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Part 1
CITRININ AND ITS ANALOGUES



0DUC

Citrinin, a laevorotatory, yellow, phenolie carboxylic
acid, was first isolated by Hetherington and Raistrickl from
a metabolic solution of Penicillium citrinum Thom. From a
culture in Czapek-Dox glucose medium, incubated for about
14 days at 28°, Hetherington and Raistrick obtained citrinin
by acidification of the filtered solution and crystallization
of the yellow precipitate. Various other organisms such as
Fenicillium umnsuma y Aspergillus 1_:(-:rrem3 and an Aspergillus
species of the candidus group‘ are known to produce citrinin.

Citrinin has also been isolated in 1 to 1.2 per cent
yield from dried leaves of the flowering plant, Crotalavia
gaigggﬁgs growing in N, Australia, India and other tropical
countries.

The bacteriostatic activity of citrinin has been examined
by various workers (Raistrick and Smith,® Oxford,” Tauber ot
10 2nd wang et a1.ll).
Wang et 51.11 have suggested that the antibiotie action of

ggji Timonin and Rouatt,9 Wang and Hong

citrinin is chiefly due to the heterocyclic ring in the
molecule. However, the phenolic hydroxyl group and the
quinonoid system obviously playf a part in view of the anti-
bacterial activity of many phenols and quinones. In spite
of the ease with which citrinin can be prepared microbiolo-
gically, it has not found therapeutic application because of
its high toxicity and low antibacterial action in comparison



with antibiotics such as penicillin and aureomycin. The growth
of Staphylococcus aureus is inhibited by citrinin in a dilution
of 1 in 60,000 and of B, subtilis in a dilution of 1 in
2,00,000,

Citrinin crystallizes from alcohol in bright lemon yellow
needles, m.p., 171,5° (decomp.), and is optically activej
[a]Hg green = about -42° in alcoholic solution.t

The constitution (I) was first assigned to citrinin by
Coyne, Raistrick and Robipsonl2 on the basis of the experi-
mental results of Hetherington and Raistrick,l a brief outline

of which is given below (Chart I).
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Gore 15_;1.13 studied the behaviour of "Notalin:+vhich was -
subsequently shown to be eitrinin, towards diazonium salts,
and disproved (I). They proposed the structure (IV) for
citrinin, but finally confirmed the slightly different consti-
tution (V) which was proposed by Robertson gt al. Gore et
2;.13 found that the structures assigned by Coyne g&_gl.la

to phenolic aleohol (II) and the dialkylcresorcinol (III)
obtained by alkali fusion of (II) to be untenable, since both
coupled with diazonium salts to give the bisbenzeneazo
derivatives., The absorption spectra, compared with those of
2:4- and 4:6-bisbenzeneazoresorcinols, indicated that the
dyes from (II) and (III) belonged to the 2:4-series.

OH ¢
Jgic ~o HOOC A N7 M Hu©0H
! 1
H 2 CHMe Me
o oty 0 ,‘:’\cﬁm

CHMe CHOH) Vie

(v) (V) \7)

Phenol (III) was thus shown to be 4-methyl-5-ethylresorcinol
and the phenolic alcohol (II) to be 4-methyl-5-(l-methyl-2-
hydroxy )-propylresorcinol (VI) as suggested by Cram}5
Citrinin was then assigned the structure (IV).

Three dyes were obtained on coupling citrinin with
diazotiged aniline. The two neutral dyes were shown to be
identical with the mono- and bisbenzeneazo derivatives of
the phenolic alecohol (VI). The third dye contained a carboxyl
group. Decarboxylation yielded a dye which was identical with
the monobenzeneazo derivative of the phenolic alcohel (VI),

and it resembled 4-benzeneazoresorcinol in its absorption



spectrum and chromatographic behaviour.
This dye was formulated as (VII) and the azocarboxylic
acid from eitrinin as (VIII) in preference to (IX).

OH OH OH
N=NPh HOOC, N=NPh PhN=N(Z Y\ COOH
Ho CHMe CHOH)Me Ho CHMe CHEH Ve HO'S A CHNe CHOH) Me
Me Me

(Vi) (Vi) (1x)

The structure (IV) proposed for citrinin had therefore to be
modified, and the alternative structure (V), which was proposed
by Robertson gt al., provéd to be more in conformity with the
behaviour of citrinin towards diazonium salts.

Robertson 33_31.16'21 have carried out extemsive inves-
tigations on the degradation and synthesis of citrinin, methyl-
citrinin and dihydrocitrinin, and their results are summarized
in Chart II.

17, le¢-21

The synthesis of citrinin was achieved by Robertson et al.
who synthesized the p-nitrobenzoate of the dimethyl ether of
phenolic alcohol (B) and thus established the constitution
of phenolic alcohol (A) and (B). The dimethyl ether of
phenolic alcohol (B) was further resolved into the (+)- and
(=)- forms and the latter was shown to be identical with the
dimethyl ether of the phenolic alcohol (A). The synthesis of
the p-nitrobenzoate of the dimethyl ether of phenolic alcohol
(B) was carried out as follows: 3:5-Dimethoxy-2-methylbenzoic
acid (X) was converted into the diazoketone (XI) via the acid
chloride. The diazoketone (XI) was subjected to the Wolff
rearrangement with ammoniacal silver nitrate which furnished

the amide (XII). Dehydration of (XII) gave 3:5-dimethoxy-2-
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methylbenzyl cyanide (XIII), C-Methylation of the nitrile
(XIII) by the interaction of the sodio-derivative with

Meo OMe MeG#~ lOMc MeD, ONMe M0 2~ \ONe
Me My Me! Mo

Coot COCHN , CHLCONH, CH,CN
x) (xm) (X1 (Xi)
Meo Me Me \OMz
e \)
CHMe-CN CHMe CHO Me -CHOH) Me
(xty) (xV) o (x)

dimethyl sulphate in benzene gave (XIV), which was reduced
to the aldehyde (XV) by Stephen's method. Condensation
of (XV) with wmethyl magnesium iodide yielded the alcohol
(XVI). Fractional crystallization of the p-nitrobenzoate
of [(AVI) gave the p=-nitrobenzoate mm of the dimethyl ether
of the phenolic alcohol B which accompanies the optically
active (=)-isomer (VI) when citrinin is hydrolysed.

Three partial syntheses of citrinin starting from the
phenolic alcohol (VI) have been described so far. In one due
to Robertson et El.19,20 carboxylation of the phenolie
aleohol (A)(VI) by means of potassium bicarbonate in glycerine
at 150=55° gave the acid (XVII), from which the

aldehyde (XVIII) was prepared by the Gatterman reaction.

COOH COOH
Ho OH Ho# IOH
Me Me' ~CHO
CHMe-cH(OH)Me CHMe. - C H(OH)Ne
(xv) (xvin)

Cold concentrated sulphuric acid effected cyclisation

to citrinin which was shown to be identical with the



natural product. By a similar series of reactionson phenolic
alecohol (B), they obtained inactive citrinin which was finally
resolved into the (-)- form identical with natural citrinin
by means of its brucine salt.

By heating the acid (XVII) with methylal in benzene satu-
rated with dry hydrogen chloride in a sealed tube at 60° for
6 hours, Warren ot al.2? obtained dihydrocitrinin, which was
then oxidised to citrinin by bromine in chloroform. A much
simpler synthesis which has interesting possibilities in the
isochroman series was achieved by Gore _g;_g.z"‘ by the action
of ethyl orthoformate on the acid (XVII) at room temperature
and in nearly quantitative yield. The reaction probably
proceeds through the ethoxymethylene derivative (XIX).

OH
HooC HOEL

XVI[) —>
( ) HMe-CH(OH)Me

é — W)

(o]

Me

- 1

(x1x) o

24

Cram™" has collected evidence to represent the relative confi-

gurations about the two asymmetric carbon atoms in the phenolic
alcohol (¥I) and therefore in citrinin as (XX) and (XXI)
respectively.

MeH._Me Mt Me
H HO. o
OH

OH 1}

(xx) (XX1)



Present work

The object of the present work was to modify the struc-
ture of citrinin, and examine the toxiecity and antibacterial
properties of such citrinin derivatives and analogues in the
hope that compounds with lower toxicity and improved antibac-
terial and chemotherapeutic properties may emerge. An important
aspect of the investigation was the accumulation of data on the
relation between constitution, toxicity and antibacterial
properties in the isochroﬁan series and in the new quinonoid
type of which ecitrinin is an example.

Attempts have been made to prepare derivatives of citrinin
from natural citrinin or its hydrolytic products. The conver-
sion of a carboxylic acid into its amide may be expected to
decrease toxicity. Citrininamide (XXIII) was prepared by the
oxidation of dihydrocitrininamide (XXII) and shown to Dbe
identical with the substance obtained by the action of ethyl

orthoformate at room temperature on the amide of the acid
(XXIV).

OH OH CONH,
H,Noc@"‘b? H;Nor)/“? Ha@OH
Ho _CHMe OAA . CHMe Mol
Me e Mo CHve CHMie:CHOMIMe

(XxIy) (Xxu1) (XXtv)

Dihydroeitrininamide was prepared by Schwenk 33_51.25 from



methyl dihydroeitrinin. A partial synthesis of inactive
citrinin wvas effected by the action of ethyl orthoformate on
the acid obtained by Y-carboxylation of the racemic compound
produced as a by-product, together with the (-)-xalx form,

in the acid or alkali hydrolysis of ecitrinin. It was observed
that, whereas the acid (XVII) and its amide (XXIV) cyeclised
readily to citrinin and its amide on treatment with ethyl
orthoformate at room temperature, the methyl ester did not
cyclise under these conditions to give methyl eitrinin,

When the position between the two hydroxyl groups was unoccu-
pied (VI) the ethyl orthoformate reaction gave an amorphous

yellow substance, from whieh decarboxycitrinin (XXV) could

not be isolated.

With a view to study the effect of substituents in the
heterocyclic ring of citrinin on its antibacterial activity,
l-alkyl derivatives of citrinin were prepared by the inter-
action of the aeid (XVII) with appropriate ortho-esters. Thus
l-methyl and l-ethyl citrinins (XXVI) were obtained by the

use of ethyl orthoacetate and orthopropionate respectively. \(ik

o

R
H 1
Hooc¢ /C\O e )
i E
~CH (R+Me,

(XXV1)
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Isochromans

Isochroman and its derivatives have been stated to be
useful in the preparation of medicinals and perfumes.26
Although numerous isoqunnarins27 are known, the only isochromans
apart from dihydrocitrinin that have been described in litera-
ture are the parent compounds and a few substituted isochromans,

Very few isocoumarins have been reported to eccur in nature.
‘Bergenin or cory10psin28’29 isolated from the roots of Saxifragza
cragsifolia and other members o. the family saxifragaceae, has
been assigned the comstitution (XXVII). Asahina and Nogamiso

9 g
& M ¢ '
HO o& \g @/c\Q
_C(CHOH), CHOH _C-CH CHMe
Mo o A 3 Pl Me ¢ 37 \ou\ 8
(xxvit) (xxvin) (XXIX)

isolated from Parmellia glomellifera an isocaumarin glomellin

(XXVIII), the structure of which has been confirmed by synthesis.31

32,33

Mellein or ochracin, a mould metabolite of certain species

34
of Aspergillus, has been shown to be (XXIX) by analytical and
synthetical studies.36
Brevifolincarboxylic acid,36 the major crystakline component

of Algarobilla tannin, has been shown to have the structure (XXX).

o o
" "
"W SO
_CHCOOH
e o Cfé\co i \o ~ ot
c.!:u——(k:ﬂi CHCOOH
(xxx) ook (xxx1) éH;OOOH of brevifolin
This has been counfirmed by synthesis of O=-trimethyl ethengy two

independent routes, 58137

Haworth and DeSilva have shown that
"gplit acid" (now known as chebulic acid), a hydrolysis
product of chebulinic acid,38 the crystalline constituent of

the fruits of lerminalia chebula, is constituted as (XXXI).
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The earliest reference to the formation of isochromans
39
is by Garcfa Banus and Medrano who found that the action
of benzylmagnesium chloride on benzaldehyde gave 1:3=

diphenylisochroman and 1:3-diphenylisochromene.

Biegel et g;.4o have recently reinvestigated the work
of Garc{a Banus and have confirmed the formation of 133
diphenylisochroman (XXXV) by an independent synthesis. The
key step in their synthesis was the addition of phenylmagne=
sium bromide to 3-phenylisocoumarin (XXXII) to yield 2=
phenagylbenzophenone (XXXIII). The diketone (XXXIII) on

[
C\o coPh
&-Ph @[ —
~ch CH,COPh
(xxxu) (xxxunt)
Ph o
N\ CHOH CH.,
~ | o En-Ph
CH,CH-Ph New,
(XXX1V) (xxxv)

reduction with lithium aluminium hydride gave the glycol
(XXXIV) which dehycrated readily to 1:3=diphenylisochroman
(XXXV).

The synthes$s of the parent compound (XXXVIII) is due
to von Braun and z.obel,41 who prepared it by the cyclization of
p-o-ethoxymethylphenylethyl alcohol (XXXVI) with hydrobromic
acid in a sealed tube at 100°., They also observed that the



two end carbon atoms in Q-2-bromoethylbenzyl bromide (XXXVII) can
be brought together not only through another carbon atom to

CH;OCH,_CH_,
gHzOH

CH; CHgz
(xxva % CHOH
éHz Ao CH,CHOH

CH;BV

XX
N cu;cmBy (X V"') (xxx1x) (xt)

(xxxviy)

form tetralin derivatives or through a nitrogen to form tetra-
hydroisoquinoline derivatives, but also through oxygen or
sulphur to form isochroman (XXXVIII) or thioisochroman (XXXIX).

Two German patent326 describe the condensation of B-
phenylethyl alcohol with formaldehyde or paraformaldehyde in
presence of agueous hydrochloric acid to form isochroman. With
an excess of formaldehyde and hydrochloric acid, ga second
chloromethyl group enters the benzene riqg, probably in the
para position to the alcoholic group, forming a chloromethyl
isochroman. The same patents also describe the preparation of
methyl isochroman and chloromethyl methyl isochroman from B-
tolylethyl alcohol and a nitroisochroman from #-nitrophenyl-
ethyl alcohol by the same procedure.

Siegel and Goburn42 have reported the synthesis of iso-
chroman by reduction of homophthalic anhydride or methyl
homophthalate with lithium aluminium hydride and subsequent
dehydration of the alcohol (XL) with potassium hydrogen
sulphate.
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Homophthalyl alcohol (XL) has been preparea in 91% yield by
Anderson and Holliman43 by lithium aluminium hydride reduction
of ethyl homophthalate; when homophthalic anhydride was
similarly reduced and the product distilled at 110°/25 mm.,,
isochroman was obtained in 33% yield.

3=Phenylisochroman (XLII) has been synthesized by Siegel
et 51.42 by the lithium aluminium hydride reduciion of 3=
phenylCisocoumarin and subsequent denydration of the glycol

(XLI). Siegel, Coburn and Levering44 describe a general

0
g
O — O™ X%
X \c,(bp"‘ = chchoHPh N
2

(xu) (XxLm)

method for the synthesis of 1:33=-dialkyl- and 1l:3-diaryliso-
chromans by dehydration of the "abnormal products'" or glycols
obtained in the reaction between benzylmagnesium chloride

and aldehydes. Schieler aud dprenger45 have synthesized
6-hydroxyisochroman. m-Hydroxy-f-phenylethyl alcohol was
converted into 4-hydroxy=-3-(B-hydroxymethyl)-benzaldehyde,
which on reduction with lithium aluminium hydride split

off water spontaneously to give 6-hydroxyisochroman.

An isochromene derivative, 1sobenzpygylium ferric chloride
was prepared by Blount and Robinson46 by the action of hydrogen
chloride and férric chloride on homophthaldehyde. An isobenz-
pyrylium salt, l-phenylisobenzpyrylium perchlorat;w (XLIII)
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has been prepared by treating the carbinol obtained from
the reaction of isocoumarin and phenylmagnesium bromide
with perehloric acid,

2 Hge Mg B
¢ He Mg B¢ NH4CL , H,0
4 SNo C‘ S“’g 2
| CH H
NP

. = CeHs -

(
HSe OH l )
Vi COC‘”g ( HCL04. \2 Ct 4
l ‘H dgainns S chcho' o
c , : c&
(

- (xur)

7\

The simplest analogue of citrinin is norcitrinin
(XLIV) and its synthesis was attempted by several methods.

(xuv)

Be=3i5=Dimethoxyphenylethyl aleohol (LII) was prepared by
two routes. The first involved the action of ethylene
oxide on the Grignard reagent from 3:b-dimethoxyiodobenzene
(LI) which was prepared by a series of reactions starting
from a-resorcylic acid (335-dihydroxybenzoic aecid)(XLY) yia
its methyl ether (XLVI), acid chloride (XLVII), amide
(XLVIII) and amine (XLIX),

OH Me 07 \OMe MO lomc MeOZ ]om
N ‘ N
SONH,

COooH COOH docL
(XLv) (X (xrvi) (xueviny)
M0 A\ oM MeOZ \ OMe Me0r2\OMe Mo @, OMe
GG g q
NH, Br 1 CH,CHOH
(XLix) W) () (L)

3 s5=Dimethoxybromobenzene (L) was found to be less
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reactive than the corresponding iodo compound (LI).

In the second method 335-dimethoxybenzoic acid (XLVI)
was reduced by lithium aluminium hydride to the benzyl alcohol
(LIX), which was converted to the corresponding chloride (LX)
and nitrile (LXI) following the conditions of Adams 33_51.48
The nitrile on hydrolysis with caustic potash gave the acid
(LXII). Bi.rch‘9 has prepared the same acid (LXII) by acid
hydrolysis of the nitrile (LXI).

An attempt to prepare 3:5-dihydroxybenzyl alcohol (LIII)
from the tosyl ester of 5-nitrovanillin (LIV) proved unsuccess-
ful., Vanillin was nitrated with nitric acid in glacial acetic
acld according to the method of Bentley50 to give S5-nitro-
vanillin (LIV), which on treatment with p-toluenesulphonyl
chloride gave the corresponding tosyl ester (LV).' Reduction
of this ester with Raney nickel in dioxan did not give the
desired aminoalcohol, but an oily product which was soluble
in dilute aqueous caustic sodaj it contained no sulphur, and
appeared to be impure 3-amino-4-hydroxy-5-methoxytoluene.

The action of Raney nickel on tosyl ester of vanillin (LVI),

OH O-kosyl
HOOOH o N@om o) N@OMc
' 2 2
N\
CHOH CHo CHO
(L) (L) (Lv)
following the method of Kenner and Murray,51 gave an 80%
yield of m-methoxybenzyl alcohol (LVII).
O-tosyl
@ow @om @ome
CHo CH,OH Me

(Lvr) (Lvi) (Lviu)
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The reduction of vanillin tosylate (LVI) by the Mozingo
method led to m-cresol methyl ether (LVIII)52 (60%), and a
trace of a sulphur-containing oil.

Reduction of (LXII) with lithium aluminium hydride gave
B-385-dimethoxyphenylethyl alcohol (LII), Attempts to demethy-
late (LII) by various reagents, such as hydrobromic acid in
acetic acid, hydrtiodic acid and red phosphorus, aluminium
chloride and aluminium bromide in benzene, toluene, xylene and
nitrobenzene and pyridine and aniline hydrochlorides were

however unsuccessful. Demethylation with hydrobromic acid in

Me0 ONle Meo OMe Me0 OMe
CH,0H CH.CL CHCN
(L1x) (LX) (Lry)

acetic acid and hydriodic acid and red phosphorus gave the
corresponding alkyl halide (LXIII) instead of the desired
phenolic alecohol. The formation of the halide was proved by
its reduction with zinc and acetic acid to 5-ethylresorcinol
(LXIV) and comparison with an authentic sample.53 Attempts to
replace the halogen in (LXIII) by a hydroxyl group by means of

Me0 2 \\OMe Ho Z\OH oH R0 N\ORe
A l S ' (X:Br,l) N |

CH,C00H CHLH X G Hs CHCHORC

(Lxn) (Lxin) () (Lxv)
caustic alkalis were unsuccessful, intractable gummy products
uexx being formed., However, on treatment of (LXIII) with
acetic medd anhydride and sodium acetate, the triacetate (LXV)
was obtained.



‘T:]-(-ZA?
B-3:5-Dihydroxyphenylethyl alcohol (LXXV) was ultimately
obtained by carrying out a similar series of reactions, start-
ing from ethyl 3:5-bis(benzyloxy)benzoate (LXVI) instead of
the dimethyl ether. It was subsequently found that B-335-

PhCHO (jocu}h Phc.'l(p@oc“,vh Ph cup@ocu,yh
N

COOEL CH,O0H CH,CL
(Lxvr) (Lxvi) (Lxviti)
Pkcup@ocu,}’h PhCHO @ocu,vh PhCHO ©OCH1PB
X ]
CHEN CHCO0H CH,CHOH
(Lxt1x) (Lxx) (Lxxi)

bis (benzyloxy Jphenylethyl alcohol (LXXI) could be more conve-

niently prepared from ethyl acetonedicarboxylate via the triester
:s-di}\{droxyphmy{ c aedd (Lxxu) -
i

3
(LXXII)Zan s ethyllester (LXXIV) according to Schmid and

Theilacker, The dibenzyl ether (LXXI) could be debenzylated

COOEL ;
Ho OH Ho=z IOH Ho7 lou
COOEt N R
CH,COOEEL CH,COOH QH,COOEE
(Lxxur) (Lxx) (LXXIV)

smoothly an@“quantitatively with palladium on charcoal to the
phenol (LXXV).

