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PARZ 1. A TOTAL SYNTHESIS OF CITRINIK




Introduction
Citrinin, a yellow metabolite of Penicillium

citrinum Thom., was isolated by HETHERINGTON and
RAISTRICK' in 1931. Later it was found that various

other organisms, such as Penicillium gxngnanm,z
Aspergillus &gzxgug? and an Aspergillus species of the
candidus group,4 produce citrinin. The yield of citrinin
varies from 1.0 to 4.5 g per litre of the medium,
depending on the organism, the medium and other factors.
A reported isolation of citrinin from the leaves of
Crotalaria crispata F. Muell® was not supported by
adequate evidence of identification and could not be
repeated in recent investigations of this plant.6

Citrinin crystallizes from alcohol in bright yellow
needles, m.p. 171.5 (dec), and is optically active
([«]Hg green = about -42° in alcoholic solution).

The bacteriostatic activity of citrinin has been
examined by various workers,7'12 who found that it
possesses high toxicity and low antibacterial action in
comparison with antibioties, such as penicillin and
aureomycin. Hence in spite of the ease with which
citrinin can be prepared microbiologically, it has not
found therapeutic application.



The structure of citrinin was first investigated by
HETHERINGION and RAIBTKICK; who subjected citrinin to a
series of reactions and isolated the degradation products.
These results were later interpreted by COYNE, RAISTRICK
and nDBIHsDN13 as involving the sequence of reactions in

1, 11 and 111, and citrinin was assigned the isobensofuran
structure 1.

OOH
OH €00 OH
& “™N iz . & +HCOOH +CO0p
0 HO CHOH—Me

Me Me OH Me

1 HO OH Et KOH,300°, 90° min.
Me HO I
' t
e Il a Me Bl

GORE gt al.>* were the first to show that structure I
for citrinin was untenable because (8) citrinin coupled
with diazotized aniline to give a monoazo dye containing a
oarboxyl group and & disago dye free from carboxyl; and
{(b) the phenolic aleohol Il and the phenol 1II obtained
by the degradation of eitrinin and to whiech COYMNE,
RAISTRICK and ROBINSON'® had assigned the indicated
structures, gave disaszo dyes with diazotized aniline. A
resorcinol derivative substituted in the 2,4~-positions,
as in II and 111, obviously can only give monoazo dyes.
COYNE, RAISTRICK and ROBINSON'® regarded the structure



of the phenol 1II, which was assigned "for good and

sufficient rCBSOHI.“a

as fundamental in their arguments
for the constitution of ecitrinin I. On the basis of

the electronic absorption spectra of a series of phenyle
azoresoreinols and the other data already available, but
without recourse to newv degradative or synthetic
experiments, GORE, PANSE and VENKATARAMAN showed that

the phenol III obtained by the degradation of citrinin was
Seethyled-mpothylresorcinol (I1la), and they proposed
structure 1V for citrinin, which represented the first
example of a pigment derived from the isochroman and
nethylenequinone ring systems. The independent and
simultaneous work of Robertson and oal].nbora:t.c.u-n]""'m led
to the slightly different structure V, which is now known

COOH

OH OH
g Y
Me 0 Me
Me Me Me Me
v Y

to be corrects The failure on the part of GORE gt ll-“
to place the carboxyl group in the right position was for
two reagsons: (a) the characteristic blue ferric colour of
Yepresorcylic acid shown by dihydroeitrinin was not
noticed; and (b) the nitrogen contents of the azo dyes

VI and V11 were within the limits of experimental error,
and the possibility of the pyran ring undergoing fission




duping ddazonium coupling was not anticipated. Later wrkzl
showed that the carboxylic acid obtained by coupling
¢itrinin with a molar proportion of diagotized aniline had
the structure VII§ ROBERTS0N was not able to isolate (VII),
because he was not awvare of the correct experimental
concditionse

OH COOH OH
ATN=NZ ~ZF o HOOC N=N-Ar
Cf&L "~ Me HO CH-CHOH- Me
|
Me Me Me Me
il VI

The phenolic aleochol obtained by aeid hydrolysis of
eitrinin m a mixture of optical isomers, phenolic alcohols:
(A)y meps 188°, which was laevorotatory, and the optieally
inactive (1), mep. 169°%, shown to be the racemate of
phenolic alcohol (A)es Degradation of citrinin with agqueous
scdium hydroxide produced phenoliec aleohol (A) only.
Phenolic alcohol (A) ecan be racemized to phenolic aleohol
(B) by boiling with dilute sulphuric acidst®

Phenolie alcohol (B) was shown by ROBERTSON gt al’to
be & single racemate. After obtaining inaetive citrinin
from phenolic aleohol (B), as mentioned later, they resolved
it into the § and ]} forms by means of its brucine salt,.



|

Hydrolytic decomposition of the (+) and (=) eitrinin with
agqueous sodium hydroxide gave respectively (+) and ()
phenoliec aleohol (A), a mixture of which furnished phenolic
aleohol (B). 7The relationship between these two phencls
was also demonstrated by resolution with brueine, of the
hydrogen phthalate of dimethyl ether of phenclic alecochol
(B), to give the (+) and (=) hydrogen phthalates of
phenolic alcohol (A),

CRAM®2 geduced the structure of phenolic alcohols (A)
and (B) as (VI1l) and further elaborated the relative
configuration of the two asymmetriec carbon atoms in phenolie
aleohol (A) as 1X and in citrinin as Xe CRAM® suggested
that the acid ecatalysed recemization of the phenolie
aleohol (A) to phernolic aleohol (B) with retention of
configuration proceeds by way of a Wagner-Meerwein
rearrangenent.

H
Me ://MEH
HO OH HO C\C/
Me l~‘Me
OH R
CH-CHOH-Me
|
Me
VIT X
N
| Me
B é\/C/H
1~
HO—ﬁ
0



6

Gingce citrinin (V) has two asymmetric carbon atoms,
there should be four optically active forms and two
racemates; but only one pair of enantiomorphs (the fomm
of which i3 natural citrinin) and the corresponding
racemate are known.

The synthesis of the dimethyl ether of phenolic
aleohol (B) (Vi1I) was accomplished by ROBERTSON by two
methods outlined in Charts 1 and 2,16 %

The routes in Chartg 1 and 2 led to two racemates,
which were separated as their penitrobenzoates; one of
them was identical with the penitrobengoate of the
dimethyl ether of phenolie alcohol (B) from citrinin.
Demethylation of the dimethyl ether of phenolic aleohol (A)
vith hydripdic scid for S =min gave phenolic alcohol (B)
in 10 per cent yield, demethylation being accompanied by
racemizations HOBERTISOR did not demethylate the synthetic
dimethyl ether XI (Chart 1 and 2) to phenolic aleohol VIII.

mmmos“ achieved a partial synthesis of citrinin
starting from phenolic aleohol VIII (B), obtained from
natural citrinin this was carboxylated by means of
potassium carbonate in glycerine at 160-155°. The resulting
aeid (XII) was submitted to the GattermanneAdams reaction



Chart 1]

v
H
HoS04 e SO3H  yom s - Me,S0,4; NoOH
_—-ﬁ ———
Me Me Me
COOH COOH COOH
MeO OMe MeO, OMe PCIs MeQ OMe CHaNy
e ——— —_—
Me Me Me
COOMe COOH cocl
M M
e s NH3;AgNOg; dioxane = e P20¢
- - 5
Me Me
COCHN, CH,CONH,
MeO OMe MeO OMe
~ NONHz;M32304 xe Snclz'HCI
Me 3 Me <
~ CH5CN CH—CN
R e 1
’ : Me
Me OMe MeMgl MeO OMe
Me 4 Me
(I:H—CHO ?H—CHOH—Me
" (B) " (XD)
Chart 2
(A) HI MR Qe CICH, COOEY; NaOE? =
Me .
COMe
MeO OMe MeMgl
Me > (B) > (XI)
Me—C CCHCOOE!

0]




with hydroeyanic acid, zine chloride and hydrochloriec acidy
the bright yellow product, assumed to be essentially the
aldehyde (XI1I), on treatment with conc sulphmric acid
g§ave inactive citrinin (V) in an overall yield of about

J0 per cent. Iynthetic inactive citrinin was subsequently
resolved by means of the brucine salt into the (+) and
(«)~isomerides, an® the latter proved to be identiecal

with natural citrinin.®® Phenolic alcohol A was similarly
converted to active (<) citrinin.

COOH COOH
HO OH HO OH
Me OHC Me
CH-CHOH-Me CH-CHOH—Me
rlié blle
XIT X

By hutm the acid X1l prepared from phenolic aleohol
(A) with methylal in benszene saturated with hydrogen
chloride in a sealed tube at 60° for 6 hr, WARREN gt al.>?
obtained dihydrocitrinin which was oxidized to citrinin by
bromine in chloroform.

A remarkably simple and interesting reaction for the
conversion of the acid XII to eitrinin was described by
GORE gt n.u Ehen XII was dlissolved in ethyl orthofore
mate at room temperature {28-30°), the colourless solution
rapidly turned yellow and a crystalline precipitate of
citrinin separated after a few min in nearly quantitative
yield. The reaction probably proceeds through the



ethoxymethylene derivative XIlla.
pees
I OH
28°-30° | 0 CH=CHOH-Me
|
I
]
| S

M
cMe

|
————— o

I
L

The bilosynthesis of citrinin has been examined by
BIRCH .;_g]ﬁsby feeding experiments with 1"c--lahvol.].m.'i
acetic and formic acids. They suggest that citrinin ean
arise from five acetic acid units and three formic acid
units, but a better cdefined route will need further

investigation.

The WMA spectrum of citrinin has been discussed by
TEREAHARA gnd ‘oolhbontota.m

Eresent work

It is to be noted that the syntheses of citrinin
reported above have been accomplished, starting from the
phenolie aleohol (VIID),2992%28 L pion vms obtatned by
the hydrolysis of eitrinin itself. Although the structure
of the phenolic alcohol (VIII) has been conclusively
proved,}® and 1ts dimethyl ether synthesized, the recorded
syntheses of citrinin can only be regarded as "partial” or
“formale" The present work was undertaken to achieve a
total synthesis of citrinin and also to develop procedures
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for the synthesis of analogues of citrinin, which may
be less toxic and have more poverful antibacterinl
properties than citrinin.

This part of the thesis deals with (A) a total
synthesis of ¢itrinin starting from citric acidj and
(B) a study of the stereochemistry of the synthetic
phenolic aleohol (XXVII) 4n comparison with the phenolie
alcohol obtained from natural citrinin.

The reactions involved in the synthesis of citrinin
are shown in Chart 3.

(4) Citric acid was first converted to acetonee
dicarboxylic acid (XIV) by reaction with 20 per cent
oleum in an overall yield of 85 per cent. The acid (XIV)
was uhﬁhoﬂ with ethanol and hydrogen chloride; the
product was fraetionally distilled to give pure
diethyl acetonedicarboxylate (XV)«2° DIECKMANN cyclization
of XV with metallic sodium at 140° gave ethyl 3,8edihydroxye
2y4~dicarbethoxyphenylacetate (IVI) and ethyl carbethoxy~
3y S=dihydroxy-d=carboxyphenylacetate (XVII). It was
observed that the yields of XVI and XVII were 4546 per
cent and 11«12 por cent respectively as against 53 and §
per cent reported by THEILACKER and scmap®®,



Chart 3
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HO., OH
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CH,COOE
XXT

PhH,C-0 0-CH,Ph

Meli

Me

CH,COOEt
XXI

NoOH; Mel

Me
CH,COOH
XX

PhH,C-0 = O-CH,Ph
L'AlHg
5 Me —_—
CH-CO-Me

|

Me

XXV

PhHZC-O -

PhH,C-0 0-CH,Ph
2 Me

CH,COMe

XXIY

HO OH

i O-CHZPh
| HZ;PG/C
.~ Me S5k T
CH—CHOH-Me
|
Me

Me

XXVIT

CH-CHOH-Me



A1l the ester groups 4in XVI and XVII were hydrolyzed
with 12 per cent agueous sodium hydroxide. Decarboxylation
of the muclear carboxylic groups was effected by acidifica.
tion to give 3,5edihydroxyphenylacetic acid (XVIII)e The
acid, which separated as an oil, crystallized as fine
needles on keeping in a vacuum desiccator for three dayse.
The yield was 85 per cent as mentioned in the literature.
The acid XVIII was esterified to ethyl 3,5edihydroxyphenylace-
tate (XIX) with ethanol and hydrogen chloricde.

29

The GCattermanneAdams reaction on XIX with zine
cyanide, zinc chloride and hydrogen chloride in Ary ether
gave the aldehyde XX. It was observed that prolonged
treatment of the aldimine hycrochloride with boiling water
led to resimification, and the best yleld (55 per cent) was
obtained by thoroughly washing the aldimine hydrochloride
with ¢ry ether and then adding to it hot water (90°),
stirring for 10 min, and then freeszsing the reaction mixture.
The reaction of dimethylformamide and phosphorus oxychloride
on XIX gave the aldehyde XX in lower yileld (25 per cent).
The aldehyde XX gave a typical red ferric colour, indicating
that the aldehyde group has entered one of the ®epositions.
It was also characterized as its dinitrophenylhydrasone.

The Mannich base reaction with dimethylamine and
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formaldehyde on XIX under various conditions failed to
give XXVI1I as a crystalline solid, which coul? then

by hydrogenolysis with Raney nickel and hydrogen give XXIj
the product was a red amorphous polymer having no melting
point up to 350°% an? insoluble in most organic solvents.

HO OH PhH,C-0 0-CH,Ph
N Me
EtO0CH,C B S CH,CHyMe
XXVIIL XXIX.

Clemmensen reduction of the aldehyde XX with freshly
prepared zinc amalgam and eonc hydrochloric acid in
methanol led to ethyl 3,5edihydroxy-getolylacetate (XX1).
The ester XxI was benzylated by means of benzyl chloride
and potassiim earbonate in acetone to give ethyl 3,5«
dibenzyloxyeg-tolylacetate (XXII). For obtaining the
maxizum yleld of the benzylated procuct (85 per cent), the
reaction time was 72 hre The resction could be completed
in a much shorter time (12 hr) by employing benzyl
bromide in place of benszyl chlorides.

ilkaline hydrolysis of the ester XXII ylelded
3y 8=dibensyloxy=g=tolylacetic acid (XXIII), but only in
70 per cent yield under the best conditions.

The acid XXIII on treatment with methyllithium in
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ether led to J,5~dibenzyloxy~g-tolylacetone (XXIV) in
85 per cent yleld. The ketone was characterized by its
8y4=dinitrophenylhydrazone.

It was observed that when the acid XXII1I was refluxed
vith excess methyllithium in ether for a prolonged period
(40 hr), the product obtained was not the ketone XXIV,
but 2,4«dibengyloxy-8-gepropyltoluene (XXIX) as a result
of reduction of the ketone.

E=Methylation of the ketone XXIV was effected with
sodium hydroxide and methyl iodides The product XXV,
purified by distillation under reduced pressure,was 8
colourless visoous oil, which gave the correct elementary
analysiss The 2,4-dini trophenylhydrasone melted at 152°,
No attempt was made to erystallisze the ketone.

Reduction of the ketone XXV with lithium aluminium
hydride gave the corresponding aleohol XXV, methyl
ote{ 3, 5=dibenzyloxy-g-tolyl) sethyl carbinol, as a c¢colourless
04l in nearly quantitative yielde The IR spectrum of this
product (liquid film) (Pigs 1) (as well as CCl,) (Fige.2)
was identical with that of the dibenayl ether of the
phenolic alcohol (A) prepared from natural citrinin. lLater,
in the study of the stereschemistry of this synthetic alcoe-
hol an attempt was made to determine the composition of the
oily producte Chromatography on alumina followed by
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fractional erystalligation from hexane resulted in the
fractionation of this oil into a erystalline solid melting
at 86° and an oil, both of vhich anmalysed correctly for
the 2lcohol with structure XXVI and had identiecal IR
spectra in earbon tetrachloride (Fig. 3)« However, the
14 spectra of these two products in Mujol showed differ-
ences (Figs 4) that may be expected from the two racemates
of the aleohol.®®"2  In the present synthesis the oily
produet was used without pesclution of the component
iyoncrl.

The hydrogenolysis of XXVI in methanol in presence of
10 per cent palladium on carbon led to methyl «(=(3,5-
dihydroxyeg-tolyl) ~ethylearbinol (XXVII), mepe 125, in
88 per cent yield. The reported melting points of the
phenolic aleohols (A) and (R) are 128° and 169° respective~
lye The mixed mepe. Of the synthetic phenclie aleohol with
(4) or (B) did not show any depression below 126% The
IR spectrum of the synthetic phenolic alcohol was
identical with that of phenolic aleohol (B) (Fige. 8)e«
Further characterization of the phenol was made by the
preparation of its Rigphenylazo derivative, mepe 202°%,

The synthetiec phenolic aleohol (XXYII). by earboxylae
tion in glyecerine atss-<Swith potnulm,(bclnrbonatn in an
atmosphere of carbon dioxide, gave 2,8edihydroxy=de
mothyl ~Be(denethyl «Aehydroxy-p=propyl) =bensoic acid (XIDj



- 188
FREQUENCY cM'

4000 3000 2000 1500 1000 900 - 800 700

I 1 1 1 1 1
£ 80
w
(=)
Z 60
=
e
Z 40
-
L4
x
~ 20|

o 1 1 1 1 1 1 1 1 1 1 1 L

3 a 5 3 7 8 9 10 1 12 13 14 15

WAVELENGTH (MICRONS)

Fig. 3. IR spectra (CCly) of crystalline and
oily fractions of synthetic XXVI.
. Crystals, m.p. 86° ( )3 0il (----).

FREQUENCY CM™'
4000 3000 2000 1500 1000 900 800 700
1 1 1 |

8

3

-]
o

TRANSMITTANCE (%)
s
o

n
o

4 5 6 7 8 9 10 ] 12 13 14 15
WAVE LENGTH (MICRONS)

Fig. 4. IR spectra (Nujol) of crystalline and
oily fractions of synthetic XXVI.
Crystals, m.p. 86° ( )3 oil (----).

I
547 587 (043
PHA

17



18

FREQUENCY CM™'

4000 3000 2000 1500 1000 900 800 700
| — 1 | 1 1 1 1

100
;80 - ,f"\‘ f’-"‘w’\‘ i .,
u ':
Z 60 A \
g '
| i
= |
540 :
z i
; LI ===~ Phenolic alcohol (B)
= 20 ——— Phenolic oicohol - Synthetic

In Nujol
0 1 1 1 L 1 1 1 |
7 8 9 10 1l 12 13 14 ]

WAVELENGTH (MICRONS)

Fig. 5.

40
00

= 80|

z

]

£

H

2 &0

w

¥

£

L 40

2

z

H

g2
I
O.L_ i 1 1 L 1 (] i 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 i N |
23 3 4 s € 7 . s 0 " 2 o " It

WAVELENGTH (MICRONS)

-

Fig. 6. IR spectra of the synthetic sample (
and the natural sample (==---).



19

the yleld was only 35 per cent as against 45«80 per cent
claimed by ROBERTSON gt sl+ An agqueous solution of the
aeid gave an intense blue ferric colouration characteris~
tic of Yeearboxylic acids.

The acid X1l, on re:ction with ethyl orthoformate
at room twpcmtm-o,u gave citrinin, me.p. 171°. in 76
per cent ylelde T7he mixed me.pe with natural citrinin,
HePe 171°, was undepressed. The synthetie citrinin was
optiecally inactive. The IF spectra of the synthetic and
patupral citrinin are shown in Fige 6+ The UV absorption
spectra of the two are given in Fige 7. It will be
noticed that the synthetie and natural eitrinin have
identical IR and UV spectra.

1t is evident from the structures of eitrinin (V),
phenolic alecohol (XXVII}, dibenzyl ether (XXVI) and
dimethyl ether (XI) of phenolie aleohol (XXVII), 2ll of
which have two asymmetric carbon atoms, that they can
exist in four optically active forms (two diastereoisomers
and their enantiomers) and two racemic forms.

