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1
INTRODUCTION
The eyntheeia of an appropriately substituted cyclohexane which might
serve as a key intermediate In a proposed total synthesis of reeerpine (I)
has been undertaken in These laboratories by Dr. I>. H. Liu and has given
encouraging results.* Before the problem can be satisfactorily completed»
however, it Is Imperative to determine to which of two isomeric systems Dr.
Iiu's intermediatea belong.

Hence, the structure of one of these Interme

diates, a compound correctly represented by either lia or lib and convert
ible into a 1,2,3-trisubstituted benzene, Is to be elucidated.
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It has been suggested (l) that erythrocentaurin possesses either
structure Ilia or Illb, both of which are 1,2,3-trisubstituted benzenes.
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Since, in principle, systems II and III are both derivable from hemlme Hi tic add (IV), the chemistry of this acid and related compounds Is to
be investigated with a view toward synthesizing the Liu and erythrocentau
rin systems, ,
*Dr. L. H. lia» c/o Professor B. Wenkert, Department of Chemistry,
Iowa State University, Ames, Iowa. Postdoctoral investigation of alkaloid
syntheses. Private communication. 1958»
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HISTORICAL
Unpublished Work by Dr. L. H. Ida*
Daring the period of 1954-1956, work was carried oat in These Labora
tories by Dr. L. H. lia aimed at the total synthesis of reserpine-type al
kaloids (2).

As stated in the introduction, the critical intermediate was

an appropriately substituted cyclohexane which would ultimately form ring
2 of the alkaloid.

The approach taken involved the Diela-Alder condensa

tion of a suitably substituted furan with maleic acid (3)•

This would be

expected to yield a racemlc mixture of 7-oxablcyclo Q2.2.lJ heptenedlcarboxylic acids, one enantiomer of which Is illustrated (V), where Y repre
sents a substituent which would ultimately serve as a handle with which to
join the methylene group with a tryptamyl
HOj,c
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When the reaction was carried out with Y=ÏTHâc. the intermediate cor
HOzd

HOZC

responding to V was not isolated.

Instead, the reaction mixture was

treated with sodium hypolodite to afford an iodolactone acid.

Such a re

action would be expected to afford a ^-lactone and Indeed this was veri
fied by the compound1s infrared (I.R.) spectrum.

However, two Isomeric

^-iodolactones are possible, depending upon which carboxyl group undergoes
cyclizatlon.
Treatment of the iodolactone VI with hydrogen over palladium on char*Dr. L. H. Liu, c/o Professor 2. Wenkert, Department of Chemistry,
Iowa State University, Ames, Iowa. Postdoctoral investigation of alkaloid
syntheses. Private communication. 1958.

col afforded the desiodolactone acid VII.

Conversion to tne methyl ester

with diazomethane followed by equilibration with trietnylamine brought
about isomerization of the carbomethoxy group to the more stable exo ori
entation, thus proving epimerization had not taken place during the iodo
lactone formation.
Attempts to homologate tne acid vere unsuccessful until Y was changed
by hydrolysis to the amine VIII, followed by conversion to the sulfonamide
lia.

Homologation by the Arnclt-Sistert method (4) to the homomethyl ester

IX proceeded smoothly.
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-he profound effect of the substituent Y upon the homologation's
course was the first suggestion that structure VII, with the free carboxyl close to the methylene group, was correct.

In order to prove this, Liu

set out to cyclize the carboxyl and methylene substituent s.
Because of the possible strain involved, the failure in attempts to
cyclize the amino acid VIII could not be invoked to disprove it's struc
ture.

Attempts to cyclize homologs of these compounds under irreversible

conditions were then made.

By treating the diazoketone intermediate in

the Arndt-Sistert synthesis with excess HC1, the chloromethyl ketone X was
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obtained.

Attempted cyclization of this compound in basic media, however,

gave inconclusive results.
Other attempts to prove the structure by cyclization were equally
fruitless.

Repeated and varied attempts to hydrolyze, hydrogenolize and

oxidize the sulfonamide group failed, usually affording unreacted starting
material.
By treating the methyl ester of VII with potassium t-butoxide for a
short period of time, the same epimerization observed with triethylamine
could be effected.

Prolonged treatment, followed by acidification, treat

ment with diazomethane and chromatography led to an oil which upon subse
quent hydrolysis in acid afforded 7-carboxyphthalimldine (XI).
The Chemistry of Hemimellitic Acid
aornimellitic acid (IV) was first obtained in small quantity and im
pure form by A. -baeyer (5) as a degradation product from mellitic acid.
It was not until the discovery of a practical synthesis (b) that the acid
became available in sufficient quantity to permit an investigation of its
properties.

This study was presented in a paper by Graebe and Leonhardt

(7) which contains virtually all of the fundamental chemistry of this com
pound. known until now.
The classical synthesis of hemimellitic acid involves oxidation of
acenaphthene (XII) to naphthalic acid (XIII) and subsequent oxidation of
CO.W
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this intermediate, through b-carboxyphthalonic acid (XIV), to the desired
product.

An additional laboratory synthesis has become available more re

cently ( g).
ïhe neutral silver, potassium, and barium salts have been prepared and
characterized.

Graebe also obtained a disilver salt, and calcium (9) as

well as iron (10) salts have been reported.

Of particular importance is

the remarkable insolubility of the monopotassium salt which affords a con
venient means of isolation and purification.

The stability of this salt

is so great, according to Graebe, that it is impossible to obtain pure ac
id by mere acidification; the salt must be converted to the less soluble
barium salt and this in turn treated with sulfuric acid.

A more recent

paper (11), however, suggests that the elaborate procedure may not be en
tirely necessary.
Hemimellitic acid reacts with hydrazine (12) to form a phthalhydrazide hydrazide (XV) which can be converted to a phthalhydrazide azide
(XVI) and this In turn made to undergo a Curt lus rearrangement.
H,NHINCO O
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Upon heating, hemimellitic acid melts, losing a molecule of water, to
form hemimellitic anhydride (XVII).

The potassium salt of the anhydride

may be prepared by heating monopotassium hemimellltate.

Treatment of mol

ten hemimellitic anhydride at 220° with gaseous ammonia affords the imide
acid XVIII.

The imide dlsllver salt has been made and characterized, as

well as the calcium salt.
If hemimellitic acid is treated with methanolic HC1, a dimethyl ester

6
is obtained.

Hemimellitic anhydride dissolved in methanol affords a mono-

methyl ester, which will not dehydrate upon heating, and which, upon
treatment with methanolic HC1, is converted to the trimethyl ester.

Sa

ponification of the trimethyl ester with two equivalents of base yields
the original monoester.

On the basis of these facts, Graebe proposed

structures XIX and XX for the mono- and dimethyl esters, respectively.
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Attempts to obtain the isomeric monomethyl ester through the monopo
tassium and monosilver salts and methyl iodide were unsuccessful.
Although only the diester XX was obtained by Graebe with methanolic
HC1, later workers (13) found the triester was also formed, although in
much smaller amounts.

It is interesting that these workers found the po

tassium salt of XX much leas soluble in water than the sodium salt.
The triester can be obtained directly by treating the anhydride with
methanolic HC1, or the neutral silver salt with methyl iodide.

More re

cently (14) diazomethane has been employed.
Reduction of the trimethyl ester with lithium aluminum hydride (15)
affords the corresponding tri-alcohol which readily forms a triacetate.
Graebe also studied the Friedel-Craft s acylation of benzene with
hemimellitic anhydride and the hemimellitic anhydride potassium salt, ob
taining both isomers in which the anhydride had attacked one benzene mole
cule.

He also obtained both isomers in which the anhydride, having acy-

lated one benzene subsequently acylated a second.

3y condensation of the

anhydride with resorcinol, two isomeric fluoresceins were obtained.

Con
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densation with m-dimethylaminophenoJ afforded a rnodamine.
Treatment of hemimellitic acid with mercuric acetate leads to re
placement of the central carboxyl group with mercury (16).

Tills compound

may subsequently afford either isophthalic acid or 2-halogenoisophthalic
acids.
The dissociation constants (1/), crystallographic data (9)> and ul
traviolet spectrum (18) of hemimellitic acid have been reported.

The acid

has been successfully separated from mixtures of acids by paper strip (19»
20) and partition (21) chromatography.
The Raman spectrum (22) and heat of vaporization (14) of the trimeth
yl ester have also been reported.
The Chemistry of Graebe 1 s Acid
In the course of his investigation on the oxidation of acenaphthene
(XII) Graebe (b) isolated b-carboxyphthalonic acid (XIV).

If the reaction

mixture is further oxidized, hemimellitic acid ( IV) is obtained ( /), as
already mentioned.

In a later paper (23) Graebe and Bossel reported the

results of their investigation on the chemistry of b-carboxypftthalonic ac
id, which, for simplicity, we shall henceforth refer to as Graebe 1 s acid
or G-acid.

As in the case of the hemimellitic acid paper (7), this work

has remained until nov; the only comprehensive study of the chemistry of
this compound.
Treatment of G-acid with red phosphorous and HI afforded a dicarboxylic acid, characterized by its neutral barium salt.

The physical proper

ties distinguished this diacid from its isomer, homophthalic acid, and thus
established the oresenee of a methyl group.

Since the methyl group would

g
be expected to have arisen from the glyoxylic ketone, and the dicarboxylic
acid could not be converted into an anhydride, the methyl group and hence
the glyoxylic group was assigned a position between the two carboxyl
groups.

The correctness of this assiyiment is apparent from the distinct

ly different properties of Graebe's methyl dlacid and the known (24) 3~
methyl phthalic acid, which readily forms an anhydride.
Condensation of G-acid with phenyIhydraz i ne affords a compound which
analyzes as a phenylhydrazone.
The neutral barium, calcium, potassium, and silver salts have been
prepared and characterized.
Upon treatment with methanolic HC1, G-acid afforded an acidic diester, while treatment of the neutral silver salt with methyl iodide af
fords a neutral triester, to which Graebe assigned structures XXI and XXII
respectively.

Later workers (25, 26) have been unable to obtain either of

the enters, even when Graebe's original procedures have been employed.
Instead, they obtain under all conditions, including esterification with
diazomethane, the same trimethyl ester, melting 10-12 degrees lower than
Graebe1e compound.

On the basis of a difference in the ultraviolet spec

tra of G-acid in neutral and in basic media, it has been suggested that in
the former case, the compound exists in the lactol form XXIII and only in
the latter case in the koto form.

Similarity in the spectra of the tri

ester and the acid in neutral media has led to tha proposal that XXI7 cor-

XX3

xxn

xxm

xxrv

rectly represents the structure of tee trimethyl compound, obtained in the
later work.

It was further suggested that the keto-lactol equilibrium was

responsible for tne diversity of products.
Upon heating, G-acid melts and decomposes with the evolution of CO,
COg and HgO.

Three major products are isolable, one of which proves to be

hemimellitic acid.

The lower melting of the otner two products forms a

neutral monobarium salt and gives a positive Schiff 1 s test.

It also forms

a compound with phe nylhydra z i ne which affords a nitrogen analysis consis
tent with a phenylhydrazone.

The pyrolysis product was accordingly as

signed structure XXV, but later wo rice r s ( 26) on the basis of ultraviolet
spectra, prefer the lactol structure XXVI for the compound.

The higher melting pyrolysis nroàuct was virtually insoluble in all
solvents except aqueous base, in which it formed a reddisn solution and
from which it could be recovered upon acidification.

Since its analysis

indicated a formula isomeric with the aldehyde XXVI, less tne elements of
water, and treatment with phenylhydrazine afforded the aldehyde phenylhy
drazone, the compound was assigned tne dilactone structure XXVII.

Ô

O
•XXVTT
The recovery of XXVII rather than XXVI from basic solution upon acid

XXV

XSSI

ification, coupled with quite different ultraviolet spectra for the two
compounds, has led later workers (26) to reject structure XXVII.
Treatment of basic solutions of either XXVI or XXVII with Raney nick
el alloy has afforded 2-methylisophthalic acid (27).
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Brythrocentaurin
From Swertia japonicus, Makino, a bitter glycoside has been isolated
(28) and named swertiamarin.

Enzymic hydrolysis of this material affords

a crystalline agiycone known as erythrooentaurin.

In 1958, Kubota and

Tomita (1) reported the results of their investigation on the constitution
of this compound.
Irythrocentaurln analyzes as C^AgO^ and exhibits an infrared spec
trum with absorption at 5*82 and 5«91/< and an ultraviolet spectrum with
'Snax 223 and 290m//, logB 4.30 and 3*13 respectively.

The compound gives a

positive Tollens test, but is unaffected by Schiff's reagent, hypoiodite,
nitromethane and a diazoaromatic compound.

It consumes one equivalent of

base upon warming in aqueous sodium hydroxide, but is recovered unchanged
upon acidification.

Condensation was effected with semicarbazide, dime-

done and o-phenylenediamine, one mole of each reagent reacting with one
mole of compound.

Redaction of erythrocentaarin with lithium aluminum hy

dride affords a crystalline triol which is unaffected by hydriodlc acid.
Kuhn-Roth oxidation indicates the absence of C-methyl groups and perman
ganate oxidation affords hemimellitic acid.
affords a lactonecarboxylic acid.
two structures, Ilia or Illb.

Oxidation with chromic acid

The data is in agreement with either of

Since gentian!ne (XXVIII) (29) is also

found in the same plant (30) the authors proposed, by analogy, structure

6
XXVIII

11
Ilïb ae the correct one.

Subsequently, Wenkert and Bring! (31), have ar

rived at the same structure through biogenetic arguments.
These authors suggest that erythrocentaurin and gentlanine both arise
from a common intermediate, a hydrated prephenate, through transformations
indicated below.
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DISCUSSION
It seemed, that Ida's observation of the convertibility of the acetamido lactone ester, XXIX or XXX, into an aromatic compound through base
treatment could be taken advantage of in attempting its structure nroof.
An examination of tne reaction mechanism was therefore undertaken to de
termine wnether or not one structure would be favored over the other.
The first step, regardless of which structure is correct, must be the
abstraction of a proton

to the ester followed by ^-elimination of the

ether oxygen to give eitner XXXI or XXXII (R^CHglTHAc).

Abstraction of the

nroton^to tne ester can now take place, followed by the vinylogous /3elimination of the lactone carboxylate to give XXXIII or XXXIV.

Since

XXXIII lacks an ç proton it cannot undergo furtner elimination, and would
be stable.

On the other hand, XXXIV is vinylogous to a ^hydroxy-of/3 un

saturated ketone, a system known (32) to undergo isomerization to a diketone in basic media, and it would seem likely that if present, XXXIV would
isomerize rabidly to XXXVI.

It could then either lose COg to give XXXVIII,

or remain unchanged until acidification and woric-up to give XXXVII.

In

either case the product is not aromatic, and hence cannot correspond to
LrO

cVo
7
lAI
/V6 H 4

HfOj

rax

m

HpO^C'
xra

xxx2

XXXVÏÏT

R

*

H3CO;

H 3 CQ 2 C Y^fg
CTM C:B

G

S

^

5

r

xssn

XXXIV

XXSEL

XXX VII

13
the observed compound.
Although XXXIII would not be able to aromatize to XXXV until after
acidification, the possibility of internal ester exchange cannot be over
looked.

Beter exchange of XXXIII would lead to XXXIX which, since it pos

sesses a proton cK to- the ester, could lose that proton and eliminate the
Ç.O"

5
H O H

3XM

XL

F
3

5_

c o , c V
XLI

y8-hydroxyl group to yield XL upon acidification.

XLE
Since the crude aro-

matization product is esterifled with diazomethane, both XXXV and XL would
lead to the same compound and examination of the products could not dis
tinguish mechanisms passing through XXXV or XL.
If transesterification is possiole in XXXIII, it must be equally pos
sible in XXXIV and XXXVI.

Should XXXIV transesterify to form XLI, a pro

ton is nowo^to the ester group and may be abstracted.

Thus XII, like

XXXIX, may now aromatize in the basic media by ^-elimination of the oxygen
as hydroxyl.

The-rate of transesterification, however, would probably be

much lower than the rate of isomerization to XXXVI.

Although XXXVI could

very well transesterify to XIII, /6-keto esters do not eliminate the keto
oxygen under basic conditions, and upon acidification the ester isomer of
XXXVII would be obtained, a conclusion contrary to experimental results.
Thus, in order that an aromatic compound result, transesterification of
XXXIV to XLI must take place more rapidly than would be expected.

Struc

ture XXIX was accordingly considered the most likely representation of
Liu's acetamido methylester lactone on the basis of this analysis.

Never

theless, the nature of R had been shown to influence reactions on the car-
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boxyl carbon, an observation more readily explained on the basis of struc
ture XXX, and since the possibility of ester interchange could not be ig
nored. transformation of the carboxyl to a different functional group was
undertaken.
Liu's chlorometbyl ketone, XLIII, was chosen as starting material in
the hope of reducing it and aromatizing the resultant methyl ketone XLIV
with base.

From this compound, an intermediate, XIV, would be obtained

corresponding to XXXIII in the ester series.

Here, however, no inter

change is possible, and aromatization must take place after acidification
to lead to compound XLVI.
O ÇKNHSÇYZF

Should the methyl ketone not possess structure
^ ÇHFCNH5O20

ÇH^HSO^ Ç/

<^N^5O^
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XLIV, but rather structure XLVII, then an intermediate, XIVIII, correspond
ing to XXXIV would be expected.

Once again, no interchange could occur,

and XLVIII would isomerize to XLIX, giving on acidification non-aromatic
products.

