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PART I

The Structure of Mellein (ochrecin).
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SUMKARY,

The constitution of mellein (ochracin), a
mould product of A. mclleue Yukaws, is disocussed
and its structure shown to be («)=314-dihydro=-8-
~hydroxy=-3-methylicocoumarin dy the synthesis of
ite (+)emethyl ether. Two new syntheses of
isoochracin confirm its structure as 3-ethyl=T7=-

~hydroxyphthalide,



Introduotion.

Nishikawa (1) and Burton (2) showed that a
metabolite, mellein was produced when the mould
Aspergillus melleus Yukawa was grown on a medium
containing sucrose or maltose, respectively. Ite
identity with ochracin, a metabolic product of

Aspergillus ochraceus has been established by

Yabuta and Sumiki (3).

Mellein, m.p. 58°, [a]hf - 108,15° was obtained by
Nishikawa (1) in a yield of 0.3 gﬂ/l. of culture fluid
and had a molecular formula of C, . H .0« It was
goluble in organic solvents and gave a violet colour
with ferric chloride solution; a monoacetate was formed
but no =(OMe¢ groups were present,

When fused with potassium hydroxide at 200° an
optically inaotive acid, melleic acid, was produced)
this compound also formed & monoacetate, and on hydrogena-
tion, absorbed one mol. of hydrogen. If the fusion was
conducted at 300°, é-hydroxy-2-methylbenzoic acid wae
obtained, an acid previously isolated as a metabolie

product of Penicillium griseofulvum Dierckx by Anslow

and Redistrick (4).
From his evidence, Nishikawa (5) conoluded that

& provisional structure (I) could be written for melleic
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acid and that mellein itself must be the lactone of

é«{a(or p)=hydroxypropyl] salicylic seid (II or III)

i OH oH
Caky N CH(on)CHCH, CHaCH (om)Cuy
(1) (1) (111)
Contemporaneously with the work of Nishikawa,

Yabuta and Sumiki (6) investigating the culture fluid

from Aspergillus ochraceus, isolated a produot which

they named ochracin and which they later proved
identical with melledin (3).

The analytical and degradative work of Yabuta
and Sumiki (3, 6) on ochracin, produced similar
evidence to that obtained by Nichikawa (1, 5) in his
degradative studies on mellein. They also obtained
6=hydroxy=-2-methylbengoiec acid by alkalil fusion of
ochragin, and, methylochracin when oxidised with
potassium permanganate yielded 3-methoxyphthalic acid,

On their evidence, Yabuta and Sumiki (6) postulated
the existence in ochracin of a hydroxyl-group in
position 6, and strongly favoured the porsibility of a
lactonisation between the carboxyl-group in position 1

and the hydroxyl of the side chain in position 2,
H
CozH

egHSOH




The side chain C,HgOR has five possible forms:

-CH, =CH, -CH, OH

=CH, -CH(OH) ~CHy

-CH(OH) ~CH, -CHy
_- CH, OH

-ci
g CHy

CHy
- = 0E
The corresponding structuree for ochracin were

therefore as shown (V) - (IX).

OH OH i
— CQO \Q " A \o
| CH-CH 0 | cu
N & N Sk
é '

(vin)

(%)
Ochracin being optically active, structures (VIII)

and (IX) were eliminated.
Helleic acid, the unsaturated acid obtained by the
alkali fusion of ochracin was easily hydrogenated to

dihydromelleic acid,and oxidation of methylmelleic acid
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X oMy

ylelded acetaldehyde and 6-methoxyphthzlaldehydie acid (X).

OMe OmMe
Z~ N COH 2~ N CO.H
| > Fraa :
\k//”c3H5 X CHo
(x)

The melleic acid side chaim vwas thus proved to be
-CH = CH -CHEy and not -CH. -CH = CH' or -C;g& ~and the
acid therefore assigned the structure (XI), with dihydro-
melleie ecid consequently having the structure (XII).

OH OH
’\

2 Iy

(XI) ('Xll)

Since the side chain in melleic acid was of the
nepropenyl form 1t could then be deduced that éf the
remaining poesible structures (V), (VI) and (VII) for

ochracin, only two (V) and (VI) were still feasible.

AH C g <Q

” W ‘,": -

-~ Y ‘o f~ \
I ) ! 0

L AN ot Ry | £

CHy X" CH




Yabuta and Sumiki (3) suggested that, although
the side c¢hain in melleie acid (XI) was proved to de
of the n-propenyl form, the formation of such a side
chain could have been accemplished by a rearrangement
of an allyl side chain such as cccurred in the saffrole

to imosaffrole and eugenol to isoeugencl rearrangements

by alkali,
@o = |CH1CH:CH1 0 CHz= CHCH3
0 Ia =t i%
‘/ R Z N\ CH= CH CHy
=l
O Me Me

If the 2llyl eide chain was indeced an intermediate
in the melleic aeid formation, it was apparent from the
scheme below that ochracin mmst have had structure (V),

structure (IX) already having been ruled out.

OH OH
Cco
= l CO!.H Lol \0
CHO HCHaCH /

" X ’ <
COzh V1) Cay
CH: CHCHy OH

|
CH;QHOHLHS CHCH
O X iy
COH (Y)
CH1CH CHz H

co;u o __+ 7 N R
CMLCH1CH1°H R | CH:,CH}C Hl

(x)




iso0chracin,

When melleie acid was treated with hot dilute
sulphuric acid, a compound isomeric with ochracin was
produced (6). It was an optically inactive lactone
with one phenolic hydroxyl-group and fusion with
potassium hydroxide gave salicylic acid,asn acid alse
formed from 3-hydroxyphthalie acid by the same alkali
Process,

Yabuta and Sumiki (6) argued that since salicylic
acid and not 6emethylsalicylic acid was formed in this
alkali fuaion,tha lactone must necesparily be in the

nature of a substituted phthalide,

OH OH
Z ~~CQ 2\ co ,.93\ 1
Y e " CHoM CH L Yo
X~ CH A 1§ e

(V‘) é““a‘

OH QH
c o~
QQ' —"/\:'COI" COIH

They therefore proposed that ochracin (mellein)
had structure (V) and iscochracin structure (VI).
It is of interest to note at this point fhat
Chemical Abetracts (25) are in error here, having attributed

structure (VI) to ochracin and (V) to iscochraecin.



Tamura (7) has olaimed a syntheais of JeethyleT-
~hydroxyphthalide (VI) and has reported it to de
identical with iscoohrsein. His synthoais, hovever,
was equivocal and was entirely dependent upon the
degradative work on natural mellein for its structural
assignment, This synthesis will be discussed in more
detail later,

Mellein itself has been given the phthalide (orx
raelated hydroxyeacid formulation) in two recent reviews
on mould products, by Raistrick (8), and by Aghoramurthy
and Soshadri (9) respectively, and more recently, Birch
and Donovan (10), disoussing their ‘acetate hypothesis
have stated that although they were aware of the faot fhat
in the literaturse a definite decision had not bdeen made
between (V) and (V1) they did "oonsider the chemical
evidence to favour (V) decisively® and belioved their
hypotheses also indicated (V) as being the more probable
structure for mellein,

Couzi and Werner (1l1) have tested the oculture
filtrates of Aspergillus ochraceus for antibiotic activity
and found them agtive against typhoid fever in guinea pigs,
the animals being completely heealed:, Ultra~violet
irradiation of the culturea increased the activity of

the antibiotic one to three times.



Hydrangenocl.
A naturelly occurring isccoumarin derivative
Pearing a strong etructural resemblance to mellein, was

hydrangenol (XIII) which oececurred as a glucoside in the

flowers of the garden hydrangea (Hydrangea opuloides)

OH ’
Q
/ l \'o H
CH 0
N Ol <: gﬂe
(xv)

Its hydroxy-methyl ether phyllodulcin (XIV) ocourred
in the leavesz of the same plant, The constitutions of

both aglycones were established by Acahina and Asano (12).






In view of the obvious confusion whioh existed in
the literature as to the structure of mellein, it was
oconsidered that an unambiguous synthesis of 314~dihydro-
~8-hydroxy~3-methylisocoumarin (V) and 3=ethyle=T=
~hydroxyphthalide (VI). should be undertakem and comparisons
maede with natural mellein and isoochracin, - the product
formed when melleic acid (XI) was treated with hot

mineral acid.

OH
m, co 2 {!, CQO
\\ \ ’é"‘ cu‘ \ N <:14

(v) (x1) (vi) s

Tamura (7) has claimed to have synthesised 3-ethyle
~T=hydroxyphthelide (VI) and proved it identical with
isoochracin, In actual fact, however, Tamura synthesised
8 j=substituted phthelide by a condensation reaction,
which cculd have given him, either Jj~ethyle4~hydroxy=-

phthalide, or 3-ethyleT7ehydroxyphthalide, and it was only
by direct comparison of his product with iseochracin,
obtained from natural mellein and known by degradative
studics to have a hydroxylegroup in the T-position, that
Tamura was able to state that his compound was in fact,
Ywethyl=7=-hydroxyphthalide (VI). His claim to an

unequivocel synthesis of isocoghracin cannot be maintained.
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Further his experience in having obtained this
latter compound (VI), starting from a sodium propionate=-
-propionic anhydride condensation on j=nitrophthalic asnhydride
(XV) by the sequence of reactions shown ,and also 3=ethyl-4-

-methoxyphthalide (XVII) from a similar condensation reagtion

HCN3 gaHS
H
3~ Qg Qi
\ co
Mo, Mo, OH
(xv) (v1)

etarting with j~methoxyphthalic anhydride (XVI},runs contrary

to recent evidence in the literature relating to the synthesis

olvle OMQ ?ﬁ CH'Q 0"? 02“5
C()
(XVI) (XVH )

of & degradation product of the antibiotie 'terramycin?',
T=hydroxy=3-methylphthalide (XVIII), The structure of this

product rested rigidly on chemieal and infrae-red evidence

(13, 14).
OH
N €O

H,°

(XVMO QHy

Kuhn andé Dury (13),and Hochstein and Pasternack (14)

in submitting 3-methoxyphthalic anhydiride (XVI) to a Doebner
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reaction and proceeding as ashown, obtained Temethoxy=3-
-methylphthalide (XIX), identicel with the mothyl ether

of the above degradation product.

Me
Z N
= 'CQC”;

OMe OMe
r/\‘]»m, 2\ €O
K\/' COCH, g
CH
(xx) (X1x)  CH,

This methyl ether (XIX) has alsc heen ayntheeised by
Kushner, ¥orton, Boothe and Williams (16) starting from
2-amino=3=methoxyscetophenone (Xx; (17).

In addition, Hochetein and Pasternack (14) have
obtained 4=hydroxy-3-methylphthalide (XII) starting with
either & Doebner or Gabriel condenzation on 3-mitrophthalie

anhydride (XV).

= o 2\ co,H

i 8- k e
SN g o \, COCH3 CH
NO, MO, OH Q.H%
(xv) (xx1)

The orientations thus established by the above
workere were, therefore, the reverse in both instances of

those obtained by Tamura, and this fact, together with the
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failure of several workers in this laboratory to repeat
the latter's work, made the need for an unambiguous
synthesis of not only 3-ethyl-Tehydroxyphthalide (VI),but

3t 4=d 1thydro=8=hydroxy=~3-nethylisocoumarin (V) essential.

The synthesis of (4)=314-dihydro=8-ncthoxy=3=pethyliso~
coumarin,

The probler associated with the synthesis of thias
compound was one of orientationy 1t wvas essential that
thore should be no ambiguity as to the position of the
hydroxylegroup in relation to the lactone ring,

A suitable starting material appeared to be 3-methoxy~
~2enitrobenzoiec acid (XXII), obtained by Ewins (19) from
the nitration of me-methoxybenzoic acid, and conveniently
converted by an Arndt-Eistert reaction to 3-methoxy=2e

-nitrophenylecetic acid (XXIII),

Me OMe
NO2 ; MO
COz2H @CH;COU{
(Xxx11) (Xxu)

The latter compound(X1III) has also been preparcd
by Blaikie and Perkin (18) by the oxalation of 3emothoxy~
-2=nitrotoluene (XXIV) to give 3e-methoxy-2-nitrepyruviec
acid (XXV) and hence by oxidation with alkaline hydrogen

peroxide to (XXIII).
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oMe ONMe OorMe
NO2 MO0z NOL
—
CHy ©CH1COC01H @cﬂ;COzH
XMV (Xxv) (XX

The acid ehloride of (XXIII) was obtained, as
described by Berger and Schlittler (20) and transformed
readily by the ethoxymagnesiomalonate mothod of Walker and
Hauser (21) yia the intermediate ethyl j-methoxye2-nitro-
phenylacetylmalonate (XXVI) to 3-methoxy-2e-nitrophenyl ~

acetone (XXVII),

ore Oom™Me
NO2 NOy
CHmcoq Cl-h,cocu(co,zo) CHzcoc Hy

(Xxv1) (X xvip)

An interesting comparison with the latter procadure
was Nogami's (15) preparation of the corresponding phenyle
acetone (XXVIII) from 2~carbethoxy=-3:5-dimetkoxyphenylacetyl
chloride (XXIX) by reaction with ethyl acetoacetate.
Treatment of (XXVIII) with formic acid gave 3-methyl-6318-

~dimothoxyisocoumarin (XXX).



orfe
o,

MeO S

|C01£r
CHaco

(X%iv)

e O

{xxy)

<___

OMy
CO2€r Coafl’
]
CHaCO CH
C-0

J« é”s
OMe

COx€r
CYa COCHa COaEr

MeQ

MeO

OMe
L COy €
MeO [\ | CHy COCHy
{xpvin)

then Jemethoxy=2enitrophenylacetone (XXVII) was

hydrogenated over nickel, a product m,p. 83=-85° and

analyeing for Cyplly 4 OF was obtained,

It was soluble

in warm 5 N-hydrochlorie acid, being recovered on

basification, formed a red picrate and hed an ultra-violet

°
absorption speetrum of 2200 (£ = 50,000) and 2650 A,

(€ = 9,000), thus showing very high intensity in the

first band.

A violet-red colour was produced in the

Ehrlich reaction for indoles, being indistinguisheble

from the colour given by 2emethylindoles

Ve considered

therefore, the compound, mepe 83«85° was T-mothoxy=2=

=mothylindole (XXXIV).

=
X |;;;ﬂ”f

OMe

(Xxxiv)
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The nitro-ketone (XXVII) on reduction with sodium
borohydride gave 3~methoxy-2-nitrobenzylmethylearbinol
(XXXI) in high yie¢ld, which on hydrogenation ever nickel
afforded 2-anino-3-nethoxybenzylmethylearbinel (XXXII).
Diazotisation of this amine with its conversion into the
nitrile, whioch wae not purified, and sudbsequent alkaline
hydrolysis of the nitrile, gave (4)-314-dihydro-8emethoxy-

-3-methylisocoumarin (XXIII) m.p. 68-67°,

OrMe oMe
g ~ // N
- 0N ~ Mo MNH
i % — [ { ;- — 2
2. o CHaCody, \\\/QHQ(.” CHy “ CHaCH Ciy
OH OH
CXx Vi (XXX1) (x¥x W)
Y
Z CQO | & cooH ZN o .
PP o il e ([l
\.. N tchH3 ‘ \\ o o CH:Q"‘ CH3 \ CHQCH CH3
N C“t N
(X¥xx) £ z

The compound gave an intermedinte m.p. on mixing
with (=)emellein mothyl ether, m.p. 89° and the ultra-violet
and infra-red absorption spectra of both compounds (the
latter in carbon tetrachloride solution) were identical.

The carbonyl stretohing frequeneies of both compounds. in
solution (1741 em,™t ) and in the solid state (1716 om."t)
when compared with tiose of Te=methoxyphthalide in the same
solvent (1762 ome 1) and in the solid state (1748 em.'i))

were consistent with the existence of & six-membered ring in
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(XiXI1II)s We ar¢ indebted to ¥r., J, F, Grove, Imperial
Chemical Industryies Ltd. for these determinasions.

(-)=Kellein methyl ether was recovered after bailing
with agueous alkall, no appreciable racemization having
been detected,

flaving thus established thnat mellein ig (=)=314-
«dihydro=f=hydroxy=3-nathylizocounarin (V), attention was
then directed to isoochracin which must be 3-ethyl-T-

«hydroxyphthalide (VI).

The Synthesis of 3-Lthyl-T-hydroxyphthslide (isoOchracin).

As has been mentioned previously, Xushner, Horten,
Boothe and Willdams (16) have synthesised Temathoxye3=
~-mcthylphthalide (XIX) starting from 2-amnino=3=methoxy-
acotophenone (xx) (17). An obvious analogy with the above,
wag the use of the propiophenone for the preparation of the
corresponding 3-ethyl substituted phthalide.

Attempts to obtain j-methoxy-2-nitropropiophenone
(XXXV) by nitrating m-methoxypropiocphenone were umsuccessful,
the reaction of ten taking place with explosive violence.
(%%XV), However, was obtained from 3-methoxy-2-nitrobenzoyl=
chloride (XXXVI)by application of the ethoxymagnesiomalonate

method tec give ethyl 3-methoxye-2enitrobengoylmalonate which
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was not isolated, but C-methylated directly and the
product hydrolysed and decarboxylated to give the reguired

j-nethoxy-2enitrepropiophenone (XXXV),

oMe OMe
COCH(COér)q CO(;- (€0281);
Cus
Cxxxvi) l
OMe
i

l y [}
S A COCH CH,y

(Xxxv)
The C-methylation procedure was therefore a useful

extension of the Walker and Hauser (21) reaction.
j-Methoxy=-2~nitropropiephenone (XXXV) was reduced
by sodium borohydride to the corresponding mitro-carbinel
(XXXVII) which was hydrogenated to the amino-carbinel
(XXXVIII) end the latter, by euccessive diazotisation,
nickel potasuium eyanide treatment and alkaline hydrolysis,

converted to 3-athyl-7-methoxyphthalide (XXXIXX)

om 07"1\’ Me
— |NH;
COCH;QH3 CH(OH\CH3CH3 Sk Cu(ou)cu‘(’s
Otxx vy (xxvin) (x)‘X\le)
OMe Qe °"It
v l o @COQH
O CH(OH)CH;CHg
¢
S C.{* Htou)cugc»3

CaHy

(xx11)
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All these compounds were uncrystallisabley the
last was chromatographed but remained = viscous oil.
Demsthylation of the methoxyecompound with agqueous boiling
hydrobromic acid gave 3-¢thyleT-hydroxyphthalide (VI) which
wae identical with isoochracin,

The second method for the synthesis of isoochracin
was based on the reaction of a phthalaldehydiec acid with
oxcenss of an alkyl magnesium halide to give a 3-alkylphthalide
(22)

Ore oMe
MeO Z ) QoK Meo | C{’O
| Sl
L\\ CHO e Cﬁ
(xL) (XW)  CaMs

Mermod and Simonis (22) elaimed an 86% yield of
jwothylmeconin (XLI) from oplanie seid (XL) by thie methodj
in our hands & very low yield was obtained dbut a high
proportion of the etarting material was recovered, The
feilure was attributed to the low solubility of opianie
acid in ether, amd in order to c¢irocumvent this practical
difficulty an ether scluble derivative of the phthalalehydie
acid wae sought, Such a compound was an intermediate in
the method of Blair, Brown and Hewboldx(zj) for the conversion
of a phthalide inte a phthalaldehydic ucid in which the
phthallide was treated with dimethylamine to give an

o=~hydroxynethyl=Ni-dinethylbenzamide, and the latter ocxidiased

See page T6
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with ohromic scid to the o-formyl-NNedimethylbensamide,

which on heating with dilute acid gave the phthalaldehydic

CO

LT L @ conMe,
\_/ X~ CHaOH
CH,

-
COaH Z \CoMMe,
CHO { e | CHO

e =

acid.

6=Formyle2s3=dimethoxy-NN-dimethylbengamide, the
intermediate in the preparation of opianio acid (XL) by
the foregoing method was not isolated im the pure state,
but the crude material on reaction with an excess of the
appropriate Grignard reagent, followed by treatment of
the product with hot dilute acid, gave 3-methyl and
J-gthylmeconin in high yields.

Applicetion of this method starting from
6-hydroxymethyl-2-nethoxy-NN-dimethylbensamide (XLII)
(23) resulted in good yield 3-ethyleTemethoxyphthalide
(XXXIX) which on demethylation gave 3eethyle7-hydroxyphthal ide

(vi) (isoochracin),
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Me OMe

conjre, ; CONMe
CH,0H @ CHo 2

(xL1) ‘l
e e
A "{’ "COMW)?,
N | Padanys o CH(&r)OMg Rr
Cy |
CaHs
(Xxx1x)

i comperison between the ulira-violet absorption

ppectrum above 2,200 A, of mellein with those of cartain

T=hydroxyphthalidee is given below:

Compound . Solvent. nax.x' “ax.
Yellein, EtOH 2,460 64500
iscochracin EtOH 25340 7,000
T=hydroxy=3= ¥eOH 2,320 Te500
-methylphthalide.

T~hydroxyphthalile. EtOH 2,320 8,700

maX.x'

59140
3,000

2,980

2,990

The strong bathochremic shift of the maxims in

mellein compared with the poeitione of thome in the

phthalides 1s notesorthy and might be of diagnostic uae

in deciding between isomsric 314~dihydroisocoumarin and

phthalide gtructurec.

Hoehatein and Pasternack (14)

Hax,
4,100
4,600

44700

44600
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The Constitution and Synthesis of Hydrangenol.

The elucidation of the structure of hydrangenol
(XII1) and ite proof by aynthesis was due to Asahins and
Aeano (12).