Carboxylation of the phenol (LXXV) according to the method

of Robertson and Robinson55 using glycerine and potassium

bicarbonate, gave the Y-acid (LXXVI) in excellent yield. The
acid like the analogoms intermediate (XVII) for ecitrinin,
eyclised with ethyl orthoformatej but ~the product was an

COOH CooH
H oH Ho OH Ho OH
cHO
CH,CH,OH CH,CH,OH CH,CHOH
(Lxxv) o (Lxxve) (LxxvI)

KV L~
5477 587(0 U
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amorphous and presumably polymeric substance, and not nor-
eitrinin (XLIV). The substence, which did not melt below 320°
behaved like a quinonﬁkarboxylic acid, and was soluble in
aqueous sodium bicarbvonatej the solution exhibited a red-green
fluorescence. Like citrinin it gave an iodine-brown ferric
colouration.

The action of ethyl orthoformate on p-orsellinic acid
(LXXVIII) gave a crystalline yellowash brown substance, which
decomposed at 280° and behaved like a quinone carboxylic acid.
Like the ethyl orthoformate reaction product on the aeid

(LXXVI), it was soluble in aqueous sodium bicarbonate and

COOH Hooc oo
Ho[::]ou nor4i]/ ;fi:j
GH,
(Lxxvi) (Lxxsx)

exhibited an iodine-brown ferric reaction. Analysis agreed with
the structure (IXXIX). Compounds (LXXX) and (LXXXI) have been

Xy OOk

(LXXX) 56 (Lxxxt)
recorded in literature.

The acid (LXXVI) underwent the Gattermann reaction, but
the resultant aldehyde (LXXVII) ky also failed to cyclise to
norcitrinin (XLIV) by the action of conc. sulphuric acid, as
deseribed by Robertson _e_§_£1.slzf?or the synthesis of ecitrinin.
Robertson g&_g;fohave synthesised dihydrocitrinin by the con-
densation of the acid (XVII) with formaldehyde in aqueous

sodium hydroxide. The action of formaldehyde and agueous
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sodium hydroxide on the acid (LXXVI) failed to give dihydro-
noreitrinin (LXXXII); the product was an amorphous substance
which had no m.p., polymerisation apparently taking place
because more than one position grtho to the hydroxyl group was

OH

Hooﬁ:::[ffg
HO e

(Lxxx)
unsubstituted.

The next attempt was therefore directed towards blocking
one of the B-positions in the resorcinol nucleus in (LXXVI)
with halogen or an alkyl group so as to eliminate the tendency
for polymerisation on treatment with ethyl orthoformate, or
formaldehyde and aqueous sodium hydroxide. Bromination of
(LXXVI) in glacial acetic acid resulted in the formation of
the alkyl bromide (IXXXIII) which failed to cyclise with

COOH
Sler—g H
¥
CHZCH,.BV
(Lxxxit)
ethyl orthoformate.

The next attempt for the synthesis of noreitrinin (XLIV)
was the synthesis of 6:8-dihydroxyisochroman (LXXXIV) followed
by carboxylation in the Y-position. The action of ethyl ortho-
formate, pyridine and piperidine on the triester (LXXII) was
first studied in the hope that it may yield the isoeoumarin
derivative (LXXXV). The product, however, was the diethyl
ester (LXXXVII) of orcinol-w-234-tricarboxylic acid, which was

5

prepared by Jerdan i by treating ethyl acetonedicarboxylate
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with magnesium and ethyl chloracetate. It was then found
(¢]

OH OH “"
8 et0oc N0
HO ,‘C‘H,. HO'Ny 4}"“
Ch, “
(LXXXIV) (XX x\/¢°°u

that a convenient method for the selective hydrolysis of the
triester (LXXII) to the diester (LXXXVII) was to reflux the
triester (LXXII) with pyridine and a little piperidine for a
few hours., Jerdan had assigned the structure (LXXXVI) to the
product of the interaction of ethyl acetonedicarboxylate,
magnesium and ethyl chlorécetate, but it was shown by Asahina
and Nogam158 that the substance was the isomeric acid (LXXXVII).

cooEt CoOH
MO, OH HoZ N\ OH Ho'/\‘ OH
COOMH X IcooEt \\)cooa:
CHLOOEE CH,COOEE CH,COOEE
(Lxxx\n) (Lxxxvn) (XXX Nt)

Decarboxylation of the acid (LXXXVII) to (LXXXVIII) was
effected by heating with glycerine at 150°; by increasing the
time of heating from 15 to 30 minut9359 the yield was raised
from 40 to 46 per cent. Treatment of (LXXXVIII) with benzyl
chloride and potassium carbonate in acetone gave the dibenzyl
ether (LXXXIX) as a nearly colourless viscous oil, Reduction
of (LXXXIX) with an excess of lithium aluminium hydride

yielded a mixture of the glycol (XC) and 6:8-bisbenzyloxy-
isochroman (XCI). The glycol, on attempted debenzylation with

palladium on charcoal, gave a viscous glassy produect, which

PheHO CH,Ph Pheup OCH,Ph b
cooEt CH,0H PhOHO uetHs
CH,COOEL CH,CH,0H *
(LXXXIX) (x¢) (xcy

could not be purified further, Debengzylation of (XCI) with
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palladinized carbon gave an almost quantitative yield of 6 8-
dihydroxyisochroman (LXXXIV). Attempts to carboxylate (LAXXIV)
by the glycerine-potassium bicarbonate method to dihydro-
norcitrinin (LXXXII) were unsuccessful.

The preparation of 2-n~hexyl-p«3i5=dihydroxyphenyl-
ethyl alcohol (XCIX) was undertaken, because it was antici-
pated that the Yeacid (C) would cyclise readily to S-n-hexyl-
noreitrinin (XCII), and that this hexylresorcinol deriva-
tive on analogy of hexylresorcinol itself in comparison with
resorcinol and other alkylresorcinols may be more potent

as an antibacterial agent and less toxic than citrinin,

OH

" HO (Z ™\ OH Ho Z
HOOC, A o Ho= lou
& e, COCgH N JcocgH,, A ACHn
Q“BCH, CH,CO0Et CHLOOH CH,COOH
(xciy) (Xc) (XCv) (XCv)

Ethyl ?-caproyl-3i5-dihydroxyphenylacetate (XCI1I) was
obtained by the action of boron trifluoride on n~tgproic acid
and ethyl 33i5=dihydroxyphenylacetate (LXXIV). That the
acyl group entered one of the Pepositions in the resorcinol
nucleus was proved by carrying out a model experiment with
orcinol (S-methylresorcinol)., The ketone (XCVI) obtained by
the action of boron trifluoride and p-caproic acid underwent
the Allan-Robinson60 condensation with benzoic anhydride and
sodium benzoate to give in nearly quantitative yleld the
flavone (XCVII), which had the properties of a 7-hydroxy-

flavone and not a 5-hydroxyflavone. The acid (XCIV) was oblained
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by hydrolysis of the ester (XCIII) with alcoholic caustic soda.
335-Dihydroxyphenylacetic acid (LXXII1) also underwent the
boron trifluoride reaction with n-caproic acid to give the
ketone (XCIV ), but in comparatively poor yield. The ketone
(XCIV) could not be reduced to the alkyl derivative (XCV)

with Raney nickel according to the method of Mozingo.61 The

Clemmensen method gave an extremely poor yield of (XCV).

CoOOH
Hori:]ZH uoE::]/O\c-vh Hifi:ﬂou HoEf:]on Hotfi]ou
"
N ~COCsH C-CaHy N~ COCHy S ACH, X~ CeHiz
Gy e Ch,cH,0C005H,  Er,CHion EncHoH
(Xcvi) (xcvit) (xevin) (Xc1x) «©

2=n=-Hexyl-p=336-dihydroxyphenylethyl aleohol (XCIX) was obtained
by the action of boron trifluoride on p-caproic acid and P=335-
dihydroxyphenylethyl alcohol (LXXV), followed by Clemmensen's
method of reduction. The condensation of (LXXV). with n-caproic
acid and boron trifluvoride gave the ester-ketone (XCVIII) which
dufing reduction underwent hydrolysis. Attempts to carboxylate
(XCIX) in glycerine proved unsuccessful.

The secondary alcoholic group in (XVII) may be associated
with its ready cyclization to citrinin by the action of ethyl

orthoformate at room temperature and in the absence of any

PhcHO @ocup. PhCHO @ OCH.Ph Pkcup@ocu,ph

Zu,cocl CH,COCH, CH,CHOHCH;
(cn cw (cmy)
condensing agent. Attempts were therefore made to

prepare the Yeacid (CV) from the secondary alcohol

(CIV) and study the ethyl orthoformate reaction. The
interaction of 335-bis(benzyloxy)benzyl cyanide

(LXIX) with an excess of methylmagnesium iodide in warm ether



a3

gave the ketone (CII), The same ketone was also obtained by
the action of zincTmethyl iodide on 3:5-bis (‘oenzyloxy) phenyl
acetyl chloride (CI). Reduction of the ketone (CII) with
lithium eluminium hydride gave an almost quantitative yield of

the carbinol (CIII). Debenzylation of (CIII) in 95% methanol
COoH

Ho Qou HO Z \ OH
, 3
N
Hy CHOHCH, CH,CHOHCH,
(Civ) (cv)

using palladinized carbon led to the phenol (CIV) as an almost
colourless glass which coﬁld not be induced to crystallizej it
gave a pale bluish violet colour with ferric chloride and was
soluble in aqueous caustic soda and sodium carbonate forming 2
pink solution. The Y-acid (CV) was obtained by carboxylation
in glycerine. The acid (CV) gave the characteristic intense
blue colouration with ferric chloride, but failed to undergo
cyclisation with ethyl orthoformate.



The antibacterial activity of citrinin, its degradation
‘products and derivatives, determined by Dr. D. V., Tamhane,
is recorded in Table I,

Table I
tibacter ctiv of citrinin, its de tion
rod derivative
< - Antibacterial action in
CompOuma peptone medium
Citrinin 1:66,667 - 1:80,000 against
S, aureus F.D.A, 209,
Optically inactive 1:17,000 - 1320,000 against
citrinin S,_aureus.
Phenolic alcohol (A) Not active against S, aureus, S.

haemolyticus, D.pneumoniae, L.
coli, 5. typhosa. Slight

ichibition against V., cholerae.

Phenolic alcohol (A)= No action against S. aureus

carboxylic acid and E, coli.

Dihydroeitrinin , Inactive, Hesults similar to
phenolic alcohol (4).

Citrininamide 1:2,000 - 133,000 against S.aureus
F.D.A. 209 %y xguy ¥krssk xetkod.
§:6p00 - 1:10,000 against S.albus.

1- Methyl citrinin Not active against S. aureus

F.D.A., 209 and E, coi; up to

133,000,
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EXPERIMENTAL



4 wHe(]emethyl=2=0ydro - resorcinol 3

Phenolic alcohols (A) and (B)€VI) :

Citrinin was hydrolysed according to the method of
Robertson et g;.lv by refluxing with 107 aqueous caustic
soda in an atmosphere of mitrogem. The phenolic alcohol
(A) crystallized from chloroform as colourless needles
melting at 129-30° (Robertson et al. mention 127-28°).
Phenolic alcohol (B) crjstallized from ethyllacetate in
colourless prisms, m.p. 169=-70° (Robertsom gt al. meation
mep. 169=70°),

evo=-2=Carboxy-4=methyle5-(l=nethyl-2=-hydro «pI'0
resorcimol (XVII):

The acid (XVII) was obtaimed by carboxylation of
(V1) following the method of Robertsom aund hobinson.55
The product crystallized from water as colourless
prisms, m.p. 171-72° (dec ) (Robertson et 21.20 meution
Warren ebal 2 o p.178-5 - 79.8(decy)
185°,(dec.). | An aqueous "solution of the acid gives

an intense blue colouratiom with ferric chloride.

dl-2-Carboxy=4-meth - -2=-nydro -propylresorcino

(XVI1):
The acid (XVII) was prepared from the phemolic =
alcohol (B)(VI) following the same conditioms as above,

The acid crystallized from benzeme as colourless prisms,

28



m.p. 172° (dec.). An agqueous solution of the acid gives
an intense blue colouration with ferric chloride. The
carboxylic acid of the phenolic alcohol (A)(XVII) was also
obtained from the alcoholic mother liquor after
crystallization of citrinin. The mother liquor on
concentration to a small volume under diminished pressure
gave a resinous residue which on keeping for 3-4 days

in an open dish formed a dark brown viscous mass, The
mess (about 15 g.) was extracted with a saturated solution
of sodium bicarbomate (300 ml.,) and the orange-yellow
solution filtered. The liltrate and the washings on
acidification with dilute hydrochloric acid gave a small
amount of resimous precipitate which was filtered off,

The clear {iltrate after saturationm with ammomium sulphate
was ether extracted. Lvaporation of ether left a solid
(1.8 g.) which crystallized from water imn small colourless
needles, m.p. 171° (dec.). Mixed m.p. with an authentic

sample of the acid (XVII) showed no depressionm,

Optically imactive citrinia (V):

The optically inactive acid (XVII)(O.1 g.) was
weighed out in a dry test-tube and ethyl epthoformate
(1 ml.) was added to it at room temperature (28°)., The
reaction mixture immediately turmed yellow and a bright
yeliov crystalline solid separatea. Crushed-ice wvas
added after 10 minutes and the yellow crystallime product
collected, washed and dried (0,09 g.). Crystallizationm
from alcohol gave lemom yellow needles of inactive

citrinin, m.,p. 171.8° (dec.), undepressed by admixture

29
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with a sample of matural citrinia (Feund: C, 62.3j

Hy, 5.6 CigHieOp requires C, 62.43 H, 5.67). The
syathetic product exhibits the typical iodime-brown coloura-
tion in alcoholic scolutiom with ferric chloride.

Dihydrocitrinias

Citrinin was hyurogenated to dihydrocitrinin after
the method of hHobertson et g;.ls The product erystallized
from benzene-acetone mixture in colourless prisms, m.p.
172° (dec.) (Robertsom gt al., 171°,(dec.) . An aqueous
and alcoholic solution of the substance gives a blue
colouration with ferric chloride.

The dihydre compound was also obtained by hydrogena=
ting citrinia (1 g.) in alcohol (20 ml.) in presence of
Kaney nickel (0.2 g.) at 40 lbs./sq.inch. in the course
of 2 hours. After filtration of the catalyst and
removal of the solvent, the residue crystallized from
benzene--~-acetone mixture im small colourless prisms,
Mmep. 171-72° (dec.), identical with the product obtained
in the above experiment.

Methyl ester of droc ains

The methyl ester of dihydrocitriuim was prepared
following the method of Robertson et al.>0  The
product erystallized from light petroleum (40-60°) in

colourless prisms, m.p. 60° (Robertsom et al. mentiom
l.p. 600) .
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Dihydrecitrinin amide (XAII)s
The methyl ester of dihydrecitrimim (2.5 g.) was

dissolved im dry methamol (100 ml.) and saturated with
dry ammonia. The mixture was allowed to stand at room
temperature (28-29°) for 24 hours. Om evaporating off

the amuonia and methanol, a mearly colourless mass of
erystals separated (2.1 g.). Crystallizatiom from dilute
methanol gave colourless meedles, m,p. 201=-202° (Found:
C, 62,55 H, 6.5 N, 5.5. CygllypON requires C, 62.14
H, 6.8; N, 5.6¢) (Schwemk et al.>> quote m.p. 202-203°),

dation of dihydroc 0 id (II1) to citrin

amide (XXIII):
Dihydrocitrinin amide (XXII)(C.l g.) inm dioxan

(10 ml.) and selenium dioxide (0.2 g.) was heated on a
steam bath for 1 1/2 hours. The nearly colourless
reaction mixture turned bright yellow. The mixture was
filtered a.d the filtrate concentrated under diminished
pressure, whenm a yellow oil separated which solidified
gradually (0,085 g.). Two crystallizatioms from
dilute dioxan gave bright yellow meedles, m.p. 114-15°,
unchanged on admixture with citrinimamide (XXIII) obtained
by the actiom of ethyl orthoformate om (XXIV) (Found:
C, 62,64 H, 6.134 N, 5.6. CygHygl0g requires C, 62.64

H, 6.1 N, 5.6%).
2wCarbomethoxy=4=nethyl=5«(l=mecthyl-2-hydro ropylresorcinol :

A solutiom of the acid (XVII)(8 g.) im either (100 ml.)
and absolute methanol (50 ml.) was treated with more

than one molecular proportiom of diazomethane / from



nitrosometnylurea (6 g.)_/ in ether (80 ml.). The reaction
mixture was allowed to stand at 10° for 24 hours. The

ether after filtration was washed with aqueous sodium
bicarbonate, water aad dried over anhydrous sodium

sulphate. Lvaporation of the ethereal solutiomn gave a

brown o0il (6 g.), which on distillation under reduced
pressure & (b.p. 165=68°L0,1 nm) gave a nearly colourless

0il (5.4 g.%@ﬂobertson et g;.zo mention b.p. 164=66°/0.1 mm.).

2-Carboxamide~4-methyl =5~ (1l-me =2-hydro ropylresorcinol
(AXIV) s

The above ester (5 g.) was dissolved im dry methanol
(100 ml,) and saturated with dry ammonia at 0°., The mixture
was allowed to stand at room teuperature (28-29°) for 24
hours. Onm evaporating off tne excess ammonia and methanol,
a pimkish crystalline mass separated (4.6 go)e Crystalliza=-
tion from dilute methanol gave pale yellow plates, m.p.
194-95° (Founds C, 60,64 H, 7.34 N, 5.6, CygHgoNOg
requires C, 60,23 H, 7.2 N, 5.8%7),

Citrinin amide (XXIII):

The above amide (XXIV) (0.3 g.), ethyl orthoformate
(3 ml.) aud acetic amhydride (2 drops) 333 warmed on a
water=bath at 50° for 1 hour when a bright yellow solution
resulted. Om pourimg inte crushed ice and acidifying
with dilute hydrochloric acid a bright yellow sticky solid
separated (0.2 g.) which solidified om triturating with
methanol. Crystallization from dilute dioxan gave
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shining yellow needles, m.p. 114-15°, undepressed on admixture
with the dehydrogenation product of dihydrocitrininCamide (XXII)
(Found: C, 62.3j H, 6.0§j N, 5.6. C,3liy3N0 requires C, 62.6;
H, 6.1 N, 5.6%).
A yted synthesis of dec citrin XXV)s

Phenolic alcohol (A)(VI) (0.2 g.) and ethyl orthoformate
(1 ml.) were mixed together, acetic anhydride (2 drops) was
added and the mixture warmed on a water-bath at 6P° for 1 hour.
The bright yellow reaction mixture was decomposed with crushed-
ice and dil. hydrochloric acid and extracted with ether.
Evaporation of ether gave a yellow product which could not be
crystallized or sublimed but separated as an amorphous yellow
solid from a mixture of benzene and n-hexane, m.p. 216-18°
(Found: C, 68.2§ H, 7.0, CypH 403 requires C, 69.9j K, 6.8%).
An alcoholic solution of the substance gives a dirty brown

ferric reaction.

1-Methyleitrinin (XXVI; R=Me):

The acid (XVII) (0.1 g.) ethyl orthoacetate (2 ml.)
were mixed together and warmed on a water bath at 50°
for 15 minutes when amix the acid went completely in
.olution. The greenish-brown reaction mixture was kept at
room temperature (30°) for 1/2 hour. Crushed-ice and a
trace of hydrochloric acid were added when a greenish-yellow
erystalline solid separated which was filtered, washed
and dried (0.095 g.). Crystallization from dilute



alcohol gave pale greenish yellow plates, m.p. 245°
(dec.) (Founds C, 63.55 H, 6.0. CiyeHygUs requires C,
63,65 H, 6.17). 4An alcoholic solutiom of the product

gives an iodine-brown colouration with ferric chloride.

l-kithylcitrinia (XXVIj BR=Et)

The actiom of ethyl orthopropionate omn the acid (XVII)
gave l=ethylecitrinim (XXVI; R=Et) in nearly quantitative
yield, m.p. 137=-38° (dec.) (Founds C, 64.65 H, 6.2
CysHye0p Tequires C, 64.73 H, 6.5%). An alcoholic solutiom

of the substance gives an iodine-brown colouratiom with

ferric chloride,

34



336=-bihydroxybengoic acids (a=-resorcylic acid) (XLV)3

Benzoic acid was sulphonated with 30f oleum following
the method given im Organic Syntheses.az The barium
salt was fused with a mixture of equal weighis of sodium
and potassium hydroxides to give a 65-66¥% yield of the
dihydroxy acid. The product crystallized from acetic

acid in nearly colourless needles, m.p. 230-31° (dec.).

Si5-bimethoxybengoic acid (XLVI):

For the methylation, the method em of Suter and

63

Weston -~ was employed. The product crystallized from

water in colourless needles, m.p. 183=-84° (Suter aud

Weston, 184°),

3i5-Dimethoxybenzamide (XLVIII):

The amide (XLVIIT) was prepared following the method

63

of Suter and Weston. The amide crystallized from

benzene (morit) as silky colourless needles, m.p. 146°

#  148-149°; Seka aud Fuchs,%® 148-149¢;

63

(Mauthner?

Suter and JWeston 146°).