Should XLVIII prove abnormally stable and aromatize upon acidO

CH%NHSOGP

-ox-

"OX

%LIZ

5?
0

L

LI

LE

ification, or should the aromatization proceed by a different path, com
pound L, isomeric with XT.VI and.possibly existing in other tautomeric
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forms, would result upon work-up.

Subsequent removal of the sulfonyl

group would afford either II or III (the latter might appear as one of
several other tautomeric forms).
The chloromethyl ketone did indeed undergo reduction affording a
crystalline compound exhibiting an infrared spectrum with peaks at 3*04/<
(NH), 5.63/X- (lactone carbonyl), and 5*7J/X (ketone carbonyl) and analyzing
correctly for the desired product, but attempts to aromatize the methyl
ketone led only to oils.

In an attempt to cyclize the adjacent side

chains of the aromatic ketone tne oils were subjected to refluxing aqueous
HC1 for 22 hoars.

Subsequent attempts to obtain a solid product by direct

crystall!zàtion were unsuccessful.

Unexpectedly, the untreated oil upon

standing a few days, afforded a small quantity of crystalline material
which exhibited an infrared spectrum with peaks at 3*02yu.( OH), 3•12/tc(NH),
and 5.71yu (lactone carbonyl), and whlcb^finalyzed correctly for either com
pound XT.VI or L.

A comparison of the ultraviolet spectrum of this com

pound with its precursor showed clearly the presence of a new chromophoric
system,

284iy<_ ( log £ 3.2), similar to the absorption of o-acetylben-

zoic acid,275oyu.(log£. 3.0) (33).
Removal of the sulfonyl group was now undertaken.

Treatment of the

compound with KBr and phenol (34) yielded only tarry products.

Nitrosa-

tion with HKOg afforded a crude solid product which lacked an HH absorp
tion at 3.0^ in its infrared spectrum and exhibited a new peak at b.^A.
The latter peak is characteristic of the N-nitroso-N-sulfonamide system as
illustrated by a comparison of the soectra of H-cyclohexylbenzenesulfona
mide and its nitrosation product, as well as similar pairs of compounds
prepared in These laboratories.

The peak also lies within the region

quoted (35) for absorption by solutions of monomer!c N-nitroso alkylamine s.

Upon hydrolysis, nowever, the 2T-nitroso-benzenesulf onamidomethy1-

acetylbenzoic acid afforded only the original ben-zenesulfonamidomethylacetylbenzoic acid.

Thus it appears that, although the lî-nitroso compound

does form, tne competition between hydrolytic cleavage of the sulfonamide
group and simple reversal of the nitrosation process favors the latter re
action.

Because of diminishing supplies of the compound, and the ineffi

ciency in converting tne small stock of precursor, tae degradative approach
was abandoned and a synthesis of the degradation product througn the key
intermediate LI undertaken.
Liu had prepared 7-carboxyphthalimidine (Till) through the aromatiza
tion of XXIX or XXX as already indicated, followed by acid hydrolysis.
Enough of the acetamldo ester lactone and its precursors had been left by
liu to permit the preparation of a moderate supply of LIII, and to carry
out experiments on it designed to synthesize LI.

LEC.
The first procedure employed was based on the procedure used to con
vert methyl nicotinate to 3-acetylpyridine (3b).

Conversion of LIII to

its methyl ester with diazomethane proceded smoothly, to yield a crystalline compound with infrared absorption
and phthalimidine carbonyls).

Treatment of the ester with solid sodium

methoxide and ethyl acetate at 85° under nitrogen for 10 hours, followed
by dilution with water and extraction with chloroform, afforded 18$ of unreacted ester.

Acidification of the aqueous phase and reflux!ng for sev

17
eral hours afforded, only 7-carboxyphthalimidine.

These results are best

explained by assuming that the desired /3-keto ester TIV had been formed
and retained in the basic aqueous phase, but that the subsequent hydroly
tic attack had occurred preferentially at the site of the ketonic carbonyl
group rather than at the ester.

This rapid retro-Claisen reaction may be

attributed to internal solvation by the neighboring phthalimidine carbonyl
group, thus lowering the energy of the transition state, IV.
O CHANHSO;
C-L-O
o
L3ZL

The second approach undertaken was patterned after the successful
conversion of acid LVI to methyl ketone.

Initially the transformation of

LIII to its acid chloride was carried out in tetrahydrofuran with an
equivalent of thionyl chloride in order to avoid possible interactions
with the phthalimidine system.

Prolonged refluxing was required, but a

crystalline product was finally obtained which in contrast to LIII, was
readily soluble in chloroform.

The infrared spectrum of the chloroform

solution exhibited a sharp peak at

consistent with an acid chloride,

and broad absorption between 5» (5 and 5*80/4 presumably due to the phthali
midine carbonyl.

Treatment of the material with diazomethane followed by

exposure to gaseous HC1 was expected to form the chloromethyl ketone.

The

crude product, however, still exhibited an absorption at 5»b/< in its in
frared spectrum and hence was retreated with diazomethane and HC1.

When

the peak persisted, the workup was continued in the hope that the presuma
bly inert acid chloride might undergo esterification.

Attempts to obtain

a pure product by direct crystallization were fruitless.

Reduction of the
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crude material with zinc and acetic acid, followed by chromâtograpny
failed to afford any crystalline products.

The infrared spectra of the

chromatographic fractions were all similar, and all showed variable
amounts of the 5.by* absorption.
After refluxlng for 12.5 hours, a thionyl chloride solution of
phthalimidine itself was taken to dryness under reduced pressure, afford
ing a quantitative recovery of starting material.

Thus the lactam seemed

sufficiently resistant to reaction to permit the formation of the acid
chloride directly from LIII without side-reactions.

The reaction pro

ceeded smoothly, and after 2 hours afforded a crystalline chloroform-solu
ble product.

Treatment of the solid with methanol failed to yield the ex

pected ester.

Instead, a chloroform-soluble gum was obtained which exhib

ited an infrared spectrum with peaks at $.b and 5'75/<'

It seemed apparent

that some obscure side reactions were taking place, involving or facili
tated by the neighboring phthalimidine carbonyl group.
It Is known that phthalimide may be reduced to phthalimidine with tin
and hydrochloric acid (37)•

Accordingly, the synthesis of 4-cyanophthali-

mide ( 1711) was undertaken in the hope that zinc and acetic acid would af
ford one or both of the isomeric phthalimidine nitriles 171II and IIX.
Upon treatment with methyl magnesium iodide, IIX would be expected to
CN

l-VTT

1 VTTT

LIS.

yield II, and was desired for structure proof of the Liu compound.

Ni-

trile 171II appeared suitable for synthetic studies of the structure of
erythrocentaurin, reactions of the following type being considered:

19
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Although Sraebe \ () had synthesized 4-carb oxyphthal i mi de by addition
of ammonia to molten hemimellitic anhydride at 210-220° » it was hoped that
the imide amide IX would be formed directly by treating the acid chloride

COCÎ

ODNH, O

LX

Q

€>

LXL

anhydride IXI with ammonia.

C0*,0

Lm

This required intramolecular transacylation

of the intermediate amide IXII, formed by ammonia attack either at the
site of the acid chloride or at the outer anhydride carbonyl group fol
lowed by interaction of the central carboxylate and acid chloride to re
form an anhydride, to proceed more slowly than ami nation by a second am
monia molecule.
The anhydride was readily formed by fusion of hemimellitic acid at
ca.200°.

Spectral examination of the product revealed absorption at 5*5

and 5*75/4 (anhydride carbonyl), and a broad peak at 6.0yu (carboxyl carbon
yl) .

Treatment of the anhydride for several hours with refluxing thiocyl

chloride afforded a crystalline product which exhibited an infrared spec
trum with peaks at 5»5yu.(anhydride carbonyl) and 5» 7-5«75yu( anhydride and
acid chloride carbonyl) and was assigned structure IXI.

A solution of IXI

in tetrahjrdrof uran was added slowly to a rapidly stirred ice-cold aqueous
ammonia solution.

When the addition was complete the solution was concen

trated by boiling and the remaining water removed under reduced pressure.
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The product, which was isolated by sublimation, was a material having an
infrared spectrum with broad peaks at 3.15-3.32^(52), 5»66/x (imide car
bonyls), 5.8-6.3yu(imide and carboxylic acid carbonyls), and which analyzed
correctly for Graebe1 s imide acid.

It was assumed that the intermediate

amide anhydride had undergone intramolecular acylatlon, and this approach
was abandoned.
By following Graebe1 s procedure for imide acid preparation, three
products were obtained, one of which proved to be the imide acid previous
ly isolated.

A second product had an extremely high melting point, and

exhibited an infrared spectrum with peaks at 3*02 and 3»28yU(NH), 5.66 and
5.76/A (imide carbonyls) and 5*93 and 6.04yz.(amlda carbonyl).
signed structure IX, for which it analyzed correctly.
upon heating appeared to give off water and resolidify.
of the heated material afforded the imide acid.

It was as

The third product
Hecrystallization

The material exhibited an

infrared spectrum with a single sharp peak in the carbonyl region at 5»80a
and a broad and complex band at 6.^0-6.7OjUt and analyzed as a dihydrate of
the imide acid.

In view of Graebe18 observation that monopotassium hemi-

mellitate was relatively stable in acid media, a hot concentrated aqueous
solution of hemimellitic acid was treated with an equimolar solution of
ammonium chloride.

Upon cooling, the now acidic solution yielded a crys

talline precipitate, identical with the unknown compound, which was there
fore identified as monoammonium hemimellitate.
Graebe1 s procedure was modified by carrying out the ammonia addition
at 250°, above the melting point of imide acid.

Extraction of the solid

product with ammonium hydroxide afforded 1*0-50# of insoluble material
which proved to be the desired imide amide IX.

Upon acidification of the
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aqueous extract, after concentration under reduced pressure, the imide ac
id crystallised.

Further concentration afforded additional quantities of

imide acid, and the final mother liquors afforded monoammonium hemimellltate.

As previously mentioned, the monoammonium salt, upon fusion, af

fords the imide acid.

Treatment of imide acid for several hours in re-

fluxing thionyl chloride, followed by addition of a tetrahydrofuran solu
tion of the crystalline product to a rapidly stirred ice-cold solution of
ammonium hydroxide afforded the imide amide LX.

Thus by a stepwise proce

dure, a satisfactory route to IX was available.
. It was found that prolonged boiling of either the imide acid or imide
amide in water during recrystallization caused serious losses in the
yields of imides obtained.

If either the imide amide or the imide acid

were boiled for Uo-bo minutes in water, an almost complete conversion to
monoammonium hemimellltate was observed.

This was quite unexpected, since

amides, and in particular phthalimide, require catalysis by acid or base
in order to effect hydrolysis.

The explanation must again lie, as in the

case of the retro-Claisen reaction mentioned earlier, in rate enhancement
by internal solvation by the neighboring phthalimide carbonyl (UCIIl),

O"

•NH.

A similar solvation by the substituent1s carbonyl could equally well
lower the energy of the transition state in the hydrolysis of the imide
(IXIV).

Finally the central carbonyl can solvate the intermediate in the

hydrolysis of the remaining amide ( IXV).

Although presented in the oppo

site order, the hydrolysis of the imide could equally well precede the hy-
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drolysis of the substituted, amide.
Treatment of the imide amide IX with refluxing phosphorous oxychlor
ide smoothly converted the compound to 4-cyanophthalimide (IVII) which ex
hibited infrared absorption at 3«07^u.(KH)> 4.48^/. (nitrile), 5»61 and 5.8^.
(imide carbonyls) and analyzed correctly for the desired compound.

It was

unaffected by either reflux!ng phosphorous oxychloride-phosphorous pentachloride or fusion with phosphorous pentachloride.

Thionyl chloride was

ineffective in the conversion of IX to 171I.
Redaction of the nitrile imide was "carried out with zinc and acetic
acid for 1.5 hours.

The crude product was chromâtographed on alumina to

afford a trace of a crystalline compound, too small to be characterized
followed by incompletely resolved fractions which were steadily elated
from the column.

A closer examination of these fractions showed trends in

melting points suggesting the presence of three components.

Careful frac

tional crystallization of the purest eluates finally afforded three dis
tinctly different materials which exhibited depressed melting points upon
admixture with one another.

Although each exhibited à spectrum with ab

sorption at 4.49/t (nitrile) and their 2.5-3.5^1* (liH-OH) and 5.5-6.(y«.(car
bonyl) regions were similar, the "fingerprint" region showed distinct dif
ferences which made identification and purification considerably easier.
Their melting within 50-60° of one another prevented identification with
certainty on the basis of melting point alone.

The compounds were conven

iently designated as phthalimidines A, B, and C in the order in which they
were elated from the column.

Examination of the spectrum of one of the

later crude eluates showed it to be predominantly phthalimidine C, but
Several peaks could not be accounted for.

A closer examination of the

later eluates led to the isolation of a fourth phthalimidine nitrile, des
ignated as D, which exhibited "besides the usual nitrile and phthalimidine
carbonyl absorption in its infrared spectrum, absorptions corresponding to
the spurious peaks mentioned in the impure phthalimidine C fraction above.
Only a small percentage of the total material eluted was obtained as pure
phthalimidines.

By far the major portion was distributed amongst the in

termediate fractions and mother liquors.
Phthalimidines B and C were the major products and upon purification
analysed correctly for the expected phthalimidine nitriles IVIII and IIX.
Phthalimidines A and D were not isolated in sufficient quantity to permit
purification for analysis.

When phthalimidine A was subjected to hydroly

sis, a compound was obtained which could not be identified.

Since it was

not the known T^carboxyphthallmldine, A could not be the 7-cyanophthalimidine.

Similar attempts to obtain hydrolysis products from phthalimidines

B and C met with failure.

They could not be isolated as crystalline ma

terial.
Redaction of IVII was repeated, but the reaction time increased to 3
hours.

Chromatography of the products again afforded a complex mixture,

but only phthalimi dines B and C were isolated.

A sixth compound seemed to

be present in the later fractions as indicated by its difference in crys
tal form and melting point from phthalimidine D, but it was not character
ized.
The difficulty encountered in the separation of products caused this
approach to be abandoned.
Hydrogénation of the nitrile imide IVII was expected to lead to the
aminomethyl imide LXVI, which might undergo rearrangement to the phthal-

imidine amide IXVII.

Treatment of IXVII with phosphorous oxychloride would

be expected to yield the desired nitrile 1IX.

N
O

LX2H

LXVT

Generally hydrogénations of nitriles are run in the presence of ammo
nia (38) to preclude secondary amine formation by condensation of the pri
mary amines with the intermediate imines.

Accordingly, a solution of the

imide nitrile IVII in tetrahydrofuran was saturated with ammonia to yield
a fine white precipitate, presumed to be either a complex of ammonia and
T.VII or the ammonium salt of the compound.

The suspension was subjected

to catalytic hydrogénation in a Parr shaker in the hope that the precipi
tate would be sufficiently soluble in the medium for nitrile reduction to
take place.

However, work-up of the reaction mixture led quantitatively

to starting material.

It was found that upon removal of ammonia by bub

bling air through the tetrahydrofuran suspension, the solid dissolved.
Examination of the material's infrared spectrum showed a strong similari
ty in the 5.5-7.0^ region with the spectrum of potassium phthalimide, and
suggested that the compound might be the ammonium salt of IVTI.

It is

noteworthy that phthalimide itself, under these conditions, does not form
a salt.

The spectrum of the above compound, however, exhibited signs, es

pecially in the 3.0-3.1^ region (HH) that the material was actually a mix
ture of the salt and 171I itself.

This was not unreasonable, since tne

reversal of the reaction by removal of the surrounding ammonia through en
traînaient suggested that upon prolonged exposure to air or heating, the
compound might evolve ammonia and revert to IVTI.

The compound was ac-
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coràingly not analyzed.

Upon treatment with water the material readily

dissolved, and after standing for a short time the solution afforded a
highly crystalline precipitate.

After isolation and purification, the

material exni'bited an infrared spectrum in which the 4.^ nitrile peak was
absent, and which also showed absorption at 3'1^-(NH), and 5«9 / m ( carbonyl).
Broad and comolex absorption between 6.0-6.6pc was also present.
imide carbonyl absorption at 5'6/&was not present.

The weak

The analytical results

were consistent with LVII, to which one molecule of ammonia had been added.
The data does not appear to be inconsistant with the assignment of struc
ture TXVIII to the compound, which may prefer to exist in a Zwitterion
form such as LXIX.

Formation of IXVIII may be explained as due to inter

nal solvation by the phthalimide 1 s adjacent carbonyl (TXX) and thus a low
ering of the transition state energy, in much the same way that boiling
N W NH

Hfl

LXVIII

Lxrz

water can hydrolyze the imide amide IX as mentioned earlier.

In this

connection it is interesting to note a more recent observation:

boiling

water will hydrolyze the imide nitrile I.VII to monoammonium hemimellitate.
It would atmear that the imidine formation took place in the presence of
water only because the insolubility of the ammonium salt Prevented attack
at the nitrile

If so, this might also exnlain the failure which attended

all further attempts to reduce the nitrile and obtain TXVII.

The interme

diate amine might react more slowly intramolecularly, and hence have an
opportunity to add, via the above mechanism, to another nitrile.

Thus,

comolex mixtures of di-, tri-, and perhaps polymeric nature could arise*
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This would he consistent with the observation that under a variety of con
ditions, hydrogénation afforded only gums and unreacted starting material.
It is known (39) that reduction of phthalic anhydride with zinc and
acetic acid affords phthalide (IXXI).

