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PART T
THE DEGRADATIVE PROOF OF STRUCTURE OF TUE CONDENSATION

PRODUCT OF 5-HYDROXY-0-TOLUIC ACID WITH
FORMALDEHYDE AND CONCENTRATED HYDROCHLORIC ACID



L.

INTRODUCTION

Recently in these laboratories, Yan (22), Anderson (1),
and Radyeh (15) have found that the condensation of hydroxy
substituted toluiec aecids with formaldehyde and hydrochlorie
acid results in compounds containing a fused 1l,3-dioxane

ring as well as the expected phthalide rings

/O\C,O
COQH
CHI)~ CH1
~o
HCHO
oH He
X CH
o
CP\'} CH,
/0“ Co
COOH CHy
CH
CHy 3
HCRHO
wo HCa
Q
Ha
C\\O//CHK

The structure of the dioxanylphthalide resulting
from the conaensation of 3-hydroxy-p=toluie acid has been
proven by Thompson (20), while the structure assigned to
the condensation product of 5-hydroxy-o-toluie acid was
_based only on analytical results and colour tests indicating
the presence of the dioxane and phthalide rings.

Thus it is tq§ purpose of the first part of this
Thesis to deserib;:an attempt to elucidate and prove as
canpletely as possible the structure of the condensation

produc® of 5-hydroxy-o-toluic acid with formaldehyde and
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hydrochloric aecid.

Two related pieces of work are included, the first
of these being the synthegis of 4-methoxybenzene-1,2,3,5-
tetracarboxylic acid tetramethyl ester. This is the end-
produet of the degradative work carried out on the
condensation product. The second is the synthesis of
d-methoxy~4-methylphthalic acid, the end-produet of the
exidative degradation of the condensation product of

3-hydroxy-p-toluic acid, as carried out by Thompson (20)e
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LITERATURE SURVEY

Inasmuch as the general literature of the simple
phthalides has been adequately reviewed by Anderson (1)
and éadyeh (15), this survey will cover only that literature
dealing with the synthesis of benzodioxane asnd dioxanyl-
phthalide compounds and proof of their structures.

The numbering system used is based on that of

Patterson's Ring Indéx, and is illustrated here:

CHT‘D\ _
pd
ciay ! Co CH,
'1
03 " C CH
Nche Uy 2

The systematic nomenclature of the dioxanylphthalides
will follow that of Buchler and co-workers (3-9). As an
example of its‘use, the systematie name of the dioxanyle
phthalide illustrated above will be 8-hydroxymetnyln§~‘
me thyl-1,3=-benzodioxan«7-carboxylie acid lactone.

Borsehe and Berkout (3) are the first to have reported
the synthesis of a compound containing the benzodioxane
ring system. This strueture resulted froﬁ the condensation
of p-nitrephenel with formaldehyde in the presenece of ﬁ;
sulphuric acid as previously carried out by Borsche (2),
who had supposed the reaction produect to be a xanthene

derivative:
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HCHO

NO
rS
NO, Hy SOy NO,

CHY

The paper of Borseche and Berkout describes the method
whereby they were able to prove the condensation product teo

have the benzodioxane structure rather than the xanthene

structures
i @]
o) ~_. .
on ~cn CHy
' HCHO Cvoz
., S0y HACc (e
No,! NO, P NO; C/
<H, N
OH
NaOH
Nb,\ cCooH

Bybexidation of the condensation product with chromium
trioxide in glacial acetie acid, a non-acidie material was
obtained, which on hydrolysis with sodium hydroxide solution
was converted to S~nitrosalicylie acid with loss of
Tormaldehyde.

Borsche and Berkout obtained analogous condensation
products with 5-nitroecresol, Snnitrecresol, and o-nitronaphthol

which could all be oxidized and hydrolysed in a similar
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manner to nitro substituted o-hydroxy carboxylic acids,

The next new contributions to the field were those of
Mejuto and Calvet (13)s These workers were able to obtain
two products from the condensation of p-hydroxybenzoic acid
with f@rmmidehyde in the presence of sulphuric acid, the
direction of the reaction depending on the temperature, If
the reaction were carried out at alSGG., a substituted
benzodioxane resulted, and at higher temperatures a

substituted xanthene was produced:

_SHa
OH e
CH
HCHO 2
H;\S Oy
—-159c,
COOH
NUHCHO CooH
H150&L )
(@]
HOOC COOH
eny

Alkaline permanganate oxidation of the substituted
benzedioxane gave 1l,3-benzodioxanone-4 with concomittant

loss of carben dioxide:

CH
(& ~
O/ ’“\O O/ o
QH';\ »C=O
KMnO\J-)
Koy -+ CO0,

CoOH
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Presumably, this compound could be hydrelysed to
salicylic acid,

The most important contributions to this field, in
both synthetic and degradative work, are those of Buehler
and his coworkers. The condensation of m-hydroxybenzoiec
acid with formaldehyde and hydrochloric acid was carried out
by Buehler, Powers and Michels (7), resulting in two products

of melting points 254%. and 175%.,

COOH O\QO eHTQ

\
CHg /Q‘Hq_ Co
__HcHo | o -
L50+
CHa
o

The higher melting compound was shown to be the simple

'phthalide by the oxidative degradation pictured below:

O\C.O ' O\CO
H Cita cooH
HOOC
(cH3) Soy K™Mn Qy
———
CH}O d IKOH CH;O
COGQH;
cH00c
CH,L Ny
_—
Ny O

The hydroxyphthalide was converted to the methoxy
deriﬁative, and this oxidized with alkaline permanganate teo

d-methoxyphthaliec acide This acid was esterified with
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diszomethane to give the known dimethyl 3-methoxyphthalate.
The proof of strueture of this compound was completed

by the following synthesis:

O—co
Qon coon CH2
B“?— N B HCHO R B
Ho HO Hy S0y Ho
By By
H~ ,
N

mpﬂyérexybénzoie acid was brominated to the known dibrome
acid, which was then condensed with feormaldehyde., Because
of the orientation of the dibromo acid, ggg% one possible
phthalide could result from the condensation. This dibrome
phthalide was dehalogenated with hydrogems and niekel to the
d=hydroxyphthalide,

An investigation of the second condensation product
was carried out by Buehler, Harris, Shacklett, and Block (6).
These workers were of the opinion that this substance was
a dioxanylphthalide. Since the condensation could give rise
theoretically to any of three isomeric reaction products,
further work was necessary to show which of the indicated

structures was that of the isolated compound,
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Ce—0 co—0Q o0—~Co
iy CHy mRa C/Hz.
o
Lu
Yo 0 o
A. ~ B
CH H ' & .
\\.O/C % C\1.O/CH~,_ c

Structure B was eliminated as a possibility by
condensing 5-hydroxy-6-chlorophthalide with paraformaldehyde
and sulphuric aeid, and dechlorinating the resultant chloro-

diexanylphthalide to produce a dioxanylphthalide of structure

Be
[
N co . /O Co
HO CHa N\
\O HCHD /O Hyy NC
—_ 3
Cﬁ,\ HwSoy O\ CH.
CHY

A mixed melting point indicated that B was not the structure
of the compound isolated.

A series of degradative reactions was then carried
out on the isolsted dioxanylphthalide supposedly proving

it to have strueture A.
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[deigde]
CH COQH
_Chy x PN
Q o COOH

KMn Oy HC

0 )

B ] /O\Co O—co
o
coon CH. CHL
HOCH COQH COOH
~CO

Ho HO HO

The dioxsnylphthalide was subjected to an alkaline
permanganate oxidation which converted it to a dicarboxylie
aeld. Upon further refluxing in an acidic medium the
dioxane ring was opened., The intermediste hydroxymethyl
compound immediately lost water with one of the carboxyl
groups in the formation of a new phthalide ringe. The
remaining carboxyl group was removed to gi#e rise to the
knowmn 3-hydroxyphthalide, |

‘Thompson (20) has argued that this degradative evidence

is inconclusive, however, The dicarboxylic acid was not

proven to be an o-phthalic acid, and a similar degradation
carried out on compound ¢ would give a dioxanyl-p-phthalie
acid which on decarboxylation would also give rise %o

3=hydroxyphthalide.
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;%~Co
CHw Coon cooH
\ CHy
b1 HOCH o
>
HOCH,0 _ Cﬁ:
o
! coow o CooR
CHv CHqy
No
0 C0 O0—=Co
/ /
CH~ CHv
Ha R ~(0+
! HO HO
CooH

To obtain conclusive proof of the identity of strueture A
with that of the diexanylphthalide resulting from the
condensation of m-hydroxybenzoic aeid with formaldehyée and
hydrochloric acid, Buehler, Spees, and Sanguinetti (9)
synthesized the trimethyl ester of 4-methoxybenzene-1,2,3-
tricarboxylic acid and the trimethyl ester of 3-methoxy-
benzene-1,2,4=-tricarboxylic acid from hemimellitene and
pseudocumene respectively. These were to be compared with
the esterified end-produet resulting from the proposed
cemplete oxidation of the dioxanylphthalide., By this scheme
structure A would give the trimethyl ester of 4-methoxy-
benzene-1,2,3-tricarboxylic acid, while structure € would
give the trimethyl ester of 3-methoxybenzene-1l,2,4~tri-
carboxylie acids The synthesis of the first of these is

shown below:
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CH, CHe CooH
CHy CHy CooH
Fl. SOy KMoy
CHy AcHy IKQH lcaon
SozH Soy H
COOH ‘ CO0CH;
COoH N COOCHS
IKaH CHiN=
A cooH CoaCcH,
OH OQHs

Hemimellitene was sulphonated to produce the monosulphonie
acid. This was oxidized with alkaline permangsnate to the
tfiearbexylie acid - sulph@nic acide The crude product was
subjected to a potassium hydroxide fusion to replace the
sulphonic acid group by a hydroxyl group. The resulting
hydroxy acid was simultaneously esterified and etherified
with diazomethane.

The trimethyl ester of 3-methoxybenzene-=1l,2,4=tri=
carboxylic aecid wes prepared in the same mgnner, except that

the oxidation step was carried out prior to the sulphonations

CH, COOH COOH
CH3 COOH . CooH
KMn Oy HaSow
KoW ) ’ 50 H

CH3 Coon CoOH
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CooH COOCLH;
CooH coocHs
Kon CHN~
A oW O CH5
coow CoachHy

The next paper published by Buehler and his coworkers
(8) described two series of oxidetive degradations, the
endwproduet of each being the trimethyl ester of 4«
methoxybenzene-l,2,5~triearboxylie acide Thus this paper
proves that the structure of the dioxanylphthalide froem
m-hydroxybenzoie acid with formaldehyde and acid is
structure A, In the first of these series the dioxane ring
was opened before breaking the phthalide ring, and in the
second series, the feverse procedure was carried out.