S3b=Limethoxyaniline (XLIX)3

To an alkaline solutiom of sodium hypochlorite
prepared by passing chlorine (0.412 g. for each g. of
amide) into a mixture of cracked ice (100 g.) and a
cold solution of sodium hydroxide (27 g.) in water (165 ml.)
was added 3ib=dimethoxybenzamide (XLVIII)(19.5 g.) in one
lot, and the mixture warmed slowly in a wateﬂPath with

mechanical stirring. The material darkened in colour

395



qﬁa at 50=55° (internal temperature) oily dropkets began
to separate, The temperature was raised to 70° and
maintained at this point for 1 hour. A solution of
godium hydroxide (40 g.) in water (40 ml.) was added
slowly and the temperature increased to 80° for an
additional hour. Upon cooling a brown oily layer of the
amine separated, which was taken up in benzene., The

axy aqueous alkaline liquor was: extracted with benzene,
The benzene after washin: with water was distilled off,
the residual dark brown amine was distilled under reduced
pressure and the fraction distilling at 170-75°/10 mm,
collected (11.7 ge.). The distillate solidified on

65
cooling, m.p. 46° (Seka and Fuchs mention  46°),

535=-Dime bromobenzene A) sSandae 's methods:
di5=Dimethoxyaniline (XIX)(2 g.) was diazotized by
means of 46% hydrobromic acid (10 ml.,) and sodium
nitrite (1 g.) in water (4 ml.) aad the clear yellowish
brown diazonium solution was added gradually to cuprous
bromide {prepared from copper sulphate (4 g.), potassium
bromide (2.7 g.) and sodium sulphite (1 g.);7, in
hydrobromic acid (20 ml.) at 75-80° with stirring for
1 hour. The reaction mixture was cooled and extracted
with benzeme. The benzene layer was washed with aqueous
caustic soda, dilute hydrochloric acid and water, Removal
of the solvent gave a reddish o0il which onm distillation
under reduced pressure gave a colourless oil, 110-20°/

2 mm,, which solidified immediately to a colourless mass

36



of crystals. (0.8 g.), m.p. 57=58°., Recrystallization
from dilute alcohol gave shining colourless plates,
m.p. 60° (Founas: C, 44.03 H, 4.6. CgligOgBr requires
C, 84,2 H, 4,1%),

(B) Schwechten's method:66

The amine (XLIX)(7.6 g.) was emulsified with warm
water (50 ml,.,) and conc. hydrochloric acid (18 ml,) added.
The amine hydrochloride was them dilazotized at 0° with
207 aqueous sodium nitrite (3.8 g.). A solutiom of
mercuric bromide complex[(prepared by adding a saturated
solution of potassium bromide (18 g.) to mercuriec
nitrate (12 g.) in water (36 mL.i]was added when a reddish
brown precipitate separated. After stirring for 1 hour
the precipitate was collected, washed with water till the
washings were colourless, and them with acetone and ether
and dried in a desiccator., The complex of the diazonium
compound was then intimately mixed with potassium
bromide (44 g.) and heated im a thin layer im a flask
provided with an air-condenser. The decomposition product
was extracted with benzene. The benzene after washing with
dilute alkali, hydrochloric acid and water was desolvated
when a light reddish brown oil resulted which on
distillation under reduced pressure gjave a colourless
mass of erystals (3.55 g.), m.p. 59=-60°, identical with
the product obtained in the preyious experiment,

37
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335 =Limetho odobenzene (LI):

335=-Dimethoxyaniline (XLIX) (1.5 g.) was dissolved by
warming with conec. sulphuric acid (2 ml.,) in water (10 ml.).
The anine sulphate that separated on cooling was diazotized
with sodium nitrite (0.8 g.) wikk in water (10 ml.).
Potassium iodide (3 g.) was added to the clear orange-red
diazonium solution and the reaction mixture stirred at ¢
0° for 30 minutes. The temperature was then gradually
raised to 60° and maintained at this point for 1 hour,
cooled and extracted with ether. The ether extract was
washed with dilute alkali, acld and water., Evaporation
of the dried ethereal extract gave a red oil which on
distillation under reduced pressure gave a colourless oil
(0e6 go)y bep. 140-50°/1-2 mm. which solidified to a
mass of colourless crystals, m.,p. 68=70°, Crystallization
from dilute alcohol gave colourless needles, m.p. 70°
(Founas C, 36.04 H, 3.13 I, 48,1, CgHgUgl requires
C, 36.33 H, 3.43 I, 48.1%).

p-335-Dimethoxyphenylethyl alcohol (LII):

A solution of 3s6=dimethoxyiodobenzene (LI)(5 g.), ethyl
bromicde mfx#a%wdkxekvexykexckrugeag (2.2 g.) in anhydrous
ether (50 ml,) was added gradually to magnesium turaings
( 1 g.) suspended in anhydrous ether (50 ml.) im a three=-
neck flask equipped with a condenser, a dropping funnel
and a mercury-seal stirrer, After complete addition

when
(30 minutes) and/the initial vigour of the reaction had



subsided, the reaction mixture was stirred and refluxed
for 2 hours. The Grignard reagent was then cooled to 0°
and ethylene oxide (4 g.) in dry benzene (25 ml.) was
added when a vigorous reaction took place, After
standing for two hours at 0°, the mixture was left for
12 hours at room temperature (30°) and them refluxed for
4 hours. The contents of the flask were cooled again to
5° and more ethylene oxide (1 g.) in benzene (15 ml.)
was added. After stirring at 0° for one hour,the mixture
was again refluxed for two hours, cooled and hydrolysed
with ice and dilute sulphuric acid and extracted with
ether. The ethereal extract was washed with aqueous
sodium bisulphite, caustic soda and water, KEvaporation
of the solvent gave a brown oil, which on fractionation
under reduced pressure gave a forerun up to 120°/1 mu,
wnich was discarded and the main fraction from 175-80°/1 ma.
collected (2,2 g.) (Founds C, 65.43 H, 7.3. CyoH140g
requires C, 65.9; H, 7.7%).

The dinitrobenzoate of (LII) crystallized from dilute
alcohol in orange-yellow meedles, m.p. 142° (Founds

Ny, 742 . CyoHygOgNg requires N, 7.4%).
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585= 0 cohol (LIX)s:

335-Dimethoxybenzyl alcohol (LIX) was prepared from
3i5-dimethoxy benzoic acid (XLVI) by lithium aluminium
hydride reduction following the method of Adams et al.4®
in 92% yield. The product distilled under reduced
pressure, b.p. 170=74°/0,6=0+8 mm,., m.p. 45-46° (Adams

et al. mention 46°).

535=-Dimethoxybenzyl chloride (LX) and S sb=dimethoxybenzyl
cyanide (LXI):

The alcohol (LIX) was converted into the corresponding
chloride by the action of thionyl chloride in ether, in
96% yield, m.p. 46° (Adams_gt gl.‘a mention 46°)., The
chloride was converted into the nitrile in 94-95% yield,
mep. 53° following the same conditions as Adams et gL.‘a
(Adams et al., mention 53=54°).

s%5=-Dimethoxyphenylacetic acid (LXII):

3s5-Dime thoxybenzyl cyanide (LXI)(10 g.) was refluxed
for 4 hours with ethylene glycol (250 ml.), caustic potash
(10 g.) and water (10 ml.). The colour of the reaction

mixture changed from blue to brown. After dilution with

water and saturating with ammonium sulphate the solution was

ether extracted to remove the unconverted nitrile. The
aqueous alkaline portion was acidified with dilute
hydrochloric acid and reextracted with ether. Desolvation
of the dried ethereal extracts gave a solid which on

erystallization from water gave colourless needles (6 go)y

40
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mep. 102° (Founds C, 61l.54 H, 6.3. CyoH1304 requires

C, 61.2; H, 6.27) (Biren'® mentions m.p. 99-100°).

S=litrovanillin (LIV):

S5=-Nitrovanillin (LIV) was prepared following the
conditions or Bentley.so The product crystallized
from acetic acid in pale yellow necdles, m.p. 176°
(Bentleyq?;6°).

Tosylation of Se-nitrovanillin XX s

5=Nitrovanillin (LIV)(5 g.) was suspended in water
(300 ml.,), tosyl chloride (5.5 g.) was added and the
mixture stirred vigorously. Potassium carbonate (10 g.)
was added in small lots and the solution maintained
skjxkake alkaline, After 6 hours the product was
riltered, washed and dried. Crystallization from 95%
alecohol gave colourless plates (2.” g.), me.pe. 145°, The
aqueous alkaline filtrate on acidification gave back
unreacted nitrovanillin (3.5 g.) (Founds: N, 4.1j 8, 9.4.

CysHy309lg requires £, N, 4.03 35, 9.1%).

Tosylation of vanillin OKW():

Vanillin (10 g.) was dissolved in water (80 ml.)
containing potassium hydroxide (4 g.), tosyl chloride
(13 g.) added and agitated for 3 hours. The mixture was
filtered and the residue washed with water. The product

crystallized from alcohol in needles (16 g.), m.p. 127°



(Found: C, 58,64 H, 4.7. Cy5H314055 requires C, 58,84
Hy 4.6%).

D.R.P. 80,498 describes the compound as needles,
m.pe. about 115°,

feduction of tosyl vanillin (LVI):

Tosyl vanillin (LVI)(5 g.) was dissolved in 95%
alcohol (700 ml.), freshly prepared kaney nickel (50 g.)
added and the slurry agitated lor 5 hours while a steady
stream of hydrogen was led in at room temperature (£ 30°),
The catalyst was filtered off, washec with warm alcohol
and the filtrate conceutrated, A tan-coloured oil
(2.18 g.) was obtained which was taken up in ether,
washed with aqueous 1% caustic soda, water and dried.

The dried ethereal extracts on evaporation gave an oil
which on fractional distillation under reduced pressure
gave two products$ a mearly colourless oil (1.92 g.),
bep. 115-20°/2 mm, (A), and a second fraction as a pale
yellow viscous o0il, b.p. 140-150°/2 mm, (B) which
solidified gradually.

Fraction (A) was identified as m-methoxybenzylalcohol
(LVII)(Founds C, 69,64 H, 7.4, Culec, for CgHyoOg3
C, 69,63 H, 7.2¢). The dinitrobenzoate of (A)(LVII)
crystallized from alcohol in very pale yellow needles,

(Wilson and Read ®T m.p.124.)
MepPeo 124f[(Foundt N, 8.4, Calc., for CygHy09Ngs N, 8.4%).
Frgetion (B) was identified as unreacted tosyl vanillin

m.p. and mixed m.p. 125°, The alkaline washings on



acidification and reextraction with ether gave a erystal-
line solid (0,052 g.), which was identified as vanillin,
m.p. and mixed m.p. 80°.

The nickel residue gave no product,

p-335-Dime thoxyphenylTethyl alcohol (LII):

A solution of 3i5-dimethoxyphenyl”acetic acid (LXII)
(6 g.) in dry ether (25 ml,) was added as rapidly as
possible to a vigorously refluxing solution of lithium
aluminium hydiride (1.4 g.) in anhydrous ether (50 ml.)
in a flask equipped with a stirrer, a condenser and a
separating funnel, The reaction mixture was refluxed
for 1.5 hours after the addition was completed, cooled
and cold waterZ?zgiowed by iced 10% sulphuric acid
(20 ml,) added cautiously. The ethereal layer was
separated, washed with sodium bicarbonate, water
and after drying oven anhydrous magnesium sulphate
evaporated, The tan-coloured oil obtained was distilled
under diminished presence when nearly all the product
distilled at 182-85°/0,8-1 mm, as a colourless oil
(4.8 g.) (Founds C, 65,85 H, 7.4, C40Hy140g requires
Cy, 65,93 H, 7.7%),

The dinitrobenzoate of (LII) crystallized in orange-
yellow ncedles, m.p. 142°, The melting point by admixture
with the product obtained by the action of ethylene oxide
on 335-dimethoxyiodobeuzensibgs not depressed (Found3:

Ny, 7.3. Ci9Hyg0gNgy requires N, 7.4%).



B=335=-DihydroxyphenylJethyl bromide (LXILII; X=Br):

(05
B=3ib=bimethoxyphenylTethyl alcohol (LII) / wass)

refluxed for 3 hours with glacial acetic scid (3 ml,)

and aqueous hydrobromic acid (5 ml,, 48%), cooled and
treated with water containing sodium bisulphite and ether
extracted. The ether extract was washed with aqueous
caustic soda, The alkaline washings were acidified

with dilute hydrochloric acid and reextracted with

ether, The ether after washing with water was dried

and desolvated when a brownish oil separated (0,14 g.)
Crystallization from water (norit) gave nearly colourless
needles, m,p, 55=56° (Found: Br, 36.3. CgligOgBr
requires Br, 36,8)., An alcoholic solution of the
substance gives a faint bluish colouration with ferric

chloride,
B p-3i5=bihydroxyphenylethyl jodide (LXIII:X=I)3:

p=335-Dimethoxyphenyl”ethyl alcohol (LII)(1 g.)
xgekekaxx acetic anhydride (10 ml.), red phosphorus (1 g.)
and hydriodic acid (15 ml.)(dyl.7) were gently refluxed
for 1.5 hours. The dark brown reaction mixture was
filtered and the filtrate diluted with water containing
sodium bisulphite and ether extracted. The ether was
washed with aqueous sodium hydroxide and the alkaline
extracts after acidification with dil. hydrochloric acid
were reextracted with ether, The ether was washed with

water, dried and evaporated when a brownish crystalline
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solid separated. Crystallization from w&ter (norit)
gave nearly colourless plates (0.656 g.), m.p. 80°
(Founds C, 36,33 H, .83 I, 48,1, CgleOsl requires
C, 3.0 H, 3,8; I, 48,47). An alcoholic solution
of the product gives a faint bluish colouration with

ferric chloride.

S-Ltoylresoreinol (LXIV)3:

A solution of p-335-dihydroxyphenylethyl iodide (LXIII)
(043 g.) in glacial acetic acid (8 ml.) and zinc dust |
(0.3 g.) was geutly refluxed together for 4 hours. A
further quantity of zinc dust (0.2 g.) was added and
the refluxing continued for a further period of 2 hours,
The reaction mixture was cooled, (iltered and the
filtrate after neutralizing with sodium hydrOgen_
carbonate was extracted with ether. The etherﬁfter
washing and drying, gave on evaporation a brown sticky
solid which crystallized from benzene (norit) in nearly
colourless needkes (0,18 g.), m.p. 94°, undepressed on

amixture with a sample of authentic 5-ethylresorcinol
Ca.(d For
(Found: C, 69.33 H, 7.0/xeymixex Cgljols ¥myaiwmx

C, 69.5; H, 7.2%) (Asahima et al.>>, 93°).

p=335=biacetoxypheunyloethylcacetate (LXV) s
p-335=bihydroxyphenylethyl iodide (LXIII)(0.3 g.)
acetic anhydride (5 ml.,) and fused sodium acetate (2 Ze ) Were
wxs heated toZ 160°=70° for 8 hours. The acetic anhydride
was removed under reduced pressure and the residue after

pouring over crushed ice was ether extracted. The ether
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layer was washed with water, dried and evaporated when
a dark brown oil separated. Distillation under reduced
pressure gave a very pale yellow oil (0.19 g.), b.p.
170-76°/0,2 mn. (Founds C, 60,13 H, 5.7, Ci4Hyg0g
requires C, 60,03 H, 5.7%),

Ethyl 385-D1hxdro;¥benzoa§gt

S35=-bihydroxybenzoic acid (XLY) (25 g.) was dissolved
in absolute alcohol KLS5@xx (250 ml,) and conc, sulphuric
acid (25 ml.) was added, and the reaction mixture refluxed
on a water-bath for 12 hours, Benzene 25 ml,) was added
and the mixture distilled slowly until the distillate
amounted to 100 ml. The residue was poured in water and
taken up in ether, washed with aqueous sodium bicarbonate,
water aud dried over sodium sulphate., Kemoval of the
ether gave a viscous oil (32.5 g,) which solidified
imnediately. Crystallization from water gave colourless
needles, m.,p. 80° (Suter and viestoncs m.p. 80°), An
aqueous solution gives a transient violet colouration with

ferric chloride.

Ethyl 3:5-Bis(benzyloxy)benzoate (LXVI):

Ethyl 3s5-dihydroxybenzoate (20 g.), anhydrous
potassium carbonate (50 g.) and acetone wew geutly refluxed
on a water-bath. Benzyl chloride (42 ml.) was then
added drop by drop and the refluxing continued for 16
hours. The potassium carbouate was filtered off, washed

twice with dry acetone and the filtrate concentrated
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to a small volume, The unreacted benzyl chloride

was removed by steam distillation and the residueZZiher
extracted. The ethereal layer was washea with aqueous
sodium hydroxide, k® xmwsXE K@ MNBEXVKFLCR rRsrek, Ihs
water and then dried over anhydrous sodium sulphate.
Desolvation gave a dark brown solid (27.7 g.) which
crystallized from absolute alcohol (norit) in colourless
needles, m.,p. 62=63°(Founds C, 76,54 H, 6.5. Cgglizgglq
requires C, 76.23 H, 6.1%).

335=-Bis (benzyloxy)benzyl alcohol (LXVII)3:

ithyl 335ebis(benzyloxy)benzoate (LXVI) (16 g.) was
dissolved in dry ether (350 ml.) and the solution
added gradually to a vigorously refluxing solution of
lithium aluminium hydride (3.4 g.) in ether (350 ml.).
The reaction mixture was Ilurther refluxed for 2 hours,
cooled to 0° and the excess hydride decomposed
careiully by adcing ice water (100 ml.) and cold dilute
sulphuric acid (30 ml., 107)., The ether layer was
separated, washed with aqueous sodium bicarbonate, water
and dried over anhydrous sodium sulphate. Evaporation
of the dried ethereal extrac¢ts ave a tan-coloured solid
(14.6 g.), which crystallized from absolute alecohol
Anorit) in colourless ncedles, m.p. 78° (Found: C, 79.04
Hy, 6.3. CgiHgoOg requires C, 78,73 H, 6.3%).

The pe-nitrobenzoate of (LXVII) crystallized from dilute
alcohol in yellow necedles, m.,p. 115° (Found: N, 3.1.
CgeHa gOgN requires N, 3.0%).
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335-Bis (benzyloxy)benzyl chloride (LXVIII)
A solution of thionyl chloride %f (21 g.) in dry

ether (250 ml,) was added gradually to a solution of 3i5=
bis(benzyloxy)benzyl alcohol (LXVII)(14 g.) in dry ether
(250 ml.) and pyridine (3 ml.) at 20°., After complete
addition the reaction mixture was stirred at room
tenperature (30°) for 30 minutes and then poured over
cracked ice (500 g.). The ether layer was separated,
washed with aqueous sodium bicarbonate, water and then
dried over auhydrous sodium sulphate. Desolvation gave

a pale yellow crystalline solid (16.8 g.), which
crystallized from 957 alcohol (norit) in colourless
needles, m.p. 82°(Founds C, 74,53 H, 5.74 C1, 10,3,
Ca1Hy1809C1 requires C, 74.65 H, 5.3; Cl, 10.5%).

335-Bis(benzyloxy)benzyl cysnide (LXIX)3:

Sodium cyanide (35 g., 90% purity)bgissolved in water
(70 ml.) was added to a solution of Stsiggnzyloxy)benzyl
chloride (LXVIII)(15 g.) in 96% alcohol (350 ml.). The
reaction mixture was refluxed for 6 hours on a steam-bath,
the alcohol removed by distillation and the residue
diluted with water. A pale yellow oily product separated
which solidifie& on cooling. The solid was filtered off,
washed with water and dried in a desiccator (11 g.).
Crystallization from petroleum ether (60-80°) gave colour-
less needles, m.p., 80=81° (Found: C, 80,7; H,.0.0}
N, 4.4, CgygHy90sN requires C, 80,23 H, 5.8 N, 4.3%),



3:5-Bis(benzyloxy)phenylacetic acid (LXX)s:

Ethylene glycol (150 ml.), potassium hydroxide (20 g.)
in water (10 ml.) and 33:5=bis(benzyloxy)benzyl cyanide
(LXIX)(10 g.) were refluxed together for 4 hours. The
chlour of the reaction mixture which was 1n%1ally pale
yellow changed to violet. Cooled and treated with ice-water
(2560 ml,) and ether extracted to remove the unsaponified
nitrile. The aqueous alkaline portion on acidification
with dilute hydrochloric acid gave a flocculent white
precipitate which was filtered, washed and dried at 60°
(6.4 g.). Crystallization from chloroform-petroleum
ether mixture gave colourless necedles, m.p., 106° (Found:

C, 75.33 H, 5.4, CgpgHgo04 requires C, 75.83 H, 5.8%).

p=335=-Bis(benzyloxy)phenylethyl alcohol (LXXI)3

335«-Bis(benzyloxy)phenylacetic acid (LXX)(6 g.) was
dissolved in anpydrous ether (50 ml.) and the solution
added gradually to a vigorously refluxing solution of
lithium aluminium hydride (1.5 g.) in dry ether (100 ml.).
A vigorous reaction ensued. kefluxing and stirring weve

continued for 2 hours after which the reaction mixture

was cooled to 0° and the excess hydride carefully decomposed

with ice water (20 ml.,) and cold dilute sulphuric acid
(30 ml., 10%). The ethereal layer was separated, washed
with aqueous sodium bicarbonate, water and then dried
over anhydrous sodium sulphate. Bvaporation of the ether

gave a solid (5.5 g.) which crystallized from chloroform-
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petroleum ether mixture in colourless needles, m.,p., 8l=-
82° (Founds C, 79,33 H, 6.7. CpplHp30s requires
Cy 79.03 H, 6.6%).

Eth acetonedicarbo ates
Ethyl acetonedicarboiylate was prepared according

to tne method given in Organic Syntheses.ea

Ethyl 335-dihydroxy-2s34-dicarboethoxyphenylTacetate (XXII)
and ethyl 3s35-dihydroxy-4=carboxyphenylcacetate (LXXXVII) s
were prepared according to the meti od of Theilacker and
dchmid,54 the ylelds were 45=-46% and 11=127 as against
537 and 5% respectively obtained by the earlier workers,
336=-Dihydroxyphenylcacetic acid (LXXIII) and ethyl 35:5-
dibydroxyphenylTacetate (LXXIV) were also obtained following
the method of Theilacker and Schmid.>® The ester (LXXIV)
crystallized from a carbon-tetrachloride-cholroform mixture
in colourless plates, m.p. 128° (Theilacker and Schmid,
m.p. 128828°),

Ethyl
Z_Sts-giggbenzzlo;x)ghenxl acetates

A mixture of ethyl 3i5-dihydroxyphenylCacetate
(LXXIV)(16 g.) in acetone (250 ml.), anhydrous potassium
carbonate (250 ml,) and benzyl chloride (25 g.) was
refluxed on a water-bath for 16 hours. The reaction
mixture was filtered hot and the potassium carbonate washed
with acetone., The filtrate and washings were concentrated
2nd the mgaxxx excess benzyl chloride was removed by

steam distillation. The residue was ether extracted., The
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eﬂ—\ ei‘eal
Llayer was washed with dilute caustic soda and with

water and dried. Evaporation of the solvent gave a pale
yellow oil, which on distillation under reduced pressure
gave a colourless oil, b.p. 190-200;0.01 mn, (14.8 g.)
(Found: C, 76,33 H, 6.4. C24H2404 requires C, 76,84
H, 6.4%).

