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PART I.

THE REVERSIBILITY OF THE REARRANGEMENT
OF 0-HYDROXY SULPHONES.



PREFACE.

The alka;i derivatives of methylene di-( -
naphthol, described by Smiles as covalent, seemed to
afford a readily accessible class of‘substances con-
taining an unusual form of water of crystallisation.

In thls connection, the idea of alkall metal
covalency, applied by Smiles to include the mechanism
of the o-hydroxy diphenyl sulphone rearrangements,
was considered. In testing (and incidentally dis-
proving) this, it was observed that many of these re-
arrangements are reversible, and with the examination
of these the first part of this thesis is concerned.

In the meantime, an improved technique for the
preparation of the alkali derivatives of methylene
dinaphthol had been developed by Dr. D. T. Gibson,
and this enabled thelr covalent character to be
tested directly by conductivity. They were, in

fact, found to be conducting.

2.



HISTORICAL INTRODUCTION.

The work on the rearrangement of the hydroxy
sulphones arose out of an investlgation by Warren
and Smiles1 into the constitution of iso-(&-naphthol
sulphide.

Henriquesz observed that when Z2-naphthol-l-
sulphide (I) is oxidised with alkaline ferricyanide,
it loses two atoms of hydrogen and yields a dehydro=-
sulphide. On reducing thls substance, he obtained
not the original sulphide, but an 'iso'—(&-naphthoi
sulphide which could be converted back into the
sulphidé (I) under the influence of alkali.

Dehydro-sulphide

3 o

H HO ~Z
oH N

(1) iso—(5—naphthol sulphide

Warren and Smiles, rejecting the structure (II)
put forward by Lesser and Gad5 for the iso-sulphide,

proposed and confirmed the structure (III), at the



same time showlng the rearrangement to be intramolecular.

p— N—3x
o

(I1) | (I11)

In a subsequent publication4, Warren and Smiles
showed that the oxidation of the thiol (III) to the
corresponding sulphinic acid restrained the rearrange-
ment in alkali, thus proving the negatlve character of
the sulphur to be of fundamental importance.

| The rearrangement was regarded by Warren and

Smiles5

as a direct displacement of oxy-naphthol from
the posltive o< =-carbon atom by the more negative thiol
ion, the positivity of the o<=-carbon atom being in-
creased in this case by the tautomeric character of the
@ -hydroxyl, and they declded that, ih the case of
2-naphthol-l~sulphone (IV), since this sulphur is now
in a more positive state than the @ ~hydroxyl, the

reverse type of change might be expected to occur with

the formation of the sulphinic acid (V).
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They found that with one molecule of alkali at
150° the rearrangement did, in fact, take'place and
showed that while 6-bromo-2-naphthol-l-sulphone behaved
similarly, p-cresol sulphone (VI), and the mono-methyl

ether of (IV) showed no rearrangement.

g0,
CHy CH3

Oor HO

(vi)

The failure of these last two sulphones to re-
arrange indicated the necessity of the positive character
of the o< =-carbon atom.

This rearrangement was regarded as a direct dis-
pl‘aqement of sulphonyl from the positive o< =carbon
atom by the more negative & ~hydroxyl, accompanied by‘

the migration of a proton in the reverse direction.



Further experiments were made to justify this
view6 and the rearrangement proved to be of wide occurrence.
Thus, in the sulphone (VII), the hycroxyl is ortho to the
sulphonyl group and the o« =-carbon atom is positive on
account of the electron attracting nitro group in the
ortho position. In accordance with the above view, this
sulphone was found to undergo rearrangement, the change to
the sulphinic acid (VIII) taking place slowly but smoothly

at 15o in presence of one molecule of alkali.

so, NO, SO,H
CH3 ~ NQOH > C‘HJ .
o ST~ 0 - WO,
(VII) (viiz)

The sulphone (IX) was also investigated and was
found to rearrange to the sulphinic acid (X). In both
of these cases (VII and IX) it was demonstrated that the
shift of o-nltrophenyl from sulphur to oxygen could be
reversed on interchanging the relative electronic states
of the two atoms by reduction of the sulphinic acld to
mercaptan. Thus the disulphide (XI), on reduction in
alkaline solution, gave the thiol (XII), which was not

isolated but immediately suffered rearrangement, giving



7e

the expected sulphide (XIII). By this means the com-

plete cycle (IX=——3X—asXIII—>IX) could be followed.

NO,,
So,. No,
OH
(IX)
[ NO,
§$~S-
OH
o ND.
(XI1I1) . .
7 .
Qs RS
% (X1)
7
_SH N0
o—|
L (XII) -~

In a subsequent paper7 Levi and Smiles described
several additional points in connection with this rearrange-

mente. They found that the p-hydroxy sulphone (XIV) would



not rearrange, but was hydrolysed to the o-nltro phenol,
showing the importance of the spacial position of the

hydroxyl group.

S0, NG,

(XIV)

They further deduced that the rearrangement should
take place inter-molecularly, and in accordance with this
view, it was found that the benzene-sulphonyl group of
(XV) could be displaced by sodium tolyl oxide, giving
the o-nitrophenyl-o-tolyl ether (XVI).

so, NO,,
Sodium
Tolyl Ovicle

(XVI)

Up to thls stage the work on the rearrangement of
the hydroxy sulphones had‘been purely quantitative, and
for a further study of the factors influencing the re-
arrangément, a more accurate method of measuring the speed

of the reaction was required. A suitable colorimetric



method was devised by Kent and Smiless. The various
sulphones of the type (XVII) were dissolved in alkall under
standard conditions of temperature, molecular dilution,
etc., and the time taken for the intensely red solutions

to change to the pale yellow of the corresponding sul-
phinic acids (XVIII) were noted. These times gave a

comparative measure of the rate of change.

S0,

OH

(XVII) (XVIII)

In the following table are glven the times (in
minutes) for completion of the rearrangement in N/15
solution at 50°. Under A and B are given the sub-

stituents in the parent sulphone (XVII).
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A B l.25 mols le25 mols
aq. NaOH NaOEt in EtOH

1) 5-Methyl 2-Nitro 315 240
2) 3:5-Dimethyl 2-Nitro 93 61
3) 5:6=-Benzo 2-Nitro 5 2%
4) 5-Hydroxy 2-Nitro 125 -
5) b5-Methoxy 2=-Nitro 360 -
6) 4-Hydroxy 2-Nitro 420 -
7) 5=-Methyl 4-Chlor 2-nitro 125 -
8) 5-Methyl 2:4-Dinitro Very rapid with hydrolysis
9) 5-Chloro 2-Nitro Thioxin formation
10) 5-Methyl 3-Nitro | No rearrangement.

As a result of these and previous experiments,
it was evident that the chief conditions controlling the
process were:-

1) The close proximity of the oxygen atom to the

oL =carbon atom (for p-hydroxy sulphones do not

rearrange).

2) The positive character of the o -carbon atom,
increased éositivity being favourable to the
change (dinitro derivatives rearrange much
faster than mononitro).

3) The capacity of the oxygen atom to act as a

donor of electrons.
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4) The character of the medium as expressed by its
tendency to remove a proton from the hydroxyl

(alcoholic alkali 1s better than aqueous alkali).

(o) -—CHz ﬂ/oz
CH,

or

(XIX)

The effect of (2) was also shown by the fact that
the 2-nitrobenzyl sulphone (XIX) was inert.

The effect of (3) is seen from an examination of
the result of varying the substituents in A, these being
interpreted in terms of their influence on the 2-hydroxyl
group as a source of electrons.

Following on from this, it became clear that if
this interpretation of the part played by the hydroxyl
group was correct, a sulphone such as (XX), containing an
aliphatic hydroxyl group should be even more active
than the naphthol derivative (No.3 in table).

Under the usual conditions, this sulphone yielded
the sulphinic acid (XXI) so rapidly that measurement of

the speed was not possible.
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ND‘L So ), Nou.

“NeH, | O\\sz
CIH /éHz
2
HO/ SO~
(XX) (XX1)

A mechanism involving a nitronic ion has been
suggested to explain the ready rearrangement of the
o-nitrophenyl sulphones. This postulates the inter-~
mediate formation of an unstable quinonoid nitronic ion,
€ege, (XXII), in which the intramolecular migration of

an electronic charge produces the sulphinic acid (3XIII).

O Y
. SO‘L <o~ NO,
eH CH. *
(o) —( 1
(XXII) . (XXIII)

Some evidence for this theory 1ls provided by the
colour change during rearrangement. The colourless
sulphones give deep red solutions in alkali, and during
rearrangement thils colour fades to the pale yellow of
the sodium sulphinates.

Further evidence of the probabllity of this
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mechanism was obtained‘by a study of the p-sulphonyl
sulphones by Warren and Smilesg. It was found that
sulphones of the type ((XXIV);, R = H or CHS) undergo
rearrangement at 150° with one molecule of alkall to

give the ether (XXV) with loss of sulphur dioxide.

. SO,,

e}
Ph Ple
P soN_
SozN ~R R

(XXIV) (XXV)

OH

The sulphone (XXVI) behaved similarly, giving the
ether (XXVIII), but in presence of excess alkall the
sulphinic acid (XXVII) survived.

_ NaOW . SR SOuMe
SO, ,Me

(XXVI) 6 (XXVII)

b

SO.Me

o

(XXVIII)



In these sulphones, the o< -carbon atom is positive
on account of the sulphonyl group in the para position,
and therefore no mechanism of the type available in the
o-nitro sulphones is possible. It was therefore concluded
that while a mechanism of the type discussed is not essen-
tial to the rearrangement, it may contribute towards the
facile réarrangement of the o- and p-nitro sulphones, and
the relatively powerful conditions required for sulphones
like (IV), (XXIV) and (XXVI) may be due to the impossi-

billity of such a mechanlsm in these cases.

SO\CHy

CH3S0¢ OH

(XXIX)

On the other hand, more recent experiments with
the sulphone (XXIX), which has been shown to have a speed
of rearrangement comparable to that of the corresponding
dihitro derivative and which exhibited no colour duriﬁg
the rearrangement, have disposed Smlles to the view that
the red colour 1is due to a nitronic ion formed in a side
equilibrium, and that this has no direct influence on
the speed of the resrrangement. He has accordingly

suggested the following mechanism (private communication):
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NO, o, .SO,_\
501\C< N‘OH < ; e <
[ == - >
< vooe<
\ ./
Ho o
(XXX1)
(XXX)
NaOH
o. o4
! /7
\N
SON_ .
N OH T<
. L
3/
(XXXIII)

The main reaction is (XXX) — (XXXI) —> (XXXII)
in all cases. The intermediate product (XXXI) is an
ionlised sodium sslt which is in equilibrium with the
sulphone (XXX), and which, whenever the negative oxygen
comes within the influence of the positive o< ~-carbon
atom, immediately gives the sulphinic acid (XXXII).

The coloured ion (XXXIII), formed by a side
reaction, is in equilibrium with the colocurless ion

(XXXI) and, while not being an essential intermediate
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product, may be present in considerable amount during the
whole course of the rearrangement.

