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Part I

Introduction




Introduction

The earliest mention of a phenylglyoxylic acid
was made some elghty years ago when Kekulé (55) postulated
that isatin had a benzene nucleus with a -CO-COZH group, as
well as, an amino group, -NHQ. He also postulated that lsa-
tin was the lactam of isatlc acid which he thought was o-amino-
benzoylformic acid or o-aminophenylglyoxylic acld.

It~was not until1879, some ten years later,
that Claisen and Shadwell (28) proved that Kekuld was right
by prepering isatic acld and isatin from o-nitrobenzoyl

chloride according to the following scheme:

0001 » cocm

COCOoH
Heat
62) F9304 » NHQ
2 NaOH
o-Nitrobenzoyl o-Nitrobenzoyl Isatie TIsatin
" Chlorlde Cyanlde Acid

Previous to this work, Claisen (22,23,24,25)
in the years 1877«79 had characterized unsubstituted phenyl-
glyoxylic acid through its .amlde, esters and various metallie

COCOgH

Phenylglyoxylie Acid



salts. Alongwith this work, Claisen proposed the two following
general methods for preparing phenylglyoxylic acids or their
esters: a. hydroxylsis of benzoyl cysnide (22,23,24,25),

and b éondensation of diphenyl mercury with ethyl chloro-
oxalate (26,27):

Hg + 201C0C0,CpHy; —— @ +  HgCl,
g :

éOZCQHS
Mercury Ethyl Ethyl
Diphenyl Chlorooxalate Phenylglyoxylate

In this same manner, Claisen and Morley (27) prepared o-naph-
thylgiybxylic acld,

In 1881, Roser (71,72) used ethyl chlorooxalate,
benzene, aluminum chloride and carbon disulfide to prepare
the ethyl ester of phenylglyoxylic acid and:gsed_toluene in
place of benzene to form the 4-methyl phenylglyoxylic acid.
This method and that of Clalsen's, using benzoyl cyanide,
were two of the most generally accepted methods for the pre-
paration of phenylglyoxylle aclds.

In 1884 Baeyer and Fritsch (6) prepared o-hydroxy-
phenylglyoxylic acld by heating diazotlzed isatin and char=-

.acterized the acld through the phenylhydrazone and oxime.
OH

COCORH

o~Hydroxyphenylglyoxylic Acid
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In 1902, Stoermer and Kahlert (79) prepared
o-hydroxyphenylglyoxylic acid from 2-nitrobenzofuran. These
men discovered that the oxime formed from their acid was the
same as that obtalned by Baeyer and Fritsch (6) for o-hydroxy-
phenylglyoxylic acid.

Shad (75) in 1893 attempted to prepare the
lectone of o-=hydroxyphenylglyoxylic acid by using various
ring~closing agents, acetyl chloride, phosphorous penta-
chloride, acetic anhydride and concentrated sulfuric acid
but without success. He then tried to form the lactone by
condensing sodium phenoxlde with ethyl chlorocoxalste but
failed in thils attempt, also. ‘Shad did succeed in forming
a phenylhydrazone of o~hydroxyphenylglyoxylic acid.

O .0

=0
o-Hydroxyphenylglyoxyllic Acid Lactone

The lactone of o=hydroxyphenylglyoxylic acid
was not prepared until 1909 when Stoermer (78) oxidized

leucooxindigo with chromic acid. The yellow lactons was

o O
V4 N
OH

Leucooxindigo
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found to contain one molecule of water. The coumarandione
or lactone of o<hydroxyphenylglyoxylic acld gave no reactlon
wlth sodium bicarbonate but did dissolve in base, glving a
yellow soiution. The lactone was not split by long heating
with water; however, dllute hydrochloric acld converted it
into the free acid.

Also, in 1909, Fries (36) succeeded in pre=-
paring the lactone of o-hydroxyphenylglyoxylic scld by heating
the acid with phosphorous pentoxide and benzene., ILater Fries
and Pfaffendorf (40) found that the lactone could be formed
by vacuunm distiliatian.‘ As can be easlily observed, these
methods are rather general ones for the conversion of an
o-hydroxyphenylglyoxylic acid to its lactone.

By bromination of the lactone of o-hydroxy-
phenylglyoxylic acid, Fries and Pfaffendorf (40) formed the
2=-hydroxy=3,5-~dibromophenylglyoxylic acid. They discovered

.that this acid would not form a lactone by using a benzene-
Br - Br

oH
(":o
CO H

2=Hydroxy=3,5=dibromophenylglyoxylic Acid

phosphorous pentoxide mixture.

Fries and Pfaffendorf (40) prepared the
phenylhydrazone of the lactons of o-hydroxyphenylglyoxylic
acid either by treating the lactone directly or by ring
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closure of the hydrazone of the free acid. The anll of the
lactone was prepared by treating the lactone wlth p-amlno
dimethyl aniline. This anll, however, did undergo ring clo~-
sure to form the lactone. Upon heating the lactone for a
short while with absolute alcohol, the o-~hydroxyphenylglyoxy-
lic acid ethyl ester was formed.

Fries and Finck (38) in 1908 prepared S5-methyl-
2-hydroxyphenylglyoxylic acid.from;4-methyl coumaranons. This-
method consisted of converting the coumaranone by treatment
with sodium nitrite and hydrochloric acld to form the 4-methyl-

l-isonitroso-2«coumaranone,

CH
3
CHg
OH OH
go co
COgH COH
S5=Methyl-2-hydroxyphenyl= 4-Methy1-B-hydroxyphenyi-
glyoxylic Acid glyoxylic Acid
CHz, 7 e ° Cig 20
\ o;‘ ‘ H2 o = NOH
4-Methyl=2~coumaranone 4-Methyl-l-isonitroso=
- 2=coumaranone

The isonltroso compound, on heating with concentrated hydro-
chloric acid, yielded the 5S5-methyl-2-hydroxyphenylglyoxylic
acide. The 4-methyl-2-hydroxyphenylglyoxylic acid was pre-
pared in a similer manner to the 5S5-methyl acid. The starting

material was S=-methyl-2ecoumaranone,
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Both the 4-methyl and the S5-methyl-2-hydroxy=
phenylglyoxylic acids formed lactones, according to the pro-
cedure given by Fries (36). These acids also formed anils
with aniline and quinoxaline derivatives with. .o-phenylene
diamine (38).

In 1884 Peter (68) and in 1885 Beidermann (8)
and Bradley (17) prepared o.=-thienylglyoxyliec acid by the
oxidatlion of o -acetylthiophene with alkalline potassium per-
mangenate., Beidermann found that heat csused the oc=-thienyl-
glyoxylic acld to decompose, forming carbon dioxlde and

o -thiophenealdehyde. Egli (30) found that «=-thiophenecar-
boxylic acid, as well as, some g¢ ~thienylglyoxylic acld is
formed on oxldation of e¢(-ethylthiophene by alkaline potas=-

[l sll COCH, [I sll COCOQH

o ~Acetylthicphenene o =Thienylglyoxylic Acid

sium permanganate.
: From 1898 to 1898, Beuvesult (10,11,12,13,14,

15,16) publishedﬁacs&fié&ﬂdf»ﬁapers dealing with yag%ous\sub-
stituted phenylgglyb§ylic-acids. _He £f?pgnédgthg$§ivéricus
acids by condeﬁéinéﬁtha,appropriété_énn@gﬁ?éthydrocarbon or
phenol ether witﬁ eth&l chlof@ﬁialéﬁéiagd aluminum chloride

4 a carbon disulfide and nitvobénzens mixture.

The ester formed in the reaction was then hydro=~

lyzed to form the free acid bﬁ using dilute base. By this
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method, the following compounds were prepared: 2,4-dimethyl-
phenylglyoxylic acid from m-xylene; p-methoxy and m-methoxy-
phenylglyoxyllc acld from anisole; 3,4-dimethoxyphenylgly-
oxylic acid.and,veratrole;.2,%~d1methoxyglyoxylic acld from
resorcinol dimethyl ether and 2,5-dimethoxyphenylglyoxylic
acid from hydroqulnone dimethyl ether.

CHg OCHz
0CHz
CH5 .
?0 gO ?0
COgH COgH COpH
2,4-Dimethylphenyl~ p=Methoxyphenyl- m-Methoxyphenyl~
glyoxylie acld glyoxylie eecid  glyoxylic aeid
OCHg OCH,
OCHj
y ) OCHs CH50 - >
o co o
o H o H CO H

344~Dime thoxyphenyl- 2,4«~Dimethoxy- 2,5=Dimethoxy=-
glyoxylic acld phggylglyoxylic phenylglyoxylie
ac . acld

This method, using phenol ethers, is an extension of Roser's
work (71,72) (pe 3), using aromatic hydrocarbons, to form
ethers of hydroxyphenylglyoxylic acids.

The above reaction could not be extended %o

free phenols; however, Bouveault (15) found that, by using
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the picryl derivative, the free phenol could be recovered

from the reaction after the removal of the picryl group.

OH
No,, OCHg
C1C0CQ,C,H
0— 2CoHs |
Non Q A1C1,08, ,
No, OCH, ¢o
COSH
Guiacol picrate 3-Methyl-4=hydroxyphenyl-

glyoxylie acid

Bouveault (16) discovered that p-methoxyphenyl=-
glyoxylic acld could be demethylated by heating the acdi d to
1709C, under pressure. An attempt to extend this method to
the demethylation of 3,4-dimethoxy-phenylglyoxylic acid in
order to produce 3~methoxy?4-hydroxyphenylglyoxylic acid
proved unsuccessful. |

In his work on glyoxylic acids, Bouveault (11)
found that the aryglyoxyllic acids were stronger than the
corresponding acids in the benzolc acid series. He also found
that the glyoxylic acids when distilled decomposed to form
carbon monoiida, carbon dioxide and a mixture of the corre~
sponding benzoic acid and benzaldehyde derivative In almost
a quantitative yleld for the two latter compbuﬁds. on heating
the arylglyoxylic acld in concentrated sulfuric acid, benzoic
#¢1d derivatives were cbtalned. Bouvesult (12,13,14)° found

Ehiﬁ\the oximes and hydrazbnes could be prépared; the oximes
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readily underwent decarboxylatlon and dehydration to form the
corresponding benzonltriles which, on hydrolysis, formed
benzoic acld; the hydrazones decomposed with loss of nitrogen
to form symmetrical stilbenes.

Rousset (73,74) in 1897 extended Roser's work
(71,72) intovthe naphthalene series by preparing the ethers
of hydroxynaphthylglyoxylic acids, He prepared the 2- and
4-methoxynaphthylglyoxylic aclds by using aluminum chloride,

QCHg,
: OCH5 ¢
go £o
COoH COH

2-Methoxynaphthylglyoxylic 4-Methoxynaphthylglyoxy lie
acld acid

ethyl chlorooxalste and o -methoxy or e -methoxynaphthalene,.
Rousset also prepared various esters of both the ethoxy and
methoxynaphthylglyoxylic acids.

Some twenty years later, Kamm, McClugage, and
Landstrom (53) obtained the 4-ethoxynaphthylglyoxylic acid
by oxidizing 4=-acetylethoxynaphthalene with alkaline potas-
‘slum permanganate.

The use of alkaline permanganate is another
general method of preparing arylglyoxylic aclds, first used
by Peter (68) (p. 7) in preparing &=-thienylglyoxylic acid.
Again, this method was not applicable to the free phenols or
compounds with an oxidizable side chain. In 1890 Ciamician
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and Silber (21) @ epared 3,4-dimethoxyphenylglyoxylic acid
alongwith some veratric acld by the oxidation of the methyl

ether of isoeugenol with potassium permanganate.