The first degradative series was carried out in the

following steps:

co—0 LO-0 QO—O\
R A%
O/CHL /Q HOOC
Cv 03 Naonr (CH3) oy
¢ HRAc - HAWo HQ
g CH
N “
(o) ~ o
<a- (O
\QH\. CQOoH COOCHy
HO KMn 0y CHa Nu

Kah ;0L

CH30
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The dioxanylphthalide was converted to the diaxanone;
‘phfhalide by oxidetion with chromium trioxide in glseisl
acetic acid. The dioxanome ring of this compound was
opened by saponification with sgueous sodium hydroxide.
After methylation of the hydroxyl group so produced, the
phthalide ring was opened oxidatively to produce the
methoxy substituted hemimellitie aecide The three carboxy
groups were then esterified with diazcmetﬁane to yield
trimethyl 4-methoxybenzene-1l,2,3,-tricarboxylate, which
was found tec be identical with the synthetic produet,
The second degradative series was then carried out

as pietured below:

(‘_0"‘0 co— (@]
CoOH ¢a
CHL H
e
o COOH C]/C
l +.Q '
C ' CH’L CHL
\O \O
Ca— NH co—NH
@ o
_Chs Go c
(NH), Co (o) oo, I8
5 —_—
cty HAC CH~
~o \O

cooH COOCH;,

HOOC CoOM CH]OOC CooHs
_Neon CHy N
—_—
Ko , M0
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The initial step of this series consisted of the oxidative
eleavage of the phthalide ring with alkaline permanganate,
resulting in the production of a dioxanylphthalic acide

This production of a phthalic acid was demonstrated by
subsequent conversion to a phthaliec anhydride by heating
with acetie anhydride, converted in turn to a phthalimide

by heating the anhydride with urea. The dioxanylphthalimide
was oxidized with chromium trioxide in glacial acetic seid
to the dioxanonephthalimide. Then the dioxanone and
phthalimide rinés were both opened by ssponification with
aqueous sodium hydroxide. The resulting hydroxy substituted

hemimellitie acid was simultaneously esterified and ethere

ified with diazomethane t@»gield again trimethyl 4-methoxy-
benzene«l,z,5-triearbexylat;,

The last piece of work of Buehler and ccoworkers to
be described here is that of Buehler and Block (4), concern-
ing the oxidation of the lactone of 6-hydroxymethyl-l,
5~benzodiexaﬁe~7~earboxylie.acid, Presumably this material
was synthesized as deseribed on page 8¢ This dioxanylphthalide
was oxidized with chromium trioxide te the di@xanénephthalide,
which on hydrolysis yielded the corresponding 5-hydroxymethyl-
salieyiie acid-4-carboxylic acid lactone., This could then be

methylated to prove the presence of a hydroxyl groupe
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1
O/CH1 CQ‘L O/C CH~
o “0’0_1__\ \O Na oW
CHyL 4 HAc l Vi 7
N~ co CH~ coO
o No |

) O
o\ /}

Hooe — HooC
e (CH3). Soy o
e
HO , 4
Cco Cl-\30

Considerable work has been done by this Department
with the condensation of hydroxy substituted toluie acide
with formaldehyde and hydrochloriec acid. From the conden-
sation of 3-hydroxy-p-toluic acid with formaldehyde and
hydrochloric acid Yan (22) isolated a chlorine-free, non-
acidie material melting at leé@, Winestoek (21) repeated
this work, and on the basis of analytiecal results and

colour tests concluded that the cempound was & dioxanylph-

thalides
COOH SN
. CH~ CHL\O
HCHO
0 HO CH
R O/ 2
CHy CH3

Another reason for this conelusion was that an attempted
methylation indicated that the bydvexdl group was no

longer unsubs tituted,
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Anderson synthesized this dioxanylphthalide indirectly
from 5-hydroxy-4-methylphthalide as well as directly from

S-hydroxy-p-toluic acid. These synthetiec routes are shown

below:
Coon o /O—‘Co
< CH=
(CH3), Sou HCRHO
o
‘ OCHB OCH}
CHy YHO CH, CH-
Wel
ALY,
N ’ (CH3) L SOu
o—Co o—Co
( HCRO
Ha
\O/CH‘L OH

3-Hydroxy-p-toluie aeid was methylated, and the resulting
S3-methoxy-p-toluic acid was condensed with formaldehyde
and hydrochloric acid to give S5-methoxy-4-methylphthalide.
This phthalide was demethylated with aluminum chloride
to 5~hydroxy~4~metbylphthalide. This hydroxy group could,
of course, be remethylated with methyl sulphata. The
hydroxyphthalide was then condensed with formaldehyde and
hydrochlorie acid to give a dioxanylphthalide identical
with that prepared directly from 3-hydroxy-p-toluic acide.
The structure of this dioxanylphthalide was proved
in a séries of ﬂdegradative‘exidatieas carried out by
Thompson (20), The degradative series is pictured on the

next page:s
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/O---c,o — -
CHa Chy SN COoH
Q HoOC, o HOOC, CHyC1
| _KMnoy Hed
/Clh_ KOH /CHL HoH 7 OH
cr © C\’ © -Hehe CH
) F
3 3 - 3 ]
Rcro
- Q
co \ O-———CO
CHy / '
co X
HOo0C ~o
OLHg
; OCOCH; P
tH ©
i3 . CH3
(CH‘&)LSO\.‘,
ACLO
HooC ‘ Culv 6y .
5 quinoling 5 EH3Y Sou
OH = (0 OWH
CHy CH3
COOH Co
COOoH
KMnOy A0
KoH O CH, OCH;
CHq CH,

The phthalide ring of the

oxidatively with cold basic permanganate,

dioxanylphthalide was aplit

The resulting

dioxanylphthalic acid was refluxed with hydrochlorie

acid when a rearrangement took place, the dioxane ring

opening and the resulting chloromethyl side chain




18,

condensing with the vieinal carboxyl group to lose HCL
and fam a new phthalide ring. The remaining carboxyl group
was then removed by heating with copper chromite in
guinoline to produce 3-methoxy=4-methylphthalide, Finally,
after methylation of the hydroxyl group with methyl
sulphate, the new phthalide ring was oxidized with alkaline
permanganate, the end-product being 3-methoxy=-4-methyl-
phthalie acides The hydroxyl group was alsoc acetylated, and
the phthalie seids of both the first and last steps could
be made to form anhydriées. The end-product melted at
173-1749¢, , which is in good agreement with the value of
1759, published by Simonsen and Rau (16) for their
synthetic product,. |

The Simonsen and Rau synthesis of 3-methoxy-4-methyle

phthalic acid was carried out as follows:

COOH COOH CooH
(cH), Soy . HNO!,
on OCH; Rho OCHg
CH
3 CH3
COOoH
COOH COOH
= <o NHy N CooH
’_‘:QS_\"__, 4 N Oy HuSoy
OCH, CvOCN ’
3 OCHy OCH,
CHy

CHy CHy
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d=hydroxy-p-toluic acid was methylated with methyl sulphate
and the methylated produet nitrated in the cold with fuming
nitriec acid in acetic anhydride. The nitro acid was reduced
with ferrous sulphate to the amino acid. The amino acid

was converted to the eyano acid via the Sandmeyer method,
and this cyano acid hydrolysed with dilute sulphuric acid

to the desired phthalie acide This synthesis was repeated
as desceribed later in this Thesis, and a mixed melting

point of Thompson's end-product and the synthetiec 3-methoxye-
4-methylphthalic acid showed the two to be identiecal.

Radych (15) condensed S5-hydroxy-o-toluic acid with
formaldehyde and hydrochloric acid to produece the
corresponding dioxanylphthalide, and also carried out the
‘indireet synthesis as was described under Anderson's work

on page 16, These are shown below:

O0—cCo
COOH COOH Trh
CHg CH; CHy
(i), 504 A CHo
HO 0 R cu0
RcHe ALQY
Wel [
€y Sog
o—Co o—¢Co
~ H
CH Chg Cr CH4
Hero
Hea HON
T
CH~
L s
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DISCUSSION OF RESULTS

The work will be described and discussed in feur,
sections: the two series of oxidative degradations, the
synthesis of the end-product of Thompson's (20) degradative
Work, and the attempted synthesis of the end-produet of the
present degradative worke.

A flow sheet of the two degradative series opens
out at the end of the first part of this Thesis for
referepee purposes. Kach compound thereon has been assigned
an idehtifying Roman numeral which will be used throughout

the discussion and experimental sectiome

First Degradative Series

In this degradative work the plan of Buehler and
coworkers (8) of degrading a dioxanylphthalide via two
routes was adopted. In the first series of degradative
reactions, the dioxane ring is opened before the phthalide
ring, while in the second series the reverse procedure is
carried out, |

The oxidation of the dioxane ring of the dioxanyl-
phthaiide to a dioxanone ring comprises the first step
of this series. The dioxanylphthalide (1} was dissolved
in glacial acetic acid, and chromium trioxide was added.
Upon working up the reaction mixture, the resultant
dioxanonphthalide (II) was obtained in rather poor
yield, Although several modifications of the proecedure

were tried, the yield
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could not be raised above 20% of the theoretical.

The dioxanone ring of (II) was opened with loss of
formaldehyae by saponification with aqueous sodium hydroxides
Acidification of the reaction mixture gave the expected
o-hydroxy carboxylie acid substituted phthalide (III) in
almost quantitative yield. The presence of the hydroxyl group
was indicated by the dark violet colour given withl$ ferrie
chloride solution, and the carboxyl group by formation of
a p-nitrobenzyl derivative,

The hydroxyl group of e@mpound (III) was methylated
with methyl sulphate. The resulting methoxy derivative (IV),
- after two reerystallizations from water, gave no ferrie
ehloride teste

The carboxyl groups of both compounds (III) and (IV)
could be removed by heating their quinoline solution with
a catalytic amount of copper chromite. The resultant
decarboxylated compounds (XV) and(XIV) were found by the
method of mixed melting points to be identical with
specimens of 3-hydroxy-6-methylphthalide and 3-methoxy=6=
methylphthalide respectively. These compounds were
synthesized according to Radyech (15).