In the case of the aliphatlic sulphones, the alco-
holic character of the hydroxyl displaces the equilibrium
((XXX) «—— (XXXI)) to the left. In addition, the much
highér electron avalilability of the oxygen will cause an
almost immediate conversion of (XXXI) to (XXXII). Thus
the amount of (XXXI) (and consequently of (XXXIII))
present in the solution at any time must be very small,

a fact which explains the absence of colour in the

solution during the rearrangement of these sulphones.

f
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PREPARATION OF MATERIALS.

The sulphones were prepared by the follcwing

6,8,10.
methods described by Smiles and his collaborators ’ °~  :=

1) By the condensation of the appropriate phenol
with o-nitrophenylchlorothiol and the oxidation
of the resulting sulphide with perhydrol in
glacial acetic acid.

2) By the condensation of o-nitrophenylthiol with
an aliphatic chlorhydrin and the oxidation of the
acetylated sulphide, followed by hydrolysis of the
acetyl sulphone.

3) By the condensation of an o-hydroxy phenylthiol
wilith dinitrochlorobenzene, followed by oxidation
as before.

4) By the condensation of p=-benzoquinone with o-

nitrobenzene sulphinic acid.

The sulphinlc aclds were prepared by the rearrange-
ment of the corresponding sulphones in dilute sodium
hydroxide solution. The isolation of some of these
sulphinic acids in a pure state presented some difficulties
owing to their marked tendency to revert to the sulphone
in hydroxylic solvents. In such cases, Smiles's pro-

cedure of acidifying the alkaline solution, collecting



the precipitated sulphinic acid and recrystallising it
from acetone or alcohol was found to be impracticable,
and special methods were adopted to sult individusal

cases.

18l
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EXPERIMENTAL.

NO,

2=-Nitrophenyl-l-sulphino-2-naphthyl ether.

2-Nitrophenyl-2-hydroxy-l-naphthyl sulphone was
obtained by oxidising the corresponding sulphide (9 g.)
suspended in glacial acetic acid (225 cc.) with per-
‘hydrol (30 cc.) at 90° till solution was complete. On
cooling, the solution deposited yellow prisms which,
after recrystallisation from glacial acetic acid, had
mep. 180-181°. This method gave a better yield (60%)
than that of Levi, Rains and Smiles6, using the acetyl~
ated sulphide.

| A solution of the sulphone (5 g.) in sodium

hydroxide solution (200 cc., 0.1N) was heated (60-70°)
till the red colour had faded to pale yellow (20 min.).
The cooled solution was acidified with hydrochloric acid
and the white precipitate collected and dried. It was

purified by dissolution in "methylated ether", the



2Q.

solution dried over sodium sulphate and an equal volume
of ligroin (80-1000) added. Most of the ether was
allowed to evaporate at room temperature and the product
collected and dried. It formed white needles, mep.1l6 ,
almost insoluble in dry ether, and gave an intense purple
colour with concentrated sulphuric acld. Levi, Ralns
and Smiles6 crystallised the sulphinic acid from aqueous
acetone and recorded me.p. 118°. This.procedure, no
matter how expeditiously carried out, was found to glve
an almost quantitative yleld of the sulﬁhone having

Dle Do 180° which was not depressed by the admixture of an

authentic sample of the sulphone.

C H3 SO, H

2=-Nitrophenyl-3-sulphino-p=tolyl ether.

A solutlion of 2-nltrophenyl-4-hydroxy-m=-tolyl
sulphone (5 g.), prepared as described by Levi, Rains
‘and Smiles6, in sodium hydroxide solution (250 cec.,
0.1N) was heated (50-600) for 45 minutes. The cooled
solution was acidified and the precipitate collected and

recrystallised from agueous acetone. It formed white
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needles, meps 1540, and gave an intense blue colour
with concentrated sulphuric acid. Levi, Rains and

smiles® record m.p. 132-133°.

RO SO, H

/

2!'=Nitro-4-hydroxy-2-sulphinodiphenyl ether.

A solution of 2'-nitro-2;5-dihydroxydiphenyl
sulphone (5 g.), prepared according to Xent and Smilesa,
in sodium hydroxide solutlon (12 cc., 2N), was maintained
at 70-80° for three hours. It was acidified with

hydrochloric acid, extracted with ether, and the solution

evaporated to dryness. The sulphinic acid was isolated
in two distinct forms. On recrystallisation from
water 1t formed hexagonal plates, m.p. 98°. This form

was soluble in dry ether, but the solution rapidly
deposited felted needles, insoluble in dry ether,

e De 98° with effervescence but without darkening. Botn
forms gave an intense blue colour with concentrated sul-
phuric acid, and each was easlly convertible into the

other by recrystallisation from the appropriaste solvent.
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The analysis of both forms indicates that they are the
monohydrate of the sulphinic acid. Kent and SmilesC
record the substance as being anhydrous and give m.pe. 640,
but both forms were found to resist dehydration over
phosphorus pentoxlde fqr three weeks at 150/% mm. , and at
450/% mm. the hexagonal plates decomposed to a dark green
deliquesdent powder in a few hours. This softened and
melted at 80-90°. Except for a slight depression of
melting point, thebneedle form was unaffected by this

treatment.

Found: (plates) C, 46.2; H, 3.72; N, 4.58%
(needles) C, 46.0; H, 3.78; N, 4.35%
C1oHgOgNS. HyO req. C, 46.0; H, 3.73; N, 4.44%

127976

CHO SO,H

o NO,

2!=Nitro=-4-methoxy-2-sulphinodiphenyl ether.

2!'-Nitro-2-hydroxy-5-methoxydiphenyl sulphone
(1 ge), prepared as described by Kent and Smilesa, was
dissolved in sodium hydroxide solution (5 cc., 2N) and

the solution maintained at 60-70° for 8 hours, after
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which it was acldified with hydrochloric acid. It was
extracted with ether and the solution allowed to crystallise.
The product had me.pe. 128° and gave an intense blue colour
with concentrated sulphuric acid. Kent and Smiles8

record the m.p. 122-123°.

O NO,.

2:4-Dinltrophenyl=3=sulphino-p=-tolyl ether.

2:4-Dinltrophenyl-4-hydroxy-m=-tolyl sulphone was
prepared by heating the corresponding sulphide (4 g.)
with perhydfol (4.8 cc.) in glaclal acetic acid (8 cc.)
for 3 hours at 90°. The solution was cooled and the
sulphone precipitated by the careful addition of water.
On recrystallisation from glacial acetic acid it had

: o
NMe Do 151.5°. Kent and Smiles8 record the m.pe 139-140 .

Found: C, 46.16; H, 3.08; N, 8.329%

. . . o

CysHyoOnN,S Tea.: C, 46.15; H, 2.96; N, 8.28%.
This sulphone (2.5 ge) was dissolved in sodium

hydroxide solution (30 cc., 0.4N), the solution allowed

‘to stand for five minutes, diluted with water and
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acidified. Phe sulphinic aclid was extracted with al-
cohol=free ether and precipitated from the dried solution
with ligroin. It formed long white needles which,

after pecrystallisatlon from ether/ligroin, had m.p. 140°.
The sulphinic acid gsasve no coiour with concentrated sul-
phuric acld unless a trace of anlisole was added, wheh a
strong blue‘colour was obtained. Kent and Smiles®

record mep. 117-118°.

Found: C, 46.41; H, 3.28; N, 8.23%,
015H1007N25 reg. : C, 46015; ‘H, 2c96; N, 8.28%.

4-Chloro=2'-nitro=6-sulphino-3:5-dimethyldiphenyl ether.

5-Chloro-2'-nitro-2-hydroxy=-4:6-dimethyldiphenyl
sulphone, prepared as described by McClement and Smileslo,
was dissolved in dilute sodium hydroxide solution (1.5
mols), the orange-red colour fading rapidly to pale
yellow. The solution was acidified and extracted with
ether. On standing for a short time, the ethereal

solution deposited white needles which after recrystallisa-

tion from ether had me.pe. 131° and gave an intense blue
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colour with concentrated sulphuric acid.

Found: N, 4.18%,

C14H1205NC1S req.: N, 4.10%.

CH3 SO, H

cL @) wNo, -

2-Chloro-2‘-nitro-6-sulphino—4-methz;dighenyi ether.

A solution of 3-chloro-2'«nitro-2-hydroxy-5-
methyl diphenyl sulphone (4 ge), prepared as described

by McClement and SmileslO

s, in sodium hydroxide solution
(8 cco, 2N) was heated for 4 hours at 60°. It was
acidified with hydrochloric acid and extracted'with
ether. The sulphinic acid was prepared from the dried
solution\with ligroin. The sulphinic acid was purified
from unchanged sulphone by extracting with sodium acetate
solution, acidifylng the filtrate and extracting with
ether as before. On recrystallisation from ether/li-

groin, the product formed white needles m.p. 1700, and

gave a strong blue colour with concentrated sulphuric acid.

Found: C, 47.90; H, 3.33%,

. . o
G, H, O NC1S red.: G, 47.63; H, 3.05%.
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SO, H
CHa

CHa

@ -o=Nitrophenoxyethane sulphinic acid.
r

2-Nitrophenyl-(%-hydroxyethyl sulphone (3 g.),
prepared as described by Kent and Smilesg, was dissolved
in sodium hydroxide solution (130 cc., 0.125N), the

" solution heated to 50° and acidified with hydrochloric

acid. On cooling, the sulphinic acid crystallised out,
sometimes in platés, sometimes 1in needles, mep. 124°.

Kent and Smiles record mep. 121°.

NO,

2'=Nitro-2-sulphino=-4:6-dimethyldiphenyl ether.

2'=-Nitro-2-hydroxy-3:5-dimethyldiphenyl sulphone
(5 g ), prepared as described by Kent and Smiless, was
heated at 100° with sodium hydroxide solution (40 cc.,

Qs 5N)e The solution was acidified and the precipltate



collected and recrystallised from aqueous acetone.

had mep. 153°. Kent and Smiles record m.p. 129°.

Found: C, 54.68; H, 4.40%,
Cq4H1505N8 req.: G, 54.75; H, 4.27%.

27.

It
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THE REARRANGEMENTS.

Under sultable conditions, many of the sulphinlc

aclds (XXXIV) rearrange to the corresponding sulphones

(XXXV).
. o
S, 0—00 U
o NO,. NO».
(XXXIV) | (XXXV)

(]

The rearrangements were carried out by heating the
solutions of the sulphinlic aclds in aqueous acetone or
alcohol, in sodlum acetate or formate solutlion, and 1In
standard buffer solutions.

These buffer solutions were prepared as descrlbed

by Walpolell

, belng chosen for thelr relatively great
buffering action per unit volume, combined with thelr
freedom from organlc lngredlents which might cause com-
plications. Sufficient buffer solution was used to
malntain the pH within 0.2 unit.