Starting with either the J~form (A) of the phenolie
aleohol or the racemic form (B), obtained from natural
citrinin, ROBERTSON gt al. synthesized natural (~) eitrinin
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or inactive citrinin respectively. Further these
workers synthesized the inactive dimethyl ether (XI) of
the phenolic alcohol (XXVII) and isolated from it by
fractioral erystallization the penitrobensoate of one of
the racemic forms, identical with the p-nitrobenzoate of
the dimethyl ether obtained from natural eitrinin. Mo
information is so far avallable regarding the identity
of the other racemic form of the phenolie aleohol (XXVII)
and its dimethyl ether (XI)s According to CRAM® the
racemization of phenolie alcohol (A) to phenolic aleohol
(B) with retention of eonfiguration proceeds by way of
Wagner-iigervein transformation. He further elaborated on
the relative configuration of the two asymmetric carbon
atoms in phenolic aleohol (A), which indicated that
phenol (A), and hence citrinin, possesses the threg cone
figuration.

In the present synthetic studies it was observed
that the dibenzyl ether (XXVI) of the phenolic alcohol
(XXVII) was obtained as a colourless oil and analysed
correctly for the strcture XXVi. It was further observed
that this oil had the same Ii spectrum as that of the
dibenzyl ether of the phenolic aleohol (A) obtained from
natural eitrining either liguid film or carbon tetrachloe
ride (Figs. 1 and 2). However, when the synthetic oil



in hexane was chromatographed over alumina (grade 1I),
an oil was eluted which erystallized from hexane in
white needles, m.pe u"; the mother liquor ylelded an
oily residues Doth the products (the crystalline solid
and the oil) analysed correctly for the structure (XXVI).
However, the IR of the product with mepe 86° in iujol
showed differences when compared with that of the
dibenzyl ether of phenolic alcohol (B) obtained from
natural citrinin (Fige 8)e

when the producty mepe 86° y was debenzylated with
10 per cent palladium on earbon in methanol, it gave a
phenolic-alcohol, meps 169°, which is also the m.ps of
the racemic phenol (B), and it analysed correctly for
the structure (XXVII). However the mixed meps of the
synthetic and natural samples gave 2 lowering in the mepe
by 15°.  The difference between the two samples was also
brought out in their IR spectra in lmjol shown in Fige. 9.
Because of the insolubility of these two phenoclic aleohols
in carbon tetrachloride, chloroform and carbon disulphide,
it was not possible to companre their IR spectra in
sclutione.

That the phenolic alcohol (B) is a2 single racemate,
m.ps 160°, has already been conclusively shown by
ROBERTSON gt al.° It could be argued that the compound
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that has been obtained by hydrogenolysis of the compound
having mepe. 86° is either 2 single racemate other than
phenolic alcohol (B) or a mixture. However, a mixture of
(B) and the phenolic azlceohol now obtained shows a lowering
of melting point. Also, the IR spectrum of the synthetic
compound (Fige 2) shows the absence of some of the absorption
peaks, for example 1640 em™t, 1190 en-l, and 970 em~L, which
are present in phenoliec alechol (B)s 1t is therefore
clear that the procduet now obtained is not a mixture of
the two possible racemates. Further evidence in this
direction was obtained by degradative study of natural
eitrinin Lﬁnlving the retracing of the synthetic steps,
reported earlier, and compirison of the natural and
synthetic compounds.
latural citrinin was subjected to alkaline hydrolysis

to give the laevorotatory phenolic alecohol (A) (XXVII),
MePe 128°. This alcohol was bengylated with benzyl
bromide and potassium carbonste in acetone; the oily
dibenzyl ether was laevorotatory. Attempts to orystalliize
it were unsuccessful. The oil was oxidized with chromie
anhydride in dimethylformamide, using sulphuric acid as
catalnt.aa The IR spectrum of the oil obtained after
oxidation showed the presence of some starting material
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Fig. 10. IR spectra (Nujol) of the 2,4-dinitro-
phenylhydrazone of ketone XXV:

) ketone, synthetic;

(----) ketone obtained from phenolic alcohol (A).




(hydroxyl peak at 3380 em~X)j it was therefore
ohromatographed over alumina with hexane. The eluent
obtained after distillation under reduced pressure gave
the pure dibenzyl ether of the ketone XXV, and its IR
spectrum showed abgence of the OH peak at 3380 em™} and
CO absorption at 1708 em™l. This ketone was racemized by
refluxing with ethanolie potassium hydroxide for 8 hr.
The 2y4~dinitrophenylhydrazone of this inactive ketone
had mep. 153°, undepressed by mixing with the dinitro=
phenylhydrazone of the synthetic ketone XXV. The IR
spectra of the two Ainitrophenylhydrazones in lujol were
mpnpoa;blo (Fig.10).

The above ketone (prepared from natural citrinin)
was subjected to lithium aluminium hydride reduction and
an oily pr;duat was obtaineds The IR spectrum of this
0i1l was completely identical with that of the produet XXVI
obtained synthetieally (Fige. 11)e. However, when this oil
wvas given the same treatment of chromatography and
erystallization as was given to the oil in XXVI, it was
found that about 56 per cent of the total material could be
erystallized out by seeding mother liquors with the crystals.
The orystals melted at 66‘. undepressed by mixing with the
benzyl ether of phenoclic alcohol (B), showing that a single
racemate has been obtained. Further attempts to crystallisze
the oil were unsuccessful.
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The IR spectrum of this oil was identical with
that of the mixture (after removing the erystalline solid,
mepe 86} obtained by the completely synthetic route.
The oil on debenzylation with palladized earbon in
methanol gave a phenol having a mepe OVer a range of
166-160°, Debenszylation of the original mixture from
the synthetic route gave the phenol having mepe. 155-160°
and their mixed¢ m.pe was undepressed,

The whole series of reactions as in the case of
phenolic alcohol (A) mentioned above was repeated with
phenolic alcohol (B), obtained by the sulphuric acid
hydmlnlhu of natural citrinin. Phenolic alcohol (B) was
benzylated and the racemic dibenzyl ether had mep. 66°.
This aleohol was oxidized to the ketone with chromic
anhydridc-/;.n dimethylformanide, and an oil was obtained
which was subjected to chromatography to obtain the pure
ketonee This ketone on reduction with lithium aluminium
hydride gave an oil having the seme 1R spectrum (Figs. 1
and 2) as that of the synthetic compound XXVi. +hen the
oily secondary aleohol was subjected to further purifie-
eation by chromatography through alumina and fractional
erystallization, identical products as in the route
folloved for phenol (4), Were obtained: a crystalline
compound, MmePe u", plus a liquid mixture. When the
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latter mixture was debenszylated with palladium on carbon,
the phemolic aleohol obtained had the same mepe (156-186°),
undepressed by mixing with the phenolic aleohol obtained
from the mixture at the same stage in the synthetic route.

These results indicate that the synthetic compound
XXVI, mepe 86°. and 1ts hydrogenolysis product, mepe
169%, are grythro racemates and the dibenzyl ethers
of phenolic alecohol (B), mep. 66°, and of phenolie
aleohol (B), mepe 169°, are Yhreg racemates. A1l
the above reactions are shown in Chart 4.

A pouib_h difference in the conditions of preduction
of the synthetic ketone XXV and the ketone preparcd from
natural oif;unin might have given a preponderance of
one of the two racemates in each case. PFurther investi-

gations are in progresse.

A Confon 2 c (/_Vf /7/*3/2777/’%/’0/%)—%
7).
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Ihe infrared spectra of eitrinin and dihvdroeitrinin

The IR gspectra of eitrinin (Fige 7) and dihydroeitri-
nin (Fige. 12) were taken on a PerkineElmer 221 IR spectro-
photometer with sodium chloride prisms The spectrum of
citrinin was studied in carbon tetrachloride and dihydro-
¢itrinin in chloroform, because the latter did not have
adegquate solubility in carbon tetrachloride. The spectrum
of citrinin indicates that there is no specific abgorption
band which oan be assigned to a free hydroxyl stretehing
vibratione The broad absorption band in the region
3500-3000 en™ arises out of the intramolecular hydrogen
bond between the hydroxyl group and the earbonyl of the
mboxylidf'lciﬁo: The broader absorption band in the
region 2800-3300 en™® is presumably due to internolecular
hydrogen bondse OSaliocylic acid shows a similar behaviour,
the corresponding bands due to intra~ and inter-molecular
hydrogen bonds appearing around 3200 om> and 3000 em™t.

4

The presence of C«CHy and CH tertiary groups are
indicated by the stretching vibration at 2082, 2040 and
2874 ™ . The stretching mode of =CeH above 3000 em™
is obscured by the broad absorption of the hydroxyl group.

The asymmetrical and the symmetrical bending modes of
the C-H linkages of the CHg groups show up at 1480 and



and 1380 om™te

In the earbonyl region two strong absorption bands
were observed at 1675 and 1638 en™>, with a faint shoulder
at 1682 em">s The absorption band at 1676 am™> is due to
the earbonyl of the earboxylic acid, forming a strong
chelate bond with the hydroxyl group situated in the
2rtho position. The absorption band at 1638 u'l may be
assigned to the quinonoid carbonyl of the compound.
liydrogen bonding with the hydroxyl group of the carboxylic
acid is probably involved in bringing the absorption
frequency down to the observed value. lelydroxyanthrae
quinone®® shows a carbonyl at 1637 em™> tue to strong
intramolecular hydrogen bonding and is conspicuous by the
absence of & strong absorption in the hydroxyl stretching
region of the spectrum. The bonding in citrinin may be
represented by the following structures.

_.-H H
0 |
+oC CH~ ,J CH~
| B S — |
H.. H H. CH
0 EH/ ScHy "0 fH/ CHs
H CH
CHs CH3 3 CHy

Farther the frequency of the C=C gtretching vibrations
1s reduced from its normal value of 1660-1670 cm™* to a
lower value by conjugation and is masked by the carbonyl
vhich appears as a gstrong band at 1638 cn'l- The



deformation vibration of the hydroxyl group of the
carboxylic acid appears at 980 ea™* due to hydrogen
bonding with the adjacent carbonyl as a band of medium
strength.

The spectrum of dihyédrocitrinin in chloroform
solution shows a weak shoulder at 3580 em™', & strong
band at 3425 em™ and weak bands at 2560 and 2450 om™t
in the hydroxyl stretching region attributable to a free
hydroxyl intramolecularly and intermolecularly bonded
hydroxyl groups respectively. Yehesorcylic acid forms
:I.ntrslolouxlar hydrogen bonds in the solid state and in
brmron-soluuon, and the corresponding bands are
observed at 3472 and 3300 am™t.%® The structure given

H

is i
. O,

r H.- Qgcé ",

H
o) 0

In dihydroeitrinin the Yeresorcylic acid part is
fully substituted and the intramolecular bonds are probably
of equal lengths, giving rise to a single band at 3425 em™ .
The spectrum of salicylic acid in the solid state shows a
broad absorption band in the region around 3564 om -
attributable to strong intermolecular hydrogen bonding.
The spectrum of dihydrocitrinin indicates that intermole-
cular hydrogen bonds similar to those in salicylic acid



are involved.

In the C=H stretching region the absorption bands
at 2986, 2933 and 2887 em™', similar to those of citrinin
but with reduced intensities,are observed,

A strong absorption band at 1667 am™* due to the
earbonyl of the carboxylic acid, bonded to the hydroxyl,
1s observed. The reduction from 1675 em™> to 1667 em™l,
as compared to e¢itrinin, is Aue to the change of the
_solvent.®’ The strong bands at 1634 and 1690 om”* may be
assigned to the o=C streteching vibrations of the aromatic
ring and are also shown in the spectrum of Yeresorcylic
acid. ‘

Chandurintio vibrations of the carboxylic acid
are shown at 1421 and 1278 em™® in eitrinin and at 1410,
1306 and 12‘;5 .-1 in dihydrocitrinine Wwhen this work
wag complete, IR spectrum of citrinin was roparud.as



BEXPERIMEERTAL



31

Agetonedicarboxylie acid (XIV)

vitric acid was converted to acetonedicarboxylie
acid by reaction with 208 oleum according to the method
deseribed in Qrg. Synthesess

Diethvlacetonedigarboxylate (XV)

The aeid XIV was esterified with ethanol and
dry hydrogen chloride gas. The product of esterification

was fractionally distilled to give pure diethylacetonedicar-
boxylato.aa

These were prepared according to the method of

THEILACKER and SCEMID.Z® The ylelds were 45-46% and
11«12% as géainst 53% and 6% respectively.

DXV LU

b f._._» ’ .« J BMYiIace 3 a0
cihycroxvphenviacetate (A1)

The acid XVIIl ard its ester XIX were also obtained,
following the method of THEILACKER and scMID.Z® 1he
ester X1X was erystallizecd from 2 mixture of earbon
tetrachloride~chloroform in colourless plates, mepe 128°
(11t. 127-128%).%°

§thyl 2-al . )

(a) To a solution of (XIXj 8456 g) in dry ether (150 ml),



powdered zine cyanide (20 g) and fused zine chloride (5 g)
were added. Dry hydrogen chloride was passed at 0° uncer
stirring till it was saturated, and the reaction mixture
alloved to stand in a r;frigarator for 48 hr. The ether
layer was decanted off and the viscous tan coloured
aldimine hydrochloride thoroughly washed with dry ether
(4 x 50 ml) and then hot water (150 mlj 90%) was added to
it. The reaction mixture was then stirred vigorously
at room temp for 10 mine The aldehyde which separated
out on eooling the agueous solution with ice-salt mixture,
erystallized from dil methanol (norit) in long c¢olourless
needles (4.1 g, m.p. 117°. (Founds C, 868.8§ H, S.ls
Cy1Hy205 requires: C, 58.8; K, Be3%) o

An ethanolic solution of the aldehyde gave a red
eolour witp,rcrrie chlorides The dinitrophenylhydrazone
crystallized from ethanol in long fibrous violet needles,
mepe 261° (dee)s (Founds C, 8048y H, 3.7§ N, 13.8.
Cipthg0s¥yq requires: C, B0.43 K, 3.7; N, 13.8%).

(b) Phosphorus oxychloride (3 ml) was added gradually
to a coocled solution of “imethylformamide (20 ml) over a
period of 10 mine (The solution acquired a pink colour).
To this complex wons :dded ethyl 3,8-dihydroxyphenylacetate
(6 g) under vigorous stirring and the resetion mixture
left at room temp for 12 hre It was then poured over a
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saturated solution of sodium acetate (180 ml), and
extracted with ether. The ether extract was washed
first with water and then with a solution of bicarbonate,
and dried over sodium sulphate. Complete removal of
ether gave a solid, which erystallized from dil methanol
as colourless needles (1.9 g), mepe 117°. Mixed mepe
with the compound obtained from the previous experiment
remained undepressed.

A solution of the aldehyde (XX; 85 g) irn methanol
(2580 ml) was added to a freshly prepared zine amalgam (50 g)
in cone hydrochlorie aeid (8 ml) during 18 min. The
reaction mixture was refluxed for 30 min, cooled, filtered,
and the lo}mt was removed under vacuume The residue was
d luted with water and extracted with ether. The ether
extract wvas vashed with sodium bicarbonate solution,
and then with water, and dried over anhydrous sodium
sulphate. Removal of the solvent gave an oil (3 g), which
solidified on cooling and crystallized from bengene~hexane
in cclourless prisms, mepe. 125-126°. (Found: Cy 62.53
Hy Geds Cuﬂl‘o‘ requiress C, 62.8; H, 6.7%)«

Eghyl 3,8-di) ) toly) tate (OO
The ester (XXI; 3 g), anhydrous potassium carbomate (30 g),



benzyl ehloride (7 g) and dry acetone (300 ml) were
refluxed for 72 hre The reaction mixture was filtered

and the residue washed with acetones The filtrate and
washings were concentrated and the excess of benzyl chloride
was removed by asteam distillation. The brown viscous
0il was ether extracted and the ether solution washed with
water and dried. Lvaporation of the solvent gave a lighte
brown vigcous oil (8 g), which crystallized from pet

ether (60-80°) in colourless needles, mep. 42-43°. (Pound:
Cy 76e8) H, 6e6s CoglicO, requires: C, 7649 I, G758 »

Sa8=Dibengyloxy=o-tolylacetic aold COQII)

The above ester (XXIlj; 6 g) was refluxed with 2%
ethanolic potassium hyéroxide (200 ml) for 4 hr. The
ethanol wag removed under reduced pressurs sn<d the reaction
mixture ¢ooled, diluted with water and ether extracted to
renove the unconverted ester. The agqueous alkaline layer
on acidification gave a pale yellow precipitats which was
filtered, washed and dried (2.9 g)s Crystallization
from A1 ethanol gave colourless needles, MeDe 144°.
(Found: C, 7642 Hy 6.8s Cp o0, requirest C, 76.24
Hy 7ed%)e

3a8=D1} ) 1y QOI)
To 2 solution of methyllithium (prepared from 4.8 g of
lithium and 48 g of methyl iodide in 2860 ml of dry ether at



0%) a solution of the aecid (XXIII§ 3 g) in dry ether
(80 ml) was added slowly during 30 min. The reaction
mixture was stirred vigorously at this temp for 2 hr and
then refluxed for 30 min, cooled and decomposed with
witer. The ethereal layer was separated, washed with
agueous sodium carbonate and dried over sodium sulphate.
bvaporation of the ether gave an oil (2.1 g), which
solidified on addition of pet ether and erystallized
from pet ether (60~-80%) in colourless needles, Meps 8s°,
(Foundt C, 80404 Hy GeBe Cpgling0; requirest C, 80.04

Hy 6e7%) s

The 2,4=dinitrophenylhydrazone crystallised from
ethanol in yellow needles, mepe 132° (dee)s (Found:
Hy 10404 ,Fan”ss%“( requires: Iy 10.4%).

Methyl o=(3,8-dibenzyioxy=-petolyl)=othyl ketone (XXV)

An intimate mixture of powdered sodium hydroxide (2.4 g)
and the ketone (XXIVj 1.2 g) was warmed on a waterebath at
70° for 30 min. After cooling to 30°, methyl iodide (3.6 g)
was addeds The reaction mixture was maintained at 30° for
2 hr, gently refluxed for 3 hr, and finally heated at
100° for 2 hr. After decomposition with water, the product

was extracted with ether. iemoval of the ether gave a pale-
yollow oil (0.9 g) which distilled at 185-190° (airebath
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tenp) /20" mme (Found: C, 8042y Hy 7+0s Coglogls
requires: C, 80.23 H, 7.08).

The 2,4~dinityrophenylhydirazone erystallized from
benzene~hexane in brownisheyellow plates, mep. 162-183°.
(Founds N, 10e3s CgyEy00cN, requirest Ny, 10.1%).

A solution of the ketone (XXVj 2.2 g) in dry ether
(SO ml) was added in 40 min to a refluxing solution of
lithium aluminium hydride (2 g) in 4ry ether (150 ml).
The mixture was refluxed for 4 hr, decomposed by moist
ether &nd cold 20§ sulphuric acid (30 ml)e The ether

layer was separated and the aqueous layer was extracted
vith ether (3'x 100 ml). The sther extract vas washed
with aqyéous sodium bicarbonate and dried over sodium
sulphates Distillation of the ether gave a light-brown
01l (240 g) which distilled at 190-196°/4.83 x 107 m.
(Found: G, 79.8) Hy 7ale Cogilyg0; requirest C, 7047y
Hy, 7¢45)4

Hethyl et=(3,! droxy=getolyl) ~ethylearbinol (XXVII)

The aleohol (XXVIj 1 g), 10% palladized carbon (D.4 g)
and methanol (60 ml) were agitated in an atmosphere of
hydrogen at room temp till 2 molaes of hydrogen were absore
bed (4 hr). The ecarbon wns filtered off and washed with
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wvarm methanol (60 ml)j the filtrate and washings were
taken to dryness under vacuum, when an almost colourless
oil was obtained. Crystallization from ethyl acetate
gave colourless prisms (042 g), mepe 124-126°. (Founds
Cy 67.1j Hy 8:0. Cales for Oy My 0.1 Cy 67435 H, 8.1%5).
The mixed meps with phenol (A), m.ps 128°, or phenol (B)
prepared from e¢itrinin wvas not depressed.

