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INTRODUCTION

The synthesis 6i an appropriately substituted cyclohexane which might
serve as a key intermediafe in a proposed total synthesis of reserpine (I)
has been undertaken in These Imboratories by Dr. L. H. lLiu 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.
Idu's intermediates belong. Hence, the structure of one of these interme-
dlates, & compound correctly represented by either Ila or IIb and convert=-
ible into a 1,2,3~trisubstituted benzene, 18 vo be elucidated.

O CH,NHSO, @

o CH,

OCH,
1 IIa Os
It has been suggested (1) that erythrocentaurin possesses either

structure IIIa or IIIb, both of whicii are 1,2, 3-trisubstituted benzenes.

CHO @ 0 COH
<8¢
Yo ,
ITa v Iz

Since, in prineciple, systems II and III are both derivable from hemi-
moilitic acid (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. liu, c?o Profesesor E. Wenkert, Department of Chemistry,

Iowa State University, Ames, Iowa. Postdoctoral investigation of alkmloid
syntheses. Private communication. 1558,



HISTORICAL

Unpublished Work by Dr. L. H. Iiu*

During the period of 1954~1956, work was carried out in These Iabora-
tories by Dr. L. H. Jiu 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 1’|orm ring
T of the alkaloid. Ths approach taken involved the Diels-Alder condensa-
tion of a suitably substituted furan with maleic acid (3). This would be
expected to yleld a racemic mixture of 7-oxabicyclo [2.2.1_] heptenedicar-~
boxylic 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 tryptanmyl Ny

i —
HO,C HY c—0 9
g w e
g
HO, HOC HO,
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When the reaction was carried out with Y=NHAc, the intermediate cor-
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 rlactone and indeed this was veri-
fied by the compound's infrared (I.R.) spectrum. However, two isomeric
Z*—iodolactones are possidble, depending upon which carboxyl group undergoes

cyclization.

Treatment of the l1odolactons VI with hydrogen over palladiunm on char-

*Dr. L. H, Iiu, c/o Professor E. Wenkert, Department of Chemistry,
Iowa State University, Ames, Iowa. Postdoctoral investigation of alkaloid

synthoses. -Private commanication. —1958.



col afforded tne desiodolactone acid VII. Conversion to tane metnyl ester
with diazomethane followed by equilibretion witn trietaylamine brought

about isomerization of the carbomethoxy group to tne more stable exo ori-
entation, tahus vroving evnimerization had not taken placs during the iodo-

lactone formation.

Attennts to homologate tne z2cid were unsuccessful until Y was changed
by hydrolysis to the amine VIII, followed by conversion to the sulfonamide
IIa. Homologation by the Arndt-Zistert metnod (k) to the nomomethyl ester

IX proceeded smootnly.

0 Q
n— C——O Q
—0
CH,_NHl CHLNusolgf a CH,LNHsol}zf
HOp HE GFCH, CIHC CO
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“he profound effect of the substituent Y upen the homologation's
course was the first suggestion that structure VII, with the free carbox-
yl close to tne methylene grouv, was correct. In order to prove this, Iin
set out to cyclize the carboxyl and methylene substituents.

Because of the possible strain involved, the failure in attemots to
cyclize the amino acid VIII could not be invoked to disprove it's struec-
ture. Attempts to cyclize homologs of these comwounds under irreversible
conditions were then made. Iy treating the diazoketone intermediate in

the Arndt-Eistert synthesis with excess HCl, the chloromethyl ketone X was



obtained. Attempted cyclization of this compound in basic media, however,
gave inconclusive results.

Other attempts to prove tne structure by cyclization were equally
fruitless. Bepeated and varied attempts to hydrolyze, hydrogemolize and
oxidize the sulfonamido 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 @pimerization observed with triethylamine
could be effected. Prolonged treatment, followed by acidification, treat-
ment with diazomethane and chromatography led to an oil which unon subse-

quent hydrolysis in acid afforded 7-carboxyphthalimidine (XI).

The Chemistry of Hemimellitic Acid

Hemimellitic acid (IV) was first obtained in small quantity and im-
pure form by A. taeyer (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

acenaphthens (XII) to naphthalic acid (XIII) and subsequent oxidation of

COM COM CQH COHM

0 — Q0 — =
O,H

2
XL X XISZ



this intermediate, torough b-carboxyphthalonic acid (XIV), to the desired
product. An additional laboratory synthesis has becoms available more re-
cently (8).

“he neutral silver, potassium, and barium salts have been vprepared and
characterized. Graebe also obtained a disilver salt, and caleium (9) as
well as iron (10) salts have been reported. Of particular importance is
the remarkable insolubility of the monovotassium 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 ottain 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 elaboraté procedure may not be en-
tirely necessary.

Hemimellitic acid reacts with hydrazine (12) to form a phthalhydra-
zide hydrazide (XV) which can be converted to a phthalhydrazide azide

(XVI) and this in turn made to undergo a Curtius rearrangement.

HINHNCO Q NJCO 9
N N
Q@ 4@

s i

(o]

DAY - XV

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 monovotassium hemimellitate. Treatment of mol-
ten hemimellitic anhydride at 220° with gaseous ammonia affords the imide
acid XVIII. The imide disilver salt has been made and characterized, as
well as the calcium salt.

If hemimellitic acid is treated with methanolic HCl, a dimethyl ester



is obtained. Hemimellitic anhydride dissolved in methanol affords a mono-
methyl ester, which will not dehydrate upon heating, and which, upon
treatment with methanolic HCl, is converted to the trimethyl ester. Sa-
vonification of the trimethyl estef with two equivalents of base ylelds
ths original monocester. On the basis of these facts, Gracbe proposed

structures XIX and XX for the mono- and dimethyl esters, respectively.

cor Q@ COH O CO,CH,
©i> COICH3 COMH
0 N
y COH CO,CH;
o o
p.avait

Attempts to obtain the isomeric monomethyl ester through the monopo-
tagsium and monosilver salts and methyl iodide were unsuccessful.

Although only the diester XX was obtained by Graebe with methanolic
HCl, later workers (13) found the triester was also formed, although in
much smaller amounte. It is interesting that these workers found the po-
tassiom salt of XX much less soluble in water than the sodium salt.

The triester can be obtalned directly by treating the anhydride with
methanolic HCl, or the neutral silver salt with methyl iodide. More re-
cently (14) diazomethane has been employed.

Reduction of the trimetanyl ester with lithium aluminum hydride (15)
affords the corresponding tri-alcohol which readily forms a triacetate.

Graebe also studied the Friedel-Crafts acylation of benzene with
hemimellitic anhydride and the hemimellitic anhydride potassium salt, ob-
talning 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. By condensation of the

anhydride with resorcinol, two isomeric fluoresceins were obtained. Con=-



densation with m-dimetaylaminophenol afforded a rnodamine.

Treatment of hemimellitic acid with mercuric acetate leads to re-
placement of the central carboxyl group with mercury (16). Tais compound
may subssquently afford either isopnthalic ggid or 2-nalogenoisophthalie
acids. ‘

The dissociation constants (17), crystallograpaic data (9), and ul-
traviolet spectrum (1%) of aemimellitic acid have be=n revorted. The acid
has been successfully separated from mixtures of acids by papsr strip (19,
20) and partition (21) chromatography.

The Raman spectrum (22) and heat of vaporization (14) of the trimeth-

y1 ester have also been rsported.

‘‘he Chemietr& of Graebe'!s Acid

In the course of his investigation on the oxidation of acenaphthene
(XII) Graebe (b) isolated b-carboxyphtnalonic acid (xxv.). 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-carboxypltthalonic ac~
id, which, for simplicity, we shall henceforth rafer to as Graebe's acid
or G-acid. As in the case of the hemimellitic acid paper (7), this work
has remained until now the only comprehensive study of the chemistr} of
this compound.

Treatment of G-acld with red phosvhorous and HI afforded a dicarbox-
¥lic acid, charazcterized by its neutral barium salt. The physical proper-
ties distinguished this dlacid from its isomer, homophthalic acid, and thus

established the presence of a methyl group. Since the methyl group would



be expected to have arisen from the glyoxylic ketone, and ths dicarboxylic
acld 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 agsignment is apparent from the distinct-
1y different properties of Graeba's methyl diacid and the known (24) 3-
mathyl phthalic acid, which readily forms an anhydride.

Condensation of G-ecid with phenylhydrazine 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 HCl, G-acid afforded an acidic di-
ester, while treatment of the neutral silver salt with methyl iodide af-
fords a neutral triester, to which Graebe assignred structures XXI and XXII
respectively. later workers (25, 26) have been unable to obtain either of
the esters, even when Grasbe'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
Graebe's compound. On the basis of a difference in the ultraviolet spec-
tra of G-acld in neutral and in basic media, it has been suggested that in
the former c=se, the compound exists in the lactol form XXIII and only in
the latter case in the keto form. Similarity in the spectra of the tri-

ester and the acid in neutral media has led to tho »roposal that XXIV cor-

H,C O, CO,H HyC Oy O,CH, H HCO,C CHy
(o} 0 OH Hy
o) o)
zC H '3 1C H 3 v )
XXT XXIT XXIIT XXTVZ



rectly reoresents the structure of trne trimetnyl commound obtained in the
later work. It wes further sugsested that the keto-lactol equilibrium was
responsible for the diversity of »roducts.

Upon heating, G-acid melts and decomposes with the evolution of CO,
002 and HZO. Three major nroducts are isolable, one of whicn proves to bve
hemimellitic acid. The lower melting of the otaer two products forms a
neutral monobarium salt and gives a vpositive Schiff's test. It also forms
a compound witn phenylnydrazine which affords & nitrogen analysis consis-
tent with a phenylhydrazone. The pyrolysis product was aqcordingly as-
signed structure XYV, but later worikers (26) on the basis of ultraviolet
spectra, prefer the lactol structure XXVI for ths compound.

The higher melting pyrolysis oroduct was virtually insoluble in all
solvents except aqueous base, in which it formed a reddisn solution and
from which i1t could be recovered upon acidification. Since its analysis
indicated a formula isomeric with the aldehvde XXVI, less tne elements of
water, and treatment with phenylhydrazine afforded the aldehyde phenylhy-

drazone, the compound was assigned the dilactone structure XXVII.

O, -0
couH COM OH
cHo
7~ I o)
- ~coH / Y
(o]
XX\ XXVT XXVIT

The recovery of XXVII rather tnan XXVI from basic solution upon acid-
ification, coupled with quite different ultraviolet spectza for tne two
compounds, has led later workers (26) to reject structure XXVII.

Ireatment of basic solutions of =ither XYVI or XXVII wita Raney nick-

el alloy nas afforded 2-methylisopnthalic acid (27).
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Erythrocentaurin

From Swertia Jgponicus, Makino, & bitter glycoside has been isolated

(28) and named swertiamarin. Enzymic hydrolysis of this material affords
a crystalline aglycone known as erythrocentaurin. 1In 1953, Kubota and
Tomita (1) reported the results of their investigation on the constitution
of this compound.

Brythrocentaurin analyzes as 010H803 and exhibits an infrared spec-
trum with absorption at .82 and 5.9%/<and an ultraviolet spectrum with
Amax 223 and 290w logf€ 4.30 and 3.13 respectively. The compound gives a
positive Tollens test, but is unaffected by Schiff's reagent, hypolodite,
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-pnenylenediamine, one mole of each reagent reacting with one
mole of compound. Reduction of erythrocentaurin with lithium aluminum hy-
dride affords a crystalline triol which is unaffected by hydriodic acid.
Kuhn-Roth oxidation indicates the absence of C-methyl groups and perman-
ganate oxidation affords hemimellitic acid. Oxidation with chromic acid
affords a lactonacarboxylic acid. The data is in agreement with either of
two structures, IIIa or IIIb. Since gentianine (XXVIII) (29) is also

found in the same plant (30) the authors proposed, by analogy, structure
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ITIb ae the correct one. Subsequently, Wenkert and Bringi (31), have ar-
rived at the same structure through biogenetic arguments.
These authors suggest that erythrocentaurin and gentianine both arise

from a common intermediate, a hydrated prephenate, throuch transformations

indicated below.
HY- Q€O

HO CO
CHO
o 02
—_— e —_— lo] —_— IIIb
C2 CO,

% co,

K 04.CO;, NS Oy CO 05~ 0,-CO,
O\ O\\
—_ = _ — = XXV
N
0, . OHC o, )
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DISCUSSION

It seemed that Tiu's oteervation of the convertibility of the aceta-
mido lactone ester, XXIX or XXX, into an aromatic comvound through base
treatment could be taken advantage of in atterpting its structure vroof.
An examination of tane reaction mechanism was therefore undertaken to de-
termine whether or not one structure would be favored over the other.

The first step, regardless of whica structure is correct, must be the
abstraction of a protono to the ester followed by/G—e]imination of the
etner oxygen to give eitner YXXI or XXXII (R=CHeNHAc). Abstraction of the
nroton;?/to tne estar can now take place, followed by the vinylogous/éL
elimination of the lactone carboxylate to give XXXIII or XXXIV. Since
XXXIII lacks an € proton it cannot undergo furtner elimination, and would
be stable. On the other hand, XXXIV is vinylogous to a 26hydroxy-098 un-
saturated ketone, a system known (32) to undergo isomerization to a dike-
tone in basic media, and it would seem likely that i1f vpresent, XXXIV would
isomerize ranidly to XXXVI. It could then either lose CO5 to glve XXXVIII,
or remain unchan;ed until acidification and woric-up to give XXXVII. In

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

REOLC X S rgcoc H;;oc <
XXXI AXXIT XKXY XXXVIIT
R R
HCOL o HEOQ HE olc]fj HJCOC:©
o ——— :B ——
5 o "0, HOLC” g

XXST XXX XXEVT  XEXVI



13

the observed compound.

Although XXXIII would not be able to éromatize to XXXV until after
acidification, the possibility of internal ester exchange cannot be over-
looked. Ester exchange of XXXIII would lead to XXXIX which, since it pos-

sesses a nroton X to- thne ester, could lose that oroton and eliminate tim®

Ro" R R R
HCOC HC o;@ LAY ‘o;@
og HOC HCOLN~ HCOL” 3
XXXX XL XLI XL

ﬁ—hydroxyl group to yield XI upon acidification. Since the brude aro-
matization prdduct is esterified with dlazomethane, both XXXV and XTI 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 XII, 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/g-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 XLII,/B—keto esters do not eliminate the keto
oxygen under basic conditions, and upon acidification tﬁa ester isomer of
XXVII would‘pe obtained, a conclusion contrary to experimental results.
Thus, in order that an aromatic compound result, transesterification o;
XXXIV $o0 XILI must take place more rapidly than would be expected. Struc-
ture XXIX was accordingly considered the most likely revresentation of
Tiu's acetamido methylester lactone on the basis of this analysis. Never-

theless, the nature of R had been shown to influenece 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.