The sulphinic acids, (0.1l g) were dissolved in
50 cce« of the buffer solutions, which were then main-
tained at 50o In stoppered flaskse. At suitable inter-
vals the preciplitated sulphone was filtered off and

weighed in sinter-glass mlcro funnels.
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These funnels were made by drawing out tubing of
8 mm. bore. A wad of glass wool was tightly packed
into the top of the stem and fused in place by heating
from the outside. The surface of the plug was then
ground up with a piece of glass rod, and sintered by
gently drawing through it.the flame of a micro bunsen
till the powdered glass glowed a dull red.

These funnels were found to give quick and
efficient filtration of crystalline precipitates such
as those of most of the sulphones. Where very fine
precipitates were encountered, sinter-glass funnels
prepared according to the technique of Briscoe and

12 were usede.

Lowe

The precipitates were dried in a vacuum desiccator
over calcium chloride at room temperature.

The sulphones (except the 'aliphatic! one) gave
strong orange-red colours with alkali and no colour with
concentrated sulphuric acid, while the sulphinic acids
gave an intense blue colour with concentrated sulphuric
acid and practically no colour with alkall. Hence the
purity of individual crystals could be checkedland the
progress of conversion in a single crystal seen under

the microscope.

From the data obtained in the experiments with
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buffer solutions, graphs were drawn showing the relation-
ship between yield and time at various pH values in all
cases where reversal was observed, and 1n one representa-
tive case the yleld 1s graphed against the pH after

various intervals of time. These graphs will be found

on pages 38-40.
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EXPERIMENTAL.

2=-Nitrophenyl-3-sulphino-p-tolyl ether.

No reversal was observed in sodium acetate
solution. In very dilute sodium formate solutions
(0e2 - 3.5%), slight crystalline precipitates of the
corresponding sulphone were obtained after heating (90°)
for 2% - 5 hours. The precipitate gave no colour with
concentrated sulphuric acid, and after crystallisation
from agqueous acetone it had mep. 139-140° alone and
139-141° mixed with an authentic specimen of the sulphone.
In more concentrated sodium formate solutions the sulphin-
ic acid decomposed, giving uncrystallisable oils.

A solution of the sulphinic acid in aqueous
acetone (30%) was refluxed for 20 hours and allowed to
crystallise. The product was almost entirely unchanged
sulphinic acid, but on dissolving it in sodium acetate
solution, a trace of insoluble material, giving a transient
red cdlour when spotted with sodium hydroxide solution,
was isolated. The reversal therefore probably takes
place, but only to a very slight extent.

In buffer solutions the reversal was regular but
very slow, glving maximum yields of 30% at pH 2.7 after
500 hours and 47% at pH 4 after 800 hours. At pH 5.2
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the yield after 850 hours was only 12% but was still

steadily increasing.

2'=Nitro-2-sulphino-4:6-dimethyldiphenyl ether.

On heating for 5 hours in various sodium acetate
solutlions, the sulphinic acid gave appreciable amounts
(up to 50%) of the corresponding sulphone, which was
identified by melting point and mixed melting point.

After refluxing in aqueous acetone for 5 hours,
the sulphinic acid was recovered apparently unchanged,
but on flooding the crystals with sodium hydroxide
solution under the microscope, bright orange spots
developed, indicating minute crystals of sulohone.

The rearrangement was carried out in buffer
solutions of pH 2.7 to pH 5.9 at approximately half unilt
intervals. A maximum yield of 80% was obtained at
pH 4.8 after 475 hours. More acid buffers gave lower
yilelds but a more rapid attainment of equilibrium, while
in more alkaline buffers the reversal was slower and the

yields poorer. (Fig. 3 p.Lo)

2-Nitrophenyl-l-sulphino-2-naphthyl ether.

The sulphinic acid rearranged to the sulphone

very rapidly on dissolution in aqueous acetone or
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aqueous alcohol. It was, in fact, found to be quite
impossible to crystallise it from these solvents (c.f.,
Levi, Rains and Smiles, loc. cit.), the product obtained
being entirely sulphone, which was identified by melting
point, mixed melting point, and transient red colour with
sodium hydroxide solution. It gave no trace of blue or
purple colour with concentraeted sulphuric acid.

When the sulphinic acid was dissolved in cold
dilute sodium acetate solution, precipitation of the
sulphone began 1in about 10 minutes and continued for 3
days. After 95-100° a yield of 84% of the sulphone
was obtained in 20 minutes.

The sulphone thus obtalned gave on recrystallisa-
tion from glacial acetic acid two distinet types of
crystals - yellow prisms and white needle clusters.

The latter appeared to change to the yellow form before
melting at 180°. The melting point of a mixture of
the two forms was 180°.

In buffer solutions the reversal was rapid, the
yield varylng from 90% at pH 2.7 in 5 hours to 85% at
pH 5.2 in 15 hours.

2'=Nitro-4~hydroxy-2-sulphinodiphenyl ether.

The sulphinic acid (025 g.) was dissolved in
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sodium formate, sodium scetate, and sodium propionate
solutions (3 cc.; 0.16M). After prolonged heating
(80°; 10-12 hours) approximately equal precipitates
of the sulphone (ca. 25%) were obtained and identified
in the ususl manner.

No rearrangement was obtained in acetone or buffer
solutions but dlight decomposition was observed after pro-

longed heating (300 hours) at pH 4 and pH 2.7,

2!'=Nitro-4-methoxy-2-sulphinodiphenyl ether.

No indication of the reversal of this sulphinic

aclid was obtained in any of the media used.

2:4-Dinitrophenyl=3-sulphino-p-tolyl ether.

On dissolving the sulphinic acld in warm aqueous
alcohol, the solution rapidly turned yellow and on cool=-
ing, the sulphone crystallised out and was identified
in the usual manner.

On heating a solution of the sulphinic acid in
dilute sodium acetate solution (80°; 4 hours), a small
amount of an unidentified substance, insoluble in dilute
sodium hydroxide solution, was obtained, but no indica-

tion of reversal was observed.
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No rearrangement took place within 300 hours at
pH 5.2 or pH 4. At pH 2.7 rearrangement was moderate-
ly fast, while at pH 2 it was relatively very fast, a
yield of 60% belng obtained within one hour, although

little more (5%) was obtained on further heating.

4-Chloro-2'-nitro-6~-sulphino-3:5-dimethyldiphenyl ether.

On heating the sulphinic acid in sodium acetate
solution for 24 hours at 90°, no sulphone was obtained;
on heating in sodium formate solution, precipitation
gtarted within 5 minutes but soon stopped. It had
e Do 161-165° alone and 163-165.5° when mixed with an
authentic specimen of the sulphone.

The sulphinic acid was dissolved in ggqueous
acetone (30%), and the solution refluxed for 5 hours.
Oﬁ cooling a crystalline precipitate was obtained and
identified as the corresponding sulphone in the usual
manner. A yield of 88% was obtained.

In buffer solutions the rearrangement was rapid,
equilibrium being reached in about 4 hours at pH 2.7-4
with yields of 85-90%. At pH 5.2, however, the maximum

yleld of 79% was obtained only after heating for 20 hours.
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2-Chloro-2'-nitro-6-sulphino-~-4-methyldiphenyl ether.

The sulphinic acid, on heating in dilute sodium
acetate solution at 90° for 2 hours, yielded an appreci-
able amount of the sulphone, but precipitation was not
complete even after several days.

On refluxing a solution of the sulphinic acid in
aqueous acetone (40%) for periods up to 40 hours, appreci-
able amounts of the sulphone were obtained and individual
crystals were identified by melting point and colour with
dilute sodium hydroxide solution. All crystals gave a
weak blue colour with concentrated sulphuric acid, but
crystals previously washed with dilute sodium acetate
solution gave no such colour.

Note: Some sulphone was refluxed for 3 hours in adueous
acetone, and the product tested for sulphinic acid With
concentrated sulphuric acid. No blue colour was obtalned.

In buffer solutions at pH 4 - 5.2 the rearrangement
was slow but high yields (85%) were obtained after 700
hours. At pH 2.7 a maximum yield of 45% was obtained
after 600 hours.

A -o-Nitrophenoxyethanesulphinic acid.
—

No reversal to the sulphone was observed after
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heating the sulphinic acid in various concentrations of
sodium acetate solution (0.1 - 1.0%) at 90° for 4%
hours.

After refluxing solutions of the sulphinic acid
in water and in aqueous acetone, the sulphinic acid was
recovered unchanged.

Heating in buffer solutions of pH le8 and 2.3
for 48 hours caused decomposition of the sulphinic acid
and the deposition of a red-brown sludge. At pH 5.7
no reversal was observed.

The courses of the various rearrangements are
graphed in Figs. 1 and 2 (pp.38, 39). In a typical
case 2'=-nitro-2-sulphino-4:6-dimethyldiphenyl ether, the
yield of sulphone is graphed against the pH of the
buffer solution after various intervals of time (Fig.3,
Pe40). The numbering in Figs. 1 and 2 refers to the
table on pe 45.
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DISCUSSION.

From a consideration of the results recorded, and
more especially of the graphs on pages 38-40, it will be
seen that in the<rearrangement B—>A, a definite
equilibrium is reacﬁed‘between sulphone and sulphinic
acld in solution. éufficient proof of this is afforded

by the fact that the reaction may proceed rapidly for a
| time and then slow down and stop hefore the sulphinic

acid is exhausted.

SO:.\ /\ ‘ SO,H

/\ ES .

In addition, the co-existence of the sulphone and
sulphinic acid was established after the completion of
the reactlon, although the conditions of temperature and
pH were materially unchanged.

The rate of attainment of equllibrium varies
greatly from case to case, and seems to increase with
increasing.acidity up to the point at which the insolublli-
ty of the sulphinic acid inhiblts the resaction. The

possibility of following the reaction beyond this point
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by using buffers containing sufficient organic solvent
to keep the sulphinic acid in solution was considered,
.but in addition to the possibility of unknown chemlcal
effects of such a solvent and the difficulty of exactly
determining the pH, the increased solubility of the sul-
phone would, as explained below, result in a marked de-
crease of sulphone precipitated and so introduce an
arbitrary factor into the equillibrium.

As might be expected, temperature plays a major
part in the reaction, the speed of which increases
repidly with temperature, and in one case (3, p.45) for
example, thevreaction is complete in 20 minutes at 1000,
while at 15° it requires 3 days.

It will be seen from Fig.3 that the extent of the
reversal (or the yield of sulphone produced) is also de-
pendent on the pH of the solution, but in this case there
is apparently an optimum pH value (which varies from case
to case) at which the yleld reaches a maximum. It has
not, however, been established that this optimum value is
real, for, owing to the acetic acid content (and therefore
the solvent action) of the buffers increasing with
acidity, a new complication is introduced. Equilibrium
is established between sulphinic acid and sulphone when

they are present in solution in a definite proportion,
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and precipitation of the sulphone goes on until this
proportion is reached, the solution being saturated
with respect to sulphone from the time precipitation
starts. If now the solubility of the sulphone 1s in-
creased by any means, there must be a correspondingly
greater amount of sulphinic acld left unchanged when
preclpitation stops. Thus the slight increase in the
solubility of the sulphone, caused by the increasing
amount of acetic acid present in the buffers as the
acidity is increased must cause a certain drop in the
yleld of sulphone when the acetic acid content becomes
appreciable. This may account for the fact that, al-
though the equilibrium is most rapidly reached in the
most aclid buffers, the amount of sulphone precipitated
may be definitely below the maximum (Fig. 3).