The Dhigphenylazo derivativeyobtained by coupling with
diagotized aniline, erystallized from ethanol in bright
needles, meps 208°. (PFound: Ny 14.2. Calc. for 023)!240324!
Ny 13.8%)

296w iihydroxyedene thyl abe(dmothyl = fehydroxy=R=propyl) -
Renzodo scid (XXI)

Cqbo{ dioxide was bubbled through a mixture of the
phenol (XXVIIj 0.8 g), potassium biearbonate (7.5 g) and
glycerine (80 ml) at 150-185° for 7 hre The reaction
mixture was c¢ooled, diluted with water (80 ml), saturated
with ammonium sulphate, and extracted with ether to recover
unconverted phenol. The&aueous phase was acidified with
dil hydrochloric acid and extracted with ether. The produet
erystallized from benzene in colourless prisms, meps 172°
(dee) (0.3 g)e (Found: C, 80.8; Hy 6.6, Calc. for
Ciofhg0st C» 80,03 H, 6.78)« An aqueous solution of the
acid gives an intense blue colouration with ferrie chloride.
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2ptically imactive citrinin (V)

The above acid (XIIj 0.2 g) was treated with ethyl
orthoformate (15 drops) at room tempe The solution
rapidly turned yellow and a bright yellow erystaliine
solid separated. Crushed ice was added after 10 min, and
the yellow erystalline product collected, washed and
dried (0.13 g)e Crystallization from ethanol gave
lemone=yellow needles of inactive citrinin, me.p. 171° (dee),
undepressed on admixture with a sample of natural
citrinin, mep. 171°% (Founds C, 68.3; H, 5s6s Gyl (0,
requires: C, 6243 H, 65.68)s An ethanolic solution
exhibits the typieal i1odine brown eolouration with ferric
chloride..

2,4-D1 ropyltolu (XX1

To 'a.'aolution of methyllithium (from 1.6 g of lithium
and 28.4 g of methyl iodide) at 0° was added a solution of
the acid (XXIIlj; 1 g) in ether (100 ml) as rapidly as
possible. The reaction mixture was gradually heated to
26° and finally refiuxed for 40 hr, cooled again to 0°,
decomposed with ice, and extrasted with ether. The
ethereal extract was washed with water and drieds Removal
of the solvent gave a brown oil (0.85 g), which on
distillation at 160«165°/10"% tm was obtained as a very pale
yellow liquide (Found: C, 82485 Hy 7e7e Cgaliogls Fequires:
Cy 83425 H, 7e58)s



The ol (XXVIij 1 g) 4in benzene (8 ml) was adsorbed
over an alumira column (25 x 2.8 em) and eluted with

hexane (10 l.), then with benzene<hexasne mixture (10%; 3 1l.),
and finally with benzene (1 l.)« The hexane eluate on
distillation gave an oil A (0.15 g)« The benzene~hexane
eluate on distillation @id not yleld any product. The
benzene eluate on distillation gave an oil B (0.76 g).

The o4l B on keeping in contact with hexane for
soveral weeks partly erystallized. The hexane layer was
decanted off and the oil redissolved in hexane and left
for further orystallization. The process was repeated
several times till & colourless crystalline material free
from oil was obtained. It was filtered, washed with
hexane and recrystallized from hexane to give the pure
erythro compound (0«2 g), mepe 86°. (Founds C, 79.7}

Hy 7e3s Cpgllogls Tequires: C, 70.7; Hy 7+4%).

Hexane washings from 0il B were concentrated and
seeded with the crystalline solid, me.p. B‘P, to obtain
more of this product, but the oil could not be erystallized
further.

The oil A also could not be crystallized by giving a
similar treatment. The oil A and waghings from B were
nixed together and distilled at 190-196°/4.83 x 10™% mn.
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(Founds Cy 80.05 My 7ede Cogiigl, requires: C, 79.7
ﬂ, ?-“)0

Fhenolic alcohol (grythro)

LUibenzyl ether of phenolic aleohol (grythro) (0.17 gy
meps 86°, 105 palladized carbon (0407 g) and methanol
(156 ml) were sgitated in an atmosphere of hydrogen at
room temp till 2 moles of hydrogen were absorbed (4 hr).
The carbon was filtered off and washed with warm methanol
(20 ml)§ the filtrate and washings were taken to dryness
under vacuum, when an almost colourless oil was obtained.
Crystallization from ethyl acetate gave colourless prisms
(0405 §)y meps 188°% (Founds C, 67.3; H, 8.0. Cales for
Cu"u"a’ Cy 67.3} Hy 8.1%)¢ Mized mepe with phenolic
alcohol (B), prepared from citrinin was depressed to 158°.
The IR spectra of the two products are shown in Fig. 9.

Fhenolic aleohol (mixture of threo and grythro)

Dibenzyl ether of phenolie alcohol, the mixture of the
0oil (A) and washings from (B) (0.6 g), 10% palladized earbon
(0«2 g) and methanol (30 ml) were agitated in an atmosphere
of hydrogen at room temp (4 hr)e The cardon was filtered
off and washed with warm methanol (80 ml)j the filtrate
and washings were taken to 4dryness under vacuums Crystallie
zgation from a mixture of ethyl acetate~hexane gave



colourless prisms (0.28 g), mepe 155-160°. (Founds
Cy G785 Hy 7e8Be Cale. for cualeosl Cy 6735 XN, B41%).

Ereparation of gitrizan'®

The stock culture of Aspersillus gandidug wes plated
out on CaapekeDox agar. For the preparation of an

agueous spore suspension as an inoculum. Yellow colony
slopes were inoculated ard incubated at 37° for 7 days.
iterile distilled water (6 ml) was added to the agar

slopes and gently shaken for the effective removal of
spores from the surface. Erlemmeyer's flasks of 1 litre
Capscity each containing 300 ml of CzapekeDox fluid

medium were inoculated with 2 ml of spore suspension and
ineubated at 37° for 10-12 days till the colour of the
metabolism solution became deep wineered. It was finally
filtered and eitrinin precipitated by adéing approximately
§ ml ¥ HCL for 100 ml of the filtrate. After standing
overnight at 0%, the precipitate was collected, washed with
¢old distilled wator and dried in a drying-oven at 100°
overnight. It was erystallized from ethanol in lemon=
yellow needlesa, mepe 1n°.

S=l{ethyl=f=(lepothy]l =2=hyiroxy) ~propylregoreinol
Ehenolie alcohols (4) and (B)

Citrinin was hydrolysed according to the methed of
COYNE gt n.“ by refluxing with 10% agueous caustic sgoda



in an ata of nitrogen. 7The phenolie sleochol (A) erystallie
zed from chloroform as colourless needles, Mepe 128-129°
(13t. mepe 127-128%).2%  Phenolic aloohol (B) was obtaine
ed by the hydrolysis of citrinin with 2K H,80, according

to the method of COYRE gf g.u Crystallization from
ethyl acetate gave colourless prisms, mep. 109-170°

(1ite mepe 169170 .13

STUDLES OK PHENOLIC ALCOHOL (A)

Denzvlation of phenolic algohol (M)

A mixture of phenolic alechol (A) (3 g)(obtained by
alkaline hydrolysis of citrinin), acetone (120 ml),
anhydrous potassium earbonate (18 g) and benzyl bromide
(10 ml) was reflured on = stesmebath for 8 hre The renction
mixture was filtered hot and the potassium carbonate
washed with acetone several times. The filtrate and the
washings were concentrated and the excess bensyl brouide
was removed by steam distillation. The residue was ether
extracted. The ether extract was washed with a solution of
sodium hydroxide (2f) ard with water, and dried over sodium
sulphate. Evaporation of the solvent gave a colourless oil
which on distillation under reduced pressure gave a
colourless oil (5.1 g)y bepe 190200° (airebath temp)/l x 1074
mm (%1528 - 30° in chloroform. (Founds C, 79.6; H, 7.6
Cale. for Cogliaglyt Cy 7975 1y 7edf) e



To a mixture of the above dibenzyl ether of phencliec
alconol (A) (4 g), dimethylformamide (60 ml) and chromie
anhydride (4 g) was added cone sulphuric acid (1.2 ml)
under cooling. The reaction mixture was vigorously
stirred for 18 hr, poured into watsr and extracted with
ether thoroughly (56 x S0 ml)« The ether extract was
washed with water and dried over sodium sulphate, and the
rod coloured oil obtained was distilled at 170-180°/1 x 10™%
m (38 g)e 1K spectrum of the oil showed a earbonyl
frequency at 1700 em™' and also a hydroxyl peak at 3350 em™t
(the latter peak showed the presence of the unconverted
aleohol in small traces). The oil was taken up in benzene
and chromatographed on alumina (grade 1) using haxane as
eluant. 7The oil thus obtained after distillation of hexone
showed no hydroxyl peak in its IR spectrum and the earbonyl
band was observed at 1708 ﬂ.ly [ﬂdn25 « 2° in chloroform.
(Found: G, 80405 Hy 7+2s Calce for Cogllng0.t Gy 8042
Hy 7+0%)s The dinitrophenylhydragone orystallized from
bensene=hexane in brownisheyellow plates, mep. 153°.

Mixed mepe with the 2,4=dinitrophenylhydrazone of (XXV)
obtained from the synthetic route was undepressed.



The atove ketone (2 g) in methanmol (20 ml) and
methanolic potassium hydroxide (5%) 50 ml) (solution became
turvid) , was refluxed on a steamebath for 4 hr. The
methanol was distilled off and the 0il so obtained was
troated with water (30 ml). The mixture was extracted with
ether (3 x S0 ml) and the ether extract washed with water
and dried over sodium sulphate. HRemoval of the solvent
gave a pale-yellow oil, which was distilled at 177-180°
(airebath tup)/m.‘ mn to & colourless viscous oil

(1e8 )+ (Founds C, 80424 K, 7.2, CoglipgO requiress
Cy 8003 Hy 7.08)0

The above ketone (1.6 g) in ether (50 ml) was added to
a refluxing solution of lithium aluminium hydride (2 g)
in ether (200 ml)e The mixture was refluxed for 4 hr.
The excess litiium aluminium hydride was decomposed with
wet ether and cold A1l sulpluric acid (2083 80 ml). The
ether layer separated and the agqueous layer extracted
with ether (3 x 100 ml)e The combined ether extracts were
wvashed with water and dried over sodium sulphate.
Distillation of ether gave a pale yellow oil. The oil was
taken up in a small volume of bonszene (5 ml) and adsorbed



over an alumins column (25 x 2.8 em) and eluted with
hexane (12 1.) and then with benzene l.5 le)«. The hexane
eluate on distillation gave an oil A (020 g)e The
b‘cmm elnate on distillation gave an oil B (1.1 g).

The oil B on keeping in contaet with hexane for
several days partly orystallized. The hexane layer was
decanted off and the oil redissolved in hexane and left
for further orystallization. The process was repeated
geveral times till a colourless erystalline solid free
from oil was obtained.

The solid crystalline material was recrystallized
from hexane in colourless needles (0475 g), meps 66°,
(Founds C, 7946f Hy 7+4e Calce for CoglipgOg: Cy 79473
Hy 7.4%). The mixed mep. with Aibenzyl ether of the
phenolic aleohol (B), mep. 66°, was undepressed. The o1l
could not be crystalliszed further by seeding with the solid
erystalline material and was mixed with washings from oil B
and distilled under reduced pressure; b.pe 190-198°
(airebath temp)/10™% mm. (Founds G, 7047y H, 7.7. Cpglogls
requires: C, 70.7} H, 7.4%).

laglation of phenolde alcohol (mixture of three and ervihro)
The oily product obtained in the preceding aexperiment

(0«3 g)y 10§ palladized carbon (0.l g), and methanol (80 ml)

were agitated in an ata of hydrogen at room temp till 2 moles
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of hydrogen were absorbed (4 hr). The carbon was filtered
off and washed with warm methanol (20 ml)e The filtrate

and washings vere taken to dryness under vacuum, when an
almost colourless oil was obtainede Crystallization from
ethyl acetateshexane gave colourless prisms (0.1l g),

meps 165-160%. (Founds C, 67.5y K, 842, Cales for CyqHyg041
Cy 6733 Hy Bel%)e The mixed mepe with the compound obtaine
ed in the synthetic route at the same step was undepressed.

DIES OF HOLIC

Benzylation of phenoldc alcohol (B)

A mixture of phenolie alcohol (B) (0.8 g) (obtained
by sulphuric uaé hydrolysis of citrinin) in acetone (50 ml),
anhydrous potagsium carbonate (5 g) and benzyl bromide (3.5 ml)
wvas refluxed on a steame~bath for & hr. The reaction mixture
was filtered hot and the potassium carbonate washed with
acetone several times. The filtrate and washings were
concentrated and the excess bensyl bromide was removed by
steam distillation. The residue was ether extracted. The
ether layer was washed with 411 caustic soda, then with
water and drieds Evaporation of the solvent gave a pale=-
yellow oil, which on distillation under reduced pressure
gave a colourless oil; bep. 196-208° (aipebath temp)/l x 10"
mm (le4 g)e The oil obtained erystallized on keeping in
contact with hexane in a refrigerators
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Sxidation of the dibenavl ether of phenolie algohol (B)

To a mixture of cdibengyl ether of phenolic alaeohol
(B) (1.0 g)y dimethylformamide (12 ml) and chromic
arhydride (1.2 g) was added eonc sulphuric asid (10 drops)
under coolinge %he reaction mixture was vigorously
stirred for 15 hy and then poured into cold water, extrace
ted exhaugtively with ether (5 x 30 ml)s The ether
extract was washed with water and dried over sodium sule
phates The solvent was removed and the resicue distilled
at 170-180°/20"% mm (0.8 g) to yleld an oily products. The
IR spectrum of the oil indicated the presence of some of
the unreacted aleohol (hydroxyl frequency at 3380 e=™l) in
the reaction product. The oil was taken up in a gemall
volume of benzene and chromatographed over alumina (grade 1),
using hexane as eluant. The hexane eluate was distilled
to remove the solvent, and the 0oily residue was again
distilled, 10" mme The distillate, a2 colourless oil
boiling at 176«180°, amounted to 0s7 g« The IR spectrum of
this product did not indicate the presence of any starting
material (absence of OH peak in IR)e (Found: C, 80.4;

Hy 7+8+ Cales for CggliagOgt Cy 80425 Hy 740%).

The 2,4-dinitrophenylhydrasone of the ketone was
orystallized from a mixture of bensene~hexane in brownishe
yellow plates, mep. 152°. Hixed m.ps with the 2,4edinitro-
phenylhydragone of XXV obtained in the synthetic route was



undepressed.

Dibenzvl ether of phenolic aloohol

A solution of the above ketone (0.6 g) in ether
(26 ml) was added to a refluxing solution of lithium alumine
ium hydride (043 g) in ether (60 ml) over a period of 16
mine The mixture was refluxed for 4 hr and then decomposed
by moist ether and cold 20§ sulphuric acid (8 ml)s The
ether soclution was washed with agueous sodium bicarbonate
and dried over anhydrous sodium sulphate. Ihe ether solu-
tion on removal of the solvent gave a lighteyellow coloured
oily product. This was chromatographed over alumina
(grade 11), using in succession hexane, bensene-hexane and
benzene as eluants. The hexane eluate on distillation gave
a palee=yellow oil & (0.l g)e 'The benzene~hexane mixture
did not yield any product. The benzene eluate on eveporation
gave an odl B (043 g

The oil B on keeping in contact with hexane for several
days partly orystallised., The hexane layer was decanted
off and the 0il redissolved in hexane and left for further
orystallization at 0°» The process was repeated several
times till a colourless erystalline solid free from oil was
obtainede The first major cryatalline fraction
(035 g)y mepe 66’, was recrystallized from hexane.
(Founds C, 800§ Hy 7e2e Cygllog0, requires: C, 79473 H, T4%) o



The mixed mepe with dibenzyl ether of phenolic alechol (B),
MePe GG°. wvas undepressed. The remaining oil from A and
washings of B (0.18 g) was cistilled at 180-185°/Airebath
temp]/1 x 1074 mm.  (Found: Cy 707} Hy 7ede Cale. for

Cgaﬁaosl Cy 7873 H, Te45) o

Fhenolie alcohol (gthreo)

The orystalline soliéd, m.pe 66°, obtained from the
04l B in the previous experiment (0.26 g) was digsolved in
methanol (286 ml) and hydrogenated, using 10§ palladized
carbon (0.1 g) as catalysts After the hydrogenation (4 hr),
the product was filtered, and the filtrate concentrated
under vacuum to remove the solvent. The residue, a brown
solid, on erystallization from a mixture of ethyl acetate
and hex=:na gave the phensclic alcohol as colourless prisms
(0ull g)y mepe 160%. (Found: C, 67.3; H, S.0. Cale. for
Crifyglat ©y 67.3; N, 8.1%)« The mixed mepe of this
product, mepe 169°. with pherolic alcohol (B), meps 169°,
was undepressed, but the mixed m.pe with the hydrogenclysis
product of the pure gryihro isomer obtained in the synthetic
route, mep. 160°, wes depressed by 158°. Their IR spectra

are shown in Fig. 9.

Fhenolic aleohol (mixture of threo and grythro)

The oily fraction of the dibenzyl ether from A and B
above (0.14 g) was dissolved in methanol (18 ml) and



hydrogenated, using 105 palladized carbon (0.08 g)

as catalyste After the hydrogenation the product was
filtered and the filtrate concentrated under vacuum to
remove the solvent. The residue, a brown solid, on
erystallization from a mixture of ethyl acetate and hexane
gave the phenolic alechol as golourless prisms (0.06 g),
Mepe 1650260% (Pound: G, 67.65 i, 8+0. Cale. for
CypHhglat ©» 6734 N, 8.1%) s The mepe of this compound
when mixed with the hydrogenolysis product of the oil from
the synthetic dibenzyl ether, m.pe. 155«160°, was not

depressode
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The simplest analogue of e¢itrinin is noreitrinin
(I), and 1ts synthesis was attempted by RAMANATHAN' by
three methods. (1) 4-Carboxy-3,5-dihydroxy-S-phenylethyl
aleohol (II) was synthesized and subjected to the ethyl
orthoformate reaction. The product was amorphous
powder, which d1d not melt below 300° and could not be
obtained in erystalline form; the iodine-brown ferric
colour and other properties indicated however that
ecyclization to the citrinin type hsd probably taken placs.
(2) The aldehyde III prepared from the acid II also
failed to cyclize by the action of sulphurie acid as
deseribed by ROBERTSON gt al.> (3) 6,8-Dihydroxyisochroman
(IV) was synthesized, and 1t could not be carboxylated
by the usual method to dihydronorcitrinin derivative (V).

OH H COOH COOH

Hooj:::lip ~0 HO[::]OH HO[:;jOH
I
CH CHO
0 CHy 2
2 CH,CH, OH CHoCHo Gl
gotig
I o juis
OH OH
0 HOOC 0
HO HO
s v

By the use of ethyl orthoacetate an¢ orthopropionate
on the acid VI BAMAHATELll prepared l-alkyl derivatives
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(VII; R = Me or Et) of ecitrinin.

R
COOH OH

|
HOZ oM HOOC o
N Me o Me

CH— CHOH— Me Me WMe
|
Me (R=Me; Et; Ph)

I VI

WARREN gt l}.a obtained l-alkyl derivatives of
citrinin by the condensation of the acid VI with acetals
or aldehydes and oxidation of the resultant dihydro-
citrinin derivatives (VII; R = Me or Et or Ph). They
observed that these derivatives of citrinin possessed
considerably lower antibiotic activity than citrinin.
WARREN ot u.‘,t_n more recent work, prepared a homologous
series of l-p-alkyl derivatives of dihyérocitrinin rang-
ing from p-propyl to p-nonyl by the condensation of normal
aliphatic aldehydes with the acid VI, but they failed to
convert these dihydroecitrinins to the corresponding
citrinins. However, they observed that the l-alkyl
homologues VII of citrinin could be prepared very
easily by the method described by GORE gt al.® of
reacting the acid VI with the appropriate ortho-asters.
They found that the replacement of hydrogen by CHa 1n the
l-position results in a marked decrease in antibacterial

activity and progressive lengthening of the chaln caures
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an incresse in activity which exceeds that of citrinin
in the Cg and higher derivatives.

