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Sunmary

Structural studiss on two isomeric, antimalarial alkaloids,

febrifugine and isofebriiugine, lsolated from Dichroa febri-
fugzas have been continued. The hasic structurc of hoth
alkaloids 1s proposed To e 3~[/5-Keto- ~ -(3-hydrcey~2-pinsri-
dyl)propyl]»4~quinazalone, and the relationsalp of febrifugine
and isofebrifugine to this gtructure 1s discussed.

Febrifugine is shown to be polymorphic, and svidence 1s

pressnted that the alkalcid ~f-dichroine, from Dichros febri-

fuza, 1s not chenically distinct, but a nmixture of two of the
crystalline modif'lcations of febrifugine.

The synthesls ©i some 3-substituted-4-quinazolones is

4]

0

described. Thsse are shown to he unreactlve to Lenzenesulfonyl

{

chloride, while the parsnt substance, 4-guinazolone, forus
3~benzenssulfonyl-4-qguinazolone. The structure of a hydrolysis
product of the latter compound 1s proposed to he N-(N’Qformyl~
o-aninobenzoyl)benzenzsulfonanide, and the synthesis of this
gitd of suwe relatsd cuwpounds 1s described,

The synthesis oif somne 3-azinoquinolines related to iso-

lasmceld was carried oult as part o a coonerative project to

i
w

study thelr wetion on experimental poliomyelitis in monkeys,.
These compounds were tested elsewhere and found to he without

specific activity.
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PART I, STRUCTURAL STUDIES ON FEBRIFUGINE AND ISOFEBRIFUGINE,

ALKALOIDS FROM DICHROA FEBRIFUGA

Section 1

Introduction

The present investigation on Dichroa febrifuga has been

a collaborative investigation under the direction of Dr. J. B.
Koepfli since 1942. Those taking part have been Dr., James F.
Mead, Dr. John A. Brockman Jr., Dr. James Moffat, and the
author.

The isolatlon and characterization work and the preliminary
structural studles were carrled out principally by Drs. Mead
and Brockman and are described in detail in Dr, Brockman's
thesis (1) and in publications (2,3). The studies leading to a
proposed structure were carried out primarily by Dr. Hoffat and
the author. A portion of this work and a proposed structure
has been published in a comnunication (4).

For purposes of continuity and clarity of presentation,
this thesis takes up where Dr. Brockman's thesis ended and
describes work carried out by Drs. Brockman, Moffat, Koepfli,
and the author. 1In the experimental sections, experiments
carried out by collaborators other than the author will be
designated by suitable initials.

The knowledge of the structures of febrifugine and
isofebrifugine at the time of the writing of Dr. Brockman's
thesis may be briefly summarized as follows:

1. The empirical formula. Both febrifugine and lso-




D

febrifugiane have the same empirical foraulsa, C15H1903N3.
Furthermore, the alkaloids are easlily interconvertible on

warming ia solution,

2. resence of a Secondary Aliphatic Amine. Both
compounds glve varlous tests characteristlic of a secondary
aliphatic amine, including the formation of nitroso compounds
with sodium nitrite and hydrochloric acid. Both form diben-
zenesull'onyl derivatives which are insoluble in dilute hydro-
chloric acid and dilute sodium hydroxide. Both have a bhasic
group of pKg 6.3.

3. The Aromatic Portion of the Molecule is a 3~Substi-

tuted~4~quinazolone.

a) Both are oxidized by aqueous alkaline perman-
ganate at room temperature to 4-quinazolone. When the
alkaloids are heated for & time above the melting point
in vacuo, 4-quinazolone sublimes out,

b) The ultraviolet absorption spectra of the
alkalcids and of 4-quinazolones are very similar. The
absorption spectrum of 3-substituted-4-guinazoclone gives
the best agreement (fig. 1), the position of the extremes
agreeing within 1 nap.

¢) Alkaline hydrolysis of either alkalold gives a
good yield of anthranilic acid, a low yield of ammonia,
an unknown yleld of formic acid, and oils and resins.

d) The alkaloids and dihydro-alkaloids are not
readlly soluble in dilute base in contrast to 4-quin-

azolones unsubstituted in the 3-position,
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Figure 1. Absorption spectra in absolute ethanol:

(1), 2-methyl-4-quinazolone; (2), 3-allyl-4-quinazolone;
and (3), febrifugine.
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e) The alkaloids and the dihydro-~alkaloids are
quite easily hydrolyzed at room temperature in 2.5N
sodium hydroxide. Hydrolysis of 4-quinazolones
unsubstituted in the 3-position is normally much slower.

4, xygen Functional Groups. DNeither alkaleid gives a

positive spot test for aldehyde or methyl ketone. Febrifugine
forms an oxime and a semicarbazone; 1lsofebrifugine does not.
Both compounds reduce Tollens' reagent.

Both compounds give only dibenzenesulfonyl derivatives.,
Presumably one benzenesulfonyl group is attached to the
secondary amine nitrogen, and the other to one of twe atons,
either an oxygen which was originally a hydroxyl group or the
l-nitrogen of the quinazolone ring.

Thus, in addition to the quinazolone oxygen, there 1s 1n
febrifugine a ketone and a hydroxyl group. In isofehrifugine,
a hydroxyl group is indicated.

5. Catalytic (Pt) Hydrogenation. Both alkaloids in

ethanol take up one mole of hydrogen, but crystalline dihydro-
products are not quantitatively isolated. In glaclal acetic
acid, febrifugine absorbs one mole of hydrogen but iso-
febrifugine absorbs 2 or more.

Presumably, the reduction has not affected the quinazolone
portion of the molecule as the absorption spectra of the
crystalline dihydro-conpounds are very similar to the original
alkaloids. After reduction, nelther compound reduces Tolleng'
reagent, and febrifugine has apparently lost its keto-function.

4

6. Hydrolysis of Dihvdrofebrifugine. Alkaline hydrolysis
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of dihydrofebrifugine gives anthranllic acid, formic acid,

no anmonia or other volatile base, and a very water soluble
fragnent which gives a crystalline benzenesulfonyl derivative
of the empirical formula CogHpgOnS3Np (tentative).

7. Perlodate Oxidation. Oxidation of febrifugine or

isofebrifugine with periodate in basic solution uses four
equivalents of oxidizing agent, and yields a crystalline
product which is tentatively assigned the formula Cj1H;505N2.
It appears to be a 3-substituted-4~-quinazolone,

8. Best Partial Formulag.

l/\l/\zq-c7H12(NH) (0H) (Cz0)

\\//\N/’

Febrifugine

0
]

/
\

I/ “ “N-CgHy,0(NH) (0H)
N

Isofebrifugine

The research leading to the elucidation of the structures
will be presented in sections for the purpose of readability.

The material is roughly arranged in chronological order, though
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experiments of a simllar nature are grouped even though this
disturbs the chronology. The deductions to he drawn from the
experimental work are presented in each section, but the
correlation of the experimental data with a proposed structure

is reserved for the end as was the case chronolcgically.*

* Subsequent to the elucidation of the structure of
febrifugine (4), but prior to the writing of this thesis, a
group at Lederle Laboratories (Division of American Cyanamid)
published a series of papers on "&n Antimalarial Alkaloid from
Hydrangea' (5-19). 1In this series of papers the isolation,
degradation, and synthesis of an alkaloid and some analogues
was described. The authors of these papers identify this
alkaloid as febrifugine. Certain of the degradations given 1in
this thesis are also contained in their series of papers. The
degradative work done by them however was carried only to the
point where a limited number of probable structures could be
written for the alkalold and these were synthesized as the
optically inactive modifications. Thelr proposed structure,
confirming ours (4), was the culmination of some excellent
synthetic organic chemistry, though their comparison of the
optically inactive synthetic product with the natural material
left something to be desired.

During the writing of this thesis a second series of
papers by the above group appeared (20-23). In these papers,
the preparation of additicnal analogues and iscsters of
febrifugine and the preparation of optically active febrifugine
and isofebrifugine was described. A structure for iso-
febrifugine was proposed.
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Section 2
Investigations of the Dibenzenesulfonyl Derivatives of
Febrifugine and Isofebrifugine

The alkaloids both readily form dibenzenesulfonyl
derivatives (1,3). The non-baslc nature of these derivatives
suggested that one of the benzenesulfonyl groups had reacted
with the l-nitrogen of the quinazolone ring (1).*

Oxidative degradation of dibenzenesulfonyliscfebrifugine
gave an excellent yield of benzenesulfonamide and a moderate
vield of & material tentatively identified as sodium benzene-
sulfonate. This confirms the attachment of one of the
benzenesulfonyl groups to a nitrogen and suggests that the
second was on an oxygen.

Later work (part II of this thesis) showed that 3-sub-
stituted-4~-quinazolones do not react with benzenesulfonyl
chloride under the conditions used in the preparation of the
dibenzenesulfonyl derlvatives of the alkaloids., In addition
it was shown that 3-( @-benzenesulfonoxyethyl)-4-quinazolone
is insoluble in 1N, 3N, or 6N hydrochloric acid.

The insolubility of the dibenzenesulfonyl derivatives of
the alkaloids in acid is thus not good evidence that the
l-nitrogen is substituted. The base strengths of 3~-substi-

tuted-4-quinazolones have not bccn determined, but the pKyg of

* In the case of rutacarpine, a monoacetyl and a monoben-
zoyl derivative involving the l-nitrogen of the 4-quinazolone
portion are formed (24). 1In this case, however, the quinazolone
is already substituted at the 2-and 3-positions and a double
bond is formed elsewhere in the molecule, replacing that at the
1-nitrogen. :
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4-quinazolone itself is about 11.7, and the alkalolds have

a second basic constant of pKp, 12 (3). The water solubility
of the free base thus becomes a factor in the solubllity in
acld media.

It is believed that the dibenzenesulfonyl derivatives do
not involve the 1-nitrogen. The complete inertness of simple
3-substituted-4-quinazolones to benzenesulfonyl chloride under
‘similar conditions is very strong evidence in favor of this
conclusion.

Attempts to hydrolyze with hydriodic acid or to make the
oximes of the dibenzenesulfonyl derivatives failed to yield
arystalline material. In the case bf dibenzenesulfonyliso-~
febrifugine, starting nmaterial was almost quantitatively
recovered after heating with hydroxylamine hydrochloride

in pyridine at 70° for two hours.

Experimental*

Oxidative Degradation of Dibenzenesulfonylisofebrifugine

(JAB). A solution of 101 mg. of dibenzenesulfonylisofebri-
fugine, 270 mg. of potassium permanganate (10 moles/mole),

9 ml, of water, and 1 ml, of 10% sodium hydroxide was heated
on a steam bath until all permanganate color was gone (1%
hours)., On acidification with sulfuric acid, a gas was

evolved, presumably carbon dioxide., After the manganese

* Melting points were in general taken in thin-walled
capillary tubes in an electrically heated copper block and
are corrected. The rate of heating was one degree per minute
at the melting point.
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‘dioxide was dissolved by the addition of sodium bisulfite,

a crystalline residue remained. This residue after washing
with water and drying weighed 38 mg., and melted at 181-183°
with no depression on admixing with starting material (m.p.
182.5-183.5°)., The aqueous solution was extracted continuously
for 4 hours with ehloroform. TFvaporation of the chloroform
yielded 15 mg. of solid which on crystallization from ethanol-
benzene and from agueous ethanol melted at 149.5-151° and gave
no depression on admixing with an authentic sample of benzene-
sulfonamide.

The aqueous phase, after the extraction with chloroforn,
was made strongly alkaline. No significant amount of material
could be extracted with chloroform, nor could anything be
extracted after neutralization with carbon dioxide. The aqueous
phase was then evaporated to dryness on a steam bath and the
s0lid residue extracted with 25 ml. of hot acetonitrile.
Bvaporatlon of the acetonltrlle gave a white crystalllne solld,
very soluble in water and soluble in methanol, but not very
soluble in other organic solvents. It was recrystallized from
hot ethanol to give 9 mg. of platelets which did not melt
below 300°, A fusion test indicated the presence of sulfur.
Its most probable identity is sodium benzenesulfonate, Thus,
on the basis of unrecovered starting material, 884 of benzene-
sulfonamide and 26% of sodium benzenesulfonate (tentative) was

isolated.
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Section 3
Phthalic Anhydride Adducts of Febrifugine and Isofebrifugine

Febrifugine and isofebrifugine each form an adduct 1n
excellent yield on heating with phthalic anhydride in
acetonitrile. The melting polnt and mixed melllng point
behavior would indicate that the two adducts were possibly
the same compound. Acid hydrolysis, however, regenerated the
respective alkaloids 1n good yield, precluding any possibility
that the adducts are the same.

The analysis indicated the addition of one phthalic
anhydride as was expected. There is some guestion, however,
whether the compounds are phthalamic acids, the expected
products. Both adducts give a positive spot test for a
primary or secondary amino group.* In addition, the absence
of the phthalic acid molety on an oxidative fragment containing
the secondary amine (sect. 4) would indicate that the adducts
are half phthalate esters. This formulation is somewhat
surprising both for the lack of reaction with the secondary
amine and for the fact that isofebrifugine has long been
tentatively formulated as a hemiketal because of the lack of a

demonstrable carbonyl group. This would mean that the phthallc

* This test depends on the formation of a non-volatile
dithiocarbamate by reaction with carbon disulfide (25a).
Apparently some amides interfere, for acelanide and 4-quin-
azolone were both shown to give the test. However, the test
was very strong in the case of the phthalic anhydrlde adducts.
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anhydride reacted with the hydroxyl group of a hemiketal
structure in prsference to what has been thought to be & non-
hindered seconfary amine. B. R. Baker and co-workers have
recently confirmed our belief that isofebrifugine exists as

a hemikestal (23).

Experimental*

Phthalzatzs adduct of Igsofebrifugine (JAB). A solution of
105 mg, of isofebrifugine, 55.8 mg., of phthalic anhydride,
and 5 ml, of acetonitrile was boiled for 15 seconds., On
cooling, 152 mg. of crystals separated, which after recry-
stalllization from methanol melted at 195-197° (with decompo-
sition). WNo material would extract into chloroform from an
alkaline solution, thus indicating the adduct not to be a
phthalate salt of isofebrifugine,

Apal. Calcd. for Cp,Hp306Ny3 C, 64.13; H, 5.165 N, 9.35.
Found: C, 65.295 H, 5.58; N, 9.58,

For comparison purposes, the adducts of febrifugiﬁe and
isofehrifugine were prepared in parallel. The derivative of
febrifugine melted at 195-196°. A roughly 1:1 mixture of the
two melted at 194-196.5°, Decomposition at the melting
point made accurate comparison difficult.

Into a 3.5 mm. (i.4.) capillary tube, 21.3 mg. of the

phthalic anhydride adduct of isofebrifugine and a 20 mm.

* Microanalyses were carried out by Elek Micro Analytical
Laboratory, Los Angeles, and G. A. Swinehart and the late

G. Oppenheimer, Division of Biology, California Institute of
Technology.
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column of 6N hydrochloric acid were introduced. The tube was
sealed and heated for 2 hours 1n a boiling bath of 6N hydro-
chloric acid. On coovling and shaking, 5.9 mg. of crystals
separated, These softensd at 165°and melted at 177-187° but
after allowing to solidify, remelted at 130°, indicating the
material to be phthalic acid. The aqueous scolution was made
basic with 10% sodium hydroxide and extracted five times with
equal volume portions of chloroform. After drying with
sodium sulfate, the chloroform solution was evaporated to an
o1l and treated with acetone, yielding 10.8 mg. of crystals
melting at 129-131°, and showing no depression on mixing with
a sample of isofebrifugine. The yield of isofebrifugine was
thus 76% and of the presumed phthalic acid, 75%.

In a similar manner 9.3 mg. (74%) of febrifugine was

recovered from 18.8 mg. of its adduct with phthalic anhydride.
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Section 4
Oxidative Degradation of the Alkalolds other
than with Periodate

Previous oxidation studies on the alkaloids (3) had
shown that oxidation with permanganate produced 4-quina-
zolone., As yet, no workable fragment containing the non-
quinazolone portion of the molecule had been obtained. Hydro-
lytic degradation of the alkaloids seemed infeasible because
of the resins produced, and hydrolyeis of the dihydroalkaloilds
had failed to supply an answer (1), Oxidative degradation was
returned to in the hope of isclating fragments containing the
gsecondary amine.

Small test experiments established that febrifugine and
isofebrifugine are oxidized by selenium dioxide, while dihydro-
febrifugine, the periodate oxidation produect (sect. 5) and the
phthalic anhydride adducts of the alkaloids are not. It was
hoped that selenium dioxide would preferentially attack the
postulated methvlene group attached to the quinazolone ring,
but no crystalline material could be isolated from a somewhat
larger scale oxidation of isofebrifugine.

Since at the time it was believed that the phthalic
anhydride adducts were phthalamic acids, 1t was felt that the
presence of thils group might lend some stability to oxidative
fragments and verhaps improve the crystalline properties of
any fragment., Permanganate oxidation of the adduct of
isofebrifugine gave a small yield of the acld phthalate salt

of 4-quinazolone, and a small amount of & sublimable amine
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hydrochloride.

The amine hydrochloride, though apparently from the
non-quinazolone portion of the alkaloid, did not appear to
contain the phthalate adduct, Accordingly, isofebrifugine
was oxidized in a similar manner, and the same amine hydro-
chloride was obtained. 1In addition, from the oxidatlion of
isofebrifugine, was isolated a smell yield of 4-quinazolone-
J-acetic acid.

The sublimable amine hydrochloride was very water soluble
and optically active, 8Spot tests indicated the presence of an
ionizable chlorine, a secondary (or prilmary) amine, and an
ester linkage (25b). Analysis indicated an empirical formula
of C7H1102N.H01. The C7 formulation was substantiated by
a saponification equivalent. The ultra-violet absorption
spectrum 1in water was quite non-characteristic, showing very
1little absorption in the near ultraviolet region. The compound
slowly decolorized alkaline (0.2) potessium permanganate.

On warming the compound with dilute alkalli, no ammonla or
volatile amine was detected. On pyrolysis, the materlal gave
a positive pine splinter test for pyrrole.

Although the alkaloids have no C-methyl groups (Kuhn~-
Roth) the amine gave a positive iodoform test. That this
wag no artifact was shown by the actual isolation and identi-
fication of iodoform after reaction with lodine in alkalil.

The iodoform test does not, however, require the original
presence of a methyl ketone. If a compound is capable of

generating such a group by oxidation and cleavage the compound
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will show the reaction (26). Thus certailn amincs analogous
to the known type of alcohols giving the test, yleld iodoforam
(26). Dibenzoylmethane and analogous compounds give the
reaction by cleavage (26).

After alkaline hydrolysis, the sublimable amine hydro-
chloride very slowly consuues a small amount of periodate.
The reduction of & small amount of periodate indicates that
the molecule probably contains a group intrinsically capable
of oxidation by pericdate but hindered sterically. It may
mean nothing as certain compoundas not having an &-glycol or
a vicinal amino alcohol structure react slowly with periodic
acld, though usually elevated temperatures are required (27).

Thus, a considerable amount is known about the sublimable
amine hydrochloride. Since 1t is non-aromatic it undoubtedly
carries the third nitrogen and is thus probably a secondary
amine, The empirical formula, in connection with the slow
reaction with permanganate, indicates a bileyclic compound,
probably a lactone. The campound thus very likely contains
a plperidine or pyrrolidine ring fused with a ¥ -or &-
lactone ring. The pine splinter test would indicate the
pyrrolidine ring, but is not very reliable, especially on
material which has been pyrolyzed, Either formulation would
suggest two centers of asymmetry, thus indicating at least this
aumher in isofebrifugine.

Oxidation of febrifugine with permanganate did not yleld
any of the lactons obtalned from isofebrifugine nor did the

mother liguors contain more than a trace of esters. In
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addition to 4-guinaszolone and 4-~quinazolone-~3-zcetic acid,

a small yvield of an unidentified fragment was obtained, This
fragment was very water soluble and difficult to purify and
was not obtained pure in amounts sufiicient for analysis. It
is apparently an amino acid and sublimable as the hydro-
chloride, It ls optlcally active and ovpposite in sign (though
not equal) to the lactone from iscfebrifugine.

The absence on oxidation of febrifugine of any of the
lactone obtained from isofebrifugine is considered to be a
significant result., The failure to obtain more than a trace
test for esters from solutions where the lactone would have
appeared shows that the oxidation proceeds differently with
febrifugine and isofebrifugine. It 1s not 1likely that the
fragment from febrifugine 1s merely the open form of the
lactone from isofebrifugine, The conditions of isolation
(sublimation under acld conditions) would be expected to form
the lactone ring (especially as the structures of the
alkaloids, deduced later from other evidence, indicate that
the product from isofebrifugine is 3~hydroxypiperidine-
2-acetic acld lactone, thus a ¥ -lactone).

The different course of the oxidation 1n febrifugine
and isofebrifugine could have its baslis in one or hoth of at
least two factors. If the difference between febrifugine and
isofebrifugine 1s merely that febrifugine is a hydroxy ketonhe
and isofebrifugine is the corresponding hemiketal, the
oxidation could well proceed quite differently, for at the

least there would be in febrifugine an unprotected hydroxyl
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group (later shown to be secondary). A second possibility
is that febrifugine and isofebrifugine differ in configuration
about one of the centers of asymmetry. If this is the case
then perhaps the substituents of the saturated heterocyclic

ring are trans in the case of febrifugine and cis in the case

of isofehrifugine, making the formation of cyclic structure

difficult in the former case. The opposite sign of rotation
of the two fragments is probably not significant as concerns
possible differences in configuration.*

The isolation of 4-quinazolone-3-acetic acid and the
lactone sccounts for all the carbon, oxygen and nitrogen
atoms in isofehrifugine. The carbaoxyl group of each fragment
presumably represents the same carbon atom in isofebrifugine

and suggests that this is a masked carbonyl function.

Experimental

Permanganate Oxidation of the Phthalic Anhydrids Adduct

of Isofebrifugine (JAB). & solution of 0,62 g. of the phthalic

anhvdride adduct of isofebrifugine in 5 ml. of water was made
basic with 1.2 ml., of 2.5N sodium hydroxide, Saturated aqueous
potassium permanganate was added dropwise at room temperature
until a permanent (2-3 minutes) pink color was obtained (7.2
ml. required). The excess permanganate was removed with

hydroxylamine hydrochloride. Manganese dioxlde was removed

* B, R. Baker and co-workers have recently presented
evidence that febrifugine and isofebrifugine have the same con-
figuration about their centers of asymmetry and have proposed
that febrifugine is a hydroxy ketone and that isofebrifugine

i1s the corresponding hemi-ketal (22, 23).
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by filtration, and the solution neutralized with carbon
dioxide, causing a preclpitate. The solution was extracted
with ether. The ether was evaporated and the residue
combined with the above precipitate to give 153 mg. (76%) of
4-quinazolone (identified by melting point and mixzed melting
point)., The aqueous solution was acidified to pH 1-2 with
12N hydrochloric acid and extracted five times with 40 nl,
portions of ether. Evaporation of the ether yielded 30 mg.
of solid which on crystallization from hot ethyl acetate and
hot butanone, combined with sublimation (120-1409/0.2 wm.)
gave a few milligrams of a compound melting at 178-183° with
decomposition,

Anal.: Caled. for CygHy505No3 G, 61.5; Hy 3.9 N, 9,0,
Found: C, 61.82; H, 4.12; N, 8.94.

The acidic aqueous solution was evaporated to dryness
and the dry solids extracted with hot ethanol. Evaporation
of the ethanol vielded 263 mg. of solid, This, on dissolving
in about 1 ml. of ethanol znd adding 1 ml, of acetone, gave
21.5 mg. of crystals. Sublimation of the crystals (150°9/

0.6 mm.) and crystallization from ethanol yielded 10.6 ng.,
nelting at 236.5-2389 (dec.).