A similar explanation may be given for the fail-
ure to detect the rearrangement of Z2'=nitro-4-hydroxy-2-
sulphinodiphenyl ether in buffer solutions. In this
case it seems probable that rearrangement does occur
but, owing to the greater solubility of the sulphone,
equilibrium is attained before a saturated solution is
produced and so no precipitation takes place. This
view is supported by the fact that a relatively strong

solutlion of the sulphinic acild In dilute sodium gcetate



44.

solution does give a precipitate of the sulphone. It

i1s probable that by using more sulphinic aclid in buffer
solutions, a precipitate of the sulphone would be obtained,
but, since there is a considerable drop in acidity during
the reaction, the buffers would no longer be able to
maintain the pH within the desired limits.

In order to facilitate the comparison of the
speeds of the forward and reverse rearrangements, the
results obtained with most of the substances tested,
together with those published by Kent and Smiles8 are
glven in the following table. Under a and b are
glven the substituents present in the aromatic nucleil
of the parent Z2-hydroxy-sulphone A.

The times in the third column (in minutes) are
for the completion of the reaction in N/15 solution
at 500; those in the fourth column are the times (in
hours) for the attainment of equilibrium at the most

favourable pH in ca. N/150 solution at 50°.



5-Methyl
5:5-Dimethyl
5:6-Benzo
S-Hydroxy
S5-lMethoxy
S5=Methyl

5-Chloro-4 :6-dimethyl
3=Chloro-5-methyl

~o=Nitrophenoxyethane
sulphinic acid

D.

2-Nitro
2-Nitro
2-Nitro
2-Nitro
2-Nitro
2:4-Dinitro6
2 Nitro

2-Nitro

A —>E

315
93
5
125
360

Rapic’ wtlih
hyclvrolygis

5
150

Prackically

instan Faneous

45.

B —>A.

400
250

5

Too soluble fov
COMPO rison

Vo veversal obsevved

2
5]
450

Vo veversa!
obseyved

As has already been stated, Smiles conslidered the

controlling factors 1n the rearrangement A—>B to be:

1)

)

3)

4)

The close proximity of the oxygen atom to the

K -carbon atom.

The positive character of the o< -carbon atom, increased

positivity being favourable to the change.

The capacity of the oxygen atom to act as a donor of

electronse.

The character of the medium as expressed by its ten-

dency to remove a proton from the hydroxyl.

In the reversal B —>A nothing is known of the

importance of'the proximity of the sulphur atom, but,

provided the reaction is intra-molecular, the condition
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would seem to be essential.

Inéerconversion of A and B is evidently facili-
tated in QQEQ directions
a) By the positive character of the o -carbon atom (for

the formation of the sulphone from 2:4-dinitrophenyl-
3-sulphino-p-tolyl ether is very much more rapid than
in the case of the mono-nitro compound).

b) By the capacity of the oxygen atom to act as a donor
of electrons,(as will be seen from a consideration of
the substituents in A and their influence dn the
2-hydroxyl as an electron source).

The character of the medium obviously controls
the direction of the rearrangement, since it can take
place in either direction with all other factors common.
It will be seen that, with one significant exception, 9,
the corresponding reversals B —>A, although distinctly
slower, follow roughly the same order, and in particular,
that 6-methyl or 5:6-benzo substitution, which was
present in all the very rapid rearrangements studied by
McClement and Smileslo, also favours rapid reversal
(Noss. 3 & 7, Fig.2), whereas those not so substituted
reverse very much more slowly (Fig.l).

It would seem that 6-methyl substitution, by

causing electron accession at the sulphonated carbon
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atom, at least partly overcomss the adverse influence of
the sulphonyl group, and so the reaction in both directions
is more rapid with compounds so substituted.

It is, moreover, possible tnat the effect of
6-methyl substitution may be related to the formation of.
a ring. Co-ordination of sulphonyl with methyl (or CH)
might result in a preferential position for the double
bond in the aromatic ring (c.f. Shahls) in such a way as
to simulate the insolation of the hydroxyl in the ali-

phatic sulphones.

NO,

u\/\

o
(XXXVI)

This would be more pronounced in alkaline media,
and its breakdown in neutral media would be accompanied

by regeneration of the sulphone.

Kent and Smiles8 found that with a sulphone with
an aliphatic hydroxyl group C, the change C ——D is very

much more rapid than any of the aromatic types A—;—%B.

C.H \\ s SOH
CH.

CHu. ’
C.H‘\-

N
C D

VO,
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This may be attributed to the fact that with the former,
the oxygen is 'insulated' by an aliphatic chain and so
its donor capacity is not diminished by the kationoid
actlon of the sulphonyl group. |

In view of the above it was all the more surpris-
ing that the sulphinic acid D showed no evidence of re-
versibility whatever. The investigation of this par-
ticular case was rendered more difficult by the fact
that the sulphinic acid is rather unstable in acid
solution and, in addition, the much greater solubility
of the sulphone, besides complicating its isolation,
must have a considerable effect on any equllibrium which
might be formed. Consequently, while this exception
appears significant, and has been repeatedly verified,
it is felt that more evidence, including that from other
similar sulphones, should be sought before its theoreti-
cal significance can usefully be considered. |

In general, it 1s to be expected that A—B will
be more rapid than the reverse change, for the « =-carbon
atom in the former is subject to electron withdrawal by
both nitro and sulphonyl groups, but only by the nitro
group in the latter. This means that factor (3) - the
positivity of the «-carbon atom - operates with greater
effect in the sulphone than the sulphinic acid.

It only remains to be considered why, 1f the
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present rearrangement is a true reversal of the Smiles
rearrangement, the latter is characterised by a strong
red colour (the fading of which has actually been used
- as a measure of the progress of the reaction), whereas
the reversal shows no colour at any stage.

Originally Smiles attributed the red colour to
a nltronlic lon which he considered to be an intermediate
product in the reaction, but later experiments replacing
the activating nitro group by methyl sulphonyl, in which
no red colour developed, convinced him that the colour
effects must be due to a side equilibrium, and in a
private communication he suggested the following mechan-

ism as being the most consistent with the lkmown facts:-

o,

S0y
o \<l-'<

<
=

X III
(XXXV ) Coloured ion



Now it is evident that in the more acid media
of reversal, the equilibrium (XXXVII) = (XXXVIII)
will be so much less favourable to (XXXVIII) that the

colour will be inappreciable.

It is now apparent that an examination of the
equilibrium in the same buffers from the sulphone side

would be a useful extension of this work.

50.
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PART II.

A SYNTHESIS OF SOME AZULENE
DERIVATIVES.

52.
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HISTORICAL INTRODUCTICN.

Since the earliest investigations of the essential
oils, frequent mention has been made of blue fractions
obtained in the distillation of certain oils, and of the
development of the colour in others by the action of
heat, aclds, dehydrating and oxidising agents. In some
cases the olls are coloured blue even before distillation.
As early as the 15th century, camomile o0il was noted for
its striking blue colour. In 1864, Gladstonel recorded
the investigation of many essential olls and the study in
some detall of the blue substance obtained by the distilla-
‘tion of wormwood oil. This included the qualitative
examination of the absorption spectrum of a solution of
the blue 0il in alcohol, and its reaction to various
simple chemical reagents. He proposed to name the
blue substance "coerulein", but the name "azulene",

suggested by Piesse®

, has been generally adopted. Alto-
gether, over 260 ethereal olils which contain azulene or
azulene forming substances have been described, correspond-
" ing to almost 20% of the oils investigated.

Various conjectures as to the structure of azulene

have been made. At cone time, the problem was considered

settled by the discovery of copper salts in oils distilled



through untinned copper condensers. Gladstonel, on
heating the blue oil with soda-lime, obtained ammonia
"or some volatile alkali'. Kachler® considered it to

be a polymer of camphor with the formula (C 0)3, and

1916
for a long time it was considered to be an oxygenated
substance on account of its formation by heating certain
sesquiterpene fractions with air or oxygen in an guto-
clave4. Barbler and Bouveault isolated from geranium
01l an intensely blue fraction to which they ascribed the
formula of an ether (ClOHIV)ZO'

As a result of an examination of their absorption

o concluded that the blue fractions of

spectra, Tschirch
the various essential oils were closely related, but it
was not until 1915 that the work of Sherndal6 paved the
way for a successful elucidation of the problem. Up

to this time, opinlon had been divided as to whether the
blue oils were relatively homogeneous or whether the
colour was due to the presence of small amounts of an
-intensely blue compound. In either case, isolation of
the pure compound proved impossible until Sherndal
discovered and made use of the solubility of azulene in
strong mineral acids, and its subsequent regeneration on
dilution. Since it cannot be extracted from the strong

acid solution with organic solvents, this method forms an

ideal means of separating the azulene from sesquiterpene

54.
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and other impurities. Isolated in this way, and
purified by distillation in steam and subsequently in
vacuo, Sherndal obtained azulene as a slightly viscid
liquid with a weak phenolic odour, intensely blue in
thin layers and black in quantity. Analysis and
molecular weight determination showed it to have the

formulsa 015H18°

Later work by the same author7

showed that azulene
readily yields a picrate composed of one molecule of
azulene to one of picric acid, the resulting compound
being well sulted to its identification and purificaA
tion. Sherndal, by catalytic reduction of azulene
with palladium, obtained an octohydro derivative
ClSH26’ which he considered to be fully saturated.

For this reason and because of its readiness to form a
picrate, Sherndal suggested for azulene a tricyclic
structure containing an aromatic nucleus. He inter-
preted its non-reducibllity by sodium and alcohol as

evidence of the absence of hydroaromatic conjugated

double bonds, and suggested some such structure as (I).

CH,

7 cus

cH C 2ty
cHz CHy) CHz

[
7N

CHy ¢&H

(1) | (11)
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About the same time, Auspurger8 isolated from
milfoil oil a blue hydrocarbon Cl5H18’ which he claimed
to have reduced with palladium to CqgHyga. This hydro-

9

carbon was more fully investigated by Kremers”, who

also, though without analysis, assumed the formula
015H28 for the reduction product. By the oxidation
of azulene, Kremers claimed the formation'of acetone,
acetic acid, and a methylated phthalic acid, and
assigned to azulene the hypothetical formula (II) or
analogue.

Ruzicka and Rudélphlo criticised these formulae
on the ground that a structure such as (I) could not
possibly be coloured at all, and that it was very un-
likely that (II) would be blue, since dimethylbenz-
fulvene (III) is only bright yellow, and even wilth
relatively strong colour-deepening groups as in methyl-

anisylbenzfulvene (Iv), the colour is still only yellowll.