: 335-Bis (benzyloxy)>phenylethyl alcohol (LXXI)3:

Ethyl 335=-bis(benzyloxy)phenyl—acetate (14 g.) was
dissolved in anhydrous ether (50 ml.) and added to a
refluxing solution of lithium aluminium hydride (3.5 ge.e
excess) in anhydrous ether (100 mi.,). The mixture was
refluxed for 3 hours and worked up as usual. An overall yield
of 92% of the alcohol (LXXV) was obtained, m.p. 81°, Mixed
mep. with the product obtained by reduction of 3:5-(bisbenzyl=-
oxy )phenyllacetic acid (LXX) showed no depression.

pB=-335-bDihydroxyphenylTethyl alcohol (LXXV)3
p=-335-Bis(benzyloxy)phenylethyl alcohol (LXXI)(5 g.)
was dissolved in 95% methanol (50 ml.), pallddized carbon
(L0%, 1 g.) was added and the reaction mixture agitated
at room temperature (30°) in an atmosphere of hydrogen till
two moles were absorbed. The carbon was filtered off,
washed twice with warm methanol and the filtrate concentrated
under vacuum to dryness. A pink crystalline solid (2:4g.)
separated which crystallized from ethylTacetate in colourless
prisms, m.p. 169=70° (Founds C, 62,13 H, 6.4. Cglyo0Ug
requires C, 62.,3; H, 6.5%).



An xwwasws alcoholic solution gives a pale bluish-

violet colouration with ferric chloride.

4=Carboxy=-335-dihydroxy=-g=phenylethyl alcohol (LXXVI):

An intimate mixturq‘)f p-3 35=dihydroxyphenyl<e thyl
alcohol (LXXV)(2 g.), potassium hydrogen carbonate (10 g.)
and glycerol (25 ml,) was heated in an atmosphere of dry
carbon dioxide at 1356° for 8 hours, cooled, treated with
water (100 ml,), saturated with ammonium sulphate and
extracted with ether to remove the unchanged phenol, The
aqueougﬁortion was acldified with dilute hydrochloric acid
and the acid isolated by extraction with ether. Evaporation
of the dried ethereal extracts gave a colourless crystal=-
line solid (1.3 g.), which on crystalliization from a
mixture of ethylCTacetate=benzene gave colourless prisms,
me.pe. 175° (dec.)(Founds in a specimen dried in vacuum at
60° for 2 hourss C, 54,93 H, 5.2, CgHyo0s requires
C, 54,53 H, 5.,1%),

An alcoholic solution of the acid gives an intense

blue colouration with ferric chloride.,

(1) The acid (LXAXVI)(O.1l g.) was weighed out in a dry

test-tube and ethyl orthoformate (freshly distilled)(0.5 ml.)
was added to it at room temperature (29-30°)., The acid
went into solution immediately and the reaction mixture



@)

33

turned yellow and finally dark brown exhibiting a greenish
fluorescence, The colour deepmned on keeping for 12 hrs

at room temperature., Crushed-ice containing a trace of
hydrochloric acid was added when a reddish-brown amorphous
solid was thrown dom.lzvéflterw, washed and dried in a
vacuum desiccator., The produet could not be erystallized
but precipitated as an amorphous solid on dilution of an
alcoholic solution with water. It did not melt up to 300°
but an alcoholic solution exhibited an 1od1n4brown coloura=
tion with ferric chloride characteric of citrinin (Found:
C, 59,23 H, 4,6. Cy0HgOy requires C, 57.7;3 H, 3.8%).

The acid (LiXVI)(0.1 g.) and ethyl orthoformate (0,5 ml.) were
kept at room temperature (30°) for 1/2 hour and the

deeply coloured reaction mixture decomposed and worked up
as belore. A pinkish solid (0.09 g.) separated which was
identified as the starting material by m.p. and mixed m.p.
and the characteristic deep blue colouration with ferric
chloride,

(iii) Usin etic dride and zinc chlorides The
acid (LiXVI)(0O.1 g.), acetic auhydride (0.1 ml.), ethyl
orthoformate (0,5 ml.) and a trace of zinec chloride were warmed
on a water bath at 50° for 1 hour. The reaction mixture
turned deep brownish red exhibiting a greenish fluorescence.
Cooled, decomposed with crushed-ice when a reddish-brown
solid separate, which was [iltered, washed and dried
(0.06 g.), m.p. > 300°. The product exhibits an intense

greenish-yellow fluorescence in alcohol, ether, benzene and
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chloroform. An alcoholic solution gives the characteristie

iodine-brown colouration with ferric chloride.

Action of ethyl orthoformate on p-orsellinic acid (LXXVIII)

Freshly distilled ethyl orthoformate (10 ml.) was
added to p-orsellinic acid (LAXVIII)(1 g.) at room tempera=-
ture (30°), The acid went into solution completely and
the mixture turned yellowish brown within 10 minutes.,

On keeping for 1/2 hour, a yellowish brown crystalline
solid separated which was filtered, washed with ether
followed by warm ethanol. The product (0.8 g.) which
decomposes at 280° (but does not melt to a clear liquid)
crystallized from glacial acetic acid in yellewish brown
needles (Found: C, 61l.7; H, 3.4, Cy9H 509 reqguires

C, 62,23 H, 3.7%). The product was soluble in aqueous
sodium bicarbonate and exhibited an iodine-browsn ferrie
colour in alcoholic solution. The substance behaved 1ike

a quinone-carboxylic acid,

2=Aldehydo~4
ond

A solution of the acid (LXXVI)(0.5 g.) in ary ether

(75 ml.), anhydrous hydrocyanic acid (4 ml.), zinc

cyanide (1 g.) and fused zinc chloride (0.5 g.) was
salurated at 0° with dry hydrogen chloride gas, and 48 hours
later the reddish crystalline mass together with a reddish
0il was collected, washed well with fresh dry ethery and
dissolved in cold water (40 ml.). The solution after Just
Ei¥s% neutralizing with ammonium hydroxide was warmed to



80° for 45 minutes, cooled and extracted with ether.

The acidic product was separated from the ethereal
extracts by means of aqueous sodium bicarbonate, and
after acidification of the latter, reextracted with ether,
Evaporation of the dried ethereal extracts gave a honey
coloured oil (0.19 g.), which did not solidify and
exnibited a bluish green ferric reaction in alecohol., A
solution\of this a&kLyJau in cold concentrated sulphuric
acidZti;qupt at 20° for 15 minutes and then poured over
crushed ice (25 g.) when a yellowish brown semi-solid separated
(0,09 g.). The product after filtration and washing

turned sticky and dark brown in colour and could not be
crystallized. An alcoholic solution exhibited an iodine=-
brown colouration with ferric chloride characteristic

of ecitrinin,

A solution of the acid (LXXVI) (0.1 g.) in cold 2%

2N aqueous caustic soda (1 ml.) was treated with 40%
formalin (1 ml.). The reaction mixture which turned
orange-red was left xxiww at 20° for 24 hours, aciaified
with dilute hydrochloric acid when a buff coloured preci-
pitate separated which mm was filtered and washed (0,09 g.),
MePe > 320°. The product could not be crystallized and

was insoluble in ether, benzene, chloroform, but soluble

in methanol and ethanol from which it separated as an
amorphous solid on dilution with water. An alcoholie
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solution of the product gives no ferric reaction,

4-Carboxy-335=dihydroxy~f=phenylethyl bromide (LXXXIII)3:

To a solution of 4-carboxy-3s5=dihydroxy=-F=phenylethyl
alcohol (LXXVI)(0.1l g.) in glgeial acetic acid (2 ml.),
bromine (0,09 g.) in glacial acetic acid (1 ml.,) was
added, and the reaction mixture was warmed ab 40° for 30
minutes. A colourless crystalline produet separated on
cooling to 20°, filtereu and washed (0.1l g.). Crystal-
lization from dilute acétic acid gave colourless prisms,
m.pe. 177-78°(dec.) (Found: C, 41.83 H, 4.0, ColHgOU4Br
requires C, 41.3; H, 3.57).

blue

An alcoholic solution gives a/colouration with ferric

chloride,



E $5~- =2- -4-ca a
(LXXXVII): The triester (LXXII) (10 g.) was gently refluxed
with pyridine (50 ml,) and piperidine (10 drops) for 6 hours.
The initial pale yellow colour gradually deepened to wine-red.
The reaction mixture was poured into crushed-ice and hydro-
chloric acid, when a thick yellow curdy precipitate separated,
which was collected and washed with ice-water. Crystslliza-
tion from benzene (norit) gave colourless needles (7.2 g.),
m.p. 141° (Schmid and Theilacker?‘ 141°) (Found: C, 53.5;

Cald. fov
H, 5.0.1 Ciel 60 Xesmisws C, 563.8; H, 5.27).
An alcoholic solution of the acid gives an intense blue

colouration with ferric chloride.

57

B $5- dr -2-carboeth a a VIII):

Ethyl 3:5-dihycroxy-=2-carboethoxy-4=-carboxyphenylacetate
(LXXXVII) (7 g.) and glycerol (150 ml.) were heated at 150°
for 30 minutes under stirring. The nixture was then cooled
and treated with water (150 ml.). A flocculent dirty white
precipitate separated, which was filtered, washed and dried.
Crystallization from benzene-petroleum ether gave colourless
needles (3.8 g.), m.p. 109° (Robertson g&_gl.,sg 109°)
Cald. for

(Found: C, 58,0; H, 6.0.Z Cysli;60¢ »ewmives C, 58.2; H, 6.07).

An alcoholic solution of the substance gives a wine-red

colouration with ferrie chloride.
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$5- -2« h a
(LXXXIX): A mixture of ethyl 3:5-dihydroxy-2-carboethoxy-
phenylacetate (LXXXVIII) (3 g.), acetone (30 ml.), anhydrous
potassium carbonate (10 g.) and benzyl chloride (3.5 ml.) was
refluxed on a water-bath for 16 hours. The reaction mixture
was filtered hot, and the potassium carbonate washed with
acetone. The flltrate and washings were concentrated, and
excess benzyl chloride was removed by steam distillation. The
residue was ether extracted. The ethereal layer was washed
with dilute caustic soda and with water and dried. Evapora-
tion of the solvent gave a pale yellow oil, which was puri-
fied by distillation under vacuum . A colourless oil was
obtained at 210-25°/0.3 mm (2.6 g.) (Found: C, 71.8; H, 6.0.
Canliggl0g requires C, 72,35 H, 6.3%0.

335-B oxy)-2=hydroxymethyl-8-phenylethyl
aleohol (XC): Ethyl 3:5-bis(benzyloxy)-2-carboethoxy=
phenylacetate (LXXXIX) (2.5 g.) was dissolved in anhydrous
ether (20 ml.) and added as rapidly as possible %o a vigorously
refluxing solutions of lithium aluminium hydride (1 g+4XcCESS )
Ain anhydrous ether (26 ml.). The mixture was refluxed for
2 hours, cooled, and decomposed with water (50 ml.) and an
ice-cold solution of concentrated sulphuric acid (1.5 ml.)
in water (20 ml.). The ethereal layer was separated, washed
with aqueous sodium bicarbonate and with water, and dried
over magnesium sulphate. Removal of the solvent gave a

viscous pale yellow oil (2.2 g.), whieh partly erystallized
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in needles on keeping in contact with petroleum ether (60-
80°) for several weeks. The crystalline material (0.7 g.)

was separated from the oil (%), and recrystallized from petro-
leum ether (60-80°); the colourless needles had m.p. 78°
(Found: C, 75.3j H, 642. Cg3ligq0y requires C, 75.8; H, 6.6%).

335-Dihydroxy-2-hydroxymethyl-g-phenylethyl alcohols
3t 5-Bis (benzyloxy )=-2-hydroxymethyl-pg-phenylethyl alcohol (XC)
(0.5 g.), palladinized carbon (10%; 0.25 g.) and methanol
(20 ml.) were agitated in a current of hydrogen at room temF-
-erature (30°) till two moles of hydrogen were absorbed. The
absorption was complete in 50 minutes. The carbon was filtered
off and washed with warm methanol, The filtrate on concentra-
tion yielded a pale yellow viscous oil (0.22 g.) whiech could
not be purified further. The oil dissolved in cold aqueous
caustic soda to a pink solution, but gave no ferric colour
in alcoholic or aqueous solution. The oil decomposed and

did not distill up to - 240°/5x10~° mm.

6:8-Bis(benzyloxy)isochroman (XCI): The viscous pale

yellow oil (A) left after separation of erystalline 3:5-bis-
(benzyloxy )=-2-hydroxymethyl-8-phenylethyl alcohol was dis-
tilled under high vacuum, when a neariy colourless glassy ak
01l (0.7 g.) distilled at 180-90°/5x10"° mm. (Found: C, 79.5;
Hy 6.2, Cggligg0s requires C, 79.7; H, 6.4%). An initial
fraction (about 20 mg.) at 140-50°/5x10"° mm. was discarded.
The residue which did not distill up to ° 240°/5x10~° mm

was not further examined.



$8-D 0 V): 6:8-Bigbenzyloxy)iso-

chroman (XCI) (0.65 g.), palladized carbon (107; 0.4 g.), and

glacial acetic acid (20 ml.) were agitated at room tempera-

ture (28°) till two woles of hydrogen were absorbed (1 hour).

The carbon was filtered off and washed with warm acetic aecid,

and the filtrate and washings taken to dryness under vacuum,
when a pale yellow viscous oil sepdrated. It solidified on

keeping in contact with benzene overnight. Crystallization
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from the same solvent gave nearly colourless needles (0.15 g.),

m.p. 168° (Found: C, 65.0; H, 5.8: Cgli;o0s requires C, 65.1j
Hy 6.17). An alcoholic or agueous solution. gives a

transient violet colouration with ferric chloride.

A b ati 18- dar an
(LXXXIV): An intimate mixture of 6:8-dihydroxyisochroman
(LXXXIV) (50 mg.) anhydrous potassium bicarbonate (0.5 g.)
and glycerol (3 ml.) was heated together in a current of dry
carbon dioxide for 8 hours at 135°., After cooling, the
mixture was treated with water (10 ml.), saturated with
ammonium sulphate and exhaustively extracted with ether to
rewove the unconverted isochroman, The aqueous liquor on
acidification with dilute hydrochloriec acid gave a pale
yellow precipitate which was filtered washed and dried
(35 mg.), m.p.> 300°, The product was insoluble in ether
and benzene, but soluble in alcohol. The substance could
not be crystallized, but an amorphous solid separated on
dilution of an alcoholic solution with water, An alcoholic
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solution gives no colouration with ferriec chloride.

E 2~-cap =335~ ar enyl”acetate -
The ester (LXXIV) (1 g.) was suspended in dry carbon tetra-
chloride (25 ml.), pn-caproic acid (2 ml.,excess) was added
and the reaction mixture saturated with boron trifluoride gas
at room temperature (30°). The temperature was gradually
raised to 70° and the gas' passed for another hour. A deep
orange layer of the complex separated and the mixture was
left at room temperature for 12 hours, treated with ice-water
and extracted with ether., e o&huy Yxywr wxs WxskS® wAki
pk¥xr., The ether layer was washed with aqueous sodium bicar-

of the solven
bonate and water and dried. Evaporation[gave a dark brown oil
(0.82 g.), which on fractional distillation under vacuum gave 4
forerun  of the unreacted ester 140°/0,01 mm. which solidi-
fied and an orange coloured oil (0.42 g.) 180-90°/0,01 mm.
(Found: C, 64.8j H, 7.6% C,glgge0p requires C, 65.3; H, 7.5%).
of thes product

An alcoholic solution[gives a brownish colouration with
ferric chloride.

The bicarbonate extracts after acidification with dilute
hydrochloric acid was steam distilled to remove the excess
fatty acid. The residue on cooling gave a pale yellow crys-
talline solid (XCIV) (0.1 g.). Crystallization from water
(norit) gave very pale yellow needles, m.p. 179-80°
(Found: C, 63.5; H, 6.8, C;4H;405 requires C, 63.1; H, 6.8%).

An alcoholic solutioniz;:zgﬁz dirty brown colouration
with ferrie chloride.



i4- -6= apro CVI): Orcinol

(1.24 g.) vas suspended in dry carbon tetrachloride (20 ml.),
n-caproic acid (2 ml.) was added and the reaction mixture
saturated at room temperature (30°) with boron trifluoride
gas. The temperature was gradually raised to 70° and the gas
passed for another hour. A brown layer of the complex separa-
ted and the mixture was left overnight at room temperature,
treated with ice-water and extracted with ether. The ether
was washed with aqueous sodium bicarbonate, water and dried.
Evaporation of the solvent gave an oil (1.6 g.) which solidi-
fied immediately. Crystallization from water gave fine fluffy
needles, m.p. 72° (Found: C, 70,5; H, 8.5. C,g3H,;g0g requires
C, 70.2; H, 8.2%).

An alcoholic solution of the ketone gives a brown colour

with ferric chloride.

3-n-Butyl-7-hydroxy-S-methylflavone (XCVII): The above

ketone (XCVI) (1 g.), anhydrous sodium benzoate (1.6 g.) and
benzoic anhydride (16 g.) were thoroughly ground and .added
with stirring into a hard glass test-tube at 100°, The tem-
perature of the mixture was then raised to 200° and main-
tained for 8 hours. Cooled and extracted with 95% alcohol
(100 ml,) containing caustiec potash (10 g.). The alcoholic
solution was refluxed on a water-bath for 2 hours. On
cooling the crystalline benzoate separated which was filtered
off and the alcoholic filtrate concentrated under vacuum.

The two residues were taken up in water (200 ml,) and

saturated with carbon dioxide when a semi-solid separated
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which was filtered, washed and dried (0.82 g.), crystalliza-
tion from 95% methanol gave nearly colourless needles, me.p.
208° (Found: C, 78.1j H, 6.5. Cgolgo0s requires C, 77.9;
Hy, 6.5%).

An alcoholic solution of the substance gives no coloura-

tion with ferric chloride.

(a) -Capr -385-di a a V): Ethyl
2-caproyl-335-dihydroxyphenylCacetate (XCIII) (0.3 g.) was
refluxed with alcoholic caustic soda (10 ml.) for 1 hour and
the mixture diluted with water (25 ml.) and acidified with
hydrochloric acid. A pale yellow solid together with a

smell amount of resinous product separated, which was filtered,
washed and dried (0.16 g.). Crystallization from water gave
pale yellow needles, X.¥. wm.p. and mixed m.p. 179-80°,

(b) 2-Caproyl-3i5-dihydroxyphenylacetic aeid (XCIV): Crude

3i5-dihydroxyphenylacetic acid (LXXIII) (0.5 g.) dry carbon
tetrachnloride (10 ml.) and p-caproic acid (1 ml.,exBess) was
saturated with boron trifluoride gas at room temperature
(30°). The temperature was gradually raised to 70° and the
gas passed for another hourj 12 hours later, the mixture

was treated with water and steam distilled to remove the
excess fatty acid. The residue on cooling gave pale yellow
needles together with a small amount of tarry material which
was filtered, washed and dried (0.21 g.). Crystallization
from water gave very pale yellow needles, m.p. 179-80°,
undepressed on admixture with the sample of the acid (XCIV)
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obtained in the previous experiment.

(i) 2-p-Hexyl-3:15-dihydroxyphenylacetic acid (XCV):
Ethyl 2-caproyl-3sb-dihydroxyphenylacetate (XCIII) (0.3 g.)
was dissolved in 95% alcohol (10 ml.), zinec amalgam (3 gm.)
and concentrated hydrochloric acid (1 ml.) were added. The
reaction mixture was gently refluxed for a period of 14 hours
when the initial pale yellow colour changed to a practically
colourless solution. The alcohol was distilled off and the
residue taken up in ether. The ether solution was washed with
agueous sodium bicarbonate, water and dried. Evaporation of the
ether gave a negligible amount of an oily produet which could
not be examined further. The bicarbonate extract after
acidification with dilute hydrochloric acid was r-extracted
with ether, Desolvation gave a light brown solid which
crystallized from water in nearly colourless needles (0.08 g.)
meps 131° (Found: C, 66.85 H, 8.54 Cy4ligo0q requires C, 66.6;
H, 8.0%).

An alcoholic solution gives a tr:nsient bluish violet

colouration with ferric chloride.

(ii) Reduction of 2-caproyl 3:5-dihydroxyphenylacetic
acid (XCIV) under similar condition gave an identical product
but in extremely poor yield (8-97% theory).

2-Caproyl-3:8-dihydroxy-g-phenvlethylcaproate (XCVIII):
B-335-Dihydroxyphenylethyl alcohol (LXXV) (1 g.) was suspended
in dry carbon tetrachloride (25 ml.), n-caproic aecid (2 ml.,
excess) was added and the regction mixture saturated with

boron trifluoride gas first at room temperature (30°) for
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1 hour and at 70° for another hour. An orange-yellow layer.
of the complex separated which was left for 12 hours. The
reaction mixture was then treated with water and extracted with
ether. The ether layer was washed with agueous sodium bicar-
bonate, water and dried over magnesium sulphate. Desolvation
gave a viscous orange yellow liquid which;partly solidified.
Crystallization from petroleum ether??gjz)pale yellow needles
(0.65 g.), mep. 71-72° (Found: C, 68.5j H, 8.5. CpaeHso0ls
requires C, 68,53 H, 8.6%).

An alcoholic solution of the ketone gives a dirty brown

ferric reaction.

2-n-Hexyl-3-335-dihydroxyphenylethyl alcohol (XCIX):
The above ketone (XCVIII) (0.5 g.) was dissolved in 50%
alcohol (20 ml.), amalgamated zinc (3 g.) and concentrated
hydrochioric acid added (1 ml.) and the mixture refluxed for
16 hours, cooled and treated with water (50 ml.)and extracted
with ether. The ether after washing with aqueous sodium
bicarbonate and water was dried and evaporated. A viscous
brown oil (0.26 g.) was obtained which solidified gradually.
The product erystallized from a mixture petroleum ether (60-
80°) and bengene in nearly colourless needles, m.p. 69-70°
(Founds C, 71.1j H, 9.6, Cy4Hgg0g requires C, 70.6; H, 9.3%).