A similar reduction of hamimellitic

9

L_XXI

Lxxn

Lxxm

anhydride was undertaken in the hope that it would afford one or both of
the two possible isomeric phthalides IXXII and IXXIII.

Upon concentration

of a methanol!c solution of the crude product, a crystalline compound was
obtained which upon further purification analyzed correctly for either
LXXII or IXXIII and exhibited an infrared spectrum with peaks at 3*85/4.
(carboxyl OH) and 5*82-6.1/u. (phthalide and carboxyl carbonyls).

Concen

tration of the mother liquors afforded additional crops which became pro
gressively richer in a higher melting component whose presence was indi
cated by its characteristic crystalline form and behavior under polarized
light.

Fractional crystallization was only moderately successful in sepa

rating the two components.

Chromatography on silicic acid, however, sepa

rated the two, the higher melting compound being eluted with 140-50% ether
in Skellysolve B> while the lower melting component, isolated above, was
eluted with 6O-6O/0 ether in Skellysolve B.

Upon purification the higher

melting component also analyzed correctly for a phthalide acid, either
IXXII or IXXIII, and exhibited an infrared spectrum with peaks at 3«79 and
3 «9^(carboxyl OH), 5•69/u-(phthalide carbonyl), and 5*9^/<- (carboxyl car
bonyl).

Treatment of the lower melting component with yellow phosphorous

in refluxing 57^ HI afforded an acid exhibiting an infrared spectrum with

peaks at 3.80 and 3 «95/1 (carboxyl OH) and a broad peak at 5•9-&.0 / m(car
boxyl carbonyl).

Upon sublimation of the acid a new compound was obtained

which exhibited an infrared spectrum with peaks at 5.5 and 5'75/a(&nhydride carbonyl)> and which analyzed correctly for 3 -m9 thylphthalic anhyd
ride.

Thus the lower melting phthalide must be assigned structure IXXII.

Repeated attempts to carry out a similar reduction of the higher melting
isomer were without success, starting material being recovered.
orientation of the

TT -orbitals

Since the

of the aromatic system is such as to offer

only a minimum of overlap with the incipient vacant p-orbital of the in
termediate carbonlum ion formed by the opening of the hetero-ring, the
transition state would not possess the stability of a benzyl cation,
a true SNg displacement of carboxylate by I

Thus

is necessary, and it would

appear that the bulky o-carboxyl group affords sufficient shielding of the
back side of the methylene group to prevent the displacement.
Since 7-carboxyphthalide (IXXII) could be obtained directly by crys
tallization of the reaction mixture and because it was the first isomer to
be fully characterized, an examination of displacement reactions, espe
cially with KCN> were initiated with it rather than with IXXIII.
reactions with phthalide are known to take place

(Uo).

Similar

However, neither

the acid nor the ester showed any sign of having undergone reaction with
KGB
Treatment of IXXIII with refluxing thionyl chloride for several hours
afforded a crystalline compound which was not characterized.

A solution

of this compound in tetrahydrofuran was added to an ice-cold solution of
ammonium hydroxide.

The resulting compound, after purification, exhibited

an infrared spectrum with absorption at 2.92 and 3*16u(NH), $.87
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(phthalide carbonyl), and 5'97/w. (amide carbonyl), and analyzed correctly
for 4-carboxamidophthalide (LXXI7).
CONHz

Treatment of this compound with phos-

CN

CO^H

:o

i^u

o

^ o
LXXVI
phoroue oxychloride afforded a compound exhibiting an infrared spectrum
LXS33Z

LX23T

with peaks at 4.^-(nitrile) and 5• 7/x(phthalide carbonyl).

Fusion of

this compound with KCN afforded only starting material.
It was of interest to see if LXXIV upon pyrolysis might afford TJCXVI,
the phthalimidlne acid corresponding to the nitrile 171II.

Subsequent

conversion to the nitrile might then allow assignment of structures to
phthalimidlne s B and C.

Fusion occured at a high temperature and was ac

companied by decomposition.

Although acidic material was isolated, all

attempts to obtain a pure crystalline product failed, and the study was
discontinued.
The inefficiency of phthalide production from hemlmellltlc anhydride
by direct reduction led to an investigation of alternate and more specific
syntheses.

One such procedure involved selective reduction of the acid

chloride of hemlmellltlc anhydride with sodium borohydride.

This reagent

is known (4l) to attack both anhydrides and acid chlorides, but steric
considerations suggested that attack on the outside carbonyls would be
more rapid than attack on the central carbonyl, and if one equivalent of
borohydride were to be added slowly to the anhydride acid chloride, some
selectivity could be anticipated.

The reaction was run in diglyme (di-

ethyleneglycoldimethyl ether) in which both the borohydride and the anhy
dride acid chloride are soluble. Upon work-up, a thick oil was obtained,

2S
which was dissolved in methanol and concentrated to an oil.

Upon stand

ing, the desired phthalide acid IXXII slowly crystallized.

Yields were of

the order of 30$.

Upon careful addition of chloroform, a material precip

itated from the viscous mother liquor which, unon purification, proved to
I
be hemimellitic acid. The mother liquors failed to afford any additional
compounds directly.

Chromatography of the oil. on silicic acid afforded,

on one occasion, a crystalline acid which exhibited an infrared spectrui.i
with peaks at 3*

and 3-93/U. ( carboxyl OH), 5*80 (weak) and 5.94yu.( car

boxyl carbonyl), and analyzed correctly for U-carboxy-l,3-dihydroisobenzoCO,H

L X X VII

furan (IJCXVII).

Sodium borohydride has been known to reduce lactones in

the presence of neighboring hydroxyl groups (42).

On the other hand, es

ters and lactones which have no vicinal hydroxyl are known to be resistand to borohydride reduction (43).

This apparent anomaly may be explained

by assuming that the borohydride first reacts wita tne hydroxyl group.
The resulting borate hydride is tuen in a position to intramolecular]y re
duce the carbonyl, and would be, effectively, a more powerful reducing
agent than a borohydride forced to react intermolecularly.
uation exists in the system under consideration.

A similar sit

Examination of the spec

trum of hemlmellltlc anhydride acid chloride in diglyme reveals a sharp
peak at 5-5,/k due to the anhydride carbonyl, and a somewhat more broad but
also much stronger peak at 5• ^u. w.iich must be due to the second peak of
tne anhydride carbonyl doublet as well as the acid chloride's carbonyl.
If the reduction is now carried out, but no water added, tne infrared

30
spectrum of the concentrated, reaction mixture still, shows a strong sharp
yeak at 5• 5/x-and a peak at 5- !jJ~diminished in intensity relative to tne
peak as compared with starting material.

Traces of other components

are indicated by a weak, broad band at 3»^ and a weak peak at 5*9QjJ,-

This

can only mean that the anhydride is still present as the predominant car
bonyl functional group and that phthalide formation takes place after wa
ter is added.

Thus, the intermediate leading to phthalide which is pres

ent prior to hydrolysis must be LXX7III.

(Since constant exchange can oc

cur, no attempt will be made to specify the nature or number of "substitu
ent s on the boron atom other than the one shown or explicitly stated.)
Should this now choose to slowly rearrange, a small quantity of IXXIX
could arise.

Displacement by the carboxylate of a group from a borate or
c °;

R
Wo

9

L\

Lxxzra
cq-B-o^s

Lmr

LXXX

LZSE
BO.C (-OBR

RBCyÇ

ÔC

CHpBR

ixxxn

L

XVM/I

borohydride could lead to the borate carboxylate anhydride LXXX.

Should

one of the R groups be a hydride, either initially or through subsequent
exchange, the combination required, to initiate reduction at tne phthalide
carbonyl would be present, leading to the intermediate LXXXI which would be
in equilibrium with the other intermediates LXXXII and TXXXIII.

Loss of

oxygen to give the oxonium compound IXXXIV could occur 1nt ramolecularly
through LXXXI or intermolecularly through LXXXII.
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Since ether formation does not occur in the lactone reduction exam
ples cited (42) it is apparent tnat the TP-orbitals of the aromatic system
must have participated in the cleavage of the C-0 bond which gave IXXXIV.
Subsequent reduction of the oxonium system with borohydride would afford
IXXXV, which upon hydrolysis and work-up would afford the isolated com
pound LXXVII.

1 YXYIV

LXXXV

Further proof that proximity of the borate substituent to the phthal
ide carbonyl is necessary for ether formation was supplied by the follow
ing series of reactfbns.

Conversion of the two phthalide acids to the

corresponding acid chlorides followed by reduction with sodium borohydride
affords the corresponding hydroxymethy1 phthalides, which will be dis
cussed in more detail later, along with starting material.
CHjpHp

CHO

d£>

CHpH

S>

&>
LVX xvm

LXYYVI

In the case of

LXXXTZ

CH.OH

^
LXZZZH

éc
xc

IXXII, in which the substituent and the phthalide carbonyl are adjacent,
two additional products are obtained, a large quantity of an oily alcohol,
IXXXIX, showing only traces of carbonyl absorption in the infrared, and a
trace of a solid, ÏXXXVIII, showing a single peak at 5*9&/«• (aromatic aide-
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hyde carbonyl) in its infrared spectrum, with no significant absorption be
low 3«^M*

Conversion of IXXXIX to LXXXVIII was smoothly effected with

MnOg; the conversion of a benzyl!c alcohol to an aromatic aldehyde by this
procedure being well known (44).

The aldehyde IXXXVIII, in turn, could be

converted to the previously isolated and analyzed ether acid IXXVII, by
treatment with silver oxide, a procedure accompanied by the precipitation
of metallic silver.

The oxidation thus also constituted a Tollens test,

and was consistent witn the presence of an aromatic aldehyde.
Hence, the proximity of the borate hydride to the phthalide carbonyl
is a prerequisite to ether formation, since in tne case of no such proxim
ity only the expected product and unreacted starting material were obtained
in over 80# yields.
In the attempted formation of IXXXVI it was also noted that if a some
what greater portion of borohydride was employed than optimum, substantial
quantities of the triol XC were obtained.

Apparently an equilibrium simi

lar to LXXXI =# LXXXI I 5=* LXXXI 11 can also be set up here with XCI.

An in

crease in borohydride concentration would be expected to shift the equilibRBOH.C

OBR

ÇHPBR

-

f^"°
:hpbr

xcn

xci

towards XCII and XCIII.

xcnr

Thus the greater concentration of XCIII would pro

mote complete reduction to XC.

The chemistry of XC and its synthesis will

be presented in more detail later.
The product obtained from the borohydride reduction of the acid chlor
ide of ÏXXXII analyzed correctly for IXXXVI and exhibited an infrared spec
trum with absorption at 3»01/u. (OH), and 5«75/* (phthalide carbonyl).

De-
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pending on tne sample examined, however, a second set of peaks at 2.93'
5.60, 7.11, 7.97, 8.44, 9*25, 10.24, 12.48 and 12.90/* were often found to
accompany the first set, though never replacing it, in snite of the fact
that the melting points of all the samples were comparable and no differ
ence could be found in subsequent reactions.

It seems reasonable to-as

sume that the two sets of peaks are due to two different crystal forms
which occur in varying proportions in different samples.
Treatment of LXXXVI with thionyl chloride for 3 days at room tempera
ture afforded a crystalline product which had no significant absorption
below 3.4/x and a phthalide carbonyl peak at 5«
trum.

i Q its infrared spec

It subsequently analyzed correctly for 7-cnloromathylphthalide

(XGIV).
Heating XCIV with potassium pnthalimide in dimethylformamids afforded
a crystalline product, which absorbed at $.bb and 5•

(phthalimids car

bonyl s ) and 5•Sb/x (phthalide carbonyl) in the infrared.
"P °

9

P
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N
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The spectrum and analytical results are in complete accord with
structure XCV.
Cleavage of the phthalimide and rearrangement of the resulting aminomethylphthalide was achieved by reflux!ng XCV in methanol with an excess
of hydrazine.

From this reaction a crystalline compound was obtained ex

hibiting an infrared spectrum with absorption at 3*00 and 3-1-3»3/U (NH and
OH), and 5«95/a (phthalimidlne carbonyl), and analyzing correctly for 7-hydroxymethylphthalimidlne (XCVI).
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Oxidation of XCVI with a variety of reagents failed to bring about
complete conversion to the aldehyde XCVII.

The relative insolubility of

XCVI in ether made oxidation with MnOg unattractive, for prior experience
in These laboratories with more polar solvents, in particular, tetrahydro
furan, had been decidedly unsatisfactory.

Experiments using e-ther-acetone

as a solvent for MnOg oxidation were only moderately successful, only par
tial conversion being encountered in spite of prolonged reaction times.
The Sarett reagent (4$) vas finally chosen, although it too afforded only
partial conversion.

The crude product was chromâtographed on alumina

which failed to completely resolve the mixture.

Sluates rich in product

could be fractionally crystallized to afford some additional material.
The mother liquors, mixed fractions and pure starting material were com
bined and cycled through the oxidation-isolation procedure again.

The

pure crystalline product had an infrared spectrum with peaks at 3*19
3»30 / u (HH), 5*28 and 5'95/x (aldehyde and phthalimidlne carbonyls).
KBr, a peak was observed at 3*5/4 consistent with an aldehyde CH.

an^

In
The com

pound analyzed correctly for the phthalimidlne aldehyde and was assigned
structure XCVII.

Repeated attempts to obtain a positive Tollens test or

in other ways to oxidize the compound to the known 7-carboxyphthallmidlne
were unsuccessful.
Treatment of XCVII with slightly more than two equivalents of methyl
magnesium iodide afforded a semisolid mass which upon chromatography
yielded a continuous series of slowly crystallizing oil fractions.

At-

temps to recrystallize the material from organic solvents failed, but were
successful when water was employed.
vate d or tended to occlude water.

The product, however, was either sol
Unless it was cautiously dried under
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reduced pressure with progressively stronger heating, it dissolved in its
own water even upon gentle warming on the steam bath.

After several crys

tallizations the product exhibited an infrared spectrum with peaks at
2«93yu (OH), 3*15 and 3'30/u.Ufà), and 5*9^ (phthalimidlne carbonyl), and
analyzed correctly for the desired methyl carbinol XCVIII.
CHO

XC3ZU

.OH

XCTHT

Xcix:

Oxidation of XCVIII to the desired 7-acetylphthalimidine (XCIX) was
achieved with chromic acid in 90$> aqueous acetic acid.

The product was

readily separable from XCVIII by crystallization from acetone.

Thus, iso

lation and separation were greatly simplified, even though only partial
conversion was effected on each run.

Attempts to achieve complete conver

sion either by prolonging the reaction time or using more than the stoi
chiometric quantity of chromic acid invariably led to formation of a com
pound which exhibited an infrared spectrum with absorption at Ç.bO and
5.68^1. indicating the presence of a phthalimide.

Thus it was apparent that

oxidation of the phthalimidlne'a methylene carbon could take place during
the course of reaction.

The immediate precipitation of the chromium oxide

comolex upon combination of the chromic acid and methyl carbinol solutions
indicated a rapid oxidation was taking place.

A procedure was then em

ployed in which stoichiometric quantities of tne reactant s were rapidly
combined, allowed to stand a few minutes, and the reaction then quenched.
Under these conditions substantial quantities of starting material were
always recovered, but the quantities of phthalimide formed were negligi
ble .
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After several preliminary reactions had been run to determine the
conditions needed to convert phthalimidlne to o-benzenesulfonamidomethylbenzoic acid, a sample of XCIX was heated for several hours with 10$ sodi
um hydroxide.

Benzenesulfonylchloride was added and the reaction mixture

shaken until homogeneous.

The basic solution was extracted repeatedly

with chloroform, affording only a trace of material.

Acidification of the

aqueous solution, followed by extraction with chloroform, afforded a large
portion of gum from which a crystalline compound was isolated which had
the same melting point and infrared spectrum as the benzenesulfonamidomethylacetylbenzoic acid originally isolated from the aromatization reac
tion.

The melting point was undepressed upon admixture of the two sam

ples.

Thus, the compounds obtained by Liu must have undergone iodolacton-

ization with the carboxyl nearest the acetamidomethyl group.
Interest arose in the triol XC as a possible intermediate in a more
satisfactory synthesis of the phthalide acid IXXIII.

Conversion of heml

mellltlc acid to its anhydride by fusion followed by dissolution in tetra
hydrofuran and slow addition of the solution to a suspension of LIAIH^ in
tetrahydrofuran led to the formation of a characteristic deep purple reac
tion mixture.

Upon work-up, the crude product was dissolved in methanol

and concentrated.

The solution afforded a crystalline compound which up

on purification afforded an infrared s ne et rum with a broad peak at
(OH) and no significant absorption in the 5-6/H region and which analyzed
correctly as XC.

Several additional crops of compound were obtained, aft

er which the mother liquors were acetylated and chromâtographed on alumi
na to give two crystalline products.

The first compound, C, had an infra

red spectrum with a peak at 5»78/* (acetate and phthalide carbonyl) and an
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alyzed as C^jH^qO^.

The second compound had an infrared spectrum identi

cal with IXXXVI and analyzed as CgHgO^.

Upon admixture with IXXXVI, the

c
melting point was undepressed.

When LXXXVI was acetylated, the product

proved identical with C on the basis of infrared spectrum, melting point
and mixed melting point.
It vu previously stated that MnOg will oxidize a benzyl!c alcohol to
a carbonyl.

It is also reasonable that steric environment would effect

the rates at which the alcohols oxidize.

Hence, it was expected that if

the triol XC was subjected to MnOg oxidation, the outside alcohols would
oxidize before tne central alcohol.

If this were to happen, however, the

product would immediately form the herniacetal CI.