Apal. Caled. for C7H1202N01: c, 47.33; H, 6.81; W, 7.89;
Cl, 19.96. Found: C, 47.97; H, 7.023 N, 7.99; Cl, 19.81.

Later a saturated solution of 4-quinazolone in esthanol
added to a saturated alecoholic solution of phthalic acid
slowly precipitated a light fluffy solid which melted at 182~

183°. The 178-183° material was not available for comparison,
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bbut was presumably (by analysis and melting point) the acid
phthalate salt of 4-quinazolone.*

Permnanganate Oxldation of Isofebrifugine (JAB). To a

solution of 1.00 g. of isofebrifugine (3.32 millimoles) in

30 ml. of water containing 3.3 ml. of 1N hydrochloric acid,
was added 6.0 ml. of 5% sodiun carbonate. A mixture of 66 ml,
of 0.10F potassium permanganate and 3.3 ml., of 1 hydrochloric
acld was added dropwise with stirring over a period of 40
minutes, 4 few drops of 10% sodium hydroxide werc added
occasionally to keep the solution slightly basic. A little
hydroxylamine hydrochloride was added to clarify the solution
and it was then filtered through sintered glass and the
manganese dioxide washed with water, The combilned filtrate
and washings were then saturated with carbon diocxide and
extracted four times with 250 ml. portions of chloroform to
remove 4-quinazolone. The agueous phase was made acid with
125y hydrochloric acid and evaporated with a stream of air on

a steam bath. During this evaporation, the mixture became
quite dark. It was evaporated down once with ethanol and the
portion soluble in 80% ethanol was transferred to a sublimation
pistol and sublimed 8 hours (150-170°/0.1 mm.). A second

crop was obtained by subliming an additional 5 hours. The

* Though 4-quinazolone 1s qulte soluble in dilute acid,
its basic strength is about pKyg 11.7 and thus would not bhe
difficult to extract from a pH 2 solution. It is probgble
that the 4-quinazolone and the phthalic acid were extractzd
independently into the ether. The solubility of 4-quinazolone
in water and ether is comparable (about 0.2-0.5%) so that the
original extraction of the neutral solution would not have
quantitatively removed the 4-quinazoloune,
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two sublinates were dissolved in hot 1:1 ethanol-water,
evaporated to thick olls and treated with about equal volumes
of acstone. The first sublimate produced 162 mg. and the
second 12.8 mg. of crystals. The crystals were combined and
stirred with 0.5 ml, of water and left overnight in the
refrigerator. The water insoluble fraction weighed 45 mg.,
and after sublimation (180-200°/0.3 mm.) and crystallization
from aqueous ethanol, melted at 241.5-243.0° with no
depression on mixing with an authentic sample of 4-guinazolone=-
3-acetic acid (28). The aqueous mother liquor was evaporated
to dryness and the residue crystallized from 90% ethanol to
give 41.9 mg. of crystals melting with decomposition at
225-2310. This material was identical with the C7H1202NCI
compound from the oxidation of the phthalic anhydride adduct of
isofebrifugine. The specific rotation (2% in water) was
-64,89,

Oxidation of the CpHj,0pNCl Compound with Sodium

Hypolodite (JAB). A solution of 10,1 mg. of the sublimable

amine hydrochloride in 0,58 nl. of 1N sodium hydroxide was
allowed to stand overnight. & solution 0.5F in ilodine
and 1.7F in potassium lodide was then added till a permanent
dark iodine color was obtained (0.60 ml.). The mixture was
warmed at 60° for 5 minutes and a few drops of sodium
hydroxide were added to decolorize the solution. A yellow
precipitate formed which was collected after one hour at 09,
yielding 1 mg. of solid. The aquecus sclution was extracted

with ether, vielding on evaporation of the sther, 6.8 mg. of
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vellow solid melting at 118-119.5%., The iodoform isolated
represents a 39% yield on a mole for mole basis. Treatment
of the ice-cold solution with sodium nitrite and extraction
with chloroform yielded on evaporation of the chloroforn
about 1 mg. of oll which did not give a Lieberman H-nitroso
test. Subsequent treatment of the solution with sodium
hydroxide and benzenesulfonyl chloride followed hy extraction
with chloroform ylelded about 3 mg. of an 0oll on evaporation
of the chloroform,

Periodate Oxidation of the C7 Compound (JAB). A solution

of 5.7 mg. of the Cr compound in 4 ml, of water coatailning

1 ml, of 2.5N sodium hydroxide was heated for one and one-half
hours on a steam hath, After saturation with carbon dioxide
and addition of 0.5 g. of sodium bicarbonate, the soluticn

was treated with standard periodate solution at room
temperature for 3 hours. Titration (27) indicated an uptake
of 0.127 equivalents per mole. A similar sample (5.8 mg.)
hydrolyzed for 50 hours at roon temperature and treated in the
same manner for 19 hours with periodate showed an uptake of
0.346 equivalents per mole. L-hydroxyproline treated in
sodiunm bicarbonate solution with periodate consumed 0,376
equivalents per mole 1n 30 minutes at room temperature, and
0.83 equivalents per mole in 1 hour.

Saponification Equivalent of the Cy Compound (JAB). A

solution of 5.45 mg. of the C7 compound 1In 1 mi. of standard
(C.18) sodium hydroxide was heated for 2 hours at 80-900,

Formalin was added and the solution was back titrated with
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standard (0.02l]) hydrochloric acid to give a saponification
equivalent of 95 (theory for Coylly o0oHCL, 89). As a check,
2,17 and 1.62 mg. samples of glycine ethylester hydrochloride
were treated in the above manpner and gave values of 70.1 and
9.5 (theory, 69.8), while a 3.11 mg. samnple without the
addition of formalin gave a wvalue of 113.

Permanganate Oxidation of Febrifugine. To C.90 g. of

febrifugine dihydrochloride in 20 ml. of water was added, at
00, 9.6 ml. of 5% sodium carhonate. 4t 00, 48 ml. of O.1F
potassium permangahate containing 2.2 ml. of 1N hydrochloric
acld was added dropwise over a pericd of 495 minutes, and an
additional 1.9 ml. of 5% sodium carbonate was added near the
end as the solution approached neutrality. After the addition
of 4 ml., of 1§ sodium hicarbonate, the solution was filtered
and the filtrate extracted five times with 100 ml. portions

of chloroform. The aqueous solution was acidified with 3 ml.
of 6N hydrochloric acid and evaporated with a stream of air

on a steam bath, The residue was evagporated twice with 2 al.
portions of ethanol and the portion of the residue soluble

in 1:1 ethanol-water was sublimed for 7% hours (150°/0.02 mn.).
The sublimate was dissolved in aqueous =thanol, evaporated

to an 0il and again evaporated with ethanol. Two volumes

(8 drops) of acetone were added and the mixture chilled to
give 48,3 mg. of crystals. Treatment with 3 drops of water
left 24 mg. of material undissolved (4-quinazolone-3-~acetic
acld), The mother liquor was evagorated as 1n the oxidation

of isofebrifugine and the residue crystallized from 90%
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ethanol, yielding 1.9 mg. of solid which would not melt at
310°, This material gave an imnediate white precipitate with
1% silver nitrate in 3F nitric acid and a negative test for
the ester grouping (25b). The mother liquor gave only a very
faint test for the ester grouping and a very strong test for
halide lon. The mother llquor was evaporated to an oll
(about 22 mg.). It was very insoluble in organic solvents,
readlily scoluble in ethanol, methanol, or acetonitrile con-
taining small awounts of water, but attenpts at crystallization
from these aqueous solvents falled to yield crystalline
material.

The oil was dissolved in 5 drops of water and extracted
with methylene chloride to remove any neutral compounds, The
aqueous phase was stirred with 30 nmg. of silver oxide until
the supernatant liquid gave a negative test for chloride ion,
The supernatant was removed and saturated with hydrogen
sulfide, yielding 3.7 mg. of silver sulfide. The aqueous
phase, after removal of the silver sulfide was evaporated to
11.8 mg. of o0il which on treatment with 2 drops of methanol
and three drops of ethanol yielded 1.5 mg. of white crystals
softening at 1759 and melting at 185-192°., The mother liquor,
gvaporated and treated with 3 drops of ethanol and 1 drop
of methanol, produced 4.5 mg. of a gummy solid. From a
similar fraction from the oxidation of 0.62 g. of febrifugine
dihydrochloride was obtained 6.7 mg. of solid melting at
about 190°, Recrystallization of this from 20 drops of 1:l

ethanol-methanol containing 20 microliters of water yielded
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1.7 mg. of crystals melting (with decomposition) sharply at
200-203°,

The ultra-violet abgorption spectrum was taken of 1,04
mg. of this material in 4 ml, of water containing 1 drop of
1N hydrochloric acid., It showed a non-characteristic
absorption very similar to the 07 compound from isofebri-
fugine with a very low maximum at 264 and a minimum at 246
millimicrons. The optical density of the maximum was only
0.01. The spectra solution was evaporated with nitro:en,
dried and dissolved in C.44 ml, of water, and the rotation
taken in a 1 dm. micro polarimeter tube. The conditions of
reading were poor. The author obtained an observed rotation
of 40,036% and a fellow student (George K. Helmkamp) obtained
an observed rotation of 40.104°, There is no doubt that
this compound has a positive rotatlon.

The compound is quite insoluble in ethanol, somewhat
more soluble in methanol, and very soluble in water. It does

not preciplitate a picrate from ethanol.
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Section

Oxidation with Perilodilic Acid

Dr. Brockman, in his thesils (1), describes a Cq1H1,0oN5
compound produced by the asction of periodic acid on the
alkalolds in alkaline nmedla. In mnost sxperiments about 4
equivalents of periodate were used, but the alkaloids do not
consune a definite amount of the periocdate. Approximately
two equivalents are consumed very rapidly at room temperature
in sodiunm bicarbonate solution (less than ten minutes)., After
an initial rapid reaction period the rate of consumption
falls off roughly exponentially with time. After 93¢ hours
at room temperature 7.2 equivalents of periocdate had been
consumed by febrifugine (Table I).

The cxidation of either febrifugine or isofehrifugine
leads to the same product (3). The yield of the periodate
product varies with the number of equivalents of oxidizing
agent, but the product is the same. 1In addition to the
periocdate product, 1in each case it was possible to isolate
approximately 10-15% of 4-quinazolone. In a few instances,
where acidic products were looked for, approximately 6% of
4d-quinazolone-3-scetic acid was found. Though a character-
istic amine odor 1s noticed 1n the alkaline solution after
oxidation, it was shown by aspirating a stream of air through
the reactlon mixture into a solution of standard acid during
the course of the oxidation, that no significant amount of

volatile base was produced,
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On pyrolysis, the periodate product gave a positiwve
pine splinter test for pyrroles. Since this test 1s given
hy the parent alkaloids but not by 4-quinazolone, this is
indicative evidence that the compound still contains the
third nitrogen. Re-examinatlon of the analytical data (3)
showed that the previously assuned formula C,,H,,0505,
fits not much better than 016H1703N3, in other words, a loss
of 2H from the parent alkaloid, 1In addition, the data from
preparative experiments showed that the highest crude yleld
of periodate product (83%) was obtained in an experiment
where 2.1 equivalents (1.05 mcles/mole), instead of 4
equivalenls, of oxidizlng sgent were used.

The ultraviolet absorption spectrum of the oxidation
product in ethanol is almost identical with that of the
paerent conmpounds., The obvious presunmption was therefore
that the periodate product is also a 3-substituted-4-quin-
azolone. Since the molecular extinctlons of the various
3-substituted-4~quinazolones are moderately constant (1),
the molecular weight of the periodate product was calculated
from the 1% extinction of two maxima in ethanol. The
estimated molecular weight, 294, is ia excellent agreement
with the figure of 299 reqguired for the Clé formulation,

As do febrifugine and isofebrifugine, the periodate
product gives a negative test for reactive methylesne and
amino groups.

There is no observable rotation of the periodate product
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in either ethanol or pyridine. The lack of rotation in two
such different solvents would indlcate that the product is
optically inactive. 8ince the two parent alkaloids do not
have equal and opposite rotation, it 1s presumed that they
have at least two centers of asymnetry. The loss of rotation
on removal of two hydrogens indicates that these centers are
in some manner closely linked.

The periodate product is attacked by periodate in
slightly alkaline media. This result was expected from the
continued uptake of periodate by the alkaloids past the two
equivalents (one mole) required for the formation of the
product.

The periodate product 1s not attacked by selenium
dioxide in boiling methanol,

One of the most characteristic reactions of the periodate
product is an irreversible yellowing in dilute hydrochlorie
acid followed by an amorphous yellow precipitate on making
basie, Thils reaction was not extensively investigated. The
yellow material can, with difficulty, be obtained ecrystalline,
but no analysis has been obtained. Even the later proposed
structure of the periodate oxidation product (4), sheds little
light on the identity of this material, It is possibly a
polymer of some sort,

Ho crystalline benzenesulfonyl derivative of the
oxidation product could be obtained on treatment with
benzenesulfonyl chloride in pyridine. The solutlon colored

badly and only dark amorphous material appeared on acid-



28

ification of the pyridine solution.

Since periodate oxidation would be expected to produce
carbonyl groups, an attempt was made to prepare the oxine
of the periodate product. Analysis of the oxine indicated
C12H1203N4, suggesting that a cleavage occurred in the
preparation. The ultraviolet absorption spectrum of the
oxine was tvpical of a 3-substituted-d4-quinazolone and the
extinction indicated a molecular weight of 263, which is
consistent with the 260 required by the analytical data.

The oxime is readily oxidized by periodate in slightly
alkaline or acid media. About 3.4 esquivalents of periodate
are consumed at room temperature over a considerable range
of reaction times. Volatile hases were looked for in one
case, and about 2.2% (calculated as ammonia) was found. The
presence of ammonia in the volatile bases was confirmed by
the preparation of the characteristic octahedra of the
ammonium salt of chloroplatinic acid.* No crystalline
materlal could be obtained from the solution after perilodate
oxidation of the oxime.

A test for the o-dioxime grouping with nickel and
ammoniunm hydroxide (25c¢) was negative.

The oxime gave a positive test for the presence of a

primary or secondary amine (2%a), but in an unusual manner.

* In a similar experiment with diethanolamine, 20% of
the theoretical ammonia was l1liberated. Under comparahle
conditions, dimethylglyoxime was shown to consume 1.47
and acetone oxime 0,17 eguivalents of periodate.,
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The test, requiring the formation of a dithlocarbamate by
reaction with carbon disulfide was positive only in the
presence of triethylamine, the addition of which is usually
necessary only when the amine is in salt form. The
triethylamine did not seem to bhe contaminated as a negative
blank was obtalned.

The oxime gave a positive test for the presence of
reactive methylene or amino groups.

The oxime does not glve a yellow color 1n acld as does
the periodate product. Vigorous acid hydrolysis ylelded
hydroxylamine and a solid, 012H902N3, which gave a hydro-

t
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chiluride, 612H1002N3C1. sorption spec
hydrolysis product is that of a 3-substituted-4-quinazolone
with an estimated molecular weight of 221, in excellent
agreement with the 227 required by the analytical data.

The hydrolysis product gave a negative test for reactive
methylene or amino groups, and a negative test for primary
or secondary amino groups with or without added triethylamine.
The product also gave a negative test with Schiff's reagent.

The hydrolysis product, in contrast to the oxine,
consumed only 0.15 equivalents of periodate.

Alkaline hydrolysis of the naterial yielded a volatile
material giving an orange color with Nessler's reagent.
This volatile material, presumably a base, was not identified
other than to show that it was not ammonia. The residue

from the alkaline hydrolysis after neutralization gave a

purple color with ninhydrin indicating the presence of an
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ot -amino acid. Paper strip chromatography indicated this
amino acid to be glycine.

The identification of glycine as a hydrolysis product
of the hydrolyzed oxime, coupled with the empirical formula
and the knowledge that the group next te the 4-quinazolone
molety 1s a methylene group, led to the proposal of an
oxazole, I, as the structure of the product. This then leads

to the structure II for the oxime.

0 0
i i 0
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AN Nectig-c = 11 7 ¢ lI-CH,-C-NH-CH,,~CHEIOH
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Numerous attempts were made to syntheslze thls oxazole
(I) without success until Dr. loffat's suggestion that an

isoxazole (III or IV) would vield glyvcine on alkaline

hydrolysis.
] ]
’/ \“/ \N—CHE—CII — o l/ \“/ \N-CH2-(“', — o
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It has been shown that 3-substituted isoxazoles having a free

5-position decompose in warm alcoholic potassium hydroxide to
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give nitriles and carboxylic acids, yilelding in the case
of 3-methylisoxazole, acetonitrile and acetic acid (29).
5-8ubstituted isoxazoles give /3—Ketonitriles, while the 3,5-
disubstituted isoxazoles are very reslstant to alkali (29).
Thus, of the proposed isoxazoles, IV might be expected to
vield glycine on alkaline hydrolysis, schematically, by
hydrolysis to anthranilic acid, formic acid and 3-amino-
methylisoxazole (V), decomposition of the isoxazole to acetic
acid and aminoacetonitrile (VI), and hydrolysis of the nitrile
to glycine.

HpNCH,~C— CH

v — (I 4 anthranilic acid,
N\O/CH formic acid

v \
glycine - HZNCHZCN 4 acetic acid
VI

Isoxazoles are readily formed from the monoximes of
/3 ~dicarbonyl compounds by elimination of water, and are
quite frequently encountered in the laboratory when working
with nitroso or isonitroso compounds (30). An isoxazole
could thus have arisen from a structure such as VII by
hydrolysis to a monoxime, or perhaps directly, by loss of
hydroxylamine.
0

I NOH
AN \N-CHZ-—C-C‘Hg-CH:NOH

o

N |
NN VII
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Preliminary hydrolysis of the terminal group would he
expaected to yield the isoxazole, IV, and prlor loss of the
ketoxime goup would yield the isomer, III.

For the decision between the structures II and VII for
the oxime of the perlodate product, a relaltlvely simple lesti
was possible. The oxime was treated with acetic anhydride.
A triécetyl derivative was isolated in good yield., Only
structure VII is capable of forming a triacetyl derivative,

the structure of which would then be VIII.

0
I
|
(/ \ﬂ/ \N—CH2-9~CH:CH-§J-0-6-CH3
| N c=0
NN 0 c':H3
|
-
CH,
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Because of the possible ambiguity of the structure of
the proposed isoxazole and the difficulty of unequivocal
synthesis, it was dscided to look for an analogous derivative
which would be more easily identified.

8ince /9—dicarbonyl compounds are known to form pyrazoles
on vigorous treatment with semicarbazide (31, 32, 33), it was
decided to try the decomposition of the periodate product with
semicarbazide,

When the periodate oxidation product was treated with
senicarvazide, a 012H100N4 compound was isolated. & rough

ultraviolet absorption spectrum showed the compound to contaln
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If the reaction with senl-

carbazide 1s analogous to the formation of the oxime, this

compound should be o&=(3-pyrazolyl)-3-methyl-4~quinazolone

(IX).
0
|/\‘/I\N-0H2-c—— H
Sy
§\//\jf7 N\N/ H
1
X

It vas dacided to gttack ths proof of structure of the

product of reaction with semicarbazide synthetically.

Thea

conpound was prepared by condensing propargyl bromide )

wlth 4-quinazolone (XI) in sthanolic potassium hydroxide to

vield F-propargyl-d4-guinazolone (XII).

Reaction with

diazomethane then yislded the deslred pyrazols, IX.

o
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/\l/\'J-CHQ—-CECH —cz, IX
NN

XI1



-34-

The synthetic pyrazole proved to be ldentical with the
compound isolated from the reaction of the periodate product
with semicarbazide,.

The mode of addition of diazomethane to monosubstituted
alkynes in general yielids the corresponding 3-substituted
pyrazole instead of a 4-substituted pyrazole. Tn addition,
that the product was a 4-substituted pyrazole was made unlikely
by the fact that this would require the alkaloid to have the

grouping XITI. This grouping 1s unlikely to lead to

]
7N 11-GH,-GH-CH- (G4 HgON)
L CHO
NN

XITT

4-~guinazolone~3-acetic acid or a C7H1102N lactone on per-
manganate oxldatlion. HNevertheless, because of possible
gmbiguity, 1t was declded to degrade the pyrazole to the
corresponding pyrazolecarboxylic acid, since hoth the 3-
and 4=-pyrazolecarboxylic acids are known (34, 39).

Szveral attempts at direct oxldation of thes pyrazols
to the pyrazolecarboxylic acid, including the methecd of Knorr
(34), failled to yield any of the desired product., It 1is
possible that the desired materlal was actually present and
was not detected as the isolation procedure failed to take
into account the weakly baslec nature of the pyrazclecarboxylic

acid.
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The actual isolation of the pyrazolecarhoxylic acid
was accomplished by hydrolysis of the guinazolone-pyrazole to
J~amlnomethylpyrazole (XIV), dsamination with nitrous acid
and oxidation of the presumed (not isolated) hydroxymethyl-
pyrazole, XV, to the acid, XVI. The resulting product was

identified as pyrazole-3-carhoxylic aecid (XvT).

i G HQNCHz-—C]J' — h)H ATV

N__ CH

\N/
H l
H000-§ — CH HOCH, -G — O
N SFH N CH

H H
XVI XV

The structure of the pyrazole was thus confirmed és X
and that of the product from hydroxylamine as an isoxazole,
IIT or IV. There then remains a four carbon fragment to be
identified, It 1is possible; however, to assign a structure
at this point. |

Earlier, all the probable structures for febrifugine
were written out simply by devising all possible isomers
with the assumption that the molecule was represented by XVII.

The left side of the molecule is derived from the

isolation of 4-guinazolone-3-acetlic acid on oxidation of
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febrifugine, and a 07 lactone on oxidation of isofebrifuginc.
The non-acidic nature of the dibenzenesulfonyl derivative

and the formation of a colorless N-nitroso derivative (3)

was taken as evidence that the nitrogen function was secondary.
The hydroxyl group could be elther primary or secondary. A
tertiary hydroxyl group was made uniikely by the stability of
the alkaloid to strong acid. The lack of a C-methyl group
eliminated all those structures having such a feature, The
requirement that the compound be oxidizable by periodate
(contaln oxygen or nitrogen functions on adjacent carbon
atoms) eliminated others. Of the remaining structures, all
but one were eliminated by the elucldation of the cleavage

of the periodate oxidation product. The remaining structure,
3-[/6—keto—'Y?(3~hydroxy-2-piperidyl)propyl] -4-quinazolone
XVIII nust then be the structure of the alksaloid.

XVIIT

It nmust be enphasized that at this point very little may



-7 -

be sald about the stersochesnlstry of the structure or of the
difference between febrilugine and lsofebrifugine, 8ince the
oxidation of either alkaloid with periodates yields the samse
(optically inactive) product by loss of two hydrogens, the
Supposition.is that the two ilsomers are closely related,
possibly differing oniy in configuratlion about one ci the
asymmétric carbon atoms. The sase of interconversion of the
alkaloids (warming in solution) also suggests that the
difference is slight., It will be assuned for the present that
the chemical reagtions of both febrifugine and isofebrifugine
are derived from the basic structure XVIIT, and that the
difference in theilr reactions arises from a subtle rearrange-
ment o this structure,.

The structure of the periodate oxidation product follows
readily fromn the proposed structure of the alkaloids, XVIII,
and from the proposed structure of the cleavage product with
hydroxylamine, VII, or with semlcarbazide, IX. By analogy
with glycols, the oxidation of febrifugine, XVIIT, with one
equivalent of periodate might be sxpected Lo open the
pilperidine ring to give an aldehyds and an imino group as in

LIX.