‘ | A

e c\cst CH.C(H,OCHy
3
(111) (1v)

Using the azulene from camomile and milfoil oil,

Ruzicka and Rudolph were unable to repeat the oxidation
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experiments of Kremers, obtaining only a mixture of

the lower fatty acids and carbon diloxide, and in par-
ticular, they failed to detect any phthalic acid.

They therefore concluded that there 1s no aromatic ring
in azulene. Their unsuccessful attempt to isomerise
azulene into aromatic substances by heating with formic
acld 1s interesting in view of later work in this
directlon. Pointing out the discrepancy between the
octohydroazulene obtained by Sherndal, and the deca-
hydro derivative which was described by Kremers as
having the same physical constants, Ruzicka and Rudolph
were emphatic that the compound in guestion was Cl5H26
and stated that its molecular refraction agrees best
with that calculated for a bicyclic hydrocarbon con-
taining one double btond. Summarising the results up
to that time, they stated that the blue colour of
azulene 1is limited to a particular, hitherto unknown,
grouping of five double bonds in a bicyclic skeleton
devoid of aromatic rings. For a system of five
double bonds to be capable of producing the blue colour
of azulene they showed to be within the bounds of possi=-
bility by comparing the blue-red styryl fulvene (V)12
with the analogous phenyl fulvene which is only red.

Since the change from three to four conjugated double



bonds produces a change of colour from red to blue-red,
it 1s conceivable that the introduction of a suitable
fifth double bond might result in the formation of a

v

blue fulvene derivative.

Y= CH.CH =CH.C Hg

(V)
By dehydrogenating eucalyptus oil, guaiol and

gurjune balsam oil with sulphur, Ruzicka, Pontalti and
Balas13 obtained azulenes, two of which they isolated

in the form of pilcrates. Since then, dehydrogenation
of the sesquiterpene and sesquiterpene alcohol fractions
of various essential oils by means of sulphur, selenium,
and palladium has become the standard method for the
preparation of azulenes.

A large number of supposedly different azulenes
has been reported and named from their respective natur-
al oils, but it now appears that the number of distinct
compounds is much smaller than was originally thought.
Ruzicka and Rudolph showed, by a determination of the
mixed melting points of picrates and styphnates, that
the azulenes from milfoll and camomile oil were identi-
cal, but that they were distinct from S-guaiazulene,

obtained from guaiene or gualol by dehydrogenation with
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sulphur. Ruheman and Lewy14 believed camazulene and

the azulene from lignite tar to be identical, since the
mixed melting points of their picrates were not depressed
by mixture. Herzenberg and Ruhemanl5 had previously
shown from absorption spectrum measuremnents that the
lignite tar azulene and that obtained from gurjunens

were identical. On the other hand, Ruzicka and Haagen~
Smit16 cast doubt on the wvalidity of these conclusions,
maintaining that in many cases the mixed melting points
of the pilcrates of similar substances (e.g., the naph-
thalene hydrocarbons), especlally if these be isomers,
are not depressed, and they advocated the use of the
styphnates, which are free from this abnormality, for the
identification and comparison of the azulenes. They
also criticised the absorption spectrum methods of
Herzenberg and Ruheman as being insufficlently accurate,
and quoted the findings of Janssen and Petéri who,

using the same methods as Herzenberg and Ruheman, obtained
identical spectra for different azulenes. The method of
Ornsteinlv, however, did distingulsh between the differ-
ent azulenes.‘ By a determination of the mixed melting
points of the picrates and styphnates, Ruzicka and
Haagen-Smit showed S-gualazulene, Se-guaiazulene, cama-
zulene, and elemazulene to be distinct from each other,

while the kessazulene of Asahina and Nakanishil8 was



60.

shown to be identical with S-guaiazulene. From the
closeness of the physical constants of these azulenes,
a similarity of ring structure was deduced. Several

19 isolated a new azulene -

years later, Pfau and Plattner
vetivazulene - from ﬁetiver 0il, and showed that many of
the azulenes already reported were identical with
S-guaiazulene. '

Investigation of the oxidatlon products of the
above azulenes showed, in most cases, the presence of
oxallc, -acetic and isobutyric acids and acetone. On
the basis of this, Ruzicka and Haagen-Smit put forward

the tentative formula (VI) for elemazulene, but sought

in vain dimethylmalonic acid among the oxidation products.

CPe,

||

CHy CHy  CH,,
(VI)
Realising the futility of attempting to obtain

large fragments in the oxidation of azulene itself,
éubsequent workers took a greater interest in the oxida-
tion of partly reduced azulenes. Melville20 traced
the hydrogenation curve of S-gualazulene and showed that
the critical point {at which the blue colour disappeared)
occurred at 55% hydrogenation, while there was g dis-

tinct break when 3 - 5 double bonds had been saturated.
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In agreement with Auspurger and Kremers, he showed that a
decahydro derivative is obtainable by these methods al-
though in the latter stages reduction waé very slow, and
he considered the octohydroazulenes described in thé
literature to be mixtures of deca-, octo- and hexa-
hydroazulene. Melville treated with ozone azulene which
had been reduced to the critical point and failed to
detect acetone, formic acid or formaldehyde 1n the oxida-
tion products. He did isolate as their p-phenyl phenacyl

esters, 1lsobutyrlic acid and an acid Cl4H21000H. To ex-

plain this, he assumed the reduced compound to be bicyclic
and to have two double bonds which had resisted ozonolysis.
Using Ruzicka's formula for elemazulene, he represented

the reactlion thus:

Coor
CHZ

121

Repeating this oxidation, Birrel detected

formic acid, isobutyric acid, a-methylglutaric acid and

the acid C COOH already mentioned., This he adduced

e
as supporting Ruzicka's formula, and he interpreted the

reaction thus:-
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CH\ CHy
Hy ?H Hooc CH,
E, CooH
: CH;
CHy ch\cu/
Azulene ‘ Hexahydro ; in

azulene

Birrell met the objection to the survival of a
gem-dimethyl grouping in a dehydrogenation product by
stating that "where one of the gem-dimethyl groups has
to be split off on dehydrogenation, it forms an obstacle
to the formation of an aromatic ring, (cf. the cyclisa-
tion and dehydrogenation of vitamin A to give 1l:6-di-
methylnaphthalene with loss of the gem-dimethyl groups

from the @-ionone ring)"gg.

It had already been
fairly conclusively shown that azulene did not contain
an aromatic ringe. Pfau and Plattner, however, stated
later that on the analogy of kmown exampleszs, sesgui=-
terpenes of this type should give substituted hydrin-
denes by splitting off one or both gem-dimethyl groups
on dehydrogenation with sulphur or selenium.

As a result of an investigation into the consti=-
tution of a-gurjunene, 'l’:r'e.’tﬁbsz4 assigned to a-gurjunene the

structure (VII) and to iso-a-gurjunene the structure

(VIII).
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ﬁf@@@”

(VII) (VIII) : (IX)

These, he argued, would be expected to give eudalene on
dehydrOgenation, whereas they, in fact, give gurjunazulene.
Since, according to Kompa, the sesquiterpene leden yields
both cadalene and azulene on dehydrogenation, Treibs
assumed that the two classes of compounds must be closely
related, and suggested the structure (IX) or (X) for
gurjunazulene, but Pfau and Plattner criticised these
structures on the ground that in the dehydrogenation of
(VII), and especially (VIIL), eudalene should be formed

at least to some extent.

Attacking the problem from a different angle, Pfau
and Plattnerl9 attempted the isomeriaation of azulene to
naphthalene or hydronaphthalene derivatives (cf. Ruzicka's
unsuccessful attempt using formic acidlo). By passing
the vapour of S~-guaiazulene over silica gel at 300° under
vacuum, naphthalene hydrocarbons were obtained in good
yleld, but unfortunately these were found to be mixtures,
showing the probability of the migration of alkyl groups.

More successful was the dehydrogenation of the product
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obtained by the treatment ofguaiol with hydrogen iodide
and red phosphorﬁs. After separation of the azulene,
there was isolated a naphthalene hydrocarbon Cl5H18which
was identified as 1:4-dimethyl-6-isopropylnaphthalene (XI).
Similarly from vetiver oil, l:5-dimethyl-7-isopropyl-
naphthalene (XII) was isolated, the identity of these sub-
stances being established by comparison Wifh‘synthetic

specimens already;repared26.

y A
7
(X1) _ (XII) IXIII)

These results might be taken to indicate a eudesmol
skeleton (XIII) in azulene, but Pfau and Plattner pointed
out that this is incompatible with the fact that fully
reduced compounds of the eudesmol type give no ézulene on
dehydrogenation, while decahydroguaiazulene is again
capable of yielding azulene on dehydrogensation. They
were therefore forced to the conclusion that the naphtha-
lene hydrocarbon must have been formed by the rearrange-
ment of another ring system.

The sesquiterpene compounds were subjected to

graded oxidation which resulted in the opening of one ring
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to a dibasic acid. Ring closure of this acid led to the
formation of a cyclic ketone with one carbon atom less than
the original compound. On catalytic dehydrogenation,
-this ketone yielded a phenol, thus showing the presence of
- a seven-membered ring in the sesquilterpene compognd.
Assuming the skeletons (XIV) and (XV) for the sesquiter-
pene compounds yielding S-guaiazulene and vetivazulene
respectively, the rearrapgement to the naphthaiene hydro-

carbons was explained as follows:-

(XIV) (Xv)

kIn the case of vetivazulene, the skeleton (XV)
was confirmed by the synthesis of the above-mentioned
phenoi. - Purther proof that the properties of the azulenes
were due to a bicyclo-@;S,aj-depapentaene structure was
afforded by the synthesis of the compounds (XV; R=Me, Et
and Ph), using the cyclopentenocycloheptanone (XVI), pre-

pared by Huckel and Schnitzpahngv, as starting material.
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In a later paper, Pfau and'Plattner26 described
the synthesis of the parent azulene body (XVII; R = H)
from cyclopentenocycloheptanone (XVI) by hydrogenation,
reduction of the carbonyl group, and finally dehydrogena-
tion with palladium~charcoal. Quite recently, l:4-di-
methylazulene was syntheslsed by Plattner and Wysszg.
All these synthetic substances have propertieé similar
to those of the natural azulenes, and yield similar

derivatives. Pfau and Plattner have also recently

synthesised vetivazulene30 by the method outlined below.

66.
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Much work has been done on the absorption spectra

of the azulenes. WolffSl (1878) recorded the absorption
of camomile essence. Hodh32 (1883), and Tschirch and

Hohenadel55

(1895) showed the similarity of the absorption
spectra of the blue fractions of a great number of
essantiai‘oils. Kremers9 studied the absorption curves
of camazulene, but his\re&ults did not agree with those of
Rmgicka and Haagen—Smith. Herzenberg and Ruheman’®

investigated the absorption spectrum of gurjunazulene, and

Schlapfer and Stadler54 demonstrated the similarity of the
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absorption spectra of the azulenes and that of a blue
hydrocarbon from cuprene tar.