Tiu's chloromethyl ketone, XLIII, was chosen as starting material in
the hope of reducing it and aromatizing the resultant methyl ketons XILIV
vwith base. ZFrom 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 XIVI. Should the methyl ketone not possess structure

_CHINHSO, @ CHAISO, J %qu%sqgﬁ

XIIV, but rather structure XIVII, then an intermediate, XIVIII, correspond-

ing to XXXIV would be expected. Once again, no interchange could occur,
and XIVIII would isomerize to XIIX, giving on acidification non-aromatic

products. Should XIVIII orove abnormally stable and aromatize upon ecid-

O CHNHSOP HNHSO, @ O GHaNHSO,9

- 0.c
b 0,C o
XLt XL XX
HANHSO, @ OH OH
OH
N
o)
(N LI LTL

ification, or should the aromatization proceed by a different path, com-

pound I, isomeric with XIVI 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 3.0574
(¥H), 5.6;/L(lactone carbonyl), and 5.7}/4(katone carbonyl) and analyzing
correctly for tne desired product, but attempts to aromatize the metnyl
ketone led only to oils. In an attempt to cyclize the adjacent side
chains of the aromatic ketone tne olls were subjected to refluxing aqueous
HC1 for 22 hours. Subseguent attempts to obtain a solid product by direct
crystallizhtion 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 3.0%/L(OH): 3.1%/4(NH)»
and S.T%fL(lactone carbonyl), and which analyzed correctly for either com-
pound XIVI or L. A comparison of the ultraviolet spectrum of this com-
pound with its precursor showed clearly the vresence of a new chromophorie
system,7\max ZSMSH_(logEL 3.2), similar to the absorption of o-aéetylben—
zolc acld, A 275?f4(10g€. 3.0) (33).

Removal of the sulfonyl group was now undertaken. Treatment of the
compound with HBr and phenol (34) yielded only tarry products. Nitrosa-
tion with HN02 afforded a crude selid product which lacked an NH absorp-
tion at 3.9*«in its infrared spectrum and exhibited a new peak at b.9u.
The latter peak is characteristic of the N-nitroso-N-sulfonamide system as
1llustrated by a compariscn of the svectra of N-cyclohexylbenzenesulfona~-
mide and its nitrosation ovroduct, as well as similar pairs of compounds

prepared in These laboratories. The peak also lies within the reglon
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quoted (35) for absorotion by solutions of monomeric N-nitroso élkyla-
mines. Upon hydrolysis, nowever, the N-nitroso-benzenesulfonamidomethyl-
acetylbenzoic acid afforded only the original benzeresulfonamidomethylace-
tylbenzoic acid. Tnus it appears that, althouen tne K-nitroso comopound
does form, tae competition between hydrolytic cleavage of the sulfonamido
group and simple reversal of tae nitrosation process favors the latter re-
action. Because of diminishing supvlies of the compound, and the ineffi-
ciency in converting tne small stock of precursor, tae degradative apnroach
was abandoned and a synthesis of tne degradation product througn tne key
intermediate 1I undertaken.

Iiu had prepared 7-carboxyphthalimidine (TIII) througn the aromatiza-
ticn of XXIX or XXX as already indicated, followed by acid hydrolysis.
Enough of the acetamldo ester lactone and its nrecursors had been left by
Tiu to permit the preparation of a moderate supply of LIII, and to carry

out exveriments on it designed to synthesize II.

O 0

LIx

The first procsdure employed was based on tie procedure used to con-
vert methyl nicotinate to 3-acetylpyridine (36). Conversion of LIII to
its methyl ester with diazomethane proceded smootaly, to yield a crystal-
line compound with infrared absorotion at 2.5§/;(HH) and 5.5—5.%/4(ester
and phthalimidine carbonyls). Treatment of the ester with solid sodium
methoxide and etayl acetate at 85° under nitrogen for 10 hours, followed
by dilution with water and extraction witir caloroform, afforded 18% of un-

reacted ester. Acidification of the aqueous pnase and refluxing for sev-
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eral hours afforded only 7-carboxyvhthalimidine. These results are best
explained by assuming that the desired -keto ester TIV had been formed
and retained in the basic aqueous phase, but that the subsequent hydroly-
tic attack had occurred vreferentimlly 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.

J o CHZNHSOI
HEO,C Q /OH 'C._
£ 04 Q HCOLC )
N _ N
LIY o

The second approach undertaken was patterned after the successful
conversion of acid LVI to metayl ketone. Initially the transformation of
IIII 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 te IIII, was
readily soluble in chloroform. The infrared spectrum of the chloroform
solution exhibited a sharp veak at 5.9u, consistent with an acid chloride,
and broad absorption between 5.(5 and 5.89M oresumably due to the phthali-
midine carbonyl. Treatment of the material with diazomethanes followed by
exposure to gaseous HCl was expected to form the chloromethyl ketone. The
crude product, however, still exhibited an absorption at 5-9# in its in-
frared spectrum and hence was retreated with diazomethane and HCl. When
the peak persisted, the workup was continued in tne hope that the presuma-
bly inert acid chloride might undergo esterification. Attempts to obtain

a pure product by direct erystallization were fruitless. Reduction of the
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crude material with zinc and acetic acid, followed by chromatography
failed to afford any crystalline products. The infrared spectra of the
chromatographic fractions were al) similar, and all showed variable
amounts of the 5.gp.absorption.

After refluxing 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
. gufficlently resistant to reaction to permit the formation of the acid
chloride directly from IIII 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 yleld the ex-
pected ester. Instead, a chloroform-soluble gum was obtained which exhib-
ited an infrared spectrum with peaks at 5.0 and 5.7§g. It seemed apvarent
that some obscure side reactions were taking plaée, involving or facili-
tated by the neighboring phthalimidine carbonyl group.

It 18 known that phthalimide may be reduced to onthalimidine with tin
and hydrochloric acid (37). Accordingly, the synthesis of L4-cyanophthali-
mide (IVII) was undertaken in the hope that zinc and acetic acid would af-
ford one or both of the isomeric pihthalimidine nitriles IVIII and ILIX.

Upon treatment with methyl magnssium iodide, IIX would be expected to
CN Q CN N Q
@i} SONINGY
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Ly Lo LIX
yield II, and was desired for structure proof of tne liu compound. Ni-

trile IVIII appeared suitable for synthstic studies of the structure of

erythrocentaurin, reactions of the following type being considered:
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Although Graeve Y () had synthesized L-carboxyphthalimide 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

ONH, O oct o CONLO

SOlNN<e g

LX LT LXI
anhydride IXI with ammonia. This required intramoiecular transacylation
of the intermediate amide IXII, formed by ammonie attack either at the
gite 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 amination by a second am=-
monia moleculs. )

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,‘(anhydride carbonyl), and a broad peak at 6.Q/A(carboxy1 carbon-
y1). Treatment of the anhydride for several hours with refluxing thionyl
chloride afforded a crystalline product which exhibited an infrared spec-
trum with peaks at 5.5/*(anhydride carbonyl) and 5.7-5.75/*(anhydr1de and
acid chloride carbonyl) and was assigned structure IXI. A solution of IXI
in tetrahydrofuran 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 3.15-3.33/*(NH), 5.6%/;(1m1de car-
bonyls), 5.8-6.%/4(1mide and carboxylic acid carbonyls), and which analyzed
correctly for Graebe's imide acid. It was assumed that the intermediate
amide anhydride had undergone intramolecular acylation, and this approach
was abandoned.

By following Grasbe's procedure for imide acid opreparation, taree
products were obtained, one of which vroved 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 3.2%}4(NH), 5.66 and
5.7§f«(1mide carbonyls) and 5.93 and 6.05}L(amida carbonyl). It was as-
signed structure IX, for which it analyzed correctly. The third product
upon heating appeared to give off water and resolidify. Recrystallization
of the heated material afforded the imide acid. The material exhibited an
infrared spectrum with a single sharp peak in the carbonyl region at 5.@}4
and a broad and complex band at 6.N0-6.Z9u, and analyzed as a dihydrate of
the imide acid. In view of Graebe's 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 1dnntified as monoammonium hemimellitate.

Graebe'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 40-50% of insoluble material

which proved to be the desired imide amide IX. Upon acldification of the
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aqueous extract, after concentration under reduced pressure, the imide ac-
id crystallized. TFurther concentration afforded additional quantities of
imide acid, and the final mother liquecrs afforded monoammonium hemimelli-
tate. As vreviously 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-
tioﬁ of the crystalline product to a rapidly stirred ice-cold solution of
ammonium hydroxide afforded the imide amide IX. 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 acld
were boiled for 4O-b0 minutes in water, an almost complete conversion to
monoammonium hemimellitate was observed. This was quite unexpectad, since
amides, and in particular phthalimide, require catalysis by acid or base
in order to effect hydrolysis. The explanation mist again lie, as in the
case of the retro-Claisen reaction mentioned earlier, in rate enhancement

by internal solvation by the neighboring phthalimide carbonyl (IXIII),

o HO\ O
. H
o 5= N
LxIm LYIV

LXY
A similar solvation by the substituent's carbonyl could equally well

lower the energy of the transition state in the hydrolysis of the imide
(1x1v). 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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drolyeis of the substituted amide.

Treatment of the imide amide IX with refluxing phosphorous oxycalor-
ide smoothly converted the compound to U-cymnophthalimide (IVII) which ex-
hibited infrared absorption at 3.07)*(NH), h.k%p.(nitrile), 5.61 and 5.80u
(imide carbonyls) and analyzed correctly for the desired compound. It was
unaffected by elther refluxiné phosphorous oxychloride-phosphorous penta-
chloride or fusion with phosph;rous pentachloride. Thionyl chloride was
ineffective in the conversion of 1X to IVII.

Reduction of the nitrile imide was carried out with zinc and acetic
acid for 1.5 hours. The crude vroduct was chromatogravhed on alumina to
afford a trace of a crystalline compound, too small to be characterized
followed by incompletely resolved fractions which were steadily eluted
from the column. A closer examination of these fractions showed trende 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 & spectrum with ab-
sorption at M.N@/L(nitrile) and their 2.5-3.§/A(NH-OH) and 5.5-6.9/4(car-
' bonyl) regions were similar, the "fingerprint" region showed distinet dif-
ferences which made identification and purification conglderably 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,‘aﬁd c'iﬁ.the order in which they
were eluted 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
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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 vortion was distributed amongst the in-

termediate fractions and mother liquors.

Phthalimidines B and C were the major products and upon purification
analyzed correctly for the exvected phtnalimidine nitriles IVIII and LIX.
Phthalimidines A and D were not isolated in sufficient quantity to permit
purification for analysis. When pnthalimidine A was subjected to hydroly-
sis, a compound was obtained which could not be identified. Since it was
not the known P-carboxyphthalimidine, A could not be the 7-cyanopvhthalimi-
dine. Similar attempts to obtain hydrolysis products from phthalimidines
B and C met with failure. They could not be isolated as crystelline ma-
terial.

Reduction of IVII was repeated, but the reaction time increased to 3
hours. Chromatography of the products again afforded a comnlex mixture,
but Bnly phthalimidines 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,'bux it was pnot character-
ized.

The difficulty encountered in the separation of products caused this
approachk to be abandoned.

Hydrogenation of the nitrile imide IVII was expected to lead to the

aminomethyl imide IXVI, which might undergo rearrangement to the phthal-
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imidine amide TXVII. Treatment of IXVII with phosphorous oxychloride would

be expected to yield tne desired nitrile IIX.

TNHO (D. N”zf
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Generally hydrogenations of nitriles are run in the presence of ammo-
nia (38) to preclude secondary amine formation by condensation of the pri-
mary anines Qith the intermediate imines. Accordingly, a solution of the
imide nitrile IVII in tetrahydrofuran was saturated with ammonia to yleld
a fine white precipitate, presumed to be either a comnlex of ammonia and
IVII or the ammonium salt of the compound. The suspension was subjected
to catalytic hydrogenation 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 wae found that upon removal of ammonia by bub-
bling alr through the tetrahydrofuran susvension, the solid dissolved.
Examination of the material's infrared spectrum showed a stroang similari-
ty in the 5.5-7.gp.region with the spectrum of potassium phthalimide, and
sugcested tnat the compound might be the ammonium salt of IVII. It is
notewortay that pnthalimide itself, under these conditions, does not form
a salt. The spectrum of the above compourd, however, exhibited signs, es=
pecially in the 3.0-3.Hfaregion (¥H) that the material was actually a mix-
ture of the salt and IVII itself. This was not unreasonable, since tne
reversal of the reaction by removal of the surrounding ammonia through en-
trainment suggzested that uvon prolonged exposure to air or heating, the

compound might evolve ammonia and revert to IVII. The compound was ac-

~
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cordingly not analyzed. Upon treatment with water the matarial readily
dissolved, and after standing for a short time the solution afforded a
hignly crystalline nrecipitate. After isolation and nurification, the
material exnibited an infrared svectrum in which the h.;u nitrile peak was
absent, and which also showed absorption at 3.%ﬁ~(NH), and 5.%/4(carbony1).
Broad and comvlex absorption between 6.0-6.9}&was also present. The weak
imide carbonyl absorption at S.Q*Lwas not present. The analytical results
wvere consistent witn IVII, to which one molecule of ammonia had been added.
The data does not apvear to be inconsistant with the assignment of strue-
ture TXVIII to the compound, walch may prefer to exist in a Zwitterion
form such as IXIX. Formatlon of TXVIII may be exnlained as due to inter-
nal solvation by the phthalimide's adjacent carbonyl (IXX) and thus a low-

ering of the transition state energy, in much the same way that boilling

+ - - H
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water can hydrolyze the imide emide IX as mentioned earlier. In this
connection it is interesting to note a more recent observation: boiling
vater will hydrolyze the imide nitrile IVII to monoammonium hemimellitate.
It would apvwear that the imidine formation took place in the prassnce of
watar only because the insolubility of the ammonium salt orevented attack
at the nitrile. If so, this might also expiain the failure which attended
all further attemvts to reduce the nitrile and obtain TXVII. The interme-
diate amine might react more slowly intramolecularly, and hence have an
opoortunity to add, via the above mechanism, to another nitrile. Thus,

~comdlax mixtures of di-, tri-, and perhsovs polymeric nature could arise.
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This would be consistent with the observation that under a variety of con-
ditions, hydrogenation afforded only gums and unreacted starting material.
It 18 known (39) that reduction of phthalic anhydride with zinc and

acetic acid affords pnthalide (IXXI). A similar reduction of hemimellitie

1% coro . QOH
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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 methanollic solution of the crude product, a crystalline compound was
obtained which upon further purification analyzed correctly for either
IXXII or IXXIII and exhibited an infrared spectrum with peaks at 3.85/&
(carboxyl OH) and 5.82-b.}/L(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. Practionzl crystallization vwes 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 40-50% ether
in Skellysolve B, while the lower melting component, isolated above, was
eluted with 60-80% ether in Skellysolve B. Upon purification the higher
melting component also analyzed correctly for a phthalide acid, either
IXXIT or IXXIII, and exhibited an infrared spectrum with peaks at 3.79 and
3.9%(carbon'1 0H), 5.(‘)&,_(phtha11de carbonyl), and 5.9y(carboxyl car-
bonyl). Treatment of the lowsr melting compoment with yellow phosphorous

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



27

peaks at 3.80 and 3.9?fL(carboxy1 0H) and a broad peak at 5.9-6.Q/4(car-
boxyl carbonyl). Upon sublimation of the acid a new compound was obtained
which exhibited an infrared spectrum with peaks at 5.5 and 5.7§f4(anhy-
dride carbonyl), and which analyzed correctly for 3-methylphthalic anhyd-
ride. Thus the lower melting phthalide must be assigned structure IXXII.
Repeated attempts to carry out a similar reduction of the higher melting
jsomer were without success, starting material being recovered. Since the
orientation of the TT-orbitals of the aromatic system is such as to offer
only a minimum of overlap with the inciplent vacant p-orbital of the in-
termediate carbonium ion formed by ‘the opening of the hetero-ring, tne
transition state would not possess the stabllity of a benzyl cation., Thus
a true Sny displacement of carboxylate by I is necessary, and it would
appear that the bulky o-carboxyl group affords sufficient shielding of the
back side of the metaylene grohp 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 cheracterized, an examination of displacement reactions, espe-
cially with KCN, were initiated with it rathier than with IXXIII. Similar
reactions with phthalide are known to take placse (MO). However, neither
the acid nor the ester showed any sign of having undergone reaction with
KCN.