: ,  o=ch
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Y

.
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XTI
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Evidence has been presented that such compounds exist as
the corresponding X ”A9~unsaturated ketones (36). The
propesed structure of the periodate oxldation product would be

then more correctly represented as XA,

LH2

X , o=cfi i,

AN Nieh.-b-cHoCH CH

[ TR
NN H

XX

Tt is noted that XX is structurally & vinylog of an aumide,.
The chemical reactions of analogous compounds have been shown
to be like those of amides rather than ketones (36). The
cleavage of the periodate product, XX, to a derivative of a
/3-keto aldehyde, VII or IX, is thus not surprising. In
additional support of this, it might be mentioned that
& ~tetrahydropyridines do not seem to exist if 1t is possible
for the double bond to be in the «-position (37). Further,
the 2~alkyl—4ﬁ§«tetrahydropyridines (XX1) apparently exist
in aqueous solution in equilibrium with the corresponding
allkyl &=~aminobutyl ketones (XXII) (37). On isoclation, they
readily lose water to yield the original tetrahydropyridine.

It is evident from the proposed structure of the periodate
oxidation product, XX, and from the discussion of the cleavags,
that the previously mentioned four carbon fragment 1s probably
present as a derivative of ™Y -aminobutyraldehyde. Thus, 1n

the case of the cleavage with semicarbazide, “/-aminohutyralde~
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hyde semicarbazone should be in the mother liquors after
removal of the pyrazole, IX.

It was noted that when the odorless residue from one of
the preparations of the pyrazole, IX, by cleavage of the
periodate product, was heated with acetone, a strong amine
odor was observed. On taking to dryness, thls odor dis-
appeared but could be regenerated by again hoiling with
acetone, Thils was taken to mean that possibly the acetone
was releasing —4 -aminobutyraldehyde by exchange of the semi-
carbazone molety and that the aminoaldehyde was then cyclizing
to give a pyrrcline., When the residue was decomposed with
eyclohexanons and the effluent vapors collected in a solution
of ethanolic plecrolonic acid, crystals were obtained. These
crystals melted with decomposition at the reported temperature
for the pilcrolonate of éf-pyrroline (38). & sample of this
compound was prepared and compared with the isolated material.
The melting points were the same but the mixed melfing
point behavior was inconclusive. The rather high decomposition

point made accurate measurement difficult, and the observed
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depression of 3 degrees was not necessarily significant. In
addition, the mixed melting polat was quite sharp. The
analysis on the isolated plcrolonate was almost meaningless.
It 1s suspected that the material was a mixture, containing
in addition to any pyrrollne picrolonate, possibly ammonium
plcrolonate and the monopicrolonate of hydrazine, The latter
ls especially probable as the reported melting point and
solubility characteristics (Beilstein) are those of the
lsolated material,

Later consideration showed that ring closure of Y-amino-
butyraldehyde would probably yield the unknown Aﬁlpyrroline
by analogy with ¥ -and &-azuzinoketones (37). 4lthough many
2-alkyl derivatives are known, nelther of the parent compounds,
22 -pyrroline or KN-tetrahydropyridine, have been described.
It is possible that these compounds polymerize so readily as
to be incapable of existence.

It was thus decided to attempt the isolation of the
aminoaldehydesamicarhazone as such or as a derivative. The
use of 2.4~dinitrofluorobenzene in the preparation of the
colored N-(2,4~-dinitrophenyl)~X-aninoacids (39) suggested
its possible use here. A colared derivative would make
practical a chromatographic lsolation of the desired compound
from the rather complex mixture. & test tube experiment
showed that the reagent gives an almost instantaneous vellow=-
orange color with simple amines.

Y -Aninobutyraldehyde diethylacetal (XXIII) (40, 41) was

prepared and reacted with dinltroflucrobsnzene in an alkaline
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medium to give the N-(2,4-dinitrophenyl) derivative (KIV).
This in turn was decomposed without isolation, in acid, in
the presence of seaicarbazide to zive N-(2,4-dinitrophenyl)-

Y -aninobutyraldehyde semicarbazone (XXV).

—\ H
| | \ I
H,N-CH,=CHy~CH,~CH(0CHg )p —> OQN./( __)~li-Chp-CHy-CHy-CH( 0C,Hz) 5
O,
XXIIT LIV

—\ B i
OQN-<i \k—N~CH2—CHQ-CH2~CHZN—NH-C-NH2
g/
NO,

K

An investigation of the chromatographic hehavior of this
derivative led to the selection of alumina as adsorbent and
methylene chloride containing 4% acetic acid and 20% acetone
as a developer as a trial system for isclation purposes. The
aqueous mother liquor from ons of the decompositions of the
periodate product with semicarbazide was evaporated to a
thick paste and treated with dinitrofluorobenzene in agueous-
aleoholie sodium bicarbonate. The material which was soluble
in methylene chloride was then chromatographed on alumina
using %% acetic acid and 20% acstone in methylene chloride
as developer. & vellow zone appeared at the expected location

and was easily cut away from several other zones. The material
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thus isolated proved to be identical with the synthesized
derivative of ~Y-aminobutyraldehyde by the criteria of melting
point, mixed melting point, and chromatographic behavior on
two different adsorbent systems,

The structure of the periodate oxidatlion product is
thus confirmed as XX. There is 1little doubt that febrifugine
and isofebrifugine have structures based on XVIII,

It must be pointed out that there i1s an observation which
is not easily correlated with the proposed scheme for the
periodate oxidation of the alkaloids. The dilhydro alkaloids
are only very slowly attacked by periodate. The only apparent
difference between febrifugine and dihydrofehrifugine 1s the
presence in dihydrofebrifugine of a hydroxyl group in place
of the carbonyl of febrifugine. The scheme of periodate
oxidation, as developed, does not Involve the carbonyl group
of febrifugine, yet this function seems necessary for rapld
oxidation. It is possible that it is not the presence of
the ketone but the absence of the corresponding hydroxyl
group that is required., The usual mechanism given for the
oxidation of wilcinal hydroxyl groups by perlodate involves
the formation of a cyclic diester with paraperiodic acld (27).
A possible situation in the case of dihydrofebrifugine (XXV1)
is that a cyclic ester (XXVII) is formed and 1s stable enough
to effectively restrict the bridging of the paraperiodic
acid between the required hydroxyl and somewhat hindered
amnine,

After hydrolysis with alkall, the dihydro alkaloids are
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oxidized quite rapidly, consuming four equivalents of perilodate
in less than an hour. This is expected, for hydrolysis of

dihvdrofebrifugine should yield XXVIII, which on cleavage with

H

o Ho-l/ W Ho- ¢ O

\ H ‘

OOVT ——= Hpli-Clig-CH-CHp= O:C-CHQ-LN P
H H

XXVIII XXIX

periodats would glve XXIX., This compound, XXIX, has the same
grouping as the alkaloids and would then oxidize in a manner

similar to febrifugine. The cyclic ester proposed in the case
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of dihydrofebrifugine, could cf ccurse operate on LVIIT to
slow its reaction with periodate. It is felt, howsver, that
the effect would not be as serious in this cgse. In dihydro-
febrifugine (or febrifugine) the first attack by periodate
involves & nitrogen atom which by its presence in a ring 1s
prevented from swingilng into the most favorable position for
the attack by periodate, In XXVIII, the first grouplng to be

split has no such restrictions.

Experimental

Quantitative QOxidations with Periodate (JAB). For

quantitative estimation of the amount of periodate consumed, a
small sample (usually about 5 mg.) was treated at the desired
pH with an excess of standard 0.01lH sodium paraperiodate,
After standing for the desired length of time at room temp-
erature, the excess of periodate was estimated by the additlon
of sodium arsenite and potassium lodide and titration with
standard iodine solution (27). In those cases where the
oxidation was not run in sodium bicarbonate solution, the pH
was adjusted to sbout & before analysis. The results are
tabulated in Table I.

Preparative Oxidations of Febrifugine with Pericdate and

Search for Side Products (JAB). The preparation of the

periodate oxidation product of the alkalolds has already heen
reported (3)., Slnce then, the preparation has been tried
under a wvariety of conditions, varying the length of the re-

sction time, the amount of periodate added, and the pH of
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Table I

Oxidations with BExtcess Psriodate
In Sodium Bicarhonate Solution

Time Eg. I0z Consumed

Ccmpound (Hours ) per lola
Febrifugine 1/6 2.27, 2.42
Febrifugine 5/12 5.05
Febrifugine 1 3.55
Febhrifugine 2 3.91
Febrifugine 4 4,27
Febrifugine 8 4,82
Febrifugine 24 6.02
Febrifugine 53% 7.17
Isofebrifugine 1 2.78
Periodate Oxid. Prod. 3/4 0.636
Periodate Oxid. Frod. 2 3/4 1.28
Periodate Oxid. Prod. 24 5.51
Oxime of Periodate Prod. 1t 3.42
Oxine of Periodate Prod. 2% 3,47
Oxime of Periodate Prod.® 2% 1.43
dcetone Oxime 1 3/4 0.166
Dimethylglyoxime 1 1.47
Isoxazole (IV) 1% 0.15
Dihydrofebrifugine 17 0.74
Alkall Hydrolyzed
Dihydrofebrifugine 1 4.11

(a) In 0.1 hydrochloric acid.
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the solution. The results wers qulte irregular and no
correlation is possible. Consistent yields of 30-37% of

pure product were obtained by running the oxidation for fron
1 to 1 3/4 hours in eithsr sodium hicarhonate or sodium
carbonate solution with 3 to 5 equivalents of periodate psr
mole of alkaloid.. The highest crude yield (83%) was obtained
oh oxlidation with 2.1 equivalents of periodate in sodium
bicarbonate solution for 1% hours. Recrystallizatlon gave
only 19% of pure product. It 1s not known whether some errcr
was made in the purificstion.

After one typical oxidation of febrifugine (155 mg.),
the ethanolic mother liguor from the crystalllization of the
crude product was evaporated to dryness. The residue on
crystallization from ethanol followed by recrystallization
from acetonitrile vielded 12.5 mg. of needles meltling with
sublimation at 216-—217O and showing no depression on mixing
with an guthentic sample of 4-guinazolone.

In another oxidation of febrifugine (800 ng.), the
slightly alkaline aqueous phase (after removal of the
oxidation product) was acidified and evaporated to dryness.
The residue was treated with a large excess of diazomethane
in methanol. It was then evaporatsd to dryness agaln and the
residue sxtracted with chloroform untll the extracts gave an
essentially negative test for the presence of esters (25b).
Evaporation of the chloroform gave an o1l which on standing
with ethyl acetate yielded 5 mg. of crystals melting at

149-152°, This material was not compared with a sample of
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methyl 4-quinazolone-3-acetate (m.p. 151.5-1529 (%)) but was
very probably this compound.

In an oxidation of 200 mg. (about 0.5 millimole) of
febrifugine dihydrochlorids in sodlunm bicarbonate sclution
with 4.8 equlvalents of perlodate, a stream of alr was
aspirated through the reaction mixture for 1 3/4 hours into
a solution of standard 0.1 N hydrochloric acid. Back
titration with standard C.1¥ sodium hydroxlde using a brom-
phenol blue endpoint indicated about 0.007 nillimoles of
volatile bhases had been liberated.

Qualitative Tests on the Periodate Oxidation Froduct

(JAB). A small sample of the pericdate product was heated
with a free flame in the bottom of a 10 x 70 test tube., A
pine splinter moistened with hydrochloric acid, held 1n the
vapors, turned red. This test was positive when applied to
iscfebrifugine, and negatlve with 4-quinazclone,

A test Ior reactive methylene and aalno groups using
sodium 1,2-naphthoquinone-4-sulfonate (25d), was negative
for the periodate oxidation product. Febrifugine and iso-
Tfehrifugine also gave a negative test.

A small sample treated with selenium dioxide in boiling
methanol gave no precipitate of seleniun.

Ultraviclet Absorption Spesctrum of ths Periodate Product

(JAB). The ultraviolet absorption spectrum of the periodate
oxidation product in ethanol (0.00561 mg./ml.) was that of a
typilcal 3-substituted-4-guinazolone (3). The molecular weight

was calculated from the 1% extinction of the major peaks using
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the average molal extinctions of the alkaloids (1). The
estimated value was 294, CléH1703N3 requires 299,
Optical Rotation of the Pericdate Product (JAB).

Rotations were taken in a 1 dm. semimlcro polarimeter tube
holding approximately 1.5 ml. of solution. The polarimeter
used was manufactured by Winkel~Zeiss and was eguilpped with
a sodium lamp. The accuracy of the observed rotations is
approximately 0.01°,

A solution of 10,5 mg. of the periodate product in 2.0 al.
of ethanol had sn cbserved rotation of -C.005°, and 20.3 ug.
in 2,0 ml, of pyridine had an observed rotation of 0.00°.

zime of the Periodate Oxidation Product (JAB). A aixturs

of 53.1 mg. of the pericdate product, 93.3 mg. of hydro-
xylamine hydrochloride, 20 drops of ethanol and 20 drops of
pyridine was warmed until complete soluticn occurred snd
allowed to stand overnlght at room teumperature. The nixture
was then refluxed for 8 hours and evaporated to a thick oil
with a stream of air. The solution was made strongly alkaline
with 2,5N sodium hydroxide and, after scratching, was allowed
to erystallize at 0°. Recrystallization of the product fron
abgsolute ethanol gave 32.3 mg. of colorless needles melting
at 174.,5-175.5° with evolution of gas. The ultravioclet
ahsorption spectrum in ethanol was that of a typical 3-sub-
stituted-4-quinazolone.

dngl. Caled. for 012H1203H4; C, 55.38; H, 4.65; N, 21,52;
llol. Wt., 260. Found: C, 54.87, 55.89, 55.07; H, 4.64, 4.67,
5.10; N, 20.56, 20.64, 21,34, 21.06; Mol. Wt. (UV spectrum),
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263.

Quantitative studies on the periodate oxidaticn of the
oxime are recorded in Table I, 4&s in the oxidation of
febrifugine, volatile bases were looked for, and 2.2% (cal-
culated as ammonia) were found. The presence of ammonia in
the volatile bases was qualltatively demonstratsd by the
preparation of the characteristic octahedra of the ammonium
salt of chloroplatinic acid (42).

Tregtment of & small sample of the oxime with nickel
acetate solution and ammonium hydroxide gave no color (25c).
The dithlocarbamate test for primary or secondary aainss (25a)
was negative, addition of triethylamine caused the test to
be positive, while a blank with triethylamine was nsgative.

& Test for reactive methylene or amino groups using
sodium 1,2-naphthoquinone-4-sulfonate (25d) was positive,

Acid Hydrolysis of the Oxime of the Periodate Product

(JAB). A solution of 50 mg. of the oxime in 1 ml., of 12§
hydrochloric acid wag heated to 100° for 3 hours. A qualitative
test for hydroxylamine (25e), was positive, After svaporation
to dryness, the residue was dissolved in water and made

alkaline with sodium hydroxide, causing the precipitation of

41 mg. of solid., The solid, on crystallizaticn from 1:2
sethanol-water, weighed 33 nmg. and melted at 102-1040, In
contrast to the periodats oxidation product, no yellowing was
observed during the acid treatment. The ultraviolet absorption
spectrum ia ethanol was that of a typical 3-substituted-4-

quinazolone.



-5~

Anal. Calcd. for ClQHQOQNB: C, 63.5; H, 3.97; N, 18.,52;
Mol. Wt., 227, TFound: C, 62,543 H, 4,065 N, 18,17; lol, Wt.
(UV spectrun), 221.

A hydrochloride was obtalned by dissolving the free base
in the wnininmum of hot ethenol and adding the required amount
of 120 hydrochloric acld. The hydrochloride melted at 188-190°
(dec.) after crystallization from 90% ethanol.

Anal. Caled. for CppHjg0pN3Cl: €, 54.66; H, 3.82;

N, 15.94; Cl, 13.45., Found: C, 54.72; H, 3.865 W, 15.99;
Cl, 13.45.

| Preliminary tests on the fres base indicated the ahsence
of reactive mesthylene or amino groups (25d), and thc ahscace
of a primary or secondary amine (25a). The compound gave no
color with Schiff's reagent.

Alkaline Hydrolysis of the Cy;HgOpN- Conpound (JAB).

Avout 0.% mg. of ths product from acid hydrolysis of the oxine
was heated to 100° with a 10 ul. column of 10% sodium hydroxide
i the VWobton of a cene tube (prepared from a capillary tubes of
ca. 1 mn, diameter), In about 10~15 minutes, a red-brown
precipitate was observed in soms Nessler's reagent in the upper
arm of the cane tube., On repeating this, replacing the Negsler's
reagent with 1N hydrochloric acid and testing the solution
gualitatively for ammonia (42), none was found. When the
alkaline residue from the hydrolysis was ncutraelized with
carbon dioxide znd heated to 100° with 1% aqueous ninhydrin,

a purple color developed.

When a similar hydrolvzgate was acidified and spotted on
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'sfripsvof.Whatman.#l filter.papér and developed (descending)
with 77% ethanol (43), ninhydrin shoﬁed a spot in the same
location as glycine chromatographed in the presence of a
comparable amount of sodium chloride and hydrochloric acid.
The spot did not separate from added glycine, but separated
into two spots when alanine was added. Previous experiments
with a mixture of anthranilic acid and glycine showed that
these two have widely different Rf values (0.40 for glycine,
and 0.81 for anthranilic acid). In the case of the hydro-
lyzed material, there appeared 3 fluorescent spots leéding the

location of the ninhydrin spot.

Reaction of the Oxime of the Periodate Product with Acetic

Anhydride (JM). A solution of 50 mg. of the oxime in 5 ml. of
acetic anhydride was heated at 140 degrees for 15 minutes and
then evaporated in wvacuo. The residue was taken up in chloro-
form and extracted with sodium bicarbonate, followed by water.
The chloroform was dried with sodium sulfate andvevapofated?
- leaving a colored residue which on several crystallizations
from hot ethanol gave colorless crystals melting at 173-174.5°.
The nltraviolet absorption_épectrum in ethanol was that of a
typical 3—substituted—4—quiﬁézolone.

Anal. Calcd. for CogHigOcNs: C, 55.95; H, 4.70; N, 14.50.
Found: C, 56.13; H, 4.91; N, 14.30,

Reaction of the Periodate Oxidation Product with Semi-

carbazide (JBK). A mixture of 74 mg. of the periodate
oxidation product, 0.3 g. of semicarbazide hydrochloride, 25

drops of 96% ethanol, and 30 drops of pyridine were heated at
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350 fbr 24 houfs, 70-75% for 6 hours, and 90° for % hour.
Evaporation of the solution and crystallization of the residue
from water yielded a mixture of needles and prisms. The
needles were soluble in 0.1N hydrochloric acid but the prisms
were not, and a separation was made in this manner. The
prisms proved to be the amide of hydrazinedicarboxylic acid,
a degradation product of semicarbazide (44), Recrystall-
ization of the needles from ethanol yielded 11 mg. of colorless
crystals melting at 187-188°. On treatment of the needles with
silver nitrate in nitric acid, a copious white precipitate
formed which redissolved on addition of ammonium hydroxide.
A rough ultraviolet absorption spectrum in ethanol indicated
the needles to contain the quinazolone ring.

Anal. Calcd. for CypHyONg; C, 63.70; H, 4.465 N, 24.77.
Found: C, 63.38; H, 4.44; N, 24.45.

On treatment of the material in ethanol with ethanolic
picric acid, crystals separated which on recrystallization
from ethanol melted at 199-199.5°.

Apal. Caled. for CqgHy30gN5; N, 21.53. Found: N, 21.48.

3 _Propargyl-A-guinagolone (JM). Twelve grams of propargyl

bromide was added dropwise %o 1l g. of 4-quinazolone and 4.2 g.
of potassium hydroxide in 96% ethanol. A rapid reaction
ensued. The precipltated potassium bromide was filtered off
and the ethanol removed in vacuo at 35°. The residue was
dissolved in chloroform, and the solution washed with alkali,
.dried, and concentrated to crystallize the product. Recry-

stalligation of the product from ethanol gave 9 g. of colorless
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erystals melting at 116-118°.
Adnal. Cazled. for CllH80N2; c, 71.72; H, 4.38; N, 15.21.
Found: C, 71,663 H, 4.42; N, 15.29.

X-(3-Pyrazolyl)-3-methyl-4-quinazolone (JM). To 0.50 g.

of 3-propargyl~4-quinazolone dissolved in absolute ether was
added a slight excess of a 0.5M solution of diazomethanc in
ether. The next day needles began to separate from the ether
and on the fifth day the solvent was decanted and the residue
erystallized from 96% ethanol to vield colorless needles
melting at 187.5-188°. A picrate melting at 199-199.5° was
prepared with ethanolic picric acid. Neither the plerate nor
the free base showed any depression in melting point on mixing
with similar material from the decomposition of the periodate
oxidation product with semicarbazlde.

Hydrolvsis of X~(3-pyrazolyl)-3-methyl-4-guinazolone to

J-aminomethylpyrazole (JBK). A solution of 0.7 g. of the

pyrazole in 2.5N potassium hydroxide was heated on a sfeam
~bath for 5 hours. The smell of ammonia was evident throughout
the hydrolysis. The solution was adjusted to pH 4 to 5 with
hydrochloric acid and continuously extracted with ether to
remove anthranilic acid. Thé aqueous phase was then adjusted
to pH 10 to 12 with potassium hydroxide and extracted with
benzene and then ether., Practically nothing was extracted.

The aqueous solution was again made acid, evaporated to dryness
and extracted with ethanol. From some of the ethanol solution,
é hydrochloride was obtained. As first obtained, 1%t was some-

what hygroscoplc but on drylng at 100° became non-hygroscopic
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and melted at 199-201% 4 nitrate was obtained which melted
at 115—120°3>crude.' The free base apbeared to be very water
solublé, only very slightly soluble in benzene and‘slightlyb
soluble in ether. The main amount of the ethanol solution
was precipitated with picric acid, yielding a large amount of
potésSium picrate and a few mg. of a picrate melting at 215°.
Recrystallization from ethanol yielded yellow, chunky micro-
prisms melting with decomposition at 221-222°.

Anal, Calcd. for C4H7N3-1%(06H307N3): N, 24,0. Found:
N, 24,26, |

Degradation of of-(3-Pyrazolyl)-3-methyl-4~-guinazolone

to Pvrazole~3-carboxylic acid (JBK). A suspension of 0.2 g.
of the pyrazole in 2.5N potassium hydroxide was allowed to

stand for 4 days at room temperature. The material went
slowly into solution over this period of time. The alkaline
solution was acidified to pH 4 to 5 with hydrochloric acid
and continuously extracted with ether to remove anthfanilic
acid. It was then acidified to pH 2, cooled to 0°, treated
with sodium nitrite (0.15 g.,), allowed to come to room
temperaturec -and then warmod,oh a steam bath. The acid
solution was adjusted to pH lO to 12 with potassium
hydroxide and 0.15 g. of potassium permanganate was added.
At first a bright green precipitate formed which slowly
tufned‘brown. The solution was heated on a steam bath for
3 hours, filtered, and the residue extracted twice with
béiling water. The combined agueous solutions were made

acid with hydrochloric acid, taken to dryness, and the
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| residue.extractéd with hot ethanol. The ethanol was
evaporated and the residue\crystailized successively from
'water, ether-benzene, and ether, Lo give crystals melting
at 210-212° with a crystal transition at about 165-170°.
This}material did not depress the melting point (212-214°)
of an authentic sample of pyrazole-3-carboxylic acid
prepared by saponification of ethyl pyrazole-3-carboxylate

prepared by the method of v. Auwers and Cauer (45).