Since the hemiacetal

hydroxyl is a benzylic hydroxyl it may undergo oxidation again to form the
phthalide.

During the course of these reactions, the other benzyl alcohol

would also oxidize, and the product finally isolated would be CII.

Oxida

tion of this would afford the desired phthalide acid.
CH.OH

:HO
\

ci

en

The reaction, carried out in tetrahydrofuran, was erratic, affording
on one occasion a material exhibiting an infrared spectrum with peaks at
5.6J/U- (phthalide carbonyl) and 5 «9^- (aldehyde carbonyl), and which could
be oxidized to IXXIII.

It was tentatively identified as CII.

Several at

tempts to repeat the successful reaction were made but all failed, and the

38
approach was abandoned.

As previously indicated, borohydride reduction of

the acid chloride of LXXIII afforded a product assigned structure IXXXVII.
This assignment was based on the infrared spectrum of the compound which
showed peaks at 2.89/*.(OH), %nd 5.76^ (phthalide carbonyl), and on the
fact that the compound analyzed correctly for CgHgO^.

Treatment of the

phthalide alcohol with MnOg in ether afforded a new product, identical on
the basis of infrared spectrum and melting point with the MnOg product
from XC.

It analyzed correctly for CII and the structure was thus con

firmed.
By oxidizing XC in aqueous acetone with a moderate excess of KMnO^ at
room temperature, it was found possible to obtain the phthalide acid
IXXIII directly in fair yield.
scale reactions, however.

This result was observed only in small

A large run was completely unsuccessful.

Homologation of either IXXII or LXXIII by the Arndt-Eistert procedure
followed by reduction with MAIH^ would be expected to yield the same triol CIII.

If the structure of erythrocentaurin is Illb, the triol obtained

upon L1A1% reduction (1) must be CIV.

If CIII is identical with the au

thentic triol, then Illb cannot be the structure for erythrocentaurin.
Should it be different from the authentic triol, then Illb is almost cer
tainly the correct structure.
Homologation of IXXII by the Arndt-Eistert procedure afforded a com
pound which analyzed correctly for CV and exhibited an infrared spectrum
with peaks at 5*73 and $.81yu(ester and phthalide carbonyl).

Upon expo

sure to LiAlH^ in tetrahydrofuran at room temperature overnight, an oily
product was obtained which still exhibited strong carbonyl absorption in
the infrared, although an intense hydroxyl band was also present.

Further

treatment with a large excess of JiAlE^ and prolonged refluxing in tetra
hydrofuran failed to remove the carbonyl absorption.

Prolonged treatment

of the product with reflux!ng diglyme and a large excess of IIAIH^ was
equally unsuccessful.

The crude product was chromâtographed» but a pure

product could not be obtained.

Acetylation of the combined eluates af

forded an oily product which exhibited an infrared spectrum having no sig
nificant absorption below 3-^t»

It too failed to afford solid products,

even upon chromatography.
Difficulty in reducing hindered carbonyl groups with LiAlH^ has been
encountered before.

Reduction of the esters of 3-chlorophthallc acid was

found (46) to be more difficult than expected and a large excess of hydride
was often found necessary to bring about reduction of the central car
bonyl.

The isolation of IXXXVI and its acetate from reduction of hemimel-

litic anhydride with excess IIAIH^, serves to illustrate further incom
plete reduction presumably due to steric nindrance.

Attention was turned

to CVI, since both of its carbonyls are exposed and no steric problems
would be expected.
Homologation of IXXIII by the Arndt-5istert procedure afforded a
crystalline product which absorbed at 5*73 and 5.82// (ester and phthalide
carbonyl) in the infrared and analyzed correctly for CVI.

Seduction with

LiAlH^ yielded an oily product which showed only traces of carbonyl con
tamination in its infrared spectrum.

Benzoylation followed by chromatog

raphy afforded a compound which exhibited an infrared spectrum with no
significant absorption below 3»^A< and peaks at Ç.82 and 5.87yU (benzoate
carbonyls).

It analyzed correctly for the tribenzoate of CIII.

Attempts

to hydrolyze the material by prolonged refluxing in basic aqueous-acetone

afforded only traces of benzoic acid.

Redaction with liAlH^ afforded an

oil which exhibited no significant infrared absorption in the 5*5~6»^«. re ~
gion.

The benzyl alcohol was extracted from the triol with ether, but

even on prolonged standing at less than 0*0., the product would not crys
tallize.
G-raebe's acid, 6-carboxyphthalonic acid, possesses the same carbon
skeleton as CIV.

If the keto group, present as a lactol, could be reduced

to a methylene, subsequent reduction would be expected to lead to CIV.
This triol would not only be useful in proving the identity of tne eryth
rocentaurin reduction product, but also as tne key intermediate in the
synthesis of erythrocentaurin itself.

Oxidation of the triol with MnOg

would lead directly to the natural product by reactions of the sane type
discussed in connection with the conversion of XC to the phthalide alde
hyde .
When XIV was exposed to amalgamated zinc-hydrochloric acid, a water
insoluble product slowly formed.

Upon isolation and purification, the

compound exhibited an infrared spectrum with peaks at 3»1~3»3> 3»£ and
4.0/x.(carboxyl OH) and a broad complex band at 5«6-6.O/xX phthalide and
carboxyl carbonyls), and analyzed correctly for 3>4-dicarboxyphthalide
(CVIl).

Upon melting, the compound decarboxylated and afforded the pre

viously isolated phthalide acid IXXIII.

Prolonged exposure of the diac-

id to amalgamated zinc-hydrochloric acid failed to bring about further re
duction.
In order to enhance the ability of the 3-carboxyl to stabilize the
transition state in the desired hydrogenolysis of the phthalide'b 2-3
bond, CVII was esterified with diazomethane to yield a compound which ana

lyzed correctly for CVIII, and which exhibited infrared absorption at
5«63,a(phthalide carbonyl), and 5.71 and 5-^1/U (ester carbonyls).

The

compound, was treated with amalgamated zinc-metnanol-HCl, but only oils or
starting material were obtained.
Catalytic hydrogenolyses of CVI11 with 10"jo Pd/C at 1 atmosphere for
1+0 hours and with Baney ni eke1 at 50 p.s.i .g. for 11 days were onsuccessful
The diacid CVII was treated with acetic anhydride and warmed, fol
lowed by the addition of zinc and acetic acid.

It was hoped that the an

hydride CIX would afford the desired stabilizing effect in the transition
state and facilitate the hydrogenolysis.

Since the 3-carbomethoxy group

was free to rotate, it could orient itself in such a way that their-orbitals were coplanar with the phthalide ring and hence in an optimum orienta
tion for participation in the transition state of hydrogenolysis.

The re

striction offered by the anhydride's 6-membered ring makes such an orienta
tion of the corresponding carbonyl 1 s TF-orbitals impossible.

However, dis

tortion of the 6-membered ring could permit partial orientation, and this,
coupled with tne intrinsically greater stabilizing effect of an anhydride
relative to a carbomethoxy groun, could offset the lack of ideal orienta
tion.

The reaction, however, led only to oils.
G-raebe had originally reported (23) that treatment of XIV with phos

phorus and HI nad lead to 2-methyliso'ohthalic acid, although it was shown

CYH
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earlier that ixxiii could not be reduced to the same compound by this pro
cedure.

Thus it appeared that carboxyl group was important, and that per

haps Graebe's 2-methylisophthalic acid had arisen from decarboxylation of
cx

CX
When the diacid 0711 was exposed to gentle heating with phosphorous
and HI, only starting material was recovered.

Stronger heating caused de

carboxylation and the phthalide acid IXXIII was obtained. Upon attempting
to reproduce Graebe's original results, only starting material and the di
acid CVII were obtained.
The cleavage of benzyl ethers can be brought about by treatment with
Li in liquid ammonia (47).

Similar treatment with two equivalents of Li

of the phthalides might lead to the desired hydrogenolysi s.
CVII was chosen for study to minimize possible side products.

The diacid
When Li was

added to a stirred solution of the acid in liquid ammonia, the solution
became orange until enough excess Li had been added for the characteristic
blue color to persist.

Upon work-up only oils could be obtained, and sim

ilar results accompanied attempted reduction of the methyl ester of
IXXIII.
If either the ester of Graebe's acid, (CXIII), or CVIII were to be re-

can

duceà with IIAIH^ the expected product would be CXI.

Treatment of this

compound with acid might tnen lead to dehydration of the c<-pûenylethanol
system, followed by tautomerization of the resulting enol to the aldehyde
and formation of a hemiacetal with a neighboring hydroxymethyl group to
give CXII.

Reduction of this compound should then afford the desired tri

ol CIV.
Graebe's acid was treated with diazometh&ne to give a product which
analyzed correctly for the triester, and exhibited an infrared spectrum
with a complex carbonyl region, having peaks at 5»6Jm (phthalide carbon
yl), 5.81 and

(ester carbonyls).

In both the ester and the free ac

id, peaks at 5*^7 and 5*65/i respectively are in complete accord with the
suggestion by Buu-Hoi (26) that the compounds exist in the pseudoester and
lactol forms respectively and are written as such throughout this work.
Reduction of the diester CVIII with IIAIH^ gave only oils, but some tend
ency to crystallize from water was noted.

Since this was reasonable for

ttie desired compound, tne crude product was treated with acid, acetylated
and chromatographed.

Only a trace of crystalline material was obtained,

and since the reaction had been so unfavorable on the diester, reduction
of the triester was not attempted.
G-raebe's acid was pyrolyzed and the reaction mixture was worked up by
the method of previous workers (27).

The water-soluble and sublimable

products were chromatographed to give hemimeliitic acid, identified by
melting point, mixed melting point with authentic hemimellitic acid, and
infrared spectrum, and a compound which exhibited an infrared spectrum
with peaks at 3.OI/1 (OH), 3•82/t(carboxyl OH), and a broad peak at 5.82
(phthalide and carboxyl carbonyls), and which by virtue of its melting
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point was identified as the aldehyde isolated by Graebe and later workers
(23, 2b).

A third product isolated in slightly greater yield than the al

dehyde was identified by melting point, mixed melting point with authentic
material, and infrared spectrum as tne pnthalide acid IXXIII.

In the

first pyrolytic run dense white fumes were observed issuing from the reac
tion vessel and a coating of white solid was found on its cooler portions.
The second run was-carried out in a sublimation apparatus to trap tne sublimable material.

Since the phthalide IXXIII is readily sublimable, pro

longed heating of the reaction mixture in an open vessel might cause its
loss and thus account for the failure of earlier workers to discover the
compound.

Interestingly enough, the sublimate obtained in the second run

was primarily tne aldehyde.

A small percentage of unresolved crystalline

material was also obtained along with ca.30$ unresolvable oils.
Examinâtion of the so-called dilactone verified its solubility in
base with the formation of an orange-red solution, and its reprecipitation
upon acidification.

There appeared to be some possibility that Graebe's

original structure assignment was correct, for removal of the angular pro
ton could be stabilized by a number of resonance forms e.g. 0X17 - CX7II.

era
This would not only explain the base solubility and color phenomena
associated with the compound, but also would answer Buu-Hoi's objection to
Graebe's structure proposal.

Buu-Hoi had argued that precipitation of tne

starting material upon acidification of a basic solution should not occur
since the base solubility of the dilactone must be due to its hydrolysis.

The infrared spectrum of the compound exhibited, peaks at 3.8 and U.Oyui
(carboxyl OH, not as well resolved in figure I4 as in other soectra of tne
compound), 5*59» 5*73 and 5-93/u.*

The peaks at 3*8 and 4.0yu are highly

suggestive of a carboxylic acid and the peak at 5»5^suggest s a phthalide;
indeed the spectrum between 2.5 and b.j^u. is similar to that of tne phthal
ide acid IXXIII.

Bellamy (48) states that absorption between 3» ( and k.0/4.

may be taken as strong evidence of a dimeric carboxylic acid, provided, of
course, corresponding absorption in the carboxylic acid carbonyl region is
present.

Such absorption has been frequently observed in tne course of

this investigation and attention is called to all the spectra of carboxyl
ic acids presented in the Spectra Section.

Almost always the absorption

occurs as two peaks, well illustrated by the spectra of compounds, IXXIII
and TXXVII.

Although much more poorly defined, a similar absorption ap-

ears in the spectrum of Graebe's dilactone, suggesting that tne 5*9^/4 ab
sorption is indeed due to a carboxylic acid.

Attempt s to purify the di

ll act one appear to have led to changes in the structure, however, and the
spectrum illustrated is of the crude material as isolated by tne procedure
employed by otner workers.
to a contaminant.

Hence, the presence of a carboxyl might be due

Attempts to cyclize Graebe's acid and decarboxylate the

product, thus synthesizing the dilactone structure, led on one occasion to
a crystalline compound of unknown constitution, which would not decarbox
ylate and which led in turn to several other unknown products, none of
which corresponded to the di lactone.

Consideration was given to the cy-

clization of the Graebe aldehyde, for which structure CXVIII has been pro
posed (2b).

Examination of its infrared spectrum showed no absorption in

the 5• 5~5 • 15 tcregion as expected for a hydroxy-phthalide structure of the
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CXVIII type.

Indeed the infrared spectrum "below b.^was quite similar to

that presented by the phthalide acid 7XXII, even to the extent that the
3.62/c (carboxyl OH) peaks are single in both compounds.

Attention should

be drawn to the spectrum of Graebe's acid, for in spite of a complex car
bonyl absorption, peaks are present at

in the region for the non-

intramolecularly hydrogen bonded phthalide carbonyl.

Thus, considering

only spectral data and Graebe's original analytical figures, one would be
inclined to propose CXIX as the structure for the compound.

Since it is

C.XVTTT
czix
much easier to account for the originally proposed structure than to ac
count for the new one, it must be concluded that the structure of Graebe's
aldehyde has not been rigorously determined.

It was therefore not em

ployed in attempting to synthesize the dilactone structure.

It is like

wise apparent that further study is required before the structure of
Graebe's dilactone can be assigned unambiguously.
The appearance of hemlmellltlc acid among the pyrolysis products of
the Graebe acid appears entirely reasonable, since the decarboxylation of
cKketo acids is well known (49).

The appearance of the phthalide acid

IXXIII is less expected, since some form of reduction must take place on
the phthaHde's Cj.

An obvious explanation would center around a Caniz-

zaro reaction between two molecules of the structure proposed by Graebe
for the aldehyde, CXVIII.

The failure to isolate such an aldehyde from

the reaction mixture, assuming that the isolated aldehyde does not have
its assigned structure, does not preclude its formation and employment in
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the formation of isolated products.

Although the Canizzaro reaction is

generally carried out in strong base, the high temperature of the pyrolyB!B ,

coupled with the possibility of anhydride formation between two alde-

hydo-acids, bringing them into proner position for an intramolecular reac
tion, could conceivably permit the reaction to take place.

An alternate

mechanism which avoids the necessity of aldehyde formation or the unusual
Canizzaro reaction is founded on the wel) known condensation of
acids to form lactides.

hydroxy

Should two molecules of Graebe's acid condense in

this way CXX would be formed.

Loss of COg by the indicated mechanism

cix
i w i n + C02

cxx
Would lead to hemlmellltlc anhydride and a ketone which would not survive,
but would form CIX.

Since in the molten acidic media the anhydride could

open to form mixed anhydrides, an opportunity would be presented to the
freed 3-carboxyl group to undergo decarboxylation, thus giving the phthal
ide acid IXXIII upon work-up.

Since hemlmellltlc acid is isolated in al

most twice the quantity of the phthalide acid and both of the above mech
anisms require the 1:1 formation of acid and phthalide, both mechanisms
are stoichiome t r1cal]y possible, the remaining hemlmellltlc acid being
formed by the first-mentioned de carbonylat1on.
Blderfield (27) had prepared 2-methylisophthalic acid from Graebe's

acid by first pyrolyzlng the material and. then subjecting the pyrolyzate
to treatment with sodium hydroxide and Haney nickel alloy, a procedure
which has been shown (50) to reduce aromatic aldehydes and alcohols to the
corresponding saturated compounds.

When the same reduction was attempted

on XIV or on CVII, only CVII was obtained.

Despite the analytical figures

quoted by 31derfield for the dimethyl ester of 2-methylisophthalic acid,
the structure assigned to the acid came in doubt.

In both the Graebe pro

cedure for Hl/P reduction of XIV or for its pyrolysis, the phthalide acid
IXXIII was obtained.

Yet neither observation had been made previously.

Since the melting point of IXXIII was only 10* higher than that reported
for the isophthalic acid and the empirical formula differed by only two
hydrogens, there appeared to be a slight possibility that the isophthalic
acid was actually the phthalide acid.

By employing the procedure of 31d-

erfield, the isophthalic acid was obtained.

It exhibited an infrared

spectrum with peaks at 3.82 and 4,00/x (carboxyl OH). 5*91 and 5«6^m- (car
boxyl carbonyls)> and was otherwise different from the spectrum of IXXIII.
Upon admixture the melting points were depressed.

Thus the isophthalic

acid had been correctly Identified.
By following Graebe's procedure, a monomethyl ester and a dimethyl
ester of hemlmellltlc acid were prepared.
structures XIX and XX, respectively.

To these Graebe has assigned

The monomethyl ester analyzed cor

rectly for XIX and exhibited an infrared spectrum with peaks at 3»81yu.
and 3'35/u. (carboxyl OH), 5*75/a(ester carbonyl), and 5• 87-5»9^/*-( carboxyl
carbonyls).

Upon sublimation, hemimel!!itic anhydride was obtained and

identified by comparison with authentic material.