OCHg ~ OCHg
Y )
CH COgH
?H
CHg
Methyl ether of Veratric acid
isoeugenol

Tiemann (80), a year later, oxidized acety~
lated isoeugenol with potassium permanganate to. form 3-methoxy=-
4-hydroxyphenylglyoxylic acid and vanillic acid. In 1909,Barger
and Bwins (7) ﬁxidized 3,4-methylenedioxymandelic acid with

0COCH, o
OCH, N\ OCE,
] |
o COgH
CH
CHz

Acetylated isoeugenmol Venillic aecid:

alkaline potassium permanganate and obtained the 3,4-methylene-
vdioxyphanylglyoxylic_aqid. An attempt to oxidize the same

acid, using potassium dichromate and sulfuric acid, was un-
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successful,
0—CHy 0—CHp
0 0o

] [}
HQOH go

002H Cozﬁ

3,4=Mothylenedlioxy= 3,4=Methylenedioxyphenyl=
mandellic acid glyoxylic acid

The 3,4-methylenedloxyphenylglyoxyliec acid
on treatment with phosphorous pentachloride gave 3,4-dichloro-
methylenedioxyphenyldichloracetyl chloride and this compound
on treatment with formic acld followed by boiling water
formed the 3,4~dihydroxyphenylglyoxylic acid.

0—0Cl, 0H
0 _OH
ccl 'co
2 .
cocl bop
3,4=Dichloromethylenedichloroe~-  3,4-Dihydroxyphenyl-
phenyldichloroacetyl glyoxylie
chloride ‘ Acld

In 1909 Jonas (51) reported that on oxidation
of phloracetophenone trimethyl ether with 3% potassium pere
manganate, the phloroglucinolglyoxyliec acid trimethyl ether
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was formed,

OCHs

COCOoH

CHz0 OCHy

Phloroglucinolglyoxylic acld trimethyl e ther

Some twenty years later, Popaviel (69) used
this same method to prepare p -naphthylglyoxylic acid from
f -acetylnaphthalene. Agaln in 1932 Kurodo and Nekamure
(57) prepared 2,4,5-trimethoxy and 2,3,4,6-tetramethoxy-
phenylglyoxylic acids by oxldation of the corresponding

acetophenones,
Bulow and Wagner (19) obtained 2,4-dihydroxy-

phenylglyoxylic acld by the alkall splitting of 2-phenyle7-
hydroxy=-(1l,4~benzopyranol)~4-carboxylic acid.

UL

HO HO COH

2-Phenyl~7~hydroxy-(1l,4-benzopyranol)-4=-carboxylie
acid

In 1905 Meyer and Spengler (63) reported the
preparation of the lactone of 9-hydroxy-phenanthrene-1Q-
glyoxylic acid by the treatment of phenanthraquinone and
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glycolic acid with methyl alcoholic potasslium hydroxide.

9-Hydroxyphenanthrene=-10-glyoxylic acid lactone

About twenty-five years later, Fleser (31)
found that on treatment of 3-hydroxy-1,4-phenanthroquinone
with alkalil Z2e-acetonaphthylglyocxylic acid was obtalned,.

?OZH

o]
COCHz

3-Hydroxy=-l,4 phenanthro- 2=Acetonaphthylglyoxylie
gulnone acid
Mauthner (61,62) prepared 3,4,5«trimethoxy-
phenylglyoxylic acld by.saponification;of the benzoyl nitrile

formed from the acid chloride and hydrogen cyanide. He also
QCHo OCH3z

CHz0O’ COCOoH COCOzH

3,4,5=Trimethoxyphenylglyoxylie 2,3,4-Trimethoxyphenyle .
) acld "~ glyoxylie acid
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m epared several dimethoxy acids by this method: 3,4~dimeth-
oxyphenylglyoxylic acid, 2,S-dimethoxyphenylglyoxylig acld
and 2,3,4-trimethoxyphenylglyoxylic acid. Mauthner also pre-
pared the'glyoxylic acld emides from the free aclds or the
benzoyl‘cyagides.

It has been shown by previous Iinvestigators,
as well as Mauthner, that glyoxylilc aelds could be converted
to aldehydes., Mauthner pointed out how one could start with
benzonitriles and convert them into aldehydes by using the

followlng procedure:
RCOC1—»RCOCN ———»RCOC OQH ~—3RCONR —-—vRGHd

Anschutz and Claus (4) prepared o-acetoxyphenyl-
glyoxylic acid from salicylle acid by preparing the Inter-
mediate salicylyl chloride and salieylonitrile; the nitrile

was hydrolyzed first to form the acld amlde and then to form

o=Acetoxyphenylglyoxyllc acid

the free acld. The o=-acetoxyphenylglyoxylie acid could not be
transformed into the free phenolic compound nor could the free

phenolic compound be acetylated.
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In 1911 Vorlander (81,82,83) prepared glyoxylic
aclds by an entirely new method. He condensed the aromatle
hydrocarbon or phenol ether with cysnogen in the presence of
aluminum chloride. By thls method p-methylbenzoyl cyanide,
p-ethoxybenzoyl cyanide and p-methoxybenzoyl cyanide were
prepared. The ethoxy compound was the only compound hydroe
lyzed to form the glyoxyllc acid.

Some ten years later Karrer and Ferla (54)
oxtended Vorlander's work (81,82,83) to form free phenoliec
acids by the use of dry hydrogen chloride gas in place of
aluminum chloride. .Thls method 1s the first really genersl
one for preparing the free phenolic glyoxylie acids. Orcin-
olglyoxylic acid lactone and resorcinolglyoxylic acld were
prepared by this method from orcinol and resorcinol respece
tively. The preparation of orclinolglyoxylic acld illustrates
this method,.

oH oH i OH
L3 ‘ \
¢=NH-HC1 0¢—CO
9;NH~HCl
L Cq o
Orclnolglyoxylie
Orcinol A Ketimine Hydrochloride acld lactone

Karrer and Ferla postulated the formation of an imine chloride
as an intermediate and this chloride on hydrolysis gaveJthe
glyoxylic acid. Thesse investigators also found that orcinol-
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glyoxylic aclid lactone was formed lnstead of the free acid.

In 1948 Knobloch and Schraufstatter (56) pree
pared l-hydroxynaphthyl-2-glyoxylic acid lactone by the resc-
tion of cﬁanogen,on & =naphthol. These chemists also reacted
cyanogen with 1,5-dlhydroxynaphthalene but they were not sure
whether they had obtained the 1,5-dlhydroxynaphthyl-2 or 4-
glyoxylic acid.

Francis and Nierenstein (35) In 1914 discovered
a general method for preparing substituted phenylglyoxylie
aclds whlch consisted of treating the properly substituted
benzoyloxybenzoiec acld with unsubstltuted benzoyl chloride
and potassium cyanide. The preparation 1s 1lllustrated by the
following equations:

NOg __ CO H "
- 2 NO,
C,H.COCL
<<:::>>‘\c=04111___, + - 2
| KCN HC1
/O 0 : ‘
HO c-{‘!!!i} co to
2 bo 1 |
i CN COgH
CeHp
S=Nitrophenylgly-
oxylic aecid

If a free phenolic glyokxyllc acid was desired,
the phenolic group was protected by an easily removed group,
such as,.CHSCOO-, or =-0C0gCoHg until the final hydrolysis.
Francis and Nierenstein prepared 3,4,5-trihydroxyphenylgly-
oxylic acid and 3-nitro-4-hydroxyphenylglyoxylic acld by this
method.
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Passerini (64,66) reported in a serles of papers

the preparation of 2=hydroxynaphthylglyoxylic acid lactone by
the action of two moles of phenyl isonitrilecnxe-naphthol.
The dlanil was first formed and then hydrolyzed to form the

glyoxylic acld lactone,

CgH 5Nz C” CH-NC Hg 0=¢—C=0
0
—_—
Phenyl
isonitrile A Dianil 2=Hydroxynaphthyle
glyoxylie acid
lactone -

If o =naphthol is used in this reaction, then hydroxynaphthyle
2e~glyoxyllic acld is formed.

Fisher and Stangler (34) in 1927 prepared 2,3«
dimethyl-4-ethy1-pyrrole-glyexylic,acid from hemopyrrole by
using ethyl cyanoformate and dry hydrogen chloride. An imino

Cofls | Cig N
[..NICHS [NICHs
i R

Hemopyrrole 2,3=Dimethyl=-4-athylpyrrole=
glyocylliec acid

hydrochloride was postulated as being the intermediate in
this reaction. This reaction 1s somewhat similar to that of

Vorlander's (81,82,83) and Karrer and Ferla (54) in that an
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active nitrile group is the basls of the reaction. These
reactions have all been discussed.

Apparently, Fisher and Stangler (34) did not
realize the potentialities of this reaction, for they only
prepared this one glyoxylie acid. In 1948, Hunsberger and
Amstutz (50) published a paper showing how the reaction of
Fisher and Stangler, using ethyl cyanoformate in the prepara-

tion of the pyrroleglyoxylic acid, could be extended to the
preparation of phenylglyoxylic acids containing free phenolic

groups by usling zinc chloride as a catalyst. Various 2,4=
dihydroxyphenylglyoxylic acids, thus, were prepared by this
method, some of which are 5-ethyl-2,4-dihydroxyphenylglyoxylic
acid and 3-ethyl-5-methyl, 2,4-dihydroxyphenylglyoxylic acids.
This reaction 1s a general method for preparing glyoxylic
aclds containing free phenolie groups. The subject of this
dissartation is the extension of thls reaction to hydroxye

naphthalenes,.
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Discussion of Results

The investigations described in this disser-
tation were concerned with the syntheses of certain arylgly-
oxylic acids by using ethyl cyanoformate. These syntheses
are based on the discovery of Fisher and Stangler (34) that
ethyl cyanoformate.cguld be used to prepare hemopyrrolgly=-
oxylic acid from hemobyrrole. Hunsberger and Amstutz (50)
extended the reaction and showed how ethyl cyanoformate ecould
be used to prepare dihydroxyphenylglyoxylic acids. In this
dissertation the uss of ethyl cyanoformate to introduce the
-CO-COzH group into the ring 1s extended to the hydroxy and
dihydroxynaphthalenes and some trihydroxybenzenes.

The method of Hunsberger and Amstutz (50) for
preparing the glyoxylie aclds was modified slightly. Their
method consisted of passing dry hydrogen chloride gas inéo
the reaction mixture which conslsted of ethyl cyanoformate,
zinc chloride, absolute ether, and the hydroxy aromatie
hydrocarbon for two to eight hours depending on the Indivi-
dual reactlon.

The method used in this dissertation consisted
of passing dry hydrogen chloride into the same reaction mix=-
ture as above (cooled with an ice«~bath) for two hours. The
reaction mixture was then sealed from meoisture and placed in
the refrigerator for twenty-four hours. After this time,

dry hydrogen chloride gas was again passed lnto the cooled
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solutlon for two hours. The reaction mixture was sealed from
moisture again and placed in the refrigerator for three days,

After the three-day refrigeration period, the
reaction was worked up; the acid, collected and purified.

In all cases, the intermediate compound in the
sbove reaction was postulated as an arylketimine, having the
goneral formula, R-C(NH-HGI)GOchHS. Similar compounds have
been postulated for the lntermediate in the Gattermann alde=
hyde synthesls (43,44,45),.in.Vorlander's (82,83) and Karrer
and Perla's (54) glyoxylic acid syntheses and in other reac=
tions.involving_aﬁnitrile group and an activated position in
an aromatic ring.

on hydrolysis of the ketimine hydrochloride,
the free arylglyoxylic aclid was formed.

& ~Naphthol Serles

r The previously unknown 4-hydroxynaphthylgly-
oxylice acid monohydrate (I) was cbtained from the reaction
g{'apngphthol and ethyl cyanoformate. Thils acild which was
yellow melted at 188.4-189,4°C. with decomposition. The
’;éﬁhﬁdrous_acid,(II).which was also yollow melted at 19l.2-
191.8°C¢. with decomposition, and was prepared from the mono-
hydrate (I) by drying over phosphorous pentoxide at 80°C.
.for two days. Several investigators (4,36) have reported a
30-40°¢, difference in the melting point between the anhy=

drous acld and the monohydrate; however, ln this serles there
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was only a 3° difference.

Several attempis were made to prepare the
2,4-dinitrophenylhydrazone of 4-hydroxynaphthylglyoxyliec
acid monohydrate (I) but without success.

The reactlions lnvolved in this part of the
work are outlined in the accompanying dlagram (p. 24).

It 1s interesting to note that in the formation
of methyl 4-hydroxynaphthylglyoxylate monohydrate (III) from
the corresponding acid monohydrate by passing dry hydrogen
chloride into absolute methanol solution of the acid, the
malecu19 of water attached to the acld was retained by the
ester. The ester, like the acld, has a light yellow coler.