10 compared the absorption

Ruzicka and Rudolph
spectra of S-guaiazulene and camazulene and found them
ldentical, but Ruzicka and Hasgen-Smit, using more accurate
methods, were able to distinguish between.the two substances.
Willstaedtss, comparing the spectra of S-gualazulene, cama-
zZulene, and lactarazulene, found five identical maxima for
the three hydrocarbonse. Susz, Pfau and Plattner56 conm-
pared the abSorption spectrum of the parent azulene ClOH8
with those of S-gualazulene and vetivézulene. In the
ultra-violet, the three spectra are very similar, as are

also those of azulene (C H8) and S-gualazulene in the

10
visible region. They concluded that these three sub-
stances possess the same absorption grouping, namely,
bibcyclo- [0,3,5]-decapentaene-(1,3,5,7,9).

The guestion as to whether azulenes exist as such
in plants, or whether they are formed during distillation
has been discussed by Tschirch and Hohenade155, who obtained
a blue oll by dry or steam dlstillation of the resin from
sagapens, but observed no blue colour on extraction of the
resin with cold petroleum ether. Ruheman and Lewyl4, on

steam distillation of powdered camomile blossom, isolated

a deep blue oil, but exhaustive extraction of a large
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quantity of the blossom yielded only traces of a weakly
yellow oil, while the same lot of camomile, after extraction,
gave the blue o0ll again on steam cdistillation. They
therefore concluded that azulene does not exist preformed

in plants, and assumed that it must be formed from sesqui-
terpenes by enzyme action.

Azulenes have been obtained from sources other
than the essential oils.

1) An azulene, probably camazulene, has been iso-
lated from the fungus Lactarius deliclosus L.35’41°

2) A blue oil, precipitated from lignite tar by
ferrocyanidéss, was shown on further investigationl4’l5
to be camazulene, but this has been questioned by Ruzicka
-and Rudolph.

3) A blue o0il has been obtained by heating with
active charcoal at 200-2200 the sesquiterpene alcohol from
the fusel oils of cane molasses and the sweet potat057.

A black picrate was isolated and identified as that of
S-guaiazulene.

4) Wislicenus and Hentschel:”9 recorded that a blue
0oil was formed during the dry distillation of calcium
adipate, and thought it was due to the polymerisation of

40

cyclopentanone. Wallach™", and much later Ruheman and

Lewylé, investigated the action of dehydrating agents on
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cyclopentanone and obtained the mesitylene analogue tris-
cyclotrimethylenebenzene. No blue compounds were detected.
Pfau and Plattner28 carried out the dry distillation of
calcium adipate in presence of a small amouﬁt of nickel
catalyst and obtained a blue-green fraction which they
showed by absorption spectrum methods to contain azulene.

The reaction was assumed to take place as follows:-

IARLYE! CHa CoH
Adiﬁc >CO\/ * —> CH, P  Azulene
“ao : i —

[CH,_]“CD,.H e _~C 2

N
> [CHJ#C 0,H
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THE SYNTHESIS.

The synthesis of vetivazulene (I) involves the
‘construction of a bicyclo—[b,S,é]-decapentaene structure
substituted in the 2, 4 and 8 positions. The method
chosen was first to prepare a sultably substituted cyclo-
pentane deriﬁative, on to which might then be bullt the
second half of the molecule. Sihce,'however,'the forma-
tion of a 7-membered ring directly would be a mgtter of
some difficulty, it was decided to reach this end by en-

largement of a 6-membered ring.

CHsy

/é == CH /0 °
CH gH=LC \\ / ’ p
\;CH< c{‘ | cH P,é Pr
cé Ney— L o CH/ : ' coEt
I
cHy
(1) (11) (II1)

The first object, then, was the preparation of a
reasonably large amount of 3-isopropyl cyclopentanone (II)
or ethyl-4-isopropyleyclopentanone-2-carboxylate (III),
this being attained by ring closure of @-isopropyladipic
acid (VI). | |

G-Isopropyladipic acld has been prepared by the
oxidation of tetrahydrocarvone (IV) in two stages with
chromic acid and sodium hypobromite42, and also by the

43

oxidatlon of p-isopropyleyclohexanol (VII) Both these
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methods were investigated and the latter chosen as belng

the most convenient.

CH;

CH; oH 6]

=0
—_ | _— oK &
CHy Hi > CH,.
Ve ~ cu/c e’

Pr@ | B ¢ Pv@

K 1
(IV) (V) (VI) (VII)

The preparation of p-isopropyl phenol by the con-
densation of p-isopropyl alcohol and phenol in presence
of anhydrous aluminium chloride has been claimed44.
This reaction was carried out as described and with various
modifications, but the main phenolic fraction could not be
obtained solid, owing probably to the presence of o- and

p-isomers, and the method was abandoned in favour of a

more indirect route via cumene sulphonic acid.

n® Rt e
s 4 KOH
03 S\
Hy SOq_ > 300° >
AN
S0,4/1 OH

The complete synthesis by this route is one involv-
ing some thirteen or fourteen stages, so that in the earlier
stages very large quantlities of material had to be handled.

- It will be realised, therefore that although a number of

the reactions had already been described, methods of working
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had to be considerably modified to suit large scale pre-
parations.

Cumene was prepared by the condensation of isopro=-
pyl aléohol and benzene, emulsified with 80% sulphuric
acid as condensing agent45. This method proved to be
more convenient, as well as more economical than that of
Haworth et al.46 who condensed isopropyl chloride and
benzene by the Friedel-Crafts reaction, but both methods
were extensively used.

Cumene is readily sulphonated in the cold by a
mixture of concentrated and fuming sulphuric acid47’48.
The product is most readily purified by recrystallisation
of its barium salt, but on a large scale the use of barium
carbonate or hydroxide to neutralise the acids proved to be
inadvisable, for, owing to the sparing solubility of the
barium salt, unreasonably large amounts of water were re-
gquired to extract it from the barium sulphate. According-
ly, the acid iiquors were neutralised with calclum
hydroxide and the barium salt precipitated with barium
chloride from the filtered solution of the calcium salt.
The potassium salt was obtained by titrating a boiling
saturated solution of the barium salt with a falrly con-
centrated solution of potassium carbonate.

Fusion of the potassium salt in the usual way with

potassium hydroxide yielded p-isopropyl phenol49.
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The hydrogenation of p-isopropyl phenol with
platinum black has been shown®© to give a mixture of
p-isopropyl cyclohexanol (66%) and p-isopropyl cyclohexame
(33%), and this method was tfied in a preliminary experiment.
Using a Raney nickel catalyst, however, with hydrogen under
high pressure, hydrogenation was rapidly effected at 18000,
glving a relatively high yield of p-isopropyl cyclohexanole.

The oxidation of p-isopropyl cyclohexanol with
alkaline permanganate45 and with concentrated nitric acid
was investigated, but a better yield was obtained using
50% nitric acid at a moderate temperature in presence of
a trace of ammonium vandste as catalyst; (cf. oxidation
of cyclohexanol to adipic acid51).

p-Isopropyl adipic acid was esterified, and ring
closure effected by the Dieckman reaction in toluene.
The product, ethyl-4-isopropylcyclopentanone-2-carboxylate
(IIT), yielded on hydrolysis and decarboxylation 3-iso=-
propyleyclopentanone (X).

By condensing this ketone with ethyl propenyl
ketone (IX), the formation of 2-isopropyl-4:7-dimethyl- LXKD-
5-ketotetrahydrohydrindene (XI) was expected.
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Ethyl propenyl ketone has been prepared by Blaise52
by condensing allyl zinc iodide with propionitrile. An
‘attempt to improve this method using magnesium turnings
and modern Grignard technique proving a failure, the
method of Blaise with modifications was successfully used
on a small scale. Since the reagents are somewhat ex-
pensive, however, a cheaper method by the oxidation of
ethyl propenyl carbinol was sought.

Ethyl propenyl carbinol was prepared from ethyl

.

bromide and crotonaldehyde by a Grignard reaction. 0xi-
dation to the ketone by a reverse Pondorf reaction53
proved unsuccessful, but oxidation with chromic acid after
protection of the double bond by bromination appeared to
take place normally. All attempts at debromination with
sodium :‘Lodide54 and with zinc dust failed however.

Courtot and Pierron55 treated ethyl propenyl carbinol with
dry hydrogen chloride and oxidised the product 4-chloro- A" -

hexene with dichromate and sulphuric acid, but on repeating
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this, yields were found to be poor both in cuality and
quantity.

Since that of Blaise is the only really satis-
factory method among those described, this method was
adopted on a larger scale than previously, the starting
materials, allyl bromide and propionitrile, being prepared
from cheap sources by standard methods9®s97,

Several attempts were made to condense the sodio
compound of 3-isopropyl cyclopentanone with ethyl propenyl
ketone, but this method had to be abandoned owing to the
readiness with which 3-isopropyl cyclopentanone condenses
with itself to give a di-isopropyl-cyclopentylidenecyclo-
pentanone, probably (XII). This condensation takes place
readlly even at -20° on adding 3-1isopropyl-cyclopentanone
to a stirred suspension of sodamide in dry ether. The
ketone itself did not form any of the usual derivatives,

but was catalytically reduced and the saturated ketone

characterised by its oxime and semicarbazone.

A @ 3
-
/ Pré
(XII)

The sodio compound of ethyl-4-isopropylcyclo-
pentanone-2-carboxylate (XIII) did not react to any

appreciable extent with ethyl propenyl ketone in boiling
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benzene, but condensation took place readily in absolute al-
cohol.. As might be expected, the main reaction was
accompanied by a certain amount of ring fission of the start-
ing material to (¢ -isopropyl adipic acid. Attempts to
reduce this wastage by using alcohol carefully dried by
distillation over aluminium isopropylate met with little
success, and this side reaction necessarily absorbed a con-

siderable amount of material.

o .
CH _O
0 Ne-=0
PP
e + | —_ v
EC O/C'Hl EEDC
: 2 CHy
XIII ! (XIV)
( ) o, i
CH,-COH o
P8 cH » R
N
cHl,CHIColH

(Xv)

On treatment of the ketoester (XIV) with 20% al-
coholic potassium hydroxide, hydrolyéis was accompanied by
decarboxylation - a result which was rather surprising con-
sidering that the carbethoxyl group in gquestion 1s gquaternary
and that a certain amount of steric hindrance by the 4-methyl
group is to be expected. Steps were therefore taken to

confirm the structure (XV).
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In the course of a study of the ketonic consti-

58 isolated a /

tuents of vetiver oil, Pfau and Plattner
ketone Ci5Hos0, to which they assigned the name @-vetivone.
Catalytic reduction of this with platinum yielded tetra-
hydro-(?-vetivol, which, on oxidation with chromic acid,
gave a dicarboxylic acld Ci5HogO4 Ring closure of this
acid resulted in the ketone (XVII) which was catalytically
dehydfsgenated to the phenol (XVI), the structure of which
Rﬁas proved by synthesis. This showed the presence of a
Vdmembéred ketonic ring in -vetivone, and the structure
59

(XVIII) was suggested and later®” confirmed.