Zresent work

The object of the present work was twofold. OUne was
to study the effect of substitution in B-(3,5-dihydroxy)-
phenylethyl aleohol (VIII on its reactivity towards ethyl
orthoformate under the simple conditions at room temp and
in the absence of a solvent or acid or base catalyst, which
was used for the synthesis of citrinin. Cecondly, the
object was to study the effect of removing one or more of
the three (-methyl groups in citrinin on the antibacterial
activity of the molecule. Pollowing the line of synthesis
of eitrinin, the synthesis of analogues of citrinin of
the structure IX, X and XI was undertaken.

OH
HO OH HOOC 20
0 Me
CH, CH,0H Me
YIT X
OH OH
HOOC o Hooj:::lji:?
Me
0}
O e Me
X X1

It was also desired to have & simpler method to
obtain 3,5-dihydroxyphenylacetic acid. 3,5-Dinitrobtengoie
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acid on reduction with diborane in monoglyme gave the
alecohol XII in 80 per cent yield. The aleohol XII was
converted to 3,5-dinitrobenzyl chloride (XIII) with
phosphorus trichloride. Attempts to convert the chloride
(XIII) to 3,5-dinitrobenzyl cyanide (XIV) were unsuccessful.
3,5-Dinitrobenzyl bromide (XV) also failed to give the
nitrile (XIV). Uncer different conditions, only red gummy
products were formed, which could not be purified or

characterized.
OzN@ NOZ 02N©N02
CHEOH CH,CI
X0 X
OpN NO2 OoN NO» HO OH
Me
CHZCN CHpBr CHZCOOH
XV XY XYI

Attup‘h&on made to simplify the procedure, describ-
ed in Part I for the preparation of the acid XVI. The
sction of dimethylformamide and phosphorus oxychloride on
the readily available tri-ester (XVII) did not yield the
sldehyde (XVIII). An alternate procedure appeared to be
the introduction of the dimethylamino growp in XVII, which
could then give XX by hydrogenclyesis with Raney nickel.
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The action of dimethylamine and formaldehyde on XVII
yielded XIX in 10 per cent yield.

COOEt COOEt
HO~ ~\OH HO OH
X _~ COOEt OHC COOEt
CH, COOE! ‘CHpCOOET
XVIL XV
COOEt COOEt
HO OH HO OH
MEZN"Hzc COOEt Me COOEt
CH,COOE? CH,COOE!
XX XX

Ethyl 3,5-dihyéroxypheny lacetate was benzy lated
with benzyl bromide and fused potassium carbtonate in
scetone to give 3,5-dibenzyloxyphenylacetate (XXI) as a
viscous oil which was purified by distillation under
reduced pressure. The ester XXI was hyérolysed with
ethanolic potassium hydroxide to give the acid XXII. The
acid XXII on treatment with methyllithium in ether led to
the ketone XXIII in 85 per cent yleld. The ketone was
charscterized as its 2,4-dinitrophenylhydrazone., S-Methy-
lation of the ketone was effected with sodium hydroxide
and methyl iodide to give methyl < -(3,5-dibenzyloxyphenyl)-
ethyl ketone (XXIV as a colourless oil, which was purified
by distillation under reduced pressure. The ketone AXIV
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was also characterized by the 2,4-dinitrophenylhydrazone
derivative.

PhH,C-0 O-CH,PH PhH,C-0 O-CHyPh
CHo COOE! CH,COOH
XXT XXII
PhH,C-0 O—CHpPh PhH,C-0 O-CHpPh
CHpCOMe CH-CO—Me
[
Me
XXIT XXV

Feduction of the ketone XXIV with lithium aluminium
hydride in ether afforded the corresponding alcohol,
methyl<x-(3.5-&1b¢n:y1axyphsnyl)othylcarbinol (XX¥) as a
viscous oil which coulé not be crystallized., Hydrogenolysis
of the alcohol XXV led to methyl «-{(3,5-dihydroxyphenyl)ethyl-
carbinol (XXVI) as & colourless glass. Attempts to
erystallize the phenolic alcohol XXVI by vacuum distillation
or sublimatlion were unsuccessful, and it was characterized
as & crystalline bigbenzeneazo derivative. Carboxylation
of the phenolic aleohol (XXVI) in glycerine, with potassium
hydrogen carbonate and carbon dioxide gave 2,6-dihydroxy-5-
(<-methyl- B~hydroxy-p-propyl)bengzoic acid (XXVII) as &
erystalline solid. An agusous solution of the aclé gave
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an intense blue colouration with ferric ¢chloride

characteristic of v «carboxylic acids.

The action of ethyl orthoformate om v-acid (XXVII)
gave 3 deep-red gummy product which resembled eitrinin in
its 1odine-brown ferric colouration and other properties.

PhH,C~0 O~CHyPh HO OH
(i‘H-CHOH-Me (l:H—CHOH— Me
COooH
Me Me
HO OH
XXV XXVT
(iH-CHOH-Me
Me

The pr-partfion of another analogue X, in which the
S-pozition in the isochroman nucleus was substituted by
a methyl group as in citrinin, was then undertaken.
In this instance 3,5-dibenzyloxy-2-methylphenylacetone
(Part I3 XXIV) on reduction with lithium aluminium hydride
in ether gave the corresponding alecohol (XXVIII) as a
viscous oll, Hydrogenolysis of XXVIII led to the
phenolic aleohol (XXIX) as & colourless glass. Attempts
to erystallize this phenol, using various solvents or
purification by sublimation, were not successful, and

was characterized ss a crystalline bisbenzeneazo derivative.
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Carboxylation of the phenol XXIX in glycerine led to the
acid XXX with the characteristic intense blue ferric
colouration,

The acid XiX, on treatment with ethyl orthoformate
at room temp, cyclized to give X as lemon-yellow needles.
It gave the characteristic {odine-brown ferrie colour.
Blocking of 4-position in the resorcinol nucleus thus
results n ready cyclization of compounds such as XXX and
VI to readily crystallizable compounds of the citrinin
type; when both the 4- and 6-positions are free, polymeri-
zation appears to take place.

PhH,C~0 0-CH,Ph HO OH
Me Me
CHp — CHOH—Me CHp - CHOH— Me
COOH
XXVIT HO OH XXIX_
Me

CHp —CHOH —Me

XXX

The synthesis of a third anslogue of citrinin (XI)
was then attempted. 3,5-Dibenzyloxy-2-methylphenylacetic
acid (Part Ij XXIII) was esterified with diazomethanej
reduction of the methyl ester XXXI with lithium aluminium
hydride in ether afforded the alcohol XXXII as a colourless
crystalline golid. Hydrogenolysis of XXXII led to the



phenol XXXIII as a viscous oil, which was carboxylated to
XXXIV, which crystallized in white needles. TIreatment of
the acld XXXIV with ethyl orthoformate ylelded lemon-
yellow needles, but on attempting to separate the

product by the addition of ice, the gquinonoid compound

turned into & red gummy product with characteristic
eitrinin-liike properties.

Me Me

CHZCOOMe CH20H20H
XXXT XXXIT
COOH
HO OH HO OH
Mé Me
CHp CHp OH CHp CHoOH
XXXIT XXXV

From the results obtained by RAMANATHAN and in the
present work the following conclusions can be drawn
concerning the action of ethyl orthoformate on a molecule
of the type XXXV, 1If R® is absent, cyclization to the
citrinin type XXXVI as shown by the colour reactions
characteristic of citrinin, is accompanied by polymeriza-
tion by the further action of ethyl orthoformate and the
intervention of methine groups. If Rl and R® are hyérogen

and 53 is a methyl group, and there is no evidence to
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show that &3 mey not be other alkyl groups, halogen, etc.,
the pg-phenylethanol (XXXIV) appears to react in the same
manner as the carboxylic actd (VI) from phenolie alecchol
(2) (8ee part 1); 2 few minutes after dissclution in
ethyl orthoformate, yellow needles seperate, but on
Gttempting to separate the product by the addition of ice,
the quinonoid compound turns to a red gummy product, which
needs to be lnvestigated more fully. If both ﬁa and Ba
are methyl groups, as in XXX, the citrinin analogue
separates in nearly quantitative yield as a lemon-yellow
crystalliine substance. The methyl group in the side-~
chaln of XX appears to have a conformational effect on
the facile ciolixntion, and further the methyl group in
the 3-position of the isochroman nucleus appears to

impart stability to the citrinin type. RAMANATHAN observed
that the amide of VI undergoes cyclization as readlly as
the carboxylic agld VI; but the ester gave an amorphous
product which he was not able to purify or characterize.
The effect of substitution {n the 2-position in XXXV can
only be explained@ after much more extensive experimental

vork,
OH
cOoH

HO O HOOC =~ 0

;-] 2
R O R

R'— CH— CHOH R? R’

n2
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3,6-Dinitrobengoic acid
Benzolc acid was nitrated with sulphuric acid-nitric
acid mixture by the method given in ng‘_ﬁzn;n.e

2.0-Dinitrobenzyv]l alcohol (XI1)

3,5-Dinitrobenzoic acid (6.3 g) was taken in mono-
glyme (50 ml) and diborane gas passed slowly for 2 hr
under nitrogen atm. The reaction mixture was allowed
to stand overnight at room temp (26°) and then taken to
dryness under reduced pressure an¢ treateé with ethanol
(25 ml), when a yellow precipitate appeared, which was
filtered and crystallized from dil ethanol in fine yellow
needles (5.2 g), m.p. 89°, (Founds C, 42.7; H, 3.1
N, 14.4. CyHgNzO5 requiress C, 42.4; H, 3.0; N, 14.5%).

3.6-Dinitrobenzy]l chloride (XIII)

Phosphorus trichloride (1.5 ml) was added to the
aleohol (XII; 2.0 g) at 0° over a period of 10 min, and the
reaction mixture left at room temp (26°) overnight. The
s0lid obtained in the reaction mixture was added to ice-
cold water, filtered and washed with plenty of water.
Crystallization from hexane gave pale-yellow needles (2.1 g)
m.p. 73°. (Pound:s C, 38.6; H, 2.0; N, 13.0; C1, 16.0.
CyHgNg0,Cl requiress C, 38.9; H, 2.3; ¥, 13.0; Cl, 16.2%).



3,6-Pinitrobenzy]l bromide (XV)

Phosphorus tribromide (1.7 ml) was added to the
aleohol (XII) at 0% over 2 period of 10 min, and the
reaction mixture left at room temp (26°) overnight. The
e0lid obtained in the reaction mixture was added to
ice-cold water, filtered, washed with plenty of water,
dried and crystallized from methsnol, m.p. 93°. (Found:
Cy 32.3; H, 1.8; N, 10.5; Br, 30.1. Cqplglg04Br requires:
c, 32.5; H, 1.9; N, 10.7; Br, 30.6%).

Ethyl 3,a-dihrdroxi-af4-diolrbothoxz-aon-dllothylnntno-

The ester (AVII; 2.0 g) was dissolved in & minimum

amount of aqueous dimethylamine solution (30%; 5 ml) and
cooled to 0%, to which was added an agqueous solution of
formaldehyde (37%; 0.5 ml) over a period of § min under
constant stirring. The reaction mixture was left at 0°
for 1 hr and then stirred at room temp (28°) for 3 hr.
No separation of solid was observed. The reaction
mixture wes then left at 10° for 3 days, when a solid
separated out. It was filtered, dried and crystallized
from ethanol in colourless needles (0,22 g), m.p. 210%(dec).
(Found; C, 57.4; H, 6.6; N, 3.5. C)pHgnOgN requires:

c, 57.4y H, 6.8; N, 3.5%).
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Ethyl 3.5-dibenzvioxvphenviscetate (XXI)

A mixture of ethyl 3,5-dihydroxyphenylacetate (10 g),
fused potassium carbonate (30 g), acetone (300 ml), and
benzyl bromide (22 g) was refluxed on a steam-bath for
12 hr. The reaction mixture was filtered and the residue
washed with acetone. The filtrate and washings were
concentrated and the excess benzyl bromide removed by
steam distillation. The oil was ether extracted and the
ether extract washed with 2% solution of sodium hydroxide
and water, and dried over sodium sulphate. Distillation
of ether gave a brown coloured oil (15 g). A colourless
viscous oil was obtained at 180-200° (air-bath tenp)/lo'a mm.
(Found: C, 76.83 H, 6.3. Cg4H3404 requires: C, 76.6;

Hy 6.4%).

3,6-Dibenzyloxyphenviscetic sold (XXII)

The above ester (XXIj; 3.5 g) was refluxed with
ethanolic potassium hydroxide (3%; 200 ml) for 4 hr. The
reaction mixture was concentrated under vacuum to 25 ml,
and water (S0 ml) added and extracted with ether to remove
unconverted ester. The agueous phase was acldiflied with
di1 HC1l, cooled and extracted with ether. The ether
extract was washed with water and dried over sodium sulphate.
Distillstion of ether gave a yellow coloured oil (2.3 g),
which on addition of pst ether solidiffed. Crystalligation



from a mixturs of chloroform-pet ether (60-80°)
(norit) gave fine colourless needles, m.p. 106° (11t.106°).1

(Found:s C, 76.23 H, 6.1. Cale. for CgopHogl4: C, 75.8; H,
5.88).

2.5-Dibenzvloxyphenylacetone (XXIII)

A solution of the aecid (XXII; 6 g) in dry ether (100 ml)
wag added to a solution of methyllithium (prepared from
2.2 g of lithium and 22 g of methyl iodide in dry ether,

250 m1, at 0°) slowly over a period of 45 min. The reaction
mixture was refluxed for 4 hr, cooled, filtered through
glass wool, and decomposed carefully with wet ether and
water. The ethereal layer was separated andé the agueous
phase extracted Qith ether twice (2 x 100 ml). The ether
extract was washed with aqueous sodium carbonate to recover
unconverted acid, and dried over sodium sulphate. Evapora-
tion of the ether gave yellow coloured oil (4.3 g), b.p.
198-206°/0.1 mm. (Found: C, 79.3; H, 6.4. Coglonls
requires: C, 79.7; H, 6.4%).

The 2,4-dinitrophenylhydrazone derivative was crystall-
1zed from a mixture of dimethylformamide-alcohol in dark-
orange needles, m.p. 149°. (Found: N, 10.3. Cggliaghyglg
requires: N, 10.6%).

Methyl <-(3,6-d1benzyloxvohenyllethyl ketone (XXIV)

An intimste mixture of powdered sodium hydroxide
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(6 g) and the ketone (XXIII; 3.6 g) was warmed on &
water-bath at 70° for 4 hr, and after cooling to room

temp (28°), methyl 1odide (9.4 g) was added. The reaction
mixture was left at room temp for 3 hr, and then gently
refluxed for 3 hr and, finally, hested at 100° for 2 hr.
After decomposition with water, the product was isolated
by ether. The ether extract was washed with water and
dried over sodium sulphate. Distillation of ether gave a
brown oil whieh was distilled at 170-180°(air-bath temp)/
1x 10™° gm to give & pale yellow oil (2.9 g). (Found:

C, 79.73 H, 7.0. CUgqligq0q requiress C, 79.9; H, 6.7%).
The 2,4-dinitrophenylhydérazone derivative was crystallized
from & mixture of dimethyliformsmide-ethanol in deep~yellow
plates, m.p. 1296. (Pound: C, 66.8; K, §.03 §, 10.2.
Czoligg0g¥ requiress C, 66.6; H, 5.0y N, 10.3%).

A -

A solution of the ketone (XXIVs; 2.5 g  in dry ether
(40 ml) was added over a period of 30 min to a refluxing
solution of lithium aluminium hydride (2.0 g) in dry
ether (150 ml), and the mixture refluxed for 4 hr. The
mixture was decomposed by moist ether and cold 20%
sulphuric acid (40 ml). The ether layer was separated
and the squeous phase extracted with ether (3 x 100 ml).
The ether extrect was warhed with water, aqueous sodium

bicarbonate and éried over sodium sulphate, Listillation
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of ether gave a pale~yellow oil which was distilled at
180° (air-bath temp)/4.81 x 10" mp to give a colourless

oil (2.1 g). (Founds C, 79.5; H, 7.5. Caqligg03 requires:
G, 79.5; H, 7-3‘)-

Methy) <-(3.5-d1hvéroxyphenyl)ethyloarbinol (XXVI)

The aleohol (XXV; 2.0 g), 10% palladized carbon (0.5 g)
and methanol (40 ml) were agitated in an atm of hydrogen
at room temp till 2 moles of hydrogen were absorbed (6 hr).
The carbton was filtered off and washed with warm methanol
(4 x 20 m1). The filtrate and washings were taken to
dryness under vacuum when a light-brown coloured oil was
obtained. The oll was taken up in ether and extracted
with aqueous sodium carbonate, to remove the unreacted
compound. Carboﬁ dioxide was passed into agueous gartonate
extract till saturated. It was extracted with ether and
the ether extract was washed with water and dried over
sodium sulphate. DPistillation of ether gave a clear
viscous oil (0.85 g), whieh could not be induced to
crystallization even after keeping in contact with hexane
at 0° for & number of days. FSublimation of the oil at
166°/0,1 mm gave the sublimed product as an oil only.
It was distilled at 190-200°/7.7 x 10™° mm. (Found: C, 66.4;
Hy, 7.9. CjoH1403 requires: C, 658.8; H, 7.7%).

The bisphenylazo derivative of the phenol (XXVI) was
prepared, which erystallized from ethanol in red needles,



m.p. 202°. (Founds N, 14.1. CpgHpOgN, requires: N, 14.3%).

ale-Digzgrggz-bﬁx-lothyl-B-g!ggggz;n:gzggz;)bonsoie acid

An intimate mixture of phenol (XXVI; 800 mg},
anhydrous potassium carbonate (5 g) and glycerol (15 ml)
was heated in & current of dry carbon dioxide for 8 hr
at 140° * 5° for 7 hr, After cooling, the mixture was
treated with water (20 ml), saturated with ammonium
sulphate and exhaustively extracted with ether to remove
the unconverted phenol. The aqueous liquor was acidified
with d11 HCl and extracted with ether (5 x S0 ml). The
ether extract was washed with & saturated solution of
godium chloride a&nd dried over rodium sulphate. Distilla-
tion of ether gave & solid which crystallized from a
mixture of ether and pet ether (40-60°) in colourless
plates (350 mg), m.p. 156° (dee). (Pound: c, 58.73 H, 6.5.
C11H140g requires: C, 58.4; i, 6.28),

An aleoholic solution of the substance gives an

intense blue ferric colouration.

The acid (XXVII; 0.2 g) was weighed in a dry test tube

and ethyl orthoformate (freshly distilled) (0.5 ml) was
added to it at room temp (28°). The acid went into
solution immediately, and the reaction mixture first turned
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yellow and, finally, dark-red, C(Crurshed ice was added to
it after § hr, when red oil globules separated out. It was
ether extracted and éried over sodium sulphate, I'istiila-
tion of ether gave a red oil which could not be induced to
erystallization, It showed 2 greenish fluorescence and its
aleoheolic solution exhibited a typical iodine-brown ferric
colour characteristic of eitrinin.

A solution of 3,5-dibenzyloxy-2-methylphenylacetone
(2.2 g) in dry ether (40 ml) was added during the course of
25-30 min to a vigorously refluxing solution of lithium
aluminium hydride (1 gy excess) in dry ether (100 ml).
The mixture was refluxed for 4 hr, after which the excess
hydride was ourefﬁlly decomposed with water and ice-cold
sulphuriec acid (20%; 20 ml). The ether layer was separated
and aqueous phase extracted with ether (2 x 50 ml). The
ether extract was washed with aqueous sodiuz bicarbonate,
water and dried over sodium sulphate. Distillation of ether
gave a pale-brown coloured oil (2.0 g) which on distillation
under reduced pressure, b.p. 186-190° (air-bath temp)/
37 x 10°7 mm, gave s mearly colourless oil. (Founds C, 79.2;
Hy 7.6. CggliagOy requiress C, 79.5; I, 7.28).