The phthalide ring of compound (IV) was opened
oxidatively with warm weak alkaline permanganate solution,
The resultant toluene tricarboxylic aecid (V) was isolated

in good yield,
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Second Begradative Series

As mentioned above, this series starts with the
opening of the phthalide ring. Initial attempts at
accomplishing the reaction followed the experimental
procedure of Buehler and coworkers (8), in which warm
alkaline permanganate is used. A substance of m.Ppe 159~160°3.
was isolated from these oxidations which was not the desired
phthalie acid (VIII), as shown by the inability of the
compound to form either an acid anhydride or acid imide.
Unfortunately, time did not permit an investigation into the
nature of this oxidation producte

When the initial oxidation was run in the cold as
according to Thomson (20) however, the desired material (VIII)
could be isolated in the usual manner in very poor yield.

If at any time the solution of the phthalie‘aeid became
distinetly aecid, the only isolable material was a dark
brown tar. This tar could be éonverted to the desired
product by boiling with aqueous sodium hydroxide. On
recrystallization, the dioxanylphthalie acid (VIII) was
obtained as a light yellow powder of m.pe. 223-224°%, with
effervesecence.

The diaxanylphthaiic aﬁid was converted to its
anhydride (IX) by heating with acetic anhydride. Only
small amounts could be reacted at one time, since the
liberation of much acetic acid resulted again in the form-
ation of a brown tar. Upon recrystallization, the anhydride
was obtained as an unstable white powder, which reverted

easily to the free acid.
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Conversion of the dioxanylphthalic anhydride (IX) to
the dioxanylphthalimide (X) was effected by heating an
intimate mixture of the anhydride and urea. The phthalimide
could be isolated only in poor yields

It was originally intended to continue the second
degradative series on from the dioxanylphthalimide, but the
poor yield in the degradative steps leading to this compound
forced a switch to the direct oxidation of the phthalie
acid (VIII)s

The dioxanylphthalie acid (VIII) was oxidized to the
diexaﬁanephtnalie acld with chromium trioxide in glacial
acetic acid. Due to the high acid concentration the
resultant substituted phthalic acid (XI) was, as usual,
isolable only as a brown tar. This could not be converted to
a pure product by the usual method of_boiling with agueous
’sodium.hydroxide, as the dioxanone/fing was hydrolysed_%n the
production of the hydroxytoluene tricarboxylic acid (XIIf;
This compound was methylated with difficulty to give a
small amount of an impure brown powder of m.pe 22996. As
there was only sufficient material for one reerystéllization,
the melting point could be raised only to 234°C, The
melting point of (V) as produced in the first degradative
series was 28800., but a mixed melting point showed the
identity of the two compoundse. \

At this stege of the discussion, it would be appropriate
to show how the above degrative work indicates the structure
of the condensation product of 5-hydroxy-o-toluic acid to be

(1), icees, 8=hydroxymethyl-l,3-benzodioxan=6=methyleT=
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cérbexylie acid lactone. The most important requirement is
the proof of formation of both the dioxane and phthalide
rings during the condensation. Granting the formatiom of
both these rings (to be proven later), it is obvious that
only one di@xanylpnthalide’could be formed because of the

orientation of the S5~hydroxy-o-~toluic acid:

o—Co
COOH /
Citw
CHo CH+
HCHO

HO HCL .
: o

C‘{" /CH;

Since 6ne of the two positions ortho to ghe carboxyl group Q
the 2-position, is blocked by the methyl group, the

entering chloromethyl group (from which the phthalide ring
is formed by loss of hydrogen chloride with the carboxyl

 group) can enter only in position 6 as illustrated:

B T »—CO
CooH Coot © |
1!"7[—3‘-“ CLCH, CH; L CH,
HoHo - |-
-_— el
Ho Heoy HO Ho
L i

This argument, of course, is based on the supposition that
the phthalide ring is formed prior to the dioxane ring in
the condensation., This supposition will be verified in the
experimental sectione

When the dioxane ring is formed at the hydroxyl
group in the second step of the condensation, one of the

ortho positions is again blocked, the 6-position being
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occupied by the methylene group of the phthalide ring.
Thus the entering chloromethyl group must attach itself to
the 4-position (the numbering system still being that of

substituted toluic acids):

/H 5 /H C/H'L
Clx CHy oy < Hy : CHy
MCHO HCL{o .
Hea
HO HO HO
P cH
CHz
oo
o— co — _
/
CHh
CHz
~H
O
CHnr ChHo
o

Concerning the formation of the phthéliée ring, the
degradative work deseribed in the first and second series
offers two proofse

In the first series the dioxanylphthalide was
oxidized to a dioxenonephthalide (II), which was then
hydrolysed to an o-hydroxy carboxylic aecid substituted
phthalide (III). When this compound was decarboxylated, the
product was found to be identical with the known 3-hydroxye
6-methylphthalide (XV). When the hydroxy compound (III)
was methylated to produce the o-methoxy carboxylic acid
substituted phthalide (IV), eand this decarboxylated, the
resultant product was found to be identical with the known

d-methoxy-6-methylphthalide, This then establishes the
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Tormation, and incidentally the location, of the phthalide
ringe

The second proof of formation of the phthalide ring is
given by the oxidative formation of a phthalic acid, which
reaction step oceurs in both degradative series, In the
second series, the dioxanylphthalide (I) wes oxidized to =
substituted phthalic aeid (VIII). The formation of an
o-phthalic acid was substantiated in three ways: firstly,
loss of water could ocecur with the formation of a phthalie
anhydride (IX); secondly, the phthalimide (X) could be
formed; and lastly, combustion results showed the gain of
two oxygen atoms in the reaction, as would be expected in
the conversion of a phthalide to a phthalic acid. The same
conversion occurs in the first degradative series where the
o-methoxy carboxylic acid substituted phthalide (IV) is
oxidized to a substituted phthalic acid (V)e This eanversioﬁ
is again indicated by combustion results and anhydride
formation.

The formation of the dioxane ring is also proven in
both degradative series. The initial step of the first
series consisted of the chromium trioxide-glacial acetic aecid
oxidation of the dioxanylphthalide (I). Combustion results
" indicate a loss of two hydrogen atoms and a gain of one
oxygen atom. This is in agreement with the expected
oxidation of & dioxene ring to a dioxanone ring, here as the
dioxanonephthalide (II). When this cempound was boiled with
aqueous sodium hydrexide it gradually went into solution

with loss of formesldehyde. Acidification of the reaction
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mixture gave a product (III) which was demonstrated to
contain both a hydroxyl and a carboxyl group. All this
evidence is in complete agreement with the existence of &
dioxane ring in compound (I), as can be seen by comparison
with the work of Borsche amd Berkout (3) and Mejuto and
»Galvet (13) as outlined in the Literature Surveye.

The same series of steps was carried out in the
second series where the supposed dioxanylphthalie acid (VIII)
was oxidized to a dioxanonephthalic acid (XI), which was
then hydrolysed to a compound (XII) which on methylation
produced a substance identical with compound (V). Thus (XI)
had lost formsldehyde to expose a hydroxyl group and a
carboxyl group as indicated by methylation, and by the
" neutralization equivalent of the resultant compound.

The final step of the degradative proof of structure
was originally intended to be a comparison of the commen
end-product (V) of the two degradative series with &
synthetic specimen of 4-methoxytoluene-2,3,5-tricarboxylie
acid or its trimethyl ester, However, a search of the
literature revealed that the compound has not been
synthesized, and no method of synthesis presented itself.
Thus it was found necessary to attempt oxidation of the
methyl group of compound (V) and comparison of the reaction
product with a synthetiec speeimen of 4-methoxybenzene=
1,2,3,5=tetracarboxylic acid or its tetramethyl estere.

Upon oxidation of (V) with hot concentrated basie
permanganate to the tetracarboxylic acid (VI) and ester-

ification of the resultant product, the ester (VII) was
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isolated as a liquid. As this material was useless for
purposes of identification, and it was necessary to use the

free acid (VI) as the comparative end-producte

Synthesis ofuthe Degradative End Products

al Synthesis of 4-methoxybenzene-1,2,3,5=tetracarboxylie

acid
The attempted synthesis of this compound was
modeled along the synthesis of Buehler and coworkers (9) of

4-methoxybenzene-1l,2,3-tricarboxylic acid and is outlined

below:
CH3 CH3 CHa
R
¥ C.H3
Bv.‘_ Mg )
—_—— —_—— ey
CHy CHs CH, CHy ([CHs)So% Chy CHs
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Megitylene was brominated in cold carbon tetrachloride
sélutien according to the directions of Smith (17). The
bromomesitylene was then subjected to a Grignard reaction
with methyl sulphate to give isodurene, also according to
Smith (18). Isodurene was sulphonated according to the
directions of Smith and Cass (19) to give isodurene
~sulphonic acid in quantitative yielde The isodurene
sulphonic acid was oxidized to the corresponding tetraw
carboxylic acid by a method outlined in Fremch (10) and
German (11) patents for the oxidation of hemimellitene
sulphonic acids The crude oxidation product was subjected
to an alkaline fusion to produce impure 4-hydroxybenzens=
1,2,3,5=tetracarboxylic acid. Combustion analyses on the
fusion'product indicated incomplete oxidation of one of the
methyl groupse It is extremely unfor tunate that time did
not permit a conclusion of this line of work to provide

a final tie-up of the degradative proof of structure.

b) Synthesis of S~methoxy-4-methylphthalic Acid

The scheme of synthesis of this acid by Simonsen and
Rau (lé) haé been outlined in the Literature Survey.
Certain difficulties were encountered in the application of
the published method, but small changes resulted in the -
successful synthesis of the desired materiale

The starting material was 3-methoxy-p-toluic acid,
synthesized aceofding to Anderson (1), This compound was
nitrated in the 2-position with fuming nitric aeid in acetie
anhydride in the cold. The resultant nitro compound was

reduced with ammonium sulphide, since the use of ferrous
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sulphate as described in Simonsen and Rau's paper gave a
reaction mixture from whieh none of the desired produet
could be isolated. The amino acid could not be dissolved in
the hydrochloric acid solution for diszotization. This was
not surprising, since these authors state that the amine
acid hydrochloride is only sparingly soluble in watér.

Thus it was necessary to carry out the diazotization by
dissolving the amino acid and the sodium nitrite in a
sodium hydroxide solution and adding this to the hydrgchlorie
acid dropwise. When the diszonium chloride solution was
added to a cuprous cyanide solution, 3-methoxy-2-cyano=p-
toluic acid resulted. This was then hydrolysed with
sulphuric acid to the desired 3-methoxy-4-methylphthalie

acide.
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EXPERTIMENTAL

The Synthesis of the Lactone of 8-Hydroxymethyl=f-methylel, 3=

benzodioxan -7 carboxylie Acid (1)

&) The preparation of o=toluic acid

The greater part of the o=toluic acid necessary for
this research was prepared by the oxidation of ouxylené as
described by Zaugg end Rapala (23), with a few necessary
modifications.