Treatment of IXXIII with refluxing thionyl chloride for several hours
afforded a crystalline compound which was not charactarized. A solution
of tnls compound in tetranydrofuran 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 3.1?/&(NH), 5.8%/4
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(phtnalide carbonyl), and 5.9Zf¢(amide carbonyl), and analyzed correctly

for Y-carboxamidophtnalide (IXXIV). Treatment of this compound with phos-

CONH, CN COH
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phoroue oxychloride afforded a compound excibiting an infrared spectrum
with peaks at M.E/L(nitrile) and S.Z/L(phthalide carbonyl). Fusion of
thls compound with KCN afforded only starting material.

It was of interest to see if IXXIV upon pyrolysis might afford TXIVI,
the phthalimidine acid corresponding to the nitrile IVIII. Subsequent
conversion to the nitrile might then allow assignment of structures to
pathalimidines B and C. Fusion occured at a high tenperature and was ac-
companied by decomposition. Although acidic material was isolated, all
attempts to obtain a vure crystalline product failed, and the study was
discontinued.

The inefficlency of phthalide production from hemimellitic anhydrids
by direct reduction led to an investigation of alternate and more snecific
syntheses. One such procedure involved selective reduction of the acid
chloride of hemimellitic anhydride with sodium borohydride. This reagent
is known (41) to attack bota anhydrides and acid chlorides, but steric
considerations sugrested that attack on the outside carbonyls wounld be
more rapid than attack on the central carbonyl, and if one equivalent of
borohydrids were to be added slowly to the annydride acid cnloride, some
gselectivity could be anticivated. The reaction was run in diglyme (di-
ethyleneglycoldimethyl ether) in which both the borohydride and the anhy-

dride acid cnloride are soluble. Upon work-up, & thick oil was obtained,
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whnich was dissolved in methanol and concentrated to an oil. Upon stand-
ing, the desired phthalide aclid I¥XII slowly erystallized. Yields were of
the order of 30%. Upon careful addition of ciloroform, a material precip-
itated from the viscous mother liquor which, uvon purification, proved to
be hemimellitic acid. The mother liouors failed to afford any additional
compounds diractly. Chromatogranay of the oil on silicic acid afforded,
on one occasion, a crystalline acid walch exhibited an infrared spectru
wvitih peaks at 3;/8 and 3.9§/L(carboxy1 OH), 5.80 (weak) and 5.9€/A(car-

boxyl carbonyl), and analyzed correctly for U-carboxy-1,3-dihydroisobenzo-
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furan (TXXVII). Sodium borohydride has been known to reduce lactones in
the vpresence of neighboring hydroxyl grouvns (h2). On the other hand, es~
ters and lactones which have no vicinal hydroxyl are known to be resist-
and to borohydride reduction (U3). This apparent anomaly may be explained
by assuming that the boroaydride first reacts wita tune hydroxyl group.

The resulting borate hydride is taen in a vosition to intramolecularly re-
duce tne carbenyl, and would be, effectively, a more powerful reducing
agent than a boronydride forcsd to rsact intarmolecularly. A similar sit=-
vation exists in tne system under consideration. Zxamination of tne svec-
trum of hemimellitic anhydride acid chloride in diglyme reveals a sharp
peak at 5.;;(due to the anhydride carbonyl, and a somewhat more broad.but
also much stronger peak at 5.5u.waich must be due to the second peak of
tne anhydride carvonyl doublet as well as the acid chloride's carbonyl.

If the reduction 1s now carried out, but no water added, the infrared
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spectrum of the concentrated reaction mixture still shows a strong sharp
neak at 5.§M_and a peak at 5.}p_diminished in intensity relative to tne
5.§u peak as compared wita st;rting material. Traces of othsr components
are indicated by a weak, broad band at 3.5p.and a weak peak at 5.99#. 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 IXXVIII. (Since constant exchange can oc-
cur, no attempt will be made to svecify the nature or number of substitu-
ents on the boron atom other than the one shown or explicitly stated.)
Should this now choose to slowly rearrange, a small quontity of IXXIX

could arise. Displacement by tne carboxylate of a group from a borate or
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borohydride could lead to the borate carboxylate anhydride zixxl Should
one of the R groups be a hydride, either initially or through subseguent
exchange, the combination required to initiate reduction at tne phthalide
carbonyl would be vresent, leading to tae intermediate IXXXI which would be
in equilibrium with the other intermediates IXXXII and TX¥XIII. Ioss of
oxygen to give the oxonium compound IXXXIV could occur intramolecularly

througn IXXXI or intermolecularly through IXXXII.
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Since ether formation does not occur in the lactone reduction exam-
ples cited (42) it is apparent tnat the Tr-orbitals of the aromatic system
mugt have participated in the cleavaze of the C-0 bond which gave IXXXIV.
Subseguent reduction of the oxonium system witn borohydride would afford

IXXXV, which uvon hydrolysis and work-up would afford the isolated com-
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pound IXXVII.

Purther 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 reactibns. Conversion of the two phthalide acids to the
corresponding acld cnlorides followed by reduction with sodium borohydride
. affords the corresponding hydroxymethyl phthalides, which will be dis-

cussed in more detail latsr, along with starting material. In the case of

CHOHO CHO CHOH
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IXX1I, in which the substituent and the phthalide carbonyl are adjacent,
two additional products are obtained, a large aquantity of an oily alecohol,

IXXXIX, showing only traces of carbonyl absorption in the infrared, and a

trace of a solid, IXXXVIII, showing a single peak at 5.9§/L(aromat1c alde-
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hyde carbonyl) in its infrared spectrum, wita no significant absorption be-
low 3'5“' Conversion of IXXXIX to ILXXXVIII was smootaly effected with
MnOo, the conversion of & benzylic alconol to an aromatic aldshyde by this
procedure being well kmown (44). The aldehyde TXXXVIII, in turn, could be
converted to the previously isolated and analyzed ether acid IXXVII, by
treatment with silver oxide; & vrocedure accompanied by tne vrecivitation
of metallic silver. The oxidation thus also constituted a Tollens test,
and was consistent wita the presence of an aromatic aldehyde.

Hence, the proximity of the borate hydride to tane nhthalide caurbonyl
is a prerecuisite to ether formation, since in tne case of no such »roxim-
ity only the exnected vroduct 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 borohyd:ride was employed than ovtimum, substantial
quantities of the triol XC were obtained. Apparenily an equilibrium simi-
lar to LX§§I=2 IXZXII = IXXXIII can also be set up here with XCI. An in-

crease in borohydride concentration would be expected to shift the equilib-
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towards XCII and XCIII. Thus the gre~ter concentration of XCIII would pro-

mote complete xeduction to XC. The chemistry of XC and its synthesis will
be vresented in more detail later.

The vroduct obtained from the borohydride reduction of the acid chlor-
1de of IXXXII analyzed correctly for IXXXVI and exhibited an infrared spec-

trum with absorotion at 3.O¥H.(OH), and 5.79/4(phthalide carbonyl). De-
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pending on tne sample examined, however, a second set of veaks at 2.G3,
5.60, 7.11, 7.97, 8.u4, 9.25, 10.24, 12.48 and 12.90/A were often found to
accompany the first set, though never replacing 1t, in snite of thne fact
that the melting points of all the samples were comparzble and no differ-
ence could be found in subsequent rzactions. It seems rsasonable to-as-
sume that the two sets of oeaks are due to two different crystal forms
wnich occur in varying proportions in different samples.

Yreatment of IXXXVI with thionyl chloride for 3 days at room tempera-
ture afforded a crystalline product which had no significant absorption
below 3.%p.and a ohtnalide carbonyl peak at 5.(3# in its infrared spec-
trum. It subseguently analyzed correctly for 7-caloromethylvathalide
(xe1v).

Heating XCIV with potassium pathalimide in dimethylformamide afforded
a crystalline product, which absorbed at 5.b- and 5.7%/L(phthalimide car-

bonyls) and 5.83F.(phthalide carbonyl) in tne infrared.
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The spectrum and analytical results are in comnlete accord with
structure XCV.

Cleavage of the pathalimide and rearrangement of the resulting amino-
mathylohthalide was achieved by refluxing XCV in methanol with an excess
of bydrazine. From thls reaction a crystalline comvound was obtained ex-
hibiting an infrarsd spectrum witn absorption at 3.00 and 3.1-3.%}4(NH and
OH), and 5.9§/L(phtha11midine carbonyl), and analyzing correctly for 7-hy-

droxymethylphthalimidine (XCVI).
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Oxidation of XCVI with a variety of reagents falled to bring about
complete conversibn to the aldehyde XCVII. The relative insolubility of
‘XCVI in ether made oxidation with Mnoa unattractive, for prior experience
in These Iaboratories with more volar solvents, in particular, tetrahydro-
furan, had been decidedly unsatisfactory. &#xperiments using ether-acetone
as a solvent for Mno2 oxidation were only moderately successful, only par-
tial conversion being encountered in spite of prolonged reaction times.
The Sarstt reagent (U45) was finally chosen, although it too afforded only
partial conversion. The crude product was chromatographned on alumina
which failed to completely resolve the mixture. Xluates ricih 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 proqedure again. The
pure crystalline product had an infrared spectrum with peaks at 3.19 and
3.30/4 (¥H), 5.88 and 5.95 /(aldebyde and phthalimidine carbonyls). In
KBr, a peak was observed at 3.§/Aconsistent with an aldehyde CH. The com-
pound analyzed correctly for the phthalimidine 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-carboxyphthalimidine
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. The product, however, was either sol-

vated or tended to occlude water. Unless it was cautiously dried under
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reduced pressure witn 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
2.9%}L(0H), 3.15 and B;BQ/L(NH), and 5.99/L(phthalimidine carbonyl), and

analyzed correctly for the desired methyl carbinol XCVIII.

CHO OH 5 . . O o
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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 acnieve 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-
vound which exhibited an infrared spectrum with absorntion at 5.60 and
5.6§/L1ndicating the vresence of a phthalimide. Thus it was apparent that
oxidation of tue phthalimidine's methylsne carbon could take place during
the course of reaction. The immediate precipitation of the chromium oxide
comvlex upon combination of tne cnromic acid and methyl carbinol solutions
indicated a rapid oxidation was taking place. A vrocedure was then em-
vloyed in which stoichiometric quantities of tane reactants 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 tne quantities of ohthalimide formed were negligi-

ble.
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After several preliminary reactions had been run to determine the
conditions needed to convert vathalimidine to o-benzenesulfonamidomethyl-
benzoic acid, a sample of XCIX was heated for several hours with 10% sodi-
um hydroxide. Benzenesulfonylecnloride was added and the reaction mixture
shaken until homogeneous. The basic solution was extracted repsatedly
with chloroform, affording only a trace of material. Acidification of the
aqueous solution, followed by extraction witn 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 venzenesu!fonamido-
methylécetylbenzoic acld originally isolated from the aromatization reac-
tion. The melting point was undepressed uvon admixture of the two sam-
ples. Thus, the compounds obtained by Iiu must bhave 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 hemi-
mellitic acid to its anhydride by fusion followed by cdissolution in tetra-
hydrofuran and slow addition of the solution to a susvension of IiAlHu in
tetrahydrofuran led to the formation of a characteristic deep purple reac-
tion mixture. Uvon work-up, the crude vroduct was dissolved in methanol
and concentrated. The solution afforded a crystalline compound which up-
on purification afforded an infrared sve ctrum with a broad peak at 3.]E}L
(CH) and no significant ebsorption in the 5-9u region ;nd which anslyzed
correctly us XC. Several additional crops of compound were obtained, aft-
er which the mother liquors wers acetylated and chromatographed on alumi-
na to give two crystalline products. The first compound, C, had an infra-

red spectrum with a peak at 5.7§;A(acetate and phthalide carbonyl) and an-
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alyzed as CyH;o0)-. The second compound nad an infrared spectrum identi-

cal with IXXO{VI and anzlyzed as 093803' Upon admixture with LXXXVI, the

AOHS

C

melting voint was undepressed. When IXOXVI was acetylated, the product
proved identical with C on the basis of infrared spectrum, melting point
and mixed melting point.

It was previously stated that MnOp, will oxidize a benzylic aleohol to
a carbonyl. It is also reasonable that steric enviromment would effect
the rates at which the alconols oxidize. Hence, it was expected that if
the triol XC was subjected to Mn02 oxidation, the outside alcohols would
oxidize before tne central alcohol. If this were to happan,‘however, the
product would immediately form the hemlacetal CI. Since the hemiacetal
hydroxyl is a benzylic hydroxyl it may undergo oxidation again to form the
phthelide. During the course of these reactions, the other benzyl.alcohol
would also oxidize, and the nroduct finally isolated would be CII. Oxida-
tion of this would afford the desired phthalide acid.

CH,OH HO

@] @)

N
CcI cna
The reaction, carried out in tetrahydrofuran, was erratic, affording

on one occasion a material exhibiting an infrared svectrum with veaks at
5.6}M_(phtha11de carbonyl) and 5.99/L(aldehyde carbonyl), and whiea 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
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approach was abandoned. As pnreviously indicated, borohydride reduction of
the acid chaloride of IXXIII afforded a product assigned structure IXXVII.
'his assignment was based on tne infrared spectrum of the compound which
showed peaks at 2.8%/L(OH)) and 5.79p (phthalide carbonyl), and on the
fact that tne compound analyzed correctly for 093303. Treatment of the
phthalide alcohol with MnO, in ether afforded a new produc@, identical on
the basis of infrared spectrum and melting 5bint wita the MnO, product
from XC. It analyzed correctly for CII and the structure was tnus con-
firmed.

By oxidizing XC in aqueous acetone with a moderate excess of KMnOy at
room temperature, it wae found possible to obtain the patnalide acid
IXXIII directly in fair yleld. This result was observed only in small
scale reactions, nowever. A large run was comnletely unsuccessful.

domologation of elther IXXII or IXXIII by the Arndt-Eistert procedure
followed by reduction with I3A1H) would be expected to yleld the same tri-
ol CIII. If the structure of erythrocentaurin is IIIb, the triol obtained
upon I3AlHy reduction (1) must be CIV. If CIII ig identical with the au-
thentic triol, @hen IIIb cannot be the structure for erythrocentaurin.
Should 1t be different from the authentic triol, then IIIb is almost cer-
tainly thelcorrect structure.

Homologation of IXXII by the Arndt-Zistert procedure afforded a com-
pound which analyzed correctly for (V and exhibvited an infrared spectrum
with peaks at 5.73 and 5-8£}L(68t8r and pnthalide carbonyl). Upon expo-
sure to IiAlHu in tetrahydrofuran at room temperature overnight, an oily
product was obtained which still =xnibited strong carbonyl absorption in

the infrared, although an intense hydiroxyl band was also present. Further
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treatment with a large excess of IiAlEh and prolonged refluxing in tetra-
hydrofuran failed to remove tne carbonyl absorvtion. Prolonged treatment
of the product with refluxing diglyme and a large excess of IiAlHu was
equelly unsuccessful. The crude oroduct was chromatogravned, 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 absorntion below 3.5g= It too failed to afford solid products,
even upon chromatography.

