of three double bonds, It 1s difficult to ex-
plain theseAresults because the other two double bonds
cannot be conjugated with the carbonyl group or the double
bond since such 1:3:7 or 1:5:7 trienones have quite differ-
ent spectra7g’loo. When B was subjected to the conditions
" of the dienone-phenol rearrangement no definite result was
obtained. The structure of fraction €, which had N max.
at 275 mp (loge 3.84), 1s also unknown, While the
results of this reactlion were much more complicated than

was expected and did not lead to the desired product, no

evidence was found to support the results of Yanagita and
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Tahara76.

A second route to (LI) from (LXIV).

The method, successfully used in the synthesis of
(L), was next applied to the preparation of (LI).
Hydrolysis of (LXIV) yielded 2:3:4:5:6:7:8:10-octahydro-
10-methyl-2-oxo0-7-naphthylacetic acid (LXXI), one isomeric
form of which was readily isolated, Fractional crystal-
iisation and chromatography of the remaining acid failed

to yield a second pure isomer, Dibromination of (LXXI)

By

Vg

o o
Dv

COsH Co

(LXXI) R (LXXII)
gave 3:8-dibromo-2:3:4:5:6:7:8:10-0ctahydro-10-methyl-2-
oxo=7~naphthylacetic acid (LXXII), which when refluxed
with collidine for 10 minutes (cf.27) gave as the only
product a very small amount_of a bromolactone pre sumably

the x lactone of 3-bromo-2:3:4:5:6:7:8:10-octahydro-8-

B~

(LXXITII)
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hydroxy-10-methyl-2-oxo-7-naphthylacetic acid (LXXIII),.
Treatment of (LXXII) with collidine at 170° for two hours
gave only a very low yleld of crystalline material which
8till contained bromine and which could not be purified.
The remainder of the product was an uncrystallisable gum.
It would appear from these results that the dibromo-acid
(LXXII) is much more easily decompoéed by- collidine treat-
ment than (LVIII), Attention was therefore turned to a
second route to (LI) from (ILXXI).

Monobromination with N-bromosuccinimide ylelded a
bromo-acid which, without purification, was lactonised in
quite good yield to the x lactone of 2:3:4:5:6:7:8:10-
octahydro-8-hydroxy-10-methyl-2-oxo-7-naphthylacetic acid
(LXXIV) by treatment with alcoholic sodium ethoxide (cf,95).

(LXXIV)
This lactone showed a slightly lower ultra-vielet absorption
maximum than did the keto-ester (LX1IV), 235 p compared
with 239 mp, which is analogous to the lowering of the
maximum observed in cholest;4—en-5-oné when a 6-hydroxyl

. 101
group was introduced .
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The more lmportant peaks of the infra-red absorption
spectra of (LXXIV) and of (L) and santonin (Figs.12,13 and
14) are listed below, together with a discussion of their

probable assignations,

XLactone of 2:3:4:5:6:7:8:10-0octahydro-8-hydroxy-10-
methyl-2-oxo-7-naphthylacetic acid (LXXIV),

Frequency Strength Assignation
3020 m g )C = CLH, C - H stretch
2920 m
YCHy, C - H stretch
2850 w
1780 s 5 membered lactone ring, C=0 stretch
1666 8 »C = 0 conjugated, C = @ stretch
1636 sh.w ¥¢ = ¢{ conjugated, C=C stretch
1170 m,s lactone, C - O stretch
. CO ,
875 w Sc = ¢/, C-H out of plane bending.
H

XLacto-ne of 2:5:6:7:8:10-hexahydro-8-hydroxy-1:10-

dimethyl-2-0x0-7-naphthylacetic acid (L).

3020 m -CH = CH-, C - H stretch

o _ .
&9z = MCH_, © - H stretch
2850 w 2
1780 s S5-membered lactone ring, C=0 stretch
1660 s D¢ = 0 conjugated, C = O stretch
1628 m,s yC = ¢{ conjugated, € = C stretch
1170 m,s - lactone, C - O stretch

- CHQ H ~

835 m eis €= ¢ , C-H out of plane

/ N0 bending.



absorption spectrum
octahydro
hydroxy methyl
(LXXIV)



A

Figure 13. The infra-red absorption spectrum of the
lactone of 2 :5:6:7:8:10-hexahydro-3-hydroxy
-1:10-dimethyl-2-oxo-7-naphthylacetic acid
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Santonin (V)

-CH = CH-, C - H stretch

3020 m
2920 m
HCHy, C - H stretch
2850 sh,w
1780 s S5 membered lactone ring, C = O stretch
1664 8 >C = 0 conjugated, C = 0 stretch
1636 m,s
2 double bonds, C = ¢ stretch

1608 m
990 m.s lactone, C -0 stretch
835 m H\ H

cis € =06 , C-H out of plane bending

Ng=0

The spectra were recorded with a model 13 Perkin-Elmer
infra-red spectrometer fltted with a sodium chloride prism
using a 4% solution in chloroform.

All three compounds show an olefinic C-H stretching
band at 3020 cm."l since there is one free hydrogen atom on
the 1:9 double bond in (LXXIV) and two free hydmogens bn the
3:4 double bond in (L) and (V). The three compounds show
methylene C-H stretching bands at 2920 and 2850 cmfl and a
high intensity band at 1780 cm'.'1 which 1s the stretching fre-
quency of the carbonyl group in the five membered lactone
ringloz.

The conjﬁgated C=0 stretching band has a frequency of

1

1666 cmTl in (LXXIV), 1660 cmTt in (L) and 1664 cmTl in

santonin which i1s very close to the results reported for
103

analogous steroids
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In the C = C stretching region (LXXIV) exhibits only

-1

a weak shoulder at 1636 cm,” and (L), with two double bonds,

a fairly strong band at 1628 cmfl. Santonin, however,

shows two bands at 1636 and 1608 cm:1 and two bands are
usually observed in sterold 1:4-dienoneslos. However,
thls difference between the spectrum of (L) and that of
santonin is not surprising in compound s which are not com-
pletely ldenticaly 1t 1s probable that steric factors
account for the non-separation of C = C peaks in (L). In
any case 1t has been found that the number of peaks due t§
C = C stretching exhibited by compounds containing several
double bonds does not necessarily correspond to the number

of double bonds and in fact 1s often less.