Alkali treatment of hydrangenol provided an
unsaturated acid, hydrangeic acid (XLIII), analogous to
melleic acid (XI) obtained as an alkali fission product
from mellein. More drastic alkali treatment of hydrangenol
(12) and mellein (3) resulted in the same product,

6-mothylsalicyclic acid (XLIV)

COzH
o —* cu cu OH
cu1 < >

() (me)
OH
C()lH
CH;
(XLIV) CO2H

Asahina and Asano (12) heated 3-methoxyphthalie
anhydride with sodium acetate and pe-methoxyphenylacetic
acid according to the methed of Cabriel (24) and obtained
in poor yield, 7,4'~dimethoxybenzalphthalide (XLV). Ring

opening of this compound to the ketone (XIVI) and subsequent



roduction of the ketone to the ncenn&hzy alcohol followed
by acidificstion produced 7 df-dimethoxyhonzylphtbali“
(XIvil)s This phthalide was not identical with hydrangenol
dimethyl other. When (XIVII) was ovaporated to dryneass
vith mothanclic poteuseium hydroxide and then heated

in vacuo at 200°, -CH; and CQ, was lost and mothylhydrangeic
acid formed (XIVIII). The scid was eaally converted inte
314=dihydro=fehydroxy=d ' =nothoxy-3=phenylisocoumarin (XLIX),

identicel with the methyl ether of hydrangenol.

OoMe OMe
C\O Co
o > P
P4 7/
co C

"
(xtv) HC - C H OMe

|

Y
Suie Ore
% ke
C'l-l COCHL C Hy OmMe
XLVi) Cy, Cy My, OMe xXLv)

OH

CO2H N
CH=CH C H, OMe

Xavant)
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It seemed that a more elegant and loss ambiguous
route to hydrangencl would be one analogous to that
already desoribed for (4)-514~dihydro=6=methoxy=3=
~nethylisocounarin,

If 3e-smethoxy=-Zenitrophenylacetylchloride (L)
could be made to ryeact with anisole under Friedel=Crafts
conditions, then the same sequence of reasctiona could de
applied to the product se was applied to j-nethoxy-2e

-nitrophenylacetone (XXVII).

“Ome “Ore
[ "102 BKA ", “loq NH;y OH
CHCo Q7 CH, cc,_u 1OMe CHy CH CH, OMe

(L) (1) (L)

The Friedel-Crafts reaction wae tried under various
experimental oonditions with carbon disulphide as soclvent,
but the regquired product, 334-dimethoxy-2'—nitrcdeoxy-
bengoin (LI) was obtained in hest yisld using anisole
itself as soivent, TReduction of (LI) to the nitro-alecohol
with sodium borohydride followed by catalytic hydrogenation
of the nitroegroup, gave 2eaninoej-unethoxydbenzyle-peanisyle
carbinol (LII) in gocd yield. Subseguent conversion of
the amine tc nitrile and hydrolysis of the nitrile yielded
only & smell amount of solid which crystallised as short
prisms from light petrolcum, meps 150°=154°, The literature
meps for hydrangenol dimethyl ether was 151° the (+)=

-dimethyl ether was not reported by Asahino and Asano (12).



Ultra~violet spectra were determined in

EtOH unless otherwice stated.

3=-Methoxybongole acid.- (cLPerkin and Weiazmann,
Jvs 1906, 89, 1649) 3-Hydroxybeusoie acid (20 g.),
dicvselved in agueous KOH (24 g. in 80 o.c. Hy,0) was
stirred vigorously with dimethyloulphate (30 ¢.0.) for
30 mins.y, during which the methyl ester of J-methoxy-
bengoic acid separated as an oil. Potassium hydroxide
(8 go) was added, and mixture refluxed for 1 hr.

The solution was cooled, acidified (HC1lj 4,1.16)
and the 3-methoxybenzoic acid which separated was filtered
off, and erystallised from aqueous ethanol as needles,

mepe 107° (17 g4)

j=liet)oxy=-2-nitrobenzoic acld, - (Ewins, J., 1912,
101, 544) Finely divided 3-mothoxybenszoic acid (15 g.)
was suspended in nitric acid (60 c.c.y d4,1.42), the
temperature raiced to %5° to start reaotion and them kept
below 40° with water cooling. 43 the starting material
dissolved, the products secparated. After standing 3 hrs.
at room temperature, the reaction mixture wes diluted with
water (300 c.Cs)y, and the precipitate filtered off, washed

vith water, and then boiling ethanol (50 o0.Ce.)s The
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colourless solid remaining was erystallised from ethaneol

to give bledes (5.5 z.)y mepPe 254-256°,

SMothoxy=-2~nitrobengoyl Chlcride. ~ 3«=Hethoxye-
«2=nitrobenzoic acid (9.0 g.) was refluxed with redistilled

thionyl chloride (60 c.c.) for 2 hrs., Excess of reagent
was removed under reduced pressure, bengene added to the
residue and this likewise removed, both operations conducted
at bath temperature 40°, The solid residue was kept

in vacuo overnight over sodium hydvoxide pellets the ocrude
product being used directly for the next stage. A
epecimen orystallised from anhydrous ether gave 3-methoxy-

~2-nitrobenzoyl chloride as needles, m.pe. 85°

Found: 0,4407’ H,2.55
CgHg 0, FC1 Tequiress ©,44.6y H,2.8%

The acid chloride deconposes on keeping.

j=Methoxy~2-nitrophenyl diagomethyl ketome., = A

solution of diazomethane in ether (250 c.0.) from nitreso=
methylurca (33 g.) was treated with a selution of 3-methoxye
~2=nitrobenzoyl chloride (9.0 g.) in dioxan (30 e,0.) with
agitation at 0° and kept overnight at room temperature,
Removal of the solvent under reduced pressure gave the
diagoketone (9.0 g«)s Crystallisation from dioxan gave

j=methoxy=-2-nitrophenyl diazomethyl ketone as prisme,
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meps 144° (decomp).
Found: C,49.2y H,3.45
CoilyO Ny requiress ©,48,94 H,3.2%
Light absorption: Max. at 2160 (¢ = 24,000), 2480

( € = 18,400) and 2980 L. (£ = 10,400).

j-Methaxy-2-nitrophenvlacetic acid, -~ A solution of
the foregoing dimzoketone (9.0 g.) in warm dioxan (75 c.s.)
vas added in portions over 20 minutes to a stirred mixture
of freshly prepared silver oxide (4.0 g.) in distilled
water (150 ¢.0.) in which sodium thiosulphate (3.0 g.) and
anhydrous gsodium carbonate (5.0 ge) had been dissolved, the
temperature being kept at 50-60°, After a further hour
at 50-60° the temperature was raised to 90-95° for } hour
and then the reaction mixture was filtered, the filirate
diluted with water (200 c.c.), acidified with dilute nitric
acid and extracted with chloroform (3 x 200 ¢.c¢,). The
combined chloroform extracts were washed with water (50 e.o.)
and dried (Na,80;). Remeval of the chloroform gave & tarry
solid which was extracted with doiling water (2 x 100 6.0.).

Concentration of the combined extracts followed dy cooling

gave 3-methoxy-2-nitrophenylagetic acid (6.05 g.) whiah

separated from water (charcoal) as needles, m.p. 136-137°
Founds C,51.,23 H;4.2
Calos for CyHgOyN1 C,51.2p Hy4e3%
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Light absorptions Max, at 2090 (¢ = 13,000), 2540-2600
(¢ = 24800) and 3000 As (¢ = 1,800). The preparation
of this acid, m.p. 157-138° from J-methoxy-2-mnitrotoluene

has been described by Blaikie and Perkin (loec. cit.).

Ethyle3-liethoxy~2-nitrophenylacotrlnalonate, =

3-llothoxy=-2-nitrophenylacetic acid (4.22 z,) was converted
into the acid chloride zs described by Barger and
Schlittler (loc. cit.) and a solution of the latter
compound in ether (25 c.c.) added over 10 minutes to
refluxing ethereal 2thyl ethoxymasneciomalonate, prepared
from ethyl malonate(3.52 z.), a8 prescribed in Org. Synth.
20y 70+ A thick viscous oil formed and heating was
continued for $ hr, until stirring became diffioult. The
gooled reaction mixture was shaken with dilute sulphurie
acid (2.5 g. in 20 c.c. water) until the oily magnesium
complex had dissolved, Tha ethereal phase was separated,
washed with water, dried (Na,80,) and evaporated to give
the oerude product (6.0 g.) which solidified, A speoimen
erystallised from aqueous ethanol gave ethyl 3-methoxy-
~2=-nitrophenylacetylmalonate as fine noedles, m.p. 85-86°

Founds €,54.4y H,5.2

c‘.l',o.ll requires: Cy54.4y H,5.4%
3
Light ebsorption: iax. at 2060 (¢ = 16,000) and 2500 A.

(¢ = 7,250).



J=llethoxy=2-nitrophenylagetones - Crude ethyl
3=me thoxy=2-nitrophenylacetylmalonate (5.7 €.) in glacial
acetic acid (12 0.0.), sulphurie acid (1.5 c.0.3 d,1.84)
and water (8 ¢.c.) was refluxed for 6 hours when evolution
of carbon dioxide was no longer apparent, The cooled
solution was made alkaline with SN sodium hydroxide and
extracted with ether (3 x 50 e«cs). The combined ethereal
extract was washed with water, dried (Na,50,) and evaporated
to give an o0il whish rapidly solidified. Crystallisation
from agueous ethanol gave 3-megthoxy-2-nitrophenylacetone
(2.0 g+ ) as long needles, msp. 61=62°,

Found: 0,57.63 H,5,15

€, oHy 4 O N Tequires 1 €,57.4y H,5.3%

Light absorptions Max. at 2060 (¢ = 15,800), 2650 (¢ = 1,500)

and 2900-3060 4. (¢ = 1,200),

T-lgtioxy-2-nethylindole, - 3-Methoxy-2-nitrophenyl-
acetone (1,2 g.) in ethyl acetate (100 c.c.) was shaken
at room temperature and atmospheric pressure in hydrogen in
the presence of Raney nickel (1 g.s W6, Orge. Symth. 29, 25),
Absorption was rapid and complete after ¢ hrs, The filtered
solution was evaporsted under reduced pressure and thg
residue erystallised from light petroleum (b.p. 40«60°) to

give T-methoxy-2-methylindole (900 mg.) as long needles,

BePe 85‘35.0
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Pounds C,T4.63 H,6.4
C, oH; 4 ON requires: C,74.5) He6.8%.

Light absorptions Max, at 2200 (¢ = 50,000) and 2650 X,
(¢ = 9000).
The picrate separated from aquecus methanol as fine red
needles, m.p. 153°.

Found: 0,48.85y H,3.42

Cyoll o Qg Ny Toquiress C,49.23 Hy3.6% .

Light absorption: Max. at 2220 (¢ = 45,000), 2380-2420
(¢ = 13,400) and 3570 &« (¢ = 164200).
7=-Hethoxy=2enethylindole dissolves in warm 5§ hydrochloriec
acid being recovered by besification of the solutiony in
benzene solution on trecatment with agqueous ethanoliec
Pprdimethylaminobengaldehyde hydrochloride it gives a violet-
-red colour, indistinguishable from that given by 2-methyl-

indole (Zhrlich's reaction).

j=liothoxy~2-nitrobenzylmethylcarbinol.~ 4 solution
of 3=-mothoxy-2-nitrophenylacetone (1.0 g.) in ethanol

(30 c.c.) and water (10 o.0.) was kept at room temperature
for 2 hrs. with sodium borohydride (750 mg.) then diluted
with water (100 6.c.) and extracted with chloroform (3 x

50 csCs)s The dricd (Na,80,) extract was ovaporated and

the residue crystallised from bensene-light petroleun

(bepe 60=89°) to give 3-methoxy-2-nitrobenzylmethyloarbinel
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(900 mge) a5 necdlesy mepe 82-83° gubliming at 70° 0001 mm,
Founds C,5648y Hy6.4.
Cyolys O Toquizes: Cy56s9s H,642%,
Light abaorptions Max. at 2140 (¢ = 11,600), 2720 (¢ & 1,550)
and inflexdon at 2360e2460 K¢ (£ = 1700),

2eAmine nethoxybengrimothyloarbinol, - Jj-iiethoxy-
«2enitrobengylmethyloarbinol (500 mge) in othyl acetate
(50 cece) wus shaken at room temperature and atmospherio
pressure in hydrogen with the Raney nickel catalyst shove
(0s5 go) until abosorption was complete (5 uine with fresh
catalyet)s The filtered solutiocn was evaporeted under
reduced pressure and the residue erystalliced from light
patroleun (beps 40«60°) to give 2esminoelencthoxybenaylmethy
oarbiuol (400 mgs) as needlesy mepe 69° subliming at 60% 0,001

Mg
Founds 0.66.“ He8 o6,

€, BysGp ¥ requiress Cy66,3) Hy8e3%
Light absorption: Max, at 2120 (c= 21,000), 2380 (¢ = 64600)
and 2060 fe (¢ ® 2,500)s

) 314=Dihydro=epe thoxy-J~ge thylisogounarin. « A
solution of the foregoing sminoe=eloohol {300 mg.) in

hydrochloris aeid (0.43 TeCad dgltlﬁ) and water (9 0.0.)
was diagotimed with a solution of sodium nitrite (120 ng,)

in water (1 ce0s) &t 0% After neutralisation with sodium



31

corbonate the diazoniuz soluti-n was added to a solution
of petassium oyanide (380 mg.), nickel chloride (300 ug,)
and anhydrous sodium carbonate (100 mg.) 4in water (10 ¢,0.)
&t 15° with stirring, kept 2 hours and heated at T0°* fopr
15 minutes. The ccoled resction solution was extracted
with ether (3 x 20 c.0.) and the combined, dried (un.sah)
extroct eveporated to give & guxz which was treated with
squeous potassium hyiroxide (20 .0y 10%) and refluxed
for 3 hra, The solution was acilifiod (Congo red) amd
oxtracted with ehloroform (3 x 25 6.0.)) evaporation of
the dried (Nay50,) extract gave a gum whisch slowly selidfe
fied. Crystellication from light petroleoum (b.p. 40-60°)
geve! 31 f=dihydro-tenethoxy=-3«ne thylisogoumarin (60 mg,)
88 prisme, m.pe. 06=6T°,
Foundas C,68,Ty He6a6e
Gy HysQ roquiresas C€,68.7) ly6e3%.
Light absorptiom: Mex. at 2120 (¢ = 28,000), 2440 (¢ = 7,400)
and 3050 1. (£ = 4,790).

Mellein Hethyl Ether, - ¥ellein (26 mge)y mape 5657 ®
(lit.nepe 58°); having light absorption: Max. at‘zlzb

(¢ = 20,000 2460 (£6,500) and 3140 £. (¢ = 4,100), was
kept in excees ethcreal diazomethane at room temperature

for 3 days. The solution was evaporated and the residual
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gum taken up in benzene (5 e6.c.) and the solution filtered
through a column of Grade II alumine ( 3 x 1 em.) and the
column washed with benzene (200 c¢.0.). TEvaporation of
the eombined oluates and crystallisation of the selute
from light petroleum (b.p. 60=80°) gave mellein methyl
ether (l8mg,) ms prisms, me.p. 88-89° (1it, 88-89°), [a]blb
- 245°, =250° (e,1.1, 0,5 in CHCl, ). A mixture with the
synthetic lactone had intermediate m.p.

Light absorption: Maxz. at 2130 (7 = 27,000) 2430 (¢ = 7%200)
and 3050 R.(z = 4,500),

Attempted rascemization., ~ Mellein methyl ether (11 mg.)

was refluxed for 6 hrs, with 30 sodium hydroxide (5 c.c,).
Acidification and isolation using chloroform followed by
eryustallisation from light petroleum {(b.p, 60-80°) gave
starting matsrial (8 mg.) as priems, m.ps and mixed m,p,
86-88°, [a]}®® =~ 240° (0,0.4 4n CHCL, ).

3-Methylmegonin., - G=Hydroxymethyle2s3~dimethoxyeliNe

dimethylbensanido (2.0 g.) was prepared and oxidised with
ohromic acid as described by Blair, Brown and Ebybold

(locs git.) and the resulting crude aldehyde in ether

(1C c.c.) treated at 15° with the Crignard reagent propared
from metbyl 1odide (1.42 g.) and megnesium (250 mg.) in
ether (10 ¢.¢.), the mixture refluxed for 1 hr. cooled,

treated with hydrochloric acid (100 ce.c.p 3¥) and refluxed
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for 1§ hws, Extraction with ether and washing with aqueoun
solium hydrogen ecarbonate gave a produst which wae crystalliged
from Bonzeneslight petroleum (bup. 60=80°) as 3Jemothylmeconin
(60%) in prismatic needles, m.ps 101° subliming at 100° 0,001
mnm, an® not depressed on aixing with a specimen prepared in

5% yield using the mothod of 24monis, Harben and Mewrmod (198,

o1s.)
Foundt C463.09 26,0

Calos for Oy M, Qe Cs63+45) Hy5e0% .
Light ahgorptions Max., at 2150 (< = 29,000) and 3060 1,
(& = 43300)s Using ethylmagnesium hromide, jeethylmeconin
was prepared in 707 yields 4t separated from agueous othanol

az short priems, meDe 98°(11%s meps 98°).
Founds Cy65.¢1p Hy6e3

C210a20r CyqBy g0yt Cp64485s 1y6435%,
I4ght absorptions Nex, at 2140 (£ = 275500) ead 3060 L. (e =44000)
Jeiicthoxy=2-nitropropiophencne.= Ueing the technigue
described shove for the preparation of diethyl Jemethoxyefe
«nitrophenylacetylnalonate, *e-mothoxyre2enitrobensoylochloride

(444 £o) wae converted into orude othyl 3-mothoxye2enitroe
bonsoylmalonate (5,5 £e)e¢ This somienold wae dissolved 4a

cthanoldie sodium ethoxdde from acdium (0s5 ge) and othanol
(10 Gv6s)s nothyl iodide (2 cec.) was ndded and the colution
refluxed for 3 hours during which methyl 10dide (2 cecs)
vas added in four portions, The ocooled sclutien was
diluted with vater an? extracted with other (3 x 15 c.c.)
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and the combined ethereal extract washed with water and
drted (Na,50,). Eemovel of the ether gave a gum which
wvas troanted as described in the above preparation of
j-methoxy=-2=nitrophenylacetone to give 3j~-nethoxy~2-nitre-
propiophenone (l.1 g.) which separsted from agueous ethanol
as emall needles, m.p. 96° subliming at 80°% 0,001 =mm.
Foundet C,57.3% H,5.1,

Cyollyg Ugi requires: C,57.4) H,5.3%,

Light absorptioms Max. at 2120 (¢ = 22,000), 2340-2400

(£= 5,800) and 3080 %, (& = 2,520).

3=Et!yl~T-hydroxyphthalide, ~ (a) 6= HydroxymethyleZ-

~nethoxy~NN=-dimethylbonzamide (290 mg.) was oxidised es
decpocribed by Blair, Brown and Newbeld (logc. git.) and the
resulting crude eldehyde 4n ether (20 c.c.) treated with
ethereal ethylmegnesium bromide prepared from ethyl bromide
(0.54 g.) and magnesivm (0,12 gs) in ether (6 c.ce)e A
precipitate formed immedietely and the nixture was refluxed
for 10 minutes, cooled, treated with 3N hydrochloric acid
(40 6.4 )y the ethor distilled off and the agueous solution
rofluxed for 4 hr. The cooled sclution was extracted with
chloroform (3 x 50 c¢..); the combined extracts washed with
vater (25 e.c.)y Griod (Na,S0,) and evaporated to give a
viscous oil, which could not be crystallised even after
filtration in beazene solution through a column of Grade IIX

alumina, The gum was refluxed with agueous hydrobromio
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acid (20 e.c.p dy1.46) in a streem of coal gas for 1 hr.
The cooled solution was diluted with water (20 c.o.) and
extracted with chloroform (4 x 50 ¢.cs), and the combined
dried (Na,50,) extrast evaporated to give a brown resin.
The latter was extracted with bolling light petroloum
(bepe 60=-80°) (4 x 50 cs¢.) and the combined extracts
soncentreted to cas 2 c.c. and kept at 0° The resulting
sclid waes recrystallised from light petroleum (b.p. 40-60°)
to give 3-ethyl-7-hyiroxyphtualide (75 ng.) as needles,
BePe 78° sublinming at 75° 0,001 mam,
Found: C,67.2y E,6.1.