Difficulty in reducing hindered carbonyl groups witn IdAlHu has been
encountered before. Reduction of the esters of 3~-chlorophthalic acid was
found (46) to be more difficult than expected and a large excess of hydride
was often found necessary to bring ebout reduction of the central car-
bonyl. The isolation of IXXXVI and its acetate from reduction of hemimel-
1itic anhydride wi?h excess IiAth, serves to 1llustrate furtnsr incom-
vlete reduction presumabdly dae to steric hnindrance. Attention was turned
to CVI, since both of its carbonyls are exposed and no steric problems
would be exmected.

domologation of IXXIII by the Arndt-iistert orocedure afforded a
crystalline product which absorbed at 5.73 and 5.8§}<(ester and phthalide
carbonyl) in the infrared and analyzed correctly for CVI. Reduction with
IiAth ylelded an oily product which showed only traces of carbonyl con-
tamination in its infrared spectrum. Benzoylation followed by chromatog-
rapﬁy afforded a compound which exhibited an infrered spsctrum with no
significant absorotion below B:Bu and peaks at 5.82 an@ 5.8};((benzoate
carbonyls). It analyzad correctly for the tribenzoate of CIII. Attempts

to hydrolyze the material by prolonged refluxing in basic aqueous-acetone
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afforded only traces of benzoic acid. Reduction witn IiAlH), afforded an
0il wnich exhibvited no significant infrared absorption in the 5.5-6:9ure—
gion. The benzyl alconol was extracted from the triol with ether, but
even on vrolonged standing at less than O°C., toe product would not crys-
tallize.

Graebe's acid, b-carboxyphthalonic acid, possesses the same carbon
sxeleton as CIV. If the keto groun, present as a lactol, could be reduced
to a methylene, subsequent reduction would be exvacted to lead to CIV.
This triol would not only be useful in proving the identity of tne eryth-
rocentaurin reduction vroduct, but also as tne key intermediate in tne
syntnesis of erytnrocentaurin itself. Oxication of the triocl with MnOp
would lead directly to the natural broduct by reactions of the same type
discussed in connection with the conversion of XC to tne phthalide alde-
hyde.

When XIV was exposed to amalgamated zinc-hydrocanloric acid, a water
insoluble product slowly formed. Upon isolation and purification, tue
compound exhibited an infrared svectrum witn peaks at 3.1-3.3, 3.8 and
h.g/L(carboxyl OH) and a broad complex band at 5.6-6.9/*(phthalide and
carboxyl carbonyls), and analyzed correctly for 3,U4-dicarboxvphthalide
(CVII). Upon melting, the comvound decarboxylated and afforded the pre-
viously isolated phthalide acid IXXIII. Prolcnged exvosure of the diac-
id to amalgamated zinc-hydrochloric acid failed to bring about further re-
duction.

In order to enhance tha ability of the 3-carboxyl to stabilize the
traﬁsition state in the desired hydrogenolysis of the phthalide's 2-3

bond, CVII was esterified with diazomethene to yield a compound which ana-
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lyzed correctly for CVIII, and wnlch exhibited infrared zbsorption at
5.62/‘(phthalide carbonyl), and 5.71 and 5.8}/4(ester carbonyls). The
compound, was treated with amalgamated zinc-metnanol-HC1l, but only oils or
starting material were obtained.

Catalytic hydrogenolyses of CVIII with 10% Pd/C at 1 atmosphere for
40 hours and with Reney nickel at 50 p.s.i.g. for 11 days were unsuccess-
ful.

The diacid CVII was treatsd 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 tne desired stabilizing effect in tae transition
state and facilitate tne hydrogenolysis. Since the 3-carbomethoxy group
wag free to rotate, it could orlient itself in such a way that the T-orbit-
als were covplanar with the ohthalide ring and nence in an ovtimum orienta-
tion for particivation in the transiticn state of hydrogenoclysis. The re-
striction offered by the annydride's b-membersd ring makes such an orienta-
tion of the corresnondins carbonyl's m—orbditals impossible. However, dis-
tortion of the 6-membered ring could permit vartial orientation, and this,
cournled 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.

Graebe had originally reported (23) that treatment of XIV with phos-

phorus and HI nad lead to 2-methylisovhthalic acid, althouza it was snown

! OMH QCHFEICH, QN
()o o) 0
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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
& OH COM

OM
cxX

When the diacid CVII was exposed to gentle heating with nhosphorous
end HI, only starting material was recovered. Stronger heating caused de-
carboxylation and the phthalide acid IXXIII was obtained. Upon attempting
to revroduce 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
Ii in liquid ammonia (47). Similar treatment with two equivalents of Ii
of the phthalides mignt lead to tue desired hydrogenolysis. The diacid
CVII was chosen for study to minimize possible side products. When Ti was
added to a stirred solution of the acid in liquid ammonia, the solution
became orange until enough excess Ti had been added for the caaracteristic
blue color to persist. Upon work-up only oils could be obtained, and sim-
i1lar results accomnanied atiempted reduction of the methyl ester of
IXXIII,

If either the ester of Graebe's acid, (CXIII), or CVIII were to be re-

HOH CHOH HO CHCO,CHy
OH OH - OCHJ
o}
HOH NN
cx1 cX11

cxm



43

duced with IiAlHu the exvected nroduct would be CXI. Treatment of this
compound with aclid might tnen lead to dehydration of the o{-phnenylethanol
system, followed by tautomerlzetion of the resulting enol to the aldehyde
and formation of a hemiacetal with a neighboring hydroxymethyl group to
gilve CXII. BReduction of this comﬁound should then afford the desired tri-
ol CIV.

Graebe's acid was treated witn diazomethane to give a product which
analyzed correctly for the triester, and exhibited an infrared svectrum
with 2 complex carbonyl region, having veaks at 5.6};4(phthalide carbon-
y1l), 5.81 and S.SZM (ester carbonyls). In both the ester and the free ac-
id, ;eaks at 5.57 and 5'6§F respectively are in complete accord with the
suggestion by Buu-Hoi (26) that the compounds exist in the vseudoester and
léctol forms resvectively and are written as such throughout this work.
Reduction of the diester CVIII with IiAth gave only oills, but some tend-
ency to crystallize from water was noted. Since this was reasonable for
the desired compound, tne crude oroduct 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 attemvted.

Graebe's acid was pyrolyzed and the reaction mixture was worked up by
the method of previous workers (27). The water-soluble and sublimeble
products were chromatographed to give hemimellitic acid, identified by
melting point, mixed melting noint with authentic hemimellitic acid, and
infrared spectrum, and a compound which exhibited an infrared spectrum
with peaks at 3.0%/4(0H), 3.8€/L(carboxy1 0H), and a broad vpeak at 5.83/4

(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, 26). A third product isolated in slightly greater yield than the al-
dehyde was identified by melting voint, mixed melting voint with authentiec
material, and infrared svectrum as tne pathalide acid IXXIII. In the
first pyrolytic run dense white fumes were observed issuing from tae reac-
tion vessel and a coating of white so0lid was found on its cooler portioms.
The second run was-carried out in a sublimation avparatus to trap tane sub-
limable material. Since the phthalide IXXIII is readily sublimabdble, 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
comnound. Interestingly enougu, tihe sublimate obtained in the second run
was primarily tne aldehyde. A small vercentage of unresolved crystalline
paterial was also obtained along with ca.30% unresolvable oils.
Examination of the so-called dilactone verified its solubility in
base with the formation of an orange-red solution, and its revprecipitation
upon acidification. There appeared to be some possibility that Grasbe's
original structure assignment was correct, for removal of tie angular pro-

ton could be stabilized by a number of resonance forms e.g. CXIV - CXVII.

o O, O,_-0 - |o
o-o—»- [%04—»&«—»
o)
CXIZ CXY CXI CXNMIT
This would not only explain the base svlubility and color phenomena
asgsociated with the compound, but also would answer Buu-Hoi's objection to
Graebe's structure proposal. Fuu-Hoi had argued that vrecipitation of tae

starting material uvon acidification of a basic solution should not occur

since the base solubility of the dilactone must be due to its nydrolysis.
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The infrared spsctrum of the compound exhibvited pseks at 3.8 and h'Q/*
(carboxyl OH, not as well resolved in figure 1U4 as in other spectra of tne
compound), 5.59, 5.73 and 5.994. The veaks at 3.8 and u».(}u are highly
suggestive of a carboxyllic aclid and the peak at 5.53psuggests a vpiithalide;
inde€éd the svectrum between 2.5 and b:;u is similer to that of tne phthal-
ide acid IXXIII. Bellamy (48) states that absorvtion between 3./ and Uﬁ}4
may be taken as strong evidence of a dimeric carboxylic acid, orovided, of
course, correspoanding absorption in tne carboxylic acid carbonyl reglon is
oresent. Such absorption has been frequently observed in tae course of
this investigation and attention is called to all the spsctra of carboxyl-
ic aclds presented in the Spectra Section. Almost 2lways the azbscorntion
occurs as two veaks, well illustrated by tne svectra of compounds, IXXIII
and TXXVII. Although much more voorly defined, a similar absorption ap-
ears in the spectrum of Graebe'!s dilactone, suggesting that tne S.Q;y_ab-
sorotion is indeed dus to a carboxylic acid. Attempts to purify the di-
lactone appear to have led to changes in the structure, nowever, and the
spectrum i1llustrated is of the crude meterial as isolated by tne vprocedure
employed by otner workers. Hence, tne presence of a carboxyl migat be due
to a contaminant. Attempts to cyclize Graebe's acid and decarboxylate tihe
nroduct, thus synthesizing the dilactone structure, led on one occasion to
a crystalline compound of unixnown constitution, waich would not decarbox-
ylate and which led in turn to several other unknown products, none of
which corresponded to the dilactone. Consideration was given to the cy-
clization of the Graebs aldenyde, for which structure CXVIII has been pro-
oogsed (20). ZExamination of its infrared spectrum showed no absorption in

the 5.5-5.(2/¢region as expected for a hydroxy-phthalide structure of tie
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CXVIII type. Indeed the infrared svectrum below b.;ﬂwas quite similar to
that presented by the phthalide acid TXXII, even to tne extent tnat tae

3.§§g,(carboxy1 OH) peaks are single in both compounds. Attention should
ve drawn to the spectrum of Graebe's acid, for in spite of a complex car-
bonyl absorption, peaks are present at 5.?;u, in the region for tne non-
intramolecularly hydrogen boanded phthalide carbonyl. Thus, considsring

only spectral data and Graebe's original anslytical figures, one would be

inclined to propose CXIX as the structure for the compound. Sines it is

OH OH O
o
H
¥ CXIX

much easier to account for the originally proposed structure than to ac-
count for the new one, it must be concluded that tae structure of Graebe's
aldehyde has not been rigorously determined. It was therefore not em-
vloyed in attemnting 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 hemimellitic acid among the pyrolysis products of
the Graebe acid appears entirely reasonable, since the decarbonylation of
AL keto acids is well known (U49). The appearance of the phthalide acid
IXXIII is less expected, since some form of rsduction must take place on
the phthalide's 03. 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 1solated aldehyde does not have

its assigned structure, does not preclude its formation and employment in



L7

the formation of isolated products. Althoush the Canizzaro reaction is
generally carried out in strong base, the nigh temperature of the pyroly-
sis, coupled with the possibility of anhydride formation betwesn two alde-
hydo-acids, bringing them into proner positicn for an intramolecular reac-
tion, could conceivably permit the reaction to take place. An alternate
mechanism whalch avoids the necessity of sldehyde formation or tne unusuel
Canizzaro reaction is founded on the wel) known condensation of hydroxy
acids to form lactides. Should two molecules of Graebe's acid condense in

this way CXX would be formed. lose of €0, by the indicated mechanism

Q
o) — CIX
— |
g CcoM
—_— LXXI + CO,
co
. 2
XVIT

would lead to hemimellitic anhydride and a ketene whica would not survive,
but would form CIX. Since in the molten acidic media tne anhydride could
open to form mixed annydrides, an opvortunity would be vresented to the
freed 3~carboxyl group to undergo decarboxylation; thus giving the phthal-
ide aclid TXXII] upon work-up. Since hemiuellitic acid i1s isolated in al-
most twice the quantity of the pnthelide acid and botan of the above mech-
anisms require the 1:1 formation of acid and phthalide, both mechanisms
are stoichiometrically possible, the remaining hemimellitic acid being
formed by the first-mentioned decarbonylation.

Blderfield (27) had prevared 2-methylisovhthalic acid from Graebe's



ug

ecid by first pyrolyzing the material and then subjecting the pyrolyzate
to treatment with sodium hydroxide and Raney nickel elloy, a procedure

. which has been shown (50) to reduce aromatic aldehydes and alcohols to the
corrasvonding saturated compounds. When the same reduction was attempted
on XIV or on CVII, only CVII was obtained. Desvite the analytical figures
auoted by 3Ilderfield for the dimethyl ester of 2-methylisophthalic'acid,
the structure assigned to the acid ceme in doubt. In both the Graebe pro-
cedure for HI/P reduction of XIV or for its pyrolysis, the phthalide acild
TXXI1I was obtained. Yet neither observation had been made vreviously.
Since the melting voint of IXXIII was only 10° higher than that reported
for the isophthalic acid and the empirical formula differed by only two
hydrogens, there appreared to be a slight possibility that the isophthalic
acid was actually the phthalide acid. By employing the procedure of Eld-
erfield, the isoohthalic acid was obtained. It exhibited an infrared
spectrum with peaks at 3.82 and M.ng.(carboxyl OH), 5.91 and 5.69y~(car-
baxyl carbonyls), and was otherwise different from the svectrum of IXXIII.
Upon admixture the melting points were depressed. Thus the isophthalic
acid had been correctly identified.

By following Graebe's vrocedure, a monomethyl ester and a dimethyl
ester of hemimellitic acid were prepared. To these Graebe has assigned
structures XIX and XX, respectively. The monomethyl ester analyzed cor-
rectly for XIX and exhibited an infrared spectrum with peaks at 3.8%/;
and 3.9;yk(carboxy1 OH), 5.72/*(ester carbonyl), and 5.87-5.93/L(carboxy1
carbonyls). Upon sublimation, hemimellitic anhydride was obtained and
identified by comparlison with authentic material. This result was consis-

tent with Graebe's formulation, but required a comparison with the iso-
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meric monoestar. Treatment of hemimellitic anhydride in tetrahydrofuran
with a slight excess of diazometinane, afforded a compound exhibiting an
infrared spectrum with peaks at 5.39 and 5.b}};(anhydride carbonyls) and
5.89/4(ester carbonyls) and which analyzed correctly as UY-carbomethoxy-
phthalic anhydride (CXXI). Upon warming in aqueous acetone a compound was
obtained which absorbsd at 2.8, 3.30 and 3.95/¢_(carboxvl 0H) and 5.8-5.9/
(ester and carboxyl carbonyls) in the infrared and which analyzed correct-
ly as 3-carbometnoxyphthalic acid CXXII. It differed from XIX in its in-
frared spectrum and exhibited depression of melting point upon adnixture

with its isomer. Sublimation of the cohpound readily ylelded CXXI. Thus

€Oy O,CHy OCHy
O,H COLCH,q
OH OH
CXXI CXXIL CXXUT

Graebe's original assignment was correct, and the two monoesters are now

known and identified.