The sbove alechol (XXVIII; 1.7 g) was dissolved in 96%
methanol (25 ml)j palladized carbon (10%; 0.5 g) was added,
and the mixture agitated in an atm of hydrogen at room temp



(26-27%) t111 2 moles of hydrogen were absorbed (6 hr).
The carbon was filtered off, washed with warm methanol,
and the filtrate and washings were taken to dryness,

when a nearly colourless glass (0.8 g) separsted, which
could not be induced to solidify. The oil was again
taken up in ether and extracted with agqueous sodium
carbonate solution to remove the unreacted phenol.

Carbon dioxide was passed into the carbonate extract
till saturation. It was extracted with ether and the
ether extract wagshed with water and dried over sodium
sulphate. Distillation of ether gave a clear viscous oil
which could not be orystallized. It sublimed as an oil
at 140°/0.1 mm and was distilled at 180-185° (air-bath
temp) /0.1 mm. (Found: C, 66.1; H, 7.8 CoHy40s requires:
Cy 65495 Hy 7.78)

The bisphenylaszo derivative was prepared by coupling
with diagotized aniline. Crystalligation from ethanol
gave red needles, m.p. 200°. (Founds ¥, 13.8. Cg H,,0.K,
requires: N, 14.3%).

An intimate mixture of the above phenol (XXIX; 0.25 g),
anhydrous potassium hydrogen carbonate (2.2 g) and glycerol
(6 ml) was heated in a current of dry earbon dioxide at
150° + 2° for 8 hr. After cooling, the mixture was trested
with water (10 ml), saturated with amwonium sulphate and



exhaustively extracted with ether to remove the
unconverted phenol. The agqueous liquor was acidified

with 411 HCl and extracted with ether (4 x 50 ml). The
ether extract was washed with a saturated solution of
sodium chloride and dried over sodium sulphate. Distilla-
tion of ether gave an oil which immediately solidified on
addition of hexane. Crystallization from ether-pet

ether (40-60°) gave colourless needles (0.07 g), mep.

172° (dec). (Pounds C, 68.5; K, 6ed. CyqF, 0. requires:
Cy 5844 Hy 6+2f)« An aleoholiec solution of the substance

gives an intense blue ferric colouration.

2ol (UK t0 (O
To the acid (XLIVy 40 mg) in a dry test tube was
added ethyl orthoformate (0.3 mi) at room temp (28%). The

reaction mixture immediately turned yellow and a bright
yellow crystalline solid separated. Crushed ice was added
after 10 min, and the yellow crystalline product collected,
washed and dried. Crystalligzation from ¢yclohexane gave
lemon-yellov needles (30 mg), meps 181° (dee). (Found:
Cy 61424 Hy 5424 €y H, 0g Pequires: C, 61.05 H, 5.1%).

The product exhibited a typical 1odine-brown ecolouras~
tion in ethanol with ferric chloride.
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Methyl 3,5-dibenzvioxy=-2-nethvinhenviscetate (XXX

To 345~-dibensyloxy-2-nethylphenylacetic acid (2 g)
in methanol (25 ml)was added diazomethane in ether till
& yellov colour was persistent. The reaction mixture was
left at 10° overnight and the excess diaszomethane
destroyed by addition of a few drops of acetic acid.
Digtillation of the reaction mixture gave an oil which
erystallized from hexane (60-80%) in colourless long
needles (1.8 g); mepe 66°. (Found: Cy 7703 Hy Gube
Cpeling¥q Tequires: C, 76.6; H, 6.4%) .
£=3,6-Dibensyloxy~2-nethylphenvlethyl alcohol (UL

The above ester (XXXIj 1.6 g) in anhydrous ether
(256 ml) wvas nddod to a refluxing solution of lithium
aluminium hydride (1.0 gj excess) in anhydrous ether (80 ml).
The mixture was refluxed for 4 hr and worked up as usual,
Crystallization from hexane (60-80%) gave white needles

(1e3 g)y mepe 82%. (Found: C, 79.7; H, 6.7. CpgH .0,
mm”' c' ""‘ ﬂ’ 607’).

Ahydroxy-2-methyiphepyleth alceoho K]

The above aloohol (XXXIIj 1.0 g) was dissolved in
methanol (26 ml) and to it was added palladiged carbon
(10%; 0.4 g) and the mixture agitated in an stm of hydrogen
(26-28%) till 2 moles of hydrogen were absorbed (4 hr).
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After working up the reaction mixture as usual, the yellow
coloured visocous oil (0.4 g) was distilled at 170-180°%/
(air-bath temp)/7.7 x 10™ ma to yield a colourless

viscous glass. (Founds C, 64.7y H, 7.3. CgH,,04 requires:
Cy 64.8) Hy Tel¥)+ The higphenylazo derivative was
prepared by coupling with dlazotiged aniline. Crystalliza-
tion from ethanol gave bright red needles, mep. 212°.
(Founds ¥, 1deds Cg HonO,l, requires: ¥, 14.8%).

An intimate mixture of the above phenol (0.3 g), anhyde
rous potassium hydrogen carbonate (2.5 g) and glycerol (10 ml)
was heated under the atmosphere of carbon dioxide at
160° %+ 6 for & hr. The reaction mixture was worked up as
usual. Crystallization from a mixture of benzene~hexane
gave colourless neecdles (0.l g), mepe 166° (dec). (Found:
Cy 866) Hy 5e0e Cypllhy 05 requires: C, 86.6; Hy 8.78) An
alecholic solution of the acid gave intense blue ferrie

colouration with ferric chloride.

To the acid (0.06 g) was added ethyl orthoformate (10
drops) at room temp (28”). The reaction mixture immediately
turned yellow and bright yellow needles separated out.

After addition of crushed ice, the reaction mixture first
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turned light-red and then deep-red. It was ether
extracted and the ether extract dried over sodium
sulphate. Distillation of ether gave a deep-red gummy
product. 1t showed a greenish fluorescence and its
alooholic solution exhibited a typical iodine~brown

ferric colour.
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dntroduation

Biphenyls and polyphenyls are of interest because
of thelr thermmal stability, conductivity, optical
isomerism, and geintillation activity. A recent intere
est in bilaryls is thelr use ag coolants for reactors.
It has been shown that deuterodiphenyl is more stable
than diphenyl by a factor of about 2, for pyrolysis
and radiolysis .1

The preparation of a biphenyl derivative of given
structure is often difficult, although many methods of
preparation are availables Unsymmetrical substitution
in the biphenyl nucleus further complicates the synthesis.
The present survey desls mainly with the synthesis of
unsymmetrically substituted biphenyls; several excellent
reviews on methods of synthesis of polyphenyl derivatives
have appeared oluwhon.zﬂ

The available methods for the preparation of
unsymmetrical biphenyls may be classified as follows:e

(1) By direct substitution
(2) Grignard synthesis
(3) Elimination of funetional groups
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(B) Sx¥uthesis with the formation of the bivhenyl LlNLage
(1) Pyrolysis
(2) From aromatic amines

(2) The Gomberg-BachmanpeHey reaction

(b) By the action of diasonium salts on phenols

(@) Arylation of phenylhydrazine by oxidation
(3) Arylation with aromatic acid peroxides

(4) From aryl halides
(a) Ullmann reaction
(b) Grignard synthesis
(¢) From organoemetallic compounds
(d) The wWurtzerFittig reaction
(e) Catalytic reduction of aryl halides

(6) Elimination of sulphur and selenium

{6) Cyclohexylation of =sromatic compournds and
dehydrogenation

(4) Ww

(1) Bz direct substitution

The hydrogen atom of biphenyl ¢an be replaced by
varioug reagents to form substituted biphenyls. The induce
tive effect of one phenyl group results in Q- and pworientae
tion of an entering electrophilic group in the attaghed
benzeng ring. Thus direct nitration or halogenation may be
employed to prepare unsymmetrical biphnnyll.e For large-
seaile preparation of 2« and 4-nitrobiphenyl, the mogt



satisfactory method is direct nitration. The sepavation
of isomers formed in many cases is a difficult pmb:lm.9
The orientation of the second group entering the
biphenyl mucleus is decided by the substituent already
present, and this property is often used for synthesis.
Thms the direct influence of an amino group may be
utilized to form the desired substitution followed by
deamination. GSeveral unsymmetrical nitrobiphenyls have
been prepared by duminatians of aminonitrobiphenyls.

The Friedel«Crafts reaction has been largely used
to get various alkyl and acyl derivatives of biphenyl.
Olefins and alkyl halides react with biphenyl in presence
of aluminium chloride to give mixtures of mono=, die and
triealkyl derivatives. ®’*! Ain overall yleld of 80 per
cent of a mixture of monoe and di<hexylbiphenyls is
obtained by condensation with gehexylbromide in hexane
lcnluti.on.l'2 2,2y4=Trimethylpentane (1) in presence of
aluminium chloride reacts with biphenyl to give a mixture
of mono=f=butylbiphenyls from which the p-isomer (II) ean
be frozen out in 27 per cent yield.l®

AlCI
3
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(2) Grdgnapd ayntheais rom halogepated biphenvis
Several alkyl and alkenyl biphenyl derivatives
have been macde by reaction of biphenyl magnesium halides
wvith aliphatic ketones. *"}7 Unsaturated side-chains
in the geposition have been introduced by this method.
Allyl bromide rencts in a similar way to give geallyle
biphenyl in 60 per cent yield. Lthylene oxide likewise

reagts to give alnoh;:h.m

17

(3) Blimination of funectional arouns

Functional groups, such as carboxyl, amino and
hyéroxyl, may be removed by known methods to provide
ummctﬂaaily_ substituted biphenyl derivatives.

g-Terphenyl is formed by dry distillation of the
silver salt of geterphenyle2ecarbaxylic aeid.t® The
renoval of hydroxyl and methoxyl group is achieved by
distillation over szine d\ut.m'a Reduction of diethyl
p-biphenylphosphate with alkali metal im liguid ammonia
gave biphenyl in about 80 per cent ylelde>> The
deamination of various biphenyl derivatives is often
employed to obtain the desired mwundlza benzidine
and its derivatives; readily available as dye intermed-
iates, are obvious starting materials for the preparae
tion of both symmetrical and unsymmetrieal biphenyl



derivatives. Isolated examples are also available where
dchulogonauona‘ and elimination of nhnhmza have been
used for the preparation of biphenyl derivatives.

(B) Bynthe:

(1) Exrolvals

Mo unsymmetrically substituted biphenyl has been obtaine
ed by pyrolysis, although this route represents one of the
earliest methods of synthesis of biphenyl itself. The
reaction conditions are very drastic and the ylelds of pure

components are often poor. Extensive research has made it
possible to utilize this method for the production of
biphenyl from bonzm.a‘

(2) Exom aromatic amines

(a) Ine Gomberg-Bachmamne-fley reactione In the Comberg-
Bachmann-Hey reaction biaryls are formed by the treatment
of an aryl diaszonium salt solution with sodium hydroxide
or sodium acetate in the presence of a liquid aromatic
compound which is to be arylateds’?>7'2®  potter
yields are usually obtained by replacing sodium hydroxide
with sodium acetate. Using p-nitrophenyldiazonium chloride
stabilized by means of naphthaleneel,Bedisulphonic acid, a
70 per cent yield of 4enitrobiphenyl ean be obtained.
The Comberg-DachmanneHey remetion very probably
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proceeds by a free radical mechanism, csnoanﬁ2° has

very recently shown that the low yields often obtained

in this reaction, largely because of the heterogeneity of
the reaction and the instability of the diazonium
solution, can be avoided by using pentyl nitrite for
diagotization. He has claimed that his procedure

affords *the simplest one-step route to biaryls yet
recorded.”

Pyrolysis of diazoaminobenzene in aromatic solvents
at 150-160° generates phenyl and anilino radicalsj the
former attacks the solvent, giving relatively high
yields of biphenyl derivatives.C Je-Nitroso-ji-aryl
ncetates, which are tautomeric with diazonium acetates,
ean be used as arylating l‘!nﬁloal'aa

(b) By the setion of diszonium salts on phenola. Aryl
diagonium salts, such as chlorides or sulphates, react

with phenols to give hydroxybiphenyls if no alkall is
added, 33338 by sotized andline in a large axcess of
phenol gives a good yield of a mixture of 2~ and 4ehydroxy-
biphenyl in addition to diphenyl ether. BORSCHESS obtained
an 8 per cent yleld of 2«hydroxyeSenitrosobiphenyl from

diagotized aniline and pe-nitrosophencl.



(¢) Arviation of phenylhydrazine by oxidation.”’ iry-
lation is effected by the oxidation of phenylhydrazine in
an aromatic solvent, using metallic oxides, preferably
silver oxide. PFhenylation by this method almost always
gives mixtures which are very difficult to separate.

(3) Apvlation with aromatic sgid peroxides

Benzsoyl peroxide and boiling benzene give mainly
biphenyl and benzoiec aeids"C Peroxides of monosubstituted
aglids yield monosubstituted biphenylse. Arylation with
benszoyl peroxide involves the following sequence of
reactionss®® (1) breakdown into radiealss (i1) combination
of the radigal with the hydroearbon molecule; and (1ii)
removal of a hydroxcn atom by another radiecazl., For example,
f~butylbiphenyl e¢an be prepared by using substituted
peroxides, tut not f-butylbenzene. ™ A mixture of isomers
iz always formed when substituted hydrocarbons are used.

CMe

3 Me3 M03
Oyl OO Cpemscn
o /2 ® Yield 337 %

m

In a very recent note HEY, PERKI!S and WILLIAMs®!
have shown that arylation of bensene and fluorobenzene with
benzoyl and other aroyl peroxides is substantially modified
by the presence of small quantities of aromatic nitroe-
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compoundse There is = large incresse in the ylelds of the bie
maclear products and of benzoic acids, and a corresponding de-
crease in the ylelds of the higheboiling residues, which are
often obtained in these reactions. Thus the 4-chlorobiphenyl

ean be prepared from rclﬂ.urohmm peroxide and bernzene in
90 per cent yield.

(4) Erom aryl halides

(a) Ullmenn reaetione T™e Ullmann'> reaction, in which a
halogenated aromatic compound or a mixture of two halogenated
aromatic compounds is heated with copper, ¢an be used for the
synthesis of both symmetrical and unsymmetrical biaryls as well
as polyaryls. Thus biphenyl can be obtained in 82 per cent
yield from iodobensenes Dimethylformamide ~ and dimethyl sulpho-
ndo'“ are useful solvents. However, 2,2'~dinitrobiphenyl is
obtained in nearly quantitative yield by heating g-icdonitro-
benzene at 190° with four equivalents of freshly precipitated
tmmul'.“5 In a series of papers PORRE'!“ has recently discusse~
ed the Ullmann biaryl synthesis, and he has reported the optimum
conditions for the formation of unsymmetrical biaryls. He has
also produced evidence to siow that the free radical mechanism
for the Ullmann reaction suggested by RAPSON and SHUTILEe
worTHY2%8 15 irreconcilable with several experimental observa-
tions. The preparation of unsymmetrical biaryls by this method
is complicated by the formation of a mixture of products.
Thus three bitolyls are obtained from a mixture of g- and
;-dodotolucml“ and the separation of these three hydrocarbons
is extremely difficult.
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(b) Grignaxd synthesige By heating phenyl
magnesium bromide with iodobenzene or bromobenzene in
ether or toluene or without a solvent (140-180°), biphenyl
is obtained in low yield (10«13 per cent) S5 Preparative
methods for obtaining biphenyl beeame possible from
organo=magnesium compounds with the use of certain metal
halides, such as CuCl, AgBr, MoClg, CoCl, and CrCl,. The
oxidation reaction occurs in two lugu.m'a

Ar — MgX + M X —> Ar-—-M + MgXo

02
2Ar—M —E—3> Ar—Ar + 2M (MgO)

Heaction of petolylmagnesium bromide and bromobensene
with CoCly gives 96 per cent 4y4'~dinethylbiphenyl.>?
Fhenyl mesitylene has been prepared in 18+4 per cent yield
from mesityl magnesium bromide and fourfold excess of

brmbommosa
Me Me
CeHeBr + CoClI
oz W 0
Yield 184 %
Me Me
Y I
(e) « Certain organoe

metallic compounds, when oxidized, give rise to biphenyls.
Phenyllithium, when oxidized by butyl bromide in presence
of CoCly gives a 67 per cent yleld of btphmyl.“



ethoxymethylene derivative XIlla.
pees
I OH
28°-30° | 0 CH=CHOH-Me
|
I
]
| S

M
cMe

|
————— o
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The bilosynthesis of citrinin has been examined by
BIRCH .;_g]ﬁsby feeding experiments with 1"c--lahvol.].m.'i
acetic and formic acids. They suggest that citrinin ean
arise from five acetic acid units and three formic acid
units, but a better cdefined route will need further

investigation.

The WMA spectrum of citrinin has been discussed by
TEREAHARA gnd ‘oolhbontota.m

Eresent work

It is to be noted that the syntheses of citrinin
reported above have been accomplished, starting from the
phenolie aleohol (VIID),2992%28 L pion vms obtatned by
the hydrolysis of eitrinin itself. Although the structure
of the phenolic alcohol (VIII) has been conclusively
proved,}® and 1ts dimethyl ether synthesized, the recorded
syntheses of citrinin can only be regarded as "partial” or
“formale" The present work was undertaken to achieve a
total synthesis of citrinin and also to develop procedures
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FPhenyl aluminium diiodide, when heated with bromobenzene
in benzene, ylelds 98 per cent bxphmﬂ.“

() Ine Warts=Fittig resction."® Although it 1s
one of the oldest methods known for the preparation of
biphenyl, it has been used to a very limited extent.

The preparation involves the treatment of an aryl halide
with metallic sodium and isolation of the product by
fractional distillation.

(e) Catalviie reduction of arv) halldes. Reduction
of an aryl halide with hydrezine and a palladium catalyst
in presence of alkali gives some diaryl, dtut the ylelds,
generally, are low. Bromobenzene treated with 4«6 per cent
alkali in methanol with palladium on ealeium carbonate
catalyst gives 35 per eent of biphenyle>’ This method
has been used for the syntheses of higher polyphenyls. -

(8) Ereparation by elimination of sulplur and selenium

When aromatic thiocethers, disulphides, thioesters,
and thiols are treated at 220° with degassed Raney nickel
or nickel prepared after SABATIER, biphenyls are formed>?
Diphenyl disulphide thus gives a 65-80 per cent yleld of
biphenyl. HReduged iron ecatalysts react with diphenyl
sulphide at 380°, giving chiefly biphenyl.® Organte
compounds containing selenium behave in a similar wayj
thus diphenyl diselenide at 180° gives 72 per cent of



biphenyl.®F An interesting method for obtaining geterphenyl
is by the elimination of sulphur from VII by means of
Raney nickel.®®

A variation of the synthesis of biaryls by the
formation of the biaryl linkage is to ecyclohexylate an

aromatic compound, using Crignard reaction conditions for
example,® and then dehydrogenate the cyclohexylbensene

OH
MeOQMqI + 0=<:> e MeOQ—D—*MeOQPh
MeO OMe MeO OMe MeO Me
VI X X XI
63,64
65

derivative by conventional methods.
biphenyl can be prepared as follows:

Thus pelsopropyl-

Me
HF; 0-5°

X0 X

XIY



Exesent work

The synthesis of certain gubstituted biphenyls has
been included in the present work becsuse of the possibility
of using them for the synthesis of pigments of the type of
denticulatol and some analogues of citrinin such as XV

K.
discussed in Part II. Tenticulatol was isolated by cﬁl

gt ale from the root of fumex ghinensis Campd. (Lolvgopa-
8028), the species nowv being ealled Rumex maritimus L.