Cales for C,o I, 405t Cy6Tedy Hy5:7%s
The cozpound was undeprosszed or mixing with a specimen
of isoochracin m.p. 78° (lit. 78-79°) prepsred from mellein
acoording to Yabute and Sumiki (J. Agric. Chem, Soc., 1934,
10, 703). It gives a violet oolour with ferriec chloride
in agqueous sthanol.
Light abaorptions Max. at 2140 (= 18,400, 2340 (¢ = 7,000)
and 3000 £s (£ = 4,600).
(v) Using the method deseridbed above for the preparation
of 3~methoxy=2-nitrobenzylmethyloarbinol, 3e-methoxy=-2~
~nitropropiophenone (700 mg.) was reduced to the corresponde
ing alcohol, a viscous 0il which was hydrogenated as given

for j-methoxy-2~aminobensylmethyloarbinel, The product
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a viscous oil, was converted into the oily 3-ethyleT-
-nothoxyphthalide by the method deserided above for the
formation of 3t4-dihydro-8<methoxy=-3-methylisocoumarin,
The erude methoxy-phthalide was demethylated with boiling
agueous hydrobromic acid as in (a) to give 3-ethyleT=
~hydrexyphthalide (20 mg.) which separated from light
petroloun (b.p. 40-80°) as needles, m.p. T77=T8° alons

or mizxed with preparation (a),

3% 4=Dinethoxy~2'=nitrodeoxybengoin, « To & stirred
mixture of 3euothoxye2-nitrophenylacetylehloride (600 mg.)

and anisole (15 c.0.) vas added anhydrous aluminium chloride
(650 mg.) at 0® and the temperature then allowed to rise to
roon temperature, After 2 hre, the nixture vas steam-
~distilled to remove excess of anisolo and the product
extracted with ether, The ether extraots were waghed with
agueous sodium hydrogen carbonate tc remove any acidie
material and after washing and drying (Ney,50;) the solvent
was removed under reduced pressure to leave red oil (840 mg.).
The a&litioa‘ef a little lightepetroleun (beps 40-60°) and
mechanieal working with & glass rod induced the oil to
s0l1dify, but the best method of obtaining & pure uynan-
ine material was by ohronntegss;hy !ho 011 Ill lisoolv-l
in bensens (20 0.0.) and introdused into e n-.n uiﬁ il
e posrole \

whiok was then u.uu through with m« (w Gale)e
sypay-rasteylenriival
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(300 ce0s), Evaporation of the benzene gave a light
yellow 0il (400 mg.) which rapidly solidified, Crystallisa-
tion fyom bengene-petrol produced needles m.p. 98° of
3'14-dinethoxy=-2-nitrodeoxybenzoin (350 ma.)
Feund: C,63.84y H,4.6,

Ciallyg Oy M Tequiress C,;63,78) H,y5,0%
Light absorption: Max. at 2080 (¢ = 23,000), 2780 (& = 18,800)
and inflexion at 2090-2140 X, (& = 22,200),
The product gave a 2t4~dinitrophenyhydrazone on warming

with Brady's reagent and then cooling.

J-llethoxy-2~-nitrobongyl-p~anisylearbinol (net isolated).

The nitro-ketone (400 mg.) in ethanel (30 c.e.) and
water (30 e.c.) was allowved to stand for 2 hrs. with sodium
borohydride (200 mg.) and the solution the extracted with
chloroform(3 x 20 c.c.). Dvaporation of the solvent gave a
gun (385 mg.) which failed to give a preoipitate with Brady's
reagent and would not solidify.

2-Amino=-3-nethoxybenzyl-p-anisylearbinol.

The above gum (385 mg.) in ethyl acetate (150 c.0.)

was shaken with Raney nickel in an atmosphere of hydrogen
for 2 hra. when sbsorption was complete, Filtration of
the solution to remove nickel and evaporation of solvent

loft & solid (350 mg.) which erystallised from light petroleum

(beps 60=80°) to giwe 2-amino-3-methoxybensy=-p-anisylgarbinel



58

as needles m.p. 94°.
Found: Cy71.05 H,645,
Cyellyp Oy N Tequiress C470431y H,7.0%,
Light absorption: Max. st 2130 (¢ = 24,500), 2270 (¢ = 21,100)

2830 (s = 4,250) and inflexion at 2760-2800 L, (& = 4,000).

(+)-314-Dihydro~4" 18-dine thoxy-3=phonylisogounarin, -
The abowe amine sloohol (250 ng.) dissolved in
hydrochloric acid (3 csce) dylelé) was diluted with water
(6 0.c.) and dimzotised with a saturated solution of sodium
nitrite until starch-iodide paper turned blue instantly.
The selution was then neutralised with sodium carbonate and
added in the cold %o a mixture of potassium eyanide (600 mg,)
and copper sulphate (530 ng.) in water (10 es¢s) which
previously had been boiled for 5 minutes in order teo convert
the cupric copper to euprous, The reaction was left
overnight at room temperature (0o, 15°) and then extracted
with ether. Tvaporation of the solvent loft & reddish
brown oil and to this was added potassium hydroxide (15 c.c.)
10%) and the solution refluxed for 4 hrs, During this
hydrolysis, anmonia zas was detected in the condenser,
m acidification of the sclution a small amount of solid was
preocipitated and this was ¢ollected, washed and dried,
Extraction of the solid with light-petrolaum (60-8C°) and
aevaporation of the petroleum to small bulk produced ecrystals

(ncedles ), msps 150=154°.
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PARS IX

vhthalides, Phthalaldehydic @cids and Related Products.
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Se

6.

Two new vicinal carboxy-ge-phthalaldehydes, j=formyled-
~nethylphthelaldehydic acid and j«formyledemethoxyphthale
aldehydic acid, analogous to the mould scid gladiolic acid,
have been asynthosised and their fungistatic sotivity
evaluated,

The conversion of 4-hydroxymethylphthalides into the
corresponding isomeric phthalan carbexylic acids by means

of aqueous sodium carbonate and other reagents is descrided
end the mechanism of the reaction discussed.

Two new o-phthalaldehydes, 4s5=methylenedioxyphthalaldehyde
and its j-methoxy analogzue have been prepared starting from
cotarnine & degradation product of the alkaloid narcotine.
The value of N-bromosuccinimide as a reageunt in the prepara-
tion of phthalaldehydic acids and o-phthalaldehydes has dbeen
further denonstrated by the preparation of oplanic acid and
j-bromopianic acid from meconin and 4-bromomeconin respec-
tively, snd 4:15=dimethoxyphthalaldehyde from 415=dimethoxy=
phthalyl alcolol.

The existence of the g«diformyl grouping in 3-formylopianic
acid has been proved by the preparation of an isonapthaszarin
derivative,

A new oxidation method for the conversion of phthalides into
phthalaldehydic acids is reported and a new synthesis of

T-nethoxyphthalide given.
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Introduction.

Considerable interest has becn aroused recently by
the elucidation of the struetures of tie¢ metabolic mould
products, gladioliec (I) (1, 2) and oyclopaldie (II) (3)

acide from Penicillium gladioli Machacek and Penicillium

cyclopium Vestling, respectively. The vicinal carboxy=g-
~phthalaldehyde system hitherto unknown, presented new
problems of synthesis in which Brown and Newbold became
chiefly interested. Tholr synthesis of gladioliec acid (I)
confirmed its structure (4).

Both acids, gladioclic asnd cyclopaldic, were found to
be atrongly antifungal, and weakly antibacterial substances

whioh existed in tautomeric keto-lsctol forms (Ia, Iby II).

Me Me Qe
Me CoaH Me g Me COR
CHo <~ W 'C’l-lou
CHO CHO OH HC—O
(la) (Ib) OH
Cic;R=0H)
OMe OMe (ld: R- O7)
e Co2H M co
HO CHO LT, HO df
CHO CHo 6”

(1)
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By ultra=-vidlet and infra~red spectroscepic investigation
Grove (5) established that the lactol form (Ib) was present
in the solid state, but in aqueous solution an equilibrium
betweon the lactol form and the open chain form (Ia) existed,
the pH beding the controlliing factor. In agueous =olutions
of low pl, the lactol form was predominant but on inereasing
the pH of the solution more and more of the hydrated open
chain form (dihydroxyphthalan) (Ie and Id) was produced;
thus, in the transition from a pH of 2.2 to a pH of 9, a
change from 100% lactol form to 100% of open chain form
was asccomplished,

Various attempts have been made to correlate the effect
of the pH of the external medium and the fungistatis
ectivity of the compound and, Brian et al. (6) has suggested
that the activity, as in the case of gladioclic aesid, could
be explained on the assumption that only the undicsooiated
moleculee penetrated the plasma membrane of the spore, but
Grove (%) did not wholly agree with this. He believed
that although the most effective penetrating species was
indeed the undissociated moleocule, this was also the inactive
principle, while the hydirated open chain anion (Id) whieh
had the greater difficulty in effecting penetration, was the

species primarily responsible for the fungistatic activity.
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As a result of a great number of teste on derivatives

of gladiolic aeid, simple model compounds &nd 9-phthalaldehyde,
Grove (5) was able to confirm that the fungistatic activity
was confarred by the presence of the two formyl=groups in
the orthoe~position of the bensene nuclecus. Phthalyl
alecohol, o-~formylbenszyl aleohel, phthalaldehydic acid and
dimethyl phthalate, all ecompounds closely related to
o=-phthalaldehyde, differing only in the degree of oxidation
or reduction, were inasctive. The introduction of a carboxyl=

=group in an adjacent positiom %o the o-diformylegroups,
enhanced greatly the specificity of the moleocule. This ias
attributed to the fact that, near the pk value of an acid
such as gladiolic acid, small changes in pH would not only
produce relatively large changes in the ratie of undissociated
molecules to ions, but the carboxyl substituent would confer
on the molecule the penetrating power given to any weak acid.
Furthermore, being situated next to one of the formylegroups
and participating in the tautomeric eystem (I) it would
limit the proportion of fungistatic moleocules and make 4t
dependent upon pH.

During the past fifty years the o=-phthalaldehyde systen

has created only a moderate interesty conssquently, of the
preparative methods that do exist (7~20), many are of very

limited application being based upon the oxidation of 9-xylene
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to o=phthalaldehyde itself, Recently howevar, mainly due
to the afforts of Weygand and his ooe-workers (11, 18), who
utilised the oxidation of various o-phthalyl alaohols
by various reagents, and of Brown and Newbold, a few preparae
tive methods of a more general application are now available,
The preparation of 3-Formylopienic gnd Gladiolic acids.
The initial exploratery work of Brown and Newbold (21)
on the synthesis of gladioliec eeid (I) led them firat to a
syntheeis of an snalogous compound, namely 3-formylopianic
acid (VI), from the readily svailable meconin (62 7~dimethoxy=
phthalide) (IV)s As & vesult of this work a successful
synthepis of the mould acid itself was evolved.
4=Chloromethylmeconin (III), the starting material in
the synthesis of 3-formylopieniec acid (VI), was obtained by
the direct chloromethylation of meconin using the methed of

Zdwarde, Perkin and Stoyle (22).

4 co
Meo \ MeO 9?
p —
CHy
& Ci
Qv) ,:g

Preatment of (III) with three molecular proportions of
N~bromosuccininide in carbon tetrachloride, followed by
hydrolysis of the intermediate (V) with hot water, gave

5«formylopianic acid (VI).
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T X
OMe OMe OMe
MeO /CQ MeO Q MeO CO2H
Qo =% 0 b ¢
Cﬁ: HO
CHQ1 HCI }3" _J HO
) (V) (V1)

An alternative route to jJ-formylopianic acid appeared
to be the direct oxidation of 4-hydroxymethylmeconin (YII)‘
the sodium earbonate hydrolysis produet of 4-chloremethyl-
meoonin, Oppenauer oxidation, with benzophenone as a
hydrogen acceptor, of (VII) gave, not 3-formylopisnic acid,
but another acid which was shown to be Stéediimethoxyphthalane

~4-carboxylic acid (VIII).

OMe
Me O O go coau
Ha {1
H10H Hﬁ&——
(vn) (vin)

Oxidetion of (Viil) ueing 2 molecular proportions of
H=bromosuccinimide, gave the required 3-formylopianic acid
(vi).

It appeared te Brown and Newbold (23) that by analogy,
the synthesin of gladiolie acid (I) was now feasible by &
route similar to that employed for 3-formylopianic acid,
Ireatment of 4=chloromethyle7-mothoxy=6-methylphthalide (X)

with F=bromosuccinimide followed by hydrolysis of the
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intermediate however, did not give gladiolic acid dut

j=forayl-T=methoxy-6-methylphthalide (XI) (deoxygladiolie

acid)‘

OMe “lvc Ore
(o o ©
e o ["'f@)o ] ,We@
CHy c“; J H
A 2

CY,¢1 H-C-Q CHo

By
(x) (%) )

Oxidation of 4-hydroxyusthyleTe-methoxyeb-methylphthalide
(XII) with thrae molecular proportions of Nebromssuceinimide
proved equally unsuccesaful, Te-methoxy-bemethylphthalide=4-
-~carboxylic acid (XIII) being the producty one molecular

proportion of reagent gave 4eformyleTemothoxy-b-methylphthalide

(x1)
Me C\ Me Oﬂf/c
(o] ~CO (&)
™ Me % Me \
; o — [ ) BN 3
Ha Ha CHQ
CHa0H RBr- C- Ry COzH
Q
(xn) i Cane

It was therefore apparent that the methylene group no
longer under the influence of a more powerful electron releassing
methoxyl=group in the p-position, was now impregnable towards
attack by N-bromosuccinimide, an electrophilie reagent,

Raistrick and Ress (2) however had shown that dihydroe

gladiolie a6id (XIV) eould do oxid&ised it zlaticlie acisd
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with sodium periodate in sulphurie acid. In effect a

phthaleldehyde had been produced from an c-hydroxymethyle

benzeldehyde.
OrMe Orle
7 o 'd
Me | au ’ Me O
™ e CHo CHo
CHy04 CHO
(xwv) @

Applying this latter procedure to théir deoxygladiolie
acid (XI) Brown and Newbold (4) obtained gladiolic acid

iteelf in small yield.

e Ovje

Me . COal
go \ Me - 2
Ha, HO

CHO CHO

) @)
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The work described in this part of the thesis
represents a oontinuation of the synthetic studies of
Brown and Newbold (4, 21, 23, 24) on vicinal carboxy-
-p=phthelaldehydes, o~phthalsldehydes and related
compounds, and also an attempt to supply further
evidence for Grovo; theory (5) eoncerning the relatiomship
between structure and fungistatic activity by the
preparation of compounds suitable for bilological testing

within the scope of the theory.

The Preparation of 3~-Formyl~4-methylopianie Acid,

The synthetiec route envisaged for 3-formyledemcthyl=
opianic acid (XV), tautomeric with (XVI), wes one broadly
resenmbling that for Jj-formylopianic aeid or gladiolic aocid,
A suitable atarting material therefore appeared to be the
6=methoxy-5-methylphthalide (XViI) as prepared by Charlesworth,

rennie, Sinder and Yan (25) by the action of hydrochlorie

OMe OMe
Me O COaH MeO o C\g
Me CHQ °© Me C’H
CHO CHO 6q

(X V) (X))

acid and formaldehyde on 2e-mcthoxy-p-toluic acid (XVIII)



\
Me© P el B0 P = 2
g N
(XVH!) (X\/u) (x'x) Coay

The orientation of this phthelide (XVII) was
confirmed by the preparetion of the sauwe compound by the
decarboxylation of O-methoxy-S-methylphthalide~3-carboxylic
scid (XI%), the orientation of which hed beem rigidly
established by Meldrum and kapadis (26).

2-liethoxy-p~toluic acid (XVIII) wee readily obtained
by the sulphonation of p-toluic ecid followed by the
replacement of the sulphonicegroup with a2 hydroxylegroup
acgording to the conditions of Meldrum ané Perkin (27);
methylation of the 2~hydroxy-p~toluic acid (XX) with

dimethyl sulphate gavé 2<methoxy-p-toluic aeid in good

yield.
CO2H HO;S COaM
\ HO COay
e Me e @
(Xx)
MeQ CO3H

e

(Xvup)
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Nitration of 6-methoxy=Semethylphtholide (XVII)
yielded 6-methoxy~SemethyleT-nitrophithalide (XXI) and
not the 4-nitro isomer, the prcef of which beoame appearent
from subsequent reactions. The nitro-group was replaced
by a methoxyle-group by a process which involved the
catalytic hyirogenation of nitroc to amino, diazotisation
of the amine and introduction of an iecdo-group dy a
Sandmeyey reaction to give (XXITY), and finally, eliminatien
of the fodine and its replecement with mcthoxyl using the
method of Mchae, Van Order, Griffiths and Habzood (28).

The product S-methylmeconim (XXITI) hed a m.pe of 82.5%

NO, MNHa
o M M
kO €O
':i ;0 Me ©[ @
CH, w; C Ha
(xvn) (Xx%1)
ONMe
Me O (‘\0 MeO Qo
) el L
Me e Me g
CH, CHy
) (Xxn)

and had nitration taken plaee in the 4~-position, the resulting
uethoxy~derivative would have been 4:6-~dimethoxy=S-nethyl-
phthalide (XiV) a compound which has baen prepared independ-

ently by Charlesworih and Robinson (29) who gave a m.p. 156°
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and by Asahina and Hayashi (30) who gave & m.ps 155°,

Me O Y
3 CH,
OMe
(Xxv)

Thus the nitration of 6emethoxy=5-m:thylphthalids
{(XVII) was comparabls to nitration of mwmcconin (536-
~di{mathoxyphthalide) (XXVI) to 7-nitro-m-mecomin (XXVII),
(294 35) and 2emethoxy=-p-toluie acid to 2-methoxy=3enitro-

-p-toluie aeid (XiVIII) (31)

NO2
co O
Me O \ Me O
™eo /0 ™eO )’
CHy Ha
(XX V1) (X%
MOa
] COaH ] CO2H
Me O )3 : "Me O
Me Me
(Xxviri)

The nitration in the three cases therefore agreed with
the hypothesis of Jones and Robinson (32) whe believed,
that if two identical groups, such as alkoxy, co-existed

in a nrolscule and directed substituonts to different
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poeitione, the influence of the one which was in the

o= or pe position to & negative group (e.g. nitro or
carboxyl) was weakened so that the other alkoxy group,

or similar groupy controlled the direction of the rveaotion.
Ingold (33) classified this directive imnfluenece into the
vieinal pesition, by the methoxy-group, m-substituted to

a carboxyl, as an example of the general behaviour expested
when a group of the + E iype was substituted in the
m~pogition %o one of the ~I <M type.

Chloromethylation of S-methylmesenin (XXIII) gave
4-ghloromethyl=5-methylmeconin (XXIX) m.p. 118-121°
different from the product, T-chloromethyl-4t6-dimethoxy-
~5=mae thylphthalide (X¥X) m.p. 130-131° obtained by
Gharlesworth st als (25) by the action of formaldehyde and

hydrochloric acid on 315-dimsthoxyfg-toluic acid.

OMe OMe L
co Z o
"l:lo \0 \ l"l:'lo | \0
€ €
Cﬁz by dﬂz
CHa (2
(X (XX 1x)
‘ H (1
MO (Z )CO1H Meo ®
N 0
AN ~e C{J
(6] Me OMe X

(Xxx)
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This wes further evidence for the correctness of the
orientation of the nitro-group in 6emethoxy-S-ncthyleT=-
-nitrophthalide (XXI).

The chloromethylecompound (XXIY) on reduction with

zine dust and hydrochloric ascid gave 4sS5«~dimecthylmeconin
(XXXI).

Orfe : orfe o
ZZ 0
FMeO | \/o MeQ >0
CH,C2 Me
(X% 1) (xxx1)

Brown and Newbold (21) have shown that Jechloromethyle

meconin (III) when heated with aqueous sodium earbonate
yielded 4=hydroxynmecthylmeconin (VII) which then underwent
en movel igcomerisation to the carboxy~phthalan (VIII) on
heating with aluminiumet<butoxide (ses ped45)¢ ¥hen
4=chloromethyleSe-methylmeconin (XXXIX) was hydrolysed with
aguecus sodium carbonate, 5t1b6-dimethoxy~Temethylphthalane
~4~carboxylic acid (XXXIII) was unexpectedly obtained as
tho major product with 4-hydroxy-S5-methylmeconin (XXXII),
the yield of tho former being increcased on prolonging the

reaction timaes
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OMe So Me 6 Ol"le
o MeO© Me c
MeO ‘ \0 ; \0 i k0 (= 02 H4
i [ Cﬁa Me c{1 el cug
CHQL CH,0H H'r'
(xx1%) (Xxx1) (xxxin)

The phthalan acid (XXXIII) was converted quantitatively
into (XXXII) on heating with mineral acid. The mechanism
of the reaction will be diiscussed later.

Attempts to convert 4-chloromethyl~b=methylmeeconin
(XXIX) 4nto 3-formyl-d-mcthylopianic acid (XV) by aiidluon
with H-bromoswocinimide according to the methed of Brown
and Newbold (21) for the preparation of j«formylopianie
acid, were unsuccessful, no crystalline produets being
obtained,

Attontion wag then direeted to the alternative approach
of oxidiaing the phthelan acid (RIXTII) with the same
reagent, and in this way 3-formyled-methylopianic aeid

wvas obtained,

OMe — OMe - Me
MeO CO2H % MeQ (7 |C01H _+"’|90 CO2M
H
™ - C
1€ Cll-lz Me N IC\Br Me HO
CH—O H-C~—0 _J CHO
- ™

(% xxu) Br (xv)




56

It hes been showm by Grove (1) that when gladiolie
acid wag heated with agueous sodium hydroxide & rearrangement
took place and the product wae forwulated as T-methoxye
-6~methylphthalide~4-carboxylic acid (XIII) (izogladiolic
acid).

In a similar manner 3=formyl-4-msthylopianic aoid
uni{erwent this roarrangement to give 5=methylmeconin-4-

-carboxylic acid (XXXIV).

ore QMe oo

MeQ 7 \COoaM Meo \

Me ' ICHO S Me IL/O
o CoaH “H2
(XV) (Xxx1v)

The sane acid (XXXIV), was also obtainsed from the
oxidation of the phthalan acid (XXXIII) in the cold with

chromium trioxide in agetic acid.

Preparation of 3-Formrl~4-methoxyopianic Acid.