-
v
&

Graebe's dimethyl ester exhibited an infrared spectrum with peaks at
3.7—3.%p,(carboxy1 OH), 5.8%/4(ester carbonyl) and 5.82}L(carboxy1 carbon-
y1) and analyzed correctly for the assigned structurs. Treatment of the
anhydride CXXI with methanol afforded a compound which analyzed correctly
for a dimethyl ester and wnlch exnibited an infrared spectrum witn peaks
at 3.{-14.0/4(carboxy1 OH), 5.{9/*(ester carbonyl), and 5.92u (carboxyl
‘ qarbonyls). The spectra and melting vpoints of t;; ;wo com;j;nds were dif-
ferent, and their melting points were devressed upon admixture. Upon sub-
limation, botn afforded the anhydrids CXXI. Treatment of the two diesters
separately with thionyl cihloride, followed by reduction with sodium boro-

hydride led to mixtures of both phthalide esters in both cases. Although
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the ester of pathalide TXXII predominated, Graebe's diester afforded 30%
wnile the new diester afforded 45%. In the case of the ester of phtaalide
IXXIII, Graebe's diester afforded 12% waile tne new diester afforded 5%.
Although it appeared tnat tne esters had undergone extensive isomerization
during treatment with SOClg. tue results were consistent witn tne assign-

ment of structurs CXXIII to the new diester and tne 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 Perkin-Elmer 21

infrared spectrophotometer. All samples were emulsions in Nujol.



Figure 1. Infrared spectra
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Figure 2. Infrared spectra
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Figure 3. Infrared spectra
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Fgure 4. Infrared spectra
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Figure 5. Infrared spectra
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Pigure 6. Infrared spectra
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Pigure 7. Infrared spectra
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Figure 8. Infrared spectra
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Mgure 9. Infrared spectra
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Figure 10. Infrared spectra
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Figure 11. Infrared spectra
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Pigure 12. Infrared spectra
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Figure 13. Infrared spectra
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Figure 14. Infrared spectra
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EXPERIMENTAL

All melting vpoints are uncorrected. They were teken on a Kofler mi-
ero hot stage with a polarizing microscope.

Micro-analyses were carried out by Mr. L. Dorfman of CIBA Pharmaceu-
tical Iaboratories, Summit, New Jersey.

"Sk.B" refers to Skellysolve B, a petroleum fraction with a boiling
voint of 60-70° C.

"Preadsorbed and chromatographed® refers to the following process.
The material to be chromatographed 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 caromatography. Care was taken
to avoid wetting the walls of the beaker with solution. 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 reveated. Aftar 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 adsorbvent prior to the final layer of sand.
Elution was carried out in the manner indicated.

Dry diglyme (diethylene glycol dimethyl ether) was prepared by stir-
ring the crude ether (obtained from Eastﬁan Kodak Co.) for several nours
with LiAlH,. Tae material then was distilled under reduced pressure and

stored over sodium wire. Note: Distillation of diglyme from IiAth has

led to explosions (51). No difficulty was encountered in These Iaborato-

ries, but the following precauntions were taken:
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1. Tne distillation was carried out behind a safety shield in a
hood and safety goggles(were used.

2. The distillation was carried out under reduced pressure (aspi-
rator) to avoid undue heating.

3. ‘'The heat was gupplied by an oil bath so that local hot-spots
could not develop.

Y4, The ether-hyiride mixture was stirred vigorously witnh a mag-
netic stirrer to vrevent bumving and local overneating.

5. The ether-hydride mixture WAS NOT TAKEN TO DRYNEZSS.

It is advised that this procedure be employed only with recently pur-

chased material or tonat sultable precautions be taken to avoid the unnec-

essary risk of having peroxides present.

Adsorbents for Chromatograpay
Alumina, 80-200 mesh, was allowed to stand with etayl acetate for L8
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

Chemicel Co., Columbus, Chio.

1-Benzenesulfonamidome thyl-2-endo-hydroxy-
5-endo-acetyl-b-endo-carboxy-7-
oxa[2.2.1) bicyclohentane J-Lactone (X1IV)
By slight modifications of Iiu's procedures (see Historical), 1-ben-
zenestﬂfonamidomethyl-2-g&i_g-hvdroxy-‘j-e_ng_g-chloroacetyl-b-g_mi_o-carboxy-?-

oxa [2.2.1] bicyclohevtane rlactona (XIIII) was prepared. A mixture of UO7
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mg. of chloromethyl ketone, 180 mg. of szc:o3 and 180 mg. of 5% valladium
on charcol was suspended in 25 ml. of freshly distilled tetrahydrofuran.
| The compound was hydrogenated in a Parr hydrogenation apparatus, after
flushing the system thoroughly with hydrogen, at 50 p.s.i.z. and room tem-
perature for 24 hours. The reaction mixture was filtered and the filtrate
taken to dryness under reduced pressure. Tne residue was disgolved in
methanol, the solution concentrated, and allowed to cool. A crystalline
product was obtained, m.p. 182-191°. 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. 1“8-152°. Repeated crystallization from methanol ylelded an
analytical sample, m.p. 188-19f’d., which exhibited an infrared spectrum
(see Discussion) consistent with the assigned structure.
Anal.

Calculated for Cle1706NS: C, 54.70; H, 4.88; ¥, 3.99. Found: G,

54.90; H, W.87; N, 3.97.

‘3-Benzenesulfonamidomethyl -
2-carboxyacetophenone (XIVI)

In a three-neck flask equipped with Né inlet, reflux condenser, mag-
netic stirrer and an oil heating bath there was placed 48 mg. of XIIV and
5 ml. of dry t-butanol. The mixture was warmed and stirred under Né until
a homogeneous thin paste was obtained. To this was quickly added 0.l 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 N, for 3 hours,
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after whica time 0.3 ml. of 3 M HCl was added, with stirring, ard reflux-
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
HC1 and 3 ml. of CHC13. The atueous layer was removed and extracted two
more times with 3 ml. of CHClB. The combined organicvextracta were treat-
ed with MgSQy and taken to drymess under reduced pressure, yielding 24 mg.
of 0il. The oil was diluted with a few drops of acetone and preadsorbed
and chromatographed on 0.6 g. of silicic acid. The column was eluted with
50 ml. portions of the following eluents: Sk.B, Sk.B-ether 8:2, Sk.B-
other 6:4, Sk.B-sther L:b, Sk.B-ether 2:8, ether, ether-CHCly 8:2, ether-
cam3 61k, ether-CHCl, 4:6, ether-CiCl 2:8, CiClz. The eluates were
evaporated and the residues taken up in CHClB. When these solutions were
allowed to evaporate slowly by standing for several days, crystals formed
in the 60% ether in Sk.B and 80% CHCIB in etner fractions, which were used
to seed the intermediate fractions. The crude crystalline product, ca. U
NZ., MePe 190-197°, was crystallized several times from acetone. The ana-
lytical sample had m.p. 201-202°, and exhibited an infrared spectrun (see
figure 1) consistent with tne assigned structure.

Anal.

Calculated for CI6H1505NS: C, 57.64; H, 4.53. Found: C, 57.57; H

4.81.

Reaction of Ammonia With Hemimellitie
Anhydride (XVII) at 250° C.
Hermimellitic acid (IV), 938 mg., was placed into a large test-tube and

neated, at first slowly, with an oil bath until a temperature of 250f wag
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attained. Anhydrous ammonia was bubtled into tne 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. vortions of 10% ammonium
hydroxide. The residue was dried by warming under reduced pressure to
yield 300 mg. of crude h—carboxamiaophthalimide (1X) m.p. ca. 330° with
ravid sublimetion, Although generally satisfactory for further reactions,
the product could be recrystallized from water. Iarge 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 samvle, m.p. 332-335f (with sublimation), with an infrared spec-
trum (see figure 2) consistent with the assigned structure.

Anal.

calculated for C9H603N2: C, 56.84; H 3.18; H, 14./3. Found: OC,
56.87; H, 3.45; N, 1k.02,

The ammoniacal extracts were cohbined and concentrated under reduced
ovressure. Upon acidification, Y-carboxyphthalimide (XVIII) was obtained.
The yield devended uvon the degree of concentration and the amount of
heating emnloyed. Crystallization from water several times afforded an
analytical sample, m.p. 240-242°, (Iit. 247°) (7) with an infrared spec-
trum (see figure 1) consistent with the assigned structure.

Anal.

Calculated for ColgOuN: Gy 56.55; H, 2.64. Found: C; 56.43; H,
2.82.

Further concentration of tne motner liquors yielded mixtures of U-

carboxyvhthalimide (XVIII) and monoammonium hemimellitate. The latter was
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readily senarable from the former because of its greater solubility in hot
vater, and was isolated and purified. Repeated crystallization from water
afforded an analytical samvle which uvon heating lost water at ca. 180°,
melted at ca. 190°, but resolidified and remelted at ca. 235°. The infra-
red svectrum showed only a single sharn peak at 5.89u in the carbonyl re-
gion, and broad and comnlex absorvtion in the 6.By.region.
Anal.

Calculated for C9H9O6N: c, U47.58; H, 3.99; N, 6.17. TFound: C,
47.02; H U4.02; N, 6.01.

ionoammonium hemimellitate was heated and fused at 250°. Crystalliz-
ation of the fusion residue from water afforded a compound identical in

melting point and infrared svectrum with Y-carboxyphthalimide (XVIII).

Upon admixture, the melting points were not depressed.

M—Carboxamidophthalimidé}(LX) from
Y-Carboxynhthalimide (XVIII)

A mixture of 378 mg. of U-carboxyphthalimide (XVIII) and 5 ml. of
freshly distilled thlonyl chloride was heated at 80—90° for U hours. The
homogensous reaction mixture was taken to dryness under reduced pressure
and the crystalline residue dissolved in 5 ml. of tetrahydrofuran, freshly
distilled from IdAlHu. The solution then was added dropwise to 10 ml. of
& rapldly 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 Y-carboxamidephthalimide



86

(1X), mep. 331-333° (with sublimation). The material was identical in
melting voint and infrared spectrum with the L-carboxamidoohtnalimide (1X)

obtained above. Upon admixture, thneir melting voints were not depressed.

N

Y-Cyanopnthalimide (IVII)

A mixture of 2.43 g. of U-carboxamidophthalimide (IX) and 30 ml. of
freshly distilled phosvhorus oxychloride was stirred and heated at 110-
120° for 12 nours. The reaction mixture was concentrated under reduced
pressure to 10 ml. sand, after coolirng, treated with 50 ml. of cold water.
The two-phase system was rapidly stirred until vigorous hydrclysis took
place, whereupon tihe homogeneous solution was concentrated under reduced
nressure and extracted exhaustively with CH013. Tne extracts were com-
bined, treated with MgSOu, and taken to dryness under reduced voressure.
The yield of crude nitrile (TVII) was 1.4 g. Reveated crystallization
from methanol afforded an analytical sample, m.p. 232-233°, witn an infra-
red svectrum (see figure 2) consistent witih the assigned structure.

Anal.

Caleulated for 09Hn02N2: C, 62.79; H, 2.34; H, 16.28. Found: C,

62.93: H, 2.47; N, 16.37.

Zinc-Acetic Acid Reduction of
4_Cyanopnthalimide (IVII)

Into a large test-tube equipped with a magnetic stirring bar, tnere
was placed 171 mg. of Y-cyanopnthalimide (IVII) and 1.4 ml. of acetic ac-
id. The mixture wes stirred and heated to gentle refluxing. Over a u5
minute period 315 mg. of zinc dust was added cautiously, and tae reaction

mixture was then allowed to stir and reflux for an additional U5 minutes.
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The reaction mixture was cooled and the supernatent solution decanted, the
precipitate washed severnl times with tetrahydrofuran and the combined
liquors and washing taken to dryness under reduced pressure. Tne residue
was extracted several times witn tetrahydrofuran, the extract concentrated,
and tne solution presadsorbed and caromatograpned on b g. of silicic acid.
Since elution did not afford separation, all eluates, Sk.B through etner
and CHCI3, were combined and evaporated. A tetrahydrofuran solution of
the oil, 138 mg., was vreadsorbed and ciaromatographed on 5 g. 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. Three further fractions of 20% etner
failed to elute any solid material. Two fractions each of 40, 50, 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 & 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 50% CHCIB-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 5.8xand was designated phthalimidine A. A solution of 1.6 mg. of
phthalimidine 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, evap;rgied 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 3.95x(carboxyl OH), 5.63 and 5.93u. The spectrum did not correspond
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to that of any compounds obtained previously. Crystallization of the
sixth 50% ether-cnloroform fraction afforded a solid with m.p. 247-250°.
Upon admixture with phthalimidine A, the melting voint of the second com-
pound was depressed. Since it exhibited an infrared spectrum (see figure
2) consistent with a phthalimidine nitrile, it was designated phthelimidine
B. Attempts to hydrolyze the comvound with base failed to afford crystal-
line material. Upon recrystallization from acetone, an analytical sample,
m.p. 245-248° was obtained.

Anal. |

Calculated for 09H60Né: C, 68.25; H, 3.82; N, 17./1. Found: C,
b&.44; H, 3.96; N, 17.55.

Crystallization of the residue from the second chloroform fraction
from acetone afforded & third compound, m.p. 233-235°, which exhibited a
depression of melting point upon admixture wita 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 09H60N2: C, 68.35; H, 3.82. Yound: C, 68.13; H,
3.97.

The methanol fraction contained a2 small quantity of material which
was crystallized only with partial success to give m.p. 215-222°. Upon
admixture with phthalimidine C and with LY-cyanophthalimide (IVII), melting
point depression was observed. The compound exhibited an infrared spec-
trum with a broad peak at 2.9-3.34 (NE and/or OH), u.s/‘ (CX¥) end 5.9/.‘

(phthalimidine carbonyl). The compound was designated as phthalimidine D.
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It was not characterized any further.

Zinc-Acetic Acid Reduction of
Hdemimellitic Anhydride (XVII)

A solution of hemimellitic anhydride (XVII), from fusion of 2 g. of
hemimellitic acid (IV), in 15 ml. of acetic acld was heated at reflux
while 3 g. of zinc dust was added in small portions cver a U5 minute peri-
od. A magnetic stirrer was emvloyed to minimize superheating and bumping.
Stirring and heating were continued for another hour, after waich time the
solution was decanted from unreacted zinc and taken to dryness under re-
duced nressure. The product was dissolved in K0 ml. of methanol, satu-
rated with HC1 gas, and the flask stoppered. After standing for 24 hours,
the reaction mixture was tzkean to dryness under rsduced oressure and par-
titioned between 05013 and water. The CHCi3 layer was sevarated from the
aqueous layer, wasned two more times with water and taken to dryness under
reduced oressure. The solid product was dissolved in 20 ml. of methanol
to which was added 50 ml. of a 10% a-ueous NaHCO3 solution. The reaction
mixture was refluxed for 12 hours, acidified with hydrochloric acid, and
taken to dryness under reduced vressure. The residue was extracted wita
tetrahydrofuran and the soiution of nhthalide acids preadsorbed and ehro-
matogranhed on 30 g. of silicic acid. The column was eluted witn 500 ml.
portions of Sk.B, Sk.B-ether 8:2, and Sk.B-etner 7:3, yielding only oils.
Generally, h—carboxy"phthal;.de (IXXIII) was eluted with 40-50% ether 1#
Sk.B, while 7-carboxyphthalide (IXXII) followed with 50-70% ether in Sk.B.
The last component frequently trailed and was removed ouickly, once its

presence in the eluates had been established, by elution with etner. 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 reveated crystallization from methanol, the 7-isomer melted
at 170-172°, while the Y-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 samnle melted at 231.1-236°'. Tne infrared
spectra (see figures 5 and 6) were consistent with the assigned structures.
Anal.
Caleulated for CgHgOy: C, 60.68; H, 3.40. Found: (7-isomer) C,

60.38; H, 3.45; (U-isomer) C, 60.80; H, 3.9,

Methyl Estefs of the Phthalide Aclds

The phthalide acid, in tetrahydrofuran, was treated with a solution
of diazomethane in ether-tetrahydrofuran 1l:1. VWhen the yellow diazometh-
ane color persisted, addition was stovoed and thne reaction mixture was
taken to dryness under reduced vressure. The product was crystzllized
from methanol. The analytical sample of 7-carbomethoxyphthalide had m.p.
106-108°, wiile the Y-isomer had m.p. 179-180°. The infrared snectra (see
figures 5 and 6) were consistent with the assigned structures.
Anal.