This result was consis

tent with Graebe's formulation, but required a comparison with the iso-

1+9

merie monoester.

Treatment of hemimellitic anhydride in tetrahydrofuran

with a slight excess of diazomethane, afforded a compound exhibiting an
infrared spectrum with peaks at 5»39 and 5 »blyix.( anhydride carbonyls) and
5.$0/u (eater carbonyls) and which analyzed correctly as 4-carbomethoxyphthalic anhydride (CXXI).

Upon warming in aqueous acetone a compound was

obtained which absorbed at 2 .8, 3.30 and 3*95yu.(carboxyl OH) and 5*8-5»9/u
(ester and carboxyl carbonyls) in the infrared and which analyzed correct
ly as 3-carbomethoxyphthalic acid CXXII.

It differed from XIX in its in

frared spectrum and exhibited depression of melting point upon admixture
with its isomer.

Sublimation of the compound readily yielded CXXI.

Thus

WW,
CO.CH

cxxi

exsn

c a xi 11

Graebe's original assignment was correct, and the two monoesters are now
known and identified.
Graebe's dimethyl ester exhibited an infrared spectrum with peaks at
3« 7-3'Syj. (carboxyl OH),

(ester carbonyl) and 5.89^1 (carboxyl carbon-

yl) and analyzed correctly for the assigned structure.

Treatment of the

anhydride CXXI with methanol afforded a compound which analyzed correctly
for a dimethyl ester and which exhibited an infrared spectrum with peaks
at 3• /-4.0yu. ( carboxyl OH), 5* f9yu. ( ester carbonyl), and 5.92^1 ( carboxyl
carbonyls).

The spectra and melting points of the two compounds were dif

ferent, and their melting points were depressed upon admixture.
limation, both afforded the anhydride CXXI.

Upon sub

Treatment of the two diesters

separately with thionyl chloride, followed by reduction with sodium borohydride led to mixtures of both phthalide esters in both cases.

Although

the ester of phthalide

T XXII

predominated, Graebe's diester afforded 30)6

while the new diester afforded 45%.

In the case of the ester of phtaalide

LXXIII, Graebe's diester afforded 12^ wnile tae new diester afforded 5$*
Although it appeared that the esters had undergone extensive isomerization
during treatment with SOClg» tne results were consistent witn the assign
ment of structure CXXIII to the new diester and tae retention of structure
XX assigned by Graebe to his diester.
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spectra
The Infrared spectra in this section were taken on a Ferkin-Elmer 21
infrared spectrophotometer.

All samples were emulsions in Nujol.

Figure 1.

Infrared spectra
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ÇHNHK10

Figure 2.

Infrared spectra
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Figure 3»

Infrared spectra
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EXPERIMENTAL
All melting points are uncorrected.

They were taken on a Kofler mi

cro hot stage with a polarizing microscope.
Micro-analyses were carried out by Mr. L. Dorfman of CIBA Pharmaceu
tical laboratories, Summit» New Jersey.
"Sk.B" refers to Skellysolve B, a petroleum fraction with a boiling
point of 60-70 0 C.
"Preadsorbed and chromâtographed" refers to the following process.
The material to be chromâtographed was dissolved in a very small volume of
a convenient volatile solvent.

A few drops of the solution were added to

ca. 5$ of the adsorbent to be used in the chromatography.
to avoid wetting the walls of the beaker with solution.

Care was taken
The dampened ad

sorbent was gently stirred and crushed with a spatula to hasten the evapo
ration of solvent.

When the adsorbent was dry, a few more drops of solu

tion were added and the process repeated.

After all the solution had been

added, the preparation was a free flowing powder.

The chromatographic

column was then prepared in the usual way and the preadsorbed material
added as the last portion of adsorbent prior to the final layer of sand.
Slution was carried out in the manner indicated.
Dry diglyme (diethylene glycol dimethyl ether) was prepared by stir
ring the crude ether (obtained from Eastman Kodak Co.) for several hours
with LiAlH^.

The material then was distilled under reduced pressure and

stored over sodium wire.
led to explosions (51)•

Note:

Distillation of diglyme from LiAlHj^ has

No difficulty was encountered in These laborato

ries, but the following precautions were taken:
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1.

The distillation was carried oat behind a safety shield in a
hood and safety goggles were used.

2.

The distillation was carried oat under redaced pressure (aspi
rator) to avoid undue heating.

3.

The heat was supplied by an oil bath so that local hot-spots
could not develop.

4.

The ether-hydride mixture was stirred vigorously with a mag
netic stirrer to prevent bumping and local overheating.

5.

The ether-hydride mixture WAS NOT TAKEN TO DRYK3SS.

It is advised that this procedure be employed only with recently pur
chased material or that suitable precautions be taken to avoid the unnec
essary risk of having peroxides present.
Adsorbents for Chromatography
Alumina, 80-200 mesh, was allowed to stand with ethyl acetate for 48
hours •

It was then washed with water and methanol, and dried at 110* for

24 hours.

The same bottle of alumina was used over a 2-3 year period

without reactivation.
Silicic acid, 50-200 mesh, was purchased from the G. Frederic Smith
Chemical Co., Columbus, Ohio.
1-Benze ne sulfonamidome thy] -2 -endo-hydroxy5-endo-acetyl-b -endo-carboxy-7~
oxa (2.2.Î) bicycloheptane

Lactone (XLIV)

By slight modifications of Ida's procedures (see Historical), 1-benzene8alfonamidomethyl-2-endo-hydroxy-5-endo-chloroacetyl-b-endo-carboxy-7oxa [2.2.f) bicycloheptane //«-lactone (XLIII) was prepared.

A mixture of 407
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mg. of ciilorometiiyl ketone, ISO mg. of NaHCO^ and. 180 mg. of 5$ palladium
on charcol was suspended in 25 ml. of freshly distilled tetrahydrofuran.
The compound was hydrogenated in a Parr hydrogénation apparatus, after
flushing the system thoroughly with hydrogen, at 50 p.s.i.g. and room tem
perature for 24 hours.

The reaction mixture was filtered and the filtrate

taken to dryness under reduced pressure.

The residue was dissolved in

methanol, the solution concentrated, and allowed to cool.
product was obtained, m.p. 182-191°.

A crystalline

Concentration of the mother liquors

afforded two additional crops of material, to give an overall yield of 304
mg.

On one occasion, crystallization from water-methanol afforded materi

al with m.p. 148-152°.

Repeated crystallization from methanol yielded an

analytical sample, m.p. 188-191° d., which exhibited an infrared spectrum
(see Discussion) consistent with the assigned structure.
Anal.
Calculated for C^^H^yOgNS:

C, 5^»70; H, 4.88; N, 3«S9«

Found:

C,

54.90; Hi 4.87; N, 3.97.
3-Senzenesulfonamidomethyl2-carb oxyacet ophe none (XLVI)
In a three-neck flask equipped with Ng inlet, reflux condenser, mag
netic stirrer and an oil heating bath there was placed 48 mg. of XLIV and
5 ml. of dry t-butanol.

The mixture was warmed and stirred under Ng until

a homogeneous thin paste was obtained.

To this was quickly added 0.4 ml.

of a 1.01 M solution of potassium t-butoxide in t-butanol, with stirring.
A yellow coloration rapidly developed and persisted throughout the reac
tion.

The slurry was stirred and heated at 80-90° under Ng for 3 hours,
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after which time 0.3 ml. of 3 M HCl was added, with stirring, and reflat
ing resumed and continued for 4 hours.

The reaction mixture was then tak

en to dryness under reduced pressure, and partitioned between 3 ml. of 3 M
HCl and 3 ml. of CHCl^•

The aqueous layer was removed and extracted two

more times with 3 ml. of CHCl^.

The combined organic extracts were treat

ed with MgSO^ and taken to dryness under reduced pressure, yielding 24 mg.
of oil.

The oil was diluted with a few drops of acetone and preadsorbed

and chromât ographed on 0.6 g. of silicic acid.
50 ml. portions of the following eluents:

The column was eluted with

Sk.B, Sk.B-ether 8:2, 5k.B-

ether 6:4, Sk.B-ether 4:6, Sk.B-ether 2:8, ether, ether-CHClj 8:2, etherCHCl^ 6:4, ether-CHCl^ 4:6, ether-CHClj 2:8, CHClj.
evaporated and the residues taken up in CHCl^.

The eluates were

When these solutions were

allowed to evaporate slowly by standing for several days, crystals formed
in the 60# ether in Sk.B and 80/5 CHCl^ in ether fractions, which were used
to seed the intermediate fractions.

The crude crystalline product, ca. 4

mg., m.p. 190-197°» was crystallized several times from acetone.

The ana

lytical sample had m.p. 201-202°, and exhibited an infrared spectrum (see
figure 1) consistent with the assigned structure.
Anal.
Calculated for C^H^O^HS:

C, 57*64; H, 4.53.

Found:

C, 57-57; H,

4.81.
Reaction of Ammonia With Hemimellitic
Anhydride (XVII) at 250° C.
Henimellitic acid (IV), 938 mg., was placed into a large test-tube and
heated, at first slowly, with an oil bath until a temperature of 250° was
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attained.

Anhydrous ammonia was bubbled into the melt below its surface

through a large bore glass tube, until the mixture set to a dry, hard sol
id.

It was cooled and extracted twice with 5 ml. sortions of 10% ammonium

hydroxide.

The residue was dried by warming under reduced pressure to

yield 300 mg. of crude 4-carboxamidophthalimide (IX) m.p. ca. 330° with
rapid sublimation.

Although generally satisfactory for further reactions,

the product could be re crystallized from water.

large excesses of water

and prolonged boiling had to be avoided because of the compound's ready
autocatalytic hydrolysis.

Repeated crystallization from water afforded an

analytical sample, m.p. 332-335° (with sublimation), with an infrared spec
trum (see figure 2) consistent with the assigned structure.
Anal.
Calculated for CgH^O^Ng:

C, 56.84; fi, 3«18; H, l4. (]>.

Found:

C,

56.87; H, 3.45; N, 14.92.
The ammoniacal extracts were combined and concentrated under reduced
pressure.

Upon acidification, 4-carboxyphthalimide (XVIII) was obtained.

The yield depended upon the degree of concentration and the amount of
heating employed.

Crystallization from water several times afforded an

analytical sample, m.p. 2^40-242° » (Lit. 247°) (7) with an infrared spec
trum (see figure 1) consistent with the assigned structure.
Anal.
Calculated for C^H^O^ÏT:

C, 56.55; H, 2.64.

Found:

C, 56*43; H,

2.82.
Further concentration of the mother liquors yielded mixtures of 4carboxyphthalimide (XVIII) and monoammonium hemimellitate.

The latter was
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readily separable from the former because of its greater solubility in hot
water, and was isolated and purified.

Repeated crystallization from water

afforded an analytical sample which upon heating lost water at ca. 180°,
melted at ca. 190°, but resolidified and remelted at ca. 235°.

The infra

red spectrum showed only a single sham peak at 5*80^. in the carbonyl re
gion, and broad and complex abso rotion in the 6.4/< region.
Anal.
Calculated for

C, 47.58; H, 3*99; N, 6.17.

Found:

C,

47.62; & 4.02; N, 6.01.
Monoammonium hemimellitate was heated and fused at 250°.

Crystalliz

ation of the fusion residue from water afforded a compound identical in
melting point and infrared spectrum with 4-carboxyphthalimide (XVIII).
Upon admixture, the melting points were not depressed.
4-Carboxamidophthalimide (LX) from
4-Carboxyphthalimide (XVIII)
A mixture of 378 mg. of 4-carboxyphthalimide (XVIII) and 5 ml. of
freshly distilled thionyl chloride was heated at 80-90° for 4 hours.

The

homogeneous reaction mixture was taken to dryness under reduced pressure
and the crystalline residue dissolved in 5 ml. of tetrahydrofuran, freshly
distilled from IIAIH^.

The solution then was added dropwise to 10 ml. of

a rapidly stirred ice-cold solution of ammonium hydroxide.

Tne reaction

mixture was allowed to come to room temperature and was concentrated to
one third of its volume under reduced pressure with a minimum of heating.
The resultant slurry was centrifuged and the precipitate washed once with
1 ml. of ice-cold water to give 284 mg. of crude 4-carboxamidophthalimide
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(IX)) m.p. 331-333° (with sublimation).

The material was identical in

melting point and infrared spectrum with the 4-carboxamidophthalimide (IX)
obtained above.

Upon admixture, their melting points were not depressed.
4-Cyanophthalimide (LVIl)

A mixture of 2.43

of 4-carboxamidophthalimide (IX) and 30 ml. of

freshly distilled phosphorus oxychloride was stirred and heated at 110120° for 12 hours.

The reaction mixture was concentrated under reduced

pressure to 10 ml. and, after cooling, treated with 50 ml. of cold water.
The two-phase system was rapidly stirred until vigorous hydrolysis took
place, whereupon the homogeneous solution was concentrated under reduced
pressure and extracted exhaustively with CHCl^.

The extracts were com

bined, treated with MgSO^, and taken to dryness under reduced pressure.
The yield of crude nitri le (TV11) was 1.4 g.

Repeated crystallization

from methanol afforded an analytical sample, m.p. 232-233°> with an infra
red spectrum (see figure 2) consistent with the assigned structure.
Anal.
Calculated for CgH^OgFg:

G, 62 . 79; H> 2.34; IT, 16.28.

Pound:

C,

62.93; H, 2.47; ÎT, 16.37Zinc-Acetic Acid Reduction of
4-Cyanophthalimide (1VII)
Into a large test-tube equipped with a magnetic stirring bar, there
was placed 171 mg. of 4-cyanophthalimide (LVII) and 1.4 ml. of acetic ac
id.

The mixture was stirred and heated to gentle refluxing.

Over a 45

minute period 315 ™g- of zinc dust was added cautiously, and the reaction
mixture was then allowed to stir and reflux for an additional 45 minutes.
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The reaction mixture was cooled, and the supernatant solution decanted, the
precipitate washed several times with tetrahydrofuran and the combined
liquors and washing taken to dryness under reduced pressure.

The residue

was extracted several times with tetrahydrofuran, the extract concentrated,
and the solution preadsorbed and cnromatograpned on b g. of silicic acid.
Since elution did not afford separation, all eluates, Sk.B through ether
and CHCly were combined and evaporated.

A tetrahydrofuran solution of

the oil, 138 mg., was preadsorbed and chromâtographed on 5 §• alumina.
The column was eluted with 125 ml. fractions of eluents.

Sk.B afforded

nothing, while the first 20$ ether in Sk.B afforded a trace of needlelike
crystals, too few to characterize.
failed to elute any solid material.

Three further fractions of 20% ether
Two fractions each of 40, $0, 60, 80,

and 100# ether in Sk.B afforded only traces of oils/ as did the two 20#
chloroform-ether fractions.

The first 40# chloroform-ether fraction af

forded a trace of solid, while a substantial portion of solid was obtained
in the second.

The six 50# chloroform-ether, two 75$ chloroform-ether,

two 80# chloroform-ether, two 100# chloroform, two 100# acetone, and meth
anol fractions all contained large quantities of solids.

Crystallization

of the first $0# CMC1^-ether fraction from benzene led to a compound, m.p.
202-204° which exhibited an infrared spectrum with peaks at 3.1, 3*2, 4.5
and 5«8/*andwas designated phthalimidine A.

A solution of 1.6 mg. of

phthallmidine A in 0.2 ml. of methanol, 0.6 ml. of water and 1.0 ml. of 3
M HCl was heated on the steam bath for 12 hours, evaporated to dryness and
the residue extracted with tetrahydrofuran.

Evaporation of the extracts

yielded a solid profuct which had an infrared spectrum with peaks at 3.8
and 3*95/ t (carboxyl OH), 5.63 and 5'93/fc

The spectrum did not correspond
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to that of any compounds obtained previously.

Crystallization of the

sixth 50# ether-chloroform fraction afforded a solid with m.p. 247-250°.
Upon admixture with phthallmidine A, the melting point of the second com
pound was depressed.

Since it exhibited an infrared spectrum (see figure

2) consistent with a phthalimidine nitrile, it was designated phthalimidine
E.

Attempts to hydrolyze the compound with base failed to afford crystal

line material.

Upon re crystallization from acetone, an analytical sample,

m.p. 245-248° was obtained.
Anal.
Calculated for CgE^ONg:

C> 68.35? H, 3*82; N, I J . f l . Pound:

C,

68.44; H, 3.96; N, 17.55.
Crystallization of the residue from the second chloroform fraction
from acetone afforded a third compound, m.p. 233-235°» which exhibited a
depression of melting point upon admixture witn phthalimidine B, and an
infrared spectrum (see figure 3) consistent with a phthalimidine nitrile.
Attempts to hydrolyze the compound with base failed to afford crystalline
material.

The compound was designated phthalimidine C.

Anal.
Calculated for CgH^ONg:

C, 68.35: H, 3*82.

Pound:

C, 68.13; B,

3.97.
The methanol fraction contained a small quantity of material which
was crystallized only with partial success to give m.p. 215-222°.

Upon

admixture with phthalimidine C and with 4-cyanophthalimide (LVII), melting
point depression was observed.

The compound exhibited an infrared spec

trum with a broad peak at 2.9-3.3/* (NH and/or OH), 4.^u (CU) and 5.^/t
(phthalimidine carbonyl).

The compound was designated as phthalimidine D.
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It was not characterized any further.
Zinc-Acetic Acid Reduction of
Hemimellitic Anhydride (XVII)
A solution of hemimellitic anhydride (XVII), from fusion of 2 g. of
hemimellitic acid (IV), in 15 ml. of acetic acid was heated at reflux
while 3 g- of zinc dust was added in small portions ever a U5 minute peri
od.