Like 148 4-mothyl analogue, 3=formyl~4-methoxyopianic
acid (XXXVI) was prepared by the N-bromosuceinimide oxida-

tion of the corresponding phthalan acid (XXXV)

OMe — OMe OMe
Meo CoaH_, | Meo oM |, Meo = lcow
MeO CHy MeO Ie;g Meo Ix _JCHo

CHy O Ha GO 57 CHO

(X XxVv) By (Xxx V1)
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The sterting matorial was T-nitro~a-meconin (xxvII)
(29, 35) and this was converted into 5:617=trincthoxy=
phthelide (XXXVII) using the method oi McRag,; Van Order,
Griffiths and Habgood (26) which has %een alveady described
for the preparation of Semethylmeconin (XXIXI).

With the chloramethylation conditions of Edwards,
Perkin and Stoyle (22), no erystalline material was obtained
with 5i1617-trimethoxyphthalide, but with the moéified
conditions employed by Wilson, Zirkle, Anderson,; Stehle and
Ullyot (34) for the preparation of mecanin from g-veratrie
aeid (213-dimethoxybenzeic acdd), 5i6s7~-trimethexyphthalide
wvas readily converted into 4-=chlorsmathyl=53637=trimethoxy=

phthalide {XXXVIII).

OMcqe OMQCO
MeO MeO X
MeO /o MeO /o
€
Mha My,
CHaC1
(Xxxwvil) (Xx%VIIL)

Attenpted oxidations with N-bromosueccinimide on this
latter compound failed as was the cage with ite Se-methyl
analogue,; but modium carbonate hydrolynis again preduced
a2 mixture of phthalan aeid (XXXV) and hydroxysethylphthalide

(XXXIX).
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OMe OMe OMe
7 0 MeO (7~ COH MeQ Cco
e0 2
! 0 R g W - iy
Meo Hy MeO ' qu MeQ 2
CHC? H2-O CH20H
(xxxvil) (X% av) (XXx1x)

Trestoent of tho phthelan acid (XXXV) with twe
moleeunlar properticng of Hebromoeuccinimide followsd by
hydrolysis cf the intermediate afforded the reguired
3-forayl-d~nethaxyopianic aedd (XXXVI) and the latter
compound on hestinsy with squeous modium hydroxide undere
wont ths churacterinstie resarrangement of the earboxy-g-
«dialdehyde system to zive 5164T~trimethoxyphthalide «f=

~garboxylic acid (XL).

MeQ F omcou{ MeO MQQ

Meo I\ Bedo ™ o T
CHO COzH
(XX ¥v)) (xk)

The lydroxymethyiphthelide~caxbexyphthalan Hearranczement

Although the hydroxymethylphthalide to earboxyphthalan
rearrangerent had becn accomplisend using aluminiumet-butoxide

(21 as ocatalyst, the conversion by means of agueous soldium
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carbonate was without p ecedent, and in order to gain
information of the nature and mechanism of the reaction,
it wae decided to study the behaviour of 4=hydroxymethyl-

meconin (VII) with various bascs.

Me OMe
MeO r>°) ™MeQ CO2H
g CHa
CHa I

CH20H CH~Q
(vil) (viin)

It was found that the isomerisation to St6-dimethoxye=
phthalan~4«carboxylic acid (VIII) was achieved in 8% yield
by heating with aqueous sodium hyéroxide, in 31% yield by
prolonged heating with sodium garbonate, in 59% yield by
heating with sodium methoxide in benszeune, in 60% yield by
heating with aluminium-t-butoxide in benzene (21) and in
guantitative yield by using sodium methoxide in methanol,

The low degree of conversion with agueous sodiunm
hydroxide would appear t¢ be significant, In strong
alialine media the molecule undoubtedly would have existed
in the ring opensé form (VIXe), & condition which would
have beon most favourable towards a mechanism whigh
invelved the elimination of water from the adjacent
hydroxymnethyl-groups. The conversion in low yield to
phthalan acid however, at once diacredited such a

mechanism,
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Oﬂvc OMe
Meo & | 90 . Meo CO2Na
oo d
c
X Cﬁz H1OH
CH20H CHaOH
(vi) (Viiq)

It was & remarkable fact thet when solium methoxide im
methanol was used as & catalyst, the reactiom should heave
gone quantitatively towards the phtlhelan acid without any
ester formation whatsocaver, and it was thersafore proposed
that the course of the rearrangement began by a aleavage
of tha lactone ring hetween the methylene group and the

adjacent oxyzen atom, givinz a sodium salt bearing an

intermediate carboniun ion,

Me Me OMe
Meo C\g Meo Co0" Meo coo0"
C/HJ. o 4 ..EH‘L % -g-”l
CHa0H CH2OH CH-O

“vidence for such & mode of rins opening was found
in the reaction of rhthelide with potassium cyanide, in

which the potassium salt of o~carboxyphenylacetonitrile

was formed (XLII)(66).

o O -
X C{h N - CHaC

(xL1) ' (XL
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The interaction of the carbonium ion and the hydroxy-
methyl group with loss of a proton would result in the
formation of the phthalan ring.

The reverse reaction of phthalan acid to hydroxymethyl-

phthalide, in acid solution, was again readily explained

by the mechanism in which the intermediate carbonium ion

participatod.
ON(
co;u MeO co;u Meo = coo*H*
cHz
l-"‘
vin)

Clear evidence that the phthalan wing did in fact open
in this manner was gained from an experiment in which the
phthalan acid was treated with dry hydrogem chloride.
Hydroxymethylphthalide (VII) wae formed in small yield but
no chloromethylmeconin was obtained,

In a repeat experiment of the sodium carbonate
hydrolysis by Brown and Newbold (21) of 4-chleromethylmeconin,
it was found that a 207 conversion to phthalan acid had
occurred on refluxing for 4 hr, and it was of interest to
compare this figure with the 33 and 30% conversions
respectively, under similar hydrolysis conditioms for
4=chloromethyl=5-methyl and 4~chloromethyl=5-methoxyphthalides,

From an examination of these figurss 1t would appear anomalous



that these gubgtituents; methyl and nethoxy in the meta=
-position to where carbonium ion formation ocourred, and
ene having a + I and the other a = I efiect, should both
have influenced the course of the isomerisation in such a
way as to aocoount for almost the same degrees of comversion
to phthalan acid,

The dissociation constants of the phthalan acids dis-
cussed hsve been measured, and as expscted the T« substitu-
ents by increasing the electron availability in the para-
~position, caused a weskening of the ssids, Thus, 516-
~dimethoxyphthalan-4=carboxylic acid (VIII) (pKg 3.5) was
a stronger acid than either 51617-trinethoxyphthalan~4=
~carboxylic aeid (XXxV) ﬂp! 3.73) or S16=dimethoxy=Te

-methylphthalan-4=garboxylic acid (XxxIII) (pKg 3¢75)s

‘ [

The Praperation of 3-lHethoxye4:S5-mothylenedioxyp

and 415-methylenedioxyphthalaldehyde.

Cotarnime (XLIV), one of the oxidation products of the
opium alkaloid Yarcotine (XLIIIy R = Oe), can be degraded
to give tha nitrogen free g-vinylbensaldahyde, eotarnone
(XIVI), a compound which proved suitable as & starting
material for the preparation of 3-methoxy=415-methylenedioxy-
phthalaldehyde (XIVII).

With methyl lodide, eotarnine(XLIV) behaved as &

secondary emine forming two producte,cotarninemethine
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mothiodide (XLV), and the water soluble cotarnine hydriodide
(XLVIII). Following the ususl course of exhaustive

methylation, cotarninemethine methiodide (XLV) decomposed

0 07 e vat!
e )z
\\T// A NHPe Me

oMe OMe OH

CHO
CHO

orge
((hvi)

furthar on keating with alkali (36), with the elimination

% <—

of trimethylemine to give cotarnone(N1IVI).
Hydrastel (XLIX), the corresponding starting material
for the preparation of 4i5«methylencdioxyphthalaldehyde (L)

has been obtained by a similar degradation of the alkaloid
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hydrastinine (XLIIIj R = H), which differed from narcotine
in the B-position, having no methoxylegroup (37). Hydra-
stinine however, was not available to us, and hyﬂrlﬁtll‘
(XLIX) was prepared from cotarnine by the Brown and
Newbold (40) modifisation of the method of Dormeyer and

Freund (38), and Pyman ané Remfry (39).

07 JcH=CH, Z \Cho
Q\‘g' | C/g'.l |
X\~ CHO Ol A CHo
(xLix) (L)

Spath, Sehaid and Sternber;(41) have shown the
presence of a vinyl group in norcotarnone (LI), &
degradetion produet of Narcetine, by reduotion of the

group to ethyl (LII), and the presence of a vinyl group

D7 cH=cnH 7~ \CHa CH
Q\Ha "C 1—+ C,Hoz ‘ i :
0 HO O L CHo
OH
(1) (har)
in hydrastel was likewise shown by Brown and Newbold (40)
who reduced the compound, over palladium, and obtained

6-ethylpiperonal (LIII) which they isolated as the
231 4~dinitrophenylhydrasone,
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Clg CH= CHq
‘01 CHO
(XL

Additional evidence for the existence of the
o=vinylbsnsaldehyde system in hydrastal and cotarnone, was
supplied by our synthesis from the latter compounds, of
415-mothylenedioxyphthalaldehyde (L) and ite j-methoxy
analogue, respectively

Using osmium tetroxide in benzene with a trace of
pyridine, the double 'bomle of hydrastal (XLIX) and cotarnone
(XLIV) were hydroxylated to the dicls. Oxidation offth.
diols with periodate brought about the normal bond cleavage
between the hydroxylated carbon atoms and produced 4i5-
-methylenedioxyphthalaldehyde (LIVy R = H) and 3J-methoxy=

~41 Semethylenedioxyphthalaldehyde (LIVy R = QiMe) respeotively,

OH OH
O CH=CH, 0 Z NCH CHy po) CHO
Ha | H —3 C
qoak\ l T e qo‘ el I CHo O CHO
R R R
R= OH or OMe (av)

An alternative route to the latter o=phthalaldehydes
not involving the uce of the costly osmium tetroxide was

sought, and it was found that cotarmone (XLIV) could be
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converted very smoothly to 3-methoxyedsj-methylenedioxy.
phthalaldehyde by low temperature ozonelysis. The
preservation of the CHO group under these conditions was
noteworthy. Extreme care had to be exercised to ensure

all solvents, especially chloroform, were free from mimeral
acid sinco & trace was sufficient to destroy the phthn;;la.h,‘.
as it formed. Consequently, the oszonide was best decomposeq
by heating the solvent containing it cautiously, with water
alone,.

A similar osonolysis of hydrastal yielded an amorphous
povder, m.p. 120°, but ogonolysis of norcotarnone (LX) (43)
gave & good yield of a crystalline material m.p. 110,
different from starting materisl (m.p. 89% The Thiele (42)
test indicated the presence of an g-phthalaldehyde system bup
e satisfactory analysis consistent with the structure (LIV:

R = 0li) was not obtained.

Alkali Treatment of 415-iethylenedioxyphthalaldehyde and
jenetioxy-43 5=nethylonediioxyphthalaldehyde.
When 485-nethylenedioxyphthalaldehyde (L) was heated

on a steam-~bath with alkali, a Cannigzaroc reaction toock
place, and 5s6=mothylenedioxyphthalide (LV) was produced.
{The latter compound was undeprezsed on admixture with a
sanple of 5:b6-methylenedioxyphthelide as prepared by Stevens

(44) and Stevens and Robertson (45)).



67

(L) (L)

The 3-mothoxy=-4¢5-methylenedioxyphthalaldehyde (XLVII)
when heated with concentrated alkali, gave 4-methoxy«5;6-
mothylenedioxyphthalide (IVI), previously obtained by

Spath, Schmid and Stermberg (41) dy the action of formaldehyde
and hydroohloric aeid on myristiciniec acid (IVII).

O ) Cilo L0 Y\ cowm
CHa | Cl'h CHa
N0 s CHo ol

\/

oMe OMe
(xivin) (kv1) (v
Since the isomeric phthalide 7-methoxy-5i6-methylenes-

diexyphthalide (LXIII) could also have been formed im the
Canniszaro reaotionr, and the preparation of Spath gt al,
was not completely mequi;oenl, (a mixture of phthalides
waa obtained from which they isolated (LVI), it wes dectded
to prepare 4-methoxy-5i6-methylenedioxyphthalide (IVI) by
another route.
Reduction of cotarmone with sodium borohydride gave

2-hydroxymethyle3~methoxy =41 5-methylenedioxystyrene (IVIII);

this compound was bensoylated and submitted to low-temperaturs



ozonolysis, and the product, not isclated, treated with
concentrated alkali, whereupon 4-methoxy=-516-methylonedioxy-

phthalide (LVI) was readily obtained.

0~ cu cHy CH=Cly | o % CHo -l o7 c
& S = §
0 s\ cuo S CHLOH N QHzoco’Pl\ ol

Oore OMe OMe 0"19
(xhv1) (hvin) (Lvr)

\

An attenpt was made to prepare the isomeric phthalide,
T-methoxy=5s 6=methylenedioxyphthalide (ILXIII). Myristiocinig
acid (INIlI) was converted into methyl myristioinate (LIX)
nitration of which procceded smoothly to give, methyl 3
~ncthoxy=415-methylenedioxy=2-nitrobensoate (1X), the
orientation of the entering nitro-group being inferred from
the nitration of ethyl amyristiecinate (46). Catalytie
hydrogenation of (1X) afforded methyl 2-aminoe3emethoxye4sS5-
-methylenedioxybensoate (LXI), and this was reduced with
lithium aluminium hydride to the corresponding alecohol
(LXIi). Attempts to convert this amino-alochal by the
Sandmeyer reaction into the nitrile and hence to the lactone

(iXIII) were unsuccessful,
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| COIMC
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Orle

(Lixr)

,o/’
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l CH10H
| MH,

Ore

Chxnr)

0 COzMe
8
\ MOz

omMe

l (hx)

07" N\ Co,M
CHa I i

*0 N NHy

QOMe
Chx 1)

The ayristicinic acid used in the above synthesis was

prepared from myristiein (LXIV), a constituent of the heavy

oil of nutmeg (47).

Isomerisation of the myristicin to

isomyristiein (IXV) with alkali, and permanganate oxidation

of the latter compound provided myristicinic acid (LVII).

CHICH= CHy
=

Isolated with the myrieticinic acid from the oxidation
products, was a sample of trimethylgallie acid (ILXVII)

inidcative of the presence of elemiein (LXVI) in the original

heavy oil of nutmeg.

repoerted as a constituent of this oil,

/O/ CH=CHCH3
c\»gg/l —

OMe

KX Vv

Elemioin has not previously been

0 ;
i (‘.Ozl-l
\ 6

onmMe

(hviy)
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CHaCH=CHq MeO COaH
MeO
OVe

(kxvir)

Biological Tests.

According to Grove (5), most simple aromatic compounds,
vith funetional groups, have fungistatie aotivity ranging
from 10~ -10"M provided the pH of the external medium ie
adjusted in order to reduce to a minimum the ionisation of
the dbasic or acidic material., Considering that salicylanilide
is a commeroianlly important fungicide which inhibited (at
pH 3.5) the germinstion of Dotrytis allii at 2.9 x 107N,
(6245 llg/ml.), gladiclie soid and g-phthalaldehyde, inhibiting
the germination of the same species at muoch lower concentra-

tiona, namsly 2.8 x 10" (6.25 Bgfml.) and 4,8 x 10™¢
(645 Mg/mls) respectively, must be elassified as strong
antifungal agents.

The eveluation of fungistatic activity of Jemethoxye
-4t S~nethylenedioxyphthalaldehyde (XLfII) mformyled-mcthoxy
and 3-formylei-methylopianic acids (XXXVI and XV) was
carried out by Nr. J. P, Grove of the Akers Research
Laboratories, I.C.I. Ltd., and to him we are indebted for

both the determinations and interpretations of results (48)
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Smiiethoxy~4t Semothylenedioxyphthalaldehyde inhibited
the growth of Botrytis allii at pH 3.0, at only 25 mg ml.
(12 x 10"%u) although it produced stunting down to 6.25 ps/ ml.
This figure for inhibition therefore showed that the compound
was lese than half as agtive sz o~phthalaldehyde, and rather
more than twice as active as salioylanilide, It was the
least active o-phthalaldehyde tested, but otherwise, behaved
similarly to o-phthalaldehyde iteelf in that its activity
was largely uwnaffected by change in pH, and 4t was non-specifie,
in hibiting growth of nine different fungii in the conceantra=-
tion range 6,25-25 ug|ml,

3-Formyle=4~methylopianic acid presented a difficult
problem of interpretation owing to ite slight soludility in
water at low pH's. The solutions had to be made up at a
pHT and then adjusted. Carrying out the tests in that way,
it was inaetive at pH3 and 25 ug/ml. against Botrytis allid,
jwPornyle4-methoxyopianic acid behaved similarly, and this
Grove believed accorded with thoory, since both acids were
even stronger acids than 3-formylopianic aoid (pX 4.3) whish
was only beginning to show fungistatic powers at pH3.
Gladiolic acid had pE (4+4)s

The pEa values of J=formyle=i-methylopianic acid and
3-formyl-4-methoxyopianic acid were measured by ourselves and

were 5.5 and 3.8 respectively.
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Further Examples of the use of N~bromosuccinimide in the
Proparation of phthalaldehydic scids,

The value of Rebromosueeinimide in synthetie erganic
chemistry is well known and has been the subject of an
excellent review (49). It was not however, unti) Hirshberg,
Lavie anéd Bergmann (50) showed that phthalide (XLI) could be
converted readily to phthalaldehydic acid (LXIX) via the
intormediate 3-bromophthalide (LXVIII), by meana of
N-bromosuccinimide, that its potential valus as a reagent
for the general preparation of phthalaldehydic acids from

phthalides, wae realised. Brown and FNewbsld (40) have been

>g o % coa
—
Ha \c,u S
Be
(%) (Rxvipy (hxix )

chiefly responsible for the development and exploitation of
the method in their preparations of m-opianiec acid, 415~
-methylenedioxyphthalaldehydic acid, in addition to the
preparations of the dialacids, 3-foraylopimmic and gladiolic,
already described irn thls section,

Uaing the same technicue we have synthesised a number

of other phthalaldehydic acids and one go-phthalaldehyde.
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0f especisl interest was the preparation of opianic acid

(53 6=dimcthoxyphthalaldshydie acid) (LXX) from meocounin (IV)
where it was thought that the method would be move difficultd
to apply due to the presence of an easily substituted nueclear

positions, The oxidation howaver, was accomplished satis-

factorily.
Orfe A Ore e
i~ (6]
MeQ \ | e \ or” co
/0 N r l ,0' Al "k l culu
th N X =
Ry
(V) Chxx)

A=-Bromomeconin (LXXI) the produet obtained when meconin
was treated in glecial acetic aodd with bromine (51) was
also converted by N-bromosuccininide to the ocorreaponding
jebromoplanic acid (LXXIX), Sodium bhorohydride redustion

of (LXXXII) gave back 4-bromomeconin,

Dre 8 Ovje N Orle
- o Co,
€0 (&) 0 2
M l ;0 [ Me ‘ \0 ] Me
N Ha ™ ’\ql/“ CHo
By Ry Br
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The starting material meconin, was very conveniently
propared in excellent yield by the erossed Canniszaro methed
of Rodionov and Federovae (52) on opienic acid (IXX), the
latter compound being obtained from the oxidation of
narcotine (ALIXII, R = OMe) (53).

The oldor method of redueing opianic acid with sodium
amalgam proved satisfactory and gave good yilolds of wmeconin
but was much more laborious (21).

41 516=Trimethoxyphthalide (LXXIII) as prepared by King
and King (54) from trimethylgellie seid (IXVII), alseo
oxldised readily to 3t14i15~trimethoxyphthaldehydic aecid
(LXXIV) with Nebromosuccinimide when irradiated with ultrae

-violet lighty no evidence of any nuclear substitution wag

apparent,
Q
MeO COaH Me O 7 \o
™MeQ Me O ' Q/q,.
Ovje Orfe
A
(kxvn) l kel }
Me O COaM MeO c\g
Meo CHo T MeO <H
orje Ore g,

(hxxw )
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1t scemed that the use of Hebromssuccinimidey under
favourableo eonditionu, might be extended towards the preparae
tion of pgwphthalalichydes from the correspending phthalyl
elechoels. Two oxideations were attomptedy one wae successful,

oeleconin (XXVI) with lithium aluminium hydride was
reduced to 4¢5=dincthoxyphthalyl aloohol (1LXXV) and oxidetion
with HEebromoruccinimide following the uneual procedure, pave
in good yield 415eldimethoxyphthelaldehyde (LXXVI)e The
charecteristic ‘igona-thasarin' derivative was obtained for

the letter compound and ite preparation will be reforred o

laters
Cco

Me O )0 ’ Me O CH1OH
MeO iy Me O CHaoH
(xxvi) l(kxxV\

Br
MeO (7 “cuo , Me O CHON
MeO I CHo MeQ CHOHy

By

(hxxv1)
In contrnst to the behaviour of 4sS5edimethoxyphthalyl
alochol (LXXV ), 5:6«dinethoxyphthalyl alookol obtained from
& lithium aluminium hydride roduction of aM, d1éd not
yield & ¢:ystalline product when reacted under the same
gonditions with Hebronmosuooinimside, Thet oxidetion took
place is cortair, osince the product, a gum and probadly &

mixture, gave a 2i14-dinitrophenylhydragoncs Fuolear
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substitution in thie cese however, could have been expected,

A Bew Hothod for the Conversion of rhthalides into

Phthalaldehydie Acids.