In preparation of methyl 4-methoxynaphthyl-.
glyoxylate (IV), two methods were used, both giving almost
the same yleld. The method.uaingumeéhjl.iodide and acetone
gave a 74.9% yield of the methoxy ester while the othefipéthod
using diazomethane gave a.72.9% yleld., On hydrolysis of this
ester 4-methoxynaphthylglyoxylic acid (V) was formed.

Satisfactory neutral equivalents were obtalned
for both 4~-hydroxynaphthylglyoxylic acid monohydrate (I) (two
"meld hydrogens titrated per mole) and 4-methoxynaphthylgly=
oxylic.acidv(V) by visual titration in water using phenol-
phthaleinuas,an indicator. . If the titrations were performed
with a Beckmann pH meter, however, the curves produced had
well detined.equivaience points,whieh,corresﬁonded’to the

titration of one acld hydrogen ion. The hydroxy scld had a



24,

& =Naphthol Serles

(I1)4 gO (ITI) Co
COH COoCH
Dried over
OH QCH3
CH4I, (CHg)5CO
- < >
- Hy0 or
CH2N2,(CZH5)2O o
(1) ¢o (Iv) &
CH
602H oCHz
[ NaOH
CNCOLCoH,
HC1, ZnCl, OCH,
S iillﬂlii
]
[
() | o
COoH
KMnO
lzn(CN)z CH3032H
OH
C v QCH,
lilllll' )
1 ] . /
(CH3) 2S04
Ag
NaOH
0CHz OCHz
(vIII)CHO 06H5HNN=éH



25,

pH of 5,05 at the equivalence point, indicating that the acild
wes strongly acidlic while the methoxy acid had a pH of 6,85
at the equivalence point, indicating that the acid was very
woak. -The neutral equivalents calculated from these results
were 74 units too high in the case of the hydroxy acld and
32 units too high in the case of the methoxy acid. These
results subastantiated what Hunsberger and Amstutz (50) had
found in the dihydroxyphenylglyoxylic acid series.

Both the methyl 4-methoxynaphthylglyoxylate
and the 4-methoxynaphthylglyoxylic acid had been prepared
previously (73) but the position of the entering glyoxylic
acid group was not definitely proven. This investigation has
indicated that the glyoxylic acid group went into position
four in the hydroxynaphthalene nucleus. To prove that the
glyoxylic acld group went into position four, 4smethoxynaph-
thylglyoxylic aeid“wasEOXiaized with potassium permangenate

in 50% acetic acid to form the known 4=-mathoxynaphthoic acid
(V). The melting point for this acid was 241,8-242.8°C.
while the melting point as reported by Gattermann (42) was
232°¢C., In order to be sure that4this.ac§d was the correct
one, the acid was synthesized by another method. This syn-
thesis consisted of preparing the 4-hydroxynaphthaldehyde (VII)
by Adams and Levine's (1) modification of Gattermann's method
K42,45,44,45) using o =naphthol, zine cyanide, and dry hydro-
gen chloride gas. The resulting hydroxyaldehyde (VII) was
methylated usinngimethyl.sulfate; the 4-methoxynaphthelde=-
hyde (VITI) formed was then oxidized by silver oxide, Pearl's
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method (67), to form the 4-methoxynaphthoie acid (VI)e. This
acld was, in every respect, the same as that acid prepared
from the oxidation of 4-methoxynaphthylglyoxylic acid (V).
Thus, the position of the entering glyoxylic acld group was
established.

p -Naphthol Series

The action of ethyl cyanoformate on e -ngaphthol
yielded the lactone of 2-hydroxynaphthylglyoxylic acid (X).
This acid had been previously prepared by a number of inves-
tigators (39,41,47,48,64,77). .The position of the glyoxylic
acid group had been determined by Passerini (64) by oxidation
of the lactone (X) to form the known 2~hydroxynaphthoic acid.

0oH
0= 0~ C- 02
OCH
__CNCOaCoHs (CH5)2§44 . S
\ HCl ZnCl NaOH

(X1}

+

c29H24N06

It is interesting to note that the free acld
could not be prepared; only the lactone was.obtéihed. This
tendency to form lactones in compounds containling a hydroxy
group ortho to a glyoxﬁlic acid has been found in other com-
pounds in the naphthalene series, not only 1ln the work reported
here, but also In that rgported by other investigaters (39,40,
41,47,48,54,56,64,66). In all the various hydroxynaphthylgly-
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oxylic acids which have a hydroxy group ortho to the gly=-
oxylic acid group, a lactone was formed except in the case

of the l-hydroxy-naphthyl 2«glyoxylic aclds In these cases,
the free acid was formed and the lactone was not produced at
all. Thls same tendency to form the free acid and not the
lactone has been observed in the hydroxyphenylglyoxylic aeid
series. Friles and Pfaffendorf (40) have shown, a8 mentioned
before,’that o~hydroxyphenylglyoxylic acid formed a lactone
with difficulty; phosphorous pentoxide and benzene were needed
to form the lactone. These investligators found that the lace
tone of 2-hydroxy=-3,5=-dibromophenylglyoxylic acld was not
formed even on treatment of the aeid with benzene and phoa=-
phorous pentﬁxide. Karrer and Ferla (54) found that the reac-
‘tion of cyanogen and oreinol gave the lactone of 2,4-dihy-
droxy-s—methylphenylglyoxylic.acidminstead of the free acld.
When resorcinol was used, however, then the free acid, 2,-4
dihydroxyphenylglyoxylic acid was formed. Hunsberger and
Amstutz (50) found that in condensing various alkylresor-
cinols with ethyl cyanoformate, 2,4-dihydroxy-5~alkylpheny1-
glyoxylic acids were formed iInstead of the lactones.

No explanation has been offered as to why some
of the hydroxyarylglyoxylic aclds formed lactones instead of
the free aclds while other hydroxyarylglyoxylic acilds form
lactones with difficulty or not at all.

Alongwith the formation of 2-hydroxynaphthyl-

glyoxylic acid (X), an unknown compound which was insoluble
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in base was formed. This compound appeared to have the
empirical formula, 029H24N06. All attempts to find func-
tional groups on this compound failed. No further work was
attempted on thils compounde

On methylation of the 2=hydroxynaphthylgly-
oxylic acid lactone (X) with dimethyl sulfate, the 2-methoxy~-
naphthylglyoxylic acid (XI) was formed. Staudinger, Schlenker
and Goldstein (77) reported that this methoxy compound (XI)
could not be obtained by the action of dimethyl sulfate or
methyl iodide on the lactone (X). Rousset (73,74) had pre-
viously prepared the methoxy acid by condensing ethyl chloro=-
oxalate with.Q-methoxynaphthalene in the presence of aluminum
chlorlde. No difflculties were experienced in this investi-
gatlion on methylation of 2-hydroxynaphthylglyoxylic acid
lactone (X).

Neutral equivalents of both the lactone of 2=~
‘hydroxynaphthylglyoxylic acid (X) and the 2-methoxynaphthyl-
glyoxylic acid (XI) were obtained by using a Beckman pH meter.
(ppe 31,32) Visual titration in water using phenolphthalein
as an indlcator were unsuccessful since the end points were
obscured by the yellow color of the solution. The equiva=~
lence points on both aclds were well defined and the pH at
these points were 6.5 for the lactone (X) and 6.3 for the
methoxy acld (XI). Thils indicated that the acids were weak,
as would be expected. Neutral eguivalents calculated for

the equivalence polnts were 202.0 In stead of 198.,2 for the
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lactone (X) and 217.2 instead of 230.2 for the methoxy acid
(XI).

1,5-Dihydroxynaphthalene Series

The reactlons involved in this part of the work
are outlined in the accompanying dilagram (pe. 34).

On reacting ethyl cyanoforﬁate with 1,5-dihy~
droxynaphthalene, an impure brick-red compound was obtained,
After many fractlional crystallizations, a small amount of a
pure brick-red compound was obtained. This compound was
later identiflied as the 4,8-dlhydroxynaphthylglyoxylic acild
lactone (XITI). Here again the lactone was readily formed
instead of the free acid. Apparently, there was a small
amount. of the other isomer, 15,-dihydroxynaphthyl-2-glyoxylie
aclid lactone formed, for the lmpure red compound remaining
after the pure lactone (XII) was obtalned analyzed correctly
for the lactone even though tpe melting point was over s
range, 284-2959C. with decomposition. The pure lactone (XII)
melted at 294-296°C. with decompositlion.

Enobloch and Schraufstatter (56) reported a
melting point of 272°C. for a bricke-red compound which they
obtained from the reaction of cyanogen on 1,5=-dihydroxynaph=-
thalene., They were not sure whether they had the 1l,5-dihy~
droxynaphthyl=2 or 4~glyoxylic acid lactone. From the work
reported in this dissertation, it appears as though they
had the 1,5-dihydroxynaphthyl~2-glyoxyllic acld lactone since



1,5-Dihydroxynaphthalene Series

(CHz) 5S04, NaOH

Q\ Cco
C/ (XI1)

CN00202H5

ZnClz, HC1

ey ) 2

0H

CH 0

CHg0 (o
i lo H
€O,

(XVII)

CN00202H5

ZnCl,,HC1

OH

b (XVI)

4 KMnO

34,

OCH,

CH,O co
éOgH

4

CHSCOZH

~ OCHg
CHO CO,H
» (XIV)

(1)11

C4HdJl

(2) 002

(XV) .""‘\-"""‘\~‘"T§?**a§a}~‘~\‘\~_§_‘* iill[|iir

CHLO - Br

(XVIII)



3554

in this investigation, the lactone obtained was shown to be
the 4,8-dihydroxynaphthylglyoxylic acid lactone (XII).

On methylation of the 4,8-dihydroxynaphthyl-
glyoxylic acid lactone (XII) with dimethyl sulfate in the
usual manner, 4,8-dimethoxynaphthylglyexylic acld (XIII)} was

obtained. Thils acid (XIII) was pale yellow and melted at
190,8=191.6°C. with decomposition.

Methylation of 1,5-dlhydroxynaphthalene with
dimethyl sulfate ylelded two products; . l,5-dimethoxynaph=-
thalene (XV) and 1,5-methoxynaphthol (XVI). Both of these
compounds were of use for later synthetie work in this series,

The 1,5-methoxynaphthol was treated with ethyl
cyanoformate and a yellow acld, 4-hydroxy=-8-methoxy naphthyl-
glyoxylic aeld (XVII) was obtained. The position of the gly=-
oxylic acid group on the ring was determined by methylation
to form the same dimethoxy acld (XITI) as that obtained from
the lactone (XII).

The position of the glyoxylic acid group on
the. ring of the dimethoxy acld (XIII) was determined by the
oxidation of the dimethoxy acid (XIII) by potassium perman-
ganate. The acld obtained, 4,8~dlmethoxynaphtholc acid, was
a known acid. A sanple of thls known acid was prepared from
1,5=-dimethoxynaphthalene (XV) by bromination to the 4,8~di-
methoxybromonaphthalene.(XVIII),”conversion to a lithlum
Grignard compound and finally.formaﬁion of the naphtholc acid
(XIV) by treating the lithium complex with carbon dioxide.
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A mixed melting point of this acid with that obtained from
the 4,8-dimethoxynaphtholc acid (XIII) showed no depressione
As the position of the carboxyl group in the 4,8-dimethoxy-
naphtholc acid (XIV) was known (49), then the position of
the glyoxylic acid grouppin all the compounds prepared was
also known. This fact then proves that the acids cobtalned
were as nameds

Neutral equivalents of the acids, 4,8-dihydroxy-

naphthylglyoxylic acid lactone (XII), 4~hydroxy-8-methoxynaph-
thylglyoxylic acid (XVII) and 4,8-dimethoxynaphthylglyoxylic
acid (XIII) were all determined using a Beckmann pH meter.
Visual titratlons in water using phenolphthalein as an indi-

cator were unsuccessful since the endpolnts were obscured
by the yellow color of the solution. The eguivalence points
on the acids were as in the previous serles well-defined and
the pH at these points were 6.0 for the lactcne (XII), 6.2
for the methoxyhydroxy acid (XVII) and 6.8 for the dimethoxy
acid (XIII). This indicated that the aclids were weak acids
as would be expected. Neutral equivalents calculated for
the egquivalence points were 217.8 linstead of 214.7 for the
lactone (XII), 233.4 instead of 246,2 for the methoxy
hydroxy acid (XVII) and 26l.8 instead of 260.2 for the di-
methoxy acid (XIII).