Both (ILXXIV) and (L) show a fairly intense band at

1

1170 cm,™ but santonin, which ddes not show this peak, has

a band at 990 cmfl. The absorption in both cases is

probably due to the lactonic € - O stretching, which is very

102
varlable but is usually in the region 1300-1000 em7d .

Barton104 has shown that the lactone ring in santonin must

be trans fused and Abe et al?o suggest that the preparation

of lactones by dibromination of acids such as (XII) gives
rise to cis fused lactone rings, It 1s likely therefore

1

that the band at 1170 cm,  corresponds to the C - O stretch-

-1
ing frequency of a cis lactone ring and the band at 990 cm,
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to that of\a‘ggggg ring,

The band at 835 cm.> shown by (L) and by santonin is
thought to be due to the conjugated cis olefinic € - H out
of plane banding and is not showmn by (LXXIV) since the 3:4
double bond is absent, There is very little data on com-
pounds contalining a cis double bond conjugated with a car-

bonyl group but Henbest et a1.105

» who studied the olefinic
C - H out of plane bending reglon in steroids containing a

non-conjugated ring double bond, have found that there are

usually several prominent bands in the 800-650 em7d region

which are absent in the corresponding saturated compound.

Crombielo6

has reported that absorptlon iIn the reglon below
1000 cm?t due to trens olefinic C - H deformation is shifted
to higher frequencies by carbonyl conjugation, He also
observed a band at 816-818 cm:'l in the spectrum of a com-
pound contalning a cls double bond conjugated with an amide
group which he attributed to C - H deformation about the
cis bend,

Finally the weak band at 875 cm'.'l shown by (LXXIV)
only may be due to deformation of the solitary C - H bond
on the conjugated 1:9 double bond, but no Infomation is
.available to confirm this suggestion,

In conclusion, it may be sald that the infra-red

absorption spectrum alone shows the presence of the five
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membered lactone ring and in conjunction with the ultra-
violet provides wery strong confirmatory evidence for the
structures (LXXIV) and (L).

In the santonin serles Abe et a:l..z7 were able to
convert dihydrosantonin (XLII), snalogous to (LXXIV), to
santonin by bromination-dehydrobromination, It was hoped
therefore to prepare (LXXIII) from (LXXIV) and examine
various methods of dehydrobromination, However, when
(LXXIV) was brominated with bromine or with N-bromosuccin-
imlde and the product chromatographed, only an uncrystal-
lisable oill was obtained., An attempt to lactonise (LXXII)
to (LXXIII) with sodium ethozide had a similar result,

In each of these reactions the product was a com-
paratively mobile o0il readily soluble in ether whereas all
the lactones in this series were crystalline solids almost
insoluble in ether. Also it showed no pronounced ab-
sorption in the expected region (c, 240 qp), only a low
maximum at 230 my and a somewhat higher one at 365 .
(Fig.15) which cannot be attributed to any definite structure,
It is possible that the lactone ring was destroyed in the
reactlion, perhaps by bromination at €8 lnstead of at C3,
followed bj spon taneous dehydrobromination, opening of the

lactone ring and decarboxylation,



Figure 15. The absorption spectrum of the product ob-
tained by bromination of the lactone of
2:3:4:5:6:7 :8:10-octahydro-8-hydroxy-10-
methyl-2-oxo-7-naphthylacetic acid (LXXIV).
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A new route to (LXXI) from 2-methylcyclohexanone,

While the routes to (LI) from (LXXI), described above,
were under Investigation, another quite different method
of. synthesis was also being studied, Ralls107 had re-
ported that diethyl-7-o0x0-3 @-cholesterylmalonate was ob-
tained by addition of diethyl sodiomalonate to cholesta-
3:b~dien-7-one, this being the first example of 1:6 Michael
addition to an unsaturated ketone,

It was thought that this type of reaction could be
used to introduce the carboxylic acid side chain into an
unsaturated dicyclic ketonic intermediate in a new synthesls
of the acid (LXXI). While the work to be described was in

progress, three groups of workerslos’ 51, 30

in the santonin
fleld reported analogous reactions starting from the dienone

213 :4:5:6:10-hexahydro-1:10-dimethyl-2-oxonaphthalene (XIV),

The reaction sequence leading to (LXXI) is shown below:

Nax«&‘ ‘
a - X > CQ
o o 0

(LXIII) (LXVIT)

|
5

(co;.Et)’

(LXIX) (LXXV) !
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v

(CoH),. 2H
(LXXVI) (LXXI)

Sodium methoxide, being more convenient, was used to
effect the condensation between 2-methylcyclohexanone and
(IXIIT) to give (LXVII) instead of sodamide, which was used
by du Feu et a1.64. Bromination of (LXVII) with N-bromo-
succinimide followed by collidine dehydrobromination gave
22314 :5:6:10-hexahydro-10-methyl-2-0xonaphthalene (LXIX).
The ultra-violet absorption spectrum of (ILXIX) (Fig.1l6) had
a small shoulder at 235 ma due to a little unreacted (LXVII)
but was otherwise (max, at 281 @p) in agreement with the
structure as was also that of the 2:4-dinitrophenylhydrazone
(Fig,16), Yanagita and Tehara'® had previously reported
the preparation of (LXIX) but on a very small scale and in
considerably lower yield,

One equlvalent of sodium ethoxide (cf. 107) was used
to bring about the addition of dlethyl malonate to (LXIX)
yielding diethyl 2:5:4:5:6:7:8:10-octahydro-10-methyl-2-0x0-
T-naphthylmalonate (LXXV)j3 the ultra-violet absorption
spectrum supported this structure, Alkaline hydrolysis of
(LXXV) ylelded the crystalline 2:3:4:5:6:7:8:10-octahydro-
10-methyl-2-0xo-7-naphthylmalonic acid (LXXVI).