Although Ne-bromoesuccininide has proved most useful am
an oxidising agent 1in the conversion of phthalides to
rhthalaldehydic acids, ite limitations had to be rescognised,
There would be cases where, either due to lack of astivation
of the methylene group, or, where an easily subatituted
nuclear position existed, the reagent might be ineffective,
or not epecific cnough., The uze of nangrnese dioxide in
dilute eulphuric acid as employsd for the oxidation of
meconin to opianic acid by Rdwards, Porkin and Stoyle (22),
ia our hands led to inconsistent results. Much depended
upon the gquality of the reagent and diffioculty was often
experienced in stopping the reeaction at the required stage;
in the example cited hemipinic acid (3s4~dimethoxyphthalie
acid) wae also formed.

The use of lead dioxide in sulphuric or acetic acids,
or chromium trioxide in acetie acil clso appesred unsetise

faotory e.gey Stevens and Robertson (45) have reported
their failure to oxidisc 5t6-methylenedioxyphthalide to
41 5=methylenedioxyphthalaldehydic acid by these methods

Recognising the need for another method an endeavour
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was made to find one that would be efficient and at the
same timo employ mild oonditioms. The oxidation of a ring
openaed phthalide bearing a free hydroxymethyl group was
dosired and while such derivatives are formed in etrongly
elkaline solution, the use of such a media was undesirable
in view of the Cannigzaro reastion undergone by phthalaldaehydie
acide, o.g. opienic aoid gave meeonin and hemipinie aecid (55),
A fegaible route seomed to effect the ring opemning by
the action of a secondary anmine, to oxidise and then hydrolyase
the amile under acid conditions, Theugh ring opening of
phthalide (XLI) with hydresine has been reported by Teppema
(56), 1little attention has been shown to the reaction of

phthalide with ammonisa, primary, or secondary amine.

COMNHMH,

O
0 —
/ CH,0H

CH,
CXk1)

While phthalide was reperted io yield 2«hydroxymethyle
benzoie acid on keeping in agqueous ammonia (57), heating
the lactonme in an ammonia etream gave phthalimidine (58).
EFecently Theilscker and Kalenda (59) showed that
phthalide gave 2~hydroxymethyleNe-mothylbengamide (LXXVII)

with aqueous methylamine.
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O CONMHMe
o CHaO
(XL Chxxvil)

Treatment of meconin with ethanolis dimethylamire at
room temperature gave 6-hydroxymethyle2s3«dimethoxy-liN=
~dimethylbengamide (LXXVIIXI)s The dimethylanide was
rendily hydrolysed by heating with dilute hydrochlorie
acid or sodium hydroxide givins back meconingy om heating
alons, the dimethylamide decomposed at ca., 170° evolving
dim=thylamine and again giving meconin, On brief oxidation
of the dimethylamide with chromium trioxide in acetic acid
in the cold, followed by heating the oxidation produst, not
isolated in the solid state, with dilute hydrochloris acid,
oplaniec acid (IXX) was formed in 41% overall yield fronm
nmeeonin, Under identical oxidation conditions, meconin was

unaffected. In addition to the example Just discussed, the

OFk Me
conrtes | li ©C0wﬁe1
CH20H
Cl-h_

Uv) (hxxvni) OVIQ

Me O COaH
CHo

(hxx)
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mothod has been employed for the praparation of, phthalaldehydio

soid (1XIX), meopianic meid (LirIX), 3~bromopianic acid (xx11),

Me
CoM MeO COaH rMeQ COzH
CHO MeO CHO CHO
By
kx1%) (hxx1%) (Lxx1r)
oMe
CoM Me O COH Me O COH
CHo MeO CHO Me CHO
OnMe
(hxxw) (Axxy1) (Axxxn)

J-methoxy=(LXXX), 415t6=trinethoxy-(LXXXI) and Semethoxy=4-
-zothylphthalaldehydic (LXXXII) acids from their correspond-
ing phthalides without isolation of the intermediate
dimethylamides,

The reaction of the phthalide with dimethylamine was
carried out in ethanol in the cold followed by the oxidation
and hydrolyeisy if the phthalide was recovered unchanged
the initisl] dimethylemine treatment was carried out at an
elevated temperature in an autoclave and the process repeated.

The aetion of etianolic ammonia in the eold, on phthalide
and meconin, have besn examined; 2~hydroxymethylbenzamide

and 6=hydroxymethyle2;3-dimethoxybenzamide were formed
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respactively in good yield, It was of intereat thet op
oxidation with chromium trioxide by the standard Procedure,
sach aride gave the correcponding imide of the liea!boxylia
acid,

Preparation of 6-methoxyphthalaldehydis soid.
6-dethoxyphthalaldehydic acid (LXXXV) has been reported

as a dogradation product of mellein (see psq4 ) and a
synthesis of this acid has beon achieved by treatment of
Tenethoxyphthalide (LXXXIII) with dimethylamine to give
2encthoxy~b=hydroxyme thyl=Ki-dime thylbenganide (LXXXIV)

followed by oxidation and hydroslysis of the produst.,

Orle Ore Me
e s o ”mea co NMe
[ ko= :
CHy X CHQ
CRxxx it ) Chxxxiv') i
OMe
CogH
CHo
(hxxxv)

A convenient route to Femethoxyphthalide (LXXXIII)
has been Geveloped starting from j-methoxy-2-nitrobenzols
aeid (Li1XVI)(60) which was reduced to the amino-acid with
podium dithionite and them transformed to 3-methoxyphthalie

anhydride. j-Nethoxyphthalic anhydride (IXXXVIII) was them
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converted tco T-methoxyphthalide by a modification of the

procedure of Duncansony Grove and Zealley (61).

Ol'le iq 0"1(
= O
NOy NHa

, o o

@com @CON , @,0
LLxuVl) l (lxxmm) (ljx Xxving)

OMe OMe ‘

il s o

CHioM Cll'lz
(hxxxix ) Chxxxan

The same phthalide (LXXXIII) has beon obtained
in ensll yield; but by an unambiguous route from 2-aminow«j-
-~ncthoxybengode acid (LXXXVII) by a series of reactions
used by Brown and Newbeld for the synthesis of Te-methoxy-
~G=methylphthalide (24). The synthesis involved the
recuction of the carboxyl-group with lithivm aluminium hydride
to (LXXXIX) and the transformation of the azinowgroup to

a carboxyle=group by the usual Sandmeyer technique.
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isoNepthazarin: ferived froa 3-Formyleplazic aseid and

41 5=-Dimetboxyphthalsldehyda,
It was discussed earlier (sec poy ) how compounds,

such as gladfolle anld 3-~formyloplanis acidas containing the
vicinal carboxy~-o~phthalaldehyde system, existed 4n the
tautomeric keto-lactol forme. Although many derivativeg
of the lactol form have been prepared (1, 62) ne simple
derivetive of tha open chain form had ever beem reported,
%eygand (11, 63, 64) dlscovered o new method of
preparing isonapthazarins by a condecansation of glyoxal and
o=-phthalaldshydes in alkaline selution in the presence of
cyanide ion, and employing thio reaction we have denmonstratad
the presence of the p-diforaylegroup in 3-formylopianis neld,
The resulting izonapthazarin was 2 3-6.1hyé.roxy-6..7.e_mgh%
naptha=ls ieguinone-5=garboxylic ascid (XxC).

CO2H

0
MeQ 4 CHO n ?HO y lon
MeO N CHO CHO OH
o

(xC)

The ¢orrsspoending isonapthazarin lerivative frog ¢ladiolic
aclid has been preparsd independently by Veygand, Weber and

Grove (69) »

When 415-dinethoxyphthalaldehyis (LXIVI) was reactied rith
glyoxal under the above econditions 2i }-dihydmxy.&'l.dmomq.

napthaguinone (XC1) was obtainocd.



0
MeO tHo  CHO ™ =7 o
+ leo oH
Meo CHO CHO o | ‘
PEOAN OH

Chxxvr) (x<1)
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Ultra-violet spectra wore deterained in

athanol solution unlecs otherwise stated.

2.§!lnggrpg!gégig:égzgr (ef. Meldrum and Perkin J.,
1908, 1419) - p=Toluilc acid (68 g+) was heated with fuming
sulphuric acid (170 c.csp 100%) in a strong-necked flask
and electric heating mantle at 150°C for 6 hrs. After
cooling, the dark solution was added to water (220 e.e,)
whereupon much heat was evolved. The aeid which crystall-
ised out on cooling was collected by filtration, and washed

with a little ice-c0ld water (ca. 30 ce¢s) yield (orude acid)
75 &+ (6%)0

2-Hydroxy-p-toluic scid. - Potassium hydroxide (300 g,)
moistened with a little water, was heated in a large fuasion
pot to 200°C and 2-pulpho-p-toluic acid (75 g.) added slowly
in emall portions while allowing the temperature to rise to
260° ¢, This temperature was maintained until fusion was
complete.

The cooled fusion mixture was extracted with water,
and neutralised with SNehydrochloric acid (when the
hydroxy-acid was precipitated). Crystallisation, and
recrystallisation from water, gave neaedles m.pe 210°.

Yield 36 g. (48%).
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2-llethoxy-p-toluie aeid. (¢f. Perkin and Weismann, des
1906, 89, 1649). - To an agueous solution of potassium
hydroxide (42 g.y 360 c.0. water) ani 2«-hydroxy=p=toluie
asid (36 g.) vas added slowly, with vigorous astirring,
dimethyl sulphate (54 ¢.c.) over a period of 30 minutes.
A further portion of aqueous potassium hydroxide (42 g.;
360 G.Ce water) wasm then adied and the whole refluxed for
1 hr. On acidification of the reaction mixture with
concentrated hydroohloric acid, the methoxy-acid separated
out, <his was collected, washed with vater and orystallised
from aqueous acetic seid (307%) to give white plates, m.p.
166°. Yield 23.5 g. (61%).

6=liethoxy=-5-nethylphthalide. (¢f. Charlesworth et al,
Canad, J._Rge., 1945, 238,17). = 2-uethox§r-g-to1uie acid
(6 g¢)y formaldehyde solution (13 c.c.3 407) and hydrochleris
acid (19 c.cey 441.16) wore heated on a water bath for 4 hrs,
(n cooling, well formed prisme separated and these were
erystallised from aleohol to give S5-methoxy-4-methylphthalide
as glistoning white needles m.,p. 144°. Yield 5 g. (7T%).

6~Methoxy~5=net yl=7=-nitrophthalide, = Finely divided

6eme thoxy=5=methylphthalide (5 ge) was added during 5 minutes
to & stirred mixture of nitric seid (16 c.cep dy1.5) and
acetic anhydride (24 g.) at 0% When all the phthalide had

dissolved, the solution was poured on ice, and tho solid
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separated, waghed with water ané crystallised from ethanol,

to give 6-methoxy-5-methyl-7-nitrophtialide (4s5 ges 73%) as

needlesy m.p. 146°.
Foundia 0.54u2' H,401
C;oHg O N requives: 0,53.8y H,4.1%.

Light absorptions Max, at 2080 (¢ = 26,800) and 2690 (¢ = 2,650))

inflexion at 2410 1, (¢ = 6,800)

T=Anino=-6-me thoxy=5~mothylphthalide. ~ A solution of
b6=methoxy=5enethyle7«nitrophthalide (2 g,) in ethyl mcetate
(200 @.c.) was shaken with hydrogen at room temperature and
atmosphoric prescure in the presence of froshly prepared
Raney nickel (1.2 gey .6, Qxgs Symth., 29y 24)s When
absorption was complete (ga. 15 min,) the mixture was filtered,
the filtrate evaporated to drynese under reduced pressure, and
the residual nolid erystallised from henzene«light petroleum
(beps 60-80°) from whioh T-amino=6-nethoxy-S-methylphthalide
(1.7 g.) separated as needles, m.p. 109=110°

Founds 0,62.53 H,5.65.
CyoBys O N Toquires: C,62.2y H,5.7%.
1ight absorption: Max, at 2340 (¢ = 34,700), 2500 (¢ = 7,800)
and 3280 K. (¢ = 5,700).

T=Iodo=6-methoxy=5~methylphthalide. - The foregoing

aminophthalide (4 g.) in sulphuric acid (3 c.Cey 4,1.84)

and water (20 c.c.) was diagotised at 0° with sodium nitrite
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(2 g¢)» After the addition of urea, a solution of potassiunm
fodide (4 g+) in water (15 6.0.) was added and the mixture
kept at room temperature for 3 hrs. and then heated on the
stean=bath for 10 minutes. After gooling, the solid was
separated and erystalliced from ethancl (charcoal), to give .
T=iodo=6-nathoxy=5enethylphthalide (3.4 g.) as needles,

mepe 117=118°,

Founds Cy39.3p liyl.1l.
CioflgOy I requiress (C432.5 Hy 3058,
Light abaorption: Max. at 2220 (¢ = 28,000), 2460 (s = 9,000)

and 3020 k. (¢ = 4,700).

S-Mothylmeconin. ~ The lodo~compound (3.2 ge) and
coppsr bronge (100 mg.) were added to a solution of potassium
methoxide from potascium (0,9 g.) and dry methanol (50 e.e,)
and the mixture wag refluxed for 24 hrss The filtered
solution was diluted with water (25 c.c.), made acid (congo-
red ) with SNehydrochloric a¢id, and extracted with ether
(3 x 50 e40s)s The combined ethereal extract was washed
with water, dried (Ney,SO,), and evaporated, and the reaidue

crystallised from lightepetroleum (b.p. 40-60°), to yiald

S-methyimeconin (1.6 g.) as felted ncedles, m.p. 82,5%
Found: C,63.1p H,5.85.
C,qH 00, requiress C,63.45) H,5.8%.
Light absorption: Mex. at 2130 (€ = 29,600) 2460 ( & = 8,300)

and 2960 4. (£ = 3,000)
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4-Chloromethyl=-S-nethylmeconin.- Semethylmoconin (400 mg.),

hydrochloric acid (5 ce.csy 4,1,16), and agueous formaldehyde
(3 cecet 40%) were hoated under reflux for 30 minutes. The
sooled mixture was diluted with water (10 c.0.) and extracted
with ghleroform (3 x 10 G+0s). The combined chloroform
extracts were washed with aqueous sodium hydrogen oarbonate,
then water, dried (Ne,30,), and evaporated. Crystallisatien
of %he residue from bensene-light petroleum (b.p. 60~80°)
gaeve 4=-ghloromethyl-5-methylmeconin (250 mg.) as needles

me.ps 118-1231°,

Founds 0’56|4| R,S.}o
Cypllys 04C1 requires:t Cy56.15) Hy5.1%.
Light absorption: Max. at 2190 (£ = 40,100) and 3050 (¢ = 3,800 )y

infloxion at 2420-2480 &, (¢ = 9,700).

41 5-Diuethylmegonin, = 4=-Chloromethyle5~-methylphthalide

(200 mgs) in ethanol (5 ce.c. 95%) was heated under reflux with
zine dust (250 mg.) and treated with hydroohleric aoid (2.5 c.0.y
dys1.16) added in portions during 2 hrs. The mixture was
evaporated under reduced pressurey water was added and the
product isolated by means of ether. THemoval of the ether

and crystallisation of the residue from hexane gave 4315-

~dimothylmeconin (100 mg.) as prisms, m.p. 110°%

¥ounds C|65|2I H,6o5o
C,5 By Oy Tequiress C,64.85y H,6.35%.

Light absorptions Max. at 2160 (7 = 28,800), 2480 (¢ = 11,000)-
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and 3000 L. (€ = 3,900).

53 6=Dine thoxy=T=ncthylphthalan=-4=carboxylic acid. =
4=-Chloromethyl=5-ncthylneaonin (100 mge) was heated under

reflux with a solution of anhydirous podium carbonate (400 mg,)
in water (6 G.0.) for 1} hra, The cooled solution was made
acid to Congo-red with 3N=hydirochloric acid and extracted
with chleroform (3 x 10 oecs). The sombined, dried (Na,80,)
extracts were evaporated and the residue was orystallised

from aquaous ethanol to give 516-dimecthoxy-Temethylphthalan-

-4~garvoxylic acid (75 mgs) @as platas, m.p, 156=157°,
Founds C€,60.7y H,5.9% equiv., 232.

Ciply o0 Toquiress 0,60,5) Hy5.9% equiv., 238,
The compound sublimed unchanged at 120° 10" %mn. and showed
1light absorption: Max, at 2120 (£ = 29,000), 2420 (¢ = 7,400)
and 2960 &, (¢ = 2,800).

Under the mame conditions save that heating was carried
out for 4 hr. 4-chloromethyl-5-methylmeconin (400 mg.) gave
53 6=dimothoxy=T«nethylphthelan-4-~carboxylic acid (130 mg.)
and 4-hydroxymethyl-5enethylnecenin (70 mg.), the separation
,Jbeing achieved by use of chloroform and aqueous sodium hydrogen

carbonate.
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4=-lydroxymethyl=5-methylmeconin, ~ The foregoing
phthalan acid (100 mg.) was heated under reflux with S5Ne
=hydroehloric acid (40 c.¢.) for 1 hr. The eooled solution
vap extracted with ahloroform (3 x 10 0.0+), the combined
extracts were dried (Na,SO,) and evaporated, and the vesidue
erystallised from bensene~light petroleum (b,p. 60-80°) seo

give 4=hydroxymethyl=5-nethylmeconin (60 mg.,) as needles,

nepe 101-102°,
Pound: 06046y Hy5e7.
Cynlly(Op requires: C,60.55 Hy5.9%.
Lizht absorptions Max., at 2140 (& = 41,000), 2470 (¢ = 9,100)
and 2990 X, (& = 3,600).

j=Formyl-4-methylopianic acid. -~ A solution of 536-

~dimethoxye7=ncthylphthalan-4=carboxylic acid (200 ng.) in

dry bengene (12 e¢.c,) and dry ocarbon tetrachloride (12 e.o0.)
wan refluxed with N-bromosuccinimide (2.,25mols.) for 15 minutes
with irradiation from a 60 watt lamp, The oold mixture was
filtered, the filtrate ovaporated under reduced pressure, and
the remaining oil heated with water (10 c.0.) on the steanm
bath while being stirred for 14 hvs. Isolation dy use of
chloroform gave an acid fraetion which orystallised from
bengene, to yield 3-formyle4-methylopianic acid (77 mg.)

an ncedles, m.p, 145-~146°,
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Founds C,57.03 H,5.,00 equivaes 247.
CypHyo Og Tequiress C,57.1y ¥,4,87 equiv., 252,
Light absorption in weter: Max, at 2070 (¢ = 29,600) and
2,800 &, (¢ = 2,000).
j=Formyl=4enethylopianic acid dissolvee in concentrated
sulphurie aoid, giving a yellow brown solution; on exposure
to ammenia vepour the solid becomes brown and resinifies,;and

on exposure to light it firat turns pink and then brown.

5-Methylmeconinm=d=carboxylic acid, - (&) 4 solution

of 516=dimcthoxyT=nothylphthalan~4{=-carboxylic acid (200 ng,)
in glacial ecetic acid (5 c.c.) was treated with chromium
triozide (200 mge) in glaecial acetic acid (5 6+0.) during

1 minute with stirring. After 5 minutes the mixture was
diluted with water (10 e.c,) 8nd extracted with ohloroforn

(3 2 15 64¢s)s The combined extracts were washed with
aodium hydrogen carbonate (30 cecey 190); acidification

of thﬁs extract with SH<hydroehloric acid and isolation with

chloroform gave S-nethylmeconin-4-cerboxylic acid (100 mg,)

which separated from agqueous ethanol as ncedles,; meps 195-
196.5°.
Founds C,57+3) Hyde9.
Cypily O Tequires: C,57.1y #,4,8%.
Light absorption: Mex, at 2200 (¢ = 31,200) and 3000 &,

(2= 3,200).
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(b) 3=-Pormyled-methylopianic acid (25 mg.) in 3F~sodiun
hydroxide (10 c.c.) was refluxed for 30 minutes, The cooled
mixture was extracted with chleoreformy no nousral frastion
was obtained from the extrast. Acidification of the
alkaline selution (Congo-red) with S5Hehydrochloric acid gave
Semethylmeconin-4-carboxylic acid (12 mg, )} which crystallised

from agueous ethanol as needles, m.p. and nixed m.p. 195=196,5%

Veratric Acid.- (eis Zdwards, Perkin, and Stoyle ey
1925, 127, 195). Veratric aldehyie wes prepared in 607 yield

froz vanillin according to Opg, Synth,, Coll, Yol., 11, 519,

A hot solution of potassium permanganate (54 ge) in water

(500 c.ce) was added over lhy, to & stirred mixture of
veratric eldelydie (50 z.) and water (300 c.c.) kept at 50-60°,
a current of carbon dioxide beinz pasced through the solution
the whole time, After the addition was eomplete, the
filteored solution was cooled, extrected with ether (2 x

200 0.0,) t0 remove any unchangad aldehyde, and acidified with
hydrochloriec acid (Congo-red), The veratric acid which

separated was ccllected and washed, mepe 177°¢ [11}., MeDe 179'].

m-iegonin, - (¢f. Edwards, Perkin and Steyle, J., 1925,
127, 195). Veratrie acid (75 g.), formaldehyde (84 c.0.3 40%)
and hydrochloric acid (300 c.0ey dylel6) were heated on a
steam=bath for 12 hrs, during which time 8 certain amount of

charring ocourred, The solution was cooled and diluted with
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water (300 c.c.), and shaken vigorously until the dark
gumny naterial adhered to the walls of the flask., After
8 guick filtration, memeoonin slovly separated on stending

ag a dark brown powdor, mepe 155° (lit,y Mepe 155=157%).