A magnetic stirrer was employed to minimize superheating and bumping.

Stirring and heating were continued for another hour, after which time the
solution was decanted from unreacted zinc and taken to dryness under re
duced pressure.

The product was dissolved in 50 ml. of methanol, satu

rated with HCl gas, and the flask stoppered.

After standing for 24 hours,

the reaction mixture was taken to dryness under reduced pressure and par
titioned between CHCl^ and water.

The CHCl^ layer was separated from the

aqueous layer, washed two more times with water and taken to dryness under
reduced pressure.

The solid product was dissolved in 20 ml. of methanol

to which was added $0 ml. of a 10# aqueous NaHCOj solution.

The reaction

mixture was refluxed for 12 hours, acidified with hydrochloric acid, and
taken to dryness under reduced pressure.

The residue was extracted with

tetrahydrofuran and the solution of nhthalide acids preadsorbed and chro
mât ographed on 30 g. of silicic acid.

The column was eluted with 500 ml.

portions of Sk.B, Sk.B-ether 8:2, and Sk.B-etner 7*3» yielding only oils.
Generally, 4-carboxyphthalide (IXXIII) was eluted with 40-$0# ether in
Sk.B, while 7-carboxyphthali de (IXXII) followed with 0O-7O# ether in SK.B.
The last component frequently trailed and was removed quickly, once its
presence in the eluates had been established, by elut ion with ether.

Aft
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er crystallization, variable quantities of the two components were found,
generally 10-15# of theoretical each, with the 7-isomer slightly predomi
nating.

Upon repeated crystallization from methanol, the 7-isomer melted

at 170-172°, while the 4-isomer melted at 246-247°, with crystal changes
at ca. 180° and ca. 220*.

In a few instances, the last crystal transfor

mation did not take place and the samule melted at 234-236°.

The infrared

spectra (see figures 5 and 6) were consistent with the assigned structures.
Anal.
Calculated for CgH^O^,:

C, 60.68; H, 3«40.

Found:

(7-isomer) C,

60.38; H, 3.45; (4-isomer) C, 60.80; H, 3^9*
Methyl Ssters of the Phthalide Acids
The phthalide acid, in tetrahydrofuran, was treated with a solution
of diazomethane in ether-tetrahydrofuran 1:1.

When the yellow dlazometh

ane color persisted, addition was stopned and the reaction mixture was
taken to dryness under reduced pressure.
from methanol.

The product was crystallized

The analytical sample of 7~carbomethoxyphthal.i d e had m.p.

106-108°, while the 4-isomer had m.p. 179-180°.

The infrared sraectra ( see

figures 5 and 6) were consistent with the assigned structures.
Anal.
Calculated for C^QHgO^:

C, 62^50; H, 4.20.

Found:

( f-isomer) C,

62.87; H, 4.31; (4-isomer) C, 62.37; H, 4.26.
3-l'5ethylphthalic Acid from
7-Carboxyphthalide ( I3QCII )
To 204 mg. of 7-carboxyphthalide ( LXXII) was added 0.5 ml., of 58# HI,
freshly distilled from phosphorus.

After heating to I25-I50 0 , the solu
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tion became homogeneous and. heating was continued for one hour.

To the

darkened reaction mixture was added ca. 2b mg. of yellow phosphorus and
the heating was continued.

After 15 minutes the solution was colorless,

while after 3 hours tne solution was again opaque.

Another 10-15 mg. of

yellow phosphorus was added and the solution became light yellow after 15
minutes of heating.

Aftar heating for 4 more hours, the solution was

still only slightly colored.

While still warm, the solution was removed

from the reaction vessel with a dropper, care being exercised to exclude
particles of pnosphorus.

Tne solution was taken to dryness under reduced

pressure, and warmed gently to dispel the residual I^.

The solid product

was crystallized from methanol and upon heating underwent a crystal change
at ca. l40°, and melted at 150-160° with gas evolution.

After several re-

crystallizations, the product, 3-roetnylphthalic acid, melted at 159-161°
(Lit. 157°) (24) and exhibited an infrared spectrum, in Nujol, with ab
sorption at 2.82 and 2.97/a (carboxyl OH) and 6.00^ with a shoulder at
5»95/W-(carboxyl carbonyl).

Upon sublimation the anhydride was obtained,

m.p. 116-117° (Lit. 117-118°) (52) which exhibited an infrared spectrum in
Nujol with absorption at 5*52 and 5 » 74yW.( anhydride carbonyl s ).
Anal.
Calculated for CgH^O^:

C, 6b.bf\ H, 3• 73-

Found:

C, 6b.8/; H,

3.9%.
4-Carboxamidophthalide (TXXIV)

*

A mixture of 54 mg. of 4-carboxyphthalide (IXXIII) and 2 ml. of
freshly distilled thionyl chloride was heated at 80-90° for 2 hours.

The

reaction mixture was taken to dryness under reduced pressure and the crys

92
talline product was dissolved in 2-3 ml. of tetrahydrofuran, freshly dis
tilled from IiAlHi|.

The solution was added dropwise to a vigorously

stirred ice-cold solution of ammonium hydroxide.

The acid chloride vessel

was rinsed with 2 ml. of tetrahydrofuran and the latter added to the ammonium hydroxide solution.

A white precipitate formed ranidly.

After

stirring for 5 minutes the suspension was concentrated under reduced pres
sure to ca. 3 ml., and filtered.

The precipitate was dissolved in methan

ol, the solution concentrated to 10 ml. and allowed to cool.

The first

crop of crystals, ca. 43 mg., melted at 290-294° after undergoing a crys
tal change at 240°.

Concentration of the mother liquors afforded an addi

tional 4 mg. of product.

Upon repeated crystallization from methanol, an

analytical sample was obtained, m.p. 294-296°, with an infrared spectrum
consistent with the assigned structure (see Discussion section).
Anal.
Calculated for C9H7O3N:

C, 61.01; H, 3-98; K, 7*91"

Found:

C,

60.73; H, 4.15; N, 7.99.
4-Cyanophthalide (TXXV)
A mixture of 47 mg. of 4-carboxamidophthalide (TXXIV) and 3 ml. of
freshly distilled phosphorus oxychloride was stirred and heated at 110120° for 18 hours.

The reaction mixture was cooled and carefully treated

with water to destroy tne excess reagent.

The solution was cooled in an

ice bath and extracted repeatedly with CHCLj.

The extract was dried over

MgSOij. and evaporated under reduced pressure.

Crystallization from methan

ol afforded a material, m.p. 183-184°, which exhibited an infrared spec
trum consistent with the assigned structure (see Discussion section).

The
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material was not analyzed.
Sodium Borohydride Reduction of Hemimellitic
Anhydride Acid Chloride (IXI)
A mixture of l4y mg. of hemimellitic anhydride (XVII) and 2 ml. of
freshly distilled thionyl chloride was heated and stirred at 80-90° for 3
hours.

It was taken to dryness under reduced pressure and the residue

dissolved in 2-3 ml. of dry benzene.

The solution was warmed, taken to

dryness under reduced nressure, and the procedure repeated.

The crystal

line product was dissolved in 5 ml. of dry diglyme and nested to 105°•

A

centrifuged solution of 16.2 mg. of sodium borohydride in 12 ml. of dry
diglyme was added with stirring over a 1 hour period to the heated acid
chloride solution.

After stirring for an additional hour the reaction

mixture was treated witn 10 ml. of water and taken to dryness under re
duced pressure.

The residue was then clried by azeotropic distillation of

benzene, and extracted several times with tetrahydrofuran.

The combined

extracts were taken to dryness under reduced oressure to yield 185
oil which was dissolved in methanol.

ra S*

of

Concentration of the solution to an

oil afforded crystals of 7-carboxyphthalide (LXXII) which were isolated by
centrifugation and washed twice with small portions of ice-cold methanol.
The mother liquors were combined and concentrated, yielding a second crop
of lb mg.

The mother liquors were again concentrated and carefully treat

ed with chloroform to yield 42 mg. of a fine white powder which proved to
be hemimellitic acid (IV).

A trace of additional solid was obtained from

the oily mother liquors but was not nurified.
A mixture of ca. 1 g. of mother liquors from several runs was chro-
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matographed on ca. 25 g. of silicic acid.
ml. fractions of eluents.
yielded only oils.

The column was eluted with 250

Sk.B and the first 20# ether-Sk.B fraction

The second 20# and first 30# ether-Sk.B fractions

eluted a new compound which was contaminated with hemimellitic acid.

Upon

repeated crystallization from acetone, an analytical sample was obtained,
ri.p. 207-209 0 .

The material reacted vigorously with sodium bicarbonate

and had an infrared spectrum (see figure 9) consistent with 4-carboxy-l, 3dihydroisobenzofuran (LXXVII).
Anal.
Calculated for CgHgO^: / C, 65*85; H, 4.°l*

Pound:

C, 65*94; H,

4.96.
Further elution of the column with three 30# and four 40# ether-Sk.B
fractions afforded hemimellitic acid (IV), while five more 40# ether-Sk.B
fractions followed by one 50# fraction afforded 7-carboxyphthalide (IXXII).
Elution with more polar eluents failed to produce any other crystalline
materials.
Preferred Reduction Procedure
Although the above procedure was affective in preliminary studies, it
subsequently proved to be irreproducable.

The following o referred proce

dure was developed.
A mixture of 1.57 g. hemimellitic anhydride (XVII) and 25 ml. of
freshly distilled thionyl chloride was refluxed for 4 hours.

The solution

was taken to dryness under reduced pressure, the residue dissolved in 5
ml. of dry benzene and the solution again taken to dryness under reduced
pressure.

The system was flushed for 10 min. with a gentle stream of dry

air, and the residue dissolved in 25 ml. of dry diglyme.

The solution was

heated to 120° and vigorously stirred while a solution of 9.6 ml. of 1.^4
M sodium "borohydride (in dry diglyme, stored over sodium wire) in 2Ç ml.
of dry diglyme was added over a 3 minute period.

The heated solution was

stirred an additional 3 minutes and quickly decomposed with 10 ml. of wa
ter, the clear yellowish solution taken to dryness under reduced pressure
and dried by the azeotropic distillation of benzene from the reaction ves
sel.

Extraction of the residue with several portions of tetrahydrofuran,

evaporation of the combined extracts, dissolution of the residue in meth
anol and concentration afforded an oil and a crystalline precipitate.

The

product was isolated by centrifugation and washed several times witn icecold methanol to yield 460 mg. of material, m.p. 168-172°.

Concentration

of the mother liquors afforded an additional 222 mg. of 7-carboxyphthalide
(IXXII).

The mother liquors were generally recycled to obtain a small ade
ditional quantity of material.
Sodium Borohydride Reduction of
7-Carboxyphthalide Acid Chloride
A mixture of 5^4 mg. of 7-carboxyphthalide (IXXII) and 5 ml. of
freshly distilled tnionyl chloride was refluxed for 4 hours.

The solution

was taken to dryness under reduced pressure, the crystalline product dis
solved in 5 roi• of dry benzene, and the solution again taken to dryness
under reduced pressure.

The vessel was flushed for 10 minutes with a gen

tle stream of dry air, after which the residue was dissolved in 10 ml. of
dry diglyme and heated to 120°.

A solution of 2.1 ml. of l.$4 M sodium

borohydride (in dry diglyme, stored over sodium wire) in 10 ml. of dry

diglyme was added with vigorous stirring over a 4 minute period to the
heated acid chloride solution.

The reaction mixture was allowed to stir

at 120° for an additional 3 minutes, whereupon 10 ml. of water was added
quickly.

The solution was concentrated under reduced nressure to ca. £ of

its original volume, 5 Ql. of water and an excess of solid sodium bicar
bonate was added, and the reaction mixture taken to dryness under reduced
pressure.

The residue was dried by the azeotropic distillation of benzene

from the reaction vessel, and extracted several times with tetrahydrofu
ran.

The residual solids were acidified with 3 M HCl, taken to dryness

under reduced pressure, and dried by the azeotropic distillation of ben
zene from the reaction vessel.

The residue was extracted with tetrahydro

furan and upon evaporation of the extract a semisolid mass was obtained.
Crystallization of the material yielded"^7-carboxyphthalide (IXXII) which
could be used along with fresh acid in further reductions.
The tetrahydrofuran extracts obtained previously were combined and
evaporated to yield 432 mg. of oily crystals.

The crude alcohol from sev

eral runs was combined and crystal]ized from methanol.

Repeated crystal

lization yielded an analytical sample, m.p. 111-113°, with an infrared
spectrum (see figure 7) consistent with the assigned structure (IXXXVI).
Anal.
Calculated for C^HgO^:

C, 65.85; H, 4.91.

Found:

C, 65*57; H,

4.86.
Chromatography of the mother liquors on alumina afforded two new com
pounds.

The first, a crystalline solid, was eluted with 20# ether-Sk.B.

Re crystallization from ether gave material with m.p. 115-117° and an in
frared snectrum (see figure 9) suggesting the presence of only one non-

phthalide carbonyl.

A small portion was treated with Tollens' reagent,

yielding slowly a fine black precipitate_of metallic silver.

When precip

itation seemed complete, the solution was acidified with hydrochloric acid
and centrifuged.

After removal of the supernatent liouid, the solid was

washed several times with tetrahydrofuran and the combined washing and
aqueous solution taken to dryness under reduced pressure.

A small quan

tity of semisolid material was obtained which, upon recrystal!ization from
acetone, had a melting point near 205°•

Though insufficient for further

recrystallization, the melting point was elevated upon admixture with au
thentic U-carboxy-1,3-dihydroisobenzofuran (IXXVII), and its infrared
spectrum was identical with that of the authentic acid.
acterized any further.

•

It was not char

The reduction product was accordingly assigned

structure TJXXXVIII.
The second compound was eluted with 20-60# ether-Sk.B.

It was a vis

cous oil which exhibited variable quantities of carbonyl absorption (de
pending on the sample examined) all of which were weak in comparison to
the OH absorption at 2.95/v.

Purification attempts revealed the material

to be a low melting solid with m.p. >28°.
cessful.

Crystallization was not suc

Oxidation of the oil with MnOg afforded a solid, which, upon

purification, proved to be identical with the aldehyde obtained above.
The oil was accordingly assigned structure L5CXXIX.

Upon prolonged expos

ure to air, the oil undergoes extensive oxidation to a complex mixture of
compounds.
Blution of the column with additional 60# ether afforded additional
7-hydroxymethylphthalide ( TXXXVI).
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4-Hydroxyinethylphthalide ( IXXXVII )
A mixture of 129 mg. of 4-carboxyphthalide (IXXIII) and 3 ml* of
freshly distilled thionyl chloride was stirred and heated at 80-90° for 4
hours.

The homogeneous solution was taken to dryness under reduced pres

sure and the crystalline residue dissolved in 10 ml. of dry diglyme.

A

solution of 45 mg. of sodium borohydride in 10 ml. of dry diglyme was pre
pared, and, after centrifugation, was added to the stirred acid chloride
solution at 108*.

After stirring and heating for 2 hours, the reaction

mixture was treated with 5 ml. of water and taken to dryness under reduced
pressure.

The residue was extracted several times with tetrahydrofuran,

the extract concentrated, preadsorbed and chromâtographed on 3 g« of sil
icic acid.

Slution with 100 ml. of Sk.B and 100 ml. of 10# ether in Sk.B

afforded traces of oil.

Elation with five $0 ml. fractions of 40# ether

in Sk.B afforded a second solid.

The solid eluted with 40$ ether amounted

to ca. 40 mg., and was shown to be 4-carboxyphthalide (LXXIIl) by melting
point, infrared spectrum, and mixed melting point with authentic material.
The solid eluted with 20% ether amounted to ca. 58 mg.

After repeated

crystallization from ether an analytical sample of 4-hydroxymethyIphthalide (LXXXVII) was obtained, m.p. 109.5-H0.5°> with an infrared spectrum
(see figure 5) consistent with the assigned structure.
Anal.
Calculated for CgHgO-j:

C, 65*85; H,. 4.Q1.

Pound:

C, 65*37; H,

4.84.
... .

7-Formylphthalide
A mixture of 40 mg. of 7-hydr oxyme t hylpht ha li de (LXXXVl), 125 ml. of

ether and 400 mg. of the above MnOg was gently refluxed with stirring for
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21 hours.

The MnOg was removed by filtration and washed several times

with hot ether.

The combined filtrates were taken to dryness"under re

duced pressure to yield 30 mg. of crystalline solid, m.p. (121) 131-132°.
Repeated crystallization from ether afforded an analytical sample, m.p.
131-132 0 j with an infrared spectrum (see figure 6) consistent with tne as
signed structure.
Anal.
Calculated for CgH^O^:

C> 6b.67; H, 3*/3«

Found:

C, 6b.b4; H,

4.03.
4-Formylphthalide (Cil)
A mixture of 15 ml. of ether, 17 mg. of 4-hydroxymethylphthalide
(IXXXVII) and 133

of MnOg (44) (kindly prepared by Houston Brooks) was

gently refluxed with stirring for 13»5 hours.

The MnOg was removed by

filtration and wasned several times with hot ether.

The combined etner

solutions were taken to dryness under reduced pressure to yield 149 mg. of
crystalline solid which melted at 16b-168° with sublimation after a crys
tal transformation at ca. 120°.