Examination of the Mother Liguor after Isolation of

X ~(3~-Pyrgzolyl)=3~-methyl-4~quinazolone JBK). The

agueous mother liquor, after decomposition of the periodate
oxidation product (74 mg.) with semicarbazide and removal
of the pyrazole, was evaporated to a thick odorless, semi-
crystalline gum., The final drying was done in a vacuum
desiccator over sulfuric acid. It was observed that a
strong amine odor appeared when the gum was boiled with
acetone, which disappeared on evaporation to dryness.

This could then be repeated.

The major portion of the material was heated at
90-100° with cyeclohexanone for 2 hours while bubbling a
stream of nitrogen through the solution. The nitrogen was
~run into a solution of 0.15 g. of picrolonic acid in 5 ml.
of 96% ethanol cooled in an ice bath. Crystals appeared
in the alcohol, and on concentration to about 3 ml., a
few mg. of bronzé colored prisms melting at 258-260°
(decomposition) were collected. Recrystallization from a

large volume of boiling 96% ethanol did not change the
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melting point,
Anal. Found: C, 43.59; H, 4.14; N, 24,84,
Fractionation of the isolated muaterlal from ethanol
showed no difference in melting behavior between the
first and second crops, but both crops melted 2 degrees
higher than the original sample.

Preparation of Y-Aminobutyraldehvde diethylacetal.

Y -Aminobutyraldehyde diethylacetal was prepared by the
method of Wohl (40, 41). The sequence of compounds and

the observed constants are as follows: /éz—chloropropion—
aldehyde diethylacetal (46) (b.p. 59-62°/8 mm, ngs 1.4197);
/Ag-cyanopropionaldehyde diethylacetal (b.p. 95-97°/5 mm.,
ngs 1.4172; rep. b.p. (41) 106°/45 mm.); Y-aminobutyralde-
hyde diethylacetal (b.p. 92.2-93°/14 mm., nS” 1.4266;

rep. b.p. (40) 96°/21 mm.). The large discrepancy with

the reported boiling point of/43—cyanopropionaldehyde
dlethylacetal deserves mention. The reported bolllng polnt
of Wohl (41) must be in error, as this is approximately
the bolling point of /F-chloropropionaldehyde diethylacetal,
and is further than would be predicted from the boiling
point of the aminhe. The.boiling points obtained by the
author are in good agreement with the usual differences
between the boiling points of a nitrile, an amine, and the
chloride of one less éarbon atom,

N-(2,4-dinitrophenyl)- Y -aminobutyraldehyde Semi-

carbazone. A solution of 0.5 g. of ”Xiaminobutyraldehyde
diethylacetal and 1.15 g. of 2, 4-dinitrofluorobenzene in
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15 ml. of metﬁylene chloride was shaken 15 minuntes with
a second phase of 7 ml., of 1N sodium bicarbonate.
Evaporation of the yellow methylene chloride solution
yielded an oil. This o0il was dissolved in 8 ml. of 50%
ethanol and 2 drops of 12N hydrochloric acid and 1.0 g. of
gsemicarbazide dihydrochloride were added. The mixture was
shaken for 40 minutes. A pasty yellow solid slowly
separated, which on gentle warming and scratching became
particulale, The solld was washed wilth 507 ethanol and
then with water until free of acld. Crystallizatlon from
450 ml. of ethanol yielded 0,56 g. of an orange-yellow
s0lid melting at 175-178°, Solution in glacial acetic
acid and precipitation with an equal volume of water
removed the orange cast and subsequent recrystallization
from acetonitrile yielded.yellow crystals melting at
180-182°, with decomposition.

Anal. Calcd. for CyyHj40sNg; C, 42.58; H, 4.55;
N, 27.09. Found: C, 42.72; H, 4.59; N, 26.89.

Isolation of N-(2,4-dinitrophenyl)- Y-aminobutyralde-

hyde Semicarbazone from'the Semicarbazide Cleavage of the

Periodate Product. Investigation of the chromatographic

behavior of the synthetic material had led to the selection
of 3:1 Alumina{alorco, 200 mesh)-Cclite 545 as adsorbent,
and 3% acetic acid and 20% acetone in methylene chloride

as developer as a combination to try 1n the isolation of
the cxpected derivative,

Accordingly, 0.16 g. of the gummy residue from the
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evaporated aqueéus phase of one of the decompositions of
the periodate oxidation product with semicarbazide was
shaken for 19 minutes with 0.45 g. of 2,4-dinitrofluoro-
venzene, 0.45 g, of sodium bicarbonate, 3 ml. of water

- and 5 ml., of ethanol. After the solution was evaporated
ﬁo-dryness, the residue was extracted with portions of
methylene chloride until the methylene chloride came away
colorless. The orange methylene chloride solution was
chromatographed in five portions on #2 columns. A yellow
zone appeared at the expected location on each ceclumn
(about 6 cm. from the top with 4% volumes of developer).
The desired zone was easily cut away from other colored
zones, Elution of the combined desired zones with acetic
gcld and precipitation with water, followed by recrystalli-
zation from acetonitrile yielded 18 mg. of yellow needles
melting at 179-181°, There was no depression of melting
polnt on mlxlng with a sample of the synthelic N—(2,4—

dinitrophenyl)- 7 -amino-butyraldehyde semicarbazone.
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Section 6'

Structure of the C7H1102N-Lactone from Permanganate
Oxidation . .of Isofebrifugine

In section 4 there was described a seven carbon fragment
obtained by the permanganate oxidation of isofebrifugine.
This fragment had the empirical forhula C7H1102N, and was
tentatively assigned a bleyclic structure with one ring
being a ¥~ or & -lactone and the other a piperidine or
pyrrolidine ring. Though it was not possible at the time
to assign a more definite structure, it nevertheless proved
useful in assigning a structure to the alkaloids. Only
after the assipgmment of XVIIT as the gruss structure of
febrifugine and isofebrifugine was it possible to propose
a definite structure for this fragment.

Examination of XVIII reveals that oxidative cleavage
at "Y" would yield the previously mentioned 4-guinazolone-
3=acetic acid (XXX). Cleavage at "X" would lead to 4—qﬁin-
azolone (XI), presumahly by way of an easily hydrolyzed
derivative such as 3-formyl—4fquinazolcne (XXXI) or 3~carhboxy-
4-quinazolene (XXXII). Cleavage at "X" might also yleld 3~
hydroxypiperidine-2-acetic acid (XXXIII) which would cyclize
under acid conditions to the lactone, XXXIV.* The most

logical structure for the C7H1102N compound 1is then

* It has been recently shown that the groupings on the
piperidine ring must be g¢ls in order for lactonization to

occur (22).
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The large émounts_of 4—quinézolone obtained in the
-oxidation of either febrifugine or isbfebrifugine indicate
that the oxldative cleavage btakes place to a large cxtent at
"X"; The hydroxypiperldine, XXXIII, should be quite labile

to further oxidation. The isolated esfer was attacked by

| per&éhganaté, but relatively slowly. The low yield of the
lactone on oxidation of isofebrifugine (less than 10%) is thus
to be expected. On the other hand, none of this material could
be detected on oxidation of febrifugine. This could result
from any of ét least three conditions: (a) Febrifuginé and
isofebrifugine may exist as hemiketals (XXXV) and have
different configurations about the asymmetric carbon thus
intrdduced. This could have a profound effect on the course
of the oxidation. (b) Febrifugine and isofebrifugine may
differ in configuration about one of the asymmetric carbon

atoms in the piperidine ring. Thus, febrifugline would have

a trans grouping of substituents on the piperidine ring and
could not yield the lactone. (c) As has been recently pro-
posed by other workers (23), febrlfugine ahd lsofebrifugine

may differ only in that the former is the hydroxy ketone,
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XVIII, and the latter one of the two forms of XXXV. The
lactone could be formed by direct oxidation of the hemiketal
of 1sofebrifugine, and in the case of febrifugine would have
to form, on isolation, from a more labile structure such

as XXXITI.

For some time the most disturbing feature of the isolated
ester was the fact that it reacted with sodium hypoiodite to
give iodoform. The alkaloids have no C-methyl group and it
did not seem possible that one was produced in the oxidative
degradation. A possible expianation of the icdoform reaction

on the basis of structure XXXIV is as follows:

/\ —O \\ /\ "'OH
S =
-CH -CH,~-CO,Na
\\N/’ 2 \\N/' 2 2
H

XXXIV XXXVI

<\ -0H A _oH

CHIy =— - — |
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Amines.havihg fhe usually réquired carbon skeleton
undergo the haloform reaction (47), thus the oxidation shown
in the first step is not unlikely undcr the conditions of
the haloform reaction. Compound XXXVI very probably does
not exisﬁ more than transiently. As was mentioned before
.in the discussion of the tetrahydropyridines, such compounds
probably exist as the 2 structure and in aqueous solution
are in equilibrium with the open aminoketone, XXXVII (37).
The effect of the hydroxyl group in the 3-position is not
known. If the double bond shifts into the 2,3-position,
the effect might then merely be an oxidation of the hydroxyl
to a ketone. A second oxidation of the amino group would
then be necessary to yield a /Ka-ketoacid.

The actual process 1s probably not as simple as the
schematic outline. Substitution of the methylene groups with
iodine could occur before and after the decarboxylation.
Indeed it is felt that the pictured decarboxylation would
not proceed well at the low temperature (60°) of the iodoform
test, but would most certainly proceed as a result of the

increased activation introducéd by o-halo atoms.
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Section 7'
Summary of Evidence for the Stfuctures of
Febrifugine and Isofebrifugine

For the moment, isofebrifugine will be assumed to have
a~structurevbased on that of febrifugine. Possible differences
" Letween Lhe Lwo isomeric alkaloids will be dlscussed in the
next séction.

At the coneclusion of Brockman's thesis (1), febrifugine
had been shown to be a 4-quinazolone substituted only at the
3=-position., The remainder of the’molecule had been shdwn to
contain a keto-group, a secondary amine, and a hydroxyl group.

The isolation of 4-guinazolone-~3-acetic acid and a
lactone containing the secondary amine after oxidation of
isofebrifugine indicated that the carbonyl group was beta to
the quinazolone moiety. In addition it showed that the
hydroxyl group was either ~f or & to the carbonyl.

Since the alkaloids are oxidizable by periodate, and
the oxidation does not affect the quinazolone ring, the
secondary amine must be vicinal to either the carbonyl or to
the hydroxyl group. The clea#age product of the periodate
oxidation product with hydroxylamine was shown to be the
dioxime of a /3Lketoaldehyde by the formation of the triacetyl
derivative. The cyclization of the dioxime on heating with
acid further indicated the carbonyl functions to be,ﬂa. The
cleavage of the periodate product with semicarbazide to
yield the 3-substituted pyrazole,'IX, confirmed that the basic
structure of the cleavage product is 3—(/3, 5~dioxobutyl)-
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4—quinézolone. .This means that the secondary amine ih the
alkaloid is beta to the ketonic groupvand alpha to the hydroxyl
group; The only structure satisfying this requirement and
having no Cfmethyl group is XVIII. The identification of

~ -aminobutyraldehyde semicarbazone as the other cleavage

product of the periodate oxidation product confirmed this

structure.



b6

‘Section 8

The Relationship of Febrifugine to Isofebrifugine

The nature of the difference hetween febrifugine and
isofebrifﬁgine makes an unequivocal assignment of exact
sﬁructures difficult. Febrifugine has a demonstrable carbonyl
group and isofebrifugine does not. However, the ease of
interconversion, the similarity of febrifugine and isofebri-
fugine in reduction to dihydro compounds (3), the identity
of the products of oxidation with periodate (3), and the
isolation of the lactone, XXIV, on permanganate oxidation of
isofebrifugine, all pelnt to the presence 1n isofebrifugine
of a masked carbonyl group in the same location as that in
febrifugine. The failure of 1sofebrifugine to react with
carbonyl reagents indicates that the ketonic group is either
stericglly hindered or does not exist except as a potential
carbonyl group.

Since the carbonyl function is apparently assoclated
‘with the difference, a few of the oproperties of the dihydro
compounds will be reviewed. The dihydro derivatives of the
alkaloids are not identical (3). The point of reduction
scems to be the carbonyl group. Though the possible inter-
conversion of dihydrofebrifugine and dihydroisofebrifugine
has not been studied extensively, the dihydro compounds
appear to be stable to heat and can he erystallized from heoth
solvents without isomerization (1). The dihydrocompounds
are hydrolyzed in alkall without the formation of resins (1).

The lack of resin formation cn hydrolysis, and ultraviolet
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-Qbsorption spectra practically identical to the parent
compounds (1) were results to be prediéted (6) on the basis
of the original alkaloids having a carbonyl group beta to
the quinazolone ring. The dih&drocompounds are only slowly
attacked by periodate, requiring 17 hours to consume 0.74
equivél_ents per mole. After alkaline hydrolysis, however,
4,11 equivalents are consumed in one hour. The cyclic
structure proposed in section 5 to explain this anomaly

may indicate that dihydrofebrifugine has a ¢cis configuration
of the groups on the piperidine ring. However, a seven
membered ring might as easily form from the Egggg.con-
figuration.

In the preparation of the dihydrocompounds, in spite
of the uptake of almost exactly one mole of hydrogen, the
yield of the reduction products is quite low (1). If the
two asymmetric centers of the piperidine ring are not involved
in the difference between the alkalolds, then 1t woulgd be
reasonable to predict that the reduction should not be
completely stereospecifie. In other words, some dihydro-
isofebrifugine might be expe_cﬁed to result from the reduction
of febrifugine and viece versa,

Crystallization of the mother liquors from the pre-
parations of the dihydrocompounds proved unprofitable, A&
few unsuccessful attempts at the chromatographic separation
of the dihydro derivatives soon showed that the development
of conditions for the ehromatography of colerless, non-

fluorescent compounds is a time consuming process. Accordingly,
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'ﬁhé N-dinitrophénylbderivatives df the dihydrocompounds were
‘prepared, and their chromatography stﬁdied. Conditions were
not found which would separate the derivatives.

A second avenue of attack on the difference between the
alkaloids was that of pérmanganate oxidation. The oxidation
of febrifugine, as previously mentioned, did not yield the
1actoné obtained from isofebrifugine. It would be desirable
to further identify the fragment obtained from febrifugine
and to compare its configuration with that of the lactone from
isofebrifugine. The low yilelds of both fragments, espeéially
that from febrifugine would have made thils procedure too
costly of the limited supply of the alkaloids. It was reasoned
that the large amount of 4-quinazolone produced in the
oxidation of isofebrifugine indicated that the oxidation was
proceeding in such a manner as to give large yields of the
desired fragment. The small yield of the lactone was thought
to be due to the lability of the product to further oxidation.
The substitution of the secondary amine with a negative
substituent might stabilize the fragment to oxidation and, if
the substituent was also colored, would aid in the isolation
of the fragment by chromatography.

 The dinitrophenyl derivatives of febrifugine and iso-
febrifugine were prepared. The reactlon of the alkaloids with
thé reagent was very slow‘and the yields were not very satis-—
factory, though there did not seem to be appreciable side
réactions and the unreacted alkaloid could be recovered,

Crystallization of the derivatives was difficult. They tended
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'tb»precipitate.frdm solvents as‘gums rather than as crystalline
vmateriéi.' With the hope of improving the properties of the
deriVatives, it was decided to use a chromatographic isolation.
Brockman had previously shown (1) that the alkalolds were
very tightly held by silicic acid. A developer solution of
20% acetone in methylene chloride gave a very saﬁisfactory
separation of the derivatives and left any unreacted alkaloids
at the top of the column. Unreacted dinitrofluorobenzene
moved practically with the front with methylene chloride alone,
and its hydrolysis product, the phenol, moved very‘ra?idly
with the developers used. The chromatographically purified
derivatives still crystallized only with difficulty.

| The dinitrophenyl derivative of the lactone from iso-
febrifugine was prepared, using about 1 mg. of the lactone.
At least four yellow zones were obtained when the reaction
mixture was chromatographed. Thus there exists some
uncertainty in the reaction of dinitrofluorocbenzene with
~ polyfunctional compounds.

The attempt to compare the oxidative fragments of febri-
Tugine and isofebrifugine Wés set aside because of the un-
certainty of the lactone derivative and the difficulty of
crystallization of the derivatives of the alkaloids. The
éupply of alkaloids was quite small, making it necessary to
work with relatively small quantities. Thus, small yilelds on
crystallization could not be tolerated.
| Another possibility of getting some information on the

problem of the difference between the alkalolds lay in pre-
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.ﬁafing}the sameldefivative involﬁing the carbonyl group. The
vdifficulty'involved'is that isofebrifﬁgine does not form such
derivatives as an oxime or semicarbazone at room temperature,
and warming under alkaline conditions causes conversion to
febrifugine. It was reasoned, that since the alkaloids are
stable (do not interconvert) to acid, no ambiguity would
result from forcing isofebrifugine to give a derivative under
acid conditions. If isofebrifugine exists as a hemiketal,
then the displacement of this wifh a divalent derivative

such as 2,4-dinitrophenylhydrazine would be ideal. Rotations
on the dinitrophenylhydrazones of the two alkaloids would
then det@rminé whether the configurations ahont the asymmetric
carbén atoms of thé piperidine ring were the same for the two
alkaloids. A monovalent derivative such as a mercaptol would
be of some use, as feﬁrifugine might form a di- and ilso-
febrifugine a mono-derivative with the mercaptan.

As it developed, it was not possible to prepare a dinitro—
phenylhydrazone of even febrifugine., Starting material was
recovered after heating febrifugine dihydrochloride at 100°
for 40 minutes with dinitrophenylhydrazine in glacial acetic
acid contalning about 2% of concentfated hydrochloric acid.
This would indicate that the ketonic group is sterically
hindered. v

| An attempt was made to prepare the dimethylmercaptol of
febrifuginé,-using methylmercaptan, freshly fused zinc
chloride, and anhydrous sodium sulfate. Starting material was

recovered after 21 hours at room temperature.
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Isofebrifugine could not be methylated with methanolic
hydrogen chloride at 100°.

Though it was known that the interchange between febri-
fugine and isofebrifugine was reciprocal (3), it secemed
advisable to obtain some information as to the position of the
equilibrium (if an actual equilibrium existed), the effect of
different types of solvents, and at least a rough determination
of the rate. The large difference of specific rotation of
febrifugine'and isofebrifugine 1n chloroform (3) suggested the
use of the polarimeter for analysis of mixtures of the two.

For the purposes of the equilibrium studies, it was
decided to study the interconversion in benzene and in methanol.
After heating for the desired length of time at the arbitrary
temperature of 750, the rotation of the sample was taken in
chloroform. (fig. 2).

In methanol, both febrifugine and isofebrifugine approach
the same mixture of approximately 45% isofebrifugine ahd 55%
febrifugine. The interconversion in methanol at 75° is quite
rapid. In ten minutes a éample of pure febrifugine developed
approximately half the equilibrium concentration of isofebri-
fugine. Prolonged heating (5% hours) at 75° did not materially
affect the rotation of the equilibrium mixture, indicating
that 1little or no decomposition was occurring. With benzene as
the medium, the interconversion was less rapid. The position
of the equilibrium was podrl& defined, but appeared to be
about 82% isofebrifugine. A solution initially febrifugine

contained about 41% isofebrifugine after 1% hours heating.
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The increased rate of interconversion in methanol as
opposed to benzene is not explained. The complete stability
of the alkaloids to acid conditions indicates that the inter-
conversion is base catalyzed. It seems unlikely that the
only difference between febrifugine and isofebrifugine is the
formation of a hemiketal, If such were the case the inter-
change~would be expectéd to ocecur under acid conditions and
not under basic conditions. Rather, it seems more likely that
febrifugine and isofebrifugine differ in configuration about
one of the asymmetric carbon atoms in the piperidine ring.
The chemistry of the molecule would indicate that the hydroxyl
group and the carbonyl side chain have a trans configuration
in febrifugine and a cis configuration in isofebrifugine.

The geometry of the molecule makes it improbable that an
interaction between the hydroxyl group and the carbonyl (in
the case of the lactone, lactonization) could take place from
the trans configuration, whereas an easy interaction would be
expected from a ¢is configuration. A ¢is configuration would
also be expected to block access to the carbonyl group more
than would the trans Structur‘e, thus offering an explanation
for the non-reactivity of isofebrifugine as a ketone.

Thus the available data, though inconclusive, suggests
that febrifugine has the structure XVIII, and is one of the
two antipodes having a Egggg configuration on the piperidine
ring. Isofebrifugine would then be one of the two antipodes
héving a_gig configuration, and gquite possibly exists as a

hemiketal (XXXV) rather than the hydroxy ketone.
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It had been originally planned to include two possible
mechanisms for the interconversion of febrifugine and iso-
febrifugine, based ovn the above ilnterpretation of the structures.
Since these were quite speculative and no actual support of
the structures, their discussion was deleted after the
appearance of papers by Baker, et. al., proposing the ¢is
configuration for both febrifugine and isofebrifugine (22, 23).
A comment on this interpretation however, might be in order.

The faclle interconversion of the two alkaloids as the
free bases, and the stabilitj to acid (3) would appear.to be
in contradiction to the proposal (23), that febrifugine is a
hydroxy ketone and isofebrifugine the corresponding hemiketal.
Such isomerism is generally considered to be acid catalyzed.
Under this interpretation isofebrifugine would be expected
also to form carbonyl derivatives (identical with those of
febrifugine) since 1t is well known from the carbohydrates
that hemiketal formation does not prevent such reactions.
Baker, et. al., to explain the non-reactivity, propose
stabilization of the hemiketal structure by intramolecular
hydrogen bonding. The chelaﬁe so formed involves a seven
membered ring containing one double bond. Significant
contribution to stability by such a chelate, is open to
question.

It must be pointed out that the weight of the total
evidence lies with the explanation of Baker, et. al. Their
demonstration (22) that in febrifugine the two groups attachead

to the piperidine ring are cis was quite straightforward.
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Experimental

Preparation of the N-dinitrophenyl Derivatives of Dihydro-

febrifugine and Dihydroisofebrifugine. A mixture of 11 mg. of

dihydrofebrifugine and 22 mg. of dinitrofluorobenzene was
shaken with aqueous-ethanolic sodium bicarbonate solution for
1 hour. The solution was evaporated and the residue dissolved
in 6N hydrochloric acid and extracted with ether to remove
the excess reagent. The agueous solution was then made basic
and extracted three times with equal volume portions of
methylene chloride. This transferred most of the yellow color
from the aqueous to the organic phase. Evaporation of the
methylene chloride and recrystallization of the residue from
aqueous methanol yielded 5.8 mg., of yellow solid melting at
145-152°, setting to a sort of glass on melting.
Dihydroisofebrifugine (14.5 mg.) was treated in a similar
manner, except that the yellow methylene chloride solution was
placed on a #2 chromatographic column containing 3:1 alumina-
cellite. Development with 100 ml. (about 3% volumes) of 0.25%
acetic acid in methylene chloride produced several bands, but
one of these (1.7 cm. from the top) was clearly the main band.
Development wibth 100 ml. of 0.5% acetic acid in wmethylene
chloride caused this to move free of others to a position 6 cm.
from the top. After elution of the zone with methanol and
removal of water soluble components (arising from the adsorbent)
9.9 mg., of a yellow residue was obtained. The only solvent

found which would crystallize the material at all, and that
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Unét well, was isopiopyl ether td give a material with a very
| poor melting point of about 120° with gross decomposition.

. The use of a two phase reaction mixture of methylene
chloride and 1N sodium bicarbonate, was found to be very
effective. in the preparation of these derivatives. After
about 1 hour of shaking, the organiec phase was dried and
placed directly on the column.