7-Bitro-n-ncoouin,- (gfs Fay and Robinson, J., 1925,

1621). Ray and Robinson used nitric acid (dy1.4), but in our
handg m-mecorin dkinot nitrate shtisfactorily unless fuming
nitrie acid (d4,1.5) was uced,

n-Keconin (10 g.) wes gradually added with stirring
to mitric ecid (20 c.043 €,1.5) ot 0°. After etanding 2 hrs.
the sclution was threwn into water when T-nitro-m-meconin
was precipitated. This wee colleoted washed with water
followed by boiling 2lechol (0,0 0,6s)s The rescidue was
orystalliced from acetic acid to give colourless needlos
(9 g+)s meps 183-184° (11t., 182-182,5).
Iight absorptions HMax. at 2140 (£ = 27,400) 2520 ( £« 1Q,500)

and 2920 As (€ =4,150).

T=Amino-m-meconin. ~ (gf. Mcime gt al., Canad. J. Rese,

1951, 29, 482). The ambove nitro-compound (9 g.) was added
.slowly te & hot solution of stannous chloride ( 30 gs) in
hydrochloric acid (60 c.c.y d,1.16) when a clear solution
regulted, The reaction was completed by heating 45 minutes
on a steam=beth, water (200 e.c,) then added and the precipi-

tate collected, washed with water, sodium hyirogen carbonate,
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water and finally crystallised from agueous ethanol, m,p.

160°%, (lit. m.p. 168°)

T=-iodo-n-peconin.- 7-imino-p-meconin (6 g.) in
sulphuric acid (5 ceCey dyleB4) and water (30 escs) was
diazotised at 0° with sodium nitrite (2.2 g.,) and the excess
nitrous ascid destroyed with urea. A solution of potassium
fodide (6 g+) in water (15 ce.c.) was added and the mixture
allowed to stand until the reaction was complete. By
the addition of & solutiun of potessium bisulphite any free
iodine present was removed and the orange precipitate was
collected by filtratlion and erystallised from glacial acetie
acid to give palc yellow needles, m.p. 169-1T7C* (lit. 169-170°),

Yiecld 70% .

5864 T-Iximethoxyphthalide, ~ (MecRase, et al., Canad, J,

- s 1

Chem., 1951, 29, 482). Potassium (0.8 g.) dissolved in dry
methanol (50 ¢.c.) mixed with T-iodo-memoconin (3.2 g.) and
sopper bronze (100 mg.) and heated under reflux for 12 hrs,
The copper bronze was removed and the filtrate acidified with
aydrochlorio socid when the product was precipitated. This was
orystallised from water to give neodlesy, mep. 136° (1it. m.p.
13645=137%).
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4=Chloromethyl=516s7=trimethoxyphthalide. =~ A suspension

of 51617=trimethoxyphthalide (1.0 ge) in hydiroshloric acid

(2 64043 G41,16) and agueous formaldehyde (1 cecep 40%) was
treated with gaseous hydrogen chloride at 0° until soluticn
was complete (ga, 10 minutes). After being kept overnight at
roon temperature the solution was diluted with water and the
product isoclated by means of chloroforms Crystallisation

from light petroleun (b.pe 60-80°) gave 4~chloromethyl-5:6:27=-
~trimethoxyyhthalide (1.1 g.) as ncedles, m.p. 82,5°%

Founds 0'5207' 5'4090
Cypflyg Uy Cl Tequiress ©,52.853 Hy4e85%,
Light absorptiont Max, at 2240 (¢ = 39,200) and 2970 (¢ =

29,000)3 inflexion mt 2420-2520 A.{ «8,300),

Sodium Carbonate Treatment of 4-ChloromethyleS5:16s7=

~trimothoxyphthelide. = A solution of sodium carbonate (500 mg.)

in water (10 ¢.0,) was refluxed for $ hr. with 4~chloromethyl-
«5868T=trimethoxyphthalide (200 mg.). After acidification and
extraction with chloroform (3 x 10 c¢,0.) the combined extracts
were peparated into acid and neutral fractions dy using sodium
hydrogen earbonate solution, The former fraction orystallised
from benzene-light petroleum (b.p. 60=80*) to give 51617~

~trimethoxyphthalan~j=carboxylic scid (60 mg.) as prisms ,

MaPe 125"'126..
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Founds C,57.03 H,5.8%; equiv., 254.

Cyplly 405 requires: Cs56.73 1,5.557 equive, 254.

Light abgorption: Max. at 2160 (¢ = 31,200), 2530 (£ = 9,800 ),
and 2940 X, (2 = 2,700).

The neutral fraction separated from the same solvents
to give 4=-hydroxvmethyle5s617-irimethoxrpithalide (80 mg.)
a8 needles; m«Ds T3°%

Found: ©€,56435 Hy5e04

Cop B, 40 Tequires: €,56.7) Hy5+55%.

Light absorptiom: Hax. at 2180 (¢ = 36,400), 2520 ( ¢ = 9,950)
and 2960 %, (¢ = 3,000).

When 4echloromethyl=536sT=trimothoxyphthalide (500 mg.)
wag rofluxed for 2 hrs. with sodium carbonate (1.0 g.) in
water (15 ¢.c.) and the produets isolated as above, 51617~
~trimethoxyphthalan-4=carboxylic ncid (340 mg.) and 4-hydroxy-

nethyl«516s 7T=trinethoxyphthalide (110 mg.) were obtained,

The latter compound (140 mg.), when refluxed for  hr. with
gsodium carbonate (500 mg.) in water (10 c.c.), gave the
corresponding carboxyphthalan (60 mg.) the remainder being
unchanged. 51617=Trimethoxyphthalan-4-carboxylio ascid (100 mg.)
was refluxed with hydrochloriec acid (40 c.c.y 3X¥) for 2 hrs.

and 4-hydroxynethyl=5y61T7-trimethoxyphthalide (55 mge)s mePe

and mixed m.pe 73°, isclated in the usual way.
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j=Formyl-4=mothoxyopianic acid. ~ 51647=Trimethoxy=-
phthalane~4=carboxylic acid (250 mg.) in bengene (12 c.0.)
and carbon tetrachloride (12 c.c.) was refluxed for
20 minutes with Nebromosucoininmide (2.2 mols,) with irradi-
ation from a 60 watt lamp, Purther treatment as desorided
for j-formyled=-methylopianic agcid gave j=formyl=j-methoxy-
opianic acid (130 mg.) which separated from densene as
neaedles, m.pes 146°.

Founds C,53.558 H,4.7% oquiv., 262,

Ciollp Oy recuiresy Cy53:Ty H,445% equiv,, 268,
Light absorption in water:s Max, at 2080 (¢ = 52,400);
inflexion at 2,700-2750 k. (¢ = 2,100).

The compound dissolved in concentrated sulphuric aeid
giving a yellow solutiony on exposure to ammonia vapour the

golid becam brown and resinified.

SeMethoxymeconin-4=-gcarboxylic scidis = 3=Formyled-

~nothoxyopianic acid (100 mg.) was refluxed in 3INesodium
hydroxide (30 c.c.) for 30 minutes. Isolation by means of

chloroform gave S-methoxymeconineje-carboxylic sedd (70 mg.)

which meparated as ncedles; m.p, 176°
Founds C453.9y) 1,4.6.
Cyelyp Oy roquiress Cp53.735 Hy445s
Light absorptions Max. at 2270 (¢ = 36,000) and 3000 (2 =3,300)

infloxion at 25302560 L. (& = 10,400)
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516=Dimethoxyphthalan=4=garboxylic Agid., = (a) 4=hydroxy-

methyleesonin (0.5 g«) was heated under reflux for T hes.

with a golution of sodium methoxide in anhydrous methamol,
from sodfum (0,25 g.) and methanol (11 e.0.). The solution
wvas diluted with water, made acid to Congo-red with dilute
hydrochloric acid, and extracted with chloroform. The
chloroform extracts were waahod with agqueous sodium hydrogen
carbonate, then water, dried (Ne,S0;), and evaporated, giving
no residuwe, Acidification of the alkaline washings and
isolation of the product using chloroform gave 5i6-dimethoxye
phthalan-j=garboxylic acid (0.5 g.), whioch separated from
water as necdles, m.p. 146=149° alone or mixed with Brown
and Newbold's sample (J., 1952, 4878).

(b) 4-~Hydvoxymethylmeconin (0.5 ge) in dry bengene (100.0.)
was heated under veflux for 18 hours with sodium methoxide
(0e5 2a)e Isolation in the usual way gave 4-hydroxymethyle-
megonin (264 mg. )y mepe &nd mixed m.p. 126=-128° and 516-
-dimethoxyphthalan=4-carboxylic acid (194 mz., 39%), m.De

and mixed m.p. 148«149°.

(o) 4=Bydroxymethylmeconin (1,0 g.) was hoated on the
steam-bath for T hrs, in 3N=-gsodium hydroxide (15 o0scs).
Isolation gave unchanged material (840 mg.) and Sib~dimethoxye
phthalan=4=garboxylic acid (110 mg., 8%) meps and mixed m.p.
146-148°, Brown and Newbold (loc. cit.) reperted that
4=-hydroxymethylmeconin was unchanged after 2 hrs. boiling

with 3N=podium hydroxide,
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(d) 4-Hydroxymethylmeeconin (1.0 7.) wes heated under reflux
for T hrs. with a solution of anhydrous sodium oarbonate
(2.5 ge«) in water (25 c.c.). Isolation gave starting
material (700 mg.) and 536-dimethoxyphthalane4=carboxyliec

acdd (300 mgey 31%), m.ps and mixed m.ps 145=147°%.

Preparation of Hydrastal from Cotarnine. - Hyérocotarming,

(of. Brown and Newbold, Je, 1952, 4397). Freund and Dormeyert
procedure {Ber., 1891, 24, 2730) for the reduction of hydrae
stinine lacked detaily the following method proved satisfactery.
A solution of cotarnine chloride (50 g.) in water (250
C.0s) was stirred vigorously for 6 hrs, with sodium amalgam
(450 ge4 8%), the solution being kept aeid (Congo-red) by
frequent additiona of S5Nesulphuric acld. The sclution was
nade alkaline with 3lNesodium hydroxide and oxtracted with
other (3 x 150 Ge0.)y, the combined extracts being washed with
water (100 ce.c.) and dried (Na,S0,)s Removal of the other
gave hydrocotarnine (20,0 g.) as & dark brown oil whieh
solidified when kept at 0® overnight., The produet had m,p.
5556° (Litey mepe 55.5=56.5°) and gave a yellow colour with
concentrated sulphuric acid in the cold, becoming deep purple

on warming.

Hydrohydragtinine. - (ef. Pyman and Remfry, J., 1912,

101, 1595). 25 c.ce. Of & solution of hydrocotarmine (20 g, )
in dry amyl sloohol (75 0.0.) wore heated in an oilebath

(the bath temperature beins maintained at 130«135°) and
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sodium (30 g.) was added in one portion. The sodium melted
and the remsinder of the hydrocotarnine solution (50 ¢.6.)

was added over 20 minutes. Dry anmyl aloohol (42 e¢.c.)

was then added at 10 minute interveals over 2 hrs, Undissolved
sodium was skimmed off, the solution was cooled, water (160
ce¢,) and hydrochloric acid (134 e.c.) were added, and the
mixture was thoroughly shaken., The alcohol phase was separated
and extracted with SNehydrochloric acid (3 x 100 cecs)s The
combined agueous phase and acld extracts were made alkaline

by addition of powdered sodium carbonate, extracted with
chloroform (3 x 300 e,¢. &nd the combined ohloroform extracts
were vashed with 2Nesodium hydroxide (2 x 200 0,0.)s water

(2 x 200 840.)y and dried (Nay80,)s The solvent was
evaporated to give ecrude hydrohydrastinime. A solutiom of
the impure product in ethenol (50 c.0.) was acidified (Congo-
~rad) with hydrobromic acid (3,1,46=1.49) and tle hydrastinine
hydrobromide which separated on standing, was crystallised
from water, mep. 184° (6.3 g ){(1it., meps 193°): The hydro-
bromide (6.0 ge)s dissolved in warm water (30 0.0.) was
neutralised with saturated agueous sodinm carbonate and
hydrohydrastinine (3.5 g.). Separated as an oil whioh
solidified on cooljng. The free base had m.p. 54=55° (1it.
mspe 61«62®) and gave a yellow solution with concentrated

sulphuric agid in the ocold, becoming dark red on warming.
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Hydrastinine hyiriodidie. = The oxidation of hydrehydra-

stinine by potassium dichromate and dilute sulphuriec acid, as
rocommended by Freund and Will (Ber., 1887, 20, 2797), proved
unsatisfactory (Brown and Newbold, loc, ¢its). The following
method, a modification of that of Topchiev (Js Applied Chem.,
UsSeBeRe,1933, 6, 529) wae used., FHydrohydrastinine (13.5 gs)
and freshly fused asodium acetate (9.5 2e) wore heated under
reflux in ethanol (34 oc.c.) and treated with a solution of
iodine (2.6 g.) in ethanol (210 c.c.), adled dropwise during

1 hr, The solution was kept overnight at room temperature,
and the solid (22 g,) which separated was filtered off and
added in small amounts to a solution of sodium dithionite
(hydrosulphite) (7.0 g.) in water (50 c.c.)s The solution
wos warmed and filtered, hydrastinine hydiriodide (15 g.)
separating as yellovw ncedles, mePs231-233° (1dt., mepe 233-234°),

on ocooling,

Hydrastinine Methiodide. - (eof. Freund, Bexr., 1889, 22,

2329). The hyiriodide (16 g.) was suspended in water (20 c.0.)
and shaken with a solution of potassium hydroxide (16 g.) in
water (16 c.c.) in the cold, The precipitated hydrastinine

(10 go)y Meps 106=107° (lit., mep. 116=117°) was aeparated,
washed with water, and dried in vacuo over solid sodium
hydroxide. Hydrastinine (8,0 g.) wes heated under reflux

with methyliodide (40 o.¢s) for 1 hr. 7The excess of methyl
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iodide was romoved undey reduced pressure and the rasidue
orystallised twice from water to give hydrastinine methiodide

(540 g+) a8 yellow needles, mePs 262=264° (1it., meps 267°),

Hydrastal. - (ef. Freund, lec, git.). Hydrastinine
methiodide (5.0 g.) was heated on the steamebath with 10%
aqueous potasecium hydrioxide (90 c.c,) for 15 minutesp
trimethylamine was avolved and an oil (2.7 g.) separated
which solidified on oocoling, Crystallisation from light
petroleum (h.ps 60-80°) gave hylrastal (2.0 g.) as plates,
meps T6=78° (Freund, loc. cit., gives meps 78«T79°)ec The
compound gave an intense deep blue colour in acetic acid
with concentrated sulphuric aecid. It siwowed light absorption
in etharol: Max. at 2060 (€ = 8,600), 2480 (€= 27,700),
3,000 (€ = 6,700), and 3280 Ay ( €= 6,700)s The 214~
dinitrophenylhydragone separated from bensene as red prisms

RePe 227-228° (decomp. ).

415=-¥ethylenedioxyphthalaldeliydes = A solution of
hydrastal (176 mg.) in dry benzene (25 6.,6.) containing

pyridine (0,16 ce0.) wns treated with osmic acid (260 mg.),
and the solution which darkened and soon began to deposit
brown orystals was kept overnight at cas 15%° The osnie
agid-pyridine complex (450 mg,) was separated and heated
under reflux in ethanol (30 ce.0e) with soddum sulphite (5 g.)
in water (20 ce.c.) for 1 hr, Ethanol (150 o0.0.) was added,

the mixture filtered, and the solid extracted with boiling
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ethanol (2 x 30 cec.). The combinad ethanolic extracts were
evaporated under reduced pressure, the roesidue was extracted
with boiling methanol (2 x 50 c.c.) and the combined extimots
wore evaporated to & yellow gums This was diseolved in pure
methanol (3 ¢.c.), water (30 c.c.) and potsssium periodate

(1.0 ge) wore added, the mixture waa kept overnight, with
ecoasional chaking, and extracted with ether (2 x 25 0.0.).

The combined ethereal extracts were vashed with water (25 e.c.)
and dried (Na,80,). [Evaporation of tha ether and orystallisa=
tion of the solid from benzene (charcoal) and densene~light

petroleun (bupe 60=-80°) gave 415=-methylenedioxyphthalaldehyde

(70 mgs) aa pale yellow noedles m.p. 149°=150°,
Founds €,60.8) H,;3.6.
Cofig Oy requiress C,60.7y H,y3.4%,
Light sbsorptions HNax, at 2500 (€ = 26,200) and 3220 R,
(& = 5,300), The compound, suspended in agueous ammuonia
(10#) and acidified with acotic aeid, gave & violet molution

(Thiele test, Annalen, 1900, 311, 360).

53 6=Methylenedioxypththalide , = 4:5=Methylenedioxy-

phthalaldehyde (50 mg.) was heated on the stean<bath with
potassium hydroxide (2 c.o.3 50F) for 15 minutea. The
filtered solution was acldiified (Congo-red) with 3N-hydrochlorie
ascid, and the precipitate was separated and erystallised from
agueous ethanol, to give 5i6=nethylenedioxyphthalide (20 mg.)

as needles me.ps. 107-188° alone or mixed with a specimen
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prepared by Brown and Newbold (loc. cite).
Pound: C;60¢53 H,3.6.
Cales for ColigGgt Cy60475 Hy3e4%.
Light absorptions Max, et 2210 (¢ = 23,000), 2560 (= 5,700)

and 3000 A (&= T7,300).

Cotaraine from Cotarmine chloride. = Cotarnine chloride

(50 g+) was dissolved in water and modium hydroxide (10% 150
GeCe ) Yun in slowly with vigorous stirring, The precipitated
coternine was filtered off, any lumpe being droken up and the
mese washed well with water, After drying in vacuo over
phosphorus pentoxide it wes grystallised from & large volume

of benzene, m.ps 130° (1lit.y, 132-133%°),

Cotarninemethine Methiodide. ~ Cotarnine (4.0 g.) and

methyl iodide (30 c.cs) wore heated under reflux for 1 hr.
and the excess of reagent wae removed by distillationm,
Cryntallisation of the residue from water gave cotarninemethine
methiodide (70%) as ncedles, m.p. 217=218°,
Found: Cy43e1y Hy5e3.

Calc, for C, K ,0,FIt Cy42.8y H,5.1%.
Light ebsorpytion: Maxs at 21680 ( = 26,600), 2420 ( = 22,100),
and 2920 A, ( = 10,600)., Roser (Annalen, 1888, 249, 156)
prepared the compound but gave no constants though he gave an

analysis, and Rodlionow (Bull. Socs Chime, 1926, 39, 30%) gave

nePs 219«220° but no analysio.
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Cotarnone, = Roger (loc. git.) save insufficient details
for the preparation of this compound. It is secential
that the procedure below should be followed exsctly. Pure
cotarninencthine methiodide (15.0 g.) was rapidly heated with
agquecus golium hydroxide (250 e.cey 10%) to the beps,; refluxed
for 5 minutes, and then cooled. The oily phase rapidly
solidified and wes broken up, eeparated, washed with water,
dried, and erystallised from light petroleum (b.p. 40=60°), to
give cotarnone (642 g«) as plates, m.p., 78° (1it., 78°),
giving a blue ocolour with acetic acidesulphuric acid.
Gotarnone had light absorption max, at 2500 (£ = 19,200) and

3020 X, (¢ = 6,200),

jwilothoxy =41 S-nethylenedioxyphthalaldehyde. = (a) 4

solution of eotarnome (810 mg.) in bengene (50 0.0.) containe
ing pyridine (04625 e.c.,) was troated with oemie acid (1.0 g.)
as given adbove for hydrastal, the complex was split, and the

produet oxidised with potmpsium periodate in agueous ﬁethanel.

S=iicthoxy=4s 5=nethylensdioxyphthalaldehyde {500 mg. ), isolated

by means of acid«~free echloroform, separated from bengense as
needlecy mepes 1T79°. ‘
Found: C,57+53 Hydel,
Cyollg O Tequiress C,57.7y Hy3.9%.
Light ebmorption: Max. et 2560 (¢ = 26,900) and 3200 L,
(£ = 5,900)s The compound becomes brown on prolonged

exposure to light.
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(b) A smolution of cotarnone (0.5 g«) 4n chloroform (200 c.c.)
at«40® was treated with a stream of ozonised oxygen until

1 mol, of ogzone had been absorbed. vater (10 c.c.) was added
and the mixture heated to the b.p., with shaking, during

10 minutes and refluxed for 15 minutes. The chloroform

layer was separated, dried (Fa,50,), and evaporated under
reduced pressure to a solid which after two crystallisations
from bengene gave 3-methoxy-4:S-methylenedioxyphthalaldehyde
(250 mgs.) as needles, m.p, and mixed m.p., with preparation

(a) 179°

Foundy 0’58.1’ H.4o2,'5.

2-Hydroxymothyl-3-mathoxy-4: S-nethylenedioxystyrens. =
A solution of cotarnons (200 mgs) in ethanol (10 c.c,) and

vater (25 6.0.) ¥was trested with sodium borohydride (500 mg.)
and kept at ca. 15° overnight. The solution was extracted
with c¢hloroferm (3 x 25 6.0s)y and the combined exiraota were
washed with water (20 ¢«c¢,) and dried (Fe,;80,)s Removal of
the chloreform geve an 0il which was distilled 4n a shortepath
still at 200°, (bath-temp,) O©0.5 mm, The distillate, whioh
rapidly solidified, crystallised from light petroleum (b.p.
40=60°) to give 2-hydroxynethyl=3«nctloxyw~4sS-nethylenedioxy=
styrene (150 mg.) as needles m.p. 47°

Found: Cy635+T4 EHy6ol.