In a 1 liter round bottom interjoint flask were
placed 320 ml. water, lé@ ml. concentrated nitrie acid,
and 120 ml. (1l.13 moles) o-xylene. The flask was then
fitted with a long reflux condenser attached to a gas
absorption trap. The mixture was refluxed vigorously on
a heating mantle ( an input of 90 volts) for 55 hours. The
hot mixture was then poured onto 200g. of ice in a 1 liter
beaker., When cold, the so0lid product was filtered off and
dissolved in 400 ml. of 10% sodium hydroxide solution.
After chilling the deep red solution, any unreacted xylene
was removed by extraction with 50 ml. ether. The aqueous
leyer was heated gently with decolorizing carbon and
filtered. The warm filtrate was added with stirring to &
solution of 90 ml. concentrated hydrochloriec acid in 110
ml, water. The product, after chilling, filtering and
washing, appeared as a light tan powder., Although it is
stated in the published method that this material is
sufficiently pure for synthetic purposes, it was found

that recrystallization from water (100 ml. per g.) was
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necessary before the product was suitable for sulphonation.

The water reerystallized material appeared as very
light, fluffy, white needles of m.p. 100-101°C. The yield
of pure o-toluic acid was generally about 145g., or 69% of
the theoretical. This is 15-20% higher than that claimed
in the published method.

b)T The preparation of S5-hydroxy-o-toluic aecid

(i) Sulphonation of o-toluic aeid

A mixture of 50 g. (0.37 moles) reecrystallized
o-toluic acid and 300 ml. fuming (20%)sulphuric aeid
was heated on a steam bath for 8 hours. When cool; the
reaction mixture was added with stirring to 200 ml. water
in a 1 liter beaker. The clear, deep red solution was
chilled in the refrigerator overnight, wﬁen it set to a
s0lid mass of erystals, The product was filtered with |
suction, and then dissolved in 500 ml. water. The solution
was boiled for 15 minutes with 2 grams of decolorizing
carbon and filtered., The filtrate was again heated to
boiling, and salt was added until saturation was produced.
Upon cooling the sodium salt of o-toluic acid-5-sulphonie
acid recrystallized in quantitative yields The sodium salt

was filtered off, dried in the oven and powdered for fusion.

(ii) Alkali fusion of the sulphonic acid

A mixture of 240 g. potassium hydroxide and 10 ml,
water was heated in a nickel crucible until the temperature

reached 250°C. The flame was removed and 45 g. (0.21 moles)
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of solium o=-toluic acid - S5=sulphonate was stirred into the
melt. The temperature was raised to 290%. over a period of
S5 minutes, and maintained at that temperature for 5 minutes.
The temperature was then raised quickly to 315-320°C., and
the mixture was then allowed to cool to the consistency of
a thick paste. It was then ladled out onto 200 g. ice in a
2 liter beaker., The resultant mixture was then acidified
with 50% sulphuric scid, and brought back just to the
alkaline side with potassium hydroxide pellets. After the
mixture cooled, the precipitated potassium sulphate was
filtered off, and the filtrate evaporated on the hot plate
with mechanical stirring to a volume of 150 ml., removing
precipitated potassium sulphate whenever necessarye. The
residual liquid was cooled, and any potassium sulphate
filtered off, The filtrate was acidified with concentrated
hydrochloric acid, and the 5-hydroxy-o-toluic acid filtered
off. After drying the light tan crude product melted at
188°%c. (value for pure product 183-184°C.) and was ,
pure enough for synthetic work. The yield was 25g. or 80%
of the theoretical based on o=toluic aeid,

The above directions for the sulphonation and fusion
are modifications of those of Radyech (15),

¢) Condensation of 5-hydroxyeo-toluic acid with

formaldehyde and hydrochloric acid

The method for this condensation is a modification
of that of Radych (15) also.

In a 2 liter interjoint flask equipped with a 1 meter
length of reflux condensation attached to a gas absorption

trap was placed a mixture of 300 mle formaldehyde and
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30 g. (0.2 moles) of 5-hydroxy-o-toluic acid. The mixture

was heated on a wire gauze until the acid was dissolved,

At this point 300 ml. of concentrated hydrechloric acid

was added through the top of the reflux condenser, When

the mixture had just begun to boil, a flocculent white

precipitate settled out. A small sample of this material

was removed, and was found to be the simple phthalide,

MePe 283~224@G. Upon further boiling, the mixture frothed

badly, until the precipitate went back into sélatioa,

After about 15 minutes further boiling, the final product

began to settle out in light brown granules. After a total

of one hourfs boiling, the mixture was cooled and filtered.

The yield of the crude dioxanylphthalide amounted to 30 ge,

or 75% of the theoretical. No modification of the above

procedure could be found which would inecrease the yield,

neither could the material not accounted for be recovered.
The material was recrystallized from 2 liters of

95% ethanol to give coarse white needles of me.pPe 171;17206.

A small amount of material was recrystallized from acetone

for combustion analyses. The analytical results were:

P Found Calculated
% C 63.24 64,07
% H 4094  4.89

The FirSt Oxidative Degradation Series of the Dioxanyl-

phthalide
&) The lactone of 8-hydroxymethyle6-methyli-

1,3-benzodioxan-4-one=7-carboxyliec acid (II)

The dioxenylphthalide (1) (10 g., 0.05 moles) was
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disselved in 250 ml. glacial acetic gcid in a 4 liter
beaker by heating. When the temperature of the solution
had dropped teo 7508., the beaker was placed in a cold

water bath. Finely ground chromium trioxide was added with
stirring'at such a rate that the temperature was maintained
between éSOG. and veesg When the reaction appeared to be
complete, the mixture was diluted to a volume of 2 liters,
and the dark green solution was allowed to stand overnighte
It was then refrigerated for 4 hours, during which time
white erystals appeared. These ﬁere filtered off, and
amounted to 2.5 g., (283% of the theoretical) of white,
fluffy needles. Upon recrystallization from acetone, the
product was obtained as white,needlés ef M. Po 184-185°C,

Combustion analysis gave the following results:

Found Galeulamea
% C 60,41 60,01
% H 3.64 3466

b) 3-Hydroxy-4-carboxy-6-methylphthalide (111)

This compound was prepared by refluxing a mixﬁure,ef
5 8o (0,23 moles) of the dioxanonephthalide (11) and 50 ml,
10% aqueous sodium hydroxide for one houre A homogeneous
solution gradually developed with the evoluti@n 6f formaldehyde.
The reaction mixture was cooled, filtered, and made acid
with ceneéntrated hydrechloric acid. The precipitate, when
filtered and dried, weighéd 4 go (84% of the theoretical).
Upon recrystallization from water, the compound was |
obtained as a white powder, m.pe 25896., and giving a
dark violet colour with 1% ferric ehloridé solution.

Due to the high melting point of the compound, and
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its habit of charring when heated, no satisfactory
combustion analyses could be made with the equipment at
hand. The presence of the phenolic group also made
neutralizatioayequivalent déterminations useless, Lately
a p—nitrobenzyl derivative was prepared, but time did not

allow for its analysis.

e) 3B-Methoxy-4-carboxy-6-methylphthalide (IV)

The hydroxy compound (111) (7;5 8o, 0,03 moles), was
dissolved in 75 ml. 10% aqueous sodium hydroxide. Methyl
sulphate (iz,ml.) was added, and the mixture was stirred
for 1 hour at room temperature. An additional 25 mle. base
was added along with another 12 ml. methyl sulphate,’and
the mixture was stirred for aﬁother hour., Another 40 ml.
base was added, and the mixture was heated on a steam bath
for two hours. Upon acidification of the mixture, 7 g. of
erude product was obtained. :After two recrystallizations
from water, é ge (77% of the theoretical) of white needles
were obtained, m.p. 150—15106., which gave no phenol test
with ferric chloride. The crystals gradually turned brown,
as did the powder when dried for combustion analysis. The

analytical results are:

Found Calculated
% C 59.éé : 59,49
% H 4,47 4,54
Neutralization
Equivalent 218 222

d) Decarboxylation of Compounds (111) and IV)

Compounds (111) and IV) were decarboxylated by
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heating one gram of the compound diséelved in 15 ml,
quinoline at 18908., a cataelytic amount of copper chromite
being added. After a period of 15 minutes, when the bubbles
of carbon dioxide had ceased coming off, the mixture was
cooled and poured into 150 ml. of 10% hydrochloric aeid.

The product settled out as white needles., From 3-Hydroxy-
4-carboxy-6-methylphthalide was obtained in this manner
3-hydroxy-6-methyl phthalide, as determined by a mixed
melting point with a synthetiec specimen, Similarly,
5~methoxy—4~earboxynémmethylphthalide was Tound t@ produce
S-methoxy-6-methylphthalide by compariseon with a synthetie
specimen. The synthesis of these two compounds is deseribed
belowe.

e) The synthesis of 3-methoxy=- and 3-hydroxye=B6=

methylphthali&e

(i) 5-Methoxy-o-toluic acid (yuf)

The S5~hydroxy-oc-toluic acid (8.4 g.) was dissolved
in 42 ml. 20% aqueous sodium hydroxide in a three-necked
flaske While the solution was stirred in an inert
atmosphere of nitrogen and cooled in an ice-water bath,
12.2 g. methyl sulphate was added dropwise over a period of
15 minutes. After an additional half hour's stirring, 2.1
8. sodium hydroxide was added and the solution was refluxed
for 45 minutes. The solution was cooled, filtered to
remove any sodium sulphate, and acidified with concentrated
hydrochloric acid. The white precipitate was filtered,
washed, and dried. The product, m.p. 144-145°., was

obtained in 70% yield,
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A mixture of 5.9 g. S5-methoxy-c-teluie acid, 35
ml. concentrated hydréehlorie acid, 35 ml. formaldehyde
was refluxed on a wire gauze for ome hour. The filtered
product was washed, dried, and then recrystallized from
95% ethanol to give 4 ge (66% of the theoretical) of the
desired product. This melted at 165-166°C.

(iii) B-Hydroxy-6-methylphthalide (HI¥) 7.