Calculated for CyniHgOy: G, 62:50; H, L,20. Found: ((-isomer) G,

62.87; H, 4.31; (4-isomer) C, 62.37; H L.26.

3-lethylohthalic Acid from
7-Carboxypnthalide (IXXII)
To 204 mg. of 7-carboxyphthalide (TXXII) was added 0.5 ml. of 58% HI,

freshly distilled from vhospnorus. After heating to 125~150°, 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 phospnorus and
the heating was continued. After 15 minutes the solution was colorless,
while after 3 hours the solution was again opaque. Another 10-15 mg. of
yellow phosvhorus was added and the solution became light yellow aiier 15
minutes of heating. After heating for U4 more nours, 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
vressure, and warmed gently to dispel the residual 12. Tne solid product
wag crystallized from metihanol and upon heating underwent a crystal change
at ca. 140°, and melted at 150-160° with gas evolution. After several re-
erystallizations, the product, 3-metaylphthalic acid, melted at 159—lbl°
(18t. 157°) (24) and exnibited an infrared spectrum, in Nujol, with ab-
sorntion at 2.8%2 and 2.9Z;L(carboxy1 OH) and 6.99g with a shoulder at
5.9?/;(carboxyl carbonyl). Upon sublimation the anhydride was obtained,
mep. 116-117° (Iit. 117-118°) (52) which exhibited an infrared spectrum in
NuJjol witn absorption at 5.52 and 5.7%/4(anhydride carbonyls).
Anal.

Calculated for CgHgOz: C, 6b.6(; H 3.73. Found: C, bb.8(; H

3.94.

Y4-Carboxamidophtnalide (TXXIV) P
A mixture of 54 mg. of U-carboxyohthalide (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 oressure and the crys-
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talline product was dissolved in 2-3 ml. of tetrahydrofuran, freshly dis-
tilled from IdAth. The solution was added dropwise to a vigorously
stirred ice-cold solution of ammonium hydroxide. The acid caloride vessel
vas rinsed with 2 ml. of tetrahydrofuran and tne latter added to tne am-
monium hydroxide solution. A white precipitate’formed ranidly. After
stirring for 5 minutes the susvension was concentrated under reduced pres-
sure to ca. 3 ml., and filtered. The precipitate was dissolved in methan-
0ol, the solution concentrated to 10 ml. and allowed to cool. The first
crop of erystals, ca. 43 mz., melted at 290-294° after undergoing & crys-
tal change at 240°. Concentration of the mother licuors afforded an addi-
tional U mg. of product. Upon repeated crystallization from methanol, an
anclytical sample was obtained, m.p. 29’4-296", with an infrared spectrum
consistent with the assigned structure (see Discussion section).
Anal.

Calculated for C9H7O3N: C, 61.01; H, 3.98; & 7.%1. Found: G,

60.73; H, 4.15; N, 7.99.

U-Cyanophthalide (TXXV)

A mixture of 47 mg. of U-carboxamidovhtnalide (TXXIV) and 3 ml. of
freshly distilled phosphorus oxychloride was stirred and heated at 110-
120° for 18 hours. The reaction mixture was cooled and carefully treated
with water to destroy tine excess reagent. The solution was cooled in an
ice batn and extracted repeatedly with CHCIB. The extract was dried over
MgSOy and evavorated under reduced vressure. Crystallization from methan-
ol afforded a material, m.p. 183-18E§, ;hich exihibited an infrared svec-

tram 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 147 mg. of hemimellitic annydride (XVII) and 2 ml. of
freshly distilled tnionyl chloride was heated and stirréd at 80-90° for 3
hours. It was taken to drymess under reduced vressure and the residue
dissolved in 2-3 ml. of dry benzene. Tue solution was warmed, takenr to
dryness under reduced pressure, and tine procedure repeated. ‘The crystal-
line product was dissolved in 5 m). of dry diglyme and neated 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 veriod to the neated 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 vressure. The residue was then dried by azeotropic distillation of
benzene, and sxtracted several times with tetrahyvdrofuran. The combined
extracts were taken to dryness under reduced oressure to yield 185 mg. of
0i11 which was dissolved in methanol. Concentration of the solution to an
0il afforded crystals of 7-carboxyphthalide (IXXII) which were isolated by
contrifugation and washed twice with small portions of ice-cold metnanol.
The mother liquors were combined and concentrated, yielding a second crop
of 1o 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 vurified.

A mixture of ca. 1 g. of motner liquors from several runs was chro-
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matograpned on ca. 25 g. of silicic acid. The column was eluted with 250
ml. fractions of eluents. Sk.B and the first 20% ether-Sk.R fraction
yielded only oils. The second 20% and first 30% ether-Sk.R fractions
eluted a new compound wnich was contaminated with hemimellitic acid. Uvon
repeated crystallization from acetone, an analytical sample was obtained,
Reps 207-209°. The material reacted vigorously with sodium bicarbonate
and had an infrared spectrum (see figure 9) consistent with L-carboxy-1,3-
dihydroisobenzofuran (IXXVII).
Anal.

Calculated for CgHgOz: , G 65.85; a, 4,01, Pound: C, 65.94; E
L.o6.

Further elution of the column with three 30% and four UO% ether-Sk.B
fractions afforded hemimellitic acid (IV), while five more U40% 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 effective in preliminary studies, it
subsequently proved to be irreproducable. The following nreferred 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 vressure, 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 a2 gentle stream of dry
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alr, and the residue dissolved in 25 ml. of dry diglyme. The solution was
neated to 120° and vigorously stirred while a solution of 5.6 ml. of 1.54
M sodium borohydride (in dry diglyme, stored over sodium wire) in 25 ml.
of dry diglyme was added over a 3 minute veriod. The heated solution was
stirred an additional 3 minutes and quickly decomvosed witn 10 ml. of wa-
ter, the clear yellowish solution taken to dryness under reduced »ressure
and dried by the azeotroplc distillation of benzene from the reaction ves-
sel. Extraction of the residue witn several vportions of tetrahydrofuran,
evanoration of the combined extracts, dissolution of the residue in meth-
anol and concentration afforded an o0ll and a crystalline vrecivitate. The
product was isolated by centrifugation and washed seversl times witn ice-
cold methenol to yield 460 mg. of material, m.p. 168-172°. Concentration
of the mother liquors afforded en additionel 222 mg. of 7-carboxyohthalide
(IXXII). The motner liquors were generally reeycled to obtain a small ad-

o
ditional guantity of material.

Sodium Borohydride Reduction of
7-Carboxyprhthalide Acid Chloride
A mixture of 544 mg. of 7-carboxyphthalide (IXXII) and § ml. of

freshly distilled taionyl chloride was refluxed for 4 hours. The solution
was taken to dryness under reduced pressure, the crystalline oroduct dis-
solved in 5 ml. of dry benzene, and the solution again taken to drymess
under reduced pressure. The vessel was flushed for 10 minutes with a gen-
tle stream of dry air, after wnich tne residue wes dissolved in 10 ml. of

dry diglyme and neated to 120°. A solution of 2.1 ml. of 1.54 M sodium

borohydride (in dry diglyme, stored over sodium wire) in 10 ml. of dry
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diglyme was added with vigorous stirring over a 4 minute veriod to the
heated acid caloride solution. The reaction mixture was alloved to stir
at 120° for an additional 3 minutes, whereﬁpon 10 ml. of water was added
guickly. The solution was concentrated under reduced pressurs to ca. % of
its original volume, 5 ml. of water and an excess of solid sodium yigagf
bonate was added, and the reaction mixture taken to dryness under reduced
pressure. The residue was dried by the azeotropvic distillation of benzene
from tne reaction vessel, and extracted several times with tetrahydrofu-
ran. The residual solids were acidified with 3 M HCl, taken to dryness
under reduced vressure, and dried by tne azeotropic distillation of ben-
zene from the reaction vessel. The residue was extracted with tetrahydro-
furan and upon evanoration of the extract a semisolid mass was obtained.
Crystallization of the material yie1ded\7-carboxyphthalide (IXXI1) which
could be used along with fresh acid in fhrther reductions.

The tetrahydrofuran extracts ovtained previously were combined and
evaporated to yield 432 mg. of oily crystals. The crude alcohol from sev-
eral runs was combined and crystallized from methanol. Repeated crystal-
lization yielded an analytical sample, m.p. 111—113°, with an infrared
svectrum (see figure 7) consistent with the assigned structure (IXXXVI).
Anal.

Calculated for C9H803: C, 65.85; H, 4.91. Found: C, 65.57; H
L.g6.

Chromat ography of the mother liquors on alumina afforded two new com-
pounds. The first, a crystalline solid, was eluted with 20% ether-Sk.B.
Recrystallization from ether gave material witio m.p. 115-117° and an in-

frared snectrum (see figure 9) suggesting the vresence of only one non-
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phthalide carbonyl. A small portion was treated with Tollens' reagent,
yielding slowly a fine black ovrecipitate_of metallic silver. Vhnen precip-
itation seemed comvlete, the solution was acidified with aydrochloric acid
and centrifuged. After removal of the supernatent licuid, the solid was
washed several times with tetrahydrofuran and the combined washing and
aqueous solution taken to dryness under reduced vressure. A small quan-
tity of semisolid material was obtained wnicn, uvon recrystallization from
acetone, nad a melting point near 205°. Though insufficient for further
recrystallization, tne melting voint was elevated upon admixture with au-
thentic U-carboxy-1,3-dihydroisobenzofuran (IXXVII), and its infrared
spectrum was identical with thet of tne authentic acid. It was not cher-
acterized any further. The reduction product was accordingly assigned
structure IXXXVIII.

The second compound was eluted with 20-60% ether-Sk.B. It was a vis-
cous oil which exhibited veriable quantities of carbonyl absorption (de-‘
pending on the sample examined) all of which were weak in comparison to
the OH absorption at 2.%9y. Purification attempts revealed the material
to be a low melting solid with m.p. > 28°. Crystallization was not suc-
cessful. Oxidation of the o0il with “n0p afforded a solid, winich, uvon
purification, proved to be identical with the aldenhyde obtained above.

The 0il was accordingly assigned structure IAXXIX. Upon prolonged exposg-
ure to air, the oil undergoes extensive oxidation to a complex mixture of
compounds. )

Elution of the column with additional 60% ether afforded additional

7-hydroxymethylphthalide (TXXXVI).
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L-Hydroxymetylphthalide (IXXXVII)
A mixture of 129 mg. of L-carboxyphthalide (IXXIII) and 3 ml. of
freshly distilled thionyl chloride was stirred and heated at 80-90° for U

hours. The homogeneous solution was taken to dryness under reduced pres-
sure and the crystalline residue dissolved in 10 ml. of dry diglyme. A
golution 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 chromatographed on 3 g. of sil-
jcic acid. ZElution with 100 ml. of Sk.B and 100 ml. of 10% ether in Sk.B
afforded traces of oll. ZElution with five 50 m). fractions of 40% ether
in Sk.B afforded a second solid. The solid eluted with 4O% ether amounted
to ca. 40 mg., and was shown to be 4-carboxypnthalide (IXXIII) 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 h-hydréxymethylphthal-
ide (IXXXVII) was obtained, m.v. 109.5-110.5°, with an infrared spectrum
(see figure 5) consistent with the assigned structure.
Anal. |
Calculated for CgHgOz: C, 65.85; H, 4.91. Found: C, 65.37; H,
4,8k,

7-Formylphthalide
A mixture of 40 me. of 7-hydroxymethylphthalide (IXXXVI), 125 ml. of

ether and 400 mg. of the above Mn02 vag gently refluxed with stirring for
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21 hours. The }nO, vas 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 sauple; m.p.

131-132°% with an infrared svectrum (see figure 6) consistent with tne as-

signed structure.
Anal.
Calculated for 09H6O3: C, 6b.67; H 3.({3. Found: C, bb.ol; H,

4.03.

Y-Formylphthalide (CII)
A mixture of 15 ml. of ether, 17 mg. of U-hydroxymethylphtaalide
(IXXXVII) and 133 mg. of MnO, (44) (idndly orepared by douston Brooks) was

gently refluxed with stirring for 13.5 hours. The MnO, was removed by

——

filtration and wasaed several times with hot etner. The combined etaer
solutions were taken to dryness under reduced pressure to yield 149 mg. of
crystalline solid which melted at 166-166° with sublimation after a crys-
tal transformation at ca. 120°. Repeated crystallization from ethsr af-
forded an analytical samole, m.p. lbb-168°, wita an infrared snectrum (see
figure 4) consistent with tne assigned structure.
Anal.

Oalculated for CHgO3: Gy bb.b7; H, 3.73. Found: C, 67.05; kL

3.92.

7-(2-phtpalimidomethyl-)phthalide (XCV)
A solution of 40 mg. of 7-hydroxymetnylohthalide (TXXXVI) in 0.2 ml.

of freshly distilled thionyl chloride was 2llowed to stand in a locsely
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stopvered flask for 68 hours at room temverature. The solution was taken
to dryness under reduced pressure yielding a crystalline product. Crys-
tallization of a vortion of this material from btenzene afforded an analyt-
ical samnle with m.Dp. 108-110° and with an infrared snectrum (see figure

7) consistent with 7-chloromethylpnthalide (XCIV). If the reaction was
allowed to stand for only 3b hours, a gummy semicrystalline mixture was ob-
tained, vresumably because of incomnlete conversion. -—

Anal.

Calculated for C9H70201: C, 59.19; H, 3.80. Found: G, 59.“5; H,
3493,

The crude chlorometinyl compound was dissolved iﬁ 2 ml. of freshly
distilled dimethylformamide and added to ca. 100 mg. of votassium phthal-
imide. The reaction mixture was stirred and heated for 2 nours at 105-
115°, and the cloudy solutlion taken to dryness under reduced vressure.
The residue was extracted several times with CHCl3 and the combined ex-
tracts taken to drynsss under raduced nressure, yielding 78 mg. of crude
crystalline solid. DReveated crystallization from GH013 afforded an ana-
lytical samnle, m.D. 251—252°, which exhinited an infrered smectrum (see
figure 7) consistent with the assigned structure (XCV).

Anal,
Calculated for Cy7Hj3OuN: C, 69.62; H, 3.78; Y, 4,78. Found: G,

[0.05; H, 3.85; N, uW.72.

]-Hydroxyme thyl Phthalmidine (XCVI)

A mixture of 350 mg. of 7-(2-phthalmidometinyl-)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. "he 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 2U3 mg. of material.
Repeated crystallization afforded 73 mg. of product, m.p. 1b7-169°. Addi-
tional crops of product could be obtained from the mother licuors, water
often proving to be a betier solvent for crystallization of fractions bad-
ly contaminated with the high-melting vhthalaydrazide. BRecrystallization
afforded an analytical sample m.D. 169-170°, with an infrared spectrum
(see fizure 8) consistent with the assizned structure (XCVI).

Anal.