2,7=-Dihydroxynaphthalene Series

This series of reactions using 2,7-dihydroxy-

naphthalene as shown in the accompanying diagram (p. 40)
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followed that of the 1,5-dihydroxynaphthalene series.

On condensing ethyl cyanoformate with 2,7-di-
hydroxynaphthalene, a red compound was formed. This compound
was later shown to be the 2,7-dihydroxynaphthylglyoxylic acid
lactone (XIX). Here agsin the lactone was formed instead of
the free acid. This lactone, which melted at 280-282°C. with
decompositlion, had the same meltlng point as the lactone pre=
pared by Passerini (64,66) from the reaction of phényl iso=~
nitrile on 2,7-dihydroxynaphthalene.

Passerini (64,66) did not. definitely prove the
position of the glyoxyliclacidugroup;in.the lactone (XIX)
but he did oxidize the lactone.(XIX), using 30% hydrogen per-
oxlde in glacisl acetlc acld to form.the.2;7-dihydroxynaph-
thoic acid. An attempt was made to repeat this work but
nothing was obtained from the reaction.

Therefore, in order to prove the position of
the glyoxylie acid group in the lactone (XIX), the lactone was
methylated, using dimethyl sulfate to form the 2,7-dimethoxy-
naphthylglyoxylic acid (XX). This acid was then oxidized,
using potassium permanganate and 50% acetic acid to form the
2,7=-dimethoxynaphthoic acid (XXI). The position of the car=-
boxyl group in this acid (XXI) was definitely proven by
Adams, Miller, MeGrew and Anderson (2). . A sample of this
acid was prepared by the same method used by Adams and his
assocliates (2) and 1t proved to be the same asﬁtggt“obtained .
from the dimeﬁhoxy”acid (XX)eo
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The preparationd the 2,7-dimethoxynaphthole
gcld consisted of methylation of the 2,7-dihydroxynaphthalene,
using dimethyl sulfate, conversion.of the 2,7-dimethoxynaph-
thalene (XXII) obtalned to form the 2,7-dimethoxybromonaph=-
thalene, using bromine in chloroform and finally carbonation
of the lithium Grignard compound formed from the bromo come
pound (XXII) to form the acid. The ylelds on the 2,7-dimethoxy-
bromonaphthalene and the 2,7-dimethoxynaphtholc acid were
considerably lower than those reported in the literature (2).

Alongwith the 2,7-dimethoxynaphthalene (XXII),
2,7-methoxynaphthol (XXIII) was formed. The methoxynaph~
thol (XXIII) was used in preparing 2-hydroxy-7-methoxynaph=-
thylglyoxylic acid (XXIV) by condensing ethyl cyanoformate
with the naphthol (XXIIT). The position of the glyoxylic
acld was determined by methylation using dimethyl sulfate
to form the same dimethoxy acld as that obbained by methyla=
tion of the 2,7-dlhydroxynaphthylglyoxylic acid lactone (XIX).
A mixed melting of these two acids showed no depression.

Staudinger, Schlenker and Goldstein (77)
reported that they prepared the 2-hydroxy=-7-methoxynaphthyle
glyoxylic (XXIV) acid by condensing oxalyl chloride with
2,7=dimethoxy naphthalene (XXII). The &cid that they made
has a melting point of 1840C. with decomposition, and its
solor was yellow=brown. These physical charscteristics are -
different from those of the acid obtaeined in this investiga-
tion. .The melting polnts of the acid which was proven to be
the 2-hydroxy=-7-methoxy-naphthylglyoxylic acid lactone (XXIV),
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obtained in this investigation, was 199.6-200.6°C. with de-
composition and its color is a bright orange. It appears
that staudinger, Schlenker and Goldstein did not have the
acid which they reported.

Neutral equivelents were obtained on the acids
using a Beckman pH meter. The endpoint of visual titratlons,
using phenolphthalein as an indicator, were obscured by the
yellow color of the solution. The neutral equivalents of the
acids are 208.3 instead of 214.2 for 2,7-dihydroxynaphthyl-
glyoxylic acid lactone (XIX), 255.6 instead of 260.2 for
2,7=-dimethoxynaphthylglyoxylic acid (XX), and 221.8 instead
of 228.2 for 2-hydroxy-7-methoxynaphthylglyoxylic acid lac~
tone (XXIV). The curves for these acids are on the pages

following,.

Phloroglucinol Series

Several attempts were made to prepare the
phloroglucinolglyexylic acid (XXVI) by condensing ethyl cyano=-
formate and phloroglucinol; however, all that was obtained
was & yellow compound which did not melt but turned black at
192°C, The empirical formula as obtained from the analytical

OH OH OCHgz
GNCO,CoHy R (CH,),S0
HO OH HC1,ZnCls HO- H NaOH CHz0~ OCH
> 3
¢o ¢o
COH Co H
2

(3XVI) (XXVII)
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results was CygH; o0ge

Methylation of the yellow powder using dimethyl
sulfate, methyl‘iodide or diazomethane produced no identifi-
able compound. Jonas (51) reported preparing this trimethoxy=-
phloroglucinel glyoxylic acld (XXVII). by oxidation of the
phloroacetophenone by potassium permanganate,

No further work was done wlth the compounds

in thls series,

Pyrogallol Serles

An attempt was made to purlify the yellow-orange
compound (made by Dr. E. D. Amatutz), which was thought to be
the pyrogallolglyoxylic acid (XXXVIII), by condensing ethyl
cyanoformate with pyrogallol. After several recrystalliza-
tions from water, the yellow~orange acidle compound melted

at 162.4-164.4°C, with decomposition.

OH
of
CNC()%CEHs R
0

COgH.
(XXVIII)
No definlte empirieal formula could be assigned

to this compound and no further work was done with this com-

pound.

Phenol Series

Two attempts were made to prepare the p-hydroxy-
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phenylglyoxylic acid (XXX); one, using phenol and the other,
phenylacetate (XXXI), (See p. 49) The results in both

cases were the same., Only phenol'and oxallc acid were ob-
tained from the reaction. The phenol itself was not obtalned
but the odor was quite dlscernable. The oxalic acid was ob=-
tained as a dihydrate and a mixed melting point with a known
sample of oxallic acid dihydrate showed no depression.

No further work was done with this. reaction.

Bthyl. Cyanoformate Reaction

It was considered to be of iInterest to detere
mine what would occur when a "dry-run" was mede, using just
ethyl cyanoformate, zinec ohlofide, absolute ether and dry
hydrogen chloride without any aromatic hydrocarbon. From
this reaction, oxalic acid dihydrate was recovered and was

confirmed by a mixed melting peint with a known sample of

( ZnCl ° - - NS.GH » .
CNCOpCoHy —ZBClg., CLHHN = G-C0pCoH5 MAOH,(00,H) +21H,0

(XXXIIT)
oxalic aclid dihydrate.
This result showed how the oxallc acid was
being formed in the reactions in the phenol serles and thio=-

phene series.

Thlophene Series

Attempts to prepare o =thienylglyoxylic acid
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Phenol Series

?H'HCI
OH (.)CC 05CoHg OH

_NaOH  (COgH)o,
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OH
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(XXXIV) by condensing ethyl cyanoformate and thiophene were
without success. All that could be recovered from the reac-
tlion mixture were thiophene, oxallc acld and some unidenti-

fiable material,

U HC1,ZnCl, | s | -GO

-
COgH
(XXXIV)

Peter (68) had previously prepared & -thienyle
glyoxyllc acid by oxidation of & ~zcetylthlophene with potase

sium permanganate.

m-Diethylaminophenol Reactlon

Several attempts were also made to prepare the
2~diethylamino~4~hydroxyphenylglyoxylic acid by condensing

ethyl cyanoformate with m-diethyleminophenol wlthout success.

OH OH
NCOoCoH HCl.Zn
N(CoHs) g N( CpHg)y
co

]
0023
(XXxXV)
All that could be recovered from the reactlon was an unidenti-

fiable black tars No further work was done with this reace

tlone
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Methylenequinone Series

It was hoped that 3-methoxy-5-bromomethyle
aminomethylenequ;none (XXXVII) could be used in an ultra-
violet spectrometric investigation of the propertles of the
glyoxylic acids prepared in this Investigation and in the
one made by Hunsberger and Amstutz (50). It was thought
that a comparison of the ultraviolet curves between a
compound with a known methylenequinone structure, such as,
compound XXXVII and some hydroxyarylglyoxylle acids would
show whether these acids existed as methylenequinones; how=-
ever, time would not permit this investigation.

In order to prepare the methylenequinone
(XXXVII), vanillin was brominated and the 5-bromovanillin
(XXXVI) obtained dissolved in aleohol and methylamine passed
into iﬁ. The yellow compound which separated was the 3-methe
oxy=-5-bromomethylaminomethylenequinone (XXXVII). The melting
point obtained was 229.4-230.4°C. which was different from
that obtained by Makarow (60), 211°C. with decomposition at
214-215°C,

An attempt to prepare the 2,4-dinitrophenyl-
hydrazone of 3-methoxy-5-bromomethylaminomethylenequinone
(XXXVIII) resulted in the formatlon of the same 2,4-dinitro-
phenylhydrazone as that obtained from S~bromeovanilline (The
following sheet outlines the reactlons in this series.)
Apparently, the conditions used in the formation of hydra-

zones were too strenuous and the methylamino group was
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Methylenequinone Series

OH OH Q
OCHz Br_ OCHz Br , OCHz
Bro,CHzCORH CHzNHp,CoHgO0H _
CHO ./ CHO (XXXVI)
(CHz) oS0
NaOH
OCHy
Br OCHS Br OCH3
(XxXX1X)
txo Hﬁ (XXXVIII)
)
CH=I, NH
(CH,),CO
2, 4=-Dinikro- 52 Nog
phenyle
hydrazin
QCH ‘
Br OCHz
Hg
N
)

NH
©N02
No,  (XL)
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removed as methylamine. The methylenequinone (XXXVII) was
then changed to the 5S5~bromovanillin (XXXVI) and it was this
compound which reacted with the 2,4-dinitrophenylhydrazine.
Methylation of the hydrazone for@ed above

(XXXVIII) with methyl ilodide (methyl sulfate and diszomethane
were unsuccessful) yielded the same hydrazone (XL) as that
obtained from S~bromoveratraldehyde. The S=bromoveratralde-
hyde was obtalned by methylatlon of S-bromovanillin (XXXVI)
with dimethyl sulfatee.



Part IIT

Experimental



c(-Haphthol.Series§

Ethxl Cyanoformate ~ In a one-lliter, three-
necked flask, equipped with a thermometsr sand & stirrer wes
placed 160.6 g. (1.48 mole) of ethyl chloroformate (Eastman
Kodak Company). To the chloroformate were added gradually
over a one-hour period 121 g. (1.86 mole) of dried and
powdered potassium cyanlde containing 1,5% water, in accord-
ance with the directions of Glund, Nﬁsgeler and Keller (46).
The temperature of the reaction gradually rose to 70°C. during
the addition. Stirring was continued until 1t returned to
room temperature. Distillation at dimished pressure (watere
pump) ylelded a clear distlllate whilch was redistilled at
atmospheric pressure (Widmer Column), producing 84.3 ge
(57.5%) of ethyl eyanoformate boiling at 113-117°C.