The behavior of the isomeric derivatives was investigated
briefly on #1 columns of alumina-cellite. Approximately
0.2 mg. quantities of the derivatives were used by taking
aliquots of methylene chloride solutlons containing ca. 1
mg./ml. It was found that a small amount of acid was needed
in the developer solution in order to obtain zones narrow
enough for their color to be seen. The results are given in
Table II, Briefly, no difference in behavior was demonstrated.

Preparation of the N-dinitrophenvl Derivatives of Febri-

fugine and Isofebrifugine. The derivatives were prepafed by

- the two phase procedure described for the dihydro compounds.
The reaction of dinitrofluorobenzene with the alkaloids was
milch slower than with the dihydro alkaloids, In a sample
preparation 36 mg. of febrifﬁgiue, 80 mg. of dinitrofluofo-
benzene, 20 ml. of methylene chloride, 5 ml, of water and

0.5 g. of sodium bicarbonate were shaken for 16 hours at

room temperature, Chromatographic isolation of the derivative
yielded 7.6 mg. of a yellbw~orange gum which would not cry-
étallize. The corresponding derivative of isofebrifugine was

gotten to crystallize from benzene by the addition of a small
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.'amount of aceténe énd ligroin, but the yield on recrystalliza-
tion was very poor. This derivative melted at 175-177°,

The chromatographilc ‘proceduré was not the same as for
the dihydro alkaloids. Because of its cleaner nature, silicic
acid (Mallinckrodt Reagent, sold as a specially prepared
silicic acld for chromabographic use) mixed with 1/3 part
of celite was used as adsorbent and 20% acetone in methylene
chloride was used as the developer solution. A standard
activating prewash consisting of 0.2V of ether, 1V of 1:l
ether-acetone, 0.8V ether, and IV of methylene chloride was
used.* In the first trials, the retention of the unreacted
alkaloids at the top of the column was confirmed by streaking
the.column with an aqueous solution containing 0.1% potassium
permanganate and 1% sodium hydroxide (3). For small columns
it was found that the use of a camel's hair brush for streak-
ing was not satisfactory. It was more convenient to apply the
reagent from a bulbless dropper which had been drawn out to a
capillary tip. The dropper was inclined to a quite low angle
with the extruded column and drawn fairly rapidly along the
length of the column with th.e tip in light contact. Capillar-
ity of the column drew the réagent from the dropper. A guite
uniform line of most any desired width could be obtained by
regulating the speed of traverse.

| The use of 20% acetone in methylene chloride caused the

dinitrophenyl derivatives of febrifugine and isofebrifugine

* Recommended by W. A. Schroeder.
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"Tahle IT

Attempted Chromatographic Separation of the
N-dinitrophenyl Derivatives of Dihydrofebrifugine
and Dihydroisofebrifugine on Alumina-Celite

Distance of zone from

Compound? Developerb . top of column (cm.)

I, F » 2Y 0.2% AcOH 1
0.2% BtOAc

I 3V 0.4% AcCH 2.1
- 0.5% BtOAc

F 3V 0.4% AcOH 2.1
0.5% EtQAc

I, T 2V 0.4% AcOH 1.5
0.5% EtOAe

(same column) 3V 0.4% AcOH 3.5
4.0% BtOAc

(same column) 1% MeOH added to -

above developer
and run to end

I, F 10V 0.5% AcOH -

T 4,0% EtOAc
2,0% Acetone

(a) The derivative of dihydrolsofebrifugine 1s denoted by I,
and of dihydrofebrifugine by F.

_(b) The base of all.the developers was methylene chloride.
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to move down the column, leaving the unreacted alkaloids in
the top few millimeters., The derivative of isofebrifugine was
the faster moving of the two and could easily be separated

from the febrifugine derivative.

Reaction of Dinitrofluorobenzene with the C7H1202N01

Compéund. A small amount, 1.1 mg.; of -the 07 lactone hydro-
chloride from.permanganate oxidation of isofebrifugine was
stirred 3 hours at room temperature with 2 mg. of sodium
bicarbonate; 2 to 3 mg, of dinitrofluorobenzene, 2 drops of
water and 3 drops of ethanbl. The reaction mixture was evap-
orated to dryness and the yellow residue leached with methylene
chloride till no more yellow color was removed (solution A).
The yellow solid which remained was treated with excess 1N
hydrochloric acid and extracted with methylene chloride
(solution B), Solutions A and B were chromatographed separately
on #1 columns of siliecic acid-celite using 10 ml.-(l%l) of 4%
acetone in methylene chloride as developer. Solutiog‘A
- produced three yellow zones, and solution B two yellow zones
the faster moving of which was probably dinitrophenol. The
fastest moving of the zones from solution A appeared to contain
more material than any of the other zones but was judged to
contain less than half of the total material (excluding
dinitrophenol).

Reactlon of Febrifugine with Dipitrophenylhydrazipe. A

ﬁixture of 10 mg. of febrifugine dihydrochloride, 5 mg. of
2,4~-dinitrophenylhydrazine, 10 drops of glacial acetic acid,

and lolpl. of 12N hydrochloric acld was heated 1ln a sealed



- _80-

capillary tube at 1000 for 40 minutes. Colorless crystals
(7.6 mg.) separated on cooling. These were identified by
melting point and mixed mélting point as febrifugine dihydro-

chloride.
Reaction of Febrifugine with Methylmercaptan. About

25 to 50 mg. of zinc chloride was fused in vacuo in the bottom
of an ampoule'(prepared from 10 mm. pyrex tubing), and after
cooling, 25 mg. of anhydrous sodium sulfate, 21 mg. of
febrifugine, and 1 ml. of methylmercaptan were introduced.

The ampoule was sealed and allowed to stand at room temper-
ature for 24 hours. After opening the ampoule and allowing
the methylmercaptan to evaporate, the residue was treated with
2 ml., of 5% sodiuﬁ carbonate and extracted with chloroform.
Evaporation of the chloroform yielded 17.5 mg. of colorless
erystals, which afﬁer crystallization from ethanol were
identified by melting point and miied melting point as febri-
fugine. |

Reaction of Isofebrifugine with Methanolic Hydrogen

Chloride., A solution of 24.0 mg. of isofebrifugine in 2 ml.
of methanol was saturated with dry hydrogen chloride at‘OO.
The reaction tube was sealed and heated at 100° for 74 hours.
The mixture was evaporated with a stream of nitrogen (after
the initial spontaneous evaporation) to a small volume, 1 ml.
of water added, and made basic with 5N sodium hydroxide. It
was then extracted seven ﬁimes with 2 ml. portions of chloro-
form, and the chloroform evaporated, yielding 22.7 mg. of

material identified by melting point and mixed melting point
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as isofebrifugine,

IntechnversiOn of Febrifugine and Isofebrifugine. For

the study of the intercharnge, an approximately 10 mg. sample
of the desired alkaloid was weighed into an ampoule prepared
from a iO x 70 mm, pyrex test tube, The desired solvent

(3 ml. of methanol, or 5 ml, of benzene) was introduced. The
ampoule was sealed and heated in an oil bath at 75° for the
desired length of time. The ampoule was then cooled, opened,
and the contents evaporated at a temperature of approximately
10° with a stream of nitrogeh. The evaporation was then
completed 1in a ﬁacuum desiccator. The residue was dissolved
in 2 ml. of chloroform and the rotation taken in a 1 dm.
semimicro polarimeter tube (Figure 2), It was shown that
putting febrifugine or isofebrifugine through either pro-
cedure but without heating, gave the rotation of the pure
starting material. The specific rotation of the solutions
from heating in benzene did not become constant till
_approximately 4-5 hours of heating. The specific rotation
(pure febrifugine, 0°; pure isofebrifugine, +125°) of the
equilibrium mixture starting with febrifugine was about 100°
and starting with isofebrifugine, about 104°, indicating an
equilibrium concentration of isofebrifugine of about 82%. A
humber of points were taken from # hour to 5% hours of heating.
Though the curve obtained was not smooth, it could be
estimated that a solhtion initially febrifugine contalned
half the equilibrium concentration of isofebrifugine after

about 1% hours heating. The curves obtained on heating in
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ﬁethanol Were quite smooth and agreed very well at the point
of equilibrium, The spécifiC‘rotation at equilibrium (reached
in 1eés than 1 hour) was about 55°, indicativg en eywiiivrium -
concentration of about 45% isofebrifugj~®. The half-way

polnt was reached in 10 minutes., £Trolonged heating in methanol
(5% hburs) did not detectably affecf the rotation of the

equilibrium mixture, indicating that decomposition was probably

not ocecurring.
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~Section 9
.- The Polymorphism of Febfifugine
and the Identity of -~ -Dichroine

Febrifugine has been occésionally encountered in higher
melting crystalline modifications. It has been the practice
of.this laboratory to distinguish between the forms by means
of gfeek letters. The material (m.p. 140°) referred to
throughout the previous sections of this thesis as febrifugine
was the form most commonly obtained on crystallization and
would have been more properlj‘designated as CX—febrifugine.
Polymorphism has been noted only of the free base of febri-
vfugin@ and not of isofebrifugine or of any of the derivatiwves
of either alkaloid.

Other workers (48, 49, 50) have assigned different names
to the alkaloids of D. febrifuga,causing some confusion (3).
As an aid to the reader it seemed advisable to preface the
discussion with a table (Table III) of the compounds to be
- considered and the conclusions reached conecerning them.
In 1948, Chinese investigators, Chou, et al. (48),

reported the 1solatlon from Dichroa febrifuga of three

"isomerie" alkaloids, convertible to one another under proper
conditions. These alkaloids were named CZ-,,45~, and

~Y -dichroine, and were reported to have antimalarial actiwity
iﬁcreasing in that order. In 1949, Koepfli, et al. (3)
reported that in spite of the disagreement in melting points
it was evident from the data of Chou, et al., that o -, and

/5Ldichroine were isofebrifugine and febrifugine ( o -febri-
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Table III

Melting
. Point
°C

Probable Identity
or Mode of Preparation

L -Febrifugine?
/3 -Febrifugine
7 -Febrifugine

d -Febrifugine

/3 -Dichroine
Y -Dichroine

Isomers of
Febrifugine

Isofebrifugine

o -Dichroine

139-140
154-156
151-153
153-156

145b
160P

129-130
136°

Crystallization of any form
from most solvents

Heat isomerization of iso-
febrifugine (no solvent)

Spont. cryst. from chloro-
fornm '

Spont. cryst. from chloro-
form

X -febrifugine
Mixture of /3-, and

Y -febrifuginey heat iso-
merization of o« -dichroine

Isofebrifugine

(a) Referred to as febrifugine in publications (2, 3) and in
the previous sections of this thesis.

(b) Taken from Lhe literature (49), and is probably four to
" gix degrees lower than this, as the melting point of
Y -dichroine was determined in this laboratory to be

154-156°,
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ufuginé), respectively, the lsolation and properties of which
had been reported in 1947 (2). It was further suggested that

Y. -dichroine was identical with a material (/6 -febrifugine)

which had been shown to be a high melting crystalline

modification of febrifugine, and thus not an isomer of

/3 ~dichroine.* This would require the physiologic data on
the dichroines to be in error. The evidence for this was very
strong as the reported preparation of Y -dichroine was sub-
stantially identical with that of /3 -febrifugine, namely the
heating of the lowest melting isomeride ( Cz-dichroine; iso-
febrifugine). The only reported difference in the preparation
was the claim of the Chinese investigators that ¥ -dichroine
was crystallized from acetone. Any attempt in this laboratory
to actually crystallize¢ﬂ3-febrifugine from acetone yielded
the oc=form. The Chinese investigators further claimed that
all derivatives (including the hydrochlorides) of Y-dichroine
were ldentical with those of/@ -dichroine, but occasioﬁally
.referred to crude hydrochlorides as a mixture of/e -, and

Y ~dichroine hydrochlorides. It might be remarked that the

* It should be noted here that this paper of Koepfli, et
al. (3), contained a statement which is probably misleading.
They reported that the higher melting base was occasionally
encountered during early isolation studies, and subsequently
obtained by neutralization of febrifugine dihydrochloride and
by spontaneous crystallization of melted isofebrifugine
(isomerigation), The crystalline form of febrifugine obtained
from spontaneous crystalligation of melted isofebrifugine has
since been designated as /7 -febrifugine. The other pre-
parations were probably not the same crystalline form. They
may have been ¥ -, or -febrifugine or forms not encountered

by the author,



-86-

hphysiblogic testing is done in C.Olﬂ'hydrochloric acid.

In June, 1948, K. K. Chen, Eli Lilly and Company,
Indiénapolis, received a éample of Y-dichroine from Chou. A
portion of this was sent to L. H. Schmidt, Institute of
Medical Research, Christ Hospital, Cinecinnati. In May, 1949,
Dr. Chen supplied us with a few milligrams of this ¥ -dichroine,
and in 1950 Dr. Schmidt sent us what remained (a few mg.) of
the sample he had received. The results of pharmacologic

tests by Chen (51) indicated Y -dichroine to have a higher

activity than febrifugine ( o¢-febrifugine) against Plasmodium
lophurae in ducklings. The tests of Dr. Schmidt (52)
ihdicated feﬁrifugine and Y -dichroine to have the éame acute
toxicities for the white mouse, but indicated ¥ -dichroine to
have a lower subacute toxicity for the rhesus monkey, and a

lower suppressive activity against P. cynomolgi than did

febrifugine,
Tt should be pointed out that the pharmacologic tests

- of ¥ -dichroine were conducted some two years after those of
febrifugine anhd that the tests on monkeys were made with a

small number of animals (fouf).

Parallel melting and'miied melting point determinations
of ¥ -dichroine and /g-ﬁfebrifagine were identical. Micro-
scopic examination showed the two to have a different
appearance.

At this point, a communication (53) from Chen stated that
X»ray powder photographs of Y -dichrolne and /3—febrifugine

showed them to be different.
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Brockman, in this. laboratory, took X~ray powder photo-
graphs of the two forms of febrifugine and of Y-dichroine.
The photographs of all three were quite distinct from one
another, though as was later shown by the author, certain of
the reflections of Y -dichroine are probably identical with
strong reflections of/3 ~febrifugine.

By evaporatibn of a saturated chloroform solution of
o -febrifugine and seeding with ¥ -dichroine Brockman
obtained crystals (#4, P. 259) whose powder photograph bore
some resemblance to that of —-dichroine. There were, however,
serious discrepancies between the two photographs.

By heating two mixed samples of isofebrifugine and
G(~febrifugine and seeding one with ﬁg—febrifugine and the
other with ¥ -dichroine he obtained, in both cases, material
with an X-ray powder photograph like that of /3 -febrifugine.
Other attempts were made by Brockman to prepare ~¥Y'-dichroine,
but without success. |

Purther (unsuccessful) attempts were made by Dr. Koepfli
and the author to prepare ¥ -dichroine by seeding experiments.

In one preparation of.the free base of febrifugine from
its dihydrochloride the crystals first separating on
evaporation of a chloroform extract bore a strong physical
resemblance to v’ ~dichroine. As the melting point indicated
the material to be one of the high melting modifications, an
X~-ray powder photograph wés promptly taken. The photograph
had a striking resemblance to that of ¥ -dichroine, and the

material was named ¥ -febrifugine. The physiological activity
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“of Y-febrifugine was tested in parallel with that of
X -febrifugine, and no difference cbuld be detected.*

Microscopic examination of all the forms at hand were
made. The observations are recorded in Table IV.

In yet énother isolation of the free base of febrifugine
from its dihydrochloride, a fourth'crystal modification of
febrifugine was obtained by spontaneous crystallization. In
this case, crystals suddenly appeared suspended in the organic
phase while extracting anh alkaline solution of febrifugine
dihydrochloride with chloroform. The X-ray powder photograph
of these crystals was again different from the other forms.
This modification was named &-febrifugine.

As a check, the rotations of the various forms were taken
in diverse solvents (Table V). Y-Febrifugine had the same
specific rotation as o«-febrifugine in chloroform, ethanol,
and in 1N hydrochloric acid. <§-Febrifugine was compared
- only in chloroform and in ethanol, but the rotations were
- identical with o(-febrifugine. Brockman (3) had previously
shown that in rotational and chromatographic studies /9~febri-
fugine was identical with ot~febritugine, and that they were
interconvertible by cross seéding of saturated solutions in
the cold. |

No attempt was made to interconvert o-, ¥ -, and

) ~-febrifugine by seeding experiments in the cold. However,

* The author is indebted to L. H. Schmidt and the
Institute of Medical Research, Christ Hospital, Cincinnati
for the testing of these compounds.
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‘.since»the new forms arose from treatment of febrifugine
dihydrochloride in solutions -not aboﬁe room temperature and
have the rotation of HK-febrifugine, Lhere seems 1lilttle
doubt that_these are polymorphic forms and not isomers. Each
of the fdrms, on crystallization from hot ethanol, yields
Cx—febrifugine;

The overall resemblance of the X-ray powder photograph
of 5YLfebrifuéine to‘that of Y-dichroine suggested that a
detailed examination of the photographs might be profitahle.

Visual estimation of relative line intensities wés made
of the photographs taken in this laboratory. In addition,
data from the powder photographs of “Y-dichroine and /F-feb-
rifugine taken at E1li Lilly and Co. was made available to us.*
The data from our photographs (reproduced in Fig. 3) was
- recorded directly in graphic form (Figure 4). It may be readily
seen from anh examination of Figure 4 that with some minor
dlscrepancles, the X-ray powder photograph of 7(~dichrbine can
- be reproduced by assuming this material to be a mixture of,ﬁg—,
and Y -febrifugine, with Y-~febrifugine predominating. An
estimate of the composition would be perhaps 75% ~-febri-
fugine and 25% /3-febrifugine.*

An analysis of a second set of X-ray powder photographs
at Eli Lilly_and Co., was made by Dr. S. F. Kern of that
laboratory (53).* Dr. Kern had available only'/s-febrifugine

* The author is indebted to Dr. R. B. Corey, Calif. Inst.
of Techhology, for his generous help in interpreting the
photographs, and to Drs. K. K. Chen and §S. F. Kern, and Eli
Lilly anhd Company for making their data available to us.
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/3-Febrifugine

~ ~Dichroine

~ -Febrifugine

Figure 3. X-Ray Powder Photographs of the Alkaloids,



~93-

Figure 3 (cont'd)..

d -Febrifugine

#4, p. 259

e

Isofebrifugine
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"and Y-dichroine. It was his conclusion that they contain a
common morphological constituent. Hé also recrystallized
bothlsamples from cold acetone by evaporation, and obtained
identical powder photographs.A The data on the recrystallized
material agrees with our photographs of A -febrifugine. Dr.
‘Kern's photographs of’/?—feﬁrifugine and ~f ~dichroine showed
little change over those_taken at Lilly some two years before.
During this time their samples had sat on a laboratory shelf
in closed tubes. |

The author retook X-ray‘powder photographs of the material
studied by Dr. Brockman to see if some of the minor discrep-
ancies in intensity could be resolved. Those pictures taken
by Dr. Brockman were taken with the powdered sample mounted
' on vaselined glass fibers, while those taken by the author
were with the material in special thin-walled capillary tubes.
Thus, there was a possibility that orientation could account
for the inability to exactly match relative intensities in the
. analysis.

Both samples of ~-dichroine gave X-ray powder photographs
identical to that of & -febrifuginc.

It is of course impossible to say at what point thé
conversion to X -febrifugine occurred. The later seeding
experiments with ~Yy-dichroine may well have been fruitless by
reason of not having any ¥-dichroine. The ~Y-dichroine, when
not in use had been stored in the refrigerator. It is reasonable
fhat the small amount of moisture picked up by possible opening

of the samples before they had warmed to room temperature
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'cduldvhave caused the samples toAslowly recrystallize to
o -febrifugine. In view of the stability of the samples
stored at Lilly at room temperature, it is not likely that

the méterial converted as the dry solids.

Brockmén's sample of ﬁa—febrifugine was unchanged, but
hisASQmple #4, p. 259 had reverted to X-fehrifugine. The
disposition of these two samples 1s somewhat indefinite, It
is believed that these were in the refrigerator also, but
neither would have been opened as frequently as the

~ -dichroine.

An old sample of very pure isofebrifugine, stored in the

refrigerator fof several years, gave ah excellent powder

photograph identical with later samples.

In summary then, four crystalline modifications of feb-
rifugine ( o -, /3-, Y-, and d -febrifugine) have been pre-
pared in this laboratory. The form of febrifugine depends
on the conditions of erystallization, but one form ( Gf-feb-
- rifugine) is the most easily obtained. The solvents which
are most suitable for recrystallization of febrifugine,
convert all others to the cx?form.

Becsuse of the facile iéomerization of febrifugine %o
isofebrifugine it was necessary to take considerable painms
to bé certain that the various'"crystalline modifications"
were not other isomers. With the exception of ﬂa-febrifugine,
the mode df‘preparatian wbuld normally exclude isomerization
from consideration. Koepfli, et al., had already shown by

the criteria of rotation, chromatographic behavior, and
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ureéipfocalvinterchénge_by Cross éeeding in cold solvents
that A -, andlﬂg—febrifugine were idehtical in solution (3).
The rémaining forms were shown by their rotations in various
solvents, to be identical‘with cX—febrifugine and each on re-
crystallization, yielded the O(-form., In addition, & -, and
’b/wfe_brifugine were ldentical in p'arallel.physiologic
experiments.

There remained the rather confusing problem presented
hy v‘f—dichroine. The chemical data of its proponents
indicated it to be’ﬁa—dichroine (excepf for melting point),
yet their physiologic data indicated it to be different. Since
there was no question but whatl/a—dichroine was febrifugine,
the physiologic data on the dichroines was confirmed when
investigators in this country claimed that febrifugine and
¥ -dichroine were different. These latter physiologie
experiments lack weight, however, because the tests on the
two compounds were run some two years apart, Unfortunétely,
there is no ~Y-dichroine available at the present time, and
it is unlikely that it will ever be possible to perform
parallel pharmacologic tests-on febrifugine and ¥ -dichroine.

~ -Dichroine has been shown to convert very easily‘to
oK -~febrifugine, even converting during storage in the
refrigerator. This was independently confirmed by Dr. Kern
when he attempted recrystallization of ~ -dichroine and
/fanfebrifugine, and obtained A-febrifugine in both cases.
in short, the hehavior is just that which would be expected

of a polymorphic system. In fact, if one assumes — -dichroine
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uis chémically different from fébrifugine, the conversion to
febrifugine is so facile that it is étill difficult to |
explain how the compounds could behave differently in
pharmacologic experiments. It was further shown that the
X-ray powder photograph of Y-dichroine indicated it to be a
mixture of‘/a—, ahd ﬁf—febrifugines, two crystalline modifi-
cations of febrifugine.

Tt is concluded that ~y~dichroine is not a third isomeric
alkaloid from D. febrifuga, but 1s a mixture oflﬁg-, and

~ -febrifugines.
Experiméntal

X~Ray Powder Photographs. All X-ray powder photographs

were taken with a Phillips powder camera (57.3 mm.). All
photographs taken here and the first photographs at Lilly (1949)
were with CuKg radiation. The later photos at Lilly were with
CrKyg radiation. Dr. Kern's results were submitted with the
interplanar spacing given (d/n). This data was recalculated
here as 4 © using the wavelehgth of CuKx radiation so that

the spacing could be»cqmpared with the 4 € measured directly
from our photographs.