A mixture of l.l1 g. 3-methoxy-6-methylphthalide and
2.7 8o anhydrous aluminum chloride in 40 ml. dry benzene
was refluxed for 10 hours on a water bath. The solid was
filtered5 washed, and dried. Recrystallization from 95%
ethanol gave 0.5 g (47% of the theoretical) of the
product, m.p. 223-224°C.,

t) 4-Meth9xytolueneez,5,5-tfiearboxylic acid (V)
A solution of 3 g. (0.013 moles) of the phthaliéeg ‘3

in 200 ml., 3.5% aqueous potassium hydroxide was heated at
60%. and stirred while 105 ml. 0,27M potassium permanganate
was run in over a pericd of 1 hour. Excess permanganate

was decomposed with sodium bisulphite, and the manganese
dioxide was filtered off. The filtrate was acidified with
concentrated sulphuric acid, and the resultant precipitate
filtered off. On recrystallization from 50% acetic acid, 2
g. (62% of the theoretical) of grey-white erystals were
obtained. The compound had a m.p. of 238°C. and gave the

i%;;ca.'l.low3‘.If~;Lg analytical;reSults:
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Found Calculated
% G 52,00 51,97
% H 4,09 3.96
Neutralization
Equivalent =50 254

g) 4-Methoxybenzene-1,2,3,5-tetracerboxylic aeid (VI)

The methoxy compound (V), 1 g. (0,004 m@leS) wes
dissolved in 80 ml. 5% aqueous potassium hydroxide, The
solution was heated on a steam bath and stirred while
242 ml. 0,117 M. potassium permanganate was added dropwise
over a 4 hour period. The exeess permanganate was then
decomposed with bisulphite, and the manganese dioxide
filtered off. The filtrate was evaporated to a small
volume, refiltered, and acidified with concentrasted
sulphuric acide The solution was then extracted three times
with 50 ml. portions of ethyl acetate., The extract was
evaporated to dryness, and the residue reerystallizéd
from 50% acetic acide. The tetracarboxylic acid was
obtained as a white powder of m.Dp. 167~168 Co with

effervescence. Analytical resulis are:

Found Calculated
% . 45,24 46,51
% H | 3,00 2,83
Neutralization | 268 284

Equivalent

Iy

h) Tetramethyl éamethaxybenzene-l,Z,S,S—tetraear?oxy%ate
VII

A solution was made of 1 g. (0,0035 moles) .

of the tetracarboxylic acid (VI) in 20 ml. absolute
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methanol. A solution of diazomethane in absolute ether
was added until an excess was present as indicated by the
persistence of the yellow colour of diazomethane. The
solution was then placed on the water bath and heated
until the excess diazomethane and the ether were driven
off. Ten ml, water was then added and the solution chilled
in the refrigerator. The solution was then extracted with
two 10 ml. portions of ether. The ether extract was dried
and the ether evaporated off, A small amount of a gummy
yellow liquid remained which was insoluble in sodium
bicarbonate solution, and was thus presumably the tetra-
methyl ester of (VI). The liquid did not solidify at
temperatures down to -10%. Since the melting points of
similar compounds are above room temperature, the ester
was probably obtained as a supercooled liquide Since this
ester (VII) was obtained only in very small amounts, and
since 1t was a liquid, no further work or analyses were
done on the compound as it was useless for identification
purposes. Although the esters of benzene polycarboxylie
acids are more useful for identification purposes than the
free acids, the tetracarboxylic acid (VI) would have %o

be used in this case.
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The Second Oxidative Degradation Series of the

Dioxanylphthalide

a) 6=~Methyl-1,3-benzodioxan-7,8~phthalic acid (VIII)

The first method tried for oxidizing the phthalide
ring of the dioxanylphthalide (1) to produce the
dioxanylphthalic acid (V1ll) was that of Buehler and
coworkers (8)e

A solution of 5 g. of the lactone (1) in 300 ml,

20% aqueous hydroxide was prepared by heating the mixture
to 75-85%, The solution was filtered, and its temperature
raised to 60°C. The temperature was maintained at this point
while a solution of 10 g. potassium permangsnate was added
with stirring over a period of 20 minutes. The solution
was cooled, filtered, and made Jjust acid to litmus with
concentrated hydrochloric acid. The resulting yellow
fluoreseent solution was evaporated to 50 ml. at &
temperature of leés than 75%. The resultant solutien

was reacidified and chilled for one hour, then filtered,

The solid material was dissolved in a minimum quantity of
hot, agueous 5% sodium carbonate, boiled with decolourizing
carbon and filtereds The filtrate was cooled and acidifieds
The precipitated acidic material was filtered off, washed,
and dried. The light brown solid wa§:not homogeneous, and
could be separated into three apparenfly pure substances

by fractional crystallization from water-alechol., The

first fraction melted at 12690., the second at 15903,,

and the third at 159-1609C., none with effervesgefe: $E
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The third fraction predominated, about one gram being
obtained from esch oxidation. None of these substances
were the desired phthalic acid, as they were unable to
form anhydridese.

The cold oxidation method of Thompson (20) was then
tried, and the desired compound was obtained in poor
(cae 10% of the theoretical) yields The oxidation was
carried out as follows:

A solution was made of 6 g. of the lactone in 300
mle of 3.5% potassium hydroxide solution by heating. The
solution was cooled, filtered, and placed in an ice-water
bathe It was kept at 5-10°¢. while a solution of 24 ge
potassium permanganate was added over a period of one
hour. The resultant mixture was allowed to stand overnighte.
It was then filtered, made just acid to litmus with
concentrated hydrochloric acid, and evaporated to &
volume of 100 ml. at a temperature of 65°C. The residual
mixture was filtered to give a so0lid comprised of both
organic and inorganic materiasl. The acidic organic material
was separated by dissolving in 5% agueous sodium carbonate,
filtering, and acidifyinge The resultant precipitate was
1-1.5 go of a dark brown powder, which when reérystallized
from alcohol-water appeared as a light yellow powder
melting at 223-224°%C, with effervescence. Anhydride
formation and combustion analysis showed this to be the

desired compound. The analytical results are:

Found Oalculated
% G . 69,11 69,00
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Found Galculated
% H 4,84 4,87

If at any time a solution of the phthalic acid became
gufficiently acid to darken Congo Red paper, the compound
wae isolable only as a dark brown tar which liquified at
about 80°C. Presumably the dioxane ring of the phthalide
opens under the influence of a strong acid as is common
with these compounds. The resultant chloromethyl group
probably condenses with the carboxyl group of another
molecule to form a polymer. This tar could be converted to
the phthalic acid by boiling with i& times its weight of
10% sodium hydroxide solution, eand careful acidification
of the solution. The resultant material was very pure and
gives better combustion results then the material isolated

as abovee

b) 6-Methyl-l,3-benzodioxan-7,8-phthalic anhydride (IX)

'~ The phthalie acid (V11l), (2 g.) was dissolved in
20 ml. acetic anhydride by gentle heating. After one
hour's additional warming, the solution was filtered and
placed in the refrigerator for aﬁ least 24 hours. The
desired product erystallized out in stout needles of a
light brown colour. When recrystalliged from dry toluene,
the compound appeared as white erystals of m.pe 136°G,
The anhydride quickly reverted to the free aecid, and was
not analysed. As with the phthalic acid (V1il), too muéh
acid, as would result from reacting too much material at

one time, caused the product to turn to a tar.




¢) 6=Methyl-1, 3-benzodioxan-7, 8-phthalimide (X)

An intimately powdered mixture of 2 g. of the
phthalic anhydride (IX) and 2 g. urea was heated in an 611
bath until evolution of ammonia ceased. The molten mixture
was poured into 1 liter of boiling water in whieh it
dissolved quickly. Upon ceooling of the solution, the
phthalimide (X) separated out as orange plates. The yield

of

of erude material was poor becauseﬂits hydrolysis to the
free acid by the boiling water. Recrystallization from
boiling water gave a small amount of white powder of m.pe
162°C. It was later found that alcohol-water was a better
recrystallizing medium as no material was lost, Combustion

analysis gave the following results:

Feunﬂ Calculated
% G 60,93 60,02
% H 4,13 4 14

d) Oxidation of the dioxanylphthalic aeid (V111)

As the yields of the dioxanylphthalimide were
extremely poor based on the dioxanylphthalide, it was not
feasible to continue the degradation on from this
compound. Thus it was necescary to attempt the direct
oxidation of the diexanylphthalic acid (V1ll). This was
done as follows: |

A solution of 3 g. of the dioxanylphthalie aeid in
80 ml. glacial acetic acid was prepared by heating the
' mixture. When the solution had cooled to a temperature of
7500., it wgs placed in a cold water bathe Finely powdered

chromium trioxide (10.5 g.) was added in small portions

44,
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@t such a rate that the temperature was maintained at
;5—75960 The beaker was then placed on a steam bath
until all reaction had ceased. The solution was then
diluted to 600 ml. with water, and the dilute acetic acid
evaporated off in vacuoc. The remaining solid was dried
and ground. Inorganic material was removed by digesting
the material with 50 ml. 5% aqueous sodium carbonate and
filtering. The erude dioxanonephthalic acid was obtained
by acidification of the filtrate as a brown tar; Tar
formation probably resulted from the high acid concentration
present during the oxidation. Sinee the tar could not
be purified without hydrolysis of the dioxanone ring, no
pure material could be obtained for analysis.

The tar was boiled for 1 hour with 30 ml. 10%
agqueous sodium hydroxide. Acidification of the reaetian‘
| mixture gave a brown powder which gave a phenol test with
ferric chloride, end wes apparently the 4-hydroxytoluene-
1,2,5~tricarboxylic acid. As the emount of this material
was quite small, purification was not attempte&, and the

whole amount was methyleted.

Methylation of the supposed ﬁoluene acid (iiil&ﬂ
was accomplished in alkaline solution in the usual
manner., Upon acidification of the reaction mixture, a
small amount of light brown powder precipitated‘which~
melted at 228%., Recrystallization from 50% acetic acid
gave a yellow-brown powder of m.pe 231°C. A mixed m.p;
with the 4-methoxytoluene-l,2,5~tricaﬁboxylic,acid (V)
produced in the first degradative series indicated that

these two compounds were identicale



The Attempted Synthesis of 4-Methoxybenzene-1,3,3,5=-

tetracarboxylic Acid

a) The Preparation of Bromomesitylene

Bromomesitylene was synthesized by the directions
of Smith (17), outlined in the next paragraph.