CHs

CH,
OH Y s/
P A =0
CH5

CHy

(XVI) (XVII) (XVIII)

Dehydrogenation of (XV) in boiling p-cymene was
carried out and the phenol (XVI) isolated from the deh&dro-
genation products. As a further proof of its structure,
the same compound (XV) was catalytically reduced to 2-iso-
propyl-4:7-dimethyl-5-ketohydrindane (XVII), the derivatives
of which were shown to have the correct analyses and the
semicarbazone to have a melting point in reasonable agreement

with that described by Pfau and Plattner. It is, of course,
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possible that the ketone (XVII) prepared by reduction of
(XV) and that described in the literature are sterio-
isomers, and this may be the explanation of the small dis-
crepancy (6°) in the melting points of their semicarbazones.
The hydrogenation was effected by shaking with
palladium black in absolute alcohol. Since the-:absorption
always ceased before the calculated amount of hydrogen had
been absorbed, and since the yields of oxime and semicar-
bazone were considerably smaller than was expected it
must be assumed that the liquid 1s a mixture. The pure
ketone was obtained by hydrolysis of its recrystallised
semicarbazone, and the fraction which did not form a semi-
carbazone submitted to further hydrogenation without result.
Ring enlargement of saturated cyclic ketones by
means of diazomethane has already been studied by various

workers©0? 61, 62 63

Adamson and Kenner treated 2-methyl
cyclohexarione in alcoholic solution with nitrosomethyl-
urethane in presence of anhydrous potassium carbonate,

and obtained a number of products including both 2- and
3-methylcycloheptanone which were separated by shaking with
a saturated bisulphite solution, 3-methylcycloheptanone
aione forming a bisulphite compound. Using similar

methods, 2-isopropyl-4:7-dimethyl-5-ketohydrindane (XVII)

ylelded a mixture from which no bisulphite compound could
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.be isolated. Treatment with semicarbazide, however,
ylielded a fairly homogeneous semicarbazone, this being

taken to indicate the preferential formation of eilther

(XIX) or (XX). Subsequent analysis of the semicarbazone,
O .
_ \ _/ < J
Pvﬁ<. ; 'Pr6< | bo) pr </ \
(XIX) , (XX) (XXT)

however, did not agree with the empirical formula

01'61{2901%5 for (XIX) or (XX), but did agree with the empirical

formula Cl5H270N5. If the analysis results are accepted,
the product would seem to be a stereolsomer of the starting
material, since its physical properties definitely exclude
the possibility of the two compounds being identical.

Should further investigation prove the compound in
question to be, after all, 016H290N5’ it would be justifi-
able to assume it to be either (XIX) or (XX).

There are, of course, a number of possible stereo-
isomers of these compounds, but it is possible for the
ketone prepared from Z2-isopropyl-4:7-dimethyl-5-ketohydrin-

dane to be identical with the tetrahydro—P -vetivone

described by Pfau and Plattner.
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On the other hand, since (XX) would be expected
to form a bisulphite compound more readily than (XIX),
the latter structure for the synthetic ketone seems to be
the more likely one. Both, of course, should be capable
of yielding, on dehydration and dehydrogenation, ﬁhe same
vetivazulene (XXI), which was the ultimate end of this
part of the research.

Unfortunately the work had to be interrupted at
this point in order to take up a war appointment with
Imperial Chemical Industries Ltd. This is the more
regrettable since the synthesis had just reached its most

interesting stage. .
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EXPERIMENTAL.

p-Isopropyl phenol.

Anhydrous -aluminium chloride (20 g.) was added
in four lots to a mixture of phenol (7 g.), dry isopropyl
alcohol (4;5 g+), and petroleum ether (40 cc., be.pe :>1200).
When the vigorous reaction had subsided, the mixture was
maintained at 120 - 150O for 6 hours, after which it was
decomposed with ice water, the solution extracted with
ether and the phenols 1solated from the ethereal solution
kby shaking with sodium hydroxide solution. The alkaline
solution was acidified and the phenols extracted with
ether and purified by vacuum distillation. The above
guantities were varied and the solvent changed to tetra-
chlorethane, but all experiments ylelded only liquid

fractions with boiling points approximately 95-1050/10 mma.

Isopropyl chloride.

A mixture of anhydrous zinc chloride (310 g.),
concentrated hydrochlorié acid (164 cc. d. 1.16) and iso-
propyl alcohol (60 g.) was strongly heated. The reaction
was very vigorous and the isopropyl chloride allowed to
distil off through a cooled column and collected in a

series of cooled recelvers. Yield 74%. Bepe of
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purified product 34.5 = 35.5°, The zinc chloride was

recovered and used repeatedly.

Cumene.

A mixture of isopropyl chloride (128 g.) and benzene
(380 go) was added during 3 hours to a suspension of an-
hydrous aluminium chloride (25 g.) in boiling benzene
(880 go) and the mixture boiled 1 hour longer. The
cooled solution was shaken with ice-water, dried and dis-
tilled. The product was redistilled through an efficient

column and a yleld of 72%, bep. 150 - 152.5° obtained.

Cumene.

A mixture of benzene (250 g.) and isopropyl alcohol
(100 g.) was run slowly (10 min.) into vigorously stirred
80% sulphuric acid (2000 cc.) at 65°. The emulsion was
stirred at that temperature for 3 hours, allowed to separ-
ate and the top layer siphoned off. It was washed with
potassium>carbonate solution and water, dried and distilled.
On redistillation, a yield of 136 g. (68%) was obtained,
bep. 150 - 152.5°.

The acid layer was brought up to strength by drawing
off 110 cc. and replacing it with concentrated sulphuric
acid, the slight excess being to allow for sulphonation.

It was then used for the next run.
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p~-Cumene potassium sulphonate.

A mixture of fuming sulphuric acid (600 g.; 12%
505) and concentrated sulphuric acid (400 g.) was slowly
added with shaking to cumene (500 g.), the temperature
being kept below 40°. The mixture was shaken occasion-
ally until i1t became homogeneous (1 hour), allowed to
stand 3 hours and poured into water (4000 cc.). Sufficient
calcium hydroxide (760 g.) to neutralise the acid was
added in a smooth paste and the mixture filtered. The
residue was extracted with hot water (3000 cc.), filtered
and the combined filtrates evaporated to 2 litres and
filtered from a small amount of calcium salts. A slight
excess of barium chloride solution was then added and the
precipitated barium salt collected and dried. The
barium salt (500 g.) was dissolved in boiling water (6000 cc.)
and potassium carbonate solution added till the solution
was just alkaline to phenolphthalein. The barium cgr-
bonate was removed by filtration and the solution evaporated
to dryness.
Note. If the acid liquors are neutralised by barium car-
bonate or hydroxide, very large quantities of hot water
afe necessary completely to extract the barium salt, and
in addition, if the carbonate be used, frothing causes the
sctual neutralisation to be é lengthy and tedibus opera-

tion.
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p-Lsopropyl phenol.

p-Cumene potassium sulphonate (150 g.) was stirred
into fused potassium hydroxide (300 g.) at 280° over a
period of 30 minutes. The temperature of the mixture
was slowly raised'to SOOO (10 min.), by which time two
layers had separated. ihen cold, the solid was dissolved
in water, and the solutlon cooled and acidified. The
phemol: layer was separated off and washed with sodium car-
bonate and water, a little carbon tetrachloride beihg‘
added to increase the density and prevént crystallisation.
The fraction b.p. 220 - 240° solidified immediately on
cooling. A yield of 50 - 55% was obtailned. On re-
distillation the main fraction had b.p. 217 - 222°. A
sample recrystallised from petroleum etherrhad m. p. 62 -

63°,

p-Isopropyl cyclohexanol.

The Raney nickel catalyst used in this reduction was
prepared by adding 50% Al-Hi alloy (16 g.; 100 mesh) to a
stirred solution of potassium hydroxide (16 g.) in water
(300 cce ). When the reaction had subsided, the tempera-
ture was raised slowly in the water bath to 100° and main-
tained until the reaction had practically ceased (2 hours).
The alkaline solution was decanted off and the catalyst
washed six times with hot water by decantation, and once

with alcohol.
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p-Isopropyl phenol (200 g.) and Raney nickel (8 g.)
were placed in a high pressure autoclave (monel liner)
and hydrogen to a pressure of 100 atmospheres at 180°
added. Stirring was effected with a stainless steel
chain stirrer, the gland being lubricated with glycerol.
The pressure dropped rapidly to 30 atmos., whereupon it
was ralsed by the addition of more hydrogen. Absorption
stopped when the theoretical amount had been absorbed
(3 hours). The product was filtered and distilled
without further purification, a yield of 160 g. (80%)

bolling at 102 - 110°/15 mm. being obtained.

f -Isopropyl adipic acid.

Al

45 was used with

(1) The method of Braun and Werner
slight modifications. p-Isopropyl cyclohexanol (25 g.)
was added to a solution of potassium permanganate (75 g.)
in water (1000 cc.) and, with vigorous stirring, a solution
of potassium hydroxide (12.5 g.) in water (50 cc.) was
added (30 min.), the temperature being kept below 50.
The mixture was stirred vigorously for 9 hours and allowed
to stand overnight. Excess permanganate was destroyed
with hydrogen peroxide and the manganese dioxide filtered
off. The product was extracted with ether in a soxhlet

and esterified as described below, 20 g« of the ester

being obtained.



(2) Ammonium vanadate (0.2 g.) was dissolved in a
mixture of concentrated nitric acid (250 cc.) and water
(125 cc. ). The solution was heated to 50 = 60° on a
water-bath and p-isopropyl cyclohexanol (100 g.) run in
with vigorous stirring at such a rate as to maintain the
temperature at 50 = 550 without further external heating
(4 - 5 nours). After heating at 100° for 30 min., the
water and excess nitric acid were removed by vacuum dis-
tillation on the water-bath: (stronger heating at this
stage may cause a violent reaction). The/acid was not

further purified.

Diethyl p-isopropyl adipate.
Ay

The crude @-isopropyl adipic acid was dissolved
in absolute alcohol (200 cc.) and the solution saturated
with dry hydrogen chloride. After standing overnight
it was refluxed (1% hours), the two layers separated and
the water and alcohol removed from the top layer under

reduced pressure. Yield 135 ge, bep. 145 - 165°/15 mm.

Ethyl-4-isopropylcyclopentanone-2-carboxylate,

Sodium (15 g.) was atomised in dry toluene (200 cc.)
and diethyl @-isopropyl adipate (120 g.) added in small
guantities, care being taken to keep the reaction under

control. When the vigour of the reaction had somewhat



abated, the flask was heated on an oil-bath at 120 - 130°
with occasional shaking for 80 minutes. = The mixture

was then cooled to 0° and ice-cold 10% hydrochloric acid
(1000 cc.) added and the mixture shaken until no solid
'remained. The toluene layer was separated off and the
acid layer extracted with toluene. The combined
toluene solutions were washed wifh‘sodium carbonate
solution and water, and dried. On fractionation, a
yield of 64 g. (65%), bep. 134 - 141°/15 mm. was obtained.