An alcoholic solution of th#product gavesa faint blue

colouration with ferric chloride.

35-83 n a I)s

Method I: A solution of 335-bis(benzyloxy)benzyl
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cyanide (LXIX) (3.3 g.) in anhydrous ether (50 ml.) was added
to the Grignard reagent prepared from methyl iodide (14.2 g.),
magnesium turnings (2.5 g.) and dry ether (150 ml.) guring the
course of 30 minutes. After Sswieg hesbted nater refluiZ%Lr
48 hours, the reaction mixture was poured into water (400 ml.)
containing cracked ice (100 g.) and concentrated hydrochloric
acid (20 ml.). The ethereal solution was separated and washed
twice with cold 4N hydrochloric acid (25 ml.),zn%he :;2:3222
gwlayer combined and heated on a steam cone for 6 hours. The
ethereal solution was washed with agueous sodium bicarbonate
water and dried over magnesium sulphate. The agueous acidic
layer after hydrolysis of the "ketimine fraction" was
¥xextracted with ether. The combined ethereal éxtracts on
desolvation gave a viscous brown oil (2.4 g.) which on
distillation under reduced pressure, 170-80°/0.01 mm.,gave a
nearly colourless viscous liquid (Found: C, 79.2; H, 6.2,
CasliggOs requires C, 79.7; H, 6.4%).

The dinitrophenylhydrozone of (CII) crystallized from
alcohol in pedke orange-yellow needles, m.p. 121° (Found:
N, 10.6. CgglggOgNy requires N, 10.6%).

Method II: Thionyl chloride (5 ml.) was added gradually
to dry powdered 3:5-bis(benzyloxy)phenylacetic acid (LXX)
(1.75 g.). After the initial vigour of the reaction had
subsided, the excess thionyl chloride was distilled off at
room temperature under vacuum, Dry benzene (15 ml.) was
added and distilled off. Methyl magnesium iodide (0.02 mol.)
was added to a mixture of freshly fused Xwkydreams zinc
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chloride (2,72 g.§ 0.02 mol.) in ether (26 ml.). A vigorous
reaction ensued and the mixture was refluxed for 2 hours. A
solution of the foregoing acid chlorid%f?i dry benzene (50 ml.)
was added with stirring during 15-20 minutesj more benzene

(20 ml.) was added and the resulting mixture heated to boiling
for 5 hours, after which 2N hydrochloric acid (25 ml.) was
added. The mixture was refluxed again for 30 minutes on a
stean-cone, cooled and the benzene layer separated, washed
with aqueous 1'% caustic soda and water. Evaporation of the
benzene extract gave a light brown viscous oil (0.6 g.) which
on distillation under reduced pressure gave a nearly colourless
0oil, b.p. 170-80°/0,01 mm. (Founds C, 79.6; H, 6.1, Cgglige0g
requires C, 79.7; H, 6.4%).

i- 3;5£Bi Zbenz phe ropane—=2-0l (CIII): A solution
of the above ketone (CII) (2.5 g.) in dry ether (25 ml,) was
added during the course of 20-25 minutes to a vigorously reflux-
ing solution of lithium aluminium hydride (1 g.j excess) in
dry ether (40 ml.). The mixture was refluxed for 2 hours after
which the excess hydride was carefully decomposed with water.
Ice-cold sulphuric acid (20%; 20 ml.) was added and the ethereal
layer separated, washed with aqueous sodium bicarbonate, water
and dried over anhydrous magnesium sulphate. Desolvation gave
a viscous tan coloured liquid (2.3 g.) which on distillation
under diminished pressure, b.p. 195-205°/0.01 mm. gave a
nearly colourless oil (Found: C, 79.5; H, 7.0. CgglgeOs
requires C, 79.3; H, 6.9%).

of (ctu)
The dinitrobenzoati{crystallized in orange coloured
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needles, m.p. 108° (Found: N, 5.3. Cgoligg0sgNg requires
N, 5.2%).

I-(3¢8%Dihydroxyohenylpropan —2-01 (CIV): The above alcohol

(CIII) (2 g.) was dissolved in 95% methanol (25 ml.), palla-
dized carbon (0.5 g., 10%) was added and the mixture agitated
in an atmosphere of hydrogen at room temperature (29-30°) till
two moles of hydrogen were absorbed (2.5 hours). The carbon
was filtered off, washed with warm methanol, and the filtrate
and washings taken to dryness under vacuum when a nearly
colourless glass (1.1 g.) separated which could not be indim
induced to solidify. Distillation under reduced pressure gave
a colourless glass, b.p. 165-70°/0.01 mm. (Found: C, 67.3;
Hy 8.1. CgH, 304 requires C, 64.3; H, 7.2%).

An alcoholic solution gives a pale violet colouration

with ferric chloride,

1-(4=Carboxy-3:5-dihydroxjphenylpropan~2-ol (€¥): An
intimate mixture of the above phenol (CIV) (1 g.), dry
potassium bicarbonate (5 g.) and anhydrous glycerol (10 ml.)
was heated at 125-30° in a current of dry carbon dioxide for
8 hours. The mixture was cooled, treated with water (50 ml.)
and after saturating with ammonium sulphate was exhaustively
ether extracted to remove the unconverted phenol. The
aqueous ligquor was acidified with dilute hydrochloric acid
and reextracted with ether. Evaporation of the dried ethereal
extracts gave a solid (0.45 g.) which erystallized from a



mixture of ether and light petroleum ether (40-60°) in
colourless needles, m.p. 166° (dec.) (Found: C, 58.3; H, 6.2.
CioHy90s requires C, 56.65 H, 5.7%).

An alcoholic solution of the substance gives an

intense blue ferric colouration.
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Part II

HEXYLRESORCINOL AND ITS DERIVATIVES
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Derivatives of 4-n-hexylresorecinol

4-pn-Hexylresorcinol (I) possesses marked antibacterial and
anthelminthic properties, and is probably one of the safest
drugs for ascariasis, hookworm and pinworm infections (oxyuriasis).
It combines with low toxicity an adequate activity against most
nematodes and tapeworms.l It is also useful as a urinary
antiseptiec,

It was thought that by the introduction of a hexylresorcinol
nucleus in the citrinin molecule the antibacterial activity may
be increased and the toxicity diminished. The biosynthesis of
citrinin analogues by the use of hexylresorcinol and its deri-
vatives as precursors in the fermentation was first attempted but
without success?

Hexylresorcinol (I) is usually prepared by Clemmensen
reduction of the ketone which is obtained by the condemsation
of resorcinol with n-caproic acid in presence of zinc chloride

(Nencki reaction).

HGZ Y\ OH
HEN |
a)
56bertson and nobinson3 obtained p-orsellinic acid

in excellent yield by carboxylating orecinol by potassium
bicarbonate in glycerine in an atmosphere of carbon dioxide
at 135°, Although the excellent yield is due to the fact
that in 5-substituted resorcinols the Y- or 2-position is
activated, carboxylation of 4-n=-hexylresorcinol (I)
by this method has now been investigated,
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The preparation and properties of 4-p-hexylresorcinol-2-
and 6-carboxylic gcids are not described in the literature.
However, the action of the sodium salt of hexyﬁ;gigﬁg%hol
carboxylic acids on bacteria and tissue cell has been described
by Bleyer.4 Sapalitschka and Tietz5 have reported the anti-
microbial action of certain di- and trihydroxy and alkyloxy-
benzoic acids and estersj the values,expressed as ratios of
the minirum concentration of phenol inhibiting fermentation
of glucose by yeast to the'minimum concentration of the
substance preventing fermentation, were as follows:
hexylresorcinol (72.2); 5-hexyl 2:4-dihydroxybenzoic acid
(88.6 in presence of glycerine)j methyl 5-hexyl-234-
dihydroxybenzoatel((357 in presence of glycerine).

When hexylresorcinol was heated with potassium bicarbonate
and glycerine at 135° in a stream of carbon dioxide, a mix-
ture of the 2-carboxylic acid (II) and 6-carboxylic acid (III)
was obtained. Repeated erystallization from benzene gave a
material melting at 171-72° (dec.), which was the p-acid
(III) as shown by the violet colouration with alcoholie ferric

COOH
Ho@ou HOZ | OH
H, G HEN leoon
(1) ()
chloride, yield 26-27 per cent, The gY-acid (II), charac-
terized by the blue ferric colour, was obtained from the

mother liquors after erystallization of (III), and it

erystallized from petroleum ether in nearly colourless needles,
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mep. 114-15° (dee,), yield 14-15 per cent.

Aqueous carboxylation of hexylresorcinol gave a higher
yield (32-34 per cent) of the p-acid (III). BEsterification
of the acids (II) and (III) was effected by diazomethane in
ether and by dimethyl sulphate and anhydrous sodium bicar-
bonate in acetone. Treatment of the esters with boiling
alcoholic caustic potash gave back the acids (II) and (III)
but in poor yield, because of decarboxylation. When the
ester of the acid (II) was heated under reflux with pyridine
and a2 drop of piperidine, hydrolysis took place smoothly and
the acid was obtained in nearly quantitative yield.6 It has
been found that this method of hydrolysis of esters is useful
in general when the corresponding acid is liable to decompo-
sition by alkali. The conversion of an acid into an amide may
be expected to decrease toxicity. The amide (IV) of hexyl-
resorcinol-2-carboxylic acid (II) was obtained in gquantitative
yield when the corresponding ester was treated with dry
ammonia in absolute methanol, The ester of f-acid (III)
failed to give the amide. This difference in the behaviour

CONH, COOCHCH,N(EE)HCL CONHNH, QooH

Ho©ou HOK |oH H oH HOZA N\ oM

HE HiGo Hy JCH,_N(M.,

Q) ) (V1) (vn)

of the two esters provide a method for the separation and
purification of the two acidsj hydrolysis of the amide (IV)
with 104 alcoholic caustic potash gave the acid (II), but
only 4in a yield of 9-10 per cent. The introduction of a

dialkylaminoalkyl group, for instance as ethers or esters, is
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a simple method for imparting bgsic character and acid
solubility to organic compounds, Many dialkylaminolalkyl
derivatives also have interesting and useful physiological
properties. The attachment of a dialkylaminoalkyl group to

a nitrogen atom is a common device in synthetie antimalarial
agents, and well-known examples are chloroquine, pamaguine

and quinacrine. Several compounds containing an -N,CHgCHgNMeg
group are antihistamines (e.g. antergan, phenergan). Esters
of dialkylaminoalkalanols_are widely employed as anaesthetics
and have also proved to be of interest as spasmolytic agents.
The diethylaminoethyl ester of benaylpenicillin has a promounced
affinity for lung tissue, and is used clinically in the form of
the hydriodide' (Leocillinj Estopen). Very recently dialkyl-
aminoalkyl ester of N-methylnipecotic and N-methylisonipecotic
aclds have been prepared for examination as hypotensive,
ganglionic blocking agents.8 Dialkylaminoalkyl ethers of
benzhydrol have antispasmodic and antihistamine activity.9

The diethylaminoethyl ether of hexylresorcinol has high

/' in vitro antitubercular scitivity’’ The diethylaminoalkyl #

ester (V) of hexylresorcinol-2-carboxylic aecid (II), whiech
may have useful chemotherapeutic properties, has now been
prepared. Under a variety of conditions it has not yet been
possible to prepare the diethylaminoethyl ester of the B-acid
(111).

The current interest in hydrazides as antitubercular
agents prompted the preparation of the hydrazide (VI) of
hexylresorcinol-2-carboxylic acid (II) by the usual method of
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treating the ester with hydrazine hydrate. The ester of the
B-acid (III) failed to give the hydrazide.

The condensation of hexylresqrcinol-2-carboxylic acid
(II) with dimethylamine and aqueous formaldehyde resulted in
the formation of the Maninch base (VII). The antibacterial

properties of these compounds are under investigation.
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The antibacterial activity of hexylresorcinol and its

derivatives determined by Dr. L. V. Tamhane, is recorded in

Table I.

Table I

Antibacterigl activity of hexylresorcinol and
its derivatives,

Compound

Antibacterial activity

4-n-Hexylresorcinol

4-n-Hexylresorcinol=2-
carboxylic acid (Y®acid)

4-p-Hexylresorcinol=6-
carboxylic acid (p-acid)

6=-Aldehydo=4-n-hexyl-
resorcinol

Y-Acid ester with
(Et)gNCHaCHC1

Amide of Y=acid

1344,444 against S, aureus F.D.A.
209, 140,000 against £. coli.

1:22,222 - 1:26,666 against
S, aureus F.D.A. 209,
1:25,55% - 1:322,222 against
E.,coli.

1:5,000 against V, cholarae.

1340,000 against S, aureus.
F.D.A. 209,
1:28,570 against E, coli.

Compound highly insoluble and
precipitated quantitatively
in the medium.

1:13,890 - 1:16,666 against
S, aureus F.D.A. 209,

1350,000 - 166,667 against
S. aureus F.D.A. 209,
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The toxicity of hexylresorcinol and its derivatives,

determined by Dr. D. V., Tamhane, is recorded in Table II.

Table II
() e esorcinol and it
e ive
Route of Dose
Compound administra- g./kg. Effect of toxicity
tion. body wt.
4-n-Hexylresorci- Sub= 0,50 No death, all mice active
nol (in 33% cutaneous | 4 e
glycerine) *
1.50 (Lesions of skin where
2.00 (compound injected, mice
= (active even after 48 hrs,
4-n~-Hexylresorci- Oral 1,50 Paralysis in hind legs,
nol=2=carboxylic all died in half au hour,
acid (Y=acid) 1,00 100% death in 3 hours.
0,75 Slight irritation, 407
death,
Sub- 0.25 No death in 24 hours, mice
cutaneous active.
0.50 (66% death, lesions of skin
1,00 (where compound was
(injected.
Chronic toxicity Oral 0.24 All died between 2=6 days
(Y=acid) Sub- 0.30 All died between 5-8 days
cutaneous
4-n-Hexylresorci=- Sub=- 1.00 All mice active, no death.
nol-6-carboxylic cutaneous
acid (B=acid)
Amide of 4-p-hexyl- Intra- 0,50 ( No death, all mice were
resorcinol-2- peritoneal ( active, [lo lesions of
carboxylic acid (as 1.00 ( skin as observed with
suspension in gum 1.40 ( hexylresorcinol and its
acacia) ¢ 5 ( 2=carboxylic acid.
1.8 (
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An intimate mixture of 4-n-hexylresorecinol (I)(20 g.),
dry potassium bicarbonate (50 g.) and glycerol (100 ml.)
was heated at 140%45° for 6 hours in an atmosphere of
carbon dioxide. After the initial vigorous frothing,
the reaction mixture turned pinkish. Cooled and treated
with ice-water (250 ml.). The solution after saturation
with ammonium sulphate was extracted with ether to
remove the unreacte#phenol. The aqueous liquor was
acidified with dilute hydrochloric acid when an oily
product separated which solidified on cooling. The solid
was filtered, washed with water and dried in a desiccator
(16 g.). HUepeated crystallisation from benzene gave
a product (6.3 g.), me.p. 171-72° (dec.), giving a
violet colouration with ferric chloride (Found: C, 65,54
H, 7.2 C1gH4g04 requires C, 65,53 H, 7.6%). This
was 4-n-hexylresorcinol=6-carboxylic acid (III) as the
m.p. by admixture with the sample of the acid obtained
by carboxylating hexylresorcinol with agqueous potassium
£ bicarbonate and melting at 171-72°(dec.) was not
depressed,

The mother liquors on evaporation ol benzene gave
a solid which on thrice ecrystallizing from petroleum
ether (60-80°) gave the acid (3.7 g.), M.p. 114=-15°
(dec.). An alcoholic solution of this acid gives an

intense blue colouration with ferric chloride. The



acid thus was 4-n-hexylresorcinol=2-carboxylic acid (II)
(Found: C, 66,03 H, 7.,7. CygHyg0, requires C, 65.5;

H, 7.6%). HEquivalents Found, 242 calculated for
CygHy902+COCH, 238),

Carboxylation of 4=-n-he orcinol with agueo otas=-
sium bicarbonate:

4-n-Hexylresorcinol (I)(5 g.) and potassium bicarbonate
(15 g.) was placed in a 500 ml. three-neck flask provided
with a gas inlet, a condenser and a stirrer. water (100 ml.)
was added and the reaction mixture gently refluxed on a
sand-bath, while a current of carbon dioxide was passed
for 6 hours, cooled, filtered and the clear filtrate
acidified with dilute hydrochloric acid. The acidified
solution was ether extracted, and the ether layer washed
with aqueous sodium bicarbonate. Acidification of the
bicarbonate extracts gave a flocculent white precipitate
which after chilling was filtered, washed with ice-water
and dried in a desiccator (2.1 g.). Thrice crystallizing
the product from benzene gave the acid, m.p. 171=-72°
(dec.). The mixed m.p. of this acid with that obtained
in the above experiment showed no depression (Equivalent:
Found: 243, calculated for CygH3905.CO0H; 238),

An alcoholic solution of the acid gives a violet

ferric reaction.



Methyl ester of 4=-n-hexylresoreinol-2-carboxylic acid {IT)

Method (1) #= 4m-Hexylresorcinole-2-carboxylic acid (II)
(1 g.), anhydrous sodium bicarbonate (1.2 g.), methyl
sulphate (1.1 ml.) and acetone (50 ml,) were refluxed
together on a wateﬂbath for 5 hours. The reaction mixture
was filtered hot, and the filtrate concentrated to a small
volume, The residue after diluting with water was ether
extracted., The ether solution was washed with agueous
sodium bicarvonate, water and dried. Desolvation gave a
viscous brown oil which on distillation under reduced
pressure gave nearly colourless liquid (0.6 g.), be.p.
160-55°/1 mm, (Founds C, 66.3; H, 8,03 Ci4Hgo0Of requires
C, 66,63 H, 8,07),

Method (2) 3 A solution of 4n-hexylresorcinol =2«
carboxylic acid (III)(10 g.) in absolute methanol (5 ml.)
and fether (40 ml.) was treated with an ethereal solution
of diazomethane (40 ml.) £ from nitrosomethylurea (6 g.)_/
IThe reaction mixture was kept for 24 hours at 10°, The
ether after filtration was extracted with aqueous sodium
bicarbonate to remove the free acid, washed with water
and dried over anhydrous sodium sulphate. Evaporation
of the ether gave a dark brown viscous oil which on
distillation under reduced pressure gave a colourless liquid,

Zgi§§)150-55°/l ma, An alcoheolic solution of the ester

gives a bluish-violet colouration with ferric chloride.
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Methyl ester of 4-n-hexylresorcinol-6-carboxylic acid (I1I):

Method I - 4-n-Hexylresorcinol-G-carboxylic acid (III),
(1 g.), dry sodium bicarbonate (1.2 g.), methyl sulphate
(1.1 cc.) and acetone (50 ml,) were refluxed for 4 hours on
a water-bath, The reaction mixture was filtered and the
acetone partly removed. The residue after dilution with
water was extracted with ether. The ethereal layer was
washed with aqueous sodium bicarbonate, water and dried,
Evaporation of the ether gave the ester which crystallized
from dilute methand in nearly colourless needles (0.5 g.),
mep. 106=7° (Found: C, 66,43 H, 8,1. CyqHgo04 requires
C, 66,65 H, 8,07).

Method II - A solution of the acid (III)(5 g.) in absolute
methanol (5 ml.,) and ether (40 ml.) was heated with
an ethereal solution of diazomethane (40 ml.) { from
nitrosometnylurea (3.2 g.)_/. The reaction mixture was
left for 24 hours at 10°, ¥me It was then filtered,
extracted with aqueous sodium bicarbonate, water and dried
over sodium sulphate. The crystalline product (4.2 g.)
was crystallized from dilute methanol in colourless needles,
m,p., snd mixed m.p., 106=7°, An alcoholic solution of the

ester gives a violet colouration with ferric chloride.

H 0 of m -l ]l s Oledw es

Method I - On heating the ester (0.5 g.) with 5%
alcoholic caustic potash (10 ml,) for 2 hours at 50° and
acldifying xzik with dilute hydrochloric acid,the reaction

ether
mixture was/extracted, the ethereal layer washed with aqueous
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sodium bicarbonate. The alkaline extracts on acidification
and £ reextraction withg ether gave a product (0.1 ge) which
on erystallization from benzene gave colourless needles, m,p.
114-15° (dec.) undepressed on admixture with an authentiec
sample of the acid (II),

Method II - On heating the ester (0,5 g.) with pyridine
(5 ml.) and a drop of piperidine for 3 hours the reaction
mixture was worked up as above, The acid obtained (0.4 g.)
on crystallization from benzene gave colourless needles, m.p.

~and mixed m.p. 114-15° (dec.)

dro of meth 4-n-he resorc -6= 0 e 3

The ester (0.5 g.) was[;z¥3gild with 5% alcoholic
caustic potash (10 ml.) for 2 hours at 50°, iAfter cooling
and acidifying with dilute hydrochloric acid, the solution
was ether extracted. The ether layer was washed with agueous
sodium bicarbonate which on reacidification with dilute
hydrochloric acid gave a flocculent white precipitate (0.2 ge).
Crystallization from benzene gave colourless needles, m.p.
171-72° (dec.) undepressed by admixture with an authentic
sample of the acid (III). The ester however could not be
hydrolysed by tue pyridine-piperidine method.

de_of 4-n-h e Ol =2« acid (IV):
A solution of methyl 4-n-hexylresorcinol-2-carboxylate
(10 g.) in gbsolute methanol (100 ml.) was saturated with
dry ammonia at 0°, The reaction mixture was allowed to stand
at room temperature for 24 hours. The excess ammonia and

methanol were removed on a warm water-bath and the residue



treated with water till precipitation just took place. The
solution was refluxed (norit) and filtered. On cooling
shining needles with a greenish tinge separated (4.5 g.),
m.pe. 160° (Founds C, 66.03 H, 7.9 3 N, 5,6, CygHyeOgN
requires Cy 65.84 H, 8,13 N, 5.9%).

dro s of tne de of 4-n-hexylresorcinol-2-carbo e
acid 3

The amide (IV) (0.5 g.) was refluxed with 10% alcoholic

caustic potash (10 ml,) for 6 hours. The reaction mixture
was diluted with water and after acidification with dilute
hydrochloric acid was ether extracted. The ethereal layer
was washed with aqueous sodium bicarbonate, acidified and
reextracted with ether. Evaporation of the dried ethereal
solution gave the acid which crystallized from benzene in
colourless needles (0,09 g.), m.p. and mixed m.p. 114-15°

(dec.).