On the basis of inadequate experimental evidence CHI gf ll-“
concluded that dentioulatol had the structure XVI or XVII.
After this work was completed, it was found from the

chapter on "Quinones: Structure and Distribution® by R. He
THOMPSON in Comparative Siochemiatry™’ that, according to
unpublished work of 4. Je BIRCH, structures XVI and XVII
have been disproved by synthesis. The method of biaryl
synthesis now investigated has also a wider interest in

this laboratory in connection with the chemistry of chalkones
prepared as intermediates for flavones, flavanones and
flavonols.

0
Iatay 8% .
QQ Rass)
0

XV XVl Xvi



The Michael condensation, especially with the
extensions to compounds activated by groups other than
carbonyl and alkoxyearbonyl (COOR), is probably the most
widely applicable synthetic reaction in organic chemistry.
In their excellent survey of nearly 400 pages BERGMANN,
GLESBURG and PAPPO® have given s comprehensive aceount
of the Michael reaction, ineluding the mechanisms, scope
and limitations, synthetic applications and experimental
procedures. A few of the applications of the Michael
condensation to the synthesis of aromatic ring systems are
outlined below as & background to the present worke.

Michael adducts of unsaturated aldehydes or ketones
with ethyl #cntécétnto readily undergo a subsequent
condensation with loss of a molecule of water between a
methyl or methylene group and a carbonyl groupe Thus the
adduct XVIII may undergo eycliszation to form XIX or XX.
Condenging gemethoxybenszalacetone with ethyl acetoacetate
in presence of agueous sodium hydroxide FORSTER and
HEILBROX®Y obtained a product which they considered to be
the methoxy analogue of XIX or XX, but 4id not decide
between the isomeric structures. HORNING and FIELD'
anticipated the possibility of the formation of the two
eyclohexenonses XIX and XX when they prepared the Michael



adduct from anisalacetone and ethyl acetoacetate, using
piperidine as eatalyst, and submitted it in a separate
step to eyclization by means of acetie acid, acetic
anhydride and phosphoriec acid; but they only isolated
(in 22 per cent yield) the 4-ethoxyearbdonyl derivative
XX, They proved the structure of XX by hydrogenation and
synthesis of the cyclohexanone thus obtained by an
independent method. It appears very probable that the
isomer XIX was also obtained, perhaps as the major
product, but was not erystallizable and was not specially
looked fore Condensing p=dimethylaminobensalacetone with
ethyl acetoacetate in presence of agueous sodium hydroxide
REILBKOE gt ale't obtained only the aldol XXI correspond-
ing to XIX.

Me
/CHz—COCH3
Ar—CH Ar
\CH-COCH
3 Et00C o]
COOEt
XVII XIX
Et00C  Me Me
OH
Ar MezN
0 Et00C o)
p'a 4 XX

The references to the use of the Michael adducts

from chalkones for the synthesis of ge-terphenyls are cited
later.
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when ethyl acetoacetate is replaced by diethyl
malonate in the Michael condensation with benzalacetone,
the product is a Sephenyldihydroresorcinols 7Thus a series
of Sephenyldihydroresorcinols (XXII) have been prepared
by the condemnsation of benzalacetones with diethyl malonate
in presence of ethanolic sodium ethoxide. > SUTER and
SMITH'Y have prepared Sephenylresoreinol (XXIII) from the
Michael adduct XXII of benzalacetone and diethyl malonate,
which was ethylated, aromatized by heating with sulphur
at :!JD°. and finally de-ethylated by means of hydriodie
acid.

(0] e (9] S OH
- —_—
OH
0 OH OH
XX

XX

The present synthesis of unsymmetrically substituted
biphenyls was achieved in an overall yield of 25-30 per
cent by the series of reactions shown in Chart 1. The
first step is the Michael addition of an arylideneacetone
with ethyl acetoacetates The adduct XVIII immediately
gyclizes to XIX, which is then submitted to hydrolysis and

decarboxylation to give an aryl eyelohexenone derivative

(XXIV)e The weduction of the ketone XXIV to the alcohol
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XXV is followed by dehydration to give the aryl
cyclohexadiene (XXVI), which on aromatiszation yields
the biphenyl XXVII,

CHART —1

ArCH= CHCOCHj3 + CH3 COCH, COOEt — XVII

Me l
Q _ Liabg Q —co,
Ar -~ XX

OH
XXV

—Hzo '- Me Me

&

XXV

! Folloving the experimental conditions of COKNOR and
A.:-.'DRE.-hﬁ,“ piperidine was used as the base catalyst.
When benzylideneacetone and ethyl acetoacetate vere
refluxed on a steamebath in absolute ethanol containing
a little piperidine, and the product submitted to
fractional distillation undey reduced pressure, the
product, obtained in 6570 per cent yield, was not the

A



Michael adduet (XVIII; Ar = Ph). It was observed that
ayclization to (XI1Xj; Ar = Ph) occurred during the

reactions Thg structure XIX should be preferred because

of the ease with which the acid obtained from the ester

c¢an be decarboxylated; the red colour obtained on treate
nent with forric chloride 2lso goes more in favour of
structure XIX. The IR absorption spectrum of (XIXj Ap = Ph)
showed the earbonyl frequency of the ethyl ester group at
1723 G.l and the carbonyl frequency of the dp-unsaturated ketone
appeared at 1655 cn™t. That a small part of the compound
existed in the enol form was shown by the IR absorption

at 3400 et as a very weak band, and this was confirmed

by the red ferric chloride colour in ethanolie solution.
The ester (XIX3 Ar = Ph) was characterized by its 2,4
dinitrophenylhydrazone derivative. This reaction was
attempted without success by KNOEVNAGEL and SPEYER,'C

The acid formed by hydrolysis of the ester (XIX;
Ay = Ph), with ethanolic potassium hydroxide and subsequent
aglidification, decarboxylated reacdily to the ketone
(XXQVy Ar = Ph)§ the oily product, on fractional
distillation under reduced pressure, e¢rystallized from
hexane in colourless needles, meps 30°« The ketone
(XXIVy Ar = Ph) was characterized by its IR spectrumj



the ester cardonyl absorption of (XIX§ Ar = Ph) at

1723 om™> had disappeared, and the (feunsaturated ketone
carbonyl bend had shifted slightly to 1647 am™l. The
ketone XAIV was also characterized by its 2,4-dinitro-
phenylhydragone derivative. An attempt to reduce the
ketone to XXIVoby Clemmensen reduction was unsuccessful.
The product obtained was a viscous oil, which distilled
at 240°/10"° mm and had apparently polymerized. HReduction
of the ketone XXIV with sodium borohydride in methanol
gave an almost quantitative yield of the corresponding
aloohol (XXVy Ar = Ph)e The IR spectrum showed the
absence of carbonyl frequency, and the band at 3300 u‘l
ohanctaﬂatic of a secondary aleohol was obaserved.
Dehydration of the alcohol with pyridine and phosphorus
oxychloride yielded lemethyled~phenyleyclohex~4,G-diene
(XXVij Ar = Fh) as a colourless oil. Its IR spectrum
was marked by the absence of OH absorption. Dehydrogena.-
tion with 10 per cent palladium on carbon at 250° for

6 hr did not give the required Semethylbiphenyl (XXVIIj
Ay = Ph), but the starting materisl was recovered.
However, when Jehy“rogenation was earried out with
chloranil in boiling bdenzene, the desired biphenyl
(XXVil; Ar = Ph) waa obtained in quantitative yleld.

Me

XXV o
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Substitution in one mucleus of a diaryl can be
modified by starting with a suitably subgtituted aromatic
aldehyde, and the limitstions of this method of synthesis
of unsymmetrically substituted diaryls are decided by the
difficulties in the synthesis of the aldehyde.

3,5-Dimethoxybensaldehyde (XXVIII),’C prepared by
the Rosemmnd reduction of 3,5-dimethoxybenzoyl chloride,
was condensed with acetone to give XXIX as a lowe-melting
solid, which was fractionated under reduced pressure. The
first fraction obtained was 3,8«dimethoxybenzylideneacetons
(XXIX), which crystallized from hexane in colourless
needles, mePs ?,2". Its 14 spectrum showed the «A-unsgaturse
ted carbonyl peak at 1666 em~*e It was also characterized
as its 2,4~dinitrophenylhydirazone derivative. The resicue,
which wvas a viscous oil, crystallized after keeping in
contact with hexane for several days. This substance,

MePe 133°. was identified as the Rigbenzylideneacetone
derivative (XXX). The compound (XXX) was alsc characterie
zed as its 3,4-dinitrophenylhydrazone derivative.

MeO MeO
MeO MeO
XXVIT XXX
MeQ OMe
@cu: CHCOCH =CH @
MeO OMe

XXX
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The Michael addition of XXIX with ethyl acetoacetate
yielded the A-ketoeaster (XXXI) in 70 per cent yileld. The
IR absorption spectrum of XXXI showed the carbonyl fre-
quency of the carbethoxy group at 1720 en'l and the carbonyl
frequency of the «fsunsaturated ketone at 1686 en™t. The
ketone XXXI was also characterized as its 2,4-dinitrophe-
nylhydrazone derivative, The ester XXXI on hydrolysis
with ethanolic potassium hydroxide and subsequent
acidification decarboxylated to give the ketone XXXII, As
observed with the ketone XXIV, the spectrum showed a
shift of the «f-unsaturated carbonyl to 1647 cm > The
ketones XXXII was also chapacterized as its 2,4~dinitro-

phenylhydrazone Asrivative.
MeO ime
MeO o)

XKL XXXII

MeO EMe
MO erood Vo
in one of the experiments the cyelisation, hydrolysis
and decarboxylation of the ketone XXIX to give XXXII were
tried in one stepe It was observed that the yield of the
ketone XXXII1 obtained by this modification was about 85
per cent and that there was no need to isolate the ketoe
ester LXI1.

Clemmensen reduction of the ketone XXXII gave lemethyle
3(3,6=dimethoxyphenyl) cyclohex~Geene (XXXIII) as an oil,
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and the 1R spectrum showed that it atill contained traces
of unreduced ketone. 1t was therefore treated with

Girard Reagent P to remove the residual ketone XXAIIj the
product showe? the absence of carbonyl frequency in the

IR spectrum and analysed correctly for XXXIlI. Dehydro=
genation of XiAXII1 to 3,5edimethoxy=3'-methylbiphenyl
(XXXI1V) with palladium on carbon in p-cymene or with 10

per c¢ent palladium on carbon at 250° was unsuccessful.
Attempts vere therefore made to reduce the ketone XXXI1l with
sodium borohydride to the corresponding alecohol XXXV. It
was found that the oil obtained after reduction polymerized
during distillation to a colourless glass, not melting
below 360°.-nnd fuseluile in the Gommen organie solvents.
However, it was observed that the ketone XXII on reduction
with lithium aluminium hydiride gave the alcohol XXXV as
colourless needles, mepe 92°. The IR spectrum showed the
characteristic OH peak of a secondary aleohol at 3325 em™ e

MeO i MeO e
-0
MeO MeO
XKL p.0.0.01"4
MeO Me MeO Me
O-C
Meo.—.OH MeO

644 XXXVT
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The alcohol XXXV on dehydration with pyridine and
phosphorus oxychloride yilelded the cyclohexadiene XXXVI
as a colourless oils Its IR spectrum showed the absence
of hydroxyle Dehydrogenation of XZXXVI with chloranil in
boiling benzene gave an almost gquantitative yleld of
3y5=dinethoxy=3' smethylbiphenyl (XXXIV),

The next attempt was then directed towards the synthee
sis of g-terphenyl. FRANCE, REILBRON and HEY'® have
synthesized g-terphenyl by two methods and they have also
reviewed all the earlier work on the synthesis of pg-tere
phenyle Their first synthesis consisted of the Michael
condensation of benzalacetone with malonic ester to the

phenyldihyiroresoreinol (XXXVII), which was then converted
0 0]

e Ne

xoor N XXXV

to 3-phenyloyclohexanone (XXXVIII) by successive treatment
with phosphorus trichloride and reduction with sodium in
moist ether. The Crignayrd reaction between XXXVIII and
phenyl magnesium bromide gave a tertiary aleohol, which

was dehydrated with formic aeid and dehydrogenated with
sulphur in boiling quinoline to g~terphenyl in an overall
yield of 15 per cents In their second synthesis 3~nitro-
biphenyl was prepared by the interaction of nitrososg=-
nitroacetanilide with benzene, reduced to amine, acetylated,
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nitrosoated and again treated with bensene in an oversll
yield of 10 per gent based on genitroacetanilide. FRAICE,
HEILBHON and HSY'® have also synthesized geterphenyl in
23 per eent yield from the Jeacetyleli-nitroso derivative
of gephenylenediamine. pge-Terphenyl is formed (290 per cent
yield) by the action of phenyllithium on g=dichlorobenszene.
The reaction of aryl halides with phenyllithium takes
place with piperidine ag eatalyst. Thus 4echlorobiphenyl
gives 56 per cent g~ and 44 per cent g-tcrphowl.so
LANGER and W.BSELYS: gondensed s~benzalpropiophenone
vith diethyl ketone in presence of sodium methoxide and
obtained a 60«70 per cent yleld of XXXIX; the ketone was

79

reduced to the ncmidary alcohol by sodium in moist ether
and then dehydrogenated by palladium on carbon at 300-320°
to 1,3y 6=trinethyl-2,4«diphenylbenzene (XL).

Ph Ph

Ph (0] h
P Me
XX XL

AMES and DAVEY®® have developed a route to p-terphenyls
by the Michael addition of “4lathyl malonate to benzyl
styryl ketone.

The new synthesis deacrided in the present work consise
ted of the same sequence of reactions ss that followed for



the synthesis of 3emethylbiphenyl (XXVII) and 3,5=
dimethoxy=s'emethylbiphenyl (XXXIV)e Michrel addition
of the chalkone XLI with ethyl acetoancetate afforded the
Leto=-aster }tLll.'M whiech on hydrolysis with ethanslic
potassium hydroxi‘e, ylelied the ketore XLIIi. On
reduction of AL1I1 with lithium 2luminium hydricde, the
coiresponciing aleohnl LIV was obtained in quantitative
yield. Dehydration of the sleochol with phosphorus
oxyechloride and pyri“ine gave in about 60 per cent yleld
the diens XLV, which was aromstized to g-terphenyl (XLV1)

with 10 per eent pslla’ium on carbon at 290-310%in nearly
quantitative yield.

Ph

H5C2OOC 0

XL XLII
Ph Ph
0 OH
9 JtL XLl XLIV
f‘ R
(S 26 257
/9, == /7 Ph Ph

S .

X XLVI
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Bengylideneacetone

Benzylideneacetone was prepared according to the
method given in Org. Synth.5®

4 mixture of benzylideneacetone (14.6 g), ethyl
acetoacetate (13 g), absolute ethanol (150 ml), and

piperidine (2 g) was refluxed on a steam-bath for 72 hr
under anhydrous conditions. The ethanol was removed

under reduced presfure on a steam-bath and the pale-yellow
oil on distillation under reduced pressure gave lirst a
minor fraction (3 g), b.p. 120-140°/1.0 mm, and a second
traction (12 g), b.p. 160-165°/1.0 mm. The second frac-
tion was r-diltiilod at 160-185°/1.0 mm. (Found: Cy, 74.83
Hy 7.0. CjgH;p03 reguires: C, 74.4; H, 7.0%).

The 2,4-dinitrophenylhydrazone derivative of the
second fraction was prepared and orystalliged from
methanol in orange needles, m.p. 172°. (Found: C, 60.43
Hy 5.1; N, 12.8. Cgpligelig0g requiress C, 60.3; H, 5.13
N, 12.8%).

A mixture of the ester (XIX; 11.1 g) and potassium
hydroxide (6.5 g) in ethsnol (150 ml) was refluxed on &
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steam~bath for & hre The solvent was removed under
reduced pressure, and water (100 ml) was added to the
residue and acidified with conc hydrochloric acide The
solution was extracted with ether (3 x 120 ml). The
ether extract was washed with agueous sodium bicarbonate
solution and water, and dried over anhydrous sodium
sulphate. Lvaporation of the solvent gave a pale~
yellow oil, which was purified by distillation under
reduced pressure. A colourless oil was obtained (7.1 g
at 1558° (air-bath temp)/0+5 mm, which erystallized on
keeping in contact with hexane at 10°, mepe 2%, (Found:
Cp 844235 Hy 7e7e Cy4ly 0 requires: Cy 83485 Hy 7e6%) e

The Z2,4=dinitrophenylhydrazone derivative was
prepared, which was erystallized from 2 mixture of ethyl
acetate=hexane in red prisms, m.pe 170%. (Founds C, 62.04
Hy 4485 Ny 14.9. c“nulho‘ requires: C, 62.3; H, 4.9}

Ny 15¢3%) o
A-liethyl-3ephenvlcvelohex=C-gne (XXIVa)

The ketone (XXIVj 1 g) was dissolved in 50§ ethanol
(30 ml) added to a mixture of amalgamated zinc (6 g),and
cone hydroehloric acid (2 ml)s The reaction mixture was

refluxed on a steamebath for 16 hre On cooling and
treatment with water (80 ml) it was extracted with ether.
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The ether extract, after washing with agqueocus sodium
bicarbonate and water, was dried over anhydrous sodium
sulphate. Removal of the ether ylelded a pale-yellow
viscous oil (0.7 g), which was distilled at 240-250°/0.1
mm to give 2 nearly colourless viscous oil. (Found:

C, B6.8y H, 9.0. CygHl;g requiress C, 90.6; H, 9.3%).

- - - -l - - - o

The ketone (XXIV; 5 g) in methanol (30 ml) was added
to sodium borohydride (2 g) in methanol (40 m1) at 0°
over & period of 30 min under vigorous stirring. The
reaction mixture was gently refluxed for 3 hr, cooled,
and the excess ot'-odim borohydride was decomposed by
dil hydrochloric acid. The methanol was removed by
distillation and the reaction mixture was cooled and
extracted with ether. The ether extract was washed with
aqueous sodium bicarbonate solution and water, and dried
over anhydrous sodium sulphate., After evaporating off
the excess ether, the residue was distilled at 95-100°/2
mm to give & colourless liguid (4.2 g). (Found: C, B3.3;
Hy 8.8, Cj3flg0 requires: C, 82.9; H, 8.6%).

ol o =

To a solution of the aleohol (XXV; 3.8 g) in

pyridine (12 g) was added phosphorus oxychloride (2.5 ml)
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A

at 0° and the reaction mixture was left overnight at
room temp (28°)s It was then heated on & steamebath
for 2 hry cooled, ané poured over orushed ice (35 gl.
On extraction with beénzene and washing the benszene
extragt with 441 hydrochlorie acid followed by dil
sodium hydroxide solution (2%) and water, it was dried
over calcium chloride. The excess of benzene wns remove
ed and the residusl brown coloured oil was digtilled at
120-125° (oilebath temp)/2 mm to yleld s colourless oil
(29 g)» (Founds Cp 8leBy I, 840s CygH;, Tequires:
Cy 917§ Hy, 8.3%) .
s=Methvibinhenyl OOVIIg Ar = PR)

To the Wﬁ (XXVi§ 2.8 g) in anhydrous benzene
(30 ml) was added chloranil (4 g), and the mixture was
refluxed on & steame~bath for 72 hre On cooling a solid
separated out, which was filtered off and the benzene
solution condentrated to 10 ml and percolated through a
column of alumina (30 x 2.5 em) and eluted with hexane
(280 ml)s The colourless eluate was distilled to remove
the hexane, and the pale-yellow oil obtained was
A1stilled at 88-90°/0.7 mm to give n colourless oil (2.2 g).
(Found: C, 92.73 Hy 7.4. Cales for GygHqot C) 92.84
Hy, 7.28).
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Sab=Dinethoxybensaldehyde

3y 5=Uinethoxybensaldehyde was prepared by the
Rosenmund reduction of 3,8-dimethoxybenzoyl chloridcj’

S28-Dinethoxvbenzylideneacetone (XXIX)

A 10§ solution of agueous sodium hydroxide (3.6 ml)
vas added gradually over a period of 10 min to a vigore
ously stirred mixture of 3,5-dimethoxybenzaldehyde (13 g),
agetone (30 ml) and water (15 ml) maintained between
26-30°, On further stirring at room temp (28%) fer 3 hr,
a light-yellow solild geparatedes The reaction mixture was
acidified with 44l hydrochloric acid and filtered. The
residue was washed with water, dried and combined with
the benzere extract (4 x 60 =1) of the filtrate.