10-hexahydro-10-methyl
(LXIX)
dinitrophenylhydrazone (LXIX)



80,

When the malonic acid (LXXVI) was decarboxylated by
heating under reduced pressure at 205° an acid m.p. 85-88°
with the expected absorption spectrum and solubility was
obtained. The acid (LXXI) previously prepared, starting
from (LIV), had m,p. 113-115° and will be designated
(LXXIA) and the acld m,p. 85-88° (LXXIB). Abe et al.so,
working with the acid (XII) and starting from (XIV) likewise
obtained a pair of 1lsomers different from those isolated
when they started from (X)27.

A satisfactory analysis could not be obtained for
- (LXXIB) though it was distilled (with the expected boiling
point) and repeatedly crystallised, but a p-bromophenacyl
ester with the required analytical figures was prepared:
also dibromination of (LXXIB) gave a good yield of a new di-
bromo-acid (LXXIIB) which analysed normally,

In another attempt to obtain a pure acid (LXXIB) the
diester (ILXXV) was hydrolysed with one equlvalent of alkalil
to the half-ester (LXXVII), a small portion of which

o5t COrEL

Co, e

(IXXVII) (LXXVIII)
crystallised, Distlllation of the solid portion gave ethyl



8l.

2:3:4:5:6:7:8:10-octahydro-10-methyl-2-0x0-7~-naphthyl-
acetate (LXXVIII) characterised as the semicarbazone.
Distillation of the non-crystalline fraction of (LXXVII)
‘end hydrolysis gave a solid acid m.p. 84-86° which, however,
was not analytically pure,

It seems that the monobasic acld obtained from
(LXXVI) and (LXXVII) must consist largely of material having
the required structure but accompanied by a very persiétent
Impurity, Insufficiency of time prevented further attempts
to isolate a pure acid,
|  The five step method of preparing (LXXI) from 2-
methylcyclohezanone, though it led to an impure product,
gave about the same yield (2% overall) as that obtained by
the eight step method from cyclchexanone, Shortage of tilme
made 1t impossible to determine the conditions for optimum
yield in the former method, but it might well be developed
into a useful preparation of the second 1lsomer of (ILXXI).

Finally, the dibromo-acid (LXXIIB} was treated with
collidine in the hope that it would react in a more satis-
factory manner than the previous acid (LXXITIA), but the
product was again a small amount of bromine containing
material which could not be purified,

By modifying the method of Abe et al.27, it has been

possible to prepare the santonin analogue (L), but the same
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procedures were not successful when applied to the synthesis
of (LI). To prepare the latter 1t will be necessary to
find a suitable method of lactonising and dehydrobrominating
the dibromo-acid (LXXII), Alternatively a new way of
preparing the bromo-lactone (LXXIII) from (LXXIV) might be
found, A good method of dehydrobrominating (LXXIII)

would then have to be devised,
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1-Ethoxycarbonyl-l-methylecyclohex~3-en-2-one (XXX). -

This preparation is a slight modification of that described
in Part I. 2-Ethoxycarbonyl-2-methylecyclohexanone (368 g,)
was treated with bromine (110 ml.) at 0° over 3.25 hours
with stirring. The bromoketone was stirred with qﬁinoline
(354 ml,) and heated in an oil bath at 150-1600 for 30
minutes, At the end of this time the temperature of the
reaction mixture had risen to 190°, It was then worked
up in the usual way giving forerun (fraction A) (19.8 g.),
b./14 ma, 50-120°, n1°® 1.4840, N max. 226,5 mp; the
product (XXX) (231.4 g., 64%), b./15 mm, 124-128°,
n%8~1.4840, N max, 225 mu (log & 3.89) and a higher
boiling fraction (fraction C) (27.4 g.); b./15 130-134°;

n%s 1.4862; N max, 225 my.

E&ethyllé-ethoxycarbonyl-4-methy1-5-oxocyclohexylmalonate

XXXI), - This preparstion is an improved version of that
described in Part I. (XXX) (220 g.) in ethanol (90 ml,)
was condensed with diethyl malonate (214 g.) in the presence
of sodium (0,66 g.) in ethanol (330 ml,) in the usual way.

The reaction mixture was worked up after 40 hours to glve

(XXXI) (310.4 g., 74%) b./0.5 mm., 164°, n;?'5 1.4630,

A Fraction A gave adduct (21 g.) b./0.5 mm, 130-166°,
18
p
158-162°, nl8:% 1 1632,
D

1.4638; Fraction C gave adduct (33 g.) b./0.5 mm.
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4-Methyl-3-oxocyclohexylacetic acid (LV). - The keto-

triester (XXXI) (318 g.) was refluxed with conc, hydro-
chloric acid (1.5 1.) for 40 hours: some of the water was
evaporated, the product extracted with chloroform and the
acid separated with 2N caustic soda, Concentration of the
organic layer gave a neutral fraction (3.1 g.). The
alkall extract was acidified and extracted with chloroform;
distillation gave the desired keto-acid (LV) (125 g.,
79.5%), b./0.4 mm, 146-148°, The acid rapidly solidified
and had m,p, 67-88°, One crystallisation from carbon
tetrachloride raised the m,p., to 88-97°, but fractional
crystallisation from the same solvent hardly produced any
further increase in m.p. and a second isomer could not be
isolated. A portion of the acid crystallised from ether,
m.p. 95-99°, colourless prisms (Found: C, 63.80; H, 8,33.
CgHy 403 requires C, 63.51; H, 8,29%). Semicarbazone
(94%) colourless prisms from metﬁanol m.p. 193-195°a,
(Found: C, 53,03; H, 7.36; N, 18,70, ClOH1705N54be-
guires C, 52,83; H, 7.54; N, 18,90%). p-Bromophenacyl
estér (93%), colourless leaflets from aqueous ethanol
m.p. 93-95° (Found: C, 55,89; H, 5,33; Br, 21,87,
017H1904Br requires C, 55,60; H, 5.22; Br, 21.77%).