C, 4B 204 Tequiress Cy,63445y E,y5.8%.
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Light absorptions Max, at 2220 (£ = 27,000) and 2700 L.
(¢= 94700)s 4 molution of the compound in glacial acetie
acid gave a red-brown colour on addition of sulphuric acid

(d,1,84),

4=-Methoxy=516=nethylenedioxyphthalide, = (a) 3=Methoxye
=41 5=msthylenedioxyphthalaldehyde (300 mg.) was heated on the

stean-bath with agueous potassium hydroxide (30 c.c.j 40%) for
1 hre The cooled solution was extraoted with ether (2 x 20 o.0,)
evaporation of the combined, dried (Na,80,) extracts gave a
negligidle residues Acldification (Congo=red) of the agueous
phase with 3J¥=hydrochloric acid was followed by extraction with
chloroform (3 x 35 640s)« The comdined chloroform extracts
wore washed with 10% agueous sodiun hydrogen carbonate and with
water, dried (Ne,S50,), and evaporated. The residue wes twiqe
crystallised from agueous ethanol to give needles (171 mg.),
MePs 138«139* not rising on subsequent cryetallisation., This
material was hoated at 100%/ 10 %mm,, partial sublination taking
place. Tour oryatallisations of the residue from agueous
ethanol gave 4-methoxy«5:6-methylonedioxyphthalide (50 mg.) as
ncadles mape 150=15045°.
Founds C,58,053 H,4.2.

Cale. for Cy Ha Q51 Cy57479 Hy 34 9%,
Light absorption max, at 2220 (¢ = 26,600) and 2730 (<= 7,000)
and inflexion at 2900-3000 A, ( #= 4,200), Spath, Sohmid, and

Stornberg (Bexrss 1934, 87, 2095) give m.p. 150-151°,
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(b) Zellyiroxymethyl=3=ncthoxy=41 5~-nethylenedioxystyrene

(600 mg.) wes hcated on the steam=bath for'} hr, with benzoyl
ehloride (3 c.c.) and pyridine (5 ce.cs), and the produet was
isolated by mesus of cthers Evaporstion of the dried (Na,S0,)
ethereal extract gave a viscous oil which was further purified
by dissolving it in benzene (10 c.ce), adsorbing it on an
alumina oolumn (5 x 1.5 om.), washing the column with bengene
(200 ¢+0.)y and evaporating the eluaie to a colourlees gum,

The gum was discolved in ohlgrotorm (150 ¢ece) and troated st
«~30* with oxonised oxygen (l.l1 mols. of ogone) and worked wp
as for the previous ozonolysis, the aguecous phase giving the
formaldahyde-dimedone compound, m.p. and mixed m.p. 190°,
Removal of the chloroform gave & gum (vhioh gave a preoipitate,
rapidly with Brady's reagent) which wes hcated on the stean=

~bath with aqueous potassium hydroxide (30 €eCap 40%) for

§ hr.y ecoled, and axtracted with ather., The aqueous phase
wap acidified (Congo-red) with Si-hydrochloric asid, and the
phthalide isolated by means of ethzr, Crystallisation from
aqueous ethanol gave 4-nethoxy=51d-notiylenedioxyphthalide

(130 mge) Ae ncedles, mspe 151° zlone or mixed with preparatien

(a)
Founds C,57.63 H,4.2%

Light absorption: iex. at 2230 (£ = 26,500) and 2710 (¢ =

6,600), inflexion at 2900=3000 L, (& = 4,200),
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Isolation of Myristicin from hoavy oil of Nutmeg, =

(ef. Power and Salway J., 1907, 91, 2054). Heavy oil of
nutmeg (1 kilo.) was fractionally distilled through a 1 foot
column packed with glass helicee and the following frastions
obtained,

1st Fraotion beps 60-110°/2 mm.  W§ 1.4822

2nd Frastion beps 110-120°/2 ma, W9 12,5115

Residue ﬂ%- 15428

The second fraction (515 ge) was refractionated and

the fraction which distilled at 118-120° 2mm, proved to be

alnost pure myrieticin (20 g.).

isoMyristicin., ~ (gcf. Heleng, Chem. Irad. J., 1926, 24,

3593 Power and Balway (Jog. oit.) and Pickles, J., 1912, 131,
1435).

dyristicin (13.5 ze) in aloshel (39 g.) and potassium
hydroxide (16 6.c.) moistenod with water (1 c.¢.) were hoated
under reflux for 22hys. and then ethor extvacted. Evaporation
of solvent left an oil which was fractionally distilled and
the fraction b.pe 117-120°/14 mm. collected, N'§ = 15648,
This 01l (11.2 g.) was oxidised as desoribed below to give

myristicinic aeid.

syristieinic Acid. = (gf. Power and Salway (loc. oit.)

isoMyristiein (5 g.) was shaken into an emulsion with water
(50 6+cs) and heated on 2 steam-bath, With stirring a

solution of potassium permanganate (13.4 g3 4%) was added
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slovly and when the reaction was complete the manganese
dioxide was filtered off and the filirale aclidified to give
8 floeceunlent precivitate of myristicinle meids This was

orystalliced from methanol as neclles (3 ge), Bmeps 210=212°,

Zlenicin as & constiiuont of Tutmeg O0ils = A second
batoh of hoavy oil of nutmeg (1 kile.) was distilled as alove
end the fraction (40 g.) beps 120=120% 2 ma, (9 = 1.5134)
oolleoted and thls oil isomerised wilh caustiec potash and
the resulting propenyl ethors ('] = 1,5560) oxidised with
pernanganate exactly as has boen described. The resulting
acidic material had an indeterminate malting point 137-1%0°
and was obviously & mixture which was then separated into
ite constituente mccording to the method of Pickles (log. oit.).

Tie nixed eacids were dissclved in the smallest possidle
quantity of ammoniun hydroride sclution and an agueous solution
of caloium chloride added. Aftor a chort time a precipitate
separated but part remained im solution in the form of a
soluble salcium salt,

The incoluble salt was suspended in water and acidified
with dilute hydrcohloric scid and solution ether sxtragted.
Fvaporation of elther yielded a solid which erystallised fronm
aqueous methanol $o give myristieinic acid (10 ge)y msps 211°,

The sgueous solution eontaining the soluble ealsium
calts was acidified and the precipiiaie coclleocted and washed

with water. Crystallisation from vater gave meedlos (2.5 g.)
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Mepe 167=168* which were undepressed on mixing with an
authentic sample of $rimethylgallio aoid.

The identity of the seid was confirmed by forming
its methyl ester which erystallised in prismatio noedles
mepe 839

Foundy C,58.223 H,6.,15

Cyy My Oy Tequiress C,58,40y H,6,24%,

The presence of trimethylgallic aeid in the oxidatien
products of the propenyl ethers is therefore an indication
of the presence of elemicin in the original heavy oil of

nutmeg,

Methyl Myristiocinate. ~ Hyristioinic acid (1.7 g.) in
dry methanol (100 e.c.) containing sulphuriec acid (4 ¢.0.)

441.64) was heated under reflux for 2§ hrs., The selutien
wag concentrated to one-third of its volume under reduced
pressure, then diluted with water, and the ester was isolated
by means of chloroform., Methyl myristicinate (1.5 g.)
separated from methanol as ncedles,; m,p. 91°.
Founds ©,57«13 Hy5.0.

CyollyoO Toquiress 0,571y Hy4.8%.
Light absorption: Max. at 2230 (¢ = 19,900) and 2790 (s » 8,100)

Hethyl 3-Hothoxye4sS5-nethylenedioxy-2-nitrobensoate, -
Methyl myristicinate (l.15 ge) wvas added in portions of nitrio
acid (12 cecey d31le42) cooled in 108 at such & rate that the

temperature did not rise above 10°,  After 30 minutes at 0°
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water (30 ca.c.) was added, and the precipitate filtared off,

washed with water, and erystallised from ethanol to give methyl

3~-methoxy=41 5~me thylenediony-2+nitrobengoate (1.0 gs) as needles,
meps 127°%
Founds Cy47.33 HyJ3.85.
Cyollp Oy N requivess C,47.1) Hy3.6%,
Light absorption: Max, at 2230 (¢ = 28,000) and 2720 %, (¢ =
64300).

Hethyl 2-Amino-3-methoxy-4sS5-methylenedioxybenzoate. =
The foregoing nitro-ester (960 mg.) in ethyl acetate (150 0.0.)

was shaken with hydrogen in the presence of Raney nickel (0.4 g« ),
(prepared according to QOpg. Synth, 29, 25), until absorption
coased (2 hrs.)s The filtered solution was evaporated under
reduced pressure and the residue erystallised from light-petroleunm
(bepe 60=80°) to give methyl 2-smino=-3-methoxy=415-nethylene=-
dioxybensoate (720 mge.) as needles m.p. 89.5°.
Founds C;53«49 HpdaTo

Cy olly 4 O F roquiress C,53.33 Hy4.9%.
Light absorption: MHax, at 2260 (¢ = 23,000), 2690 ( £= 5,700),
and 3660 A. (¢ = 6,400),

2-Aninoe-jemothoxyeq4s S5=methylencdioxybengyl Alcchol, =

A solution of the aminoeester (610 mg.) in dry ether (10 c.c.)
wes added during 15 minutes to a refluxing partial solution
of lithium sluminium hydride (1.0 g.) in dry ether (40 ©.0.),

After 3 hours refluxing the cooled mixture was troated with
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ice nnd' made strongly alkaline with sodium hydroxide, and
the etheresl phase was geparated, After further extrastion
of the agueoua phase with ether (2 x 100 ¢.c.) the combined
extraots wore dried (Na,50,) and evaporated to an oil which
solidified rapidly. Crystallisation from bensene«light
petroleun (bepe 60-80°) gave 2-aminoe=3emethoxy-4sS-pethylens-
dioxybengyl aloohol (470 mg.) as needles, meps 99°

Founds Cy55.0y Hy584

Col,, O, § requiress C,54.8y H,5.6%.
Light absorptions Max, &t 2130 (¢ = 31,000) and 3,000 (¢ =
5,100)y inflexton at 2420 L. (& = 5,000)s The compound
sublimes rapidly at 80% 10"%mm,

Attenpted Synthescs of T-mothoxy=5:6-methylenedioxyphthalide.
Attenpted Synivhescs Oi
The above amino=aloohol (400 mgs) in hydrochlorie aeid

(3 cscey d431,19) and water (10 c.0.) was occoled to 0° and

diagotised with sodium nitrite (400 mg.) in water (5 6.0.).
After the addition of urea, the filtered solution was added
with mechanical stirring to & solution of potassium cyanide
(146 g.) and ecopper sulphate (1.4 g.) at 90°. The complex
which formed re-dissolved on heating et this temperature for
# brs The soclution was extracted with ethor, washed, dried
(g 804 ) and evaporated under reduced pressure to give the

nitrile as a red brown oil, The oil was then refluxed for

5 hrs, with potassium hydroxide solution (10 e.c.y 10%) and

acidified with dilute hydrochloric acdds FExtractionof this
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solution with other and subsequsnt evaporation of solvent gave

only a trace of material,

Preparation of Norcotarnones - (ef. Freund and Becker,
Boxs B6, 1528, 1903.

Cotarnine-inil, = Molecular quantitics of gotarnine and
aniline were rubbed together in a mortar with a little watesr,
Very soon the oily mass set to a hard erystalline solid whioh
was broken up, washed with water and filtered, Crystallisation
of the spud from benzene-petrol gave cotarnine-anil, m,.p,

119=120" (1its, meps 124°%).

Horcotarnonc, =~ The wethod of Freund and Beoker lacked

detail and proved unsatisfactory. The method desorided below

gave good results.

Cotarnine = anil (20 g.) ené methyl iodide (20 g.) were
mixed intimately until vigorous reaction commenced. Vhen
this showed aigns of subsiding gentle heat was applied and
then the whole wae refluxed for $ hr. on the steam~bath,
Removal of the condenser and further heating on steam-bath
for 14 hre produced a reddish brown viccous material to which
dil. hydrochloric acid was added and heating resumed in order te .
deoompose the anils Then the solution had ccoled the
norcotarninemethine methiodide (11 g,) was filtered off, washed
and dried in vague m.p. 162°. 4n inky blue colouration was

produced by a trace of the solid in ferric chloride solution,
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The methiodide in 30% sodium hydroxide (17 0.0. ) was
boiled until contenta of the flask became solid and trimethyl-
anine ceased to be evolved, The sclid was filtered off and

dissolved in hot water, the solution filtered cooled and
dilute hydrochloric acid added to precipitate the norcotarnene
(3 z+)s Crystallisation from othanol gave plates m.p. 89°
(1it., mepe 89°)s A dark blue colour was produced with

agetic~-sulphurio acid mixture.

Osonolyeis of Norcotarnone. = Norcotarnone (1 g.) in

chloroform (100 c.ce) was treated with ozonised oxygen exeotly
as has been described for cotarnone. A solid (600 mg.) was
obtained which erystallised from ethanel as needles, m.p.
110° and gave a maroon colour with acetio-sulphuric acid,
Founds €,99.6T% K,4.18..
CoHg Oy requires: C,55.,68y H,3,12%,

23 3-Dihydroxy =62 T=dimethoxynaptha~1s 4-guinone~5=-garbe
Acid, - A mixture of 3-formylopianic acid (250 mg.), glyoxal

sodium bisulphite (300 mg.), and potassium eyanide (50 ng,)
was. treated with 2N-godiun carbenate (7 ¢.cs), and the mixture
kept for 1 hr, at room temperature with frequent shaking and
free acoess of air, The deep purple solution was made acid
(Congoered) with 3Nehydrochloric acid, and the red eolution
kept at 0°® for 2 days. 213-Dihydroxy-6:17~dinethoxynaptha-
=lt4~guinone=5=-garboxylic acid vhich separated orystallised
from water as small red needles (100 mg«); mePe 249253
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(dzoomps ).
Found (aftor drying at 110° for 5 hrs): €,53.93 Hy3.7

Cys o0y Tequiress C,53.1y H,3,4%.
The eompound is very soluble in methansl and ethanol, slightly
soluble in ether, benzenc, and chloroform, and insoluble in
1ight petroleum. It dissolves in agucous sedium hydroxide
giving a blue solution.
Light absorption: in water, Hax. at 2700 (£ = 13,600) 2940
(¢ = 5,700) and 4400 &¢ ( = 280)y in 0.05N«NaOR, maz. ab
2160 ( = 34,000) and 5450 ( « 370), inflaxion at 2450-2500 1.
( = 12,000),

Opianic Aoid. - (cf. Wegsoheider, Honatsh. 1882,3%, 350),

Manganese dioxide (30 ge: technical grade) was added rapidly,
portionwise, to & solution of narcotine (40 ge.) in boiling
dilute sulphuric acid (600 csce water § 34 6.0, cOncentrated
acdd) and when reaction had pubsided, the hot reaction mixture
was filtered. On cooling, oplanic acid separated and was
erystallised from water (charceal) ae needles (15 g.), M.pe
143-146° (11%t., meps 145°). If freshly precipitated manganese
dioxide is used the reaction begomcs too vigomous resulting

in the formation of tars with subsequent low yiclda of opianic

acid,

Megonin, - (&) (¢f. Brown and Kewbold J., 1952, 4878)
Oplenie Acid (65 g.)in 2N~sodium hydroxide (150 eescs) was

stirred for 3 hrs, with sodium amalgan (650 gey 3¢%) and loft
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overnight. The aqueous phase was acidificd (Congoered), and
extracted with ohloroform (3 x 100 es.c.), and the combined
extracts were vwashed with sodium hydrogen carbonate (2 x 100
CeCey 107%), then with water (100 csce) and dried (Na,80,).
Removal of the chleroform and orystallisation from ethanol
gave nmeeonin (47 ge) ac needles, m.p. 101=102°,

(b) cf.Rodionov and Fedorova,; J. Gens Chems, UsSeSeRey 1937,
1s 947)« = To a suspension of oplanic acid (28 g.) in a mixture
of formaldehyde (33 c.cesy 40%) and water (50 c.c.) was added
50% aqueous potassium hydroxide (45 eecs). The reaction was
kept at room temperature for 10«12 hrs,, diluted with an equal
volume of water and acidified (Congo-red) with hydrochlerie
acid (d,1.,16) when meconin (20 g.) separated as ncedles,

mepPe 101=102°,

Preparation of NeBromosugeinimide, - (gf. Zeigler et al.

Ann, 1942, 551, 80)s To a solution of sodium hydroxide

(16 go) in water (100 ¢s40.) cooled to 0°C, and containing
erushed 1ce (75 g.) ewcoinimide (40 g.) was added with
vigorous stirring. When all the suceinimide had dissolved,
bromine (21.5 @.cs) was added. The bromine was rapidly taken
up and a white solid was preocipitated, Two minutes aftey the
addition of bromine stirring was stopped and the solid filtered
off, washed with water (ga., 2 1,) and sucked dry, After
prelinminary drying over calcium chloride under reduced pressure
for 1 hr, the produet was dricd at 95° over phoasphorie
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anhydride at 2 m.m, for 8 hrse (Yield S50 g.)s The purity
of the N-bromosuccinimide was estimated by addition of
excese of potascium iocdide solution to a woighed sample
with a little dilute hydrochloriec acid and titrating
liverated 1odine with sodium thiosulphate.

1 ﬂl.‘% Sodium thiosulphate ¥ 0089 g. N=-bromosucoinimide.
1

Exidation of Mecorin to Opianic Acid., - Neconin

(500 mge) in bengene (12 c.c,) and carbonm tetrachloride

(12 ce0e) was refluxed for 1 hr., with N-bromosuccinizide

(1.5 molss) with irradiastion from e 60 @, lamp. The bolvent

was evaporated off under reduced preasure at a temperature
50°. The residual gum was treated with water (50 c.c.) and

heated on the steam=~bath with stirring for § hr, and cooled

when the precipitated solid was filtered off. Crystallisation

from water gave needles (250 mg.) mep. 145-147° undepressed

by an authentic sample of opianic acid, Fquivalent weight)

215 (C&lco 210)0

Preparation of 4-Bromomeconin., - (ef. Perkin and

Robinson, J., 1911 (1), 783). Heconin (10 g.) wvas dissolved
in wvarm glacial ecctic acid (25 cec.) and gradually mixed with
bromine (B.5 g+)¢ The solution was allowed to stand until it
becane pale yellow end then mixed with g of ite volume with
water. Cryatallisation of precipitated selid from algcohol

gave ncedlens (7.5 go) mepe 176°
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3-Bromopieric Agid. - 4-Bromomeconin (500 mg.) inm
benzene (12 ce.ce) and carbon tetrachloride (12 @.c.) was
treated with B-bromosuceinimide (1,5 molc.) and the product
hydrolyced exsotly &5 has been deseribed ahoves The filtered
soldd erystallised as ncedles (280 mg.) from water; meDe
200=201" which were undepresced on mixing with a sample of

j=bromopianic acid as prepared by Wegschelder, Honat, 4, 267.

Conversion of J-bromopianic acid to 4~bromomeconin. -
JeBrouoplanic acid (100 mgs) was stood overnight with

sodium borohydride (100 mge.) in saturated sodium hydrogen
oarbonate solution (10 0u46e)e On acidification of the
solution 4-bromomeconin (90 mge.) wes precipitated, m.p. snd

nixed m.p. 176°,

Trinethylgallic Acid, = (ofs Pogert and Coyne, J.Amer,
Chem, Socs 1929, 569). A 5 ls flask conteining gallic seid
(200 g, ) suspended in 1 1, of water wee fitted with a 3«holed
rubber stoprer carrying & thermometer, a stopoock funnel and
a guard tabe conteining sodium hyposulphite. The acid was
dizeolved hy the addition of sodium hydrexide (320 g,) and a
amell amount of sodium metabisulphite (to prevent oxidation)
in 1 litre of water, and dimethyl sulphate (356 g.) was added
and the temperature sllowed to rise to 45° after which 4t was
refluxed for 2 hrs, Sodium hydrozide (80 g.) was added to

saponify the exoess of dimethyl sulphate and refluxing
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continued for & furthor 2 hre.,, the asolution cooled, acidified
with hydrochlorio acid and the precipitate colleoted, wasched
and erystallised from & large volumes of water, The product
had a m.ps 168° (14t, 168°) Yield 160 g.

7=Chloromethyl~4s:5s 6=trime thoxyphthalide, ~-(cf., King
and Kimrg, Jey 1942, 726). A mizture of trimethylgallioc moid

(16 g.)y aqueous fermeldehyde (40 ce.c.y 40%) and hydrochlorie
acid (d,1.16) (64 cscs) was refluxed 20 minutes in an oil
bath at 140°; On cooling and on the addition of water the
oily product solidifiedy reerystallication from alcohol gave
the chloromethylphthalide (10 g.) &an colourless needles m.p.

85° (11t, 85°%).