Calculated for C9H902N: C, bb.24; H, 5.56. PFound: C, bb.15; H,

5¢57.

e Y

7-Pormylpnthalimidine (XCVII)

A solution of 102 mg. of 7-hydroxymethylphthelimidine (XCVI) in 2 ml.
of pyridine was added quicxkly and with stirring to a susvension of 105 mg.
of Cro3 in 2 ml. of pyridine. The solution darkened rapidly and the sus-
pension dissolved. After standing for 15 hours at room temperature, the
reaction mixture was snaken witn 10 ml. of water and extracted five times
with 10 ml. oortions of CHCIB. The combined extracts were treated with
Mgsqh, filtered, and the Mgsou washed with additional CHC13 and filtered.
The combined filtrates ware taken to dryness under reduced pressure and
the crude vproduct or2adsoroced and caromatogravhed on 3 g. of alumina. The
column was eluted with 50 ml. fractions, five of ether eluting a trace of
semigolid which was not characterized, and two of 50% CHCly-ether which

eluted a trace of material. ZElution with 75% CHClB-ether gave thne major
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products. The first 7-8 fractions were relatively pure vproduct while 9-15
became progressively richer in starting material. ZFractions starting to
melt above 170° were fractionally crystallized from methanol yielding ma-
terial richer in product. ZFractions starting to melt above 195-200° were
considered pure enough for subssquent reaction. 'he purified product
amountsd to ca. 30 mg. The motaer liquors and recovered starting material
were reused in another oxidation. Uvon reveated crystallization from
methanol, an analytical samvle was obtained, m.p. 211—215°, with an infra-
red spectrum (see figure &) consistent with tne assigned structure
(XcviI).

Anal.

Calculated for CqizOoN: C, 67.07; Hy 4.38; X, 8.69. TFound: G,

66.95; H, 4.38; ¥, 8.57.

7-(X~hydroxyethyl-)phthalimidine (XCVIII)

To 22 mg. of maginesium and 1 ml. of etner, fresnly distilled from
IiAlHi, was added 0.6 ml., of methyl iodide. The mixture was stirred under
nitrogen until the magnesium had dissolved. A few additional vieces of
magnesium were tnen adésd and stirring\was maintained for an additional U5
minutes. To this mixture there was added 59 mg. of 7-formylphthalimidine
(XCVII) in 10 ml. of tetrahydrofuran, fresaly distilled from LiAlHu. An
immediate evolution of hydrog:n took place and tne reaction mixture as-
sumed & yellowish color. The suspension was stirred at 80° under nitrogen

for 2 hours, wnereuvon 5 ml. of water was added and tune reaction mixture

taken to dryness under reduced pressure. The residue was dissolved in 3 M

HCl and extracted several times with CH013. The CHCI3 oextracts wers
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waghed with wvater and the wasnings extracted with GHC]B. The combined
CHCl3 solutions were treated with MgSOu, filterad, and taken to dryness
under reduced vressure ylelding 7o mg. of crude product. Crystallization
from water afforded ca. 25 dg. of nlates with m.p. 125-133°, This mater-
ial vas generally employzd in the next reaction without further nurifica-
tion. Repeated crystallization of the carbinol from water afforded an an-
alytical sample, m.p. 135-137° with an infrarad svectrum (see figure 8)

consistent with tne assigned structure (XCVIII).

Anal.

————t—

Calculated for CloﬂlloaN: C, 67.78; H, 6.2{. Pound: C, b(.67; H

b.27.

7-Acetylphthalimidine (XCIX).

A solution of 1.8 mg. of CrO3 in 0.2 ml. acetic acid and 0.02 ml. of
water was added to a solution of 5 mg. of 7-(X-hydroxyethyl-)ohthalimidine
(XCVIII) in 0.1 ml. of acetic acid. 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 L Eimes with 2 ml. »ortions of
chloroform. The combined extracts were washed once with 1 ml. of water,
and tne washing in turn, extracted once with 1 ml. of CHCIB. The combined
GdClB solutions were treated with MgSOy and taken to dryness under reduced
oressure to yleld 5.9 mg. of crude solid. Cryetallization from acetone
afforded two crovs of ketone amounting to 2.3 mg. The mother liquors were

recycled through the oxidation.

4

A vrocedure developed later and found to afford less side product was

essentially the one described, with tas exception of the reaction veing
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carried out only for 15 minutes. Although somewnat less product was o0-
tained at first;‘recycling lad to a slightly imoroved efficiency in over-
all conversion.

Reweated crystallization of the product from acetone gave an analyti-
cal sample with m.p. 204-205° which was depressed upon admixture with 7-
formylohtnalimidine (XCVII). and exhibited an infrared spvectrum (see figure
9) consistent with the assigned structure (XCIX).

Calcul~ted for C10H902N: C, b&.50; H, H.18. ¥Found: G, b63.60; 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, 0.05 ml. of benzenssulfonyl caloride added and
- the mixture sheken for 15 minutes. The basic homogeneous solution was ex-
tracted several times with CHClS. the combined C:ICl3 extracts were wasined
with water, and the waghings extracted with CHClB. The combined CH013
solutions Qere teken to dryness under reduced pressure after treatment
with Mgsou. Only a trace of o0i) was obtained. The aqueous solutions were
combined, acidified and extracted several times with CﬁClB. The extracts
vere washed with water and the water wasnings extracted with CH013. The
combined CﬁClB solutions were treated with }¥gS0y and taken to dryress un-
der reduced nressure to yield a semisolid mass. Tae material was washed
carefully with a small portion of ice-cold CHCl3 to yleld crystals, m.p.

192-197°. Upon crystallization from acetone the melting voint was raised
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to 196-200°, and was undepressed upon admixture with XTVI obtained from
tne aromatization of XIIV. The infrared spectra of the two materials were

also identical.

Iithium Aluminum Hydride Reduction of
Hemimellitic Anhydride (XVII)

A solution of 2.29 g. of nemimellitic anhydride (XVII) in 50 ml. of
tetrahydrofuran, freshly distilled from LiAlHu, vas added with stirring
over a 15 minute period to an ice-cold slurry of 2.3 g. of LiAlHu in 50 ml.
of- tetrahydrofuran, also freshly distilled from IiAIHu. Tne maroon reac-
tion mixture was allowed to warm to room temperaturs, and stirring was
naintained for 15 hours. The reaction mixture was cooled in an ice bath
and the excess IiAth destroyed by tne cautious dropwise addition (with
stirring) of 5 ml. of water. The suspension was then filtered tarough Ce-
lite and tne filter cake wasued 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-trinydroxymethrlbenzene (XC), m.p.
135-13b°, precipitat=4d. Concentration of the mother liquors afforded an
additional crop of triocl. Yield: 809 mg. Upon repeated crystallization
from methanol, an analytical sample was obtained, m.p. 13”-135° (rit. 13L4-
136°) (15) which exhibited an infrared s-ectrum (see figure 3) consistent
with the assigned structure.

Anal.
Calculated for CgHy503: C) 64.27; H, 7.19. Found: C, b4.03; H,

7-18.
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Acetylation of 1,2,3-Trihydroxymethylbenzene (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 batn for 30 minutes. The so-
lution was taken to dryness under reduced vressure, taken up in 0.5 ml. of
methanol, warmed, and again tsken to dryness under reduced vpressure. This
procedure was repested several times, and tane product thnsn was taken up in
a few droos of methanol witn neating. Upon cooling and scratching.the s0-
lution, crystals formed waich were subsequently recrystallized from meth-
anol to yield tae triacetate of XC, m.p. 55-560 (Lit. 58°) (15) wita an
infrared svectrum (see figure 3) consistent with tne assigned structure.

The material was not analyzed.

Acetylation of 1,2,3-'rihydroxymetavlbenzene
(XC) Mother Iiguors
The mother liquors from the isolation of the triol (XC) were concen-
trated to an 01l and dissolved in 12 ml. of pyridine and 12 ml. of acetic
annydride. After heating on tae steam bath for 30 minutes, the reaction
mixture was taken to dryness under reduced vressure, diseolved in dilute
hydrochloric acid and extracted several times with CHCJB. The combined

-

CHCI3 extracts were concentrated and extracted several times witn dilute
sodium bicarbonate solution. The chloroform solution was tnen treated
with MgS0) and taken to dryness under reduced pressure, yielding 379 mg.
of a semicrystalline mass which was caromatographed 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. Zlution with five 50 ml. portions of 20% ether in Sk.B

afforded & low melting solid, while elution with four 50 ml. rortiocns of
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40 ether in Sk.B, followed by 60% and 100% ether in Sk.B, afforded a sec-
ond solid. After 3 ecrystallizations from ether the first solid had m.p.
102-104°, which was depressed upon admixture with authentic triacetate.

It was subsequently identified as 7-acetoxymethylohthalide (C) by its
melting point and infrared spectrum (see figure U). Its melting point was
not depressed uboh admixture with authentic material.

Anal. -

Calculated for CyqHyoOy: C» 64.07; H, 4.89. Found: C, 6L.21; &,
L.87.

The second solid after 3 crystallizations from ether had m.p. 112-
113° which was depressed uvon admixture with the monoacetate above. Its
infrared spectrum (see figure L4) indicated tze presence of a free OH Zroupe.
It was found to be identical wita 7-hydroxymetaylphthalide (IXOXVI).

—

Anal.

Calculated for 093803: C, 65.85; H, 4.1. Found:' C, 65.92; 4,

.49,

Permanganate Oxidation of
1,2, 3-Trihydroxymethylbenzene (XC)

A solution of 74 mg. of the triol (XC) in 20 ml. of acetone was
treated witn 525 mg. of potassium permangenate dissolved in ca. 10 ml. of
water, and allowed to stand at room temperature for 32 hours. After de-
stroying the excess vermanganate with methanol, the resulting mencanese
dioxide was removed by filtration and washed with warw. acetonef The com-

bined acetons solutions were taken to dryness under reduced pressure and

the residus (68 mg.) chromatogravhed on 180 mg. of silicic acid. Elution
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vith 20—30% ether in Sk.B afforded 51 mg. of crude U-carboxyvhthalide
(TXXIII) identified by melting voint, mixed melting point with authentic

material, and infrared svectrum.

Metayl 7-Phthalidylacetate (CV)

Into a flask equipved wita reflux condenser, CaSOh tube, o0il heating
bath and magnetic stirrer there were vlaced b4.1 mg. of IXXII and 2 ml. of
fresnly distilled thionyl chloride. The reaction mixture was stirred and
heated at reflux for 3 hours, after wanica time the homogeneous solution
was taken to dryness under reduced pressure. Dry benzene was added, the
. slurry warmed and then taken to dryness under reduced oressure. The pro-
cess was reveated, tne residue dissolved in 3 ml. of tetrahydrofuran,
freshly distilled from IdAlHu, and added slowly to a rapidly stirred ice-
cold dry solution of diazomethane in ca. 6 ml. of etner-tetrahydrofuran
1:1. Uvnon evaporation under reduced vnressure, a yellowish residue was ob-
tained which was dissolved in 2-3 ml. of absolute methanol and neated at
reflux. A slurry of Ago0, vrevared from 50 mg. of AgNO3. in absolute
methanol, was added to tne boiling solution over 1 hour at 15 minute in-
tervals. The reaction mixture was allowed to reflux over nignt, and ther
was filtered. The filtrate was concentrated and upon cooling and scrat?n-
ing crystals formed. Concentration of the motner licuors afforded two ad-
ditional crops which brougnt the crude yield to ca. 48 mg. Crystalliza-
tion from ether ylelded material, m.p. 90-92°. The melting voint was de-
vressed upon admixture with 7-carbomethoxyohthalide. Purther recrystalli-
zation afforded an analytical samnle, m.p. 9&-960, with an infrared spec-

trum (see figure 10) consistent with the assigned structure.
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Anal.

Calculated for Gy H,40y: G 64.07; H, 4.89. Found: C, 63.82; H,

L.96.

liethyl U-Phthelidylacetate (CVI)

A mixture of 92 mg. of U-carboxyphthalide (IXXIII) and 5 ml. of
freshly distilled taionyl chloride was neated at 80-90° with magnetic
stirring for U4 hours. The homogeneous solution was taken to dryness under
reduced vressure, suspended and wermed in ca. 5 ml. of dry benzene, and
azain talken to dryness under reduced pressure. This process was repeated
and the resultant crystalline solid dissolved in 5-10 ml. of tetrahydro-
furan, freshly distilled from IiAth. The solution was added slowly to a
vigorously.-stirred, ice-cold, dry solution of diazomethene in 15-20 ml. of
ether-tetrahydrofuran 1:1. The solvents and excess diazomethane were re-
moved under reduced vressure, and the residue stirred and heated witn 5-10
ml. of absolute methanol. To thae refluxing solution was added a slurry of
Agzo, orepared from 100 mg. of AgNOB, in 5-10 ml. of absolute methanol
over a one hour veriod. Tne reaction mixture was allowed to reflux for an
additional hour, cooled, filtered, and the filtrate taken to dryness under
under reduced oressure. The residue was dissolved in sligntly more than
the minimum volume of tetrahydrofuran, vreadsorbed, and caromatogranhed on
3 g. of alumina. The column was eluted with two 25 ml. vortions of Sk.R,
four 25 ml. portions of 10% ether in Sk.B, seventeen 25 ml. vortions of
20% ether in Sk.B, and two 25 ml. portions of ether. The 10% etaer and

first two 20% ether fractions contained U-carbomethoxyphthalide. The 3rd

and Uta 20% ether fractions containsd the major vortion of material which

~
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rapidly diminished tarough tne 8th 20% ether fraction. Ilater eluates
showed vrogressively more higher melting material and were not investi-
gated. Uoon crystallization of the 3rd through 8th 20% ether eluates, 49
mg. of homoestar (CVI) was obtained. Another 10-20 mg. of less pure ma-
terial remained 1n tane mother liauors. After several crystallizations
from methanol, an analytical samole was obtained, m.p. 94~95°, with an in-
frared spectrum (see figure 10) consistent with the desired structure.
Ansal.

Calculated for °1lﬂio°h‘ C, 64.07; H, 4.89. Found: C, 63.96; 4,

5.24.

Reduction of Methyl 4-Phthalidylacetate (CVI)

A solution of 332 mg. of CVI in 10 ml. of tetrahydrofuran, freshly
distilled fronm IiAlHu, was added under Ny to a stirred ice-cold slurry of
350 mg. of IiA1Hy in 10 ml. of tetrahydrofuran,'also_freshly distilled
from T4AlH;. The reaction mixture took on a yellowish coloration which
slowly faded as the mixture was allowed to warm to room temperature and
tnen was stirred under N2 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 addéd tue reaction mixture was al-
lowed to stir 15 minutes, and the flocculent hydroxide removed by centri-
fugation. The precipitate was wasned twice witn 5 ml. vortions of tetra-
hydrofuran, and the combined tetrahydrofuran solutions weire taken to dry-
ness under reduced vressure. The oily product, 242 mg., exhibited ﬁo sig-
nificant absorption in its infrared svectrum between 5.5 and 6.ey. At -

temnts to obtain crystalline material by direct crystallization were unsuc-
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cessful. The product was dissolved in § 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 25 ml. of water and again warmed on
the steam batn for 10 minutes. After cooling, tue reaction mixture was
made basic with N’aHCO3 and extracted several times with CH013. The CHCl3
extracts were combined, washed once with water, and twice with 3 ¥ HC1,
followed by another washing with water. The organic solution was then
treated witn MgSOy and taken to dryness under reduced pressure yielding
1.53 g. of thick oil. The infrared svectrum of the product showed it to
be predominantly benzoic anhydride, with additional veaks at 8.0 and 9:}u.
It was dissolved in 5 ml., of pyridine and heated on the steam bath.