Repeated crystallization from ether af

forded an analytical sample, m.p. lbb-16S°, witn an infrared spectrum (see
figure 4) consistent with the assigned structure.
Anal.
Calculated for CgH^O^:

C, 6b.b7; H, 3• 73•

Found:

C, 6^.05; H»

3.92.
7-(2-phthalimidomethyl-)phthalide (XCV)
A solution of 4o mg. of 7-hydroxymethylphthalide (TXXXVI) in 0.2 ml.
of freshly distilled thionyl chloride was allowed to stand in a loosely
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stoppered flask for 68 hours at room temoerature.

The solution was taken

to dryness under reduced pressure yielding a crystalline product.

Crys

tallization of a portion of this material from benzene afforded an analyt
ical sacinle with m.p. 108-110° and with an infrared spectrum (see figure
7) consistent with 7-chloromethylphthalide (XCIV).

If the reaction was

allowed to stand for only 3b hours, a gummy semicrystalline mixture was ob
tained, presumably because of incomplete conversion.

_

Anal.
Calculated for CgHyOgCl:

C, 59-19; H, 3.8b.

Pound:

C, 59.^5; H,

3-93.
The crude chloromethyl compound was dissolved in 2 ml. of freshly
distilled dimethylformamide and added to ca. 100 mg. of potassium phthalimide.

The reaction mixture was stirred and heated for 2 hours at 105-

115°, and the c?.oady solution taœn to dryness under reduced pressure.
The residue was extracted several times with CHCl^ and the combined ex
tracts taken to dryness under reduced pressure, yielding JS mg. of crude
crystalline solid.

Hepeated crystallization from CHCI3 afforded an ana

lytical sample, m.p. 251-252°, which exhibited an infrared spectrum (see
figure 7) consistent v /itn the assigned structure (XCV).
Anal.
Calculated for

C, 69.62; H, 3.78; H, U.78.

Pound:

C,

f0.05; a, 3.85; n, U.72.
/-Hydroxyme thyl Phthalmidine (XCVI)
a mixture of 350 mg. of 7-(2-phthalmidomethyl-)phthalide (XCV), 10
ml. of methanol and 0.4 ml. of anhydrous hydrazine was heated at 70° with

;
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stirring for 3 hours.

The resultant slurry was cooled in ice, filtered,

and the precipitate washed with a small portion of ice-cold methanol.

The

combined filtrates were taken to dryness to yield 243 mg. of material.
Repeated crystallization afforded 73 mg. of product, m.p. lb7-169°•

Addi

tional crops of product could be obtained from the mother liquors, water
often proving to be a better solvent for crystallization of fractions bad
ly contaminated with the high-melting phtha!hydrazide.

Recrystallization

afforded an analytical sample m.p. 169-170°, with an infrared spectrum
(see figure S) consistent with the assigned structure (XCVI).
Anal.
Calculated for CgHgOgN:

C, 6b.24; H, 5.56.

Pound:

C, 6b.15; H,

5.57.
7-Forrnylphthalimidine (XCVII)
A solution of 102 mg. of 7~hydroxymethylphthalimidine (XCVI) in 2 ml.
of pyridine was added quickly and with stirring to a suspension of 105 mg.
of CrO-j in 2 ml. of pyridine.
pension dissolved.

The solution darkened rapidly and the sus

After standing for 15 hours at room temperature, the

reaction mixture was shaken with 10 ml. of water and extracted five times
with 10 ml. portions of CtiCl^.

The combined extracts were treated with

MgSO^, filtered, and the MgSO^ washed with additional CHCl-j and filtered.
The combined filtrates ware taken to dryness under reduced pressure and
the crude product oreadsoroed and cnromatogranhed on 3 §• of alumina.

The

column was eluted with 50 ml. fractions, five of ether elating a trace of
semisolid which was not characterized, and two of 50*» CHCl-j-ether which
eluted a trace of material.

Slution with 75# CHCl^-ether gave the major
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products.

The first 7-8 fractions were relatively pure product while 9-I5

became progressively richer in starting material.

Fractions starting to

melt above 170° were fractionally crystallized from methanol yielding ma
terial richer in product.

Fractions starting to melt above 195-200° were

considered pure enough for subsequent reaction.
amounted to ca. }0 mg.

ïhe purified product

The mother liquors and recovered starting material

were reused in another oxidation.

Upon repeated crystallization from

methanol, an analytical sample was obtained, m.p. 211-215°, with an infra
red spectrum (see figure 8) consistent with tne assigned structure
(XCVII).
Anal.
Calculated for CgHyOglT:
bb.95; H, 4.38;

C, 67.07; H» 4.38; N, 8.69*

Found:

C,

8.57.

7-(c*-hydroxyethyl-) phthalimidine ( XCVI II)
To 22 mg. of magnesium and 1 ml. of etner, freshly distilled from
IdAlH^, was added 0.6 ml. of methyl iodide.

The mixture was stirred under

nitrogen until the magnesium had dissolved.

A few additional pieces of

magnesium were then added and stirring was maintained for an additional 45
minutes.

To this mixture there was added 59 mg- of 7-formylphthalimidine

(XCVII) in 10 ml. of tetrahydrofuran, freshly distilled from LiAlH^.

An

immediate evolution of hydrogen took place and the reaction mixture as
sumed a yellowish color.

The suspension was stirred at 80° under nitrogen

for 2 hours, whereupon 5

of water was added and tne reaction mixture

taken to dryness under reduced pressure.

The residue was dissolved in 3 M

HC1 and extracted several times with CKClj.

The CHCI3 extracts were
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washed, with water and the washings extracted with CHC1 ^ •

The combined

CHCl^ solutions were treated with MgSO^, filtered, and taken to dryness
under reduced pressure yielding ~[b mg. of crude product.

Crystallization

from water afforded ca. 25 ng. of niâtes with m.p. 125-133°'

This mater

ial was generally employed in the next reaction without further purifica
tion.

Repeated crystallization of the carbinol from water afforded an an

alytical sample, m.p. 135-137°» with an infrared soectrum (see figure 8)
consistent with the assigned structure (XCVIII).
Anal.
Calculated for C-j^H^OgN:

C, 67*78; H, 6.2/.

Found:

C, 6/.67; H,

6.27.

7-Acetylphthalimidine (XCIX).
A solution of 1.8 mg. of CrO^ in 0.2 ml. acetic acid and 0.02 ml. of
water was added to a solution of 5
(XCVIII) in 0.1 ml. of acetic acid.

of 7-(°t-hydroxyethyl-)phthalimidine
The reaction mixture was allowed to

stand at room temperature for 90 minutes, after which 3 ml. of water was
added and the reaction mixture extracted 4 times with 2 ml. sortions of
chloroform.

The combined extracts were washed once with 1 ml. of water,

and the washing in turn, extracted once with 1 ml. of CtiClj.

The combined

CriCl^ solutions were treated with MgSO^ and taken to dryness under reduced
pressure to yield 5*9 mg. of crude solid.

Crystallization from acetone

afforded two crops of ketone amounting to 2.3 mf-;.

The mother liquors were

recycled through the oxidation.
A procedure developed later and found to afford less side product was
essentially the one described, witn tne exception of the reaction being

lOU
carried out only for 15-minutes.

Although somewhat less product was ob

tained at first, recycling lad to a slightly improved efficiency in over
all conversion.
Repeated crystallization of the product from acetone gave an analyti
cal sample with m.p. 204-205°» which was depressed upon admixture with Jformylohthalimidine (XCVII). and exhibited an infrarad spectrum (see figure
9) consistent with the assigned structure (XCIX).
Anal.
Calculated for CjQH^OgN:

C, 68.5b; H, 5*-8.

Found:

C, bS.bO; H>

5.33.
Benzenesulfonylation of 7-Acetylphthalimidine (XCIX).
A mixture of 5*2 mg. of 7-acetylphthalimidine (XCIX) and 0.5 ml. of
10# aqueous sodium hydroxide was heated at 120° for 2 hours.

The yellow

ish solution was cooled, Ô.05 ml. of benzenesulfonyl chloride added and
the mixture shaken for 15 minutes.

The basic homogeneous solution was ex

tracted several times with CHCly the combined CHCl^ extracts were wasned
with water, and the washings extracted with CHCl^.

The combined CHCl^

solutions were taken to dryness under reduced pressure after treatment
with MgSO^.

Only a trace of oil was obtained.

The aqueous solutions were

combined, acidified and extracted several times with CriCl^.

The extracts

were washed with water and the water washings extracted with CHCl^.

The

combined CriCl^ solutions were treated with MgSO^ and taken to dryness un
der reduced pressure to yield a semisolid mass.

Tne material was washed

carefully with a small portion of ice-cold CHCl^ to yield crystals, m.p.
192-197°.

Upon crystallization from acetone the melting point was raised
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to 195-200°, and was undepressed, upon admixture with XIVI obtained from
the aromatization of XLIV.

The infrared spectra of the two materials were

also identical.
Lithium Aluminum Hydride Reduction of
Hemimellitic Anhydride (XVII)
A solution of 2.29 §• of hemimellitic anhydride (XVII) in 50 ml. of
tetrahydrofuran, freshly distilled from LiAlH^, was added with stirring
over a 15 minute period to an ice-cold slurry of 2.3 g* of LiAlH^ in 50 ml.
of- tetrahydrofuran, also freshly distilled from LiAlH^.

The maroon reac

tion mixture was allowed to warm to room temperature, and stirring was
maintained for 15 hours.

The reaction mixture was cooled in an ice bath

and the excess LiAlH^ destroyed by the cautious dropwise addition (with
stirring) of 5 ml. of water.

The suspension was then filtered through Ce-

lite and the filter cake washed with additional tetrahydrofuran.

The com

bined filtrates were taken to dryness under reduced pressure yielding 1.45
g. of oil, which was dissolved in methanol.

The solution was concentrated

and, upon cooling,- crystals of 1,2,3-trihydroxymethylbenzene (XC), m.p.
135-136°, precipitated.
additional crop of triol.

Concentration of the mother liquors afforded an
Yield:

809 mg.

Upon repeated crystallization

from methanol, an analytical sample was obtained, m.p. 134-135° (Lit. 134136°) (15) which exhibited an infrared spectrum (see figure 3) consistent
with the assigned structure.
Anal.
Calculated for CgH^gO^:
7.18.

C, 64.27; H, 7.19.

Pound:

C, 64.03; H,

10b
Acetylation of 1, 2,3- r L'rihydroxymethylbenzene (XC)
A solution of 10 mg. of triol (XC) in 0.5 ml. of pyridine and 0.5 ml.
of acetic anhydride was heated on the steam bath for 30 minutes.

The so

lution was taken to dryness under reduced oressure, taken up in 0.5 ml. of
methanol, warmed, and again taken to dryness under reduced pressure.

This

procedure was repeated several times, and the product then was taken up in
a few drops of methanol with heating.

Upon cooling and scratching the so

lution, crystals formed wnich were subsequently re crystallized from meth
anol to yield tne triacetate of XC, m.p. 55-56° (lit. 58°) (15) with an
infrared spectrum (see figure 3) consistent with tne assigned structure.
The material was not analyzed.
Acetylation of 1,2,3-ïrihydroxymetnylbenzene
(XC) Mother Liquors
The mother liquors from the isolation of the triol (XC) were concen
trated to an oil and dissolved in 12 ml. of pyridine and 12 ml. of acetic
anhydride.

After heating on the steam bath for 30 minutes, the reaction

mixture"was taken to dryness under reduced pressure, dissolved in dilute
hydrochloric acid and extracted several times with CHC3j.

The combined

CHC1-, extracts were concentrated and extracted several times with dilute
3
sodium bicarbonate solution.

The chloroform solution was tnen treated

with MgSO^. and taken to dryness under reduced pressure, yielding 379 mg.
of a semicrystalline mass which was chromâtographed on 15 g. of alumina.
Elution with 100 ml. of Sk.B and 100 ml. of 10$ ether in Sk.B afforded on
ly traces of oil.

3lution with five 50 ml. portions of 20$ ether in Sk.B

afforded a low melting solid, while elution with four 50 ml. portions of
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kO c ,'j ether in Sk.B, followed by 60$ and 100$ ether in Sk.B, afforded a sec
ond solid.

After 3 crystallizations from ether the first solid had m.p.

102-104°, which was depressed upon admixture with authentic triacetate.
It was subsequently identified as 7-acetoxymethylphthalide (C) by its
melting point and infrared spectrum (see figure 4).

Its melting point was

not depressed upon admixture with authentic material.
Anal.
Calculated for

C, 64.07; H, 4.g$.

Found;

C, 64,-11; H,

4.87.
The second solid after 3 crystallizations from ether had m.p. 112113° which was depressed upon admixture with the monoacetate above.

Its

infrared spectrum (see figure 4) indicated the presence of a free OH group.
It was found to be identical with 7-hydroxymethylphthalide (DCXXVI).
Anal.
Calculated for C^HgO^:

C, 65.85; H, 4.91.

Found:' C, 6.5.92; H»

4.%g.

Permanganate Oxidation of
1,2,3-Trihydroxymethylbenzene (XC)
A solution of 74 mg. of the triol (XC) in 20 ml. of acetone was
treated with 5^5 mg. of potassium permanganate dissolved in ca. 10 ml. of
water, and allowed to stand at room temperature for J>2 hours.

After de

stroying the excess permanganate with methanol, the resulting manganese
dioxide was removed by filtration and washed with war;., acetone.

The com

bined acetone solutions were taken to dryness under reduced pressure and
the residue (68 mg.) chromâtographed on 180 mg. of silicic acid.

Elution
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with 20-30^ ether in Sk.B afforded. 51 mg. of crude

4-carboxyphthalide

(TJDCIII) identified by melting point, mixed melting point with authentic
material, and infrared soectrum.
Methyl 7-Phthalidylacetate (CV)
Into a flask equipoed witn reflux condenser, CaSO^ tube, oil heating
bath and magnetic stirrer there were nlaced
f re silly distilled thionyl chloride.

64.1

mg. of IXXII and 2 ml. of

The reaction mixture was stirred and

heated at reflux for 3 hours, after wnich time the homogeneous solution
was taken to dryness under reduced pressure.

Dry benzene was added, the

slurry warmed and tnen taken to dryness under reduced oressure.

The pro

cess was reneated, the residue dissolved in 3 ml. of tetrahydrofuran,
freshly distilled from LiAlfl^, and added slowly to a rapidly stirred icecold dry solution of diazomethane in ca. b ml. of etner-tetrahydrofuran
1:1.

Upon evaporation under reduced nressure, a yellowish residue was ob

tained which was dissolved in 2-3 ml. of absolute methanol and neated at
reflux.

A slurry of AggO, prepared from 50 mg. of AgNOy in absolute

methanol, was added to the boiling solution over 1 hour at 15 minute in
tervals.

Tne reaction mixture was allowed to reflux over night, and then

was filtered.

The filtrate was concentrated and upon cooling and scratcn-

ing crystals formed.

Concentration of the motner liquors afforded two ad

ditional crops which brought the crude yield to ca.
tion from ether yielded material, m.p. 90-92°.

4s

mg.

Crystalliza

The melting noint was de

pressed upon admixture with 7-carbomethoxyphthalide.

Further recrystalli-

zation afforded an analytical sample, m.p. 9^-96°> with an infrared spec
trum (see figure 10) consistent with the assigned structure.

log

Anal.
Calculated for

C^-^ H^ qOj^:

C, 64.07; H, 4.?9*

Found:

C, 63• 82; H>

4.96.
Methyl 4-Phthali dyla cetate (CVI)
A mixture of 92 mg. of 4-carboxyphthalide ( LXXIII) and 5 ml. of
freshly distilled thionyl'chloride was heated at 80-90° with magnetic
stirring for 4 hours,

"he homogeneous solution was taken to dryness under

reduced pressure» suspended and warmed in ca. F ml. of dry benzene, and
again taken to dryness under reduced pressure.

This process was repeated

and the resultant crystalline solid dissolved in ^-10 ml. of tetrahydro
furan, freshly distilled from LiAlH^.

The solution was added slowly to a

vigorously-stirred, ice-cold, dry solution of diazomethane in 15-20 ml. of
ether-tetrahydrofuran 1:1.

The solvents and excess diazomethane were re

moved under reduced pressure, and the residue stirred and heated with 5-10
ml. of absolute methanol.

To the refluxing solution was added a slurry of

AggO, prepared from 100 mg. of AgNOy in 5-10 ml. of absolute methanol
over a one hour period.

Tne reaction mixture was allowed to reflux for an

additional hour, cooled, filtered, and the filtrate taken to dryness under
under reduced pressure.

The residue was dissolved in slightly more than

the minimum volume of tetrahydrofuran, preadsorbed, and chromâtograohed on
3 g. of alumina.

The column was eluted with two 25 ml. portions of Sk.B,

four 25 ml. portions of 10$ ether in Sk.B, seventeen 25 ml. portions of
20|& ether in Sk.B, and two 25 ml. portions of ether.

The 10$ ether and

first two 20$ ether fractions contained 4-carbomethoxyphthalide.

The 3rd

and 4th 20$ ether fractions contained the major portion of material which
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rapidly diminished through tne 8th 20$ ether fraction.

later eluatee

showed progressively more higher melting material and were not investi
gated.

Upon crystallization of the 3rd through 8th 20yb etùer eluates, U9

ing. of homoester ( CVI) was obtained.

Another 10-20 mg. of less pure ma

terial remained in the mother liquors.

After several crystallizations

from methanol, an analytical samnle was obtained, m.p. 9^~95°> with an in
frared spectrum (see figure 10) consistent with the desired structure.
Anal.
Calculated for

C; q% q04 !

C, 64.07; H, 4.8$.