4-Hydroxynaphthylelyoxylic Acid Monchydrate

l;l** - To a 200 ml. three-necked flask fitted with a condene
ser, a large diameter gas inlet tube and a stirrer were added
14,4 g. (0.1 mole) of & -naphthol (Eastman Kodak Company) R

11.0 ge (0.1l mole) of ethyl cyanoformate, 0.9 g. of freshly
fused zinc chloride and 100 ml. of sbsolute ether. The solu-

% All melting points are corrected. _ A
## The method used for preparing the glyoxylic acid is, with
slight modifications, that of Hunsberger and Amstutz (50).
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tion was stirred untll all the soclids had dlssolved and then
it was cooled with an ice-bathe. Dry hydrogen chloride gas
was passed into the resctlon mixture for two hours, with the
excess going out'the.condenser and through a gas trap. The
flask was then sealed from molsture and placed overnlight in
the refrigerator. The next day, dry hydrogen chloride was
again passed into the cold solutlon for two hours. The flask
was then placed in the refrigerator. for three days.

After three days a red, olly precipitate had
separated out on the sldes of the flask. This precipitate
was filtered off from the ether. More oily precipitate was
obtained from the ether by additlion of fresh absolute ether,
These precipitates were added to a 2.5% .sodium hydroxide
soIution and heated for fifteen minutes. On acidification
with concentrated hydrochlorle aecld, after cooling, a yellow-
orange precipitate separeted out slongwith some tarry mater-
ial. After repeated treatments with Dareo and recrystalliza-
tions from boiling water, the tarry material was removed and
848 ge (40.7%) of a fine crystalline yellew compound settled
out. The glyoxylic acid melted at 188.,4-189.49C. with decom-
position.

On analysis this compound was found to contain
one molecule of waters

Anal. Calcd. f°r“012310°5‘ C, 61.54; Hy 4.3,
Neut. Eq., 234.2. Pounds C, 61.,33; H, 4.19. Neut., Eq., 290. 3.

Drying the above glyoxylle acld over P205 at
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80°C, for two days yielded the yellow anhydrous 4-hydroxy-
naphthylglyoxylic acid (IT) which melted at 191.2-191.8°C,
with decomposition. Analysis showed that the acld had lost
a molecule of water.

Anal.vCalad. for Q1238°4:

C, 664663 H, 34734
Found: C, 66.54; H, 3.98,

Repeated attempts to prepare the 2,4-dinitroe
phenylhydrazone of 4-hydroxynaphthylglyoxylic acid falled.

The method used was that given by. Shriner and Fuson (76).

Methy; 4-hydroxynaphthylglyoxylate monohy-
drate (IIT) ~ For thirty minutes dry hydrogen chloride was

passedﬂinté a cooled solution containing 0.5 g. (0.00213
mole) of 4-hydroxynaphthylglyoxylic acld monchydrate (I) in
20 ml. of absolute methanol. The solutlon was then refluxed
for thirty minutes and evaporated almost to dryness on the
steam bath. The yellow solid obtained was treated with 10%
sodium bicarbonate and filtered. The precipitate remaining
was treated with Darco and recrystallized several times from
boiling aqueous alcohol. Yellow crystals amounting to 0e.44 g.
(83.5%) and melting at 142.8 - 143,5°C, were obtained.

On analysis thils compound was found to contain
one molecule of water,

éggl,.Calcd. for CyzH1005t C, 62.91; H, 4.88,
Pound: C, 62.98; H, 5.08,

Methyl 4-methexynaphthylglyoxylate (IV)

A, Methyl iodide methode - In a 25 ml.
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flask were placed 0.32 g. (0.00137 mole) of 4-hydroxynaphthyle
glyoxylic ecid monohydrate (I), 10 ml, of acetone dried over
anhydrous sodium sulfate, 1,95 ge (0.0137 mole) of methyl
iodide and 0.9 g.iof potassium carbonate. Thls mixture was
refluxed for eight hours, the potassium carbonate filtered
off, and the acetone evaporated. The mustard colored oil,
thus obtalined, was treated with Darco and recrystallized
several times from aqueons methanol. A light yellow crystal-
line ester separated ylelding 0425 g. (74.9%) of pure com-
pound, melting at 84.8-85.69C.%

Anal. Calecd. for,014312 n C, 68,84; H, 4,95,
Found: C, 68.69; H, 4.98,

Be Diazomethane method. = To 1.08 g. (0.005
mole) of 4-hydroxynaphthylglyoxylic acld monohydrate (I} in
20 ml. of ethervwasvﬁdded slowly a solution containing 0.62 g.
(0,015 mole) of diazomethane**.. The ether solution stood for
twenty-four hours and was then evaperated. The tan residue
was then treated with Darco and recrystalllized from methanol.

The 1light yellow crystalline ester weighed 0,89 g. (72.9%)
‘melted at 84,8-85,80C. and was identical to that prepared by
the methyl lodide method.

4-Methggynaghthylglyoxylié acid (V) = A solu~

tion consisting of 0.39 g. (Q.0016 mole). of methyi 4emothoxy~
naphthylglyoxyigﬁe (IV) was refluxed for ten minutes with

WRousset (73) reported a melting point of 87°C.
##The dlazomethane was made according to the directlons given
by Amstutz and Meyers (3) and Arndt (5).



59,

0.1 go (0.0025 mole) of sodimm hydroxide in 10 ml. of water.
Acildification with dilute hydrochlorie acid and subsegquent
recrystallizatiop_from water yielded 0.33 g. (89.4%) of a
yellow crystalline glyoxylic acid melting at 1&3.6-164.600.
with decomposition¥,

éggl.vCalcd.,for.015H1004: C, 67.83; H, 4.38.
Neut. Eq., 230.2., Found: C, 67.92; H, 4.33. Neut, Eq.,
26243,

4-Methoxynaphthoic acid. (VI) - In 15 ml. of

50% glacial acetic acld was dissolved 0.,1279 g. (0.000555)
of 4-methoxynaphthylglyoxylic aecid (V). To this gently re=
fluxing solution was slowly added auhot.sblutienvof 00,0374 go
(0,000236 mole) of potassium permanganate (5% more than
needed for the oxidation) in 10 ml. of 50% acetiec acid, Care
bon dloxide was given off readily during the oxidation. The
nmixture was refluxed for thirty minutes. The solution was
then poured into 25 ml. of water and the precipitate filtered
and redissolved in 1% sodium hydroxide and filtered again to
remove the manganese dioxide., . The solution was acidified,
the precipitate filtered and recrystallized fﬁbm 95% aleco=
hol.. The acld, 0.0484 g. (43.1%),was obtained as fine white
crystals melting at 241.8-242,80¢,%*

# Rousset (73) reported 164-165°C, with decomposition.
#uGattermann. (42) reperted m.p. 232°C,
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Anal, Calecd. for 012H10°3: C, 71l.28; H, 4.99.
Found: C, 71.,40; H, 4.96,

4-Hydroxynaphthaldehyde (VIT) = A 200 ml.,

three-necked flask was fitted with a gas inlet tube, a stirrer,
and a . condenser leading to a hydrogen cyanide gas trap. This
trap consisted of a bottle containing sulfuriec acid, an empty
bottle, and a bottle containing 10% sodium hydroxide solution.
The inlet tube into the sodlum hydroxide bottle was placed
just above the surface of the solutilon.

Into the flask were added 30,0 g. (0.208 mole)
of o -naphthol (Eastman Kodak Company), 200 ml. of absolute
ether, and 36.6 g. (0.312 mole) of dry zine cyanide. Dry
hydrogen chloride was Introduced for two hours. During this
time the solution became yellow and very paste=-like. The
introduction of gas was stopped, the ether poured off, and
the solid paste remaining poured into 700 ml. of 30% alcohol
and allowed to stand overnight. The aleoholic solution was
then filtered and the precipitate treated with Darco and re=-
erystallized several times from 30% alcohol. A yellow cry-
stalline compound, 22.3 g. (62¢3%), was obtained which had a
melting point of 179.0-180.09C.*

4-Methoxynaphthaldehyde (VIII) - A hot solu=-

tion conslsating of 5.0 ge. (0,029 mole) of 4-hydroxynaphthal-
dehyde (VII) dissolved inAjuat‘enaugh.S% sodium hydroxide

% The method of preparation of the 4-hydroxynaphthaldehyde 1s
that of Adams and Levine (1), They.reported a m.,p. 1780C,
Gattermann (44) reported a m.p. 181°C,
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solution to make it slightly basie was stirred vigorously.
whlle the solution was made alternately baslec and acldie
with dimethyl sulfate and sodium hydroxide solution. The
addltlons were cogtinned until a total of B.3 ge (0.0658
mole) of dimethyl sulfate had been added. The solution was
then made very basiec to destroy the excess dimethyl sulfate
and stirred for fifteen minutes longer.

The basic solutlion was extracted with ether
several tlmes., The ether extracts were drlied over anhydrous
sodium sulfate and distilled from a Claisen Flask. On dise
tillation, 3.0.g. (55.6%) of a yellow oil was obtained which
boiled at.120-160°C. at 7 mm.¥ The o1l dld not completely
erystallize after standing. for several weeks.

1.6 ge of 4~-hydroxynaphthaldehyde (VII) was
recovered from the basliec solution on acidiflcatlone.

The phenylhydrazone of 4-methoxynaphthaldehyde,
a slightly pink powder, melted at 104.6-105.69¢C,**

4-Methoxynaphthoic aeid. (VI). - The silver oxide

used in the oxidation of 4-methoxynaphthaldehyde (VIII) was
prepared according to the directions given by Pearl (67).
The oxlde was made as follews: 0,91 g. (0.00537 mole) of

# Madinavertla and Puyal (59) reported the aldehyde as dis=-
tilling at 210°C./25 mm, and 1t did not crystallize. Gatter=-
mann . (44) reported 2129C./40 mm. and 200°C,/11 mm., He found
that the oil gave on crystallizing white erystals which melted
at 34°0C,

#¥ Madinavertia and Puyal(59) reported m.p. of 111°¢c. and 113°C.
and Gattermann.  (44), & m.p. of 119°C. for the phenylhydrazone,
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silver nitrate was dissolved in 4 ml. of water and to this
was added a solution consisting of 0.215 ge. (0.00537 mole)
of sodium hydroxide in 2 ml. of water., The precipitate was
filtered and\wash;d with water. The oxlde obtalned was used
without drying.

A solution consisting of 11 ml. of water and
1.08 ge of sodium hydroxlide in . a three-necked flask fitted
with a stirrer and thermometer was heated to 55°C. and then
1.0 ge (0.00537 mole) of 4-methoxynaphthaldehyde (VIII) and the
silver oxlide prepared above were added. The solution was
heated for forty-five minutes at 75°C., cooled and extracted
with ether. The basic sclution was acidified and the white
precipitate filtered off. After several recrystalllzatlons
from aqueocus alcohol, a white acid melting at 241.0-242,0°C,
was obtained. The yield was very poor; however, 4-methoxy-
'naphthaldehyde‘(VIiI).eould be recovered from the ether and
used over againe

A mixed melting peolnt of this acid and that
obtained from 4-methoxynaphthylglyoxylic acid (V) (p. 58)

showed no depressione



B -Naphthol Series®
\

2-Hydroxynaphthylglyoxylic acid lactone (X) -

Twenty-two grams (0.153 mole) of @ -naphthol, 15.7 ge (0.159
mole) of ethyl cyanoformete (pe 55), 4.0 ge Qrﬁfreshiy fused
zine cﬁiorida.andvlzoﬂml..of'absolﬁte ether were placed in
a 300 ml, three-necked flask. The reaction was carried out
in the same manner as that used in the preparation of 4-hye
droxynaphthylglyoxylic acid monohydrate (I) (pe 55)e

After the three~day réfrigeration period, the
ether was filtered from the oily preeipitate. Fresh ether
was added to the flltrate and more oill separated. The oily
precipitates were combined and dissolved in 3% base. The
white material, insoluble in base, was filtered off. The
basic solution was treated with Darco and then acidified,
Some tarry materlsal. separated alongwith a yellow-orange
precipitate. By repeatedly extracting the yellow=-orange
precipitate from the tarry materlal with het water, all the
aclild was finslly obtained. On recrystallization of the pre-
cipitate from acetone of‘banzene,.15.1 ge (50.,0%) of a bright
orgnge crystalliha‘compound which had a m.p. of 182.0-183.0%C,

with.decomposition** was obtained,

% AII melting points are corrected.