Dr., Brockman was assisted by R. A. McAllister in the
ﬁaking of the photographs. The mountlng of the aguthor's
saﬁples.and the photpgraphing of them was done by Dr., John
E. Leonard of these laboratories.

o Contact prints of the photographs used 1n the preparation

of figure 4 are given in figure 3.
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Melting Points. All melting points in these experiments

‘were taken in thin walled capillary tubes in an electrically
heated»copper'block, using a 10X wide fleld magnifler for
observation, In all cases, the rate of temperature rise at
the melting pdint was approximately one degree per minute.
_Allimelting points are corrected. | 7
The melting point of isofebrifugine is 129-130°, of
o -febrifugine, 139-140°, and of /F-febrifugine, 154-156° (3).
In the comparison of -Y'-dichroine with /-febrifugine,
the samples were melted in pafallel, introducing them into
the apparatus at a temperaturé of 130%. 1In each, a softening
was hoted at 1530, and each melted at 154.0-156.0°. An
approximately 1:1 mixture treated in this manner, softened at
153°, and melted at 153.5-156° It is to be noted that the
melting of any of the forms of the alkaloid 1s accompanied
by decomposition and that differences in particle size and
sample size may cause a variation of a degree or more in the
.observed melting point. The identical melting point of
Y ~dichroine and ~y-febrifugine was probably fortuitous.

Preparation of #4, p. 259 (JAB). A sample of X-febri-

fugine was dilssolved 1in chlorbform contalning a little bénzene
~ to give a saturated solution at room temperature. The
solution was centrifuged to clarify it and seeded with
'ﬁ?fdichroine. The solution was then evaporated to about %
volume with-an air sfream'at room temperature, stirring
éontinuously. After chilling in ice for % hour, the crystals

were collected and washed with ether, to give a material
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 melting at 152-154°.
| Preparation of ¥ -Febrifugine. To 3.00 g. of febrifugine

dihydfochlorid@ in 25 ml., of water was added 4.5 ml.-of 10%
sodium hydroxide. The solution was extracted five times with
90 ml. portions of chloroform. After drying with anhydrous
sodium sulfate, the chloroform was evaporated with nitrogen,
at below room temperature (about 10%), to 125 ml., at which
point it was mushy with solid. A4n equal volume of ether was
added and the suspension chilled to 0°. After collecting

and washing with 1:1 chloroform-ether, the product ( ﬁ(Qfeb—
rifugine) weighed 1.5 g. and melted at 151-153°, A small
amount rapidly recrystallized from ethanol (hot about 10
seconds) melted at 137.0-139.0°. By evaporation and addition
of more ether, second and third crops of Y ~-febrifugine were
obtained having a combined weight of 0,40 g. and melting at
144,5-148°, Crystallization of the combined second and third
crops from 4 ml. of ethanol yielded 0.26 g. of o(-febrifugine

melting at 136-138°.
Preparation of & -Febrifugine. To 0.07 g. of febrifugine

dihydrochloride dissolved in‘% ml. of water was added 3 drops
of 10% sodium hydroxide. The‘aqueous solution was shaken with
3 ml. of chloroform. The separatory funnel containing the two
phases was inadvertently left for 45 minutes. On roturning,
there were feathery needles suspended in the chloroform. The
chloroform}suspension was drawn off and filtered and the
crystals washed twice with % ml. portions of chloroform and

once with 1 ml. of ether. The material ( §-febrifugine
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‘sample A) melted at 153-156°,

The above experiment was repeated. In this case the
crystals formed within seconds in the chloroform. Tn a few
minutes, the chloroform layer was quite solid with the
feathery needles. The aqueous phase was extracted four times
wiﬁh'3 ml. portions of chloroform and all extracts combined,
It was necessary to dilute to 20 ml. with chloroform in order
to dissolve all the material at room temperature, After dry-
ing with potasgium carbonate the chloroform was evaporated
at reduced pressure and the residue recrystallized from

ethanol, yielding &~febrifugine.

of &-febhrifugine was repeated. TIn this
case, the chloroform suspension of crystals was washed three
times with % volume portions of water, This treatment largely
dissolved the suspended matter, but that remaining (B) had a
melting point of 150-152°. Samples A and B gave identical
X-ray powder photographs, and the crystal form was deslgnated
"ag 8 -febrifugine.

Later, the remainder of sample B was rapidly recrystall-

ized (hot about 5 seconds) from ethanol to give X-febrifugine

of melting point 136-137°,
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PART II. STUDIES ON 4-QUINAZOLOIES

Saction 1

Introduction

In part I of this thesis, the structures of the dibenzens-
sulfonyl derivatives of {ebrifugine and isofebrifugine wersa
discussed, The insolubility cf the derivatives in acid had
suggestad the possibility that the l-nitrogen of the quin-
azolons ring was involved in the reaction with benzenesulfonyl
chioride. Though this appearsd unliksly, it sesmzsd desirable
to experimentally deteralne 1f benzenssullonyl chioride would
rszact with 3-substituted 4-quinazolones, l.e. coapounds of

the general structure I.

The original problem was then the relatively simple task
of recacting benzenegulfonyl chlorides with a few representative
3-substltuted-4-quinazclones., Sincs the parent substance,
d-gqulnazolone, was avallabls 1t was declded to round out the
lnvestigation by testing its reactivity to the reagsat. Though

the substituted gulinazolonss did aot react, 4-quinazolons did.
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truacture of the initial product and

€3]

Tz détarmiﬁation of the
its degradation products constitutes the largest sectlon of
this part of the thesis.

Secticn 2 of this part describes the preparation of model

3«substitutea-4~quinazolones and the demonstration that the

3

benzenesulfonyl chloride. Ssetion

C

i

l-nitrogen is unreactlve t

{

3 describes the reaction of 4-gulnazclone with henzenesulfonyl
chloride and the synthesis of certain model compounds used in
the dstiermination of the structure of the reaction product.

In the course of the investigation, there was sencountered an
interesting reaction of ons of the degradation products. This,
and certain miscellansous sxpsriments are deserihea iIn section
4. TUltraviolet ahsorption curves of the varlous compounds

discussed are presented in the appendix,



-107-

Section 2
The Preparation of Hodel 3-Substituted-
4~quinazolones and Thelr Reaction With
Benzenesulfonyl Chloride

Three model compounds were chosen for the attempted
reaction with benzenesulfonyl chloride. The first compound,
the known 3-methyl-4-quinazolone, was chosen as an example of
a 4-quinazolone with an inert substituent in the 3-position.
The second and third compounds, 3-( ﬁ3~ketopropyl)-4—quin—
azolone and 3-( ﬁ}—hydroxyethyl)—4~quinazolone were chosen
because of the presence of an oxygen function»/g— to the
4-quinazolone molety in febrifugine and isofebrifugine.

3~(/6 -Ketopropyl)-4~-quinazolone had been previously
prepared in these laboratories by Rafat HMirza by the conden-
sation of 4-quinazolone and chloroacetone in slcoholic
potassium hydroxide, but no analysis had been obtained; The
unknown 3-( /3—hydroxyethyl)—4—quiﬁazolona was prepared by
the interesting method of Leonard and Ruyle (1) by heating a
mixture of 4-quinazolone and ethanolamine,

3-Methyl-4-quinazolone and 3-( fg-@fmop?opyl)—4mquin-
azolone did‘not react with benzenesulfonyl chloride in
pyridine at room temperaturs, 3-(/3—Hydroxyethyl)~4—quin~
szolone reacted only to form the ester, 3—(/3 -benzene-
sulfonoxyethyl)-4-quinazolone, and as secondary by-products
on longer reaction times, 3-( /3-chlofoethyl)-4—qu1nazolcne,
and anthranilic acid. The presence of the anthranilic acid

as a secondary reaction product was somewhat of a mystery, as
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‘significant hydrolysis of the various 3-substituted-4-quin-
azolones would not pe expected under the condltlons of the
reaction and isolation, 3-Substituted-4-quinazolones are in
general quite stable to acid conditions but are typlcally
hydrolyzed to anthraniiic acld by heatling wilth alksall for a
short time, or on treatment with dilute alkali for several
days at room temperature (2), To see if perhaps one of the
quinazolones involved was unusually susceptible to hydrolysis,
the chloride, the alecohol, and the ester were each subjected
to conditions comparahle to the experiment producing the
anthranilic acid. No anthranilic acid could be detected,
However, on treatment of pure 3-( /9~benzenesulfonoxyethyl)—
4-quinazolone with pyridine at room temperature for about one
day, a compound was formed which appears to be a quaternary
salt formed between the ester and pyridine.

To galn some knowledge concerning the point at which the
anthranilic acid arose, the rcaction yielding 1t was repeated.
Inmediately after decomposition with ice and acidification to
pH 3 to 4 (keeping cold), the solution showed a strong blue
fluorescence under ultraviolet light indicating the pressence
of anthranilic acid., Thus, it is indicated that the
anthranilic acid was elther formed in the pyridine solution
during the reaction with the benzenesulfonyl chloride or in
the cold aqueous solution by decomposition of some unknown
labile side product. The anhydrous conditions exlsting during
the reaction with the benzenesulfonyl chlnride makes the

latter explanation seem the more likely,



~169-

The structure of the 3-( ﬁg-benzeresulfonoxyethyl)-

4-quinazolons was confirmed by hydrolysis with boiling water
to 3-( /?—hydroxyethyl)-4-quinazolone. The ester is apparently
only wvery slightly more solubls 1n dilute acid than in water,
in which it i1s extrenely insoluble.

| The structure of the chloride was proved by synthesis
from the alcohol on treatmsnt with thionyl chloride., The
chloride is vary slightly soluble in water and readily soluble

in 1§ hydrochloric acid.

Bxperimental

J-ilethyl-4-quingzolone. 3-lethvl-4-quinazolone was pre-

pared by the method of Knape (3). It had been recently
vrepared by the same method in this labcratory by Rafat Hirza,
who obtalned a material melting at about 102° instead of at
71° reported in Beilstsin (4) and in Richter (5). Spath (6),
in a paper on peganine, reported a nelting point of 105Y hut
without comment. After gseveral atteapts by Iirza and the
author to chtain the lower melting form 1t was discovered that
this had been investlgated by Bogerlt and Gelger and reported
in a paper dealing with soue other problems (7). They found
that the lowsr melting matsrial is a monohydrate and that
drying at 8o in vacuo over sulfuric acld gives the anhydrous

conpound aelting at 105%.% 1In 1946, Leonard and Curtin (9)

* A recheck of the literature sihoved that this paper had
been missed because it is not cross indexed in the deceannial
indices of Chenical Abstracts under the compound in question,
though it is listed in Meyer and Jscobson (©).
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failed to recognize a material melting at 103,5-105.59,
isolated from methylation of 4-quinazolone with diazomethane,
as being 3-methyl-4-guinazolone.

A sample of the higher meltlng material crystallized from
water, and air dried, melted at 68-69.5". Drying at room
temperatura in vacup over anhydrous calclum chloride for 2

hours yielded the higher melting material.

Preparation of 3~( /B-Ketopropyl)—4-quinazolone*. A

solution of 10.0 g. of 4-quinazolone and 4.5 g. of potassium
hydrozide in 100 nl. of absolute ethanol was heated to bolling.
8iz milliliters of chloroacetone in 2C ml. of ethanol were run
in over a period of 19 ainutes and the mizture was refluxed
for a total of 1 hour. The solvent was removed under reduced
pressure, the residue ground with 40 nl., of 0.5N sodiun
hydroxide and allowed to stand overnight at 4°. The sodium
hydroxide solution was filtered off and the precipitate washed
~with cold water, vielding 8.2 g. (58.5%) of 3-( /B-Ketopropyl)w
4-quinazolone., After successive recrystallization from water
and acetone 1t melted at 164-1649,

Apal. Calcd. for 011H1002N2: C, 65,333 H, 4,99, Found:
C, 65.39; H, 5.12.

Preparation of 3-( fﬁ—Hydroxyethyl)—4-quingzoloﬁe*. A

mnizxture of 4.0 g. of 4-quinazolone and 10 ml. of redistilled

* The preparation of these compounds was subsequently
reported by Baker, et al. (10). The preparations are reported
here because of the use of differeant conditions in the case

of 3-( (@-ketopropyl)-4-quinazolone, and a different method in
the case of 3-( (3-hydroxyethyl)-4-quinazolone.
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ethanolamine was hsated at 150-155% for 2 hours, at which

time the initial vigorous evolution of ammonia had ceased. On
cooling, thc reaction mixturc crystallized to a thick paste,
The total anaterial was dissolved in 100 ml. of 1N hydrochloric
acid and made basic with 5N sodium hydroxide, wiich caused the
gcparation of 1.6 g. of a whilte precipitate. The alkaline
solution was extracted filve times with 25 ml., portions of
chloroform yielding, on evaporation of the chloroform, 1.6 g.
of material for a total crude yield of 3.2 g. (61.5%). (I%
later developed that the distribution coefficient bstween

chloroform and dilute alkall is only 1.2, thus probably about

L

Fal - | . ... . ) ]
.5 g. of produ t thi phage.) The naterial
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was crystallized from abscluts ethan a constant aelting

ol to
point of 154-156%., A sample held at 157% for % hour and
allowsd to regolidify, remelted at the same temperature.

anal. Calcd., Jor GqgHygOplo: G, 63.15; H, 9.30; N,
i4.73. Found: C, 63.21; H, 5.28; N, 14.76.

The ultraviolet absorption spactrum in ethanol showed
maxima at 314, 302, 291, 267, and 225 amp, and a plateau at
270-275 np.

Attempted Reaction of 3-liethyl-4-quinazolone with Bsnzsne-

sulfonyl Chloride. To 1.0 g. of 3-methyl-4-quinazolone (m.p.

103-104%) in 5 ml. of pyridine*, was slowly added 3.8 al, of

benzenesulionyl chloride. The sclution hecame warm. It was

* This and all pyridine later mentioned was either Baker &
Adamson or llerci, resagent grades, and was allowed to stand over
potassiunm hydroxide nellets for at leadst one week hefore use.
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‘stoppered tightly and allowed to stand at room temperature
overnight. Long clear needles had separated from the pyridine,
Thege were collected, washed with pyridine and then with ether
and dried, yielding 0.7 g. of colorless crystals, The material
was very water soluble to give a solution of pH ca. 4, very
insoluble in boiling benzene, very soluble in ethanol, and
soluble (ca. 3%) in boiling dioxane. Crystallization from

431 benzene-ethanol or from dioxane gave feathery plates
melting at 131-1320 and giving positive qualitative tests for
the presence of nitrogen and sulfur, and a negative t@éﬁ for
halide (by the Zn~CaQ fusion method (11)). The material

proved to be identical with that obtalned when pyridine,
benzenesulfonyl chloride and a trace of water were allowed to
stand at room temperature., This material was not investigated
further.*

The original pyridine phase was evaporated to dryness and
~treated with 40 ml, of 1N sodium hydroxide. The sodlum
~hydroxide solution was extracted seven times with 40 ml.
portions of chloroform. Evaporation of the chloroform yielded

0.9 g, of material which after crystallization from benzene

* Before the origin of the 131-132° melting material was
discovered, it was thought that it might be the benzenesulfonic
acid salt of 3-methyl-4-quinazolone. Accordingly 3-methyl-
4wquinazolone and an excess of benzenesulfonlc acid were bolled
in a mixture of benzene and ethanol. On cooling, jagged
needles appeared which were recrystallized from benzene-ethanol
to a constant melting point of 205-2070, DNo analysis was
obtained. '
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‘was identified by melting point and mixed melting polint as
3-methyl~4-quinazolone., The alkaline solution was then made
acid with hvdrochloric acid and extracted three times with
40 ml. portions of chloroform. Evaporation of the chloroform

yielded 0,06 g. of a red paste,

Attempted Reaction of 3-( f3-Ketoprowvl)—4-quin32010ﬁe

with Benzenesulfonyl Chloride. To 0,80 g. of 3-( KB*Keto—

propyl)-4-quinazolone (m.p., 165°) in 4.42 ml. of pyridine,
was added 1.42 ml., of benzenesulfonyl chloride and the mixture
was btightly stoppered. After one day at room temperature, the
mixture was poured over about 30 g. of ice and water, Flltra-
tion yielded 0.25 g. of solid melting at 164-165°, The solu-
tion was made quite basic with 20% sodium hydroxide and
extracted three times with‘40 ml. portions of chloroform.
Evaporation of the chloroform yielded 0.43 g. of material
melting at 161~1630. ATter crystallization from water the
combined material melted at 163.7~165.2° and gave no depression
on adnixing with starting material. The starting materlal was
thus recovered to the extent of 96%. Reaction perlods up to

5 days gave the sams result,

Reaction of 3-( fﬁ—Hvdroxvethyl)-4-quiﬂazolone with Benzene-

sulfonyl Chloride. (A) One gram of 3-( ﬂa—hydroxyethyl)~4—

guinazolone and 2,02 ml, (2 fold excess) of benzenesullfonyl
chloride were dissolved in 4.42 ml. of pyridine at room ftemp-
grature, The temperature rose spontaneously to 30—356, In
about 20 minutes, crystals began to appear. After a total of

1 hour and 5 minutes the mixture was shaken which caused it to
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‘become solid with crystals. The mass was then scraped into
30 g. of ice and made acid with 12N hydrochloric acid. The
nixture was filtered and the almost white s0lid washed
thoroughly with cold water to yield 1.45 g. (83.5%) of the
ester, 3-( /g-beazeﬂasulfanoxyethyl)—4-quinazmlone, The
material was purified by crystallization from hot methanol,
which did not significantly alter its melting behavior. When
the point was taken slowly, the ester softened at 125-130°9,
setting to a glass-like material which then melted quite
indefinitely over a wide range, and did not in general becone
completely liquid till above 200V where darkening hecane
pronounced. When the material was placed in the melting point
apparatus at 150°, it melted immediately to clear liquid
which was rapidly converted to the glass-like substance
mentioned above,

Apgl. Calcd. for CqH,,0,N,8: C, 58,173 H, 4.27; N,
8.49. Found: C, 57.71; H, 4.41; N, 8.42. |

The ultraviolet absorption spectrum in ethanol showed
maxima at 314, 302, 292, 272, 266, and 223 o

On treatment of the esler wilth water or 1N or 3N hydro=-
chloric acid, no material was observed to dissolve., In the
case of the acld treatment, the supernatant liquld was made
basic and a trace of the ester (identified by melting point)
preciplitated, Treatment of the ester with 6N hydrochloric
acld caused a change in appearance of the solid, but no
golution was apparcnt,

A suspension of 0.19% g. of the ester in 5 ml. of water was
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"heated to reflux. The original suspension was neutral, but
hecame acld almost immediately on heating, and at the end orf

5 minutes all the matcerial had dissolved. On cocling, the
solution remnained clear, but making the soclution basic with
10% sodium hydroxide caused a white precipitate, The alkaline
mizxture was euxtractsed five times with 2 nal. portions of
chloroform, the first portlon coapletely dissolviang tihe solid.
Evaporation of the chloroform yielded 72 mg. of material
melting at 1520. On recrystallization from ethanol it melted
at 153-154,5%° and showed no depression on aixing with a sample
of 3-{ /g—hydroxyethyl}—4—quiﬂazolone. Froam the distributicn
coefficient of the material (1.2) hetwean chloroform and
dilute alkali, it can be seen that at least 1/7 of the total
product must have remained in the aqueous phase. The actual
amount of alcchol formed must have then been 84 nag. (97%).

(B) The reaction alxture as in (4) was allowed to stand
for 48 hours and then scraped into 30 g. of ice and water.
Piltration vielded 0.5 g. of golid. The s0lid was leached
twice with 6 ml. portions c¢f 1N hydrochloric acid. The
residue mzlted in the characteristic manner of the ester, and
amounted to 0.19 g. The acid szolution, on heing made baslic
precipitated 0.30 g. of white solid melting without decom-
position at 123-125%, The agqueous pyridine mother liquor from
the first precipitate was hrought to pH of ca. 2 or less with
hydrochloric acid and extracted four timss with 15 ml, portions
of chloroforn. Evaporation of the chlorofora yislded 0.205 g.

additional of the new material. Recrystallization fron
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‘methanol brought it to a constant melting point of 122—1250.
Apal. Caled, for C10
13.43; €1, 16.99. Founds G, 56.79; H, 4.345 N, 14.22; C1,

H 0N Cl: C, 57.565 H, 4.35; W,

16.99.

The compound wasg very slightly soluble in water, and
rcadily soluble in 1N hydrochloric acid. It was recovered
unchanged from 1ts acid solution by precipitation with alkall.
The ultraviolet absorption spectrum in ethanol showed maxima
at 314, 302, 266, and 225 mp, and plateaus at 2W0-275, and
291-295 mp. The material proved to he identical with that
obtainsd on treatment of 3-( /3-hydroxyﬁthyl)-4—quinazolone
with thionyl chloride in the pressnce of a trace of pyridine,

The acid solution, after the extraction of the chloro
compound, was brought to pH ca. 4-5 with sodium hydroxide
(hrown reaction on congo red indicator paper) and sxtracted
five tinmes with 2% al. portions oi chloroform. Evaporation of
the chloroform yislded C.201 g. oif solid. Cocatinuous
extraction of the aqueous phase (6 hours) with chloroform
vielded an adcitional 0,040 g. Aafter rscrystallization fron
agueous msthanol, the combired naterlal melted at 143.9-145.4°,
The matsrial was soluble in 1H hvdrochloric acid and sodlum
bicarbonate solution and showed no depression in melting
point when mixed with an authentic sample of anthranilic acid,

Thus, on the basis of the 3-( /9—hydroxyethyl)—4—
quinazolons, about 23% of anthranilic acid, 46% of 3-( /3—
chloroethyl)-4-quinazolone, and 11% of 3—(/(5~b&nzenesulfon~

oxyathyl)=-4-quinazolone were isolated,
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In one instance where the reaction was allowed to proceed
for 6 days, none of the ester could be detected., Only the
chloroc compound was isolated (anthranilic acid was not looked
for).

Reaction (B) was repeated. Immediately after decomposi-
tion of the reaction mixture with ice, the solution was brought
to & pH of 4-5 with hydrochloric acid (keeping cold). A trace
of solid remailned. On examination of the mixture with an
ultraviolet lamp a strong blue fluorescence was observed,

Synthesis of 3-( !Q—Cblaroethvl)*4-quiﬂazo;0ﬂe. One-half

gram of 3-{ /g—hydroxyethyl)~4—qainazolone was added slowly to
1.25 ml. of cold thionyl chloride in 10 ml. Kjeldahl flask.

All went into solution. After the addition of % ml., of chloro-~
form and 1 drop of pyridine, the mixture was boiled down to
about half its wolume, and twice more boiled down to a small
volume with 10 ml. portions of chloroform (total heating tinme,
ca. 40 minutes). Addition of 9 ml. of water gave a clear
solution, and on making this basic with 10% sodium hydroxide,

a preciplitate appeared. The slurry was extracted twice with

5 ml. portions and twice with 3 ml., portions of chloroform,
BEvaporation of the chloroform yielded 0.557 g. of solid melting
at 119-123°, Recrystallization from aqueous methanol yielded
6.466 g. (83%) of white needles melting at 123-1250. This
material gave no depression in melting point when mixed with
the chloro compound isolated from the reaction of hgpzeﬂ@~
sulfonyl chloride with 3-( /3-hydraxygthyl)—4-quiﬁazoloﬁe.