The adduct from fraction A gave acid (8 g.)

crystallised from carbon tetrachloride m.p. 85-95°; no
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Adepression with authentic acid, semicarbazone (83%) -
m,p. 192-194°d, undepressed by authentic derivative.

The adduct from fraction C gave acid (12 g,)
crystallised from carbon tetrachloride m,p. 86-94° semi-
carbazone (90%) m,p,. 192-196°d, both undepressed by
authentlc samples,

Methyl 4-methyl-3-oxocyclohexylacetate (LIV). - The acid

(LV) (60 g.) was refluxed with methanol (300 ml.) and con-
centrated sulpluric acid (10 ml,) for 16 hours and worked
up in the usual way, On distillation the desired keto-
ester (LIV) was obbained as a colourless oil (61.8 8.5
95%), b./15 mn. 136-137°, nI® 1.4627 (Found: C, 65.29;

H, 8,55, ClOHlGOS requires C, 65.,19; H, 8,76%). 234~
Dinitrophenylhydrazone (86%), orange leaflets from methan-
ol, m,p, 128-131° (Found: C, 53,57; H, 5.66; N, 15.46,

c requires G, 53.62; H, 5.62; N, 15.63%),

16H2006N4
Methyl 2:3:4:5:6:7:8:10-octahydro~1:10-dimethyl-2-0x0-7-

naphthylacetate (LVI). - The methiodide of l-diethylamino-

pentan-3-one (XXXVIII) was prepared by dropwise addition
over 1 hour of methyl iodide (38,6 g.) to ice-cooled 1l-di-
ethylaminopentan-3-one (42,7 g.). After 30 minutes at 0°

a solution of methyl 4-methyl-3-oxocyclohexylacetate (LIV)
(50 g.) in benzene (250 ml,) was added followed drop by drop
by a solution of sodium (6.3 g.) in methanol (250 ml,), the
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reaction mixture being stirred at 0° under a stream of
nitrogen, Stirring was continued for 2 hours while the
solution temperature rose to 200. After standing over-
night the mixture was stirred on the steam bath for 2 hours,
cooled, glacial acetic acid (16 ml,) added and most of the
solvent removed under reduced pressure at room temperature.
After addition of water and extraction with ether, the pro=-
duct was separated into neutral (44,7 g.) and acidie
fractions (6.3 g.). The latter was reesterified and com-

bined with the former and the whole fractlionally distilled,

Wt,(g.) D©./0.3 mm, nio log€ at 250 mp
Fr.1l 31,7 82-89 1,467 -
2 4.1  110-136 1.5098 3.93
3 6.4  138-148 1.5153 3.95

Fractions 2 and 3, which were largely the desired product,
were combined, 2:4-dinitrophenylhydrazone, scarlet leafletg
from acetic acid m.p, 176-1779 (Fqund: ¢, 58.,71; H, 6.08;
‘N, 13,10, 021H2€N4O6 requires C, 58,58; H, 6,09;

N, 13,02%),

2:3:41:5:6:7:8:10-0Octahydro-1:10-dimethyl-2-o0x0-7-naphthyl-
acetlic acid (LVII), - The keto-ester (LVI) (10 g,) was re-

fluxed with 5% sodium hydroxide (65 ml,) for 3 hours, then
diluted with water washed with ether, acidified and the

acld extracted wlth chloroform,. The solvent was removed
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and the gummy residue shaken with ether (10 ml.)., The
first crop of solid material (4 g.), which separated
repidly, hed m.p. 127-132°. Crystalllsation from ether/
40-60 petroleum ether gave the acid (LVII) m.p. 130-135°
as colourless prisms, absorption maximum at 247.5 mp (logge
4.22) (Found: ¢C, 71.26; H, 8.46: 014}112005 requires

c, 71.,15; H, 8.53%). A second crop (2.36 g.) was later

obtalned with m.p. 110-132°,

S :8-Dibromo-2:5:4:5:6:7 :8:10-octahydro-1:10-dimethyl-2-

oxo-T7-naphthylacetic acid (LVIII), - Bromine (1,02 g,) in

acetic acid (10 ml,) was added dropwise with swirling over

1 hour to a solution of the acid (LVII) (0,75 g.) in ether
(60 ml.) containing 2 drops 4VHBr/HOAc, After removal of
the solvent at 25° under reduced pressure, the dibromo-

acid (0.76 g,, 61%) was obtained by stirring the residuse
with ether, The acid, which was soluble in 5% sodium
carbonate, crystallised from benzene/60-80 petroleum ether
as colourless prisms, m,p. 123-125° decomp, , ); max, at

263 mp (loge 4.04) (Found: C, 42,63; H, 4,74; Br, 40,55,
Cy4H,g0:Bry requires C, 42.67; H, 4.60; Br, 40.56%).

Xlactone of 2:5:6:7:8:10-hexahydro-1:10-dimethyl-2-0x0~7-
naphthylacetic acid (L). - A solution of the dibromoacid

(LVITI) (0.7 g.) in collidine (20 ml,) was heated over 30
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minutes in an oil bath to 170°, a considerable amount of
hydrobromide being deposited at 40°, The reaction mixture
was maintained at 170° for 90 minutes, cooled, benzene
added, hydrobromide removed (88%), collidine extracted with
ice-cold 2N hydrochloric acid, the solution washed with 5%
sodium carbonate and the solvent removed, leaving a neutral
residue (298 mg.). After chromatographing on sillica gel
(elution with benzene-chloroform 1:1) crystallisation from
methanol-ether gave the desired lactone (L) (93 mg.), colour-
less dlamond-~shaped prisms m,p, 122‘1250,)‘ max, at 2451:/‘
(log ¢ -4.05) (Fig,9), (Found: C, 72,30; H, 6,68,
Cy4Hq03 requires C, 72.38; H, 6.94%).