In a 500 ml. three-necked flask provided with a
reflux condenser, stirrer, and separatory funnel was
placed a sclution of lOé g. mesitylene (0.88 moles) in
70 ml. carbon tetrachleriée¢ The flask was cooled in an
ice-salt bath until the temperature éf the mixture hed
dropped below 109¢. A solution of 150 g, bromine (48 ml.,
0.93 mbles) in 95 ml, carbon tetrachloride was then added
to the well stirred solution. The hydrogen bromide
evolved was lead from the top of the condenser to a gas
absorption trap. The temperature of the solution wes
maintained at 10-15%%. during the addition. The reaction
mixture was then allowed to stand at room temperature
for 1 hour, | |

Thé resultant solution was washed with water and them
with two 100 ml. portions of 20% sodium hydroxide'scluti@n;
The carbon tetrachloride was distilled off through a
- fractionating column‘until the vapour temperature was
120%. “

The residue was added to a solution of 8.5 g. of
"sodium in 200 ml. absolute ethanol. The resultant sclution
was boiled under reflux for one hour and then allowed %o
stand overnight. The reaction mixture was then diluted

with 1 liter of water and the two layers separated. The

46,
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ééueeus 1ajer was extracted with three 100 ml. portieng

of carbon tetrachloride, and the extract added toc the
bromomesitylenes This solution was washed thoroughly with
water and then dried over calcium chloride. The carbon
tetrachloride was then aistilled'éff, and the residue was
transferred to a Claisen flask., The fraction boiling at
100-101%. at 10mm. was collected and amounted to 135g.

- (77% of the theoretical),

b) The preparétién of isodurene

Is@aﬁrene~wasvsynthééized according to the directions
of Smith (18), which are outlined in the next paragraph.

| A 1 liter three-necked flask fitted with a reflux

condenser protected from the air by a calcium chloride
tube, a separatory funnel, and a stirrer was mounted on
a steam bathe In the flask was placed lé g.f(é¢66 moles)
magnesium turnings, 50 ml. anhjéreus ether,;éz mle
bromomesitylene, and a cerystal of iodine. The reaction
started after the application of gentle heat. Then the
remaining4100,g, bromomesitylene (total of 2 moles) im
250 ml. éry ether was added at such a ratekthat the
ether refluxed gently. When the addition was complete,
the mixture was heated on the steam bath until the
- magnesium had dissolved. |
The solution of the Grignard reagent was cooled to
- 10%. and to it was added 200 g. (1.6 moles) of pure
methyl sulphate in 100 ml, ether. The addition required~

3 hours. After standing for 24 hours, the mixture was
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decomposed by the addition of dilute hydrochloric a@ié
through the addition funnel., Stirring was started as soon as
possible. When all magnesium salts had gone into solution, 4
the ether layer was separated, and washed three times with
water. The ether layer was evaporated, and the resi&ue
added to a solution of 10 g. sodium in 125 ml. absclute
methanol, This mixture was boiled for half an hour té
decompose excess methyl sulphate, and the selutién éas“

then cooled. To the cold solution was added 60 ml. ether,
and-all alkali and alcohol were fam@ved by washing With
watef. The ether solution was dried over calcium chloride,
filtered, the ether was distilled, and the residue heated
on a steam bath with 10 g. sodium cuttings for 3 hours.

The mixture was filtered, and the filtrate fractionated
under reduced pressure in a Claisen flask,’ A large

amount of low boiling material was obtained Which‘was

impure mesitylene. The isedurené boiled at 82-85°C./15 mm.,
and emounted to 30 g, (39% of the theoretical).

e) The preparation of isodurene sulphenie‘aeid

This material was prepared according to the directions
of Smith and Cass (19), as outlined in the next'paragraph.
Equel volumes of isodurene and concentrated
sulphuric acid were shaken together in aksmall‘flaSK_f®r 
lé minutes., During this time the iso&ureﬁe gradually
dissolved with the evolution of heat and the development
of a;Turkeykred colour. The réaction mixture was thenipeure&
into a 100 ml., beaker filled with crushed ice. Filtratien gave

the sulphonic acid in quantitative yield.v This
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crude material liquified upon standing, so it was
necessary to reerystallize it almost immediatelyo

This was agcomplished as follows: The crude sulphonie
acld was dissolved in 50 ml. ice water, and the solution
’Saturateé with hydrogen chloride gas. The pure product
separated out as white leafy crystals of m.pe 7806, On

gtanding, they gradually acquired a slight green tinges

‘i) The~oxidati¢n~of isodurene salgh@nie aeid

This and the following stéps are modifications of
methods outlined iﬁ:Ffeneh (10) and German (11) @aténﬁs
for the oxidation and fusion of hemimellitene sulphenic
acid. ’
~ In a 1 liter three;neeked flask equiped with a
reflux condenser and stirrer were placed 10 g. isodurene
sulphonic acid and a solution of 5.5 g. potassium hydroxide
in 25G~ml; water . The resultant solution was heated %o
90%. with a heating msntle. While the sclution;was stirred
vigero&sly, 62,8 go. powdered potassium permanganate was
addéd‘at such a rate that the témperature did not riéé"“
ab@#ek95°@. After the addition was complete, the oxidatien‘

was continued for another 24 héurs at this temperature.

Excess permanganate was decolofized with alcohol, and the
- manganese dioxide was filtered off and washed with twe
150 ml. portions of boiling water. The resultant yellow
solution was evaporated to dryness, and the residue dried
and pulverized. The erude,proéﬁet was not purified,kbut

put immediately into the next reaction.
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e) Fusion of the erude oxidation product ‘%%Vfﬁf‘ﬁﬁﬁ
W

The e¢rude sulphonic acid carboxylie acid (XVI) was
mixed with 40 g. potassium hydroxide and 5 ml, water, and
fused at 200-220°C. for 5 hours in a nickel erucible. The
melt was mixed with 60 ml. water after it had cooied to a
slush, and cautiously acidified with concentrated hydro-
chloric acid. After the addition of 150 ml. water the
mixture was heated to boiling and filtered. The filtrate
weas evaporated to dryneés. The residue was reerystallized
fram.é@ ml. hot 5% hydrochloric acid to give 4 g. of
white powder, m.pe 260°C

Combustion results indicate that the supposed
4-hydroxybenzene-~1,2,3,5-tetracarboxylic acid (XV1l) was
not pure due to the incomplete oxidation of the isodurene
sulphonic acid. The final produet appeared to have 0.8
unoxidized methyl groups per molecule, Unfortunately,
there was insufficient time to methylate the compound
and complete the oxidation.

The Synthesis of 5ewethoxy~4~methylphthalie Aeid

a) The preparation of 3-methoxy-p-toluic acid

The prepearation of 3-hydroxy-p-toluiec acid has been
given by Thompson (20). This substance was methylated
as directed by Anderson (1).

b) This and the remaining steps of this synthesis
were accomplished by a medifieation of the method of
Simonsen and Rau (lé)» The method has been outlined on

Pe 18,
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Finely powdered 3-methoxy-p-toluiec acid was added
slowly to a mixture of 8 ml. fuming nitric acid and 28 ml.
acetic anhydride, the mixture being well ecooled in an
ice-water bath. When the addition was complete, the
mixture was allowed to stand for 15 minutes at room
temperature, and was then poured onto 100 g. ice., A
yellow material precipitated out which crystallized after
refrigeration for 1 hour. The acid was collected, and
amounted to 3.5 g. of the 2-nitro-3-methoxy-p=-toluic acide.
Uponrecrystallization from hot water, the nitro acid
was obtained as a light yellow crystalline material of
e Po 16406. in 46% yield. Simonsen and Rau report a
white product melting at 165°0btained in quantitative
yvield,

¢) The preparation of 2~amino-3-methoxy-p-toluic acid

- Simonsen and Rau reported a reduction of the nitro
acid with ferrous sulphate, This was tried several times,
but none of the desired amino acid was obtained, Thus
the reduection was carried out in the following manners

The nitro acid (5 g.) was dissolved in 25 ml, 6B
ammonia, and the solution was placed in a 100 ml, flask
cooled in a water bath. The solution was saturated with
hydrogen sulphide for 3 hours. The mixture was then
boiled until ammonia and hydrogen sulphide ceased being
driven off.. The boiling solution was filt ered and the
filtrate poured into 2 ml. glacial acetic acid. The
precipitate was filtered off and recrystallized from

water to give 2.3 g (50% of the theoretical) of the
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amino acid, meDe lé@ﬁ. Simonsen and Rau give the m.pe Tfor
this compound as 162,

A method for the simpler catalytic reduction of the
nitro acid was later found, as published by Grewe (12).
A mixture of 2 g. of the nitro acid, 50 ml. glacial
acetic aclid, and 50 mg. palladium charcoal catalyst were
shaken under hydrogen at 50 lbs, pressure for one half
hour at room temperature. The catalyst wasffiltered off,
and the filtrate was evaporated to a small volume in
vacuo. Upon cooling colorless needles of the amino acid

separated out in goedryield, of m.@.‘164~l6500.

d) The preparation of 2-cyano-3-methoxy-p-toluie acid

Simonsen and Rau (16) prepared the amino acid for
diazotization by dissolving it in 5 volumes of a 20%
hydrochloric acid solution., When this was tried, it was
found that a prohibitively large volume (ab@utrzce mle)
of dilute hydrochloric acid was necessary té dissolve the
amino acid. The published method was therefore modified
and runs as follows,

A solution was prepared of 1 g, of the amino acid,
0.4 g. sodium nitrite, and 0e¢5 ge sodium hydroxide in
5 ml. water. The solution was chilled and added in small
portions to an ice-cold solution of 3 ml. concentrated
hydrochloric aeid.in 2 ml, water. Each succeeding portion
was not added until.the previous one had reacted completelye.
The resultant solution was then added to a hot solution of
1.4 g. copper sulphate and 1.6 g. potassium cyanide in

20 ml. water., When evolution of nitrogen was complete,
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the mixture wés chilled for 4 hours and filtered. The
mixture of the nitrite and copper cyanide was dissolved in
dilute ammonia and filtered. The filtrate was geidified,
and the deposited cyano acid was collected and dried.