Diet oe ester o -[i=he resorcinol=2«c

acid (V)

The acidé{i)g.) was neutralizeh with aqueous caustic
potash (0.26 g. in water 5 ml.). Absolute alcohol (50 ml.)
and benzene (20 ml,) were added and the moisture removed by
distillation. On adding diethylaminoethyl chloride (1 g.)
in ether (10 ml.) a crystalline product separated. Dry
benzene (50 ml.) was added and the reaction mixture
refluxed for 3 hours and left asxda for 2 days. A white
sticky product separated on removal of benzene. On adding
alcoholic hydrochloric acid a thick white product separated

86



which was filtered. Crystallization from alcohol gave
e ‘ngdvod-\‘ari.de as
Lcolourless needles (0.2 g.), m.p, 120° (Found: N, 4.2,

C“H",CINO‘ requires N, 5.8%).

ide o 4=n= © nol-2«car ¢ aci
Methyl 4-n-hexylresorcinol-2-carboxylale 1 (2 g.)

methanol (40 ml.) and hydrazine hydrate (80%, 2 ml.) were
refluxed together on a water-bath for 6 hours. On removing
the alcohol, a sticky solid separated (2 g.)., Crystalliza-
tion from dilute acetic acid gave colourless needles, m.p.
160° (Found: N, 11.4; CygHgelNg0s requires N, 11,1%).

An alcoholic solution of the hydrazide gives a red violet

colouration with ferric chloride,

6=Dimeth ome =4-n-hexylresorcinol=2-car lic ac
(VII)s

A solution of the acia (II)(0.2 g.) in aqueous dimethyle-
amine Z (2ml., 30%) was cooled to 10° and aqueous formalin
(0.2 ml,, 38%) added. The mixture was left sside for 12 hrs,
at 10° when a pink crystalline solid separated, which was
filtered washed and dried in a desiccator (0.22 g.).
Crystallization from alecohol gave pink prisms, m.p. 172°
(deg.) (Found: C, 65,13 H, 8,1 N, 4.5, CygliggOyN requires
Cy 65.13 H, 8.4 N, 4,7%). An alcoholic solution of the
substance gives a blue violet colouration with ferric

chloride.

87
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- O=4-n- esor 13

To a solution of 4-n-hexylresorcinol (I)(5 g.) in
dry ether (60 ml.) was added powdered anhydrous zine
:ggg:tkn (6 g.) and fused zinc chloride (1.5 g.). Dry
hydrogen chloride was bubbled at 0° till saturation and
the reaction mixture left aside at 0° in an ice=chest for
24 hours. Ether was decanted off and the sticky aldimine
hydrochloride washed twice with dry ether (50 ml.), and
then treated with water (100 ml.) at 90-95® for 2 hours.
On cooling, pinkish flakes of the aldehyde separated,
which were filtered washed and recyrstallized from benzene

colourlegs

(norit) when xXmssk exygtakiiwe flakes were obtained
(2.9 ga)y Mep. 112613° (Fujikawa# a1.11,109°). an
alcoholic solution of the aldehyde gives a violet

colouration with ferrie chloride.
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Par II

ATTEMPTED SYNTHESIS OF 4«AMINQO=2«HYDAOXY=l=
NAPHTHOIC ACID (A NAPHTHALENE ANALOGUE OF
PAS)
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In 1932 Wells and Long gathered the then existing know-
ledge of the chemotherapy of tuberculosis and coneluded L
"A specific chemotherapy of tuberculosis has not been found
and it may be a long time in coming because of the inherent
difficulties of the problem, but it is not a closed chapter.
We have some definite facts to go on, and some glimpses of
light have been seen., FProbably some new success with some
other bacterial infection will be needed to stimulate a new
attack on the more difficult problem offered by tuberculosés".

During the last few years numerous compounds of various
types have been examined for their potential antitubercular
properties. These include a wide range of naturally ocecurring
subst;nces and synthetic organic compounds. Although many
of these compounds in high dilutions have been found to
inhibit the growth of virulent stains of Myco. tuberculosis
in various media, the activity is often reduced considerably
when the medium of growth is enriched by blood and serum,
Among the compounds which have high antitubercular activity
in vitro very fgfew have been shown to retain their activity
in experimental animals. Several established animal tests are
in use, such as those with guinea-pigs, mice or hamsters, the
last two in an attempt to reduce the time factor.

The antitubercular drugs which are regarded at the present
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time as the most promising are the naturally occurring anti-
biotics streptomycin2 (I), neomyein, terramycin and viomyein,
diaminodiphenylsulphone (II) and its derivatives, p-amino-
salieylic acid® (II1), p-aminobenzaldehyde thiosemicarbazone
(IV) and other thiosemicarbazones, isomicotinic acid hwdrazide4
(v), veraz1d95 (1-isonicotinoyl-2-veratylidene hydrazine)
(VI) and cyanacetic acid hydrazid96 (eyanazide) (VII). These
substances exhibit no obvious relationship, the only common
structural feature being that they all contain one or more
basic nitrogenous groups. From a consideration of the structure
and properties of these compounds, no generalization can be
made regarding the relation between the chemical constitution,
physical properties and antitubercular activity.

NH-C(:NH)-NHy

Ho-cﬁCQCH e Q ‘.:H

| HC © i
NH) - H . :
HN CENH) Huoagi\.uo 4(:_0“ rhcn
!

o He-oH
' £ o HOC-H
CHy | L
CH
1 CHLOH

Waovg

(1)

” o H,_N< >cH-NNHCSNHz
OOH
(1) i
CONHNH, @CONH N‘.*;CH@EM"
[:;] o
%

NIC- CH,CONHNH,
(vn)



32

The synthesis of 4-amino-2-hydroxy-l-naphthoic acid (I),
a naphthalene analogue of p-aminosalicylic acid, was undertaken
in view of the antiseptic and anthelminthiec properties of B-
naphthol. Although the aminonaphtholTsulphonic acids are largely
used as intermediates for dyes, the analogous aminohydroxynaph-
thoic acids described gin literature are very few. Beech and
Leg37 have described the synthesis of 6-amino-4-hydroxy-2-
naphthoic acid ("carboxy-Y-acid") and have also recorded their
failure to synthesize v-aminq-4-hydroxy-2-naphthoic acid
("carboxy J-acid"). Bhate8 has described attempts to prepare

COOH
RHOH

Rk

)
(I) by various methods: Direct carboxylation of 4-amino-2-
naphthol by (a) refluxing with agueous sodium bicarbonate,
(b) by heating with potassium bicarbonate in dry glycerine in
a stream of carbon dioxide, and (¢) by heating with agueous
potassium bicarbonate at 100° under a carbon dioxide pressure
of 30 atmospheres, was unsuccessful. Bhate® has also reported
failure in hydrolysing 4-benzeneazo-2-methoxy-l-naphthonitrile
(II) and 4-benzeneazo=-2-methoxy-l-naphthamide (III), prepared

by a series of reactions starting from l-nitro-2-methoxy-

CN CONH,.
o
N=NPh N=NPh

() (i)
naphthalene, to the corresponding acid. =2-Methoxy-4-nitro-l-

naphthonitrile (IV) and 2-methoxy-4-nitro-l-naphthamide (V)
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also resisted hydrolysis to the corresponding naphthoic acid.
However, the naphthamide (V) on demethylation and subsequent
reduction gave 4-amino-2-hydroxy-l-naphthamide (VI), which has

SN CONM, CONH,
/‘ 10Me /‘ NoMe OH
\/‘ N
N@y, NO, NH,

(V) (v) (V1)
been shown to possess slight in yitro activity against tuber-

cule baeilli (1:10,000). The other routes to (I) investigated
by Bhate were attempts to oxidise l-acetyl-4-chloro-2-methoxy-
naphthalene (VII) and l-acetyl-4-acetamido-2-methoxynaphthalene

(VIII), which proved unsuccessful. The action of paraformal-

COCH, COCH;
//‘ X oMe i]m'liome
SN Z i
cL NHAC
(Vi) (Vi)

dehyde and hydrochloric acid on 4-acetamido-2-methoxynaphthalene
(IX) gave 434'-diacetamido-2:2'-dimethoxydinaphthylmethane (X)

instead of 4-acetamido-2-methoxy-l-chloromethylnaphthalene (XI).
OMe MO

¥ o CHEL
%OMQ AcHN CH, NHAC 7 OMe.
QO™ " 49
NHAe Q \_7 NHde
(1x) (X) (x1)
PAS is manufactured by the direct carboxylation of m-

aminophenol, Numerous patents’ have been taken for the manufac-
ture of FAS from m-aminophenol., The method in general consists
of heating m-aminophenol, aqueous potassium bicarbonate and
carbon dioxide under pressure. Carboxylation of l-amino-3=-
naphthol (XIV) under various conditions was therefore tried in
the present work, although the earlier attempts made by Bhate?
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in this laboratory were unsuccessful. ZI-Amino-a—naphthol 2 3
(X1V) was prepared according to the method of Friec%laenderlc’;l
with certain modifications. Friedlaender reduced ﬁ-naphthylamine
3:8-disulphonic acid ) to ¢-naphthylam1ne-3-sulphonic acid
SSII§7’by sodium amalgam in agueous caustic soda. This partial

desulphonation proceeds in about 88% yield if Raney alloy in

HO,s  NH, NH, - NG
BN N s ' ~N

VZ SOJH /SO3H NS /OH
(Xt) (xu) (xiv)

aqueous sodigm carbonate at 100° is employed. Reduction of

\.1‘nu‘ — 3 g"‘J

(XFTY by the Papa xnethod,12 using Raney alloy and buockikmx
AlAAL -
a%?eous caustic soda, gave a-naphthylamine. The eeustic fusion
- /)‘VMW —
of I to l-amino-3-naphthol 4XIV) had to be carried out

/ conditions of
under carefu%\controlledzjime and temperature and in an atmos-

phere of inert-gc7(q¢i1€hzéégxzhe yield of the ecrude amino-
naphthol was 45-47?’the yiel{zor the pure compound was only
20-22%. Friedlaender 953 /4914 not state the yields in the

two steps. The aminonaphthol crystallized from toluene in
light brown needles, which darkened on exposure, m.p. 202-203°
(gggs)[k?riedlaenderjie_m.p. 185°(dec)lj Challenor and Ingoldtsﬁf’
198 (dec.) rgan and Evons*‘~obtained l-amino=3=-naphthol by
reduction’ of l-nitro-3-naphthol with tin and hydrochloric acid
or with zinc dust and ammonium chloride in 50% alcohol, but

the yields were not mentioned. In agreement with Friedlaender,
Morgan and Evens observed that prolonged digestion with reducing
agents led to the hydrolysis of the amino group and the forma-
tion of 133-dihydroxynaphthalene. Challenor and Ingold f;;und
that tie reduction of l-nitro-3-naphthol with aluminium amalgam

in moist ether led to the complete elimination of the amino gxaxx
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groupj further reduction toazzphthalene also took place. They
therefore prepared the tosy&hdoaéttﬁive of l-nitro-3-naphthol,
reduced it with aluminium amalgam and then removed the tosyl
group by hydrolysis. Bhate - lias shewn-thet 1-Nitro-3-naphthol
can be smoothly reduced in alcoholic solution to l-amino-3-
naphthol £}IVﬁﬁby Raney nickel and hydrogen at 40 lbs. pressure

in excellent yield (92-93%);1 Degerholm and Liljegren15

have
claimed to have synthesised (I) by direct carboxylation of the
potassium salt of l-amino-3-naphthol (XIV) by heating in an
autoclave at 140-50° under a pressure of carbon dioxide at

9 atmospheres. They also claim to have prepared (I) by heating
the naphthol (XIV) in toluene in presence of sodium sand and
dry carbon dioxide. However, attempts to repeat the experi-
ments using the same as well as modified conditions of time,
temperature and pressure failed to give the acid (1).

Since large quantities of the aminonaphthol were needed
for this investigation, the caustic fusion of a-naphthylamine-
3-sulphonic acid (XIII) proved tedious. 1l1-Nitro-3-naphthol
(XV) obtained by the procedure of Morgan and Evens,l‘ as
modified by Hodgson and Birtwell,l6 was hence used as the
starting material.\zghe nitration of acet-a-naphthalide gave
only a 30% yield of 234-dinitro-a-naphthalide. .ibvever, the
nitration of p-toluenesulphon-a-naphthalide proceeded smoothly
and in nearly quantitative yield following the conditions of
Hodgson gg_gl.ii] 1-Nitro-3-naphthol (XV) was brominated by

means of bromine in acetic acid to 4-bromo-1-nitro-3-naphthol
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(XVI). Halogen-metal interaction with p-butylithium followed

NO NO,

0. @
_JOH ~ ;OH ﬂ:‘,r‘i‘;"/':h(
(xv) (xv1) yd

by carbonation with dry ice proved unsuccessful. Metallation
of l-amino-3-naphthol (;m and l-acetamido-3- naphthol).u/}
with n-butyﬂ}ithium and subsequent carbonation with solid

NHAC NHAC NHA(_,
) . i
A OH A A OH N OMe
By 8r
(Xvi1) (xvmi) (x1x)

carbon dioxide failed to give the desired acid. 1l-Acetamido-
3-naphthol Mon bromination in acetic acid gave l-acetamido-
4-bromo=-3-naphthol QD#HT ) in-good—yield., Methylation ef—the
bromonephtho~EFEE) vith dimethyl sulphate im—aestene—in
presenee-of-anhydrous potassium carbonate gave l-acetamido-
4-bromo-3-methoxynaphthalene M.xm Both the naphthol
Mnﬂ the ether /(Jﬂ'{) failed to undergo halogen-metal
interaction with g—buty&ithiuﬁ in diethyl ether and di-n-

butyl ether, both in tge‘cgld and at reflux temperatures. As
model experiments, the halogen-metal interaction of leacetamido-
4-bromonaphthalene and l-amino-4«bromonaphthalene was studied.

In both the cases,/ carbonation proceeded smoothly and the
naphthoic acids were obtained in excellent yield. The—same ch,

acids have been prepared by the reduction 16,19

naphthoie acid and by the hydrolysis% of l-amino-4=naphtho-

of l-nitro-4-

nitrile and l-amino-4-naphthamide, Gilmen and Smnthankar=®
have prepared 2-hydroxy-l-naphthoic acid from l-bromo-2-
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naphthol by successive treatment with p-butyllithium and
carbon dioxide.

}5Z:bther routes to (I) were then examineqz) l-Acetamido-3-
naphthol (X¥IT) was sulphomethylated with sodium sulphite and

aqueous formaldehyde to give sodium l-acetamido-3-hydroxy-4-
methylnaphthalene-w-sulphonate 9%#). Methylation of (%;)

NHM. NH Ac
BN
OH >0Me

e CH,SONa CH,SONa
ffSlLL LX)~ (Xx1)
CHL50,Na CH;sosNA CH,
N h 7
(XXt) I (xxtv)

witn"dimethyésulphate in aqueous sodium carbonate gave the

o /x,%f\-l
methyl ether gxxf?;'/Oxidation of L¥XI-) with aqueous potassium
roomd
permanganate amé permanganate in acetone wesme unsuccessful.
B-Naphthol on sulphomethylatioﬁer and subsequent methylation
<V )<\0%
gave (XgEFf) Oxidation of ( ) with aqueous permanganate
did not give the acid, but only traces of B-naphthol methyl
28 _XV/
ether. ?ho~xenao:-uanoay,ééduction of (X#%¥) with Raney
nickel = in presence of hydrogen gave l-methyl-f-naphthol
KT, Crsertt oot &
/_.’/
/§£:§hother route start1ng from ﬁ-chloro- -naphthol_jjﬁﬂrf
<
was next exploreq:j‘}-Chlorojz-nqphthol jj817 was obtained by
reduction of l:4-dichloro-2-naphthol with stannous chloride

in acetic acid saturated with hydrogen chloride under

pressure according to Burtonif;£{§ince the method involved

4



7./// .
’/

/7

98

prolonged heating at 100° under pressure and a suitable type

of autoclave was not available, the dechlorination of 134-
dichloro-2-naphthol to 4-chloro-2-naphthol (XXV) by treatment
with catalytic amounts of Raney nickel and hydrogen in aqueous
alkali was attempted, but the product was S-naphthol_.:]
Replacement of the chlorine atom by the amino group by conden-
sing with—bonzylemine-end p-toluenesulphonamide proved unsuccess-
ful, the naphthol being recovered. Tae Condensation of=X)

with benzylamine in presence of copper bronze gave f-naphthol

and benzaldehyde. l-Acetyl-4-chloro-2—naphthol(}W’I') ras Ao
COCH, COCH,
OH N\OoH O OMe.
P Z
cL cL CL
XXV x Vi XXVI
o i . (v o e

been prepared %rby the Fries migration of /(-chloro-/‘i!-

naphthyl: acetz{te 1yaroon disulphide in 52-54% yield. It A
has.now=been found that ;(-chloro-ﬂ-naphthol/(ﬂ‘f)/reacts with

N
excess of glacial acetic acid-boron trifluoride complex,

X v/ 2 born/
giving a quantitative yield of the ketone (=%f), Methylation P

anhydrous.-potassium-carbonate gave l-acetyl-4-chloro-2-

o stk
methoxynaphthalene (XW¥IT), Pxidation of 4MEHES) with sodium
hypochlorite in-alkaline—solubien was unsuccessful. Oxidation
of=-£E%W¥) with lodine in pyridine according to the method of
King g—,_g"?” gave 4-chloro-2-hydroxy-l-naphthoic acid

<)X
x 1< (¥¥WSEE) in poor yield. Attempts to condense (EEWSSI
co-co co -Co
COOH b b
z N\ oH N /‘ N~
CL NHAC NH,
/Q-(—WH}— (xxh() (xXxx)

with bengzylamine and p-toluenesulphonamide were unsuccessful.



The possibility of introducing a earboxyl group in the
4-position in 1-acetam1do-3-naphthol‘LX¥§IT/i£§ the coumaran-
dione (XX##) was next investigated. 1l-Acetamido-3-naphthol
/Sﬁ!liﬁ’vas condensed with cyanoformic ester in presence of
zine chloride and hydrogen chloride to 6-ace£amido-4 5=
benzocoumaron-2:3-dione (xx#%) in 20-22 per cent yield. The
low yield was partly due to partial hydrolysis of the product
to 6—am1no—4xs-benzocoumaran-zss—dione’gxxxﬂzgglc has been
isolated and identified (6-§é}l Passerinise-’._has reported \<5j%/

that benzocoumaran-2:3-dione (XXXT) obtained by the action
of cyanoformic ester on B-nsphthol could be oxidised to the-
Co~-Co co-co
3 coon X
N I/\‘ XN OH =
NV~ N l OoH -
(xxx1) (xxxn) R

L= Koyl 7 o2y [ =
Mnaphthoic acid Min 60-65 per cent yield
hydrogen peroxide

withéinrcetic acid at 60°. It has novy been found that the #.
ey o‘»//.ﬂ 7 C/(;l'— 1?/ > LD
e

oxidation of (XXXP)=sbh silver nitrate and esustiopeobash-
agreeng g oo o /ZK(«/' rr e

However, oxidation of ( #) under the same conditions did

not give the corresponding carboxylic acid, the lactone

being recovered. Oxidation with hydrogen peroxide in cold

L . {Léf/a AL £6 2/

aqueous adeesdi gave phthalic acid.ﬂﬂunsborger and Amstutz

have reported that ll5-d1methoxy-4-naphthylglyox_y11c acid and

217-dimethoxy~-l-naphthylglyoxylic acid could be oxidised to

the corresponding naphthoic acids by oxidation with potassium

permanganate in 407 acetic acid. JIn-medei—expiloretory—

experimentsy 283§1hydroxynaphthalene underwent the
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cyanoformic ester condensation to give the lactone (Mﬁ‘).

( LAttempted oxidation of (XXXIII) with silver nitrate and alkalil

hydrogen peroxide
and with/in-acetic acid d1d not give the naphthoic acid (xmv_:)

co-co
COOH S do COOM:.