# Pries and Frellstedt (39) reported a m.p. 182°C, with
aacgmpesition. Guis and de Franciscia (47) reported a m.pe
178°C. with decompositlone
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Anal. Calcd. for CyoHs05: C, 72.71; H, 3.05.
Neut. Eq., 198.,2. Found: C, 72.59; H, 3.12. Neut. Eq.,
202,.2,

The white material which was lnsoluble inb ase
was treated with Darco and recrystallized several times from
acetone. On final recrystalllzation 2.2 g. of white crystalb

were obtained which melted at 212,0-214.,0°C. with decomposi-
tion. From the snalytical results obtained, the empirical
formula appeared to be 029H§4K66° All tests for functional
groups failed. No further work was. done on this compound.
| éggg. Calcd.Afor.029H24N0é:: C, 71.48; H, 5.14;
N, 2.98; Mole. Wt., 470.5. Found: C, 71.48; H, 4.78; N,
2.79; Mole. W:., 435.3%,

2-Methoxynaphthylglyoxylic acid (XI)*¥* -

Methylated 1.0 g. (0.00505 mole) of Z2-hydroxynaphthylglyoxy=-
lic acid (X) by using 2.2 g. (0.0174 mole) of dimethyl sule
fate in a similar manner to that used in the methylation of
4=-hydroxynaphthaldehyde (VII) (p.éo), although heating was
not necessary. .

On acidificatlon of the basic solution, a

yellow precipitate was obtained which was treated with Darce

# The molecular welght was determined by the freezing point
lowering method, using benzene as the liquid. '

s## Staudinger, Schlenker and Goldstein (77) reported that
this compound could not be prepared by the action of dimethyl
sulfate or methyl ilodide on 2-hydroxynaphthylglyoxylic acid
lactone,
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and recrystallized several times from water. The bright
yellow crystalline compound on drying at 100°c. over phos=
phorous pentoxide ylelded 0.73 g. (62.8%) which melted at
155.8-154,6°C. with decomposition®,

Anal, Caled. for C,-H,,0,: G, 57.82; H, 4¢374
Neut. Eg., 2302, Found: C, 68,01l; H, 4,603 Neut. Eq.,
217.2.

% Rousset (73) reported a m.p. of 151°C,
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1,5=-Dihydroxynaphthalene Series™

4,8-Dihydroxynaphthylelyoxyllc acld lactone.

(XIT) - For the preparation of this acid, pure 1,5-dihydroxy-
naphthalens was needed. E&ince technical 1,5«dihydroxynaph-
thalene was used In thls work, further purification was neces-
sary. The purification method used was that of Wheeler and
Ergle (84) and was as follows: Forty grams of Eastman Kodak
technical 1,5~dihydroxynaphthalene was made into a paste
with water. Thls paste was suspended in 3 liters of water,
contalning 200 ml, of methyl alcohol and then boiled under
reflux for 2% hours. After eocoling to 80°C. and saturating
the solutlon with sulfur dioxide, the solution was heated
almost to the bolling point for one hours The solution was
filtered on a steam~Buchner through a very fast filter paper.
The yleld on this purification is 10.8~12,7 ge (27=31e8%)
In a 200 ml, three-necked flask were placed
6.82. g. (0.0426 mole) of 1,5-dihydroxynsphthalene, 4.54 ge
(0,0469 mole) of ethyl cyanoformate (p. 55), 1ls09 ge of
freshly fused zinc chloride and 80 ml. of sbsolute ethers
The reactlion was carried out in the same manner as that used
in the preparation of 4-hydroxynaphthylglyoxylic aci mono-
hydrete (I). (pe 55)e

# All melting points are corrected.
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After the three-day refrigeration period, the
ether was filtered from the black olly precipltate. Fresh
absolute ether was added %o the filtrate, and the black oil
which separated was filltered. The black olily precipltates
were combined, added to 50 mle. of water and heated on the
steam bath for flfteen minutes. The red preecipitate which
settled out was filtered, dlssclved ln alcohol and treated
with Darcoe By repeated fractional crystallizations from
aqueous alcohol, & very small amount of a brick-red crystale
line compound was cbtained which gave a melting point of
294,0-296.0°C, with decomposition.®

Anal. Calcd..for‘012H604: C, 67273 H, 24830
Neut. EqQ., 214.2. Found: C, 67.11; H, 2.79. Neut., Eq.,
217.84

All the other fractions of acid were combined

and recrystallized again from aqgueous alcchol. A brick-red
compound was obtained which melted from 284.0-295.0°C, with
decompositlion. Apparently, a small amount of the 1,5-dihy~
droxynaphthalene-2=-glyoxyliec acid lactone is present, which

could not be separated by fractlonal erystallization.

Anal. Caled. for CypHg0,: C, 67.27; H, 2483
Founds: C, 67.41; H, 24,99

# Knobloch and Schraufstatter (56). reported a melting point of
2729¢, for a brick-red compound which they obtained from the
reaction of eyanogen on 1,5~-dihydroxynephthalene., They were
not sure whether they had 1,5-dihydroxynaphthyl=-2 or 4-gly-
‘oxylic acid lactone., From the work reported in thils disserta-
tion, it appears that they had the 1,5-dihydrexynaphthyl-2-
glyoxylic acld lactone.
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An attempt was made to make the 1,5-dihydroxy-
naphthyl-4,8-diglyoxylic acid lactone by using twice as much
‘ethyl cyanoformate as in the sbove reaction. The results,
however, werse the same as when equal molar quantities were

used,

g,8-Dimethpxgnaphthylglyoxylic‘acidA(XIII) -

To a solutlon containing 0.9 g. of sodium hydroxide in 10 ml.
of water were added 1.5 g. (0.00698 mole) of 4,8=-dihydroxy-
naphthylglyoxylic acid lactone. (XIT). This solution was mad
glternately acidle and basic by the addition of small quan-
titles of dimethyl sulfate and then 5% sodium hydroxids.
During this addition, the solutlon was stirred vigorously.
After a total of 12.6 g. (0.105 mole) of dimethyl sulfate had
been added, enough 5% sodium hydroxide was. included to make
the solution basic. The stirring was continued for flfteen
minutes longer.
The red basic solution was acldified with cone-
cantrated”hydréchloric acld and a brown precipltate separated
and was filtered. After treatment of this precipitate with
Darco and recrystallization several times from-Benzene, l.09 ge
(60.0%) of a yellow crystalline compound mélting at 190.8-
191.69¢, with decomposition was. obtalned.
éggio.ﬂalcd.ifor.014H1205: C, 64.61; H, 4.65.
Neute Ede, 26042+ Found: C, 64,63; H, 4.80. Neut. Eq.,

251.8e



69,

4,8-Dimethoxynaphtholc acid (XIV) - In 4 ml.

of 50% glacial acetic acid was dissolved 0.2 ge. (0.,000768
mole) of 4,8-dimethoxynaphthylglyoxylic aeid (XIII)}. To this
solution was,addéd slowly & hot solution conslisting of 0.051 g
(0.000322 mole) of potassium permanganste dissolved in 5 mle
of 50% acetic acid. The sclution was refluxed gently during
the addition andwco2 was evolved vigoerously. After thirty
mimites the solution was poured into water. The tan preci-
pitate,obtained_was,éissolved,innz%hsodium hydroxide, filtered
to remove any menganese dloxide and acldified. The solution
was filltered and the preclpitate obtalned recrystalllzed
several times from aqueous alecohol. White crystals were ob-

tained with & mep. of 221.4-222,4°C, %

4,8=~Dihydroxynaphtholic acid - An attempt was

made to prepare this ascid according to the direction given
by Passerini (65). To 0.30 g. (0.0014 mole) of 4,8=-dihydroxy~
naphthylglyoxylic acid lactone (XTII) dissolved in 3 ml. of
glaclal acetic acid was added 10 drops of superoxol (30%
hydrogen peroxide)., The solution was heated on a water bath
for two hﬂurs,whiie4002 was evolved. The solutlon was then
cooled end poured into 20 ml. of water. No preclpltate was
obtained and nothing could be obtained by ether extraction.

Nothing further was done with this reaction.

% Hili,,Short‘and"Stromberg (49) reported a me.pe. 0f 222,5°C,
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1,5-Dimethoxynaphthalens (XV) and 1,5-hydroxy-

naphthol (XVI)® - To 13.41 g. (0.0838 mole) of 1,5-dihydroxy-

naphthalene in a three-necked flask fitted with a stirrer

was added & soluﬁion.containingws.31.g. (0+148 mole) of potas~
sium hydroxide in 50 ml. of water, The solution was cooled
with an ice~bath and stirred vigorously while 15.75 ge (0.125
mole) of dimethyl sulfate was added. The solution was stirred
for thirty mimnmtes longer and then made very basie. The grey
precipitate which settled out was 1,5-dimethoxynaphthalene.
This precipitate was washed well with 2% sodium hydroxide and
dried for twenty-four hours over potassium hydroxide. When
dry, the grey precipitate was distllled at atmospheric pres-

sure through a widee-side arm flask.,  The distillate came

over as a clear liquid which soon_ solidified to a white solild.
Recrystallization from aleohol yielded 5.13 ge (32.5%) of the
white crystalline dimethoxynaphthalene which melted at 181le5-
182,590, *#

On acidification of the basic solution from
the above reactlion, a grey precipltate separsted which was
filtered, washed wilth water, dried, and distilled as was done
with dimethoxynaphthalene.. The white 1,5~hydroxynaphthol was
recrystallized from glaclal acetic acld. There was obtalned
5.15 g. of the compound which melted at 136.6~137.20C,**¥

* ﬁETlowed The methods given by Bentley, Robinson and Weiz-
mann (9) end Fisher and Bauwer (32). _

#4# Fisher and Bauer (32) reported.183°C,

s##PFisher and Bauer (32) reported 140°C,
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4-dero§y-8-methoxynaghthylglyoxylic‘acid

ng;g) - This compound was prepared in a manner similar to
that used in the preparation of 4-~hydroxynaphthylglyoxylic
acid monohydrate (I) (p. 55). The following quantities of
reggents were used: 5422 ge (0.03 mole) of 1,5-hydroxynaphe
thol (XVI), 3.27 g. (0.033 mole) ethyl cysnoformate (p. 55),
0.8 ge ofAfreshly fused zine chloride, and 125 ml. of abso=-
lute ether.

After the three-day refrigeration period, the
ether was filtered from the dark red oily precipitate. Fresh
absolute ether was added to the filtrate and the dark red oill
which separated was filtered. The preeipltates were combined,
added to 100 ml. of water, and heated. for ten minutes., A
yellow pregipitate alongwith some tarry material came out of
the solution. By repeated extraction of the tar with boiling
water, a yellow compound was obtained., On recrystalllization
from aqueous alcohol,2.0 g. (36.9%) of the yellow 4-hydroxy-
8-methoxynaphthylglyoxylic acid which melted at 188,2-190.2T,
with decompositlon was obtained.

Anal. Calcd. for ClﬁHiO 5° c, §3.40; H, 4.10.
*Neut. Eq., 246.2. Found: C, 63.57; H, 430, Neubt. Eq.,
233640

4,8-Dimathoxynaphthylglyoxylic,aci& (XIII) -

Methylated 4-hydroxy=-8-methoxynaphthylglyexylic acld (XViI)
in a similar manner to that used in the methylation of 4,8~

dihydroxynaphthylglyoxylic acid lactone (XII) (pe 68). The
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following quantities of material were used: 0.5 gs (0.00219
mole) of 4-hydroxy-8-methoxynaphthylglyoxylic acid (XVII) and
2.76 go (0,0219 mole) of dimethyl sulfate.

On acldificatlon of the basic solution, the
yellow acld was obtained. Recrystallizatlon from benzene
gave 0.38 g. (66.9%) of the yellow acld melting at 190,8-
191.8°C. with decomposition.

A mixed melting point with the acid prepared
from 4,8-dlhydroxynaphthylglyoxylic acid lactone (XII) showed

no depression.

4,8-Dimethoxybromonaphthalene - Into 40 ml. of

benzens were added 1l.51 g. (0.008 mole) of dimethoxynaphthalene
(XV) and then a solutlon of 1.28 g. (0.008 mole) bromine and
10 ml. of benzene was dropped in slowly. The solutlon became
red and. hydrogen bromide was evolved. After standing for
thirty minutes, almost all the benzene was distilled off,
Petroleum ether was added to the benzene to precipitate out
the bromo compound. The crystalline mass was dissolved in
aqueous alcohol and treated with Darco., After several recry-
stallizations, 0.9 g. (42.2%) of the white bromo compound
which had & m.p. of 106.2-107.29C.%was cbtained.