The yield was 0.47 g. (50% of the theoretical) of grey
needles with a melting point of 183°%., Although this meDo
is 3° below the published value, the material was not
purifieds

e) The preparation of 3-Methoxy-4-methylphthalic acid

The phthalic anhydride was prepared by heating 0.3 g
of the cyano acid with 0.5 ml, 75% sulphuric acid on a
gsteam bath for 3 hours. On pouring the reaction mixture
onto a small amount of ice, the anhydride separated as a
white powder. The anhydride was boiled under reflux with
5 ml. water for 1 hour. On cooling, the phthaliec acid
crystallized out as small white erystals. The compound
had a m.p. of 174-17506,, in agreement with the published

values
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SUMMARY

1. The degradative proof of structure of the dioxanyl=-
phthalide resulting from the condensation of 5-hydroxy-
o=toluic acid with formaldehyde and concentrated hydrochlorie
aeid has been accomplished,

2e An attempt to synthesize the end-produet of this

%

degradation has been made,

3o The end-product of the degradation of the dioxanyle
phthalide resulting from the condensation of Smhydrcxﬁh
p=toluic acid with formaldehyde and concentrated hydrochlorie
acid has been synthesized. Thisldegradation was carried

out by Thompson (20), and the end-product obtained by

him was identical with the one synthesized by this research

worker,



556

SUGGESTIONS FOR FUTURE WORK

1. The synthesis of the degradative end-product, 4-methoxy-

benzene-~1,2,3,5-tetracarboxylic acid should be completedo

20 It would be interesting to ascertain the nature of the
substences obtained from the hot alkaline permanganate

oxidation of the dioxanylphthalide.

3e It would be of interest, although not directly related
to the project, to determine the products resu lting from
the photo~ and catalytic halogenation of the dioxanyle-

phth&lid@ e

4o  The air oxidation of the dioxanylphthalide as described
by Thompson (20) should be undertsken with a view %o

finding out what substances are producede

5«  The work of Meldrum and Kapadia (14) based on the
Fritsch condensation product with 3-hydroxy-p-toluic acid
might be repeated (this was done, but the results were of
insufficient value té report in this Thesis), and its

extension to 5-hydroxy-o-toluic acid might be attemptede
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PART II

A SURVEY OF METHODS OF SYNTHESIS OF 3—DIEYDROPYRA.N
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INTRODUCTION

Cyclic oxides have been found useful intermedistes
for the preparation of certain types of organic compounds,
such as cyclohexyl substituted aliphatic acids (5, 8,’9).
In order to try some of these, Giesinger (3) attempted
oxide formation with the heterocyclie cyclohexene compound
AN 2~dihydrapyran;

This oxide was to be synthesized by the following

series of reactions:

) thes . Ne oK
L H\.O

However, no oxide could be isolated from the dehydro-
halogenation reaction mixture, as the oxide éould very
likely be quite unstables

Thus it was thought to be of interest to work out
a good method of symthesis‘of the struetural isomer of +this
compound , zxs-dihydrepyran, as Paul and Tchelitchef (11)
have reported oxide formation with this compound using
perbenzoic acid:

X

(o Hy C-O'; R N

This compound could then be used for the work mentioned.
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LITERATURE SURVEY

The compound Lxsudihydrepyran.was Tirst mentioned in
the literature by Paul and Tchelitchef (11), in 1947,
‘These research workers prepared the isomer by the slow
distillation of a solution of 4-bromotetrahydropyran and
potassium hydroxide in glycol:

Bv

X

KOH
3'ycal
o) ©
The synthetic source of the 4-bromotetrahydropyran was not
mentioned in this paper, but a literature search indicates
that only two methods of synthesis of this compound have
been reported up to the present time.

The first of these is rather invol&ed, and would not
be useful for any other than small seale préparations, It
involves the condensation of ethyl oxalate and acetone to
give acetone dioxalic ester, which can be hydrolysed and
eyclized to chelidonic acid, These reactions have been
published by Riegel and Zwilgmeyer (13)., Chelidonic acid
has been decarboxylated by Willstatter and Pummerer (16)
to give 7-pyrone. Prelog and coworkers (12) have described
the hydrogenation of Y-pyrone to tetrahydropyranol=4,
and the conversion of the alcohoi to 4-bromotetrahydropyran
by treatment with phosphorus tribromide, This reaction

scheme can be represented as follows:
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The second method for the synthesis of tetrahydro-
pyranol-4 is that of Olsen (10). This is a rather more
direct synthesis, and uses inexpensive starting materials,
but the yields are low. Here, allyl alcohol was
condensed with formie acid to give butene-=3-0l-1, which
was acetylated with acetic anhydride., This acetate was
refluxed with paraformaldehyde in benzene to give the
acetate of tetrahydropyranol-4, which could be hydrolysed

with dilute hydrochloric ac¢id to give the free alecohol,

Acr o
CHL L CH-CHy of + nero B2 CHyt Che Clua CRy o =22

OvCo-CHy

CH» CHCRy CHy 0 Coveh, Gends, Q O
H1,§Oq,

The tetrahydropyrancl-4 could be converted to the bromide

60.
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as described above,

A recent publication of Heuberger and Owen (6) gave a
total synthesis of ngudihyéropyran starting With.aéetylene
and ethylene oxide. These were condensed in liquid ammonia
to give butyne-3-0l-=ls This was transformed into pentyne-
2=diol=1,5, which was eyclized with sulphuric acid to
produce the desired compound. The reaction scheme is shewn
below:

;4czca,+<ﬂlj}HL—¥§L- CHECACHZIku-OH-fﬁa HO» CH C= C o CHuCHy O H
CHO

H ~
——r 5 HO CHy CHECH CHy CHy o R 8%
Pd ~H+D
o)

These authors also describe another method for the
transformation of tetrahydropyranocl-4 into £>5—dihydropyran,
and also into 4—i@é0tetrahydr@pyran. Tetrahydropyranol-4 was
condensed with p-toluenesulphonyl chloride, and the tosyl
derivative was treated with aqueous alkali to give
£>3-dihydrepyran. On refluxing the tosyl derivative with

potassium iodide in acetone, 4-iodotetrahydropyran resulitede

AN
OH oTs
R
F PO GHy S0 — - 4 T
o o

Kr
6ce*°h$
: O

Siever and Ballard (15) have published a method for
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the synthesis of substituted zks—éihydropyrans. This
involves the condensation of variously substituted
butene-3-0l-1 compounds with substituted aldehydes or

ketones to produce the corresponding ZS?~dihydrcpyram:

Re
¢ R+
X
Rycli CHR, e, R,
| < H
s —_—
Ry CH o=c'R #s
Non e «4< o Re

Although preparaticn of the unsubstituted compound was not
re@orted in this paper, it was felt thet butene-3=0l=l
could be condensed with formaldehyde to give the desired
compound. |

Thus the problem arose of obtaining a good method of
synthesis of butene-3-0l-=1l. That of Olsen (10), as was
mentioned above, gives poor yields, Besides this, the
literature lists only two other methods. The first was
published by Yu'rev and éoworkers (18), and involves the
condensation of B-bromotetrahydrefuran with 1ithiam,

followed by hydrolysis of the adduct with water:

8v Bv .
Ll — | e CMi=CH-CHa-CHLOW
o]

Q

However, the literature lists no useful synthesis of
S=bromotetrahydrofuran. The other ne thod is the Grignard

synthesis using allyl bromide and farmaldehyde:



63e

CHi= CH.CH,By + HCHO —0 CHu= CHCHA. CH, O M

Allyl br@mi&e is very reactive aml the magnesium
derivative is difficult to prepare (4). The yield of the
overall reaction is guite poor due to the formation of
large qugntities of biallyl and biallyl ether.

A paper of Woods and Sanders (17) gives a method of
synthesis of the 2-methyl- and 2-ethyl-ethers of
A Sudihydropyraag The preparation was carried out by
brominating leudihydrepyran to give thé dibromotetrahydro-
pyran, which was then reacted with ammoniacal absolute
methanol or sodium methoxide in absolute methanol to give
the 2-methyl ether. This was refluxed with alecholie

potassium hydroxide to give the desired compound:

Bv
By~ ; J __NeocH; __KOR
: t H
©° o " e s £ O,

The ethyl ether is made in an entirely énalogeus manner,

In a British patent, Jones and Bremmner (7) give
details for carrying out the chlorination and etherification
simultaneously by dissolving the starting material in
absolute me thanol containing sdl ium carbonate, and passing

in the calculated amount of chlorine:
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+ Cly + /5 NayCoq +CHA O —

&=} |
+Nacy + 4 o, +HO

JoCH,
O :
Woods and Saunders gave proof that the dehydroe-
halogenation of the 2-methoxy-~3-chlorotetrahydropyran
occurred to give a double bond in the 3,4~-position rather |
then the 2,3-position by hydrolysing the unsaturated
compound and preparing the dinitrophenylhydrazone of the
resul tant pentenale The mixed melting point test showed
that the aldehyde produced by the hydrolysis was
S=hydroxy= z;aupentenal, thus fixing the double bond of

the dihydropyran to be 3,4
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DISCUSSION OF RESULTS

Of the various synthetic methods listed in the
Literature Survey, three were chosen for investigation.
These were: the oldest method, starting with chelidonie
acid; the method of Woods and Sanders (17), and the
cyclization of butene~3=0l=1 with paraformaldehyde.
Although the best method for turning out large quantities
of £>5~dihydrepyran appeared to be that of Heuberger and
Gwen; lack of the necessary equipment ruled this method
oute

Chelidonic acid was synthesized by the method of
Riegel and Zwilgmeyer (13). A11 attempts at thermal
decarboxylation of this compound according to the method
of Willstatter and Pummerer (15) as improved by Cornubert
and Robinet (2) gave no results. Cornubert and Robinet
claim that the method of Riegel and Zwilgmeyer for the
synthesis of chelidonic acid gives a product unsuitable
for the purpose of decarboxylatién, and suggest a series
of modifications of the method whereby a product can be
turned out which will give good yilelds of 7 -pyrone on
decarboxylation. Time did not allow an investigation of
these claims. Attempts were also made to pyrolize the
copper salt of chelidonic aecid, amd to decarboxylate
chelidonic acid in quinoline with copper chromite
according to Shepard and coworkers (1l4). These attempts
were also failures. This approach was therefore dropped

as being too diffiecult for practical purposese
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The method of Woods and Sanders (17) seemed worthy
of trial, sincee the 2-ethers of lsg-dihydrapyran would be
suitable for the required purpose, and according to the
publication should be quite easy tc synthesize. For
purposes of convenience, it was decided to chlorinate the
le-dihydropyran rather than brominate it, as the dichloro
compound would be just as suitable for the desired purpose
- as the dibromo compound. Thus zﬁgwdihydropyran wes
chlorinated according to the directions of Giesinger (3)
to give 2,3-dichlorotetrahydropyran in quantitative
yvields The dichloro compound was reacted with a solution
of sodium methoxide in absolute methancl to produce a
product which did not appear to be that desired. Although
a sodium fusion showed that the compound still contained
chlorine, it showed unsaturation on testing with bromine
in carbon tetrachloride and potassium permanganate
solution.. Its boiling point under reduced pressure
deviated approximately 10° from that expected, and it
did not have a correct ¥efractive index. It was first
thought that the 2,5~diehloretetrahydropyran had lest
HC1l in the etherification reaction to produce 3-chloro-

dihydropyran instead of the desired ether:

(VR Y (@
~He
(S Y
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However, the normal boiling peint of the isolated ligquid
was about 10%0o high for 3-chloro- Ckzmdihydrapyrane
Thus the co nelusion was arrived at that the etherification
had gone to completion, but when the excess methanol was
distilled off after the completion of the reaction, some
of the reaction product lost HCl tc give the final produet,
2=methoxXye ﬁlgmdihydropyran. In order to verify this
cenelusion, the isclated liquid was hydrolysed by a

dilute solution of hydrochloric acid in ethanol, and the
2,4-dinitrophenylhydrazone of the resultant aldehyde
prepared., Upon recrystallization, this derivative melted
at 162—596. as compared with the derivative prepared

from 2-methoxye ﬁ>5~tetrah§dropyran by Woods and Sanders
which had a mepe. of 1599, Lack of time did not permit
further work on this line of approach.