\fter removal of benzene on a steamebath, the oily
product wes fractionated with the following fractions:

Fragtion I (1.9 g)y beps 1258°/1 mm. This was not
examined further.

Fraction 11 (12.6 g), bepe 164°/1 mm. This profuct
solidified on cooling and was erystallized from hexane in
eolourless needles,; mepe 78°+ (Founds C, €9+6; L, 6.6.
Oyt 40, Pequires: Gy 69495 H, 6.87).

The 2,4~dinitrophenylhydirazone derivative crystallized
from dimethylformamide in orange needlessy mepe 220°.
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(Found: ¢, 55.8; H, 4.7; N, 14.3. C1gHi1gl40g requires:
C, 65.95 H, 4.7; N, 14.5%).

Eraction III (XXX), The residual oil (3.4 g) did
not distil below 220°/1 mm. This oil on keeping in
contact with hexane for several days solidified. It was
filtered and crystallized from benzene in pale greenish-
yellow plates (3 g), m.p. 133°, (Found: C, 71.6; H, 6.4.
CgyHpa0g requires: C, 71.2y H, 6.27),

The 2,4-dinitrophenylhydrazone derivative crystallized

from dimethylformamide in bright red needles, m.p. 213°.
(Found: N, 10.8. CgpliggN40g requires: N, 10.5%).

A mixture of 3,5-dimethoxybenzylidenesacetone (XXIX;
10.2 g), ethyl acetoacetate (8 ml), piperidine (0.5 ml)
and absolute ethanol (75 ml) was refluxed for 72 hr. The
1ight red viscous oil which was obtained on removal of
the solvent was dintillod under reduced pressure and the
following fractions were obtained:

Fraction I (0.5 g), up to 130°%/1072 mm, discarded.

Fraction II (2.5 g), 147-150°/10"° mm, discarded.

Fragtion III (11.9 g), 170-176°/10"° mm. This was
redistilled at 170-175°/10"2 mm to give a colourless oil.
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(Founds C, 68,0 H, 7.1. CygligaUg requires: C, 67.9;
Hy 7.08).

The 2,4-dinitrophenylhydrazone derivative wag
prépared and crystallized from ethyl acetate in dark-
orenge needles, m.p. 219°. (Founds N, 11.5, CoqHpgOgly
reguiress N, 11.2%).

The mixture of ester (XXXIj 1.3 g) and ethanolic
potassium hydroxide (1.2 g) in ethanol (12 ml) was
refluxed on a steam~bath for 5 hr. The excess of ethanol
was distilled off at the water-pump pressure and the oil
obtalned was mixed with water (10 ml) and acidified
with conc hyérochloric acid (aeid to Congo Hed). On
addition of ice the oil solidified. It was filtered off,
washed free of acid with water and crystallized from a
mixture of bengene-hexane in long colourless needles (U.8 g),
m.p. 92°. (FPounds C, 73.3; H, 7.0; GMe, 26.0. Cygli;g0;
requires: C, 73.2; H, 7.3; (Me, 25.2%).

The 2,4-dinitrophenylhydrazone derivative was pre-
pared and crystallized from a mixture of dimethylformamide-
ethanol in bright red irregular plates, m.p. 210°,

(Found: C, 8§9.13 H, 5.2y N, 13.4. Cg,fipaN 0, requires:
¢, §9.1; H, 5.2; ¥, 13.2%).
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Lne-aten cyclization and hvdrolysls of JXXI1

A mixture of J3,5edimethoxybenzylideneacetone (XX1Xj
Sel g), ethyl acetoacetate (4.2 ml), piperidine (0.25 ml)
in absolute ethanol was refluxed on a steamebath for 72
hre 7o the same flagk was added ethanolic potassium
hydroxide (3.0 g) in 80% ethanol (850 ml) and it was
further refluxed for 6 hre +wWhile the renction mixture
was still hot, hydrochloric acid was added to it gradually
(excess frothing ‘ue to decarboxylation taking place)
till acid to Congo Reds The reaction nixture was poured
over crushed ice (260 g), when a yellow coloured solid
separated out, filtered off, washed free of aclid with
water and crysmliud from a mixture of benzene~hexane in

long colourless needles (4.5 g), mepe 92°%, Mixed MePe
vith the compound obtained in the previous experiment

was undepressedes

The ketone (XOXIIj 1 g) dissolved in ethanol (10 ml)
wns added to amalgamated zine (prepared from 10 g of
sine wool), and the mixture refluxed on a steam~bath for
24 hre After addition of hydrochloric acid (1:13 &6 ml),
the resction mixture was refluxed further for a period of
24 hre On cooling and treating with water (40 ml), it
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was extracted with ether. The ether extraot was washed
with aqueous sodium biearbonate solution and water, and
dried over anhydrous sodium sulphate. Distillation of
ether gave a yellow oil. The IR spectrum of the compound
50 obtained showed the presence of a carbonyl at 1847 Cl-l.
The oil was therefore taken up in a mixture of ethanol

(45 m1), Girard Reagent P (200mg) and acetic acid (5 ml).
The reaction mixture was refluxed on a steam-bath for 2 hr.
The excess ethancl distilled off and the residue treated
with water (50 ml) and extracted with ether (3 x 100 ml).
The ether extract wvas washed with water, agueous sodium
hydroxide solution (2%), water and dried over anhydrous
sodium sulphate. After eveporation of ether, the residue
was distilled to & colourless oil (0.6 g) at 150-160°
(air-vath temp)/0.1 mm. (Found: C, 77.3y H, 8.6. C1sHp40s
requires: C, 77.63 H, 2.6%), The I spectrum showed

absence of carbonyl band.

A solution of the ketone (XXXIIj; 2.5 g) in dyy ether
(150 ml) wag added to & refrluxing sclution of Iithium
aluminium hydride (1.8 g) in dry ether (150 ml) over a
period of 30 min. The mixture was refluxed for € hr under
stirring, cooled, decomposed by wat ether and cold dil
sulphuric acid (25 mly 20%), The ether extract was
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separated and the agqueous phase extracted with ether

(3 x 100 ml)s The ether extract was washed with water,
agueous sodium bicarbonate solution, wvater and dried over
anhydrous sodium sulphate. Distillation of ether gave

an almost colourless oil, which solidified on addition
of a fev drops of hexane. Crystallization from hexane
gave colourless needles (2.2 g), mepe 92°% IR spectrum
showed the presance of a hydroxyl peak at 3325 em » and
absence of a carbonyl bande (Found: C, 725§ H, B.2.

Cy5tan0; Tequiress C, 72.85 H, 8.1%).

L=Meativl =33, S=dinat T 44 6eds CooVL)

To the solution of alcohol (XXXV; 18 g) in pyridine
(6 ml) was added phosphorus oxychloride (1.6 ml) at 0°
over a period of 10 min. The reaction mixture was
maintained at roou temp (30%) for 3 hr and then heated on
& steam-bath for 2 hrs The mixture after cooling was
poured over crushed jice and extracted with benzere, The
benzeng extract was washed vith water, agueous sodium
bicarbonate gsolution, vater and dried over sodium gulphate.
After evaporation of the benszene, the resicue was distille
ed at 122-125°/0.1 mm to a colourless oil (1.1 gl ¢+ (Founds
Cy 7840y Hy 748s Cygllh o0, vequires: C, 78425 H, 7,98 . The
IR speetrum showed the absence of 2 hydroxyl group.
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-D -3 -

To the compound (XXXVI; 0.8 g) in anhydrous benzene
(15 m1l) was added chloranil (1.8 g), and the mixture
was refluxed on a steam-bath for 72 hr. On cooling,

8 solid separated out whiech was filtered off, and the
benzene solution concentrated to 4 ml, percolated through
a column of alumina (20 x 2.5 cm) and eluted with hexane.
The colourless eluate (120 ml) was distilled to remove
hexane, snd the pale-yellow 0il1 obtained was distilled

at 118-116° (air-bath temp)/0.1 mm to give a colourless
oil (0.6 g). (Found: C, 79.1; H, 7.2. C1sfl180p requires:
Cy 78.9; H, 7.0%).

Ethyl 3,5-dipheny1-6-carbethoxy-2-cyc lohexen-1-one
was prepared according to the method cdescribed by CONNOR
and ANDREWS’® ana crystallized from ethanol in colourless
needles, m.p. 116° (11t. 113°).7% The 2,4-dinitrophenyl-
hydrazone derivative wvas prepared and crystallized from a
mixture of dimethylformamide-ethanol in dark-red needles,
m.p. 202°. (Pound: N, 10.4. CggligglyUg requiress N, 10.0%).

-D - - - -
A mixture of (XLII; 25 g) and potassium hydroxide
(12 g) in 957 ethanol (125 ml) was refliuxed on a steam-bath
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for 5 hr. The reaction mixture, after co0ling, was
acldified with con¢ hydrochloric aeid and poured over
crushed ice (300 g), when a brown coloured oil first
obtained solidified on scratching. It was ffltered off,
washed free of acld with water and crystallized from
ethanol in pale-yellow needles (16.5 g), m.p, 81°.
(Found: C, 87,1; H, 6.4. CilaH10 requiress; C, 87.1;

H, 6.58%).

The 2,4-dinitrophenylhydrazone derivative was
crystallized from & mixture of dimethylformamide-ethsnol
in red fibrous needles, m.p. 221°. (Found: ¥, 12.8,
Coqlinglig 0y requires: N, 13.1%).

A sclution of the ketone (XLIIIy 6.5 g) in dry ether
(200 m1) was added to the refluxing solution of lithium
aluminium hydride (2.5 g) in dry ether (200 ml1l) over =
period of 40 min. The reaction mixture was refluxed for
6 hr, cooled, and decomposed by molst ether, and cold
sulphuriec acid (35 mlj 20%). The ether extract was
separated and the aqueous phase extracted with ether
(4 x 100 ml), The ether extract was washed with water,
sgqueous sodium blcarbonate solution and water, and dried
over anhydrous sodium sulphate. Distillation of ether gave
a pale-yellow oil distilled at 140°/0.01 mm to @ colourless



viscous oil (5.8 g)e (Founds C, B86.7§ H, 773 ‘ctive H,
1e0s CygH g0 requires: C, BG4y Hy 7.2§ ctive E, 1.0%).
dad=iiphenyloyclohex=4.6=diene (XLV)

To a solution of aleohol (XLIV) 5 g) 4n pyridine
(20 g) was added phosphorus oxychloride (8 ml) at 0% over
& period of 10 mine The reaction mixture was left at
room temp overnight and then heated on a ateamebath for
2 hre The mixture after cooling was poured over crushed
ice and extracted with benzene (3 x 120 ml)s The benzene
extract was washed with agqueous sodium bicarbonate solution
and water, and dried over sodium sulphate. After evaporation
of the benzene, . the brown coloured residue digtilled at
120°/10™° mm to n" eclourless oll (3.8 gle (Founds C, 92s7;
Hy 7ele Cygllh o requires: C, 93.13 H, 6.0%).

@=ierphenyl (XLVI)

The mixture of (XLVj 3 g) and palladium on carbon (10%)
(0«8 g) was heated at 200«310% for 12 hr. After cooling,
the reaction mixture was treated with benzene (30 ml) anc¢
filtereds The residue was washed with hot benzene (60 ml).
The filtrate and washings were taken to dryness, when a
colourless erystalline solid was obtained. It was recrys-
tallized from oethanol in colourless needles, WeDe 89°
(13ts 89 77, (Founds C, 83.95 H, 6.1. Calce for Croth 4!
Cy 93493 Hy 6ol
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Eresent work

In the course of a programme of work on the chemistry
of naturally occurring quinones nmnmal“ isolated
an anisoletetracarboxylic acid (A) by oxidation of an
ether-ester obtained from lacoaic acid, the major consti-
tuent of lac dye. There are three possible structures, I,
11, and 111 for this acid.

OMe OMe OMe
HOOC COOH HOOC COOH COOH
COOH HOOC COOH HOOC COOH
COOH )n-’/ %9- - &7 ) COOH
1 I Ir

The acid I melting at 176-181° (dec), resetting at e -
about 220% and remelting at 256° (dec), was isolated by
RALSTRICK gt alland GROVE by alkaline potassium permangae
nate oxidation of dihydrogladiolic acid and gladiolic aeid,
the metabolic products of Penieillium gladioll Machacek.

This was also synthesized by CROVE® from nitromesitylene
by the series of reactions shown in Chart l.

Chart 1

NOZ NH2 ) HN(‘)2 OMe
M M Me Me Me
Me ¢ Raney Ni : (2) NaOHg Me,S0,4
Me Me Me
OMe
AlCi5yCS,g Acy0 o Me Me  No,CO39 KMnO; ()
~ COCHy ”

Me
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A second synthesis of the aecid I was carried out by
CHARLESWORTH gt ale° from mesitylens by a modified method
shown in Chart 8. The properties of the seid I were
different from those of the acid As The acid A had a higher
mepe (230%) and gave a solid tetramethyl ester (m.p. 104%),
vhereas the tetramethyl ester of the acid I was a liquid,
DeDe 180-182°/10"% mm,

The acié 11, mepe 260-261°%, was first isolated by
KIKURI® by the alkaline permanganate axidation of w-sorigenin
methyl ether. As one of the reference compounds in cornection
with the identification of the acidg obtained hiy the
oxidation of purpurogenons, a metabolic product of enicilliupm
Purpurosemun Stoll, the acid II was synthesized by ROBERTS®
from geBexylenol (IV) by the series of reactions in Chart 3.
The tetramethyl ester vas not deseribed. Hydroxymethylation
of Z&m yield — as well as the 2,/%-1:0:-: ol
althaugh the orientation of V was proved by FINK, LEWIS and
MEGSOH,® an unambiguous route to 1I, shown in Chart 4, was
theweflore first attempted in the present work.

Monochlorination of 1V pe= to the hydroxyl was effected
by sulphuryl chloride in earbon tetrachloride at room temp.
Methylation with aguoous sodium hydroxide and dimethyl
sulphate and subseguent treatment with chloromethyl methyl
ether in cone sulphuric acid gave the higchloromethyl
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Chart
\fw' M\P y\- Me
- ‘\Br Mg ; Me2504 AL (/SX\ME
e — [ —
Me Me Mels.  _~“Me Me\/'Mc
SOzH
COOH COOH
N TNCO0H om I _KOH; KMnO,
(1) =—woocl =
HOOCK\Q//COOH HOOC\__~/COOH
‘ OH SOzH
Chart 3
OH OH
= 5 AG.NaOH; (HCHO) 4 HOHZC/\C“zo“ NoOH; Me, SO,
Me ‘\\'\“\, jMe Me : Me
OMe

HOMC 2™ CM0M oo cno,
Me Me )

OM OMe
AN
3 cm?c( CH?CI
—_—
Me X . ‘Me Me\ /Me
- = =
Vi
OMe A 04
A A c CH,OH c2 -
{OAC: KOAC cOHZC CH?O ‘ HOH? J . NaOH.KMnO,
T Me _IMe - ——
YI Y
“)Me OMe
HOO(( "2, COOH Na,CO3; KMnOg4 HOOC ~~ ™ COOH
i 100° L j
Me's _~“Me - HOOC\__~"COOH
i Cl

X
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derivative (VI)s Treatment of VI with acetic acid and
potassium acetate gave VII, which on treatment with methanolic
sodium hydroxide gave only a resinous compound. Atteupted
oﬁidation of VII with alkaline potassium permanganate at

room temp left the compound unaffected. However, on treat-
ment with agueous sodium hydroxide in acetone solution VI
hydrolysed to give VIII. On treatment with alkaline potassium
permanganate at room temp VIII gave the diearboxylic acid (IX).
Further oxidation with alkaline potassium permanganate at
100° ylelded the tetracarboxylic acid (X), which failed to
undergo dehalogenation with Raney nickel in agueous sodium
hydroxide at room temps The acid 11 was therefore synthesized
by the procedure of ROMRTS,> and treatment with diagomethane
in methanol ylelded the tetramethyl ester, meps 103-104%,

8ince the aeid 1I and its ester were found to be differ-
ent from (A) and its ester, a synthesis of the unknown 111
was undertaken by the method sutlined in Chart S Fhenole
2434, B-totracarboxylic acid, m.p. 212-214°, has been reporte
ed by DIMROTH gt g." as a degradation produet of laceaie
acid, but extensive work in this laboratory has shown that
DIMROTH was not dealing with = pure homogeneous pigment and
that both the molecular formula and the structure assigned by
hinm to his “"laccaic agid” are erronecus. Chloromethylation
of 34Bedimethylanisole by treatment with chloromethyl methyl
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Chort S
OMe OMe
CHaCI HOAc KOAc
> —_——— e —————
Me Me Me Me
CH,CI
XTI
OMe OMe OMe
CHa0Ac NaOH; KMnO,4 5oR Na,COz; KMNO, ;100 529"
Me Me "~ Me Me “HOOC Me
CHoOAc COOH COOH
- pe 245 G )
) O,
X@ xm %, : g9 XY
NaOH, KMnOg 100° (Hl )
Chnart 6.
OMe
Zn + HOAc itz H,50,
o uMe COOH i
OMe OMe OMe
g | CH,COOH CCI5CHO (\CH2COOH sntHone 1 D CH2COOH H,S0,
————
Me Xy _~COOH Me (0] Me ~ COOH
C|3C CH2CHC|2
H
OMe + OMe OH
CH»COOH OOH COOH
2 KOH; KMnQ, ; 50 —60° POy o ™
Me COOH 7 Me COOH Me . COOH
CH,COOH COOH COOH
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ethar gave a mixture of Rig~ and grig-chloromethyl
derivatives. The Rigehloromethyl compound XI was then
propared by the method reported in the literature.®
Hydrolysis of XI gave a resinous product. Treatment of

XI with acetic acid and fuged potassium acetate gave XliI,
vhich also gave a resinous product on treatment with alkali.
XI1 was then oxidized with alkaline potassium permanganate
directly to the dicarboxylie acid (XIII) at room temp.

The nedid XIII on further oxidation with the theoretical
amount of alkaline potagsium permanganate gave a tricare
boxylic acid instead of the expected tetracarboxylic aeid
(11I)« This acid obviocusly has the eonatitg:ifﬂﬁflv since
the methyl group between the two carboxylic aads is more
sterically hindered and likely to resist oxidation.

From carminic aeid by oxidation® DIMROTH gt al.
obtained cochenillic acid, a hydroxytoluenetricarboxylie
acid, to which they assigned the structure XV. The structure
XVl for carminic acid was based on XV for cochenillic acids
the sideechain was elaborated to XVII by ALI and nxvnesl®,

becsuse they obtained arabinose and glucose by ozonolysis,_

M Me o O ' o
e e
OH H OH
HO COOH HO oH “T“‘?“?“‘?“T“CHZOH
COOH HOOC i OH LA S S

XV V1 XVIL
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MELDRUM and VAITYYANATHAN'' synthesized both XV and its
methyl ether by the series of reactions shown in Chart 6
and stated that the synthetic compound of the structure

XV was identical with cochenillic acid in m.pe anc mixed
mepPej but the mixed mepe of the two methyl ethers was not
rocord'od. though the authors state that the two resembled
each other. Recently OVEREEM' has claimedthat the methyl
ether of cochenillic acid has the structure XIV. Ie has
stated that he has synthesized both X1V and the methyl
ether of XV by unambiguous methodsjy but these have not
been indicated. An authentic sample of the methyl ether of
cochenillic acid is now being prepared from carminic acid
for direet comparison with XIV synthesized in the present
worke The trimethyl ester of XIV has the mep. 110-111°,
and LANDAUM has quoted mepe 111-113° for the methyl ethere
ester of cochenillic acid.