4,8-Dimethoxynaphthoic aeld. (XTV) - To 0.026 g

(0,0038 mole) of lithium in 15 ml. of absolute ether was added

# Fisher and Bauer (32) reported 11569C,
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0e43 go (0.0054 mole) of butyl chloride and the reaction mixe
ture stirred for one hour. A solution of 0.8 g. (0.003 mole)
of 4,8-dimethoxybromonaphthalene (XVIII) in 5 ml. of absolute
ether was then added to the butyl lithium and the solutlon
stirred for thirty minutes. The solution was then cooled to
0° and carbonated with dry ice chips and then allowed to
warm to room temperature., The lithium complex formed was
decomposed with lced hydrochloric acld and the resulting
solution extracted with e ther. The ether layer was extracted
with 2% sodium hydroxide solution. The alkaline layer was
acidified with concentrated hydrochloric acid and the pro~
duct filtered. On recrystallization. from aqueous alcohol,
0.1 g. (28.8%) of the white dimethoxy acid was obtained which
hed & m.p. of 221.5-222.5%C.

A mixed melting point of this acid with that
prepared from.4,8-dimethoxynaphthylglyd}ylic acid (XIII)

{pe 68) gave no depression.



2,7-Dihz§roxxpaphthalene,Series*

2,7-Dihxdroxynaphthglglyogx&ie acld lactone

(XIX) - In a 100 ml. three-necked flask were placed 3.4l g.
(6;0215 mole) of 2,7-dihydroxynaphthalene (Eastman Kodak Com=-
pany), 3.2 g. (0.0319 mole) of ethyl cyanoformate (p. 55),
0.7 g+ (0.0053 mole) of freshly fused zinc chloride and 30
ml. of gbsolute ether. The reaction was carrled out in the
same manner as that used in the preparation of 4-hydroxy-
naphthylglyoxylic acid monochydrate. (I) (pe. 55)e

After the three=day refrigefation e ricd, the
ether was filtered from the black olly precipltate. Fresh
absolute ether was added to the filtrate and the black oil
-which separated was flltered. The black olly precipitates
were combined, added to 50 ml. of water and heated om the
steam=bath for fifteen minutes. The red precipitate which
settled out was flltered, dissolved ln alecohol and treatsd
with Darco. After several recrystallizations from aqueous
alcohol, 3.68 g. (80.5%) of the red acld was. obtained whieh
melted at 280.0-282.0°C., with decompositions.™ "

Ansal.Calcd. for. 012H604 C, 67.273 H, 2483
Neut. Eqe, 214,2, Found: C, 67.32; H, 3.05. Neut. Eq.,

208050’

# All melting points are corrected.
w4 Passerini (65) reported 282.0°C. with decomposition.
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2,7-Dimethoxynaphihylglyoxylic acid (XX) - The

methylatlon of 2,7-dihydroxynaphthylglyoxylic acid lactone
(XIX)} was carried out in the same manner as that of 4,8-~di=-
hydroxynaphthylglyexylic acld lactone (XIT) (p. 68). The
following amounts of material were used: 1.0 g. (0.004%7
mole) of 2,7-dihydroxynaphthylglyoxylic acld lactone (XIX)
and 7.0 ge (0.056 mole) of dimethyl sulfatee.

The yellow compound obtained from the reaction
was recrystall%zeduseveralAtimes_frgm benzene. A light yel~-
low compound weighing 2.2 ge. (45.2%) which had a m.p. of
150.6-151.400. with.decemposiﬁion“was ohtainede.

Anal. Calcd. for 014H C, 64.61; H, 4.65.

12%°
Neut. Eq., 260.2. PFound: C, 64.82; H, 4.8l Neut. Eq.,

254.3.

2,7-Dimethoxynaphtholc acid (XXI) - The oxi-

dation of 2,7-dimethoxynaphthylglyoxylic acid (XX) ﬁas
carried out in the same manner as that of 4,8-dimethoxynaph-
thylglyoxylic acid (XIII) (P.‘69). The following amounts of
material were used: 0,1l g. (0.00038 mole) 2,7-dimethoxy=-
naphthylglyoxylic acid (XX), 0.0239 g. (0,000151 mole) of
potassium permanganate and 10 ml. of 50% acetic acide

From the reaction some white crystals were
obtainﬂd’whigb,.after several recrystallizations from alco-

hol, melted at 112.2-113.2°C.* The yield was very poor.

# Adams, Miller, McGrew and Anderson (2) reported a m.p. of
112-113°Ce.
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2,7=-Dihvdroxynaphthoic aclid -~ An attempt was

made to prepare this acld according to the directions given
by Passerini”(é§). The resctlon was carrled out in the same
manner as that used for the oxldation of 4,8-dihydroxynaphthyl-
glyoxylic acid lactone (XII). .The following amounts of mater-
ial were used: .O.S_g.“(0.0QIIS mole) of 2,7-dihydroxynaph-
thylglyoxylic acid lactone (XIX), 2 ml. of glacial scetic
acld and 10 drops of superoxol.(ao%Ahydrogen peroxide).

No. dihydroxynaphtholc acid was obtained when

the reactlon was worked up.*

‘2,7~D1methox§naphthalenew(XXII) and 2,7=
Methoxynaphthol (XXIIT)*¥= To 10,79 g. (0,0674 mole) of 2,7-

dihyaroxynaphthaiene.(Eastman,Kndak Company) were added 50
ml. of water. This mixture was stirred until a suspension
was. formed, Then 8,83 g. (007 mole) of dimethyl sulfate
were added and thoroughly mixed. A solution of 3.92 g. (0.07
mole) of potassium hydroxide in 15 ml. of water was a dded
rapidly through a2 separatory fumnel, .Vigorous stirring was
continued for thirty mimutes.. Then 15 ml. of a 2% potassium
hydroxide solutlon was. added and the solution stirred for
five minutes. The grey preecipitate which had settled was
filtered; the solution was filtered into hydrochloric acid

# Passerini (65) reported that he obtained the 2,7-dihydroxy-
naphthoic acid from the 2,7-dihydroxynaphthylglyoxylie acild
lactone, m.p. 275°Ce . .

44 Methods of Fisher and Hemmerschmidt (33), and Bunzley and
Decker (20) were combined and used.
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and immediately a preclpitate, 2Ahydroxy-?-meﬁhoxynaphthalene,
was formed. The grey precipltate, 2,7~dimethoxynaphthalene,
was recrystallized several times from alcohol. From this
reaction 0.93 ge (7.3%) of 2,7-dimethoxynaphthalene was ob-
teined which melted at 136.5-137.5°C,¥

The acidified flltrate from sbove was filtered
and washed seveyal times with water. On recrystallization
from ligroinm (90-120°C.), 4451 g. (39.5%) of white crystal=
line 2,7-dimethoxynaphthol, meliting at 113.8-114.8°C,#*¥* was
obtained, ‘

2-Hydroxy~7-methoxynaphthylglyoxylic acid lac-

tone (XXIV) - In a 100 ml, three-necked flask were placed
s.és g. (0.021 mole) of 2,7-methoxynaphthol (XXIIT), 2.28 ge
(0.023 mole) of ethyl eyanoformate (p. 55), 0¢5. ge of freshly
fused zinc chloride and 50 ml. of gbsolute ether. The reac-
tion was carrled. out in the same manner as that used in the
preparation of 4-hydroxynaphthylglyoxylic acld monohydrate
(I) (pe 55)e

After the three-day refrigeration period, the
ether was flltered from the black olly precipitate. Fresh
absolute ether was added to the filtrate and the black oil
which separated was filtered. The blaek olly precipitates
were combined, added to 50 ml. of water and heated on the

steam-bath for fifteen minutesa. The orange preciplitate which

% Jisher and Hammerschmidt (33) reported 138°C,
## Fisher and Hammerschmids (33) reported 113-114°C.
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settled out was filtered, dissolved in hot water, and treated
with Darco. After several recrystallizatlons. from acetonme,
2.42 g. (50.5%) of the bright orange colored acid with & m.p.
199.6-200.6%C, with decomposition* were obtained.

Anal,. Calcd. for G, H0,: C{’g8.42§ H, 34536
Neut. Eq., 228.2. Found: C, 68,23; H, 3.76. Neut. Eq., 221.8.

8,7~-Dimethoxynaphthyleglyoxylic acld (XX) =

Methylated,2-hy&fcxy-7-methoxynaphthyiglyoxylic acld lactone
(XXIV),in,avsimiiér.mannar to that used in the methylation of
4,8 dihydroxynaphthylglyoxylic acid lactone (XII) (pe68).
The following quantities of material were used: 0.5 g
(0.00219 mole) of 2-hydroxy-7-methoxynaphthylglyoxylic acid
lactone (XXIV) and 2.76 ge (0,Q219,mole) of dimethyl sulfates

Oon acidification of the basic solution, a
yellow precipitate was obtained. Recrystallization from ben=~
zene ylelded 0.32 g. (56+2%) of the yellow acid with a m.pe
150.6-151.090.‘with decomposition,

A mixed melting point with the methylated acid
prepared from 2,7-dlhydroxynaphthylglyoxylic acid lactone
(XIX) showed no depression.

# Steudinger, Schlenker and Goldstein (77) reported a m.pe
184°c., with decomposition and the color. as brownlsh-yellow
for the lactones
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2,7=-Dimethoxybromonaphthalene (XXV)*- This com=

pound was prepared in a similar manner to that_ofi4,8-dimethoxy-
bromonaphthalene (XVIII) (p. 72). The following quantities
of material were‘used: 0.753 ge (0.004 mole) of 2,7-dimethoxy-
naphthalene (XXII), 0639 g. (0.004 mole) of bromine in chloro-
form ;n place of benzene,

After the reactlon the chloroform solution was
washed with water, dried over anhydrous magnesium sulfate,
and evaporated to dryness. The slightly yellow crystalline
compound which was obtalned gave on recrystallization from
methanol 0.95 g. (80.8%) of the white bromo compound melting
at 87.5-88.5%C.%

2, 7-Dimethoxynaphthoic acld (XXI) ~ This acid

was prepared in a similar manner to that of the 4,8-~dimethoxy~
naphthoic acid (XIV) (p.72). The following quantities of
material were used: 0,013 g. (0.00191 mole) of lithium,

0.216 g. {0,00272 mole) of butyl chleride, and 0.40 g. (0.0015
mole) of 2,7=-dimethoxybromonaphthalene (XXV).

After decomposing the lithium complex with con-
centrated hydrochlorie scild, the resulting solution was
extracted with ether and the ether layer extracted with 2%
sodium hydroxide solutlon. The alkeline solution was acldle

fied with concentrated hydroechlorlc acid and the resulting

* Method of Adams, Miller, McGrew and Anderson (2) was used;
they reported a m.p. of 88-89°C,
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preclipltate filtered., On recrystallizatlion of the precipl-
tate from dilute ethanol, 0.1 g. (28.8%) of the dimethoxy
acid was obtained as a white crystalline compound melting at
111.8-112.8°C,

A mlxed melting point with the acld prepared
from the oxldation of 2,7-dimethoxynaphthylglyoxylilc acid

(XX) showed no depression.