Xlactone of 2-acetoxy-5:6:7:8stetrahydro-8-hydroxy-1:4-

dimethyl-7-naphthylacetic acid (LIX), - Acetic anhydride
(0.2 ml,) containing concentrated sulphuric acid (9 mg.).
was added to a solution of the dienone (L) (44 mg.) in
acetic anhydride (2 ml.) and the mixture allowed to stand
at room temperature for 4.5 hours, It was then shaken
with water (8 ml.), extracted with chloroform, the exbtract
washed with 55 sodium carbonate and with water. Removal
of the solvent gave a colourless gum (38 mg,.) which yilelded
a crystalline solid (27 mg.) on treatment with ether,

After crystallisation from ethen/méthanol the desired

acetate (LIX) was obtained as colourless prisms m,p. 148-
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149° (Found: G, 69.,77; H, 6.74. CygH g0, requires

¢, 70,05; H, 6,61%) absorption max, at 280 and 273 R
(log ¢ 3.22 and 3.23) min, at 246 R (Loge 2,70) height
at 206 ma loge 4.32 (Fig.ll).

L -Desmotroposantonin acetate (LX). - A solution of
santonin (50 mg.) in acetic anhydride (1 ml.) dontaining
conc, sulphuric acld (5 mg.) was heated on the steam bath
for 20 minutes. After shaking with water (4 ml,) the pro-
duct (LX) was collected and crystallised from methanol as
long rods m,p., 154-156° (Lit,9% give 156-157°) absorption
max, at 281 and 273 mp (loge 3,11 and 3,09), min, at
248 e (loge 2.52) height at 206 nyl lpg& 4,36 (Fig.11).

8-Bromo-2:3:4:5:6:7:8:10-octahydro-1:10-dimethyl-2-0x0-7-

naphthylacetic acid (ILXII), - A solution of the acid (LVII)

(0.15 g.) in carbon tetrachloride (25 ml,) was refluxed with
H-bromosuccinimide (0.12 g,) and a trace of dibenzoyl per-
oxlde for 2 hours. After filtration from succinimide the
solvent was removed at room temperabture and the residue
treated with ether. The bromoacid (LXII) (0,115 g.) which
was soluble in cold sodium bicarbonate, was obtalned as colour-
less prisms from ethen/40-60 petroleum ether/methanol m,p. 126-
129° decomp, (Found: ¢, 53,04; H, 6,07, € 4Hy g05Br re-
quires ¢, 53,34; H, 6,07%) absorption max, at 246 A

(log £ 4.12).



90,

» Xlactone of 2:3:4:5:6:7:8:10-octahydro-8-hydroxy-1:10-

dimethyl-2-oxo-7-naphthylacetic acid (LXI)., - The bromoacid

(LXII) (0.77 g.) was refluxed with a solution of sodium
ethoxide (ffom 50 mg, sodium and 20 ml, ethanol) for 4
hours. The alcohol was removed on the water pump, the
residue taken up in chloroform, filtered from sodium bromide,
the solution washed with 5% sodiumAcarbonate, wilith water and
the solvent removed, After standing in ether solution the
residue gave a white solid (56 mg.) m.p. 146-153° N max,
246 ?P (loge 4.02), but chromatographing on silica gel
(elution with benzene/chloroform 1:1) and crystallisation
(ether/methanol) failed to yield an analytically pure
sample, |

1-Diethylaminobutan-3-one, - The base was prepared by the

method of Wilds and Shunk7o. It was found that the per-

centage yield decreased as the scale of the reaction was
increased and also that some samples of paraformaldehyde
reacted much less readily than others. It is therefore
advisable to carry out a small scale preliminary reaction,

l-Diethylaminobutan-3-one methiodide (ILXIII). - Prepared
70

by the method of Wilds and Shunk
Methyl 2:3:4:5:6:7:8:10-0octahydro-10-methyl-2-o0x0-7-naphthyl-

acetate (LXIV), - (a) Using sodamide as condensing agent.

The keto-ester (LIV) (50 g,) was added dropwise during 30
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minutes to a stirred suspension of sodamide (from 15,6 g.
‘sodium) in dry ether (1 1.) and kept at 10° under a stream
of dry nitrogen. After stirring for 1 hour at this tem-
perature and for 5 hours at room temperature, the meth-
lodide from 1l-diethylaminobutan-3-one (39 g,) and methyl
iodide (39 g.) in absolute ethanol (45 ml,) was added over
90 minubtes with cooling to 5°, Stirring was continued
for a further hour and the reaction mixture left overnight.
After heating at 45° for 6 hours it was decomposed withva
hydrochloric acid and extracted with ether. After ex-
tfaction with N sodium hydroxide, acidification and recov-
ery, the entire product (45 g.) which was found to be

acldic was reesterified and fractionally distilled:

1 2 3 4
Wt. (g.) 25,2 2.4 7.7 1.7
b,/0.2 mm, 78-85 90-136 (0.5 mm,) 152-180 182-214
n2t 1.4630 1.4916 1.5220  1.5455

Fraction 3, which was mostly the desired product, was a
pale yellow oil wivth N max, 239 n? (logge 4.05). The
semlcarbazone formed colourless needles from aqueous
methanol m,p, 190-196° (Found: €, 61,41; H, 7.60;

N, 14.20, 015Hé303N3 requires C, 61,40; H, 7,90

N, 14.32%).
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(b) Using sodium methoxide as condensing agent. Methyl

iodide (39 g.) was added drop by drop with swirling and
ice-cooling to 1l-diethylaminobutan-3-one (39 g.) over 1
hour. After keeping at 0° for 30 minutes a solution of
the keto-ester (LIV) in benzene (250 ml,) was added follow-
ed by a solution of sodium (6,3 g;) in methanol (250 ml,)
with stirring and ice-cooling. The reaction was then con-
tinued exactly as in the preparation of (LVI). After
working up, the acidic fraction (9 g.) was reesterified and
combined with the neutral portion (40 g.) and the whole
fractionally dilstilled,

1 2 3 4
th.(g.) 28 1.25 8.0 3.5
b./0.4 mm, 89-101 102-140 144-158 158-190
n2® 1.4660 1.4769 1.5190 1.5290

Fraction 3,which was the desired product (LXIV), had N
max, 239 %P (log k2 4 11).
Methyl decahydro- 10-methy; 2- oxo-?-ngphthylacetate (LXVIII),

The keto-ester (ILXIV) (2 g,) was hydrogenated in absolute
alcohol (30 ml.) over 5% palladium charcoall®® (0.5 g.).
Hydrogen (1860 ml.) was absorbed (theoretical 206 ml,) in
one hour, The product was distilled glving a colourless
0oil (1.61 g.) b./0.4 mm, 160° (bath), n%s 1.4900.  Ab-

sorption in the ultra violet was very slight, Semi-
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carbazone, colourless crystals from agqueous methanol m,p.
188-191° (Found: ¢, 61,25; H, 8.16; N, 14.28,

Ci5Hp50485 requires C, 60.98; H, 8.53; N, 14,21%).