Enough water was added to cause cloudiness, and heating was coniinued for
10 minutes. After cooling the reaction mixture was worked up as before to
yield ca. .9 g. of 0ll. The infrared svectrum of the material clearly
showed a dim;nution in tne 5.b§/&(anhydride carbonyl) peak relative to the
5.%9/L(anhydride and benzoate carbonyl) peak. The pyridine hydrolysis was
repeated for an additional 35 minutes, the vroduct (ca. 500 mg.) exhibit-
ing an almost comnlete absence of the 5.6?;4peak. The material was caro-
matogravned on 15 g. of alumina, and eluted wita two 250 ml. portions of
Sk.B, two 250 ml. portions of 10% ether in Sk.R, and twenty 250 ml. por-
tions of 20% ether in Sk.B. Fractions Y-13 of 20% ether eluates contained
a thick colorless o0il whica very slowly crystaliized to yleld ca. .4 g. of
the tribenzoate of CIII. Crystallization from acetone or methanol af-
forded an analytical samvle, m.p. 97-99°, with an infrared svectrum (see

figure 10) consistent with the assigned structure.
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Anal.

Calculated for 031H2606: ¢, 7-.29; H, 5.30. Found: C, 75.52; H,

5.40.

p-Carboxypnthalonic Acid (XXIII)

The procedure developed by Graebe (23) was emnloyed. From 15.6 g. of
navhthnalic anhydride 5.9 g. of crystalline product was obtained after ex-
tensi;e crystallization of tne crude oxidation products. Rewnsated- crys-
tallization from water afforded an analytical gamplé, m.p. 235-237°d. (Iit.
238°) (23) with an infrared spectrum (see figure 12) consistent witn the
‘assigned structure.

Anal.
Calculated for 0103607: o 50.&3; H, 2.54. PFound: C, 50.19; &,

2.67.

3, 4-Dicarboxynhthalide (CVII)

A mixture of 22 mg. of HgCl, and 332 mg. of zinc dust was stirred
with 5 ml. of water and treated with 1 ml., of 3 M HCl. After stirring for
15 minutes, tne adueous layer was decanted and tue amalgamated zinc washed
free of mercury and zinc salts wita several port}ons of water. A solution
of 15) mg. of b-carboxyphthalonic acid (XXIII) in 1 ml. of water was
poured onto the amalgam and stirred waile 0.5 ml. of concentrated HCl was
. added. After a few minutes tne clear solution had become quite milky and
a precipitate soon became amnarent. The constant H2 evolution caused tae
golids to form a frotny foam whicn slowly fillec tae reaction vessel. Oc-

casional stirring broke uv the foam. After hS-bO ninutes, the suspension

wag transferred to a centrifuge tube and centrifuged. Tne resultant pre-
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cipitate was wasned twice with ice-cold water to remove inorganic salts,
and tnen dissolved in acetone. The acetonse soiutioﬁ wasg centrifuged to
remove particles of zinc amalgam. The aceton9 was evavorated to yleld 131
ms. of crude 3,4-dicarvoxyohtnalide (CVII). Repeated crystallization from
water afforded an analytical samvle whicn, upon heating decomposed at 210-
215° with the evolution of (O, and resolidified, melting finally at 233-
23b°. The product of decarboxylation was snown by melting noint, mixed
melting voint, and infrarzd spectrumlto be identical with Y-carboxyonthal-
ide (IXXIII) which could be obtained by merely subliming the diacid above
220°. The infrared svectrum of tne diacid (see figure 13) was consistent
with the agsigned structure.
Anal. .

 Calculated for 0103906: C, 54.0b; H, 2.(2. TFound: C, 53.83; H,
2.88.

Upon treatment of},k-dicarboxyphthalide (CVII) in tetrahydrofuran
with an excess of diazomethane in ether-tetrahydrofuran and evaporation to
dryness under reduced pressure a crystalline product was obtained. BRe-
veated crystallization from methanol yielded an analytical samvle with m.p.
113—11b°, and an infrared spectrum (see figure 13) consistent with the as-
slgned structure,

Anal.

Calculated for CyoHyn0u: O 57.60; H, 4.03. Found: C, 57.7b; H
4.21.

By a similar procedurs the trimethyl ester of 6-carboxyphthalonic ac-

1d (XXIII) could be vrevared. It had a m.p. 145-14/°(Iit. 1%°) (26) and

an infrared spectrum (see figure 13) consistent with the assigned struc-
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ture.
Anal.
Calculated for CI3H1207: C, 55.72; H, 4.32. Found: C, 55.71; H,

4.4%0.

Pyrolysis of 6-Carboxyvhtnalonic Acid (XXIII)

A small sublimation apraratus was charged wita 1.0b g. of b-carboxy-
chthalonic acid (X{III). The vessel was introduced into an oil batn pre-
viously heated to >250°. The temperature dropped and was held at 250°
throughout the vyrolysis. After a few moments the compound began to fuse
slowly and evolve gas. After tne reection had subsided (3-5 minutes), the
vessel was cooled and the residue weighed: 7do mg. The condenser of tne
subiimation apparatus had collected 28 mg. of waite material, m.p. 155~
163°. The residue was extracted wita 7 ml. of warm water in U portions to
leave 109 mg. of material. This was wasaed several times witn acetone to
aftord 81 mg. of a light yellow vowder whicn was soluble in base, wnerein
it formed a reddish-orange solution, and could be recovered unon acidifi-
cation. It failed to melt below 3600, and was oresumed to be Grasbe's
"dilactone" (XXVII).

The sublimate, aqueous and acetone wasaing were combined, nreadsorbed
and chromatogravhed on 30 g. of silicic acid. The co}umn was eluted with

(]

100 ml. fractions of eluate. Two Sk.B, two 20% ether-Sk.B and two LO
ether-Sk.B fractions afforded only oils. ZElution wita twenty-five 50%
ether-Sk.B fractions afforded solids. The column was eluted finally with
two fractions of etner and two of acetone.

Crystallization of fractions 1-5 of 50% ether afforded 10& mg. of k-
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carboxyontnalide (TX¥ITI) while b-11 contained materials melting at ca.
220°. TFractions 12-13 gave 56 mg. of aldeayde (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-
jds. The mother licuors and all unresolved solids and oils were combined
and rechromatozranhed as above to yield 12 mg. of U-carboxyohthalide, 34
mg. of Graebe's aldehyde and 59 mg. of nemimellitic acid after crystalli-
zation. The materialsg melting in the 220° range would not sevarate up;n.
recrystallization. Taney amounted to ca. 30 mg. and were not cheracterized
furthe}. Thus the pyrolysis afforded &) mg. of dilactons, 120 mg. of L-
carboxyonthalide, 225 mg. nemimellitic acld, 90 mg. of Graebe's aldehyde
and ca. 300 mg. of unsevarated olls and solids.

Hemimellitic acid and U-carboxynhtnalide were identified by melting
noint, mixed melting voint witn authentic material and infrared snectra.

An infrared svectrum (see figure 14) of the aldehyde was obtained but

the comvound was not characterized any further.

2-Vetnylisophtnalic Acid

The procedure of Elderfield (27) was modified slightly. b-Carboxy-
phthalonic acid (XXIII), 111 =g., was hented at 250° unti) bubbling had
ceased, the entire residue dissolved in 3 ml. of 10% sodium hydroxide so-
lution at 90°, 302 mg. Raney nickel alloy added in small portions over an
80 minute period, and the suspension allowsd to stir at 90°for an addition-
al hour. The solution was decanted from tne nickel residue and tue latter
washed twice with water. The combined basic solutions were concentrated

to ca. 2 ml. and added raoidly to 3 ml. of concentrated HCl. Upon vigor-
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ous stirring a tnicic vaste was obtained whica was wasned saveral times
with small vortions of ice-coid vater. The residue, ca. 13 mg., was sub-
limed to yield 7 mg. of a substance waich, unon recrystzallization taree
times from water afforded material with m.p. 837—2&6’ (14¢. 23b—238°)
(27). The infrared spectrum of the comoound (sse figure 14) was consist-
ent with the assigned structure (sze Discussion) but different from taat
of U-carboxyvhthalonic acid (TXXIII). Admixture of txne two compounds

brouziht about a denression in melting voint.

Y-Carbomethoxyohthnalic Anhydride (CXXI)

A solution of 290 mg. of nemimellitic annydride (XVII) in tetrahydro-
furan, fresnly distilled from TiAlH),, was treated with an excess of diazo-
methane in dry ether-tetrahydrofuran 1:1. The excess diazomethane and
solvents were removed under reduced prescsurs and the residue was crystal-
lized from aceﬁone to give 156 mg. of crude U-carbomethoxypnthalic aniy-
dride (CXXI) m.p. 138-143°. Upon reveated crystallization from acetone,
an analytical samole was obtained, m.p. 143-145°%, whici exhibited an in-
frared spectrum (ses figzure 11) consisteant with the assigned structure.
Anal.

Calculated for ClpoO5: C, 53.20; H, 2.93. Found: C, 58.2b; H,

3.00.

3-Carbometnoxyohthalic Acid (CXXII)
Crystallization of UY-carbomethoxyvhthalic anhydride (CXXI) from aque-
ous acetone afforded crude 3-carbomethoxyphfhalic acid (CXXII), m.p. 19u4-
199°. The melting point was quite devendent on the rate of heating. Its

wide range was due vrobably to a combination of slow crystal transforma-



117

tions and décomposition near the melting voint. Sublimation Yed to U-car-
bomethoxyphthalic annydride (CXXI) identified by melting point, infrared
spvectrum and failure of the melting voint to be depressed upon admixture
with authen;ic anhydride. Purification was accomplished eesily by first
subliming the crude acid and crystallizing the sublimate from acueous ace-
tone. Repeated crystallization from acetone afforded an analytical sample,
m.p. 193-204d., with an infrarsd soectrum (see figure 11) consistent with
tne assigned structure.

Anal,

Calculated for CIOHSOb: C, 53.58; H, 3.60. Found: C, 53.4b; H,

3.53.

Dimethyl 3-Carboxypnthalate (CXXIII)
Crystallization of 4-carbomethoxyphthalic anhydride (IXXI) from meth-
. anol afforded a new vroduct, m.p. 157—1b3°. Concentration of tne mother
iiquors gave additional material, but successive crops were progressively
more rich in a second comvonent. Tue latter, isolable in ca. 10% yield,
was shown to be Graebe’s dimethyl ester XX (7) by comparison of melting
point, infrared spectrum, and fallure of the melting point to be depressed
upon admixture with authentic material. The major comnonent, upon re-
peated crystallization from ether afforded an analytical samvle, m.p. lb0-
163° which was depressed uvon admixture with authentic dimethyl ester pre-
pared by Graebe's procedure,/and which exhibvited an infrared snectrum (see
figure 12) consistent wita tne assigned structure but different from the
Graebe diester snectrum (see figure 12). Upon sublimation, UY-carbometh-

oxyochthalic anaydride (CXXI) was obtained and identified on the basis of
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melting point, mixed melting woint and infrared spectrum.
Anal.
Celeulated for Cp;Hy,0c: Cs 55.46; H, 4.23. Found: C, 55.30; H

4.37.

2-Carbometnoxyisovhthalic 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 anmalytic sample m.p. 204-210° (Iit. 203-20%) (7). The
melting point was devnressed uvon admixture witi 3-carbomethoxyphthalic ac-
id (CXXII). Upon sublimstion, hemimellitic anhydride (XVII) was obtained
and identified on the basis of melting point, mixed melting voint, and in-
frared spectrum. The infrared spectrum of the ester (see figure 11) is
consistent with the assizned structure and different from that of 3-car-
bomethoxypnthalic acid (CXXII) (see figure 11).

Anal.
Calculated for Cloﬂgob: C, 53.58; H, 3.60. Found: C, 53.38; H,

3.03.

Dimethyl 2-Carboxyilsophthalate (XX)
A solution of 200 mg. of hemimellitic acid (IV), oreviously dried at
100 for 8 hours, in absolute methanol was saturated witn gaseous HCl and
allowed to stand in a stoonered flask at room temverature for 14 nours.
Upon concentratlion, the reaction mixture afforded 3 crove of material, 115
mg. with m.p. 1“#-1553 Reveated crystallization from etner gave an ana-
lytiégl sample, m.p. 148-153° (I14it. 148-150°) (7). The melting voint was

depressed upon admixture with dimethyl 3-carboxyvhtnalate (CXXIII). Uvon
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sublimation, Y-carbomethoxyohthalic annydride (CXXI) was obtained. The
diester exhibited an infrared spectrum (see figure 12) consistent with the

assigned structure, but different from that of dimetayl 3-carboxypnthalate

(CXXIII).
Anal.
Calculated for CyyH50y: ©C» 55.46; H, 4.23. Found: C, 55.74; H,

4.1k,

Sodium Borohydride Reduction of the
Diester Acid Chlorides

A mixture of 132 mg. of dimethyl 3-carboxyvunthalate (CXXIII) and 10
ml. of freshly distilled tihionyvl cnloride was stirred with heating at 80-
90° for U hours. Tae solution was taken to dryness under reduced pressure
and dissolved in § ml. of dry diglyme. The ester acid chloride solution
was stirred and>heated at 75° while a centrifuged solution of 37 mg. of
sodium borohydride in dry diglyme was added. Stirring and heating were
meintained for 1.5 nours, and water was then added to the reaction mix-
ture. The solution was taken to dryness under reduced vressure and the
residue partitioned between CHCIB and water. The adueous lay:r was ex-
tracted several times with CHCI3 and the combined GHC13 solutions treated
witn MgS0y and taken to dryness under reduced vressure, ylelding 80 mg. of
0il. The oll was dissolved in methanol and concentrated, giving upon cool-
ing 10 mg. of crystals, m.p. 1h5-173°. Further concentration afforded ca.
24 mg. of crystalline material, MePe 95—1010. The oils did not afford any
additional material. Crystallization of tane two fractions sevarately

showed them to be primarily the two carbomethoxyphtnalides obtained previ-
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ously. Thus ca. 12/ of thne matsrial 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-
vertad to the acid caloride and reduced with sodium borohydride. Three
croos of crystals were obtained from 102 mg. of oil isolated from the re-
action by the procedure descrived above: U2 mg., m.p. 95-105°% 5 mg.,
m.p. 92-10&0, with part not melting until 150°, and 3 mg., m.p. 92-102°.
Upon purification the fractions were found to be vredominantly 7-carbo-
methoxyvhtaalide. The higher melting component could not be ourified di-
rectly and its identity as l-carbomethoxyphthalide was not proven. How-
ever, yields of crystalline material showed that ca. U5% of the reduction

had occured on the outer carbon and less than 5% on the central carbon.
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SUMMARY

The Diels-Alder adduct of maleic acid and furfurylamine acetate, upon
treatment with sodium hypolodite undergoes cyclization to form an iodolac-
tone. Through a series of reactions, a benzenesulfonamidometnylacetylben-
zoic acid can be obtained, tae structure of which depends upon which car-
boxyl grouv in tne Diels-Alder adduct undergoes lactonization. The syn-
thesis of the aromatic acid, and hence, proof of structure of the adduct,
is oresented.

Attempts to synthesize 2-95-hydroxyethyl-)-1,3-dihydroxymethylben-
gene, tae key intermediate 1n a proposed synthesis of erythrocentaurin,
are presented.

During the course of these investigations, tane chemistry of hemimel-
litic acid and 6-carboxyvhthalonic has been studied. The resulting com-

pounds, useful as possible synthetic intermediates, are discussed.
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