B.p. on redistillation was 128 - 135°/15 mm.

3=-I1gopropyl cyclopentanone.

Ethyl-é-isopropylcyclopentanone-z-carboxylate
(14 g.) was refluxed with dilute hydrochloric acid
(140 cc. 3N) for 4% hours. The product was steam dis-
tilled off, the agueous layer of the distillate being
extracted with ether. A yield of 8.5 ge, bep. 75 =~

800/15 mm. was obtained. The semicarbazone formed

o
readily and had mep. 192 . The phenyl hydrazone
crystallised in plates mepe 75 - 76.5°, It decomposed

repidly on exposure to the atmosphere.

Ethyl propenyl ketone.

The method of Blaise, using allyl bromide in

place of allyl iodide, was the only practicable method



among those attempted. Allyl bromide (57.5 g.) was
addeg slowly to a stirred mixture of fine zinc turnings
(35 g+), dry benzene (80 g.), and pronionitrile (30 g.).
A crystal of iodine was added to start the reaction, hut
as.a rule, a considerable quantity of the allyl bromide
had been added before the reaction set in. When 1t did
start, the reaction was vigorous and the flask was cooled
in ice. After stirring for 2% hours, the mixture was
allowed to stand 18 hours and then decomposed with ice
and 20% sulphuric acid. The benzene layer was separated
off,/the benzene removed by distillation, and the residue
refluxed with twice its volume of 20% sulphuric acid (1
hour). The oil was separated and the acid layer ex-
tracted with ether. The combined extracts were washed
with sodium carbonate solution and water and drled. On
distillation a yield of 13 ge, Depe. 133 =~ 145° was obtained.
It readily formed a semlcarbazone mep. 15'7o from agqueous
alcohol.

| The following other methods were attempted:-
(1). Allyl magnesium bromide was prepared from allyl
bromide (60 g.), dry ether (485 cc.) and magnesium turnings
(36 g.). The solution was decanted, cooled in ice, and
propionitrile (22 g.) added with stirring (1 hour). The

mixture was allowed to stand overnight and decomposed with
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ice and sulphuric acid. None of the expected product
was obtalned.

(2). Ethyl propenyl carbinol was prepared by a Grignard
reaction from ethyl bromide (164 g.), ether (350 cc.),
magnesium turnings (36 g.), and crotonaldehyde (105 g.)
in ether (200 cc.). A yield of 100 g. was obtained.
The oxidation of this alcohol to ethyl propenyl ketone
was attempted by the following methods:-

(a). The carbinol (10 g.), acetone (66 cc.), ben-
zene (155 cc.) and aluminium isopropoxide (10 g.) were
refluxed (24 hours), the mixture acidified with dilute
sulphuric acid, washed with water and the solvents re-
moved through a fractionating columm. The fraction
Depe 130 = 150° (7 g.) did not form a semicarbazone or a
2:4~dinitrophenylhydrazone, and its smell indicated that
it consisted largely of the starting material.

(b). The double bond was protected by bromination,
bromine being added to the carbinol (10 g.) in glacial
acetic acid (10 cc.) until a faint permanent colour was
pfoduced. Chromic anhydride (7.5 g.) in acetic acid
(15 cc. 80%) was added slowly with stirring and cooling.
After standing overnight, the solution was heated to 60°
for 1 hour, diluted with water and extracted with ether.

A yield of 10.3 g. beps 94 - 104°/10 mm. and 5.3 g. Db.p.



104 - 1140/10 mme was obtained. Debromination with
sodium iodide in alcohol failed. Appnroximately the
theoretical amount of ilodine was liberated, but none of
the required product could be isolated. Debromination
with zinc dust ylelded only black tars.

(c). Oxidation via 4-chloro- /N -hexene as described

55 was attempted but the yiélds were

by Courtot and Pierron
small (2.8 ge ketone from 13 g. alcohol) and poor in

qual i tyo

Condensation of isopropyl cyclopentanone and ethyl propenyl

ketone.

Isopropyl cyclopentanone (18 g.), dry ether (60 cc.)
and powdered sodamide (3.2 g.) were stirred in a slow
current of nitrogen for 4 hours. Ethyl propenyl ketone
(8 go) in a little ether<was slowly added and stirring
continued 4 hours. The mixture was refluxed for 6
hours, allowed to cool and decomposed with dilute hydro-
chloric acid. The product was extracted with ether, the
ether evaporated,and starting material removed in steam.
The residue yielded the following fractions:-

(1) 150 = 170°%/10 mm.e .. 7 g.,
(2) 170 - 190°/10 mm. .. 5.1 g.,
(3) 190 - 220°/10 mm. .. 4 g.
From fraction (2) a solid crystallised out. It formed

white plates from aqueous alcohol, mepe. 75.5°.



Di-isopropyl cyclopentylidenecyclopentanone. (XII)

A suépension of sodamide (3.9 g.) in a solution
of isopropyl cyclopentanone (14 g.) in dry ether (50 cc.)
was stirred in a slow stream of hydrogen. At first
there was a brisk evolution of ammonia but after 4% hours
this had practically ceased. -~ Stirring was continued for
2 hours and the mixture left overnight. Ice was added
and the ether layer separated and washed with dilute acid
and water. | The ether was removed and a very little
starting material recovered by steam distillation. The
residue was extracted with ether and, on working up,
yiélded a liquid (8.1 g.) bep. 165 - 175°/10 mm., which
partly solidified on freezing. On recrystallisation
from alcohol it had me.pe. 75 - 760, and this was not de-
pressed by admixture of the solid obtained in the conden-
sation of 3-isopropyl cyclopentanone and ethyl propenyl
ketone.
The experiment was repeated adding the ketone

slowly to a suspension of sodamide in ether at -20°¢.
A fairly rapid current of dry hydrogen was passed into the
suspension and at the end of an hour the evolution of
ammonia had almost stopped. Water was added and the pro-
duct worked up as before when 7 g of the starting material

and 5 g. of the same condensation product were obtalned.
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The product did not readily form the usual derlvatives but
was characterised by reduction (Pd black in acetone) to
the saturated ketone. This formed a semicarbazone MasDe.
161.5° from acetone.

Found : C, 69.81; H, 10.85%,

O s . (/o
C. gfasy N5 Tede G, 69.56; H, 10.66%

It formed an oxime, mep. 142 - 143.5° from alcohol on

refluxing with hydroxylamine hydrochloride in pyridine.

Found: C, 76.28; H, 1l.71%,
C,gHogON req. C, 76.850; H, 11.65%.

(q)
2=-Isopropyl-4:7-dimethyl-5-keto- £S+ -tetrahydrohydrindene. (XV)

Ethyl-4-1isopropyleyclopentanone-2-carboxylate (19 g.)
was slowly added with shaking to dry benzene (250 cc.) con-
talning sodium wire (2.1 ge). The sodio compound separated
as a white gelatinous mass. This did not condense with
ethyl propenyl ketone to any great extent on refluxing for
6 hours.

Sodium (7.17 g.) was dissolved in absolute alcohol
(300 cce) which had been distilled over lime. Ethyl-4-
isoéropylcyclopentanone-2-carboxylate (60 go) was added
dropwise with shaking. The sodio compound separated,
fdrming a thick paste, and to this ethyl propenyl ketone
(22 g.) in absdlute alcohol (100 cc.) was added with

shaking and cooling. The mixture was left in the cold
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for 40 hours and then refluxed for 6 hours. Most of the
alcohol was distilled off and ice and ether added to the
cooled solution. The ether layer was washed with dilute
acid and water and the product worked up in the usual way.
A yield of 26.8 g. bep. 170 - 190°/10 mm. was obtained.
This was dissolved in absolute alcohol (140 cc.) contalning
potassium hydroxide (19 ge.) which had been dissolved in the
minimum amount of water. The solution was refluxed for

6 hours, filtered from potassium carbonate, and most of

the alcohol distilled off. Water was added and the pro-
duct extracted with ether. A yield of 12.5 g« bep. 145 =
1650/10 mme was obtained. A considerable amount of acidic
material and some starting material was recovered from the

condensatione

2-Isopropyl-4;7-dimethyl=-5=hydroxyhydrindene. (XVI).

| 2=-Isopropyl=-4:7-dimethyl-5-keto- éﬁﬁﬂ-tetrahydro—
‘hydrindene (le5 ge) was refluxed for 14 hours with palladium
black (0.1 g.) in p-cymene (15 cc.) in an atmosphere of
carbon dioxlde. The filtered solution was shaken with
sodium hydroxide solution and the extract acidified. The
crude phenol (0.1 g.) was sublimed (100°/0.5 mm.) and after
,4 recrystallisations from hexane was obtained as small

colourless needles, Mmepe. 131-132°. (Pfau and Plattner

record Me pe 129 = 130°).
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2-Isopropyl-4;:7-dimethyl-5-ketohydrindane. (XVII).

2-Isopropyl-4:7-dimethyl-5-keto- él¢ﬂ—tetrahydro—
hydrindene (12 g.) in absolute alcohol (150 cc.) was
shaken with palladium black (0.3 g.) in an atmosphere of
hydrogen. Absorption stopped when about 75% of the
theoretical amount had been absorbed (24 hours). The
alcohol was removed and the ketone converted to the semi-
carbazone which, after recrystallisation from alcohol,

had m.p. 201°.

Found: C, 68.38; H, 10.19; N, 15.70:,
C,Hy 0N, Teq. C, 67.96; H, 10.26; N, 15.85%.

The oxime, prepared by refluxing with hydroxylamine hydro-
chloride in pyridine and recrystallised from alcohol, was
obtained as fine white needles; MeDe 154.5°.

Found: G, 75014:; H, lOo 90%’

Cl4H25ON req. C, 75.26; H, 11.29%.

The semicarbazone was steam distilled with 20% sulphuric

‘acid and the pure ketone isolated.

Reaction of diazomethane on 2-isopropyl-4:7-dimethyl-5-

ketohydrindane.

2-Isopropyl-4:7-dimethyl-5-ketohydrindane (2 g.)
was dissolved in absolute alcohol (2 ccs) and anhydrous

potassium carbonate (0.1 g.) added. Nitrosomethylurethane
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(l.4 g.) was added over a period of 3 days, the mixture
being kept at 0°. After standing 2 days longer, the
solution was filtered and the alcohol removed. The
residual oil was shaken for 7 hours with saturated sodium
bisulphite solution, but no bisulphite compound was formed.
(The starting material does not form a bisulphite compound.)
The product was treated with semicarbazide hydrochloride
and sodium acetate in cold agueous alcohol and the semi-
carbazone, which was slowly formed, filtered off. On
crystallisation from alcohol it formed white needles,

mep. 162 - 164°.  After several recrystallisations it -

nad mep. 168°.

Found : C, 67.93,( H, 10.12,] N, 15.59%,
68.06; 10.16;
C,gHogONz Teq. G, 68.8; 7 H, 10.47§ N, 15.04%,

015H24ON5 req. C, 68.0; H, 10.26; N, 15.85%.
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