The dibromination-dehydrobromination of (IXVIII). - Bromine

(1.88 g.) in acetic acid (10 ml,) was added dropwise over

25 minutes to an acetlc acid solution (20 ml,) of (LXVIII)
(L.4 g.) containing 3 drops of 4N HBr/HOAc. The solution
was left for 15 minutes, heated to 50° and left at room
temperature for 3 hours, After removal of the solvent

the residue was refluxed with ¥ collidine (10 ml.) for 30
minutes: hydrobromide (87%) was removed, collidine extracted
with dilute hydrochloric acid and the residue isolated and

distilled, The product (0.52 g.) was a very viscous

18.95
D

236.5 ?P (log € 3.85). On chromatographing on alumina

oil b./0.5 mm., 160-220° (bath), n 1.5100 N\ max,
three main fractions were obtained, A eluted wlth benzene,
B eluted with benzene/25% chloroform and C with chloroform/

5% ethanol. Their properties are shown below:

wt, (mg.) A\ max, log £

Fraction A 73.5 227.5 3.70
B 79.2 - 238.5 4.10

c 91.5 273 3.84

A gave a 2:4-dinitrophenylhydrazone with N\ max, 259 and
380 g (log e 4,08 and 4,35): B a 2:4-dinitrophenyl-
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hydrazone with N max. 259 and 394 ma (loge 4.06 and 4,33).
This fraction was found to contain three double bonds on
microhydrogenation over palladium in acetic acid,

2:534:5:6:7:8:10-0ctahydro-10-methyl-2-0x0=-7~-naphthylacetic

acid (IXXT), - The keto-ester (LXIV) (8.0 g.) was refluxed

~with 5% caustic soda (50 ml.,) for 45 minutes, washed with
ether, acidified and the acid extracted with chloroform.
The solvent was removed and the residue taken up in ether
(7 m1.). After keeping overnight at -20° solid acid
(2,97 g.) was obtained, m,p., 106-110°, Crystallisation
from ether/40—60 petroleum ether gave one isomer m,p., 113-
115° (Found: €, 70.40; H, 8.22, 0131{'1803 requires

€, 70.24; H, 8.167) absorption max, at 240 1 (log g
4.17). After several days a second crop (1,83 g.) was
obtained m.p. 70-85, N max. 239 m (log £ 4.16) which
was probably a mixture of the two possible isomers. The
mixbure was crystallised from ether and ether/petroleum
ether and chromatographed on silica gel (elution with

chloroform), but a pure second isomer was not isolated,

3:8-Dibromo-2:3:4 :5:6:7 :8:10-0ctahydro~-10-methyl-2=-0x0-7-

naphthylacetic acid (LXXII), - Bromine (0,72 g.) in sacetic

acid (7 ml.) was added dropwise to a soludion of the acid
(LXXI) (0.5 g.) in ether (40 ml,) containing 3 drops of
4N HBr/HOAc. After standing for 30 minutes the solvent
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wa.s removed on the watér pump and the residue which began
to crystallise was stirred with ether, when the desired
dibromo-acid (0,5 g.) was obtained: colourless prisms
from methanol m,p, 130-132° decomp, (Found: C, 40.86;

H, 4,45; Br, 42,45, Cq3H1403Bry requires C, 41,08;

H, 4.24; Br, 42,05%) max, at 238 A (log g 4.086),

j{Lactone of 3-bromo-2:3:4 :5:6:7:8:10-octahydro-8-hydroxy=-

10-methyl-2-0xo-7-naphthylacetic acid (LXXIII). - The di-

bromo-acid (LXXII) (0,4 g.) was refluxed with collidine

(6 ml,) for 10 minutes in a stream of nitrogen. Benzene
was then added and the hydrobromide (0.38 g.) was collected,
excess base was removed with acid and the solutlion washed
with 5% sodium carbonate, After removing the solvent and
treating the residue with ether a solid (46 mg.) was ob-
tained; chromatographing on silica gel in benzene (elution
with benzene/chloroform 1:1) yielded the bromolactone,
colourless leaflets from methanol m,p. 115-118° decomp.
(Found: €, 51.94; H, 5,11. CyzH1505Br requires C, 52.18;
H, 5.05%) N max, 239,5 mi (lom £ 4.06).

Treatment of (LXXII) with collidine for 2 hours - A solu-

tion of (LXXII) (0.8 g.) in collidine (25 ml,) was heated
to 170° over 1 hour and at 170° for 1 hdur, then worked up
as above, The neutral product (0,52 g.), a black gum,

was chromatographed twice on silica gel (elution with
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ghloroform), when white crystals (14 mg.), m.p. 168-172°
(with decomposition above 132°) were obtained, which |
could not be obtained free from bromine containing im-
puarities, v ,

X/Lactone of 2:3:4:5:61:7+8+10~0ctahydro-8-hydroxy-10-

methyl-2-0x0-7-naphthylacetic acid (LXXIV). - A solution of

the acid (LXXI) (1.24 g.) in carbon tetrachloride (150 ml,)
containing a trace of peroxide was refluxed with N-bromo-'
succinimide (1,1 g.) for 2 hours. Succinimide was removed
followed by the solvent and the gummy bromo-acid, a portion
of which gave a solid (m.p. 133-135° decomp.) with ether,
taken up in a solution of sodium (0,124 g.) in ethanol

(15 ml,) and refluxed for 4 hours. After removal of the
solvent the residue was taken up in chloroform, filtered
from sodium bromide, and washed with 5% sodium carbonate.
The crude product (0.6 g,) was obtained after removing the
chloroform and adding ether, It was then crystallised
from chen/methanol (charcoal) and chromatographed on silica
gel. On elubion with benzene/chloroform l:1 bromine con-
taining impurities came off first, then the desired lactone,
chloroform being used to complete the elution, Thus
purified, the lactone (LXXIV) had m.p. 136-137°, colourless
crystals from ether/methanol (Found: C, 70.72; H, 7.41.