Found:

C, 63.96; H,

5.24.
Reduction of Methyl 4-Phthalidylacetate ( CVI)
A solution of 332 mg. of CVI in 10 ml. of tetrahydrofuran, freshly
distilled from IiAlH^, was added under Kg to a stirred ice-cold slurry of
350 mg. of LiAlHi| in 10 ml. of tetrahydrofuran, also freshly distilled
from IdAl%.

The reaction mixture took on a yellowish coloration which

slowly faded as the mixture was allowed to warm to room temperature and
then was stirred under Ng for 12 hours.

The excess hydride was decomposed

by the cautious, dropwise addition of water to the cooled and stirred re
action mixture.

After 2-3 ml. had been added the reaction mixture was al

lowed to stir 15 minutes, and the flocculent hydroxide removed by centrifugation.

The precipitate was wasned twice with 5 ml. portions of tetra

hydrofuran, and the combined tetrahydrofuran solutions were taken to dry
ness under reduced pressure.

The oily product, 242 mg., exhibited no sig

nificant absorption in its infrared - spectrum between 5*5 and 6.0/x.

At

tempts to obtain crystalline material by direct crystallization were unsuc-

Ill
cessful.

Tne product was dissolved in 5 ml. or pyridine and treated with

1 ml. of benzoyl chloride.

After warming on the steam bath for 10 minutes,

the reaction mixture was poured into 2^ ml. of water and again warmed on
the steam batn for 10 minutes.

After cooling, tne reaction mixture was

made basic with HaHCO^ and extracted several times with CHCl^.

The CHCl^

extracts were combined, washed once with water, and twice with 3 M HC1,
followed by another washing with water.

The organic solution was then

treated with MgSO^ and taken to dryness under reduced pressure yielding
1.53 g. of thick oil.

The infrared spectrum of the product showed it to

be predominantly benzoic anhydride, with additional peaks at 8.0 and 9.1//.
It was dissolved in 5 ml. of pyridine and heated on the steam bath.
Enough water was added to cause cloudiness, and heating was continued for
10 minutes.

After cooling the reaction mixture was worked up as before to

yield ca. .9 g. of oil.

The infrared spectrum of the material clearly

showed a diminution in the 5'&!)//. (anhydride carbonyl) peak relative to the
5.80/x (anhydride and benzoate carbonyl) peak.

The pyridine hydrolysis was

repeated for an additional 35 minutes, the product (ca. 500 mg.) exhibit
ing an almost complete absence of the 5«b^u peak.

The material was chro

mât ographed on 15 g. of alumina, and eluted with two 2Ç0 ml. portions of
Sk.B, two 25O ml. portions of 10$ ether in Sk.B, and twenty 250 ml. por
tions of 20$ ether in Sk.B.

Fractions 4-13 of 20$ ether eluates contained

a thick colorless oil which vary slowly crystallized to yield ca. .4 g. of
the tribenzoate of GUI.

Crystallization from acetone or methanol af

forded an analytical samnle, m.p. 97-99°» with an infrared snectrum (see
figure 10) consistent with the assigned structure.

112
Anal.
Calculated for

:

C, 7d*29; H, 5»30.

Found:

C, 75-52; H,

5»40.
b-Carboxyphthalonic Acid (XXIII)
The procedure developed by Graebe (23) was employed.

From I5.6 g. of

naphthalic anhydride 5*9 g- of crystalline product was obtained after ex
tensive crystallization of tne crude oxidation products.

Re ne at ed- crys

tallization from water afforded an analytical sample, m.p. 235-237°&. (lit.
238°) (23) with an infrared spectrum (see figure 12) consistent witn the
assigned structure.
Anal.
Calculated for G^E^Oy :

C, 50.43; H, 2.54.

Found:

C, 50.19; 2,

2.67.
3, 4-Dicarboxynhthalide (CVII)
A mixture of 22 mg. of HgClg and 332 mg. of zinc dust was stirred
with 5 ml. of water and treated with 1 ml. of 3 M HC1.

After stirring for

15 minutes, the aqueous layer was decanted and tne amalgamated zinc washed
free of mercury and zinc salts witn several portions of water.

A solution

of 151 mg. of 6-carboxynhthalonic acid (XXIII) in 1 ml. of water was
poured onto the amalgam and stirred wnile 0.5 ml. of concentrated HC1 was
added.

After a few minutes tne clear solution had become quite milky and

a precipitate"soon became annarent.

The constant Hg evolution caused the

solids to form a frothy foam which slowly fillec tne reaction vessel.
casional stirring broke up the foam.

Oc

After 45-60 minutes, the suspension

was transferred to a centrifuge tube and centrifuged.

Tne resultant pre
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cipitate was washed twice with ice-cold water to remove inorganic sa]ts,
and tnen dissolved in acetone.

The acetone solution was centrif uged to

remove particles of zinc amalgam.

The acetone was evaporated to yield 131

mg. of crude 3>4-dicarboxyphthalide (CVII).

Repeated crystallization from

water afforded an analytical sample which, upon heating decomposed at 210215° with tne evolution of COg and resolidified, melting finally at 233236°.

The product of decarboxylation was shown by melting noint, mixed

melting point, and infrared snectrum to be identical with 4-carboxyphthalide (TXXIII) which could be obtained by merely subliming the diacid above
220°.

The infrared snectrum of the diacid (see figure 13) was consistent

with the assigned structure.
Anal.

- Calculated for

'

C, 54.0b; H, 2.(2. Found:

C, 53*83; H,

2.88.

Upon treatment of 3»4-dicarboxyphthalide (CVII) in tetrahydrofuran
with an excess of diazomethane in ether-tetrahydrofuran and evaporation to
dryness under reduced pressure a crystalline product was obtained.

Re

peated crystallization from methanol yielded an analytical sample with m.p.
113-llb 0 , and an infrared spectrum (see figure 13) consistent with the as
signed structure.
Anal.
Calculated for C^2 ii l0®b :

^ 57*60; H, 4.03»

Found:

C, 57*7b; H,

4.21.
By a similar procedure the trimethyl ester of 6-carboxypht halonic ac
id (XXIII) could be prepared.

It had a m.p. 145-14/°(lit. l4b°) (26) and

an infrared spectrum (see figure 13) consistent with the assigned struc-
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tare.
Anal.
Calculated for

55*72; H, 4.32.

Found:

C, 55*71; H,

4.40.
Pyrolysis of 6-Carboxyphthalonic Acid (XXIII)
A small sublimation apparatus was charged with 1.0b g. of b-carboxychthalonic acid (XXIII).

The vessel was introduced into an oil bath pre

viously heated to >250°.

The temperature dropped and was held at 250°

throughout the nyrolysis.
slowly and evolve gas.

After a few moments the compound began to fuse

After tne reaction had subsided (3~5 minutes), the

vessel was cooled and the residue weighed:

Job mg.

The condenser of the

sublimation apparatus had collected 28 mg. of white material, m.p. liblb3°*

The residue was extracted witn 7 ml. of warm water in 4 portions to

leave 109 mg. of material.

This was wasaed several times witn acetone to

afford 81 mg. of a light yellow powder which was soluble in base, wnerein
it formed a reddish-orange solution, and could be recovered upon acidifi
cation.

It failed to melt below 3b0°, and was presumed to be Graebe's

11 di lactone 11

(XXVII).

The sublimate, aqueous and acetone wasaing were combined, preadsorbed
and chromâtographed on 30 g. of silicic acid.
100 ml. fractions of eluate.

The column was eluted with

Two Sk.B, two 20$ ether-Sk.B and two 40$

ether-Sk.B fractions afforded only oils.
ether-Sk.B fractions afforded solids.

Elution with twenty-five 50$

The column was eluted finally with

two fractions of ether and two of acetone.
Crystallization of fractions 1-5 of 50$ ether afforded 108 mg. of 4-
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carboxyphthalide (IXXIII) while b-11 contained, materials melting at ca.
220°.

Fractions 12-13 f^-ve 5b mg. of aldehyde ( CXVIII or CXIX) upon crys

tallization, 14 contained oils, 15-20 afforded 107 mg. of hemimellitic ac
id (iv) after crystallization and 21-25 contained unidentified oily sol
ids.

The mother liquors and all unresolved solids and oils were combined

and rechromatogranhed as above to yield 12 mg. of 4-carboxynhthalide, 3^
mg. of Graebe's aldehyde and 59 n ¥'- of hemimel 1 itic acid after crystalli
zation.

The materials melting in the 220° range would not separate upon

re crystallization.
further.

Tney amounted to ca. }0 mg. and were not characterized

Thus the pyrolysis afforded SI mg. of dilactone, 120 mg. of 4-

carboxyphthalide, 225 mg. nemimel!itic acid, go mg. of Graebe's aldehyde
and ca. 300 mg. of unseoarated oils and solids.
Hemimellitic acid and 4-carboxyphthalide were identified by melting
noint, mixed melting noint witn authentic material and infrared soectra.
An infrared spectrum (see figure 14) of the aldehyde was obtained but
the compound was not characterized any further.
2-Metnylisophthalic Acid
The procedure of Slderfield (27) was modified slightly.

b-Carboxy-

phthalonic acid (XXIII), 111 mg., was heated at 250° until bubbling had
ceased, the entire residue dissolved in 3 ml. of 10$ sodium hydroxide so
lution at 90°, 302 mg. Baney nickel alloy added in small portions over an
SO minute period, and tne suspension allowed to stir at 90°for an addition
al hour.

The solution was decanted from tne nickel residue and the latter

washed twice with water.

Tne combined basic solutions were concentrated

to ca. 2 ml. and added ranicly to 3 ml. of concentrated HC1.

Upon vigor
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ous stirring a tnlck naste was obtained which was washed several times
with small portions of ice-cold water.

The residue, ca. 13 mg., was sub

limed to yield 7 mg. of a substance which, upon recrystallization three
times from water afforded material with a.p. 237*240° (lit. 236-238*)
(27).

The infrared spectrum of the compound (see figure l4) was consist

ent with the assigned structure (see Discussion) but different from tnat
of 4-carboxyphtha10nic acid ( TXXIII).

Admixture of tne two compounds

brought about a degression in melting point.
4-Carbomethoxyphthalic Anhydride (CXXI)
A solution of 290 mg. of hemimellitic anhydride (XVII) in tetrahydro
furan, freshly distilled from LiAlH^., was treated with an excess of diazo
methane in dry ether-tetrahydrofuran 1:1.

The excess diazomethane and

solvents were removed under reduced nressure and the residue was crystal
lized from acetone to give 156 mg. of crude 4-carboiaethoxyphthalic anhy
dride (CXXI) m.p. 138-143°.

Upon reneated crystallization from acetone,

an analytical sample was obtained, m.p. 143-145°, which exhibited an in
frared spectrum (ses figure 11) consistent with the assigned structure.
Anal.
Calculated for

C-^qH^ O^:

C, 58.26; H, 2.93•

Found:

C, 58.26; H,

3.00.
3-Carbomethoxyphthalic Acid (CXXII)
Crystallization of 4-carbomethoxyphthalic anhydride (CXXI) from aque
ous acetone afforded crude 3~c A rbomethoxyphthalic acid (CXXII), m.p. 194199°•

The melting point was quite dependent on the rate of heating.

Its

wide range was due probably to a combination of slow crystal transforma-
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tions and decomposition near the melting point.

Sublimation led to 4-car-

bomethoxyphthalic anhydride ( CXXI) identified by melting point, infrared
spectrum and failure of the melting point to be depressed upon admixture
with authentic anhydride.

Purification was accomplished easily by first

subliming the crude acid and crystallizing the sublimate from aoueous ace
tone.

Repeated crystallization from acetone afforded an analytical sample,

m.p. 193-204°d„ with an infrared snectrum (see figure 11) consistent with
tne assigned structure.
Anal.
Calculated for C^HgO^:

C, 53«5S; H, 3»b0.

Found:

C, 53*^b; &

3-53.
Dimethyl 3~ Ca rboxypht halate (CXXIII)
Crystallization of 4-carbomethoxyphthalic anhydride (IXXI) from meth
anol afforded a new product, m.p. 157-lb3°*

Concentration of tne mother

liquors gave additional material, but successive crops were progressively
more rich in a second component.

The latter, isolable in ca. 10$ yield,

was shown to be Graebe's dimethyl ester XX (7) by comparison of melting
point, infrared spectrum, and failure of the melting point to be depressed
upon admixture with authentic material.

The major component, upon re

peated crystallization from ether afforded an analytical sample, m.p. lbOlb3° which was depressed unon admixture with authentic dimethyl ester pre
pared by Graebe 1 s procedure,/and which exhibited an infrared snectrum (see
figure 12) consistent with the assigned structure but different from the
Graebe diester snectrum (see figure 12).

Upon sublimation, 4-carbometh-

oxynhthalic anhydride (CXXI) was obtained and identified on the basis of
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melting point, mixed melting noint and. infrared spectrum.
Anal.
Calculated for c ;q%o^6 :

H, 4.23»

Found.:

C, 55*30; H,

4.37*
2-Ca rb ome t hoxyi s opht hal i c Acid (XIX)
Crystallization of hemimellitic anhydride (XVII) from methanol af
forded a compound m.p. 200-210° which upon repeated crystallization from
methanol gave an analytic sample m.p. 204-210° ( lit. 203-20^) (7)-

The

melting point was depressed upon admixture with 3-carbomethoxyphthalic ac
id (CXXIl).

Upon sublimation, hemimellitic anhydride (XVII) was obtained

and identified on the basis of melting point, mixed melting point, and in
frared spectrum.

The infrared spectrum of the ester (see figure 11) is

consistent with the assigned structure and different from that of 3-carbomethoxyphthalic acid (CXXII) (see figure 11).
Anal.
Calculated for C^O^S^b :

53*58; H, 3*b0.

Found:

C, 53*38; H,

3*63*
Dimethyl 2-Carboxyisophthalate (XX)
A solution of 200 mg. of hemimellitic acid (IV), previously dried at
100

for 8 hours, in absolute methanol was saturated witn gaseous HC1 and

allowed to stand in a stoooered flask at room temnerature for l4 hours *
Upon concentration, the reaction mixture afforded 3 crone of material, 115
mg. with m.p. 144-155*

Repeated crystallization from etner gave an ana

lytical sample, m.p. 148-153° (lit. 148-150°) ( 7)•

The melting point was

depressed upon admixture with dimethyl 3-carboxyphthalate (CXXIII).

Upon
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sublimation, 4-carbomethoxyphthalic anhydride (CXXI) vas obtained.

The

diester exhibited an infrared spectrum (see figure 12) consistent with the
assigned structure, but different from that of dimethyl 3-carboxyphthalate
(CXXIII).
Anal.
Calculated for O^5^O^:

C, 55*46; H> 4.23.

Found:

C, 5i>7^»' H,

4.14.
Sodium Borohydride Reduction of the
Diester Acid Chlorides
A mixture of 132 mg. of dimethyl 3-carboxyphthalate (CXXIII) and 10
ml. of freshly distilled thionyl chloride was stirred with heating at 8090° for 4 hours.

The solution was taken to dryness under reduced pressure

and dissolved in 5 ml. of dry diglyme. The ester acid chloride solution
i
was stirred and heated at 75° while a centrifuged solution of 37
of
sodium borohydride in dry diglyme was added.

Stirring and heating were

maintained for 1.5 hours, %nd water was then added to the reaction mix
ture.

The solution was taken to dryness under reduced pressure and the

residue partitioned between CHCl^ and water.

The aqueous layer was ex

tracted several times with CHCl^ and the combined ChCl^ solutions treated
with MgSOty and taken to dryness under reduced pressure, yielding 80 mg. of
oil.

The oil was dissolved in methanol and concentrated, giving upon cool

ing 10 mg. of crystals, m.p. 145-173°'

Further concentration afforded ca.

24 mg. of crystalline material, m.p. 95-101°.
additional material.

The oils did not afford any

Crystallization of the two fractions separately

showed them to be primarily the two carbomethoxyphthalides obtained previ
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ously.

Thus ca. 12$ of the material isolated was reduced on the central

carbon while ca. 30$ was reduced on the outside carbon.
By a similar procedure dimethyl 3-carboxyphtnalate (CXXIII) was con
verted to the acid chloride and reduced with sodium borohydride.

Three

crops of crystals were obtained from 102 mg. of oil isolated from the re
action by the procedure described above :

42 mg., m.p. 96-105°, 5 mg.,

m.p. 92-104°, with part not malting until 150°, and 3 mg., m.p. 92-102°.
Upon purification the fractions were found to be predominantly 7-carbomethoxyphtnalide.

The higher melting component could not be purified di

rectly and its identity as 4-carbomethoxyphthalide was not proven.

How

ever, yields of crystalline material showed that ca. 4$$ of the reduction
had occured on the outer carbon and less than 5$ on the central carbon.
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SUMMARY
The DieIs-Alder adduct of maleic acid and furfurylamine acetate, upon
treatment with sodium hypoiodite undergoes cyclization to form an iodolactone.

Through a series of reactions, a benzene sulfonami domethylacetylben-

zoic acid can be obtained, the structure of which depends upon which carboxyl group in the Diels-Alder adduct undergoes lactonization.

The syn

thesis of the aromatic acid, and hence, proof of structure of the adduct,
is presented.
Attempts to synthesize 2-(^-hydroxyethyl-)-1,3-dihydroxymethylbenzene, the key intermediate In a proposed synthesis of erythrocentaurin,
are presented.
During the course of these investigations, tne chemistry of hemimel
litic acid and 6-carboxyphthaionic has been studied.

The resulting com

pounds, useful as possible synthetic intermediates, are discussed.
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