Atbenvted Hydrolysis of 3~(/9-Jwﬁroxyethyl)— and 3—(//3-




Chloroethyl)-4-guinazolone with Base apnd Acid. Ninety-nine

milligrams of 3-( /6-hydroxy@thy1)-4-quinazﬁlone was dissolved
in 30 ml., of water and 10 drops of 104 sodium hydroxide were
added to bring the pH to greater than 10, After 1 hour and

10 minutes at room temperature, the aqueous solution was
extracted four times with 5 ml. portions of chloroform.
Evaporation of the extracts ylelded 66,7 mg. of solid. The
aqueous phase was acidified to pH ga. 4 with hydrochloric acid
and continuously extracted for 8 hours with chloroform.
Evaporation of the chloroform yielded 39 mg. of material. Both
extracts were identified by melting point and mixed melting
point as the starting material. From the amount of the starting
material extracted from the dilute base with chloroform 1t

may be calculated that about 1/5 of the remalning materlal was
extracted each time. Since the agueous phase was about 6

times the organic, it is seen that the distribution coefficlent
Cof 3-( f3~hydroxyethyl)-4-quinazalOﬁe between chloroform and
-waber ié about 1.2,

In a similar manner it was shown that solution in pyridine
for 2 days at room temperature and re-isolation after dilutlon
with water, did not alter the alcohol or the chloride. Each
was recovered quantitatively. In addition, examination of the
diluted pyridine solutions with an ultraviolet lamp showed ho
fluorcsccncs. Under these conditions, 5 mg. of anthranilic
acid showed a very strong fluorescence, The chloride was
quantitatively recovered after 3 days atl room temperature in

1l hydrochloric acid.,



~119~

Reaction of 3-( f9~Beﬂ26ﬂesalfomoxyethvl)—4—guinazo}0ﬁe

with Pyridine. A solution of 113 mg. of 3-( B-benzene-
sulfonoxvethyvl)-4~guinazolone in 1 ml. of pyridine was allowed
to stand at room temperature. After 20 hours the solution was
still clear, but on being picked up for examination, rapldly
became solid with crystals. After a total of 48 hours, the
solid Was collected by centrifugation and washed twice with

5 drops of pyridine and & times with 4 ml. portions of ether
to yleld 0.10 g. of white needles, melting at 185-1870~ The
material was extremely wabter soluble, giving a neutral
solution (universal indicator paper). After crystallization
from benzene-sthanol, the melting point became constant at
187-188°, A sample left in air for 4 days showed no visible
change, and there was no change in the melting point,

Anal. Calcd. for CpyHyg04N48-2H0: C, 60.27; H, 4.82;
N, 10.04; 8, 7.66., Found: C, 60.613 H, 4.60; N, 9.12; S, 7.43,

The ultraviolet absorption spectrum in ethanolvshowed
maxima at 314, 302, 290.5, 265, and 218 mp, and inflectlons at
271-279 and 228-233 mp.

The mother liquor and washings from the isolation of the
crude material were diluted with % ml, of water and examined
with an ultraviolet lamp. No fluorescence could he chserved.
Addition of 1 ml. of saturated sodium bicarbonate solution
and extraction with chloroform ylelded 23 mg, of solid identi=-
fied by melting behavior as starting material., The yield of
the presumed quaternary compound was then 71%, or on the bhasis

of unrecovered starting material, 89%.
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Section 3

The Reaction of 4-Quinazolone with Benzenesulfonyl Chloride

It was mentioned in the introductloan that the original
parpose of the serjes of experinents described in Part II of
this thesis was to determine if benzenesulfonyl chloride would
react with 3-substituted-4-quinazolones. The parent compound,
4-quinazolone (II), was avallsble as it had bsen used as an
internediate in the preparation of the 3-substituted-
4-quinazolones. It was not expected that this compound would
react wiith benzenesulfonyl chloride. Undsr Schotten~Baumann
conditions (aqueous alkali), no reaction occurred, and when
the mixture was acidified, the benzenesulfonic acid salt of
4-quinazoclone precipitated. "hen the rzaction was tried in
pyridine, a derivative was formed iavelving the 2(N)-position
of the 4-gquinazolone.

Before describing this reazction and the ensuing products,
1t might be instructive to discuss briefly some of the

nroperties of 4-guinazolone. Examination shows 1t to have

H
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a structure which can be represented by the two tautomeric
forms II and III. There is scme evidence for this as 4-quin-

azclone is more soluble in alkali than in water alone, and
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potentiometric titration of its benzenesulfonic acid salt
(section 4) indicated two acidic groups of pKAl 2.3, and
pKA2 8.9, The figure of 2.3 quite obviously belongs to the
salt of the tertiary nitrogen, and the 8.9 to the phenolic
group of structure III, Elderfield, et al., have reported on
the base strengths of various quinazolines (12), including
quinaéoliﬂe, pK; 3.3, 3,4-dlhydroquinazoline, pK, 8.8, and
3-acetyl-3,4-dihydroquinazoline, pK, 2,8, It is interesting
to note that 4-quinazolone is a weaker base than 3-acetyl-
3,4~-dihydroquinazoline in which the 3-nitrogen 1s in the fornm
of an amide as it is in structure II for 4-quinazolone. The
difference could be due to the carbonyl group belng able, in
the case of 4~-quinazolone, to exert more influence on the
l-nitrogen. The influence of structure IIT on the base strength
of the l-nitrogen is not known. Resonance, in such a structure,
would be expected to decrease the basiclty by lowering the
availability of electrons at the nitrogen. This 1s the usual
~explanation of the weakly hasic nature of pyridine, yet
quinoline is a stronger base than aniline by a factor of nearly
five., The acld strength of the tautomeric group in 4-quin-
azolone is seen to be morc than ten times that of phenol, This
is a rather surprising acidity and no ready explanation 1is
avallable,

45 is usual with such systems, recaction with alkylating
agents in an alkaline medium produces largely the 3(N)-substi-
tuted derivative, yet reaction with diazomethane yields both

the 0-, and N-methyl compounds (9). Treatment of the silver
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“salt with alkylating agents might be expected to yield largely
| the O-alkyl derivatives. Replacement of the hydroxyl group

of struecture III with a cehlorine or with an alkoxyl group
vields a compound with the characteristic reactlvity of an
acid chloride or an ester (13). As was previously mentioned,
4-quinazolone 1s quite stable to hvdrolysis by acid or alkalil,
but substitution in the 3()-position renders it labile to
alkaline hydrolysis. The alkaline hydrolysis of a 3-substi-
tuted-4-quinazolone (IV) yields anthranilic acid (VI), formic
acid, and a primary amine (VII), presumably by way of a

substituted formylanthranllamide such as V.
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When a pyridine solution of benzenesulfonyl chloride and
4-quinazolone was allowed to stand at room temperature for
several days, decomposition of the reaction mixture with ice
yielded a colorless solid, insoluble 1n either acid or hase.

At first, considerable difficulty was had with the purification
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of the reaction product, Though the product could be cry-
stallized from most organlc solvents of a polar nature, the
melting points of successlve crystallizations were quite
erratic, generally rising gradually to the region of 200° and
then unaccountably dropping. Occasionally in the crystalli-
zation of the product & much less soluble fraction would
suddenly appear. Thisg latter fraction melted at approximately
160-170%, but with a peculiar decomposition. It melted,
resolidified, and then did not remelt till about 230~2509.
Sometimes this material d1d not melt, but merely softened, at
the lower temperature. This lower melting compound was soluble
in sodium bicarbonate solution and insoluble 1n acid, yet
extraction of the initial crude solid with bicarbonate solution
did not seem to help in the purification of the higher melting
compound., The reason for the erratic behavior of the neutral
compound became obvious when 1t was discovered that a few
minutes boiling in a wet organic solvent converted it
guantitatively to the acidic compound. The use of carefully
dried solvents finally yielded an analytical sample of the
neutral compound (A), melting at 195-199°. Analysis indicated
014H1903N2S (mono=benzenesulfonyl derivative of 4-guinazolone).
It was confirmed that warm, aqueous organic solvents converted
it to the acidic compound (B), Cy,4H1504N-8 (addition of the
elements of water to the neutral compound), As might be
sxpected, considerable amounts of the acid were found in the
original reaction mizture whenever the temperature was allowed

to rise during the decomposition with ice (or water), or the
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mizturs allowsed to stand at room temperature for several days
aiter the decomposition with water. Both compounds are ver;
inscluble in water and only slightly soluble 1a cold organic
solvents, the gcid belng the least soluble in most solvents.
The ultraviolet agbsorption spectrum of the nsutral
compound, A, ls very simllar to that of a 3-substltuted-4-
quinazolone, but with the positions of the nmaxima shifted
about 4 iy, toward the visible (Figure 1). This in combination
with thie analysis, was a strong indication that a is J-benzens-

sulfonyl-4~quinazolone (VIII).
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The base soluble compound, B, has an ultraviolet absorption
spectrum which lacks much of the fine structure typlcal of a
3-substituted~4-quinazolone (Figure 1). Solution of B in
alkali and back-titration with acid, usiag phenolphthalein as
indicator, gave a nsutral equivalent of 274, conslderably lower
than the 304 required by the eapirical formula, C14H1204N25.
Since phenolphthalein has its color change around pH 9 or 10U,

& low nesutral sqguivalent indicated the possibility of two
acid groups with the second lonization constant gquite small,
The extrzme insolubility of the free acld prevented the use of

a potentiometric titration tc determine the ionization constant
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(or constants) of B, As it is, the solubility in sodiunm
hicarbonate solution, places the pK, at about 6 or less.

The melting behavior of compound B was briefly investi-
gated, as the resoclidification on heating above the melting
point could have been indicative of anhydride or lactons
formation., The crude pyrolysls product of B was shown to
contain several substances, none of which were lsolated pure
or identifisd. Treatment of the crude material with water
partially dissolved the solids to give a solution having a pH
of ca. 2 or less, indilcating at least one of the products to be
a strong acid. The crude pyrolysis product gave a negative
test for a primary aromatic amine. Tt is prohable, as will be
discussed in section 4, that the pyrolysis yields the benzene-
sulfonic acid salt of 4-quinazolone.

Ag wag discussed earlier for 3-substituted-4-guinazolones,
VIII would be expected to be stable to acid and to yield foralc
acid, anthranilic acid, and benzenesulfonamide on alkaline
hydrolysis. 8mall test experiments showed that both 4 and B
are resistant to bolling 12 hydrochloric acid. Hydrolysls of
A& with hot 20% sodium hydroxide yielded formic acid and benzene-
sulfonamide, but the presence of anthranilic acid was not
demonstrated. There was isolated what is presumed to have been
a mixture of anthranilic acid and a compound having similar
properties, probably that which was later isolated fronm
hydrolysis of B.

Vigorous alkaline hydrolysis of B yielded anthranilic

acid, formie acid, benzenesulfonamlde, and a pale yellow com-
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pound of enplrical formula 013H1203N28Q The yellow compound
was very insoluble in water but soluble in sodium bicarbonate
solution. It would not dissolve directly in dilute acid, but
when excess acid was added rapidly to a dilute solution of the
material in élkalia it did not precipitate. If the acid
gsolution was then neutralized carefully with alkali to a pH of
ca. 2 or 3, the compound Separated from solution. As first
precipitated by neutralization of either its acid or alkaline
solution, the compound was white, but within a minute or so
turned a pale yellow., Crystallization from ethanol did not
remove this vellow color, If the crystals were susgpended 1in
hvdrochloric acid of greater strength than 2N, the yellow
material gradually disappeared and within about fifteen minutes
the suspension became solid with white, fibrous needles. The
more concentrated the aecid, the more rapid was the transfor-
mation. %hen a few of the fibrous needles were dried 1n vacuo
their appearance did not change. On treatment with a drop of
_wat@r, the ncedles did not appear to dissolve, but were con-
verted to the yellow material, yielding an aqueous supernatant
which was strongly acid and which gave a white precipitate
with silver nitrate in nitric acid. The original yellow material
gave a weak test for the presence of a primary aromatic amine.
The above solubility behavior of the hydrolysis product of
B indicated an acid function having a pKA of 6 or less. The
data also indicated the presence of a very weak primary aromatilc
amine forming a sparingly soluble hydrochloride. On this basis,

the most probable struclure cunsistent with the empirical
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formula of 013H1203N25 and the probable structure of & (VIII),

is N-(o-aminobenzoyl)-benzenesulfonamide (IX)., A& few compounds
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having the N-benzoylbenzenesulfonamide stfucture have been
prepared (14-20) and are known Lo be soluble in blcarbonate
solution. The structure of the hydrolysis product as IX was
proved synthetically, The simplest and most unequivocal
synthesis appesared to be the direct fusion of g-nitrobsnzoyl
chloride and benzenesulfonamide by the method of Gerhardt (14)
to yield N-(o-nitrobenzoyl)-henzensesulfonamide (X), and

subsequent reduction to the desired amine. The synthetic
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material was identical in every respect with that isolated

from hvdrolysis of B.
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The pilcture is marred slightly by the unexplained
observation of the change in color, Ifrom white to yellow,
immediately after precipitation from solution. The absorption
spectrum, in ethanol, was not determined at wavelengths greater
than 350 mp., but at this point the absorption was increasing
and was apparently near the peak of a very broad absorption
band. The yellow color most probably arises from the tailing
of this band into the violet end of the wvisible, A similar
compound, N-methyl-lN-(g-aminobenzoyl)~benzenesulfonamide (XI),

was also vellow and showed a similar broad absorption band

0 _
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XI

centeraed at 358 . wlth a corresponding molecular extinction
of 3,800, The molecular extinction of IX at 350 mp; was

5,200, The formyl derivative of XI was colorless, as was the
later described tri-N-methyl derivative of IX. Other compounds
of the series, but which lack the amino group, are colorless.
The standard compilations 1list m-aminobenzamide and p-amino-
benzamide as yellow solids. No reference could be found
concerning the color of the grtho isomer. The most obvious
explanation of a yellow color in grtho and para isomers of such
compounds would be the assumption that quinoid forms such as
XII or XIII contribute significantly to the structures of the

molecules, Thils oxplanation i1s 1n agreement with ohssrvation



2
~ [
(’0*9
N\ N\ =)
|| | Jdom,
e
I%H) ﬁm
/\ /\
RR RR
LTI XITT

that the hydrochloride salt of IX is colorless. It is also

in accord with the tri-N-methyl derivative beling colorless

and a slightly stronger base, for an g-dimethylamino group
would have difficulty approaching co-planarity with the benzene
ring.* It does not, however, explain why the initial pre-
cipitate of IX is colorless, and why m-aminobenzanmide is
yellow.

In spite of the difficulties with color, the structure of
the hydrolysis product of B seems established as N-(g-amino-
benzoyl)=-benzenesulfonanide (IX), In compound B, then, there
is a benzenesulfonyl group attached to a nitrogen atom which
was orilginally the 3-niltrogen of a 4-quinazolone, and ths
structure of A 1s confirmed as 3~benzenesulfonyl-4-guinazolone

(VIII).

* The base strength of o-aminobenzolce acld and 1its esters
is increased by about 3.5 pK units by di-methylation of the
amine (21). The relative hasicitles noted above were based on
somewhat qualitative observations of the solubilities in dilute
acid and are not at all certain.
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It is noted that N-(o-aminobenzoyl)-benzenssulfonamide
arose from B by loss of one carbon and one oxygen. This could
represent the hydrolytic removal of a formyl group, and the
presence of formic acid in the hydrolyzate has been qualitatively
demonstrated. A tentative structure for B would then be H-
(W'-formyl-g-aminobenzoyl)-benzenesulfonamide (XIV)., 8ince the

free amine, IX, was available 1t was heated with formic acid

7 "
' Ol Hue S0y -
et
- NECHO

IV

in the hopes of preparing the N-formyl derivative XIV, and
comparing it with B. The reaction product was not identical
with B. This caused a certain amount of confuslon until it
was discovered that the synthetic material, though it had the
correct empirical formula, was not XIV, but the benzene-
sulfonic acid salt of 4-quinazolone.* Formylation of IX at
room temperature with a mixture of formilc acid and acetic
anhydride gave an excellent yileld of B, leaving little doubt
that the structure of B is ¥XIV. This structure has only one
acidic group capable of detection by titration. ZEvidence was
accumulated, however, that significant hydrolysis of B, to IX

and formic acid, occurs at room temperature in aqueous alkali,

* This interesting reaction will be discussed in Section 4.
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‘The low neutral equivalent of B was not, therefore, due to a
second acidic function, but resulted from partial hydrolysis,

In the course of the investigation of the structure of B,
its reaction with various methylating agents was studied. The
results are presented here, and interpreted on the basis of
structure XIV,

Reaction with methyl iodide in aqueous alkalil gzave incon-
clusive results. It was clear that a reaction had taken place,
but the individual reaction products appeared to he difficult
to isoclate in the pure state. It was clear that at least two
compounds were formed. One was yellow, insoluble in dilute
acid, and soluble in alkali. The other was amphoteric and
white, but rapidly became yellow on standing in organlc solvents
or on exposure to air. This reaction was ilnvestigated prior
to the discovery of the amine, IX, as a hydrolysis product of
B. It is likely that the yellow, acid-inscluble compound was
this amine, formed by hydrolysis under the alkaline conditions
of the reaction, and was not a methylation product, The other
compound could well have been a methylation product., Belng
amphoteric, 1t was possibly a methyl derlvative of the aromatic
amine of IX, 1Its rapid conversion from a white to a yellow
compound could have been the same phenomenon as observed with
IX, and is again not explained.

llethylation of B with dimethyl sulfate in aqueous alkali
gave a small yield of a 016H1803N28 compound. The same
compound was obtalned in about the same yield on similar treat-

ment of IX. Analysis indicated the presence of three N-methyl
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groups. The derivative was insoluble in water and alkalil,

and though sparingly soluble in acid was qualitatively more
soluble than IX or XI, possibly indlcating a slightly stronger
basic group. The emplrical formula, the presence of thres
N-methyl grbups, the lack of solubility in alkall, and the
preparation from N-(g-aminobenzoyl)-benzenesulfonamide lead

to thé structure N-methyl-N-(g-dimethylaminobenzoyl)-benzene-

sulfonamide (XV) for this compound.

0
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\/~N(CHB)2
XV
The fact that this trimethyl derivative was obtainsd in

about the same yield from the amine, IX, as from B, indicates
that it arose from B via hydrolysis to the amine. This combined
with the tentative evidence that some hydrolysis occurred
~(without methylation) in the attempted methylation with methyl
iodide, leads to the conclusion that 3 1s slowly hydrolyvzed by
dilute alkall at room temperature.

Reaction with methyl iodide and dimethyl sulfate thus
yielded very little additional information in support of the
proposed structure of B,

Attentlion was focused on the group in B causing the
solubility in sodium bicarbonate solution. When a solution of
diazomethane was added slowly (at 0%) to a solution of B, the

yellow color of the diazomethane was discharged very rapidly
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until about an equinolar amount had been added. The color of
an additionasl portion of diazomethane solutlon remalned 1in-
definitely. From the regulting solution, it was possible to
isolate three compounds, melting respectively at 195-200°
154-155%, and 118-119%., The emplrical formulae indicated Lhese
to be isomeric, mono-methyl derivatives of B, The separation
of these derivatives was a tedious process. The compound to
be considered Tirst, the ope meltlng at 118-119O, was not
detected for some time, but once conditions were found for 1its
crystallization from the residual oils, it could he con~
sistently isolated in yields of 20 to 30 percent,

This derivative was found to be ldentical with a previ-
ously prepared model compound, N-methyl-N-(N'-formyl-g-anino-

benzoyl)-benzenesulfonamide (XVI), the structure of which was

- so. N\
E-11(CE,)-50, <>

"—NHCHO

KVl

quite certain; 1%t had been synthesized by fuslon of g-nitro-
benzoyl chloride with N-methyl-benzenesulfonamnide to give
Nemethyl=N-(g~nitrobenzoyl)-benzenesulfonamide (AVII),
followed by reduction to N-methyl-N-(o-aminobenzoyl)-
benzenesulfonamide (XVIIT), and formylation with formic

acid to XVI., Saccharin has been shown to yield a mixturs

of the 0- and N-methyl derivatives on treatment with
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diazomethane (22). By analogy then, N-(N'-formyl-g-amino-

benzoyl)~henzene3ulfonamide'(XIV) would yileld thevN«methyl

compound, XVI, as one of its methylation products, This is

then independent confirmation of XIV as the structure of B.
The structures of the two remaining methylation products

of B, melting at 155° and 200°, are not clearly established.

Theso compoundg were both insoluble in diluts acid and dilute

alkali (as was XVI), Both gave faint, atypical tests for the
presence of ssters,

Two alkall insoluble products would have presented no
prohlem. One of these would bé the already describhed [I-methyl
compound, and the other an O-methyl derivative, XIX. It is
not clear where a methyl group could be placed on XIV %to yield
a‘thirda alkali-insoluble derivative,

The derivative melting at 155° accounted for 20 to 30

percent of the starting material, A quantitative msthoxyl
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determination indicated the presence of one methyl group

attached to oxygen. Its ultraviolet absorption spectrum in

C.’Ha

//\\-c =N-50,, // N
L aad

\\//»NHCHO

LIX

ethanol showed only one well defined maximum (224 mp.). The
general appearance of the absorption curve was almost
identical with that of the N-methyl derivative (XVI), hut with
the whole curve shifted 9 or 10 mp. toward longer wavelengths,
It was not found possibla to correlale Lhe ulliravioclet
absorption spectra of the various model compounds in this
series with thelr structures, as the effect of the substituents
is apparenﬁly quite complex. A shift of 10 mp., however, 1s
not unreasonable in going from the N-methyl compound (XVI) to
the QO-methyl compound (XIX), The methyl derivative of B
melting at 155° has been, therefore, tentatively assigned the
structure XIX,

The product melting at 200° was isolated in inconsistent
yields. In some cases, none was detected. In no case was
there more than about 8 percent isolated., A quantitative
nethoxyl determination showed the material to have no methyl

groups attached to oxygen, and probably none attached to
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.hitrogen,* The ultraviolet shsorption spectrum was identical
in every respect with that of the first product of reaction of
benzenesulfonyl chloride with 4-quinazolone, compound A (m.p.,
195-199°)., Unfortunately, the similarity of the supposed
methylation product of B to 4 was not noticed at first. With-
out refisolation of an additional supply of the derived product,
it was not possible to check the original analysis, and time
did not permit this when the possibility of error in the
enpirical formula was dlscovered. A trace of the supposed
methylation product was available, however, and a mixed meltlng
point determination was made with a sample of A. No depresslon
of the melting point was observed in parallel melting with the
individual samples, but neither sample was of high purity, and
the result must be considered as inconclusive. It is felt

that the samples of B used in the methylation experlments were
not contaminated with Aj a stage in the purification cf B
involved solution in alkali, followed by filtration and pre-
cipitation with acid. However, the rather erratic appearance
of the high melting compound in various repetitions of the
methylation of B, is perhaps significant in this respect, and
contamination cannot be completely ruled out., It is copncluded
that the highest melting material isolated from the reactlon of
diazomethane with B was possibly not a methyl derivative of B,

but was compound A,

* The determination showed 0.00% methoxyl, and it was the
opinion of the analyst, Dr. Elek, that this indicated the
absence of N-methyl groups as well,



6

~1

a2

In summary then, 4-quinazolone 1ls unreactive to benzene-
sulfonyl chloride in aqueous alkalil, but reacts in pyridine
golution to yield 3-benzenesulfonyl-4-quinazolone (VIIT), This
compound 1s readily hydrolyzed by warm aqueous solvents to
N-(N'-formyl=-o-aminobenzoyl)=-benzenesulfonamide (XIV), an acidic
suhstance. Hydrolysis of this material with alkali vielded the
free amine, N-(g~aminobenzoyl)-benzenesulfonamide (IX). Re-
action of the formyl derivative (XIV) with diazomethane yielded
three compounds. The structure of one of these was proved by
synthesis to be Nemethyl-N-(N'-formyl-g-aminobenzoyl)-benzene-
sulfonamide (AV), and another was tentatively assigned the
isomeric structure with the methyl group on oxygen instead of
nitrogen., The third compound was a minor product, and 1s
suspected to have been 3-benzenesulfonyl-4-quinazolone, the

presence of which is unexplained,

EBxperimental

Attempted Reaction of 4-Quinazolons with Benzenesulfonyl

Chloride in Agueous Alkali. A solution of 0.5 g. of 4-quin-
azolone in 5 ml, of 10% sodium hydroxide was shaken vigorously
with 0,4 ml. of benzenesulfonyl chloride until all of the acild
chloride had gone into solution. The resulting clear solution
was acidified with 6N hydrochloric acid and chilled to 0°.
Filtration yielded 0,7 g. of colorless nesdles which when re-
erystallized from water and from dilute hydrochloric acid (less
soluble in this) melted at 259-260°. The material was slightly
soluble in water at room temperature to give a solution acid

to litmus.
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To prepare the behnzenesulfonlic acld salt of 4-quinazolone,
a slight excess of benzenssulfonlc acid was added to 0.25 g. of
4-quiﬁazolaae dissolved in 2 ml. of 0.5N hydrochloric acid. On
cooling to OO, there were obtained colorless needles which
were then crystallized from 90% ethanol to a constant melting
point of 258-260°, A mixture of this and the materlal from
reaction with benzenssulfonyl chloride in alkgll showed no
depression in melting point, o analysis was obtained, but the
material did not depress the melting polnt of a sampls prepared
by a different route (section 4) having the correct empirical
formula, CqqH150,N58.