The third line of approach to Cls—dihydrepyran was
through thercyclizatian of butene-3-0l-1 with formaldehyde,
by the directions of Siever and Ballard (14), or of
Olsen (10). Thus a practical method of synthesis of
butene-3«-0l=1 was sought. The best method of preparation
of this compound appeared to be the dehydrohalogenation of

4=chlorobutyl acetate:

Cl-CH,. CHq G- C.Hl‘OvCC)-Cl—\] :_’:\-5—}-7 CHi=CH . CH - CH, O Cq.C H?u

4=Chlorobutyl acetate could be synthesized essily
and in good yield by the method of Cloke and Pilgrim (1).

Here the cyclic ether tetrahydrofuran is split under the
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catalytic influence of anhydrous =zinc chloride:

a ‘ CHy — CH
H tcHzcoc 0ot ! \
\O CHA CHa

\ |

cy 6:Co.C Hy

The dehydrohalégenation of 4-chlorobutyl acetate
proved to be more difficult than was anticipated. The
first method tried involved the use of potassium hydroxide
in glycol. It was hoped that this reagent would split out
HC1l before saponifying the ester. However, tetrahydrofuran
was recovered from the reaction mixture in almost
guantitative yield, indicating'that the reverse reaction

sequence had taken places

CHy — CHr CHy— CH~

| ! I \

CH~ CHL CHy. CH,y
| —. L N R e
¢l 0-co-ciy (@ Ow o

Refluxing 4-chlorobutyl acetate in dry pyridine
gave a product which was water soluble, and so could not
have been the desired ester. However, refluxing with pure
dry quinoline proved to be successful, except that the
product was none too pure., As this section deals with &
secondary research project, only a limited amount of time
was available for research along these lines. Thus tge
above point was reached quite late, and this approach to the

problem also had to be abandoned before its completions
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EXPERTMEN TAL

The Preparation of Chelidonic Acid

This was prepared according to the directions of
Riegel and Zwilgmeyer (13), which are outlined below,

In a 1 liter flask fitted with a reflux condenser
protected with a calcium chloride tube, 46 g. (2 gram atoms)
socium was dissolved in 600 ml. absolute methanol. About
half the sodium methoxide solution was poured into a
3 liter three-necked flask equipped with a reflux condenser
and a mercury sealed stirrer, %he other half was kept warm
wWith a small flame, The first half was allowed to cool until
solid began to separate, then a mixture of 358 g. dry acetone
and 150 g. redistilled ethyl oxalate was added at once
with stirring. Heat ﬁas evolved, and the liquid turned
brown., As soon as turbidity began to appear, the remaining
sodium methoxide was added along with 160 g. additional
ethyl oxalate. As stirring was continued, the mixture
thickened gradually to the point where the stirrer jammed,
The condenser on the flask was then set for downward
distillation, and heated at llOOC. in an oil bath until
150 ml. alcochol distilled. The sodium derivative was
scooped from the flask into a beaker containing 300 ml,
concentrated hydrochloriec acid and 800 g. cracked ice. After
crushing all lumps, the creamy yellow acetone dioxalie
ester was filtered off and washed,

For hydrelysis, the crude ester was heated with 300

mle. concentrated hydrochloric in a 5 liter flask for 20
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heurs on a steam bathe When cold, the solid hydrated acid
was filtered off, washed and dried, first at 100°, and
then at 160°, The yield was 110 g., 61% of the theoretical.

The Prevparation of Copper Chelidonate

A solution of 9.2 g chelidonic acid and 5.3 g.
anhydrous sodium carbonate in 300 ml. water was prepared
by boiling. This solution was cooled to SGOGQ, and to it
was added a solution of 12.5 ge. copper sulphate crystals
in 250 ml. water. A voluminous precipitate of copper
chelidonate hydrate appeared, which was heated and
sﬁirred until it was btransformed to the granular/anhy&rous

salt. This was filtered off and dried;

Decarboxylation of Chelidonic Acid

. The first attempt at this reaction was carried out
according to Cornubert’s modification of Willstatterts
method (2)s A mixture of 20 g. chelidonic acid and 4 g
powdered copper was layered over 20 g. pumice powder in &
100 ml. distilling flask equipped with an air condenser
and s toppered at the top. The chelidonic acid was pyrolized
by Leating to 3009, 4 copious evolution of sweet-smelling
white fumes occurred, along with one or two crops of &
liquid which solidified on codling. This was presumably
Y-pyrone, which melts at 32.5%. No variation of the
method tried produced any better results. One modification
was the use of the copper salt of the acid as a catalyste
This was tried in all proportions, from 1/20 molar to
total quantity of the reaction mixture. The reaction was

also tried in vacuo, but again the yields were insignificante.




The Preparation of Dichlorotetrahydropyran

This was prepared by the method of Giesinger (3).
Into ice~cold z&z-dihydropyran (84 g., 1 mole) was passed
71 go (1 mole) chlorine, Thus a theoretical yield of
2,5=dichlorotetrahydropyran was obtained. This crude
material was sultable for the required purpose without
the Wasteful distillation.

The Preparation of zeMethoxy~5~chlerotetrahydrepyran

To a well cooled, stirred solution of 25 g. sodium
in 500 ml. absolute methanol was added 155 g. (1 mole)
2,3=dichlorotetrahydropyran at such a rate that the
temperature did not rise above 5%, Stirring was continued
for an additional hour. The precipitated soiium chloride
was filtered off, and the excess methanol was removed by
distillation. The crude reaction product was washed with
water and dried over sodium sulphate. It was then
fractionated under reduced pressure, the main fraction
boiling at 65~é790.f15 mme This material weighed 65 Se
Upon repeating the distillation at atmospheric pressure,
the supposedly pure compound boiled at 163-165°%. The
boiling point of this product was thus too high to be the
expected product (Db.p. 130°C.) as well as too high to be
the other possible compound, Baehlere; A?=dihydropyran

(beDe 14006,). A sodium fusion indicated the presence of

chlorine, and bromine in carbon tetrachloride, and potassium

permanganate solution showed the molecule to contain

unsaturations

731
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-The compound was hydrolysed by boiling 1 ge. of it
in 20 ml, of ethanol containing 6 drops of concentrated
hydrochloric acid for 1 hour. To the hot solution was
added a solution of 0.4 g. 2,4-dinitrophenylhydrazine in
2 mle concentrated sulphuric acid and 10 ml. methanol.

. Upon standing, orange crystals of the 2,4=-dinitrophenyl-
hydrazine appeared. These were filtered off, washed,
dried, and recrystallized from toluene., The resultant
erystals melted at 162-163°C. Woods and Sanders (16) give
the melting point of 5«hydrexyg C&g-pantenal as being
159-160%.

The Preparation of 4-Chlorobutyl Acetate

The method of Cloke and Pilgrim (1) was used hereo
A mixture of 50 g. tetrahydrofuran, 65 g. acetyl chloride,
and 10 mge. zine chloride was heated gently until the
reaction commenced, Cooling was then necessary until the
reaction moderated. Boiling was then continued for one
hour. The reaction product was transferred to a Claisen
flask and fractionated under reduced pressure. EZxcept for
a minute fore-run and residue, the whole of the material
boiled at 78-799/15mm. to give an alﬁost quantitative
yield of chlorobutyl acetates

Butene—E-ylml Acetate

The dehydrohalogenation of 4-chlorobutyl acetate was
first attempted by treatment with potassium hydroxide in
glycol. The alkali-glycol mixture was prepared by dissolving
25 g. potassium hydroxide in 125 ml. glycol., To this, 30 ml.
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4-chlorobutyl acetate was added in small portions with
shaking. The reaction was initiated with gentle heating
of the solution, and was then controlled by cooling as
necessary. The reaction was completed by boiling the
mixture under reflux fork50 minutes. The resultant mixture
was distilled through a Vigreux column, when almost a
guantitative yield of tetrahydrofuran was recovered.
Pyridine was then tried as a dehydrohalogenating
agent; A mixture of‘3@ mle, dry pyridine and 30 ml,
4~chlorobutyl acetate was boiled under reflux for 2 hours.
During this time, a second layer appeared at the bottom of
the flask which gradually grew larger until the mixture
again became homogeneous. When cold, tye reaction mixture
was poured into 300 ml, 10% hydrochloric aeidQ The
expected ester layer failed to separate out, and saturating
the solution with salt forced nothing to separate oute
Quinoline was then tried under the same conditions.
Here no second layer appeared during the refluxing, and
wheh the reéction mixture was worked up, an organie
layer did appear. This was separated, washed with dilute
hydrochlorielaeiﬁ, dried over anhydrous sodium sulphate,
and distilled over a range of 110° to 130°9¢., The reaction

produet was thus impure butene-3-yl-l acetate (b.p. 124°C.),
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SUMMARY

1o Chelidonic acid was prepared as a starting material
for the synthesis of AS-dihydropyran, but could not be

decarboxylated.

2e A start was made in the synthesis of 2-methoxye=

L:s-dihydrepyrano

Be A simple method for the synthesis of butene-3=0l-=1

'has been developed. This substance can be used for the

3

synthesis of A *=dihydropyran by methods outlined

previouslye.
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SUGGESTIONS FOR FUTURE WORK

le An attempt could be made decarboxylate chelidonic acid

as prepared by the directions of Cornubert and Robinet (2},

2o  The method of Woods and Sanders (17) for the preparation
of 2-methoxy= O 5-dihydrapyran should be followed up to

completione

Se Butene-3-cl-1 could be transformed to tetrahydropyranol-4
by the method of Olsen (10), or directly to AP-dihydro-

pyran by the directions of Siever and Ballard (15)e
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