The acid XIV on further treatment with alkaline
potassium permangancte gave the desired acid III, the
tetranethyl ester of which, obtained by treatment with
diagomethane, wns found to be identieal with the tetramethyl

ester of anisoletetracarboxylic acid from the oxidation of
laceaic aeid.



EXPERIMENTAL
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3,5-Dimethyl-4-chlorophencl was prepared by the
action of sulphuryl chloride on g-xylencl according to
the method described in literature, m.p. 119° (1it. m.p.
11.9").15 3,56-Dimethyl-4-chloroanisole was prepared by
the action of dimethyl sulphate in alkali on 3,5-dimethyl-
4-chlorcphenol by the same method.

3,5-Dimethyl-4-chloro-2,6-bischloromethyl anisole (V1)
3,5-Dimethyl-4-chloroanisole (50 g) was added to a

mixture of conc sulphuric acid (30 g) and chloromethyl
methyl ether (110 g) dropwise, maintaining the reaction
temperature at 0% in the course of one hour under vigorous
stirring. During the addition some solid separated out.
Stirring was continued for an hr more after the addition
was complete. The resction mixture was diluted with ice-
cold water (150 g) and the solid so obtained was filtered,
washed free of acid with water and crystallized from
hexane in colourless needles, m.p. 116°. (Found: C, 49.4;
Hy 5.1 C1, 40.3. C;;H;303C1 requires: C, 49.6; H, 4.9;
c1, 39.9%).

A mixture of (VI; 5 g), glacial acetic scid (80 ml)
and fused potassium acetete (10 g) was refluxed for § hr.
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The reaction mixture was cooled and poured into cold

water (300 ml), when a white solid precipitated out.

This was filtered, washed with water and dried. Crystalli-
zation from dil acetic acid gave white needles (4.8 g),
m.p. 118°. (Pounds C, 5.7; H, 6.0y CI, 10.4. Cyglijg0sC1
requires: C, 57.3; H, 6.0; C1, 10,1%).

3,6-Dimethyl-4-chloro-2,6-pishyd roxymethyl anisole (VIII)

A mixture of (VII; 5 g), acetone (100 ml) and agueous
sodium hydroxide (2%; 200 ml) was refluxed on a steam-bath
for 14 hr. The acetone was distilled off, and after cool-

ing, the reaction mixture was acidified with conc hyérochlo-
ric acid, when a solid precipitate was obtained, which was
filtered and crystallized from dil acetone in colourless
needles (2.5 g), m.p. 181-182°, (FoundiGS57.7; H, 6.8; Cl,
15.6. Cj3H;505C1 requires: C, 57.4; H, 6.5; Cl, 15.7%).
2.5-Dimethvl-4-chlore-2.6-dlcarboxvanisele (I1X)

The above compound (VIIIj; 5.7 g), well powdered, was
suspended in aqueous solution of sodium hydroxide (2N; 24 ml)
and to it wes added potassium permanganate (8 g in 120 ml of
water) and the mixture shaken at room temp (28°) for 15 min
and then heated on a steam-bath for 45 min, The excess
permanganate was destroyed by the addition of & few drops
of ethanol, and manganese Gioxide was destroyed by passing

in sulphur dioxide gas, cooled and filtered (residue was
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insoluble in sodium bicarbonate solution)., The filtrate
was acldiflied with conc hydrochloric scid and left
overnight in a refrigerator, Colourless erystals which
separated out were filtered and recrystallized from
acidulated water (4.5 g), m.p. 192°, (Pound: C, 51.0

Hy 4.5; C1, 13.5; N.E, 133, C11H3305C1 requires: C, 51.2;
H, 4.24 C1, 13,.5; N.B. 120%),

Anisole-4-chloro-2,3,5,6-tesracarboxylic acfd (X)

The aeid (IX; 1.2 g) was diszolved in aqueous sodium
blearbonate solution (28; 18 ml) and to it was added
potassium permanganate solution (4.33 g in 60 ml of water)
and the mixture heated on a steam-bath for 4 hr. The
excess permanganate was destroyed with few drops of ethanol.
The reaction mixture was filtered and the residue washed
with hot water (20 ml). The filtrate and washings were
concentrated under reduced pressurs to 10 ml, acidified with
econe hydrochloric acid and left ‘n the refrigerator for 48
hr, when & solid separated out. Crystallization from a
mixture of water-conc hydrochloric ecid gave colourless
rhombic erystals (0.6 g), m.p. softens at 247° and melts
at 256-257°, (Pounds C, 41.7 H, 2.5; Clj 11.0; N.E, 80,
Cy18,09C1 requires: C, 4l.4y H, 2.23 C1, 11.5; N.6. 80%).

The methyl ester was prepared by treatment with
diagzomethane and it erystallized from & mixture of benzene-
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hexane in colourless needles, m.p. 99°.

- -  §

Anisolo-z,a.a.s-t-t/ncuhuyuc acid was prepared
according to the method of ROBERTS.® The tetremethyl
ester of the acid II was prepared and crystallized from
a mixture of benzene-hexane, m.p. 103-104°, (Found:

C, 52.6; H, 4.8. C,.H,509 requires: C, 52.9; H, 4.7%).
The mixed m.p. with the acid obtained by degradation of
laceaic acid, m.p. 105°, was depressed to 90°).

Chiloromethylation of 3,5-dipethvianisole

{a) 3,5-Dimethylaniscle (20 g) was added dropwise
to a vuoro;ully;-atlrud mixture of chloromethyl methyl
ether (20 g) and conc sulphuric acid (100 g) at 0% in the
course of 1 hr. The colour of the reaction mixture was
initially yellow and it turned light-red and then dark-
brown. During the addition, separation of some solid was
observed. After the completion of sddition, HCl gas was
passed into the reaction mixture for § hr,still maintain-
ing the temperature at 0°. Then the reaction mixture was
poured over crushed ice, when & gritty brown solld separated.
The product was filtered, washed free of acid and ¢ried
(28 g). Crystellization from bengzene-hexane mixture gave
yellow needles (20 g), m.p. 120°. (Found: C, 50.3; H, 5.8;
C1l, 34.6. Cale. for C;,H140C1y: C, 56.4; H, 6.0; Cl, 30.0%).



(v 3.§fm;n1,§.g -Bischloramethylanisole dhf
Dry hydrogen chloride gas was passed through a mixture
of 3,5-dimethylanisole (25 g), cone HC1l (18 g), paraformal-
dehyde (12 g) and carbon tetrachloride (90 g) at room temp
(26°) under vigorous stirring for 5 hr and then at 60-70°
for 2 hr. The semi-solid reaction product M was
poured over crushed ice, wvhen a light gritty brown solid
separated. It was—fiitered; washed-free-of actid; dried
and crystallized from benzene in colourless needles (25 g),
m.p. 136° (1it. m-m").‘r (Pound: C, 56.5; H, 6.3; C1,
30,2, Cale. for CjjH;40C1,: C, 86.4; H, 6.03 C1, 30.0%).

2.4-Bisscetoxvmethyl-3.5-dimethvianisole {XI1)
2,4-Bischloromethyl-3,5-dimethylanisole (XI3 5 g),
scetic acid (80 ml) and fused potassium acetate (10 g)
were refluxed gently for 5 hr. The reaction mixture was
cooled and poured into cold water (300 ml), when a white
soltd precipitated }m’ This was filtered; washed with
vatery-and-¢ried. Crystallization from dil acetic acid
geve colourless needles (5 g), m.p. 87°. (Founds C, 64.7;

D

quﬂcoutc (*ﬂ\ 4g) va}f suspondod ;.n 28 sodium

hyéroxide solution (50 ml) and m M potassium

a| 7.‘. cm}‘goos ﬂquiﬂ!! C' 64 3' H' 7 2%)c

permanganate (6.6 g in 100 ml of water). The reaction

}'/fl,"
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mixture was left at room temp for 3 hr and then heated
on & steam-bath for 10 min, The excess permanganate was
destroyed with érops—of ethanol,an¢ manganese dloxide
was destroyed by passing in sulphur dloxm./p’i ti1l the
solution was c¢lear, The reaction mixture was cooled and
filtered. {(The-residue was-insoluble in-bicarbonate
solutien)s The filtrate was acidified with conc hydro-
chloric acid and left overnight in a refrigerator. The
precipitate Mnm-wﬁm erysta-
111zed from water in colourless om-uh (2.4 g), m.p.
248-249° (dec). (Found: C, 68.9; H, 5.5; N.E. 1l2.
C11H120g Tequiress C, 58.9; H, 5.4; N.E. 1128).

The methyl ester wes cbtained by treatment with
diazomethane amdst crystallized from hexane in colourless
needles, m.p. 69°/ (Found: C, 61.7; H, 6.7. CqgH1605

r.qur’.. Q. 61..‘ ll, ‘-“)o

To the acid (‘Hﬁ; 170 mg) in sodium carbonate
(2N; 1.5 ml) was added a warm solution of potassium
permanganate (480 mg) in water (10 Il))lbd the mixture
heated on a steam-bath for 3 hr. Excess permanganate was
destroyed by the addition of a few drops of ethanol. The
solution was filtered a2nd the residue washed with hot
water (3 x 5 ml1). The filtrate was concentrated under
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veeouum to 2.5 nlycnd-aoidlficd with cone¢ hydrochlorie
acid)and left in & refrigerator overnight, when colourless
erystals separated puff Reerystallization from acidula-
ted water gave colourless needles (80 mg) which softened
at 183°, resolidified and fémelted st 213°. (Found:

C, 52.4; H, 4.3; u.n)es. C11H100; requires: C, 52.0;

H, 4.0; N.B. 85%). @)

The methyl oltn;.:u prepared by treatment with
diazomethane ane—It crystsllized from & misture—eof
benzene-hexéne in colourless needles, m.p. 110-M1° LA hrf:l/
(Founds C, 56.6; H, 5.5; OMe, 41.7. C14Hg0, requires:
¢, 56.8; H, 5.4; OMe, 41.87).

Aaisole-2.3.4.5-tetragarboxvlie aedd (11D

The acid (XIVy; 1.5 g) was dissolved in aqueous
solution of sodium hydroxide (1.5 g in water, 10 ml) and
to it was added a warm solution of potassium permanganate
(2.8 g; excess) in water (30 ml), and the mixture heated
on a steam-bath for 6 hr. FExcess permanganate was
destroyed by addition of a few drops of ethanol and
fi1tered. The residue was washed with hot water (4 x § ml)
and the filtrate acidified with conc HCl. The acidified
solution was concentrated under vacuum to 15 ml, saturated
with sodium chloride and thoroughly extracted with ethyl
acetate (5 x 60 ml). The ethyl acetate extract was dried
over sodium sulphate and filtered. Distillation of the

@)ﬂtz)f /’W/fﬂt« g/ an, ({. ‘6— 7K 7/ //b‘ At ac’y{fa«m’“

A 2000 o wiliindd, Aindly itleyip Al 225 227° o -
Al - btk /ﬂ/&w/%f" m/’/ﬁj' y N 7:’5(/{ Frer 2:;;‘?72:2;' %
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solvent gave & crystalline solid; recrystallization from
acidulated water gave colourless prisms (0.5 g), m.p.
216-217° (dec). (Found: C, 46.9; H, 3.2; N.E. 73.8.
Cy1Hg0g requires: C, 46.55 H, 3.0; N.E. 71.0%).

The methyl nt-r)m prepared by treatment with
dilzmtmt)m—mmm crystallized fron/
sixpare—0f benzene-hexsne in colourless needles, m.p.
106°. (Found: C, 52.9; H, 4.9, CjgHig0g requires:

c, 52,9y H, 4.77). Mixed m.p. with the acid obtained |
by the degradation of laccaie acid, m.p. 105°, vas 7% My

undepressed.
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SUMMARY



140

Fart 1. & total synthesls of citrinin

The present work was undertaken to achieve 2 total
synthesis of citrinin, because the synthesis recorded by
ROBERTSON can only be regarded as a partial or formal
synthesis, and also to develop procedures for the
synthesis of analogues of eitrinin vhich may be leas
toxic and have more powerful antibacterial properties
than eitrinin.

A total synthesis of eitrinin has now been effected
(Chart 3), starting from ethyl 3,8edihydroxyphenylacetate
(XIX) which in turn was prepared from citric acid. The
method now devised is entirely different, except at the
stage of carboxylation of the phenolic alecohol (XXVII),
from either of the two methods of ROBERTSON. The
Gattermann~-Adams reaction on X1X gave ethyl 2-aldehydo-
Jy 8=dihydroxyphenylacetate (XX)+ Clemmensen reduction
of XX yielded ethyl 3,5-dihydroxy-getolylacetate (XXI),
which was benzylated by means of benzyl chloride and
potassium carbonate in agetone, and hydrolysed with
alkali to 3,5«dibenayloxy-g-tolylacetic acid (XXIII).
The aeid (XXIII) on treatment with methyllithium yielded
3y5=dibenzyloxy~g~tolylacetone (XXIV). C-Methylation of
the ketone (XXIV) was effected with sodium hydroxide
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and methyl iodide to give methyl o«(3,5-dibenzyloxy-g-
tolyl) ethyl ketone (XXV). Reduction of the ketone XXV
with lithium aluminium hydride ylelded methyl «=(3,5-
dibenzyloxy-g~tolyl) ethylearbinol (XXVI). Hydrogenolysis
of XXVI 4in presence of palladium on carbon gave o=(3,5-
dihydroxy-g-tolyl) ethylearbinol (XXVII). Carboxylation of
XXVII in glycerine, potassium hydrogen carbomate and
carbon dioxide at 150-158° gave 2,6-dihydroxy-4-methyl=5-
((=methyl=f=hydroxy-p=propyl) benzoic acid (XII), which on
cyclization with ethyl orthoformate gave e¢itrinin. The
synthetic citrinin (optically inactive) was identical with
natural Jlecitrinin in its mep., mixed m.p., UV atuérption
spectrum (Fige. 7) and IR spectrun in carbon tetrachloride
(Figs 6)¢ The IR gpectra of citrinin and dihydroeitrinin
are discussed.

Citrinin (V), phenolic alcohol (XXVII), dibensyl
ether (XXVI) and dimethyl ether (XI), all of which have
two asymmetric carbon atoms, can exist in four optically
active forms (two diastereoisomers and their enantiomers)
and two racemic forms. Phenolic aleohol (B) is a single
racemate and no information is available regarding the
identity of the other racemic form of the phenolic aleohol
(XXVII) or its dimethyl ether (XI). In the present
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synthetic studies it was observed that the dibenzyl ether
(XXVI) of the phenolic aleohol (XXVII) was a mixture of
both racemates. Chromatography followed by fractional
erystallization led to the pure grythro form and a mixture
of fhrea and gryihro racemates, which could not be
separated further.

Eart 11. Synthesis of some apalogueg of eitrinin

The object of the present work was twofold. One was
to study the effect of substitution in p=(3,5-dihydroxy)-
phenylethyl aleohol (VIII) on its reactivity towards ethyl
orthoformate under the simple conditions used in the
sytithesis of citrinin. The other object was to study the
effect of removing one or more of the three {~methyl groups
in eitrinin on the antibacterial activity of the molecule.

Following the line of synthesis of citrinin, the
synthesis of analogues of e¢itrinin of the structuresIi,
X and XI was undertaken. The required fephenylethanol
derivatives (XXVI, XXIX, and XXXIII) and the corresponding
Yeresorcylic acids (XXVII, XXX, and XXXIV) were synthesized.
Ethyl orthoformate at room temp cyclized XXX readily to Xj
but the action of ethyl orthoformate on XXVII and XXXIV led
to products which had the qualitative properties of the
citrinin type, but which were unerystallizable. In the
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light of these results and the earlier work of N. RAMANA-
THAN, the action of ethyl orthoformate on a molecule of
the type of XXXV are discussed.

Eart 111. Synthesls of unsvmmetrdcally substituied biphenvls
The available methods for the aynthesis of biphenyls
have been reviewed with particular emphasis on unsymmetri-
eally substituted biphenyls.
The synthesis of certain biphenyls has been included
in the present work because of the possibility of using
them for the synthesis of pigments of the type of denticulatol
(XVIj XV11) and some anmalogues of citrinin, such as XV,

In the present method 3emethylbiphenyl (XXVII),
3y S~dimethoxy=3'~methylbiphenyl (XXXIV) and geterphenyl
(XLVI) bave been prepared in an overall yield of 25-30 per
cent through a series of reactions outlined in Chart 1.
Michael addition of benzylideneacetone and ethyl
_ dcstoacetate by refluxing in ethanol and piperidine gave =
6670 per cent yield of 3-methyl-S~phenyl=Gecarbethoxy=2-
¢yclohexen=leone (XIX)} results have been reported negative
in literature. Alkaline hydrolysis and acidification of
(X1X) effected decarboxylation to give 3-methyl=Sephenyle2-
éyclohexen=l-~one (XXIV), which by the action of sodium
borohydride was reduced to XXV. Dehydration of XXV with
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pyridine and phosphorus oxychloride gave l-methyl-3-
phenylcyclohex=4,6«diene (XXV1) which was dehydrogenated
with chloranil in benzene to 3emethylbiphenyl.

For the unknown 3,6-dimethoxy-3'-methylbiphenyl the
starting point wvas 3,5«dimethoxybenzaldehyde. The same
sequence of reactions on chalkone (XLI) led to g-terphenyl
(XLVI).

Fart 1V. Synthesis of anisole=2,3.4,0-tetracarboxvliie acid

In the course of a programme of work on the chemistry
of naturally ocourring quinones, an anisole tetracarboxylic
acid (A) wag isolated by oxidation of an ether-ester of
laccaic acid, the major constituent of lac dye. The acid (A)
on treatment wlth diazomethane gave 2 tetramethyl ester (B).
There are three poasible structures (I, II and III) for
this acid.

The acid (I) ané its tetramethyl ester are known and
its properties were different from (A). The aecid (II) is also
known, but its tetramethyl ester has not been deseribed. The
acid (II) was synthesized by the procedure of ROBERTS and its
tetramethyl ester was preparedy they were found to be
different from (A) and (B). In order to remove the slight
ambiguity in the route followed by ROBERTS, a method whiech
would leave no doubt regarding the orientation of the carboxyl
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groups was also attempted. Monochlorination of 3,6«
dimethylphenol with sulphuryl chloride, methylation,

and subsequent treatment with chloromethyl methyl ether
in econe sulphuric acid gave the Rigchloromethyl deriva-
tive (V1). Treatment of VI with acetic acid and potassium
acetate gave Vii, Treatment with agueous sodium hydroxide
in scetone solution gave the bighydroxymethyl compound
(VI1I), which on treatment with alkaline potassium
permanganate at room temp gave the diearboxyliec acid (IX).
Further oxidation of 1X with alkaline potassium permangae
nate at 100° afforded the tetracarboxylic aecid (X)3 it
falled to undergo dehalogenation with Raney nickel in
agqueous sodium hydroxide at room temp, and more vigorous
conditions are under study.

dyS-Dimethylanisole on chloromethylation afforded
the pigchloromethyl compound (XI), which on hydrolysis
could not be converted to the Rhighydroxymethyl derivative.
However, treatment of XI with acetic acid and fused
potassium acetate gave XI1I, which was oxidized with
alkaline permanganate at room temp to the dicarboxylie
acid (XI1I)e. The aeid (XIII) on eontrolled oxidation
with alkaline permanganate ylelded a triearboxylic acid
(XIV)e The structure XVI for earminic acid was based on
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XV for cochenillic acid. Recently OVEREEM has celaimed
that the methyl ether of cochenillic acid has the
structure XIVy he synthesized both XIV and the methyl
ether of XV, but he has not indicated his synthetic
routes. An authentic sample of the methyl ether of

cochenillic acid is now being prepared from carminic aeid
for direet comparison with XIV.

The acid (XIV) on oxidation with excess of alkaline
pemmanganate gave the desired aeid I1Ij treatment with
diazomethane gave the tetramethyl ester, which proved
to be identical with the tetramethyl ester of the

anisoletetracarboxylie scid produced by the oxidation of
laccaic acid.
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