" \oH o -~
(xxKv) (xxxv) X7
Xx)

The lactone (Jﬂﬂi) on methylation with dimet%l sul hate a d
> )F/\lt v
agueous Mga Wzﬁethylation ith dimeghyl

sulphate in acetone in presence of anhydrous potassium _ecar-
) % b Extle. X))

bonate gave the ether-ester (JSEN¥I), drolysis of -(OGEE)
Co-co
C0-CooH CooH .cooMe.
N l OMe. OMe.
CL
(XXxvir) (xxxvin) (xxx|x) (xL)

gave the famge glyoxylic acid >
(¥86¥Id) which on oxidation with permanganate in 40% acetic
acid furnished 2:3-dimethoxy-l-naphthoic acid (CEEENEEE),
Qﬁttempts to prepare the unknown 2:3-dihydroxy-l~naphthoic
acid (XXXIV) by heating 2:3-dihydroxynaphthalene with agueous
sodium bicarbonate under Anipt;r:sgs?re of 400 1bs./Q@”. at 110-20°,
and by heating a solution of 2:3-dihydroxynaphthalene in
toluene in presence of sodium sand in a vigorous stream of
dry carbon dioxide, were both unsueccumlj

[Another route starting from 4-chloro-2-naphthol (XXV)
was next attemptedg /-'Chloro-ﬂ-naphthol (X7 underwent the
Hoesch reaction with cyznoformic ester to give 6-chloro-4:5-
benzocoumaran-2:3-dione ( « The lactone Mas

oxidised with silver nitrate-im-elkeli to 4-chloro-2-hydroxy-
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/X
acid Ns— earAly
1-naphthoic/ ( ), identical with the acid obtained/‘by the

oxidation of l-acetyl-4-chloro-2-naphthol W with iodine

CO-COOH COOH CHo COOM

oF oF oFs o
aL NHA‘:, NHA
(xwy) £ (xuo (ﬁ) (X f ﬁT / (xewv)
and pyridine. /4-Chloro-2-methoxy-l-naphthoic aeid (XLII) was
obtained from (XXXIX) via (XL) and (XLI)., Replacement of
chlorine in (XXXIX) and (XLII) by an amino group was

unsuccessful, th
e
/ L 1 -Acetamido-3-naphthol (/\Lm underwent/Gattermann

>

aldehyde synthesis to give 4-acetamido- 2-hydroxy-1-naphthaldehyde
(X#}I) in 45-487%7 yield. ) Bhate prepared ‘ﬂxo samwe aldehyde . - i
(XLLEFY in very poor yieldlby treating the naphthol (XVII)
with phosphorus oxychloride and N-methylformanilide. Pearl30
has reported the smooth oxidation of vanillin to vanillic
acid by silver oxide and alkali. The oxidation of (x#ﬁl)
/
COCH,
NS Z
N Ac
«/;\;/ (xl_v) (x&.vu) ﬂ (xLviny
with silver oxide in aqueous pl\sMM)dr sodium(Garbonate did
X/
not furnish (JEE¥) or (I ))but gave only the deacetylated
product (m).j/m«»/ W 4 m
/ ¢ l-Acetyl-4-acotam1do-2-naphthol (X% ) was obtained in

oy

excellent yield by the action of an excess of }lacial acetic
on (5NI), M%- - ’K/'

Qci boron trifluoride complex at 100° / The seme ketone
P

(JH:H-) was obtained hy-Bha-%cA axk by the Friedel-Crafts

reaction on l-acetamido-3-methoxynaphthalene with acetyl
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chloride in carbon disulphide, demethylation taking place
at the same timey The napht.hol (ﬁ) was then methylated

. by the gethod./;he ketoue
YM#M\/ .p.. - ol—
not oxid:lzod with sodi ochlorite to

the corresponding acid,

,@ [ l-Amino-2-methoxynaphthalene and l-amino=2-ethoxy=
naphthalene (XLVIII) coupled with diazotized aniline and
pyridine to yield the azo dyes:l-aminoe4-benzeneazo=2-
methoxynaphthalene and leamino=-4-benzeneazo-2-ethoxy-

naphthalene (ELIX), The azo dyes were also obtained in good

N CH

o o o o
N=NPh N=NPh N=NPh

(XLvi) (xL1x) (LY (R-Me,EE)

yield and in the crystalline state, when equimolecular
quantities of amine (XLVIII) and diazoaminobenzene in
alcoholic solution were mixed and kept for two days. The
diazonium salt of (XLVIII), on treatment with alcohol,
was deaminated to 4-benzeneazo-2-met.hoxynaphthalene and
4-benzeneazo-2-ethoxynaphthalene (XLIX) in very poor
yield (7-8%). Difficulty was experienced in diazotizing
the amine, and the pure deaminated products were obtained
only after chromatography on alumina. Formylation of

the azo derivative (L) with dimethylformamide and phosphorous
oxychloride under a variety of conditions did not give
the desired aldehyde (Ll)a



EXPERIMENTAL
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a-Naph -5 c acid (XIII):
a=Naphthylamine=3:8=-disulphonic acid (XII)(50 g.) was

dissolved in aqueous sodium carbonate (650 ml,, 20%). The

reaction mixture was heated on a steam-bath, and Raney alloy

(50 g.) was added in small lots with vigorous stirring.

After complete addition (1.5 hours), the mixture was further

heated for 1 hour, cooled and filtered. The nickel was

washed with aqueous sodium carbonate (50 ml.,) and water.

The alkaline filtrate on acidification gave a white floccu-

lent precipitate which was filtered washed and dried at

Yield, 88%.

100° (29,0 g.)s Crystallization from water gave pink

needles (Found in a sample dried at 100°/0,2 mm: N, 6.0;

Sy 14.2., C,0HgNOgS requires N, 6.2 S, 14.3%), Partial

reduction of a=-naphthylamine-3:8-disulphonic acid (XII)

with sodium amalgam in aqueous caustic soda according to

the method of Friedlaender gave a yield of 75% of

a-naphthylamine-3-sulphonic acid (XIII) (Friedlaender: 1l

did not state the yield).

l-Amino=3-naphthol (XIV)3:

a=-Naphthylamine-3-sulphonic acid (XIII)(15 g.) was
added all at once to well stirred, molten potassium
hydroxide (75 g.) at 180-190° in an atmosphere of nitrogen,
The temperature was gradually raised to 260=70° and
maintained for 25-30 minutes. The reaction commenced at
260° with vigorous frothing. The melt was gradually
cooled under stirring, and at 170° poured on to cracked-ice

(300 g.) and acidified with concentrated hydrochloricacid
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under cooling, when a black tarry product separated. The
solution was filtered and the filtrate on neutralization
with solid sodium bicarbonate gave a bright yellow
flocculent precipitate, which was rapidly filtered and
dried in a desiccator (5 g.). Crystallization from
toluene gave light brown needles (2.1 g.), m.p. 202=-203°
(dec.) (Pounds N, 8,6. CyoHgNO requires N, 8,6%) [(Fried-
laenderll, mep. 185?923.)(Clallenor and Ingold,13 m.p.
198° d_og.)].

The naphthol (XIV) was also obtained in nearly @ 92%
yield by the Kaney nickel reduction of an alcoholic solution
of 4=nitro-2-naphthol (XV) in presence of hydrogen at 40 1lbs,
pressure following the method of Bhate.8 The product
crystallized in light brown needles from toluene, m.p.
202¥203° (dec.).

l-Acetamido-3-naphthol (XVII):

Acetic anhydride (3 ml.) was added gradually to dry
l-amino-3-naphthol (XIV)(5 g.) with cooling. The mixture
was left at room temperature for 1/2 hour aund poured into

£ cracked ice. A brown oily product separated which
solidified to a purple crystalline mass. The product was
filtered, washed and dried, Crystallization from dilute
alcohol gave nearly colourless needles (4.6 g.), M.p.

179° (Friedlaender s 179°).
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4-Bromo=1- Owde hthol (XVI) s

To a solution of l-nitro-3-naphthol (XV)(7.5 g.)
in glacial acetic acid (75 ml,) was.added gradually a
solution of bromine (1.8 ml.) in glacial acetic acid
(18 ml,.) under stirring. The reaction mixture was
left overnight at room temperature (28¢), On dilution
with water (200 ml,) and cooling, a yellow crystalline
product separated which was filtered, washed and dried
(944 g.). Crystallization from alcohol gave yellow
needles, m,p., 154° (Found: C, 44,93 H, 2,24 N, 5.64
Br, 29,8, C4yoHgNOgBr requires C, 44,83 H, 2,23 N, 5.23
Br, 29.87),

1-Acetamido-4-bromo-3-naphthol (XVIII):

To a solution of l=acetamido=-3-naphthol (XVII)(l.2 g.)
in glacial acetic acid (12 ml.) was added gradually a
solution of hxewa bromine (0.96 g.) in glacial acetic acid
(5 ml.). The mixture was left for 12 hours at room
temperature and diluted with ice=-water (20 ml.), when
a purple crystalline product separated which was {iltered,
washed and dried (1.49 g.). Crystallization from dilute
acetic acid (norit) gave nearly colourless needles,
mep. 198-«99° (Founds C, 51.93 H, 3.9 Br, 28.4.
CigHy00gNBr requires C, 51,43 H, 3.5 Br, 28,6%).

l=Ac =4 -promo=3-metho h e (XIX)s

A mixture of leacetamido=-4-bromo-3-naphthol (XVIII)
(1 g.),dry acetone (30 ml.), dimethyl sulphate (2 ml.)
and anhydrous potassium carbonate (3 g.) was refluxed on



a wamx water bath for 12 hours. After partly removing the
acetone, the reaction mixture was diluted with ice=-water.
The product that separated was filtered, washed and

dried (1.2 g.). Crystallization from dilute acetic acid
gave colourless needles, m.p. 169-70° (Founds C, 52.5¢

Hy 4.4, Cygly30,NBr requires C, 53,03 H, 4,1%).

L-Ace&ggido-l-b;omgggphghglggel

l-Acetamido=-4~-bromonaphthalene was prepared in 95%
yield following the method of Hodgson et al. The
product crystallized from alcohol in colourless needles, m,p.

193° (Hodgson et al.:® wm.p. 193°).

1= =4-bromo hthalenes

The above naphthalide (5 g.) was refluxed with hydro-
chloric acid (25 ml., dy1.16) and glacial acetic acid
(75 ml.) for 90 minutes. The amine hydrochloride which
separated on cooling was treated with ice-water (100 ml.)
and filtered. The product was basified and the free amine
collected, washed and dried (3.9 g.). Crystallization
from petroleum ether gave colourless needles, m.p, 102°

(Sergievskya32 mentions m.p. 102°),

=Anino=4-naph cids
Method (I) ¢ A solution of p-butylithium (0,02 mole)
was added during the course of 20=25 minutes to a well
stirred solution of l-acetamido=4-bromonaphthalene (2.6 8oy
0.01 mole) in ether (50 ml.). After stirring for 2 hours,
the reaction mixture was poured on to crushed solid carbon

dioxide and ether., After evaporation of the carbon

106
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dioxide, water was added. The ethereal layer was washed with
aqueous sodium bicarbonate and acidified with dilute hydro-
chloriec acid when a white solid separated (1.3 g.). The crude
acld was hydrolysed with warm 5% aqueous caustic potash
(16 ml.) for 4 hours at 80°, cooled and acmiﬁaclzv\fr(ﬁ«;(ril'whc el
a brownish yellow solid separated (0.8 g.). Crystallization
from water gave faint brownish needles, m.p., 176=77° (Founds:
Cy 70,13 H, 4.33 N, 7.,6. Cq4HgOnN requires C, 70,64
Hy 4.9 N, 7,5%)(Friedlaender and Weisberg'® mention
19 196-779).

Method (II): A solution of p-butyllithium (0,04 mol.)
was added with stirring during a period of 10-15 minutes to

0.01 mole.
a solution of l-amino-4-bromonaphthalene (2.2 g¢) in wamm

m.pe. 177°, Sergievskya,

ether (50 ml,). After stirring for 3 hours at room temp.,
(28°), the mixture was poured into gxyxaxx a slurry of dry

ice in ether. After evaporation of the carbon dioxide the

mixture was treated with water. The ether layer was

separated, washed with aqueous sodium bicarbonate and acidified
with dilute hyd:o:;fziiz acid, when a brownish yellow solid

precipitated, which was iiltered, washed and dried (1.1 g.)

fixsx Crystallization from water (norit) gave faint brown
needles, m.p. 176-77°, undepressed on admixture with the

acid obtained by the above method.

l-Acetamido-3-naphthol (XVII)(l g.) was suspended in

water (256 ml,), sodium sulphite (1.3 g.) and aqueous formale
dehyde (0,5 ml., 40%) added, when the reaction mixture turned
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light brown. On heating for 4 hrs. on a steam-bath the mixture
turned

/dark browa. Cooled, filtered and riltrate neutralized with
2N sulphuric acid when a light brown gelatinous
precipitate separated which was iiltered ( <: 10 mg.). The
clear filtrate was concentrated to 1/4th its volume,
when a crystalline solid separated, which was filtered,
washed with ice-water and dried (0.6 g.). Crystallization
from 987 alcohol gave colourless needles, The product had
no m,p. (Found in a sample dried over phosphoric acid
at 100°/0,2 mm,s C, 49,23 H, 3.5 N, 4,7; 3, 10,6.
CigH1305N5Na requires C, 49,2; H, 3.83 N, 4.4 3, 10.1%).

3odium leacetamido-3e-methoxy-4-ueth ene=w=
sulphonate (XXI)3

The above sulphomethyl compound (XX)(0.2 g.) was dissolved
in aqueous sodium carbonate (10 ml., 20%), dimethyl
sulphate (0,4 ml,, excess) was added drop by drop and the
mixture agitated at room temperature (28°¢) for 12 hours. The
clear solution was then neutralized with dilute sulphuriec
acid and concentrated to near dryness when a sticky light
brown product separated. Crystallization from 50f alcohol

(norit) gave nearly colourless needles (0.14 g.). The

substance 4 had no m.p. (Found:s S, 9.2; C34H3405lSNa requires
S, 9.6%).

(XXII) and sod 2=methoxy=-l=meth h e
(XXIII):

p=Naphthol was sulphomethylated according to the method
of Suter et al.> The sulphomethyl derivative (XXII)
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crystallized from 50%f ethanol as platelets.

The methyl ether (XXIII) was prepared following the

21A

procedure of Clutterbuck. and Cohen and crystallized

from dilute alcohol in colourless plates,

Oxidation of sodi 2=me thoxy=l=met hthalen
sulphonate (XXIII)3:
(XXIII)

The ether/(1 g.) was dissolved in water (20 ml.),
finely powdered potassium permanganate (0,58 g.) was added
under stirring. The mixture was agitated at room temp.,
for 4 hours, cooled and the precipitated manganes#dioxide
dissolved out by passing sulphur dioxide., The clear pale
yellow solution was ether extracted. Desolvation gave a
crystalline solid (0.09 g.). Crystallization from d%}ute
alcohol gave colourless ncedles, m.p. 72°. Mixed m.p.

with an authentic sample of 2-methoxynaphthalene was not
depressed,

1= - thol JXXIV):
The sulphomethyl derivative (XXII)(5 g.) was dissolved in
304 alcohol (500 ml.), Raney nickel (50 g.)} added and the
mixture agitated for 5 hours at room temperature (2 g.) in
a steady stream of hydrogen. The catalyst was filtered
off and the filtrate concentrated under vacuum to 1/4th
its volume and extracted with ether, after acidification
with dilute hydrochloric acid. On removal of the solvent,
a pale yellow 0il was obtained which solidified immediately
(0.8 g.). Crystallization from water (morit) gave nearly
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colourless needles, mep., 110°, The nickel residue, after
deactivation with hydrochloric acid and extraction with
ether, gave a further quantity of the same material
(0e3 go)o Total yield 1.1 g. (36%). (Found: C, 83.44
Hy 6.6. Cy1H300 requires C, 83,63 H, 6.3%) (Commnforth

33 mention m.p.
et al. " "/109-111)¢

l-Acetyl=d-chloro=-2-naphthol (XXVI) 3

4-Chloro-2-naphthol (XXV)(2 g.) and glacial zeeiktxx
acetic acid-boron trifluoride complex (12 ml,) were mixed
and heated on a steam~bath for 4 hours. After keeping over=
night at room temperature, the mixture was added to crushed
ice, and the precipitated crystalline product filtered,
washed and dried (2.3 g.). Crystallization from petroleum
ether gave yellow prisms, m.p. 56«57°(Founds C, 65.14 H, 4.3
C1gHoOg8l requires C, 65.3; H, 4,3%)(Bhate® mentions 53-54°).
The dinitrophenylhydrazone of (XXVI) crystallized from alcohol
in orange needles, m.,p, 208-09° (Found: N, 13,63 CygH3305N4C1
requires N, 14,0%).

4-Chloro-2-hydroxy~-l=naphthoic acid (XXVIII):

The above ketone (XXVI)(0.44 g.), iodine (0.51 g.)
and dry pyridine (3 ml.) were heated for 1 1/2 hours on a steam-
bath. The dark brown mixture started depositing a crystal-
line product after half an hour. The mixture was left at
room temperature for 12 hours, the excess pyridine was
distilled off under vacuum and the residue treated with

cold dry ether to remove the unreacted ketone and then
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leached with water, The residual brown semi-solid ¥ of
pyridingdum iodide was dissolved in 95% alcohol (20 ml.)
containing sodium hydroxide (1 g.) and heated for one hour
on steam-bath. The alkaline solution was noritted and
filtered. The clear brown filtrate on acidification with
dilute hydrochloric acid gave a flocculent yellowish brown
precipitate, which was filtered, washed and dried (0.12 g.),
Crystallization from benzene gave pale yellow prisms,

mep. 139-40° (dec.) (Founds C, 59,93 H, 3.0, C33Hp04C1
requires C, 59,33 H, 3.1%).

l-Acetyl-4=-chloro-2-methoxynaphthalene (XXVII)3:

4 mixture of l-acetyled4-chloro=2-naphthol (XXVI)(2 g.)
acetone (25 ml.) xm anhydrous potassium carbonate (5 g.)
and dimethyl sulphate (2 ml.) was refluxed gently for
12 hours on a water-bath, After removing acetone partly,
water (50 ml.) was added and the precipitated product
iltered, washed and dried (2.1 g.). Crystallization from
petroleum ether (40-60°) gave colourless prisms, m.p.
78=79° (Found: C, 67.03 H, 4,7j Cl, 14,7, CggHy40,Cl
requires C, 66,57 H, 4,7; C1, 15.1%) (Bhat8 mentions 78°).

6-Acetamido=-4 $5-benzocoumaran=233-dione (XXIX):
l=Acetamido=3-naphthol (XVII)(1l.5 g.) was suspended in

dry ether (100 ml.) fused zinc chloride (1 g.) and freshly
uistilled cyanoformic ester (1 g.) were added and the
mixture saturated with dry hydrogen chloride at 0°

under mechanical stirring, The reaction mixture turned
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deep red and was left aside for 24 hours in an ice=chest.
A red oil together with a small amount of a reddisk solid
separated., The mixture was resaturated with hydrogen
chloride and kept for another 24 hours. The ether was
decanted off, the residue washed twice with dry ether
(20 ml,). Crushed-ice and wate:E;:dod and the solution
warmed on a water-bath at 60-70° for 1/2 hour when a bright
orange precipitate separated. Cooled, filtered, washed and
dried in a desiccator (0.4 g.). Crystallization from
acetone gave bright orange needles, m.p. 236°(dec.)(Founds:
Cy 66,14 H, 3.63 N, 5,3, Cq4HpO04N requires C, 65,94
H, 3,83 N, 5,5%),

The acidic filtrate on neutralizing gave a bright red
product (0,18 g.), which crystallized from ethyl acetate
in bright red needles, m.p. 254-55° (dec.) and was
identified as G6=amino-4:5-benzocoumaran=-2:i3d=dione (XXX)
(Found: C, 67.43 H, 3.23 N, 6.1. Cjy3H90gN requires C, 67.74
H, 3.24 N, 6.,5%).

Uxidation of 6-acetamido=-4:5-bengocoumaran-23sd-dione (XXIX)
with hydrogen peroxide in agueous caustic soda:

The lactone (XXIX)(0.2 g.) was dissolved in aqueous
caustic soda (5 ml., 3%), hydrogen peroxide (1 ml. 10%)
was added at 10° with cooling. The initial orange-red colour
of the mixture gradually disappeared and after 12 hours a
clear pale yellow solution resulted, The alkaline solution
was acidified with dilute hydrochloric acid and ether
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extracted. Desolvation gave a crystalline product (0,09 g.)
which crystallized from benzene in nearly colourless
needles, m.p. 206° (dec.). Mixed m.p. with an authentic
sample of phthalic acid does not depress the melting point,

dation of bengzoco on=-2i3=-dione t e

nitr .and alkalis
Potassium hydroxide (0.55 g.) in water (3 ml.) was

added to a solution of the lactone (XXXI)(0.5 g.) in
alcohol (5 ml., 507). Silver nitrate (1.2 g.) was added
and the mixture heated on a steamybath for 1 hour., The
deep green solution deposited a silver mirror, cooled
and filtered, The (iltrate on acidification with dilute
hydrochloric acid gave a flocculent pale yellow precipitate,
which was filtered, washed and dried (0.30 g.). Crystalliza=
tion from dilute acetic acid gave %;grly colourless prisms,
m.p. 154° (dec.). Mixed m.p. witlh/authentic sample of 2=
hydroxy-l-naphthoic acid (XXXII) does not depress the melting
point.

7-Hydroxy=-4 :5=-benzocoumaran=2 s3=dione s (XXXIII) s

?:3=Dihydroxynaphthalene (16 g.) was dissolved in dry
ether (100 ml.), fused zinc chloride Rfxxx} (2 g.) and
cyanoformic ester (10 nl.;Ziggod, and the reaction mixture
saturated with dry hydrogen chloride at 0° under mechanical
stirring. A brick-red solid separated together with a small
amount of a dark red oil. The mixture was left =mxkds for 24
hours in an ice chest, the ether decanted off and the

residue washed twice with iresh dry ether (50 ml,). Water
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(100 ml.) was added and the solution warmed on a water-bath
at 80° for 1 hour, cooled and the red solid filtered, washed
and dried (13 g.). Crystallization from a mixture of
benzene-ethylCacetate gave brick red prisms, m.p., 200° (dec.)
(Founds C, 67,33 H, 2.8, CigHg04 requires C, 67.5; H, 2.7%).
From the mother liquor, a colourless solid (0.18 g.)
was obtained which on repeated crystallization from dilute
alcohol gave colourless ncedles, m,p, 238=40° (Found: C,

68.13 H, 3.6%). The product hnowever could not be identified,

7-Methoxy-85=benzocoumaran-2s3=dione (XXXV):
The above lactone (XXXIII)(0.,2 g.) was dissolved in

aqueous sodium hydroxide (10 ml., 5%), dimethyl sulphate

(1 ml.,) was added and the mixture heated on a steam bath

for 2 hours. A further quantity of aqueous sodium hydroxide
(2 ml.) was added, coolec and the mixture left for 12 hours
at room temperature., Acidification with dilute hydrochloriec
acld gave an orange yellow precipitate, which was filtered,
washed and dried (0.19 g.). Crystallization from benzene-
ethylacetate mixture gave orange yellow-needles, m.p. 233=34°

(Found: “, 68,64 H, 3,7. Cyglle0y requires C, 68.4; H, 3,5%).