T=lydroxymethyl=4s 5t 6=trinethoxyphthalide. = T-Chlore-

nethyleds 53 6-trinethylphthalide (1 g.) was heated under reflux

with & solution of sodium carbonete (1 g+ in 10 csce wator)

and then acidifled with dilute hydrochloric acid and extracted

with chloroform. Removal of the chloroform gave a solid which
erystallised from benzene %o give T-hydroxymethyle4:5tbe

~trimethoxyphtalide mepe 90=91° (1it., meps 92%),

Lttempted Eynthesis of 6-forayle3edsS-trimethoxy-
phthaleldehydde Acil. -~ (&) A rolution of 7=chloromethyle

~41516=trincthoxyphthalide (2 g.) in carbon tetrachloride
(100 cecs) was hented under reflux for 1} hre, with E-bromo-

suceinimide (3.94 go) with irradiation from a 60 watt lamp.
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The 201id was filtered off, solvent removed,; and the

residual gum heatsd with water (150 e.c,) on the steam=bath
for 2 hra. Tho solid material was filtered off and
erystallised from benzene m.ps 92° undeprossed on mixing

with a sanple of T=hydroxymethyleds5tb=trimethoxyphthalide,

(v) The above experimont was repeated irradiating with
ultra-violet light end continuing refluxing for 74 hrs,

Benzoyl peroxide (25 mg,) was also added to reaction mixture,

A 2011id product was obtained orystallising as ncedles (950 mg.)
from bengsno=petrol, m.p« 129,5 and giving a 2t 4=-dinitrophenyl=-
hydragones No analysis was obtelined frorm which e satisfactovy

anpirical formule could be detewmined,

4351 6=Irimothoxyphthalide. - (of., King and King
loc, ecit,). Method of preparation exaetly as for chloromethyl
¢onmpound but using following quantities: trimethylgallic aocid
(10 gs)s hydrochloris acid (10-12 c.csj d,1.16) and formaldehyde
solution (25 e.csy 40%)., Priems (5 gs) were obtained on

srystallisation from ethanol (echarccal) m.ps 134-135°.

gtandard Chromium Trioxide Oxidation Procedure. =
A solution of the amide derivetive (1 part) or if not

isclated as a s0lid that derived from the phthalide (1 part)
in glacial acetic acid (20 parts) was stirred at room temperae
ture and trcated with & solution of chromic seid (1 part) in

water (1 part) and glecial aeetic acid (20 parts) added in
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one portion and stirred for 5 minutes, Water (100 parts)
vae then added and the mixture extrasted with ehloroform
(3 x 50 perts), the comdined sxtraets washed with water,
104 eaqueous sedium hydrogen carbonate, water and dried
(Nay 80, )«

2s 3~Lime thoxy~6~hydroxyue thyl~NN~din
Dimothylamine (50 ce.c.) wes adled to & sclution of meoonin

(2 ge) in ethanol (120 ¢.0.) and the mixturc allowed to stand
at room temperature for 2 days, After removal of solvant
under reduced pressure the residual yellow gum slowly solidi-
fied on keepingy orystallisation from ethyl acetate-light

potroloun (bep. 60«80°) gave the diwethylamide (2.2 g.3 89%)

as plates,; Mm«ps 93=95°.

¥Younds C’GO.Z' !1’6.8
C,qfyp 0y F requivess ©,60,2y H,7.2%

The compound gave & 20° depression on mixed myps with mesonin,
Light abserptions Max, at 2080 (£ = 29,400) and 2800 (= 2300)
and 1aflexion et 2260 L, (& = 11,500). The acetate prepared
in good yield by the action of scetic anhydride-~pyridine at
room temperature overnight separated from light petroleum
(bepe 40=60") ma prismoy; meps 63=64°.

Found: (,60,2;5 H,6,6.

Cy ¢H, 905 ¥ requiresy C,59.8y H,6.8%,
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Light absorptions Hax. at 2080 (F = 32,600), 2800 (¢ = 2400)
and inflexion at 2260 A (¢ = 12,500). On hesting 213-
~dime thoxy~6=hydroxymethyleNl=dimethyl benzamide %o 170°
(bath tempe) decomposition commenced; after p hr, ot
170-180° the residue was cooled and orystellised from
ethanol to give meconin (85% yield) as needles, m.,p. and
mixed m.p. 101-102°, Hydrolysis of the dimethylamide was
slow on boiling with waters on doiling with 3N hydrochlorie
aeid for # hr. an almoet guantitative yiold of meconin was
obtained., Boiling with 3§ sodiua hydroxide also gave

meoonin in good yield.

Opianiec Acid, - 213-Dimethoxy=-6-hydroxymethyl«NN-

~dimethylbensamide (1 g.) was oxidised acoordiang to the
stenderd procedure and the product isolated using chloroform
Removal of the chloroform under reduced pressure gave & gum
(700 mge) which was refluxed with hydrochloriec aeid (10 c.c.y
3§) for 2 hra, On cooling opianic acid (400 mg.y 46%)
geparated from the reaction mixturey it crystalliced from
vatey as neadles, n.p. and mixed m.pes 145-146°,
Founds C457.0U3 Hy5.C.

Cale. for C,,H 05t C35T1; H,4.8%,
Light absorptions Mex. at 2150 (& = 20,700) and 2840 &,
(&= 6500). Edwards, Perkin and Stoyle J., 1925, 127, 195

give m.pe 146°.
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Phthalaldehydde iAgid. ~ Phthelide (2 go) in sthanel

(10 e.¢+) was heated with anhydrouc dimethylamine (20 0.8.)
‘n an sutoclave at 130° for 4 hra, and then oxidised and
the produet hydrolysed as in the previous cases. Phthale
aldehydic acid was obtained in 20% yieldy 1t separated
from benzene=light petroleum (b.p, 60=-80°) as rosettas of

needles, m.p. and mixed n.p, 97°.

n-Upianic Agii, = me-Meconin (500 mg,) and ethanolio
dimethylamine (40 cecsyp 35%) were hesated in an autoclave
“for § hrese at 140-145° end then oxidised and the product
hydrolysed es in the previous ceses, m-Upianic aocid
(40 mg.) wae obtained from water ae noedles; m«ps 185-187°
elene or mixed with an authentic specimen, m.p, 187~188°

(Brown and Newbeld, J., 1952, 4357).

S-Methoxyphthalaldelydic dcid. - 4-Hethoxyphthalide

(0e5 ge) (Beuhler, Powers and Hiechele, J, Amer, Chem. Sve.,
1944, 66, 417) was heated to 140-150° with ethanol (10 6.c.)
and dimethylamine (35 cecs) for 4 hrs, The soluiion was
evaporated under reduced pressure below 35° (bath tempersature)
and the residual gum oxidised according to the standard
procedure and the product hydrolysed to give 3-methoxyphthal-
aldehydic seid (210 mg.) orystallising from benzene=1ight

petroleum as neoedles,; m.ps 155«157°,
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Pounds C,59.9y H,4.8% equiv, 181,

CoHg0, requires: C,60.04 H,4.5%; equiv, 180,

pE  5:57. Light absorption in waters Max, at 2140 (s =
39,300), 2680 ( ¢ = 3100) and 3010 (¢ = 3900) and: inflexion

at 28502450 R, (&= 6800).

5-Methoxy~4-methylphthalaldehydic Agide « GeMethoxye
~Semothylphthalide (500 mgs) was hestod with an ethanolic

solution of dimettylamine (70 ce.c.s 30%) in an suteclave

at 140° for 4 hours, The reaction mixture was evaporated
under reduced pressure helow 40° to a gum, which was oxidiged
by the standard procedure, and the produst isolated using
chloroform, The chloroform extract was evaporated and

the residual gum refluxed for 1 hr., with hydroohlorie ascid
(20 cicey 5N), cooled and the acid fraction izolated using
chloroforn. Crystallisation from benzene gave S=ne thoxy -

-4=gethylphthalaldehydiec acid (200 mg.) as small needles,

meps 162-163°,
Found: C,62,1j Hy5.4% equiv, 198
Cyoly4 0y reguiresy C,61.85 Hy5+2%) oquive 194.
Light absorption ir weters Max, at 2180 (& = 22,000) and

2900 (¢ = 9700) and inflexion at 23002340 R. (¢ = 12,900),

4353 6-Trinmethoxypththaleldehydic Acids = 51617«

~Trimethoxyphthalide (MeRee, Van Order, Griffithe and Habgood,

Canad. J, Chem., 1951, 29, 482; 300 mg.) in ethanolie dimethyle
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anine (50 c.0+) 337%) was heated in a sealed tube at 60° for

4 hrs. and kept at room temperature for 2 days. The reaction
produet, not iszolated as & s0lid, was oxidised by the standard
procedure and the oxidation predust hydyolysed to give 41516«

-trimethoxyphthalaldohydie acid (50 mg.) which separated from

benzene-~light petroleun (b.ps 60-80°) as necdles, m.p. 137=138°,
depressed on mixing with starting material,
Founds C,54.9 Hy5.3
Gy H g0 requiress C,55.09 H,5.0%.
Light absorption in waters Max. at 2230 (¢ = 20,500) and

2720 (¢ w» 960C) and inflexion at 3120-3220 &, (¢ « 2800),

2=Amino-5-nocthoxybenzoic Aeid, -~ Sodium dithionite
(8 g.) was added in portions, with stirring, to 3encthoxy-

~2-nitrobonsoic aocid (2 gy Ewins, J,, 1912, 10), 544) in a
solution of potassium hydyoxide (2 z.) in water (20 0.0.)

the temperature being kept below 40° with water cooling.
After keeping at room temperature for ¢ hr, the solution was
medo acid (Gengo red) with hydroochloric mcid (d,1.16) and
heated on the steam bath (fume cupboard) for 3 hre. to

remove sulphur dioxide, On sooling 2eaninoe-jemethoxy=-bensoic
acid (l.4 g.) ceparateds It had meps 164=166° (1it., msp.
162-163°*).

j-Methoxyphthalic Acid., - A suspension of 2~amino=j=
-methoxybengoic acid (5 g«) in hydrochloric aeid (7.5 C.0e)

dy1.16) and water (25 0.0.) was diasotised at 0-5° with a
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solution of sodium nitrite (2 g.) in water (10 0404).
After adding urea the filtered diazonium sclution was poured
into a hot solution of potassium cyanide (8 g.) and copper
sulphate (7 g+) in water (100 c.0s)s The mixture was
heated on the steam bath for 14 hrs.; cooled and acidified
(Congo red) with hydroshlorie acid (d,1.16). The crude
eyano=acid (4 g«) which separated was rofluxed with agueous
potassiun hydroxide (100 ce.cep 10%) for 4 hra, The
solution was acidified (Congo red) and evaporated to dryness
under reduced preseure. The dark red residus was extracted
with boiling ethyl acetate (3 x 100 0.0.)3 concentretion
of the extract to small bulk and cooling gave 3-methoxyphthalie
aoid (3.5 g.) as a brovn solid, m.p. 162-165°., Cryatallisa=-
tion of a speoimen from ethyl soetate~light petroleunm (b.p.
60=80°) gave the acid as pricms, m.p, 169«171% Bentley,
Robinson and Wedzmann (J., 1907, 91,104) give m.p. 173=174°.
Founds ©y54.9) Hyde3.

Cales for CoH,0p1 ©C,55.1y H,4.1%,

Light absorptions Max. at 2110 ( ¢ = 22,500) and 3000 £,

( ¢= 3400),

3-iethoxyphthalic Anhydride. =« The erude acid (2 g.)
vas heoated at 180-185° for 10 minutce at atmospheric precsure

and at 160-170°%10"® mm, when 3=methoxyphthalic anhydride

(1.8 g+) sublimed as a crystalline mass,; m«ps 155=157°%.
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Crystallisation from ethyl ascetate~light petroleum (b.ps
60-80°) gave blades, m.p. 159-160°5 Bentley ot sl. (loo. eit.)
give m.ps 160-161°.

Founds: C,60,63 Hy3e5.

Calec, for G,E‘O‘i 0’60'1' 3'3.4’0

T-Hydroxyphthalide. = 3-Nethoxy hthalie anhydride
(4.4 g.)s glacial acetic acid (13 c.c.), hydrochloric acid
(13 cecep d,1.,16) and zinc dust (11 g.) were heated under
reflux for 6 hrs. The reaction mixture was kept at room
temperature overnight and the filtered aoclution was almost
neutralised with agqueous sodium carbonate, extracted with
ohloreform (3 x 350 ce.cs) and after washing with water (20 o.c.)
the dried (Nay50,) extract was evaporated under reduced
preszure to give & gum (3.8 g.) which rapidly solidified.
The separation of 4- and Temethoxyphthalides by fractional
erystallisation (ef. Duncanson, Grove and Zealley,J. 1953,
1331) proved impracticable. The #o0lid was refluxed for
2¢ hrs. with aqueous hydrobromic aoid (100 escey d,l.;6-1.49)
in a coal gas atmosphere. The solution was evaporated under
reduced pressure to give a red gum which was dissolved in
water (50 c.cs)y treated with charcoal and the solution
evaporated to dryness under reduced preesure. The resulting
solid (2.0 g.) wae hoated at 130-140%10*® mm., and the
sublimate (1.4 gZ¢)y MmMepe 125=127° colleoted, Crystallisa=~

tion from othyl acetate<light petroleum (b.p. 60-80°) gave
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T«hydroxyphthalide as prisme, m.p. 134=136°.
Found:s C,64.25) Hyds),
Calcs for CgHgOys Cy64.05 H,4.0%,
Light absorptions Max, at 2120 (& = 26,000), 2320 (& = 8700)
and 2990 L. (¢« 4600), Fliel, Rivard and Burgstahler
(Jo Omge Chems, 1953, 18, 1679) give m.p. 135=136,5°  The
compound gave & purple colour with ferric chloride in aquoous

ethanol,

T-¥ethoxyphthalide. » (a) 2-amino=-3-nethoxybensoic acid
(5 go) was refluxed for 3 hrs, with lithium aluminium hydride
(8 go) in ether (250 cs0s)s The reaction mixzture was worked
up as given for the ocorresponding methyl derivative (Brown
and Newboldy J.s 1953, 1285). Removal of the ether gave a
light yellow partially solid material (3.5 g.) which was
used without further trcatment for the next stage. A
solution of the crude amino-glochol in hydrochleric acid
(27 ceCep 441,16) and water (90 c.c.) and diasotised at 0°
with a solution of sodium nitrite (2.7 g.) in water (20 g.04).
After addition of urea the filtered solution was added to a
hot solution of potassium c¢yanide (14.4 g») and copper
sulphate (12.6 g.) in water (150 0.¢s)e After heating on
the ptean bath for 30 minutes the cooled reaction mixture
was exgracted with ether (3 x 50 6.0.)y the combined extrasct

weshed with water, dried (Fa,50,) and evaporated to give &
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red o4l (700 mgs)s The oil was hoated under reflux with
aqueous potascium hydroxide (20 6.cey 10%) for 2 hre. The
solution was decanted from tar, acidified (Congo red)
oxtracted with chloroform (3 x 20 ¢.0.); the combined
chloroform extracts washed with water (20 c.o.) and dried
(Fey850,)¢ Removal of the solvent gave an orange gum which
elowly solidified. Crystallisation fronm othyl acetate-light
potroloun (b.ps, 60-80°) (charcocal) gave T-mothoxyphthalide
(100 mg.) as long needles, mep. 10T=109°,
Founds C,65.63 Hy5.1,

Cales for CollgOyt ©,65.85) Hyde9%.
ILight absorption: Max. at 2090 (¢ = 33,000), 2340 (¢ = 8200)
and 2960 L. (¢ = 4700)s Dunvanson, Grove and Zeallay
(Jey 1953, 1331) give mep. 96%; that this low mep. was due
to some regsidual 4enethoxyphthalide in the specimen has beun
shown by diresot comparison of the infra-red spectra of the
two substances. (We are indedbted to Mr, J. Fs Grove for
this information).
(v) A solution of T-hydroxyphthalide (1.3 g.) in aqueous
sodium hydroxide (20 ©,0.) 2¥) was treated with dimethyl
sulphate (2 c.c.), stirred at voom tempersture for 1 hr.
then dimethyl sulphate (1 ¢.0.) addied end stirring continued
for a further hour, After the addition of dimethyl sulphate
(2 ce0s) and squeous sodium hydroxide (10 oc.c.) the reaction

mixture was heated on the steam bath for ¢ hr,., agueous
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sodium hydroxide (10 c.c.s 2§) added and heating eontinmed
for & further 3 hr. Sodium hydroxide (1 g.) was sdded and
heating eontinued for a final # hr. The cooled acidified
solution was extracted with chloroform (3 x 25 6.Cs); the
combined extract driod (lla,50,) and evaporated. Crystallisae
tion from ethyl acetate~light petroleum (beps 60=-80°) gave
T-nethoxyphthaliie (550 mge.) as ncedles, mepes 107<109* alone
or mixed with preparation (a)

Founds C,66.1y H,5,1%.
A speoimen of T-sethoxyphthalide wee demethylated by heating
under reflux with equecus hydrobromic mcid as given for the
mixed phthalides furniching Tehydroxyphthalide as prisms frem
ethyl acetate~light petroleum (b.p. f9=80°) m«p, and nixed

DRePe 132-154.0

2«listhoxy-6=hydroxynethyl=ri~dinethylbonzamide, =
T=lethoxyphthalide (120 mg.) in ethanol (10 €.0.) was cooled

to 0® and treated with dimethylamine (10 c.ce) and kept at
room temperature for 3 days, Ivaporation of the solation
under reduced precsure below 35° and cryatallisation sf the
residue from ethyl acetate~light petroloum (beps 60-87%)

gave the dimethylamide (140 mg.) as blades, mep. 120=]21°

Founds 0.6301‘ 3'6.8.

G H s &N requiress C,63.1y Ty Te2%,
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6=iethoxyphthalaliehyiie Acld, « 2e=lydroxyebehydroxye
mothy lefiledin: thylbensenide (100 mge) was oxidised by the
standard procedurs and the product, isolated using chloreform,
refluzed for 1 hr, with hyérochloric acii (5 6.0s3 38)s

i¢ 80id hydrate (50 nz.) ivolated by
chloroforn oerystallised from water as nocdleny meps 151al53e,

Pound: eoguive 198,
Cglig Oy +fig 0 requiren: equiv, 136,
After dyying at 58° 045 mm, for 3 hre, the anhydrous form,
meps 151=153° was obdtained.
Founds €,58.73 E,4.5% equive 180,5.
Colly Oy woquiress ©y60.03 Hy4.5% equiv, 180,
Light abgorption in waters Nax, st 2100 (£ e 22,000)s 2500
(¢ = 3900) and 3060 Ae (€= 3200)s PRq 5013, Yabuts and
sumiki (J. Agrio. Chem, Soo. Japen, 1934, 10, 703) give meps
152«153° for Gemcthoxyphthalaldabydfic acié obtained from
degradation of melleing & dircot comparieon of the w0
preparations has not been possidle,
The 214=dinitxephonylhydragone separated from ethanol
as yellow noasdlesy mape 250=252° (decoup.) (J4be 245-246° deconmp,)
Founds Cy50e34 Te3Ie35s Hs15.8,
Ogpllyp Ol Pequizest Cp50.04 Heleds Hy15455%.
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2-Hyd thylbe des - Liguid emmonia (200 o,.¢.)
was added to a solution of phthalide (5 g«) 4n ethanel
(100 cece)s The reaction solution was kept overnight at
room temperature, then evaporated under reduced pressure
and the residue orystallised from ethyl acetate-~light
petroleun (bepe 60=80°) to give 2-hydiroxymet
(75%) as blades, m.ps 149«150°

Founds 0.‘301. Hy5.9.

CgllgQy N requiresmt C,63.6y He6:0%)

Phthalimide. = 2~Hydroxymethylbenzamide (500 mg,) was
oxidised according to ths standard procedure, Using ehloroe
form, phthalimide (70% yield) was isolated and separated

from water as ncedles,; me.p, and mixed mep. 235°%,

21 3-Dimsthoxy~t-hydroxymethylbenzanide. « Iiocuid
anmonia (200 c.ce) was added slowly with shaking to a

solution of meconin (5 ge) in ethanol (300 c.¢s) and the
solution kept overnight at room temperature, The solvent
wes removed under reduced pressure to give a gum which
solidified on keopirges The solid was triturated with het
bengene, the bensene rejected and the residue orystallised
from ethyl acetate~light petroleum (beps 60-80°) to give

21 3=dimethoxy-6-hydroxyme thylbenzanide (3.5 gs) as blades,

Meps 140e142°,
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Founds Cy5704 Hy5e8.
Cygliys O ¥ Pequivess Cy56.9y Hyb.2%,
Light abearptions MNam, at 2060 (¢ e 24,700) and 2820 (5 e
2200) and fnflexion at 2260 L. (¢ 9300)¢ The agetate.
prepared  in 807 yield by the aotion of asetic anhydride
and pyridine at room tenmperature overnight followed by
isolution in the usual manner ucing chloreform, neparated
from bengeneelight petroleun (beps 60=80°) as bladea,
msPe 159=160°,
Founds Cy5742p Hybel.
Coollye Op N Toquiress Cy56493 H46,0%),
Light absorptions Hax, at 2080 (s & 23,400), 2820 (¢ « 2100)
and inflexion at 2260 £, (7 = 9250),

Hemipinimide, « “xidation of 2i3=dice thoxyelehydroxy«

anthylbengamide (250 mge) uoing the standard procedure
folloved hy iselation using chloroform and crystallisation
of ths produot from athanol gave hemipinimide (100 ng,) as
nondles, m.ps 225«227° alone or aixed with & aspecimen
preoparad from opianie acid (Liebermann, Ber., 1866, 19, 227%)
Aty neps 228-230°)
Founds Cy56.13 [dydade

Calo. for G, HgU Nt Cy58,0p H,8e4%,
Light absorption: Maune at 2260 (5 = 294600)s 3320 (&= 5000)
and inflexion at 2450 j (¢ = 15,600)4
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