C 5H 505 requires C, 70.88; H, 7.32%), absorption max at
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235 mmp (log ¢ 4.14).
The bromination of the lactone (LXXIV), - (a) Using bromine, -

Bromine (0.165 g.) in acetic acid (5 ml.,) was added to a
solution of the lactone (IXXIV) (0.23 g.) in a mixbture of
ether (50 ml,) and chloroform (5 ml,). After 30 minutes
the solution was worked up and the residue (181 mg. )
chromatographed on silica gel: the largest fraction was an
uncrystalliséble gum soluble in ether.

(b) Using N-bromosuccinimide, - A solution of the lactone

(0.1 g.) in chloroform (5 ml,) and carbon tetrachloride
(20 m1,) was refluxed with N-bromosuccinimide (0,09 g.)
and a trace of peroxide for 3 hours, After working up in
the usual way and chromatographing on silica gel a gum was
again obtained,

The reaction of the dibromo-ascid (ILXXII) with sodium

ethoxide, - The dibromo-acid (0,58 g.) was refluxed with
alcoholic sodium ethoxide (from 35 mg, sodium and 13 ml,
ethanol) for 4 hours, |VWorking up in the usual way gave a
neutral product, a brown oll readily soluble in ether.
Treatment with 2:4-dinitrophenylhydrazine gave an extremely
impure derivative,

- The absorption spectra of the three products were

very similar; one is shown in Fig,15,
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2:5:4:5:6:7:8:lO-Octahydro-lO-methyl—z-oxonaphthalene

- (LXVII). - Methyl iodide (110 g.) was added dropwise over
75 minutes to l-diethylaminobutan-3-one (110 g.) with
vigorous stirring and ice-cooling, After keeping at 0°
for 30 minutes a solution of 2-methylcyclohexanone (86 g.)
in benzene (350 ml,) was added followed by sodium methoxide
(from 16.5 g. sodium) in methanol (350 ml,), cooling and
stirring being continued, One hour later the ice bath was
replaced by a water-bath and the reaction left overnight.
The solution was then heated on a steam-bath for 90 minutes,
coéled, acetic acid (42 ml.) added, solvent removed on the
water pump, brine (50% saturated, 500 ml,) added, extracted
with ether, washed with 5% sodium carbonaﬁe and with
saturated brine. After removal of the solvent distilla-
tion gave the desired ketone (LXVII) (19,63 g.) b.p./14 mm,
144-164°, n2° 1,5280, N max 239.5(log € 4.13), and unre-
acted methylcyclohexanone (45 g.).
2:3:4:5:6:lO-Hexahydro-lo-methyl-z-oxonaphthalene (IXIX), =

A solution of 2:5:4:5:6:7:8:10-0ctahydro~-10-methyl-2-0x0~
naphthalene (33 g.) in carbon tetrachloride (200 ml.) with
N-bromosuccinimide (38,7 g.) and benzoyl peroxide (0.5 g.)
weas heated in a 1 1, flask to just below the boiling'point.
The solution became red and after 2 minutes decolourlsed

with extremely vigorous ebullition, After 25 minutes'
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reflux succinimide and the solvent were removed, the residue
was taken up in collidine (200 ml,) and heated at 145° for
25 minutes, The reaction mixture was worked up in the

usual weay and the product dlstilled, The desired dienone
| | 18
B D

absorption max, at 281 mp (logg 4.22) (Fig.16). The

(LXIX) (15 g.) had b.p./0.25 mm, 80-86°, n = 1,5630,
2:4-dinitrophenylhydrazone was obtained as lustrous deep
crimson plates from acetic acld, m.p. 187-190° (Found:

G, 59.65; H, 5.01; N, 16,40, c N O requires

H
1718 4 4

¢, 59.65; H, 5,30; N, 16,37%) N max. at 267, 307 and
401 mp (log ¢ 4.20, 4.12 and 4,53) (Fig.lé),

Diethyl 2:3:4:5:6:7:8:lO-octahydro-lO-methyl-2-0x0-7—

naphthylmalonate (LXXV), - Diethyl malonate (19 g.) in

ethanol (25 ml,) was added to a solution of sodium (2.42 g.)
in anhydrous ethanol (35 ml.) under a stream of nitrogen
followed by the dienone (LXIX) (17 g.) in ethanol (25 ml.).
After refluxing for 75 minutes the solution waé cooled, |

- acetic acid (6,5 ml,) added, then poured into brine (50%
saturated, 300 ml,), extracted with chloroform, washed with
sodium bicarbonate and brine. Distillation gave the
desired keto-diester (LXXV) (11.06 g.), & pale orange
viscous oil b,p./0.2 mm, 174-180°, ngo 1.5105, absorption
maximum at 259 mp (logge 4.21); 2:4-dinitrophenylhydrazone,
red micro crystals from ethanol m.p. 146-150° (Found:
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¢, 57.55; H) 5.78; N, 11.32, 024H30N408 requires
c, 57.36; H, 6.,02; N, 11,15%).