Hethyl 233-dimethoxy-l-naphthylglyoxylate (XXXVI):

The lactone (XXXIII)(2 g.), dry acetone (30 ml,), anhydrous
potassium carbonate (5 g.) and dimethyl sulphate (5 ml,, excess)
were refluxed together for 12 hours on a water bath. The
acetone was distilled off, and the residue treated with
ice-water (50 ml.). A pale yellow oil separated which was
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taken up in ether, washed with water and dried. Evaporation
of the dried ethereal extracts gave au oil (2.2 g.),

whicech on distillation under reduced pressure gave a very
pale yellow oil (165-170°/0,3 mm,)(Found: C, 66.03

Hy 5,04 CygHy40g requires C, 656,73 H, 5.2%),

235=Dimethoxy-l-naphthylglyoxylic acid (XXXVII):
The above ether-ester (XXXVI)(3.5 g.) was suspended in

water (20 ml,), sodium hydroxide (2 g.) dissolved in

water (10 ml,) was added, and the mixture heated on a steam=
bath for 2 hours., The oil gradually went into solution and
on cooling the sodium salt of the acid crystallized. The
solution on acidification with dilute hydrochloric acid gave
a pale yellow curdy precipitate, which was filtered, washed
and dried (3 g.). Crystallization from benzene gave

rhombic pale yellow prisms, m.ps 126° (Founds C, 64,84

Hy 5,0, Cy4Hy305 requires C, 64.63 H, 4.,7%).

2so=Dimethoxy-l-naphthoic _acid (XXXVIII):

A solution of 2:3-dimethoxy-l-naphthylglyoxylic acid
(XXXVII) (0.2 g.) in 40% acetic acid (5 ml.) was treated with
potassium permanganate (0.051 g.) dissolved in 40% acetic
acld (5 ml.). 7The mixture was gently refluxed for 1/2 hour,
cooled and the precipitated manganese dioxide, dissolved out by
sulphur dioxide. A brown solid separated which was filtered,
washed and dried (0.13 g.). Crystallization from benzene=-

petroleum ether (60-80°) gave nearly colourless, prisms,
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m.p, 150=-561° (Founds C, 67.43 H, 5,4, CygH;304 requires
C, 67.23 H, 5.2%).

6-Chloro=-4 :5-bengocoumaran=-2s3=dione (XXXIX):
Dry 4-chloro-2-naphthol (XXV)(4 g.) was dissolved in

dry ether (75 ml.), fused zinc chloride (1 g.) and cyanoformic
ester (4 ml,, excess) added and the mixture saturated with
dry hydrogen chloride at 0°, An orange-red oily hgterial
separdt®d which solidified on keeping for 24 hours in an
1ce—c§e:§‘ The ether was decanted off and the imine hydrochloride
washed twice with dry ether (26 ml.). Water (30 ml,) was
added and the mixture warmed on a water-bath for 1/2 hour

at 70=80°, Cooled and the yellow solid filtered, washed

and dried (4.8 g.). Crystallization from petroleum ether
(80«100°) gave bright yellow prisms, m.p. 168°(dec.)(Found:

C, 61.33 H, 2,8, C433H505C1 requires C, 61.93 H, 2.27).

4=-Chloro-2-hydroxy¥l-naphthoic acid (XXVIII):

The above lactone (XXXIX)(0.2 g.) was suspended in water
(4 ml,), silver nitrate (0.51 g.), potassium hydroxide (0.25 g.)
and alcohol (4 mli,, 957) added and the mixture heated on a
steam-bath for 1 1/2 hours, cooled, noritted and filtered.
The clear greenish brown solution was acidiiied with dilute
hydrochloric acid when a brownish yellow flocculent preci=-
pitate separated, which was filtered, washed and dried
(0,07 go)e Crystallization from benzene gave pale yellow
prisms, m.p, 139° (dec.) . Mixed m,p. with the acid obtained



117

by the pyridine~iodine oxidation of (XXVI) showed no depression,

Methyl 4-chloro-2-methoxy=l-naphthylglyoxylate (XL)3:

A mixture of 6-chloro=4:5=benzocoumaran=-23:3=dione (XXXIX)

(1 go) in dry acetone (25 ml.), anhydrous potassium carbonate

(4 g.) and dimethyl sulphate (3 g.) was refluxed on a water-
bath for 16 hours. The acetone was distilled off, and the
residue treatec with ice-water (50 ml.) when a pale yellow
0il separated which solidified on cooling. Filtered, washed
and dried (1.2 g.). Crystallization from petroleum ether
(60-80°) gave pale yellow needles, m,p. 78° (Found: C, 60,84
Hy 348, CggH330,C1l requires C, 60,33 H, 3,97).

4=-Chloro-2-methoxy¥lenaphthylglgoxylic acid (XLI):

The above ether-ester (XL)(0.,5 g.) was dissolved in
alcoholic caustic potash (15 ml,, 20%) and gently refluxed
on a steam-bath for two hours. On cooling the sodium salt
of the acid separated. The mixture was acidified with dilute
hydrochloric acid, when a bright yellow flocculent precipitate
separated, which was filtered, washed and dried (0.38 g.).
Crystallization from benzene gave very pale yellow needles,
m.p. 138=-39° (Founds C, 59,23 H, 3.8, CygH04Cl requires
C, 59,03 H, 3.4%).

4=Chloro=2-met -l-naphthoic acid (XLII):

A solution of 4-chloro-2-methoxy-l-naphthylglyoxylic acid
(XLI)(0,53 g.) dissolved in 507 acetic acid (10 ml,) was
treated with potassium permanganate (0.24 g.) in 50f acetic
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acid (10 ml,). The mixture was refluxed for 15 minutes,
cooled and the precipitated manganese dioxide dissolved out
with sulphur dioxide. A brownish yellow solid separated,
which was filtered, washed and éried (0,11 g.). Crystalliza=-
tion from a mixture of benzene-petroleum ether (60-80°) gave
nearly colourless needles, m.p. 108° (Founds: C, 60,04

Hy 3.6. C31gHg04C1 requires C, 60,83 H, 3.4%).

4-Acetamido=2-hydroxy~l-naphthaldehyde (XLIII):
A suspension of l-acetamido-3-naphthol (XVII)(3.5 g.)
in dry ether (150 ml.), anphydrous hydrocyanic acid (10 ml.)
fused zinc chloride (1 g.) and zinc cyanide (3 g.) was
saturated with dry hydrogen chloride at 0° under mechanical
stirring. A viscous black semi-solid separated. The mixture
was left #wi¥e at 0° in an ice-chesty 48 hours later, the
sticky solid was collected, washed with dry ether and
treated with water (50 ml.). A purple solid separated which
slightly
immediately turned red. The solution was made/3timky alkaline
with 1% aqueous sodium hydroxide and left at room temp. (30°)
for 24 hours, filtered and the [(iltrate acidified with
dilute hydrochloric acid. A flocculent buff coloured
precipitate separated, which was filtered, washed and dried
(1.8 ge). Crystallization from dilute acetic acid gave
pale yellowish brown felty needles of the aldehyde, m.p.
208° (Founds C, 68.13 H, 4.95 N, 6.5, CjygHy30gN requires
C, 68,13 H, 4.8 N, 6.4%7). An alcoholic solution of the
substance gives a dark brown ferric colouration (Bhatos,
m.,p. 208°),
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S ) e ion of O=2=nydroxy-Lle de e
XLIII):

To a vigorously stirring suspension of silver oxide
[(prepared from silver nitrate,(O.l? g), and sodium hydroxide
(0.04 g.)]in vater (50 ml.) was added solid sodium hydroxide

(0.4 g.) and the aldehyde (XLIII)(0.” g.), all at once. The
mixture was gradually warmed to 50°, when silver started
depositing. The temperature vasz:g::gxto 756=-80° and maintained
for 1 hour, Cooled and the precipitated silver filtered off

and washed with water.The combined filtrate and wastuings

were neutralized with carbon dioxide, when a light brown
erystalline solid separated, which was collected, washed and
dried (0,18 g.). Crystallization from benzene gave light

brown plates, m.p. 215° (dec.) (Founds C, 70.63 H, 4.94 N,

7.9. Ci4HgOgN requires C, 70,63 H, 4.8; N, 7.5%).

The product gave a dinitrophenylhydrazone which however
could not be crystallized.

~Ace ~acetamido=2- XLVI) s

A mixture of leacetamido=-3=-naphthol (XVII)(0.5 g.) and
slacial acetic acid-boron trifluoride complex (5 ml,) was
heated on a steam-bath for 4 hours. The mixture was cooled
and poured over crushed-ice when a bright yellow solia
separated, which was riltered and washed free of acid., The
product was boiled for 5«10 minutes with water, cooled and
filtered (0,42 g.). The brownish yellow solid on crystallization
from dilute acetic acid gave pale yellow needles, m.p. 264-55°

(Founds C, 68,93 H, 5.4 N, 5,1, Cy4Hy1303N requires
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C, 69.13 1, 5.45 N, 5.8¢) (Bhate® mentions m.p. 254-55°),

l-dcetyl-4-acetamido-2-methoxynaphthalene (XLVII):
A mixture of above ketone (XLVI)(0.3 g.), acetone

(20 ml,) anhydrous potassium carbonate (0.5 g.) and dimethyl
sulphate (0,56 mlL.) was refluxed for 12 hours in a water-bath,
After distilling off the acetone, the residue was treated

with water when a yellow solid separated. Filtered, washed

and dried (0,31 g.). Crystallization from dilute acetic

acid gave pale yellow needles, m,p. 186-87° (Founds: C, 69,83

Hy, 6,13 N, 5.1. CygH450gN requires C, 70,14 H, 5.8 N, 5,59),

4-Bengeneazo=-2=methoxy=-g-naphthylamine (XLIXj R=lle) :

Method I: To a solution of le-amino=2-methoxynaphthalene
(XLVIII)(2.4 g.) in pyridine (60 ml.) was added neutralized
diazonium solution of aniline (1.6 ml.) under stirring and
cooling. The mixture was agitated for 3 hours, water (300 ml,)
was added and the precipitated dye filtered, washed and dried
(3 g.)e Crystallization from dilute alcohol gave orange=-red
needles, m.p., 108° (Found: N, 14,9, Cy9H35Ng0 requires
N, 15.2%).

Method II - To a warm solution of l-amino-2-methoxynaph-
thalene (XLVIII)(17.3 g.) in 95% alcohol (40 ml.) was added
a warm solution of diazoaminobenzene (20 g.) in 95% alcohol
(100 ml.). The mixture was kept at room temp. (30°) for 2
days, when a red crystalline product separated (15.5 g.).

The mother liquor on dilution gave a further crop of the dye
(1e2 ge)e Crystallization from dilute alcohol gave orange
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red needles, m.p. and mixed m.p., 108°,

4-Bengeneazo-2-ethoxy-a-naphthylamine (XLIX$ R=Et)s was
prepared by above methods from le-amino-2-athoxynaphthalene
(XLVIII) in 85% yield. The dye crystallized from benzene-
petroleum ether mixture in bright red needles, m.p. 128¢

(Founds N, 14,2, CygHy9Ng0 requires N, 14.4%).

4-Benzeneagzo-2-methoxynaphthalene (Lj B=le):

Finely powdered 4-benzeneazo=-2-methoxy-c-naphthylamine
(XLIX) (3.5 g.) was suspended in water (30 ml.) containing
conc, hydrochloric acid (8 ml.), and diazotized with sodium
nitrite (1.6 g.), in water (10 ml,) under ice cooling and
stirring. 1he diazonium solution was stirred for 8 hours
at 0=5° and then added gradually to 95% alcohol (50 ml.)

The bright red solution, which turned brownish on warming was
refluxed for 1 hour on a steam-bath. Cooled and diluted with
water when a black tarry product separated which was
extracted with benzene. The benzene extract was washed
successively with dilute hydrochloric acid, aqueous caustic
soda and water. On distilling off the solvent, a black
pasty mass separated which was extracted with petroleum
ether (60-80°) and chromatographed on alumina. The

major orange band which separated was eluted with the same
solvent. Desolvation gave au orange yellow crystalline
solid (0,36 g.) which erystallized from dilute alcohol,

m.p. 100° (Found: C, 77,83 H, 5,65 N, 10.,5. CyqoHyqilig0
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requires C, 77,83 H, 5.4; N, 10,7%).

4-Bengeneazo-2-ethoxynaphthalene (Lj R=Et):

Was obtained by deaminating 4-bengeneazo=2-ethoxy=-a-
naphthylamine (XLIX). The pure product was obtained only
after chromatography on alumina, Crystallization from
dilute alcohol[,gvce)range needles, m.p. 84° (Founds
Cy, 77.93 H, 5.6 N, 10.5. CygHyglig0 requires C, 78.2;

Hy 5.8 N, 10,1%).
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PART I + CITRININ AND ITS ANALOGUES

The present work was undertaken with the object of
synthesizing compounds similar in structure to citrinin
and of modifying the structure of citrinin in the hope that
compounds with lower toxicity and improved antibacterial
properties may emerge.

Attempts have been made to prepare derivatives of citrinin
from natural citrinin or its hydrolytic products. Thus,
citrininamide and dihydrocitrininamide were prepared, A
partial synthesis of optically inactive citrinin was effected
by the action of ethyl orthoformate om the acid obtained
by the Y=carboxylation of the racemic phenolic alcohol (B);
l-Alkyl derivatives of citrinin were prepared by the intere
action of the acid with the appropriate ortho-esters. Attempts
to prepare decarboxycitrinin by decarboxylation of citrinin
and by the action of ethyl orthoformate on phenolcalcohol (4)
were unsuccessful,

The simplest analogue of citrinin is norcitrinin and
its synthesis was attempted by several methods, p=33b-
Dimethoxyphenylethyl alcohol was prepared by two routes: (a)
by the action of ethylene oxide on the Grignard reagent
from 3sbe-dimethoxyiodobenzene and (b) from 3i5-dihydroxybenzoic
aclid. Attempts to demethylate the above alcohol were
unsuccessful. The corresponding benzyl ethers were therefore
prepared. B-335-Bis(benzyloxy)phenylethyl alcohol could
be debenzylated with palladium on charcoal to the dihydroxy-
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phenylTethyl alcohol, which on carboxylation in glycerine
gave the Yeacid. Cyclization with ethyl orthoformate gave
an amorphous and presumably polymeric product, and not
norcitrinin., The Y-acid also underwent the Gattermann
reaction, but the resultant aldehyde failed to cyclize to
norcitrinin by the action of concentrated sulphuric acid.
The action of aqueous formaldehyde and caustic soda on the
acid failed to give dihydronorcitrinin,

The next attenpt was tiherefore directed towards blocking
one of the Pepositions in 3s35-dihydroxy=-4=-carboxyphenylethyl
alcohol with a halogen atop,so as to reduce the tendency for
pélymerization on treatment with ethyl orthoformate. Bromination
however resulted in the formation of the alkyl bromide
instead of nuclear bromination.

Another attempt for the synthesis of norcitrinin was
the synthesis of 638=dihydroxyisochroman followed by carboxyla=-
tion in the Y-position. 638=Dihydroxyisochroman was
synthesized by the following route: Ethyl 2i4-dicarbethoxy=3:5-
dihydroxyphenylacetate was selectively deesterified to the
4-carboxylic acid by heating with pyridine and piperidiue.
Decarboxylation gave ethyl 2=-carbethoxy=-33i6=-dihydroxyphenyl-
acetate which on benzylation and subsequent reduction with
lithium aluminium hydride gave claéﬁgggiloxyisochroman.
Debenzylation with palladized carbon gave an almost quanti-
tative yield of 6:8=-dihydroxyisochroman, which however could
not be carboxylated by the usual method to dihydronorcitrinin,
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The preparation of 2en-hexyl-3i5-dihydroxyphenylethyl
alcohol was undertaken, because it was anticipated that the
Y-acid derived from it would readily cyclize to S-n~hexyl-
norcitrinin with ethyl orthoformate. “thyl 2«caproyl=-3:i5=
dihydroxyphenylacetate was obtained by the action of boron
trifluoride on n=-caproic acid and ethyl 3:Sedihydroxyphenyl-
acetate, The ketone was submitted to Clemmensen reductiong
a small amount of 2r 2en~hexyl=-3:i5~dihydroxyphenylacetic acid
was obtained, but the main product was insoluble in agueous
sodium bicarboate, indicating that the acid treatment led to
decarboxylation. 435=Dihydroxyphenylethyl alcohol was then
condensed with n-caproic acid in presence of boron trifluoride
to give the corresponding ketone, which on reduction by
the Clemmensen method furnished 2en~hexyl-3:i5=-dihydroxyphenyl-
ethyl alcohol. Attempts to carboxylate this resorcinol
derivative proved unsuccessful.

Attempts were next made to prepare the Y-acid from the
secondary alcohol, 1=-(3'35'-dihydroxy)phenylpropan:—2«0l, since
it was thought that the secondary alcoholic group may be
associated with ready cyclization to the citrinin type by
the action of ethyl orthoformate at room temperature. The
scheme failed at the carboxylation stage,

PART II s HEXYLRESORCINOL AND ITS DERIVATIVES -
The biosynthesis of citrinin and its analogues by the
use of appropriate precursors in the fermentation has been

studied in this laboratory by Dr. D. V. Tamhane, and for
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this purpose certain 4-p-hexylresorcinol derivatives were
prepared by the present author. 4-n=-Hexylresorcinol on carboxy-
lation gave a mixture of Pe= and Ye~acids which were separated.
An interesting method of separation depends on the fact that,
if a mixture of the methyl esters of the two acids is heated
with pyridine and piperidine, the Y-ester aloneundergoes
hydrolysis to the acid, The amide, hydrazide and diethylamino-
ethyl ester of the Y-acid were preparedjy it was observed that
the Be~acid and ester were not amenable to the reactions for

the formation of these derivatives. The Y-acid reacted

readily with formaldehyde and dimethylamine to yield the
Mannich base, which represents a type of compound with

distinct possibilities as antibacterial and chemotherapeutic
agents, The antibacterial activity and toxicity of the above

substances have been examined,

PART III & ATTEMPTED SYNTHESIS OF 4=AMINO-2-HYDROXY=-1-NAPHTHOIC
c NAPHTHALENE_ANALOGUE OF 4=AMINOSALICYLIC AC

Experiments concerning the synthesis of 4~-amino-2<hydroxy-
lenaphthoic acid (I), a naphthalene analogue of p-aminosalicylic
acid, are described. Degerholm and Liljegren (Swedish Patent
134,386) have claimed to have synthesized (I) by direct
carboxylation of the potassium salt of leamino-3-naphthol by
heating in an autoclave at 140«50° with carbon dioxide at
9 atmospheres pressure. They also claim to have synthesized
(I) by heating the aminonaphthol in toluene in presence of
sodium sand and dry carbon dioxide. However, attempts to
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repeat the experiments using the same as well as modified
conditions of time, temperature and pressure failed to
give the acid (I).

Halogen-metal interaction or metallation with n-
butyllithium followed by carbonation with dry ice on
4~bromo-l-nitro-3-naphthol, l-acetamido-4-bromo-3=-naphthol
and its methyl ether, l-amino¥3-naphthol and l-acetamido=3-
naphthol, were unsuccessful,

Sodium l-acetamido=3-hydroxy=demethylnaphthalene=w=-sulphow -
HAate and its methyl ether were prepared by the action of
formaldehyde and sodium sulphte on leacetamido=-3-naphthol and
subsequent methylation. Attempts to oxidize the sulphomethyl
derivative to the corresponding carboxylic acid failed.

Another route starting from 4-chloro-2-naphthol was next
attempted. le-Acetyled4-chloro-2-naphthol was obtained by
the action of boron trifluoride-acetic acid complex on
4-chloro-2-naphthol. Oxidation with iodine in pyridine gave
4~chloro-2-hydroxy=l=naphthoic acid. Attempts to condense
the naphthoic acid with benzylamine and p-toluenesulphonamide
were unsuccessful. Methylation of l-acetyl-4-chloro-2-
naphthol gave the methyl ether which resisted oxidation with
sodium hypochlorite in alkaline solution to the corresponding
acid.

6=-Acetamido~-4 t5=benzocounaran=-2:3=dione, prepared by the
condensation of cyanoformic ester with l-acetamido=3-naphthol,

hydrogen peroxide
could not be oxidized with/in acetic acid to the Neacetyl

derivative of the desired acid.



130

6=Chloro=4 s5=benzocaumaran-2 s3=dione was prepared by
condensing cyanoformic ester with 4-chloro=-2-naphthol.

Methyl 4-chloro-2-methoxynaphthylcglyoxylate and the corres-
ponding glyoxylic and naphthoic* acids have been synthesized by
a series of reactions starting from the chlorolactone.
Replacement of the chlorine atom by the amino group proved
unsuccessful.

4-Acetam1do-5—haphthol was formylated by the Gattermann
method but the aldehyde could not be oxidized to the H=-
acetyl derivative of (I). 4=-Acetamido=3-naphthol on treatment
with boron trifluoride-acetic acid complex gave l=acetyled=-
acetamido=-3-naphthol. Methylation yielded l~acetyl=-4-acetamido-
3=-me thoxynaphthalene, which could not be oxidized to the
corresponding acid.

Starting from l-amino=2-methoxynaphthalene, leamino=4-
benzeneazo-2-methoxynaphthalene was obtained by coupling with
diazotized aniline in pyridine or with diazoaminobenzene in
alcoholic solution., The dye was deaminated to 4=-benzeneazo=2-
methoxynaphthalene, which failed to undergo formylation with
dimethylcformamide and phosphorus oxychloride.

Attempts to prepare the unknown 2:3-dihydroxy-lenaphthoic
acid are described. Although a synthesis of the acid has
not been realized, a few derivatives of 2:i3-dihydroxynaphthalene

have been prepared.
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