Phloroglucinol Series™

Phloroglucinolglyoxylic acid (XXVI) - In a 100

ml, three-necked flask were placed 5.0 g. (0.0308 mole) of
phloroglucinol (Eastman Kodak Compeny), 4.6 ge. (0.0462 mole)
of ethyl cyanoformate (p.55), 1.0 g. of freshly fused zinc
chloride and 50 ml. of absolute ether. The reactlion was
carried out In the same manner as that used in the preparse-
tlon of 4-hydroxynaphthylglyoxylic acid monohydrate (I)(pe55)s
After the three-day refrigeration period, the
ether was filtered from the red, olly precipitate. Fresh
absolute ether was added to the filtrate and more red oil
collected. The red, olly precipitates were combined, added
to 75 ml. of water and heated on the steam bath for fifteen
minutes. The yellow precipitate which was obtained was dis-
solved in dilute sodium bicarbonate and extracted with ether.
on scidification of the bicarbonate solution, a yellow pre=
cipitate was obtalned which, when recrystallized from water
contalning hydrochloric acid, ylelded 5.7 g« of a yellow
powder. Thils compound did not give a definite melting point
put turned dark orange at 163°C., brown at 170°C. and finally
black at 192°C. The empirical formula, as obtained from the

# A1l melting points are corrected.
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anglytical results, was 016H19015’ No further work was done
with this compound,

Anal. Celed. for CygHyg01-3 C, 42.58; H, 4424,
Found: C, 42,753 H, 4.18¢

Trimethoxyphoroglucinolglyoxylic acid (XXVII)¥*

An sttempt was made to prepare this compound by the action
of dliazomethane on phloroglucinolglyoxylic acid (XXVI) by
the same method as that used in preparing methyl 4-methoxy-
naphthylglyoxylate (IV) (pe 57). A red, oily compound was
obtained from which nothing could be separated.

Another attempt was made to prepare this com-
pound by methylation of phloroglucinolglyoxyllic acid (XXVI)
with dimethyl sulfate by the same method as that used in pre-
"paring 4-methoxynaphthaldehyde (VIII) (p. 60). A red oil
was obtained from whieh nothing could be separated,

Still another attempt was made to prepare t his
compound by methylation of phloroglucinolglyoxylic acid (XXVI)
with methyl iodide by the same method as used in preparing
methyl 4-methoxynaphthylglyoxylate (IV) (pe 57). Again a red,
0ily compound was obtained from which nothiné could be separe
ated.

No further work was done on the preparation of

this compound.

¥ Jonas (pbg2) reported the preparation of this compound from
2,4,6-trimethoxyacetophenone by oxldation with potassium per-
manganate. The compound melted &t 155,5%Ce



Pyrogallol Series®

Pyrogallolglyoxylic acid (XXVIIT) - This com-

pound was prepared by Dr. E. D. Amstutz in a similar manner
to that used in the preparation of 4-hydroxynaphthylglyoxylic
acild monohydrate (I) (p. 55).

The resulting Impure acid was recrystallized
from water several times. A yellow-orange ascid resulted
which had & m.p. 162.4-164.4°C. with decomposition. From
the analyticel results, no definite empirical formmla could
be assigned. No further work was done with thls compound.

Anal. Caled. for C_H 06: C, 48.,50; H, 3.10.

876
Found: OC, 40.44; H, 4.30.

# '511:me1ting points are correctede.
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Attempted preparation of 4-Hydroxyphenylgly-

oxylie acld (XXX) -

A. TUsing Phenol, - This reaction was carried
out in the same manner as that used in the preparation of
4=-hydroxynaphthylglyoxyllc acid monohydrate (I) (pe 55).
21.8 g. (0.22 mole) of ethyl cyanoformate (p.-5§) and 100 ml.,
of absolute ether. The hydrogen chioride was passed into
this reaction for only 2% hours. The white keétimine hydro=
chloride formed was filtered off, dlssolved in 5% sodium
hydroxide and heated for thlrty minutes on the steam bath.
‘The solution was acidified with concentrated hydrochlorie
aclid and extracted with ether. The ether solutlon was then
extracted with dilute sodium blecarbonate and then the bicar-
bonaté solutlon was extracted several times with fresh ether
to remove any remaining traceé of phenol. The bicarbonate
solution was then gecidified Qith dilute hydrochloric acid and
extracted with ether. The ether was dried over anhydrous
sodium sulfate and evaporated to dryness. The white, cry-
stalline material, on recrystallization from water, ylelded
8.9 go (45%) of oxalic acid dihydrate which had a melting
point of 99-100°C. A mixed melting point with a pure sample
of oxallc acid dilhydrate showed no depression of the melting

point,

¥ All melting points are corrected,
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Phenol was not recovered from the reaction,
although the odor of phenol and some oily material were quite
noticeable on acidification of the above solution obtained

from the ketimine hydrolysis.

Be Using phenyl acetate (XXXI)e. - The reaction
was carried out in a similar manner to that using phenol. The
quantities of material used were as follows: 4.5 g. (0,033
mole) of phenyl acetate, 4.0 g. (0.040 mole) of ethyl cyano=-
formate (p. 55), 0.2 ge. of freshly fused zinc chlorilde.

Phenol agaln was not recovered from the reac-
tion but the odor was quite discernsble. Oxalic acld dihy-
drate was recovered frém the reaction in a 51.2% (1.84 g.)

yield, end identifled as in the above case.



Ethyl Cyanoformate,Reactioh*

Reactlon of ethyl cyanoformate and hydrogen

chloride - To a 100 ml, three-necked flask fitted with a
condsnser with a gas trap attached, a stirrer and large dia=-
meter gas inlet tube was added 6.0 g. (0.0605 mole)} of ethyl
cyanoformate (p. 55), 0.4 g of freshly fused zinc chloride

snd 50 ml, of absolute ether. Dry hydrogen chloride was

passed into the solution for 3% hours. The white preclpitate
which had settled was filtered, dissolved in 50 ml. of 5%
sodlum hydroxide, and heated on the steam=bath for 20 minutes,
The solutlon was then acldifled with coﬁcentrated hydrochloric _
acld and extracted with ether. The ether solution was dried
with anhydrous sodium sulfate and then evaporated on the steam-
bath. On erystallization of the white precipltate fromw ater,
2,97 go (54.5%) of oxalic acid dihydrate were obtained, which
melted at 99-100°C. A mixed melting point with pure oxalic

acid dihydrate showed no depression.

# All melting polnts are corrected.



Thiophene Serles

‘Attempted preparation of 2-thlenylglyoxylic

acid (XXXIV) - Several attempts were made to prepare this

acld from~thiophene in a manner similar to that used in
preparing 4-hydfoxynaphﬁhylglyoxylic,acid_monohydrata (1)
(ps 55). From the reaction were recovered thiophene, oxalic
acid and some unidentifiable material.

No further work was done on this reaction.



m=-Diethylaminophenol Series

.Attempted preparation of 2-diethylamino~4=-

hydroxyphenylglyoxylic acidh(XXXY) - Several attempts were
mede to prepare this acid from m-dlethylaminophenol in a
manner similar to that used in preparing 4-hydroxynaphthyl-
glyoxylic acid monohydrate (I) (p. 55). An unidentifiable
purplish-black tar was all that could be obtained from the
reactlon. All attempts to obtain some identifiable material
were of no avail, ‘

No further work was done with thls reactlon.



‘Methylenequinone_Serias*

5-Bromovanillin®¥(XXxXVI) - Into a 100 ml.

three-necked flask, fitted with a stirrer and a dropping
funnel, were placed 15.2 ge (0.1 mole) of vanillin dissolved
in glacial acetic acld. To this solution was added rapidly
a solution consisting of 16.8 ge (0,105 mole) of bromine In
20 ml, of glacial acetic acld. Stirring was continued for
ten minutes longer. The solutlon was diluted with water, the
precipitate filtered off and then washed free of acid. On
recrystallization from alcohol, 17.2 ge (74.7%) of the white
crystalline 5-bromovanillin (XXK#I)4was obtained. The pure
compound had a m.p. of 163.0~164,0°¢, %

The 2,4~diniirophenylhydrazone of S~bromo=-
vanillin (XXXVIII) had a m.p. of 293,4-294,0°C,

S=Methoxy=5=bromomethylaminomethylenequinone

(XXXVII!***- An alcoholic methylamine solution was made by
passingrin_gaseous methylamine:(prapé?ed by gegtly heating
methylamine hydrochloride and;40% sodiumAhydroiide) into
alcohol until 1.25 g. (0.0216 mole) of methylamine had been
absorbed. This amine solution was added to 5.0 ge (0.0216

% All melfing polnts are corrected.

%% Method of Dakin (29) was used. He reported-a m.p. 163-164°C,
w##Mothod of Makarow (60). He reported a m.p. of 211°C, with
deecomposition at 214-215°C,
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mole) of 5-bromovanillin (XXXVI) and immediately a yellow
precipitate formed. On recrystallizatlion from alecohol,

4.47 g. (84.8%) of the yellow methylenequinone were obtained
which had a m.p. of 229,4-230.2°C,*

The 2,4-d1n1tropheny1hydrazone of 3-methoxy-
BS-bromomethylaminomethylenequinane (XXXVIII) had a m.p. of
203.8-294.6°C,

Anal. Caled. for 014311N06Br: C, 40.88; H, 2,70,
Found: C, 40.82; H, 2.54.

A mixed melting point of this hydrazone with
that obtailned from 5-bromovanillin (XXXVI) showed no melting

point depressione.

S-Bromoveratraldehyde (XXXIX)*f To a hot solu~
tion of 2.77 g. (0.012 mole) of 5~bromovanillin (XXXVI), 0.5 g.
(0.012 mole) of sodium hydroxide and 15 ml. of water were
added alternately dimethyl sulfate and 5% sodium hydroxide.
The solution was made alternately baslic and then acidie with
sodium hydroxide and dimethyl sulfate until é.B g. (0.054
mole) of dimethyl sulfate had been added. On coollng the
solution, the o0il, which soon crystallized, was flltered and
reerystallized from petroleum ether. The white crystals
which were obtained weighed 2.2 g. (75.8%) and melted at 63.0-

# Method of Makarow (60). Reported a mepe. of 211°C. with
decomposition at 214-215°C, )
## Buck's procedure was used (18),
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64.0%C.*

The 1light orange-red 2,4-dinitrophenylhydrs-
zone of S-bromoveratraldehyde had a . m.p. of 258,8=259,6 Ce

The 2,4~dinitrophenylhydrazone of 5~bromoverae
traldehyde was also prepared by methylation of the 2,4-dini-
trophenylhydrazone of 5-bromovanillin (XXXVIII) with methyl
lodide. The method was as follows: To 150 ml. of acetone,
dried over anhydrous magnesium sulfate, was added 0.88 g.
(0.00214 mole) of thg‘2,4-dinitrophenylhydrazone of 5-bromo=-
vanillin (XXXVI) and l.0 g. of methyl iodide and refluxed
for six hours., On cooling, a red-orasnge preclpitate settled
out. Thls preclpltate was filtered. After several recrystal-
lizations from acetone, the red-orange compound gave a m.pPe
257.8=258.89C,

Anal, Calcd.vforwclsﬂisﬂéBIOG: C, 42.,37;

H, 3.08. Found: C, 42,50; H, 2.92,

A mixed melting polnt of this hydrazone with
that prepared from the 2,4-dinitrophenylhydrazone of sébroio-
vanillin showed. no depression.

An attempt was made %to prepare the 2,4-dinitro-
phenylhydrazone of S5-bromoveratraldshyde (XL) by methylation
of the 2,4-dinitrophenylhydrazone of 5-bromevenillin (XXXVIIT)

with dimethyl sulfate but, as the sodium salt was so insoluble,

# Dakin (29) reported a m.p. of 65-66°C, Bentley, Robinson
and Welzmann (9) reported a m.p. of 620C, and Pshorr (70),
'82,0=64.0°C,
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the reaction would not proceed. Another attempt was made to
methylate the hydrazone by use of diszomethane but only an
oll was obtained from whlch nothing could be separated.

Nothing further was done with these reactions.



Summary



Summagx

A brief review of the work done an arylgly-
oxylic aclds has been presented in this dissertation.

The new synthetic approach to hydroxyaryle
glyoxylic acids, involving the use of ethyl cyanoformate,
has been extended to the preparation of several new hydroxy-
arylglyoxyllic acids. These aclds were derived from &-naphthol,
8 -naphthol, 1,5-dihydroxynaphthalene and 2,7-dihydroxynaphe-
thalene. In all cases except in that of@ -naphthol serles,
where 1t had already been proven, the position of the entering
glyoxyllc acid group was determined,

Attempts to extend the use of ethyl cyanofor-
mate to prepare &K -thienylglyoxylic acid, pyrogallolglyoxylic
acld, phloroglucinolglyoxylic acid and 2-dlethylamino=4=-
hydroxyphenylglyoxylic acld were unsuccessful, -
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