2:5:4:5:6:7:8:10-0ctahydro-10-methyl-2-0x0-7-naphthylmalonic

acid (LXXVI). - The keto-dlester (LXXV) (8 g.) was refluxed

with 3N ethanolic potash (75 ml,) for 4 hours. Most of
the alcohol was then removed on the steam bath, diluted
with water, washed with ether, acidified and extracted with
chloroform, Removal of the solvent and treatment with
ether gave the acid (LXXVI) (1,76 g.) colourless prisms
from water, m,p. 165-168° decomp., absorption max, at

239 mp (log € 4.24) (Found: ¢, 63,06; H, 6,70,

c O. requires C, 63,14; H, 6,81%)., After concentration

141 8%
at 20° the aqueous solution, which had been extracted with
chloroform, gave a further portion of acid (1.54 g.) m.p.
as before: the total yield was then 3,3 g.

2:33:4:5:6:7:8:10-0ctahydro-10-methyl-2-0x0-7-naphthylacetic

acid (LXXIB), - The malonic acid (IXXVI) (2.44 g.) was heated

' in an oil bath at 205° at 0.2 mm. for 10 minutes. Treat-
ment of the residue with ether gave the monobasic acid
(1.29 g.), colourless prisms from ether/60—80 petroleum
ether m,p. 85-88°, N max. at 240 mp (loge 4.19). The
acid was also distilled b.p. 200-210 (bath)/0.7 mm, but
the m,p. was unchanged. The p-brdmophenacyl ester was

prepared as colourless prisms from aqueous ethanol m,p., 125-

124° (Found: €, 59.73; H, 5,48, CgqHy30,Br requires
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C, 60,14; H, 5.53%).

5:8-Dibromo-2:3:4:5:6:7:8:10-octahydro-10-methyl-2-0x0-7-

naphthylacetic acid (LXXIIB)., - The acid (LXXIB) (0.83 g.)

in ether (66 ml,) was brominatéd with bromine (1,19 g.) in
acetic acid (10>ml.) as described for the acid (LXXIA).
Isolation in the usuval way yielded (LXXIIB) (1,06 g.),
colourless prisms from benzene/methanoL/GO-BO petroleum
ether m.,p, 142-145° decomp, (Found: C, 40,70; H, 4,35,
013 1603Bry requires C, 41,08; H, 4.24%) absorption max,
249_@P (log ¢ 4.03).

Monoethyl 2 :3:4:5:6:7:8:10-octahydro-10-methyl-2-0x0-7-

naphthylmalonate (LXXVII), -~ The diester (LXXV) (0.86 g.)
was refluxed with,N/2 ethanolic potash (5.3 ml,) for 2
hours, then worked up in the same way as (LXXVI), After
the gummy product had been taken up in ether and kept at
-20° overnight, it gave the desired half-ester (115 mg,),
colourless crystals from benzene/60-80 petroleum ether,
m.p., 142-145° decomp, (Foupd: G, 65,00; H, 7.12,
CqgHpo05 requires C, 65.30; H, 7.54%) absorption max.
240 Tl (log € 4.22).

Ethyl 2:3:4:5:6:7:8:10~-octahydro- lO-methyl— -0X0=T7~

naphthylacetate (LXXVIII)}, - The half ester (LXXVII)

(solid portion) was distilled at 160°(bath)/0.5 mm. end

gave the ethyl ester (LXXVIII), semicarbazone colourless
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needles from methanol m,p. 187-190° (Found: C, 62,71;
H, 8,03; N, 13,75. C1gHo503Nz requires C, 62,47;
H, 8,20; N, 13,67%).

22324 :5:617:8:10-0ctahydro-10-methyl-2-0x0-7-naphthylacetic
acid (LXXIB). - The non-crystalline fraction of the half-

ester (LXXVII) was distilled at 160° (bath)/0.5 mm. and

then refluxed with 5% aqueous caustic soda. After extrac-
tlon and isolation the crude acid was treated with ether
giving solid acid (1.04 g. from 1;66 g. crude ester (LXXVIII)),
colourless prisms from ether/60-80 petroleum ether, m.p.
84-86°,

The action of collidine on (LXXIIB), - The dibromo acld

(LXXIIB) (0,98 g.) was dissolved in collidine (25 ml.) and
heated slowly to 1550, when hydrobromide begah to separate,
After keeping at this temperature for 30 minutes it was
heated at 170° for 90 minutes. Working up in the usual
way, chromatographing twice on silica gel and crystallising

from ether/methanol (charcoal) yielded white solid (10 mg.)

- m,p., 170° decomp. which contained bromine,
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Conclusions.

A conslderable improvement has been made in
Mukherjee's preparation of ethyl ok - (4-methyl-3-oxo-
cyclohexyl)propionate (XXV). A number of routes to
santonin from this keto-ester have been lnvestigated,
Attempts to condense (XXV) with pent-l-yn-3-one and with
l-chloro~ and l-diethylamino-pent-l-en-3-one, which are
described for the first time, were not successful,

(XXV) has been condensed with l-diethylaminopentan-3-one
giving ethyl oK -(2:3:4:5:6:7:8:10-octahydro-1:10-di-
methyl-2-oxo-7-naphthyl)propionate (XIX), the bromination-
dehydrobronination of which has been examined: the ex-
tended dieone (XLI) is always obtained. Several methods
of preparing santonin from (XIX) have been studled, but
all were unsuccessful,

Attention was then turned to the synthesis of com-
pounds similar in structure to santonin but lacking the
lactone ring methyl group. The ¥ lactone of 2:5:6:7:8:10-
' hexahwdro-B-hydroxy—l:lO-dimethyl—2-oxo-7-naphthylacetic
acid (L) has been synthesised by a method similar to that
used by Abe et al.27, but with several important differences,
A number of routes‘to the 5'1actone of 2:5:6:7:8:10-hexa-
hydro-8-hydroxy-10-methyl-2-0x0~-7-naphthylacetic acid (LI)

have been examined, but though the corresponding octahydro-
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‘lactone (LXXIV) has been prepared, (LI) itself could not
be obtained, |

It has been found that compounds, the structures j
of which are the same except for the number of attached | J
methyl groups, frequently react in entirely different |
ways, Thus the sequence of reactions used to prepare
(L) failed when applied to the synthesis of (LI) and some
of the reactions reported by Abe et 21,27 in the santonin
serles wefe quite unsuccessful when applied to the

analogous compounds with fewer methyl groups.
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