Reaction of 4-Quipnazolopne with Bepnzenesulfonyl Chlorids

in Pyridipe. This reaction was repeated many times and under

various conditions. A typical resgction will he presented, and
afterward certalin variations will be indicated.

A4 solution of 1.00 g. of 4~quinazolone and 2 ml, of
benzenesulfonyl chloride in 4 ml. of pyridine was allowed to
stand at room temperature for 4 days. The reaction mixture was
carefully decomposed with 2 ml, of water, and filltered., The
s011d material was washed four times with 2 ml, portions of
water, three times with 5 ml. portions of half-saturated sodium
bicarbonate solution, and again thoroughly washed with water.
After drying in vacuo at room temperature, the almost whits

solid weighed 0.78 g. 1t was recrystallized seven times from
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'1:1.5 benzene-diloxane* which caused the melting point to slowly
rige from about 180-190° to 204-209°. It was then crystallized
three times from diexane alone, The melting point immediately
heegame 19551990 and remained copstant. This material (&) was
moderately soluble in polar, orgahlic solvents, but insoluble
in Wat%? and in dilute acid and dilute alkali. The ultraviolet
absorption speéctrum, 1n ethanol (figure 1), showed maxima at
229, 232, 264, 305, and 318 mp., minima at 230, 260, 287, and
313 mp., and plateaus at 272-275 and 295-300 mp.

Anal. Calcd, for CiyuH1gO03N,8: C, 58.73; H, 3.52; N,
9.79; 8§, 11.20. Found: C, 58.80; H, 3.63; N, 9.82; 8§, 11.10.
The aqueous pyridine mother liquors and the washings

from A were acidified with &N hydrochloric acid which yielded,
after filtration and drying, 0.30 g. of powdery sclid, This
was dissolved in a few ml. of water containing 3 drops of 6
ammonium hydroxide, precipitated by the addition of 0.5N
hydrochloric acid, and the operation repeated yieldiﬂg'aﬁ almost

~white solid (B) melting at 165-166° (dec.). One crystallization
from dioxane yilelded white crystals melting at 166-167° (dec.),

and a second cfystallization'from benzene~dloxans caussd 1o

»chaﬂge, Melting points as high as 1750 have been frequently
noted for this materisl, but these usually dropped to the lower
value on further crvstallization. The product was soluble at

room bemperature to the extent of about 32 mg., 90 mg., and

o The dioxane was purified by refluxing for 7 hours over

solid sodium hydroxide, followed by refluxing over sodium until
no more was consumed, and distillation from the excess sodium,

The benzene was prepared by distillation of reagent grade benzene,
discarding a liberal fore-run in order to remove water,
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12 mg. in 100 ml. of benzene, chloroform, and ether, respec-
tively. It was very goluble in pyridine, moderately soluble
in dioxane, inscluble in water, and dilute acid, but soluble
in sodium bicarbonate sclution. Nothing could be extracted
into chloroform from the solution in 1N sodium bicarhonate.
The ultraviolet abscrption spectrum, 1n ethanol (figure 1),
showed maxima at 226, 254, and 304 mp., and minima at 245, and
282 mp.

Anal. Calecd. for Cl4H1204N28: C, 59.25; H, 3.98; N,
9,213 &, 10.533 neut. equiv., 304, Found: G, 55.38; H, 4.023
N, 9.303 §, 10,433 neut. equiv., 274.

If the reaction mixture is kept cold during the decom-
position with water and filtered shortly thereafter, the yleld
of the Dbase lnsoluble compound (A) is increased at the expenss
of the base soluble compound (B). If the temperature is
allowed to rise during the decomposition with water or the
agueous suspsnsion is allowed %o stand at room temperature,
the yield of B is increased at the expense of A. Four to six
days at room temperature or a few mlnutes at 80-100° are
sufficlient to destroy all of the base insoluble compound. The
use of either a small or large excess of benzenesulfonyl
chloride (over 1 mole) had no apparent effect on the yield,
The best yield of A (89%) was obtained with a reaction time of
12 days.,

When 256 mg. of A was heated on a hot water bath with
1 ml. of water and 2 ml., of dloxane 1t went rapldly into

solution, and in a few minutes solld hegan to appear. After a
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total of 15 minutes, the mixture was evaporated to dryness
with a stream of air yielding a residue which was largely
soluble in alkali. Acidificatlon of 1ts alkaline solution
vielded 230 mg. of white solid which melted at 165-166%, and
which did not depress the melting point of a sample of B. The
use of aqueous pyridine, or aqueous ethanol gave substantially
the same result,

Pyrolytic Decomposition of B. If a sample of B 1s held

at a temperature above the melting point for a few minutes 1t
resolidifies and requires a temperature of 230-2500 to re-melt.
When a small sample was decomposed in this manner in an
evacuated melting polnt tube and the tube opened under water,
the tube was filled completely with water., A4 portion of the
solid dissolved and the pH of the aqueous phase became about

2 or 3.

V A somewhat larger sample of B was decomposed by heating at
170-180° for 15 minutes. A small sample of the crude product
gave no color when treated with nitrous acid and then./ﬁ—naphthol
in alkali (23). Another sample was successively leached with
1N sodium bicarbonate, 1N sodium hydroxide, and 2N hydrochloric
acid., Acidification of the sodium bicarbonate solution yielded
a precipitate with the characteristics of B. The sodium
hydroxide and hydrochloric acid solutions each yielded a pre-
cipitate on neutralization,.

Alkaline Hydrolysis of 4. Approximately 1 mg. of A was

0
was heated to 100 in a sealed caplllary tube containing 10

microliters of 20% sodium hydroxide., The solid dissolved
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‘within about 2 minutes. After 15 minutes, the solution was
tested for the presence of formaldehyde (24a) and the test was
negative., When similar hydrolyzates were tested for the
presence of formic acid (24b), and a dlazotizable amine (23),
the tests were positive. A small sample treated as above, but
in a bent capillary tube having some Nessler's reagent in the
unheated upper arm, gave no coloratlion of the reagent. Heating
with 12N hydrochlorilc acld for 2 hours atb 100O yiwlded only @
very faint test for formic acld.

A suspension of 200 mg. of A& in 1 ml., of 20% sodium
hydroxlde was heated at 100O until a clear solution was obtained.
The solution was then neutralized with carbon dioxide and
diluted to 5 ml, A precipitate formed, and the whole was ex-
tracted three times with 5 ml. portions of ether, the first of
which dissolved the precipitate. Evaporation of the ether
yvielded & white solid which after crystallization from agueous
ethanol melted at 153-1550, and did not depress the melting
- point of a sample of benzenesulfonamide.

After the above extraction with ether, the aqueous phase
was aclidified with hydrochloric acld to pl ca. 4, causing a
trace of solid to precipitate. The mizture was extracted with
ether, evaporation of which yilelded a reddish paste. Sub-
limation of the paste (110°/1 mm.) gave a white solid which
was very slightly more soluble in dilute acid than in water.
Recrystallization from water brought the melting point to
13Q~145Q@ The crystals were small and chunky, and not the

characteristic needles of anthranlilic acid,



~144 -

Alkalipne Hydrolysis of B. The small test hydrolyses

degcribed for A were repeated with B, and the same results
were obtained.

A solution of 1.00 g. of B in 8 ml, of 20% sodiun
hydroxide was refluxed for 9% hours, diluted to 40 ml., neutra-
lized with carbon dioxide, and extracted four times with 40
ml, portions of chloroform. Evaporation of the chloroform
vielded 0,21 g. of material identified, as 1n the case of 4, as
benzenesulfonamide. The aqueous solutlon was then made strongly
acid (blue reaction with congo red indicator paper) and 0.25 g.
of yellow precipltate was collected by [filtration. Partial
neutralization of the solution (to pH ca. 4) caused the pre-
cipitation of an additional 0.12 g. of the yellow material,

The aqueous phase was exhaustively extracted with chloro-
form in a continuous extraction apparatus. Evaporation of the
chloroform yilelded 0.21 g, of solid, which after sublimation
(110%/1 mm.), and crystallization from aquecus ethanol, melted
at 145*1460, and did not depress the melting polnt of an
authentic sample of anthranilic acld.

The yellow precipitates (0.25 g., and 0.12 g.) wers com~
bined and crystallized from 50% ethanolg giving tiny, pale
vellow crystals melting at 177-1780.

Anal. Caled. for Cy3Hjp03Np8: C, 56.503 H, 4.34; N, ’
10.15; S, 11.62. Found: C, 56.67; H, 4.58; N, 10.15; S, 10.78.
The ultraviolet absorption spectrum, in ethanol, showed

- maxima at 228, 252, and 272 mp., and minima at 244, 271, and

283 mp. The molscular extinction at 350 mp. was 5,260, and was



-145 -

Vappymaching a broad maximum in the direction of longer wave-
lengths. A small sample gave an orange-red-precipitate when
treated with nitrous acid followed by B-naphthol in alkali
(23). The material did not dissolve in dilute acid, but dis-
solved in 1N sodium bicarhonate with evolution of carbon
dioxide., When an alkaline solution of the material was slowly
acidified, a white precipitate was obtained. The precipitate
turned yellow within about one minute., When a second alkaline
solution was rapidly made strongly acid, no precipitate
appeared. Partial neutralization (to pH ca. 4) yielded a white
precipitate which rapidly turned yellow. Treatment of the
vellow material with 3 hydrochloric acid caused a slow nmeta-
morphosis (6, rapid) to white, fibrous needles, the color of
which was stable on drying in air or ig wvacuc. Treatment of
the white needles with water caused a metamorphosis to the
small vellow crystals. The supernatant liquid had a pH of ca.
2, or less, and gave a coplous white precipitate when treated
with 9% silver nitrate in 3N nitric acid.

-(o-nitrobenzoyl)benzenesulfonanide (X). A mixture of

10 g. of g-nitrobenzolc acid and 23.8 g. of thionyl chloride

was refluxed until reaction was complete (40 minutes). The
excess thionyl chloride was distilled off and the residue was
boiled down twice with benzene to remove the last of the thionyl
chloride, The crude g-nitrobenzoyl chloride was then mixed

with an equivalent gquantlty (9.26 g.,) of benzenesulfonamide and
heated in an oil bath at 150-1550, at which temperature a steady

stream of hydrogen chloride was evolved. After 14 hours, the
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flow of gas had diminished, and the mixture was allowed %o
' cool, yleldlng a dark, seml-crystalllne mgss, Crystalllzatlon
from 200 ml., of 50% ethanol ylelded 14.7 g. (80%) of colorless,
chunky crystals melting at 167-168%.* The ultraviolet
absorption spectrum, in ethanol, showed maxima at 218, 247,
259, and 265 mp., minima at 242, and 264 mp., and a plateau at
271-274 mp.

Anal, Calcd, for 013H1006N28: Ny, 9.14, Founds N, 9.22,

N-(go-aminobenzoyl)benzenesulfonanide (IX), A solution of

20,0 g. of the nitro compound (X) in 100 ml. of 6} ammonium
hydroxide was poured in a thin stream into 300 ml. of boiling
water containing 126.,8 g, of ferrous sulfate heptahydrate (7
molecular equivalents) (25). The resulting black solution was
treated with concentrated ammonlum hydroxide in small portions,
shaking vigorously bstween additions, until the reaction
mixture was definitely alkaline., It was then bolled for five
alnutes and immedlately filtered with suction. The clear,
-yellow filtrate was then chilled rapidly in an ice bath (the
vield is lowered if the solution is allowed to remain hot).
Colorless crystals(identified by mixed melting point as benzene-
sulfonamide) separated, and were removed. With vigorous stir-
ring, 6N hydrochloric acid was slowly added until the solution

turned congo red indicator paper a definite blue. The resulting

* There is evidence that this material is dimorphic. In the
first preparation, the first three crystallizations yielded
colorless needles, and the melting point leveled off at 136-137°
The fourth crystallization vyielded the higher nmelting material,
and the fifth required more than twice the amount of solvent,

In subsequent preparations, the lower melting materlial was not
observed,
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yellow preclpitate, when collected and dried, welghed 9.29 g.
and melted at 172-176°, Crystallization by solution in 200 ml.
of hot ethanol, addition of an equal volume of hot water, and
chilling, yielded tiny, pale yellow crystals, melting at 176~
1780a A mixed melting point wilth similar material from the
alkaline hydrolysis of B, showed no depression,

N-(N'-formyl-o-aminobenzoyl)benzenesulfonanide (XIV). To

a mixture of 0,40 ml., of acetic anhydride and 0,16 ml. of 99%
formic acid, was added 0,80 g, of N-(g-aminobenzoyl)benzense-
sulfonamide, The yellow color of the amine rapidly disappeared,
and the temperature rose spontansously to ca. 40°, The mixture
was allowed to stand for 4 hours, dissolved in 50 nl, of 1N
godium bicarbonate, and filtered to remove a trace of ilnsoluble
material, Acidification of the solution with 1N hydrochlorie
acid gave a voluminous precipitate, which was collected, washed
thoroughly with water, and dried. The yield was 0.72 g.,
melting at 165-167°. A mixed melting point with B showed no
depression.

Reaction of B with lethyl Todide. Roughly equimolar

gquantlties of B and methyl iodide were added to an excess of
109 sodium hydroxide. Vigorous shaking vielded a clear, yellow
solution. Gradual acidification gave at first a tacky, yellow
precipitate, which partially dissolved on addition of more
acid. The supernatant was removad and adjusted to pH 8 by the
addition of 1N sodium hydroxide. A flocculent white pre-
cilpltate separated from the slightly alkallne solutlon. The

yellow material melted at 170-175° after crystallization from
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'aquecus ethanol to give long, colorless needles, which turned
yellow on standing in the solwvent Qrvon gxposure to ailr.

Both compounds were insoluble 1n dilute acid, but when an
alkaline solution of elther material was rapldly acldified,

no precipitate appeared until the pH was raised to ca. 3 or 4.
When excess alkali was then added, the precipitate redlssolved.

Reaction of B with Dimethyl Sulfate. Dimethyl sulfate

(3.6 ml.) was added dropwise over a perlod of 2% hours to a
rapidly stirred solution consisting of 2.00 g. of B in 20 ml. of
1N sodium hydroxide, Additilonal sodium hydroxide was added, as
necessary, to maintain the reaction mixture strongly alkalilne,
A precipitate appeared after about 1 ml. of the dimethyl sulfate
had been added and gradually ilncreased in amount during the
course of the reaction. After the addition was completed, the
mixture was stirred for % hour. The residual dimethyl sulfate
was then destroyed by the addition of 1 ml., of concentrated
ammonium hydroxide. Extraction with 20 ml., of chleroform gave,
~on evaporation of the chloroform, 0,37 g. of colorless needles.
An additional 0.2 g. of this wmaterial was obtalned by acildifi-
cation of the aqueous phase, extraction with chloroform,
gvaporation of the chloroform, and treatment of the resulting
0il with dimethyl sulfate as described above. Crystallization
from hot methanol vielded colorless, elongated prisms melting
at 133-135%, The ultraviolet absorptlion spectrum, in ethanol,
showed maxima at 223.5 and 320 mp., a minlmun at 292 wp., and
plateaus at 264-267 and 270-273 mu.

Anal. Caled. for CygH gOsN;8: C, 60.35; H, 5.70; W,
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8.80; s, 10.07; N-CHy, 9.12 (per gragpﬁ 0-CHy, 9.75 (per group).
Found: C, 60.86; H, 5,743 N, 8.56; S, 9.97; N-CHy, 23.5;
0-CHy; 2.18.% \

When 0.55 g. of H-(g-aminobenzoyl)benzenesulfonamide was
treated in a similar manner, but without recycling, there was
ohtained 78 mg. of prodnet melting at 133-135%. 4 mixture of
this and the material obtainsd from B showed no depression in
melting point,.

Reaction of B with Diazomethane. A distilled etheresal

solution of diagomethane was prepared by the method of Arndt
(26), and 14 ml, (0.0105 moles) was added, with swirling in an
ice-bath, to a suspension of 3,04 g. (0.010 moles) of B in 150
ml. of methylene chloride. All but the last portion of
dlazomethane decolorized rapidly on addition. The resulting
clear, yellow solution was poured into an evaporating dish and
allowed to evaporate in the hood, ylelding a yellow oil.
Treatment of the oll with 12 ml. of chloreform gave a yellow
~solution and 200 mg. of crystals (fraction (a)).* Addition of
6 ml., of ligroin, to the chloroform solution caused the pre-
cipitation of 0.84 g. of a somewhat gummy solid (fraction (b)).

The mother liquor was evaporated with a stream of air, and the

* The analyst, Dr. Flek, stated that the determination of
N-methyl groups frequently gilves low values, and that the
result from an O-methyl determination is high if N-methyl
groups are present.

wE In several repetitions of this experiment, considerable
variation was observed in the amount of fraction (a). The
maximum wags about 8% of the weight of the starting material; in
some cases pnone of this fraction was detected.
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residue was twice dissolved in 4 ml. portions of ethanol,
evaporating to a thick oll each time, The residue was agaln
dissolved in 4 ml. of ethanol. Scratching gave 0.88 g. of cry-
stalline material (fraction (c¢)). The mother liquor was
alternately évapcrated to an o0il and the oil redissolved in
ethanol, for several repetitions of the cyecle, Each time, the
ethanollc solution was induced to give a solid fraction of from
10 to 100 mg. These fractlions corresponded successively to
(a), (b), (a), and (e).

Praction (a) was crystallized twice fronm absolute.ethaﬁol
and five times from a 50-50 mixture of benzene and absolute
ethanol to give 50 mg., of tiny, colorless platelets melting at
195-200°, The ultraviolet absorption spectrum, 1n absolute
ethanol, was identical with that of compound A.

Apal. Calcd. for CygHy,04N,5: C, 56.59; H, 4.43; N,
8.80; 8§, 10,07, Found: C, 56.45; H, 4.40; N, 8.80; 8, 10.08;
O~CH3, 0,00,

The pure material was soluble in hot ethanol, henzene,
dioxane, and methanol to the extent of about 0.3%, 0.7%, 3-5%,
and 0.5%, respectively, and to the extent of about 0.9% in
cold chloroform or dioxane. When tested for the presence of a
carboxylic ester with hydroxylamine and ferric chloride, it
gave a red-brown color (24c),

Fraction (b) was crystalliged several times from ethanol
to a constant melting point, giving 0.63 g. of colorless
crystals melling at 153-1560. The ultraviolet absorption

spectrum, in ethanol, showed a maximum at 224 np., and a
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Anal. Caled., for 015H1404ﬁ25: C, 56.59; Hy, 4,435 N,
8.80; 8, 10.07; 0-CHy, 9.75. Found; G, 56.55; H, 4.57; N,
8.703 8, 9.95; 0-CHy, 9.30.

The approximate solubilities in hot ethanol, benzene,
dioxane, and methanol were determined to be 5%, 0.9%, 8.5%,
and 3%3?espectively, and in cold chloroform, dioxane, and
methanol, to be 4%, 2.5%, and 0.8%, respectively. A test for
the presence of a carboxylic ester gave a brown color with a
falnt violet cast.

Fraction (¢) was crystallized once from 1 ml. of sethanol,
and twice from 3 ml. of a 50-50 mixture of bhenzene and aceto=
nitrile, giving 0.6 g. of colorless, chunky crystals melting
at 118-119". The ultraviolet absorption spectrum, in ethanol,
showed a maximum at 215 mp., and plateaus at 272 - 274, and
283~-286 mp.

Anal, Calcd. for 015Hl404E28: C, 56.59; H, 4,433 N,
8.80; 8, 10,07, Found: G, 56,503 H, 4.48; N, 8.69; 5, 10,19,

N-methyl=N=-(o-nitrobenzoyl)benzenesulfonamide XVII), This

material was prepared by fusing s mizxture of g-nitrobenzoyl
chloride and N-methylbenzenesulfonamide in the manner described
for N-(o-nitrobenzoyl)benzenesulfonamide, The crude product
was crystallized from 95% ethanol, giving colorless rods melting
at 96-98°, The yield was 57%. The ultraviolet absorption
spectrum, in ethanol, showed maxima at 217, 261, and 266 mp.,
minima at 216, 247, and 263.5 mp., and a plateau at 271-274 mp.
Anal. Calcd. for Cq,H,060,8: C, 52.50; H, 3.78; N,
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'8.75; 8, 10.01. Found; C, 52.46; H, 3.87; N, 8.66; 8, 10,02,

N-methyl-N-(g~aminobenzoyl)benzenesulfonamide (XVIII),

Several methods of r@dﬁntimﬂ of the corresponding nitro com-
pound were tried. Ferrvous sulfate and ammonium hydroxide
yielded oils and upnreacted starting material., Starting material
was recovered after refluxing for a half-hour with zinc dust
and glacial acetic acid. Treatment with a mixture of mossy
zine, glaclal acetic acid, and 6N sulfuric acid gave an oil.
The use of tin and hydrochloric acid gave a small yield of the
desired product.

A mixture of 1.00 g. of H-methyl-N-(o-nitrobenzoyl)-
benzenesulfonamide, 0.74 g. of mossy tin, and § ml, of 12H
hydrochloric acid was heated on a steam bath until all of the
tin had dlssolved (49 mlnutes), and then for an additlonal *
hour. The reaction mixture was cooled, made strongly alkaline
with 2N sodium hydroxide, and extracted with chloroforn,

Lvaporation of the chloroform gave 0,47 g. of oil., The oil

G

‘was treated with 1 ml, of ethanol, giving 0.20 g. of vyellow
needles., Three crystallizations from methanol gave 0,145 g.
(16%) of pure product, pale yellow needles melting at 119-120°,
The ultraviolet absorption spectrum, in ethanol, showed
maxima at 225.5, and 357.5 mp., & minimum at 282 mp., and a
shelf at 250~260 mp.

Agal. Calcd. for Cp,H),03N,8: C, 57.90; H, 4.86; W,
9.65; §, 11.04, Found: C, 58,043 H, 4.93; N, 9.61; §, 11.06,

N-methyl-N-(H'-formyl-g-aminobenzoyl)benzensesulfonamnide

(XVI). A nmixture of 1.00 g. of N-methyl-N-(g-aninobenzoyl)-
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‘beﬁzeﬁesulfoaamid@ and 5 ml., of 90% formic acld was refluxed
for % hour. The mixture was cooled and treated with 10 ml. of
water, giving 0.84 g. of ecrystalline malerlal. One crystalli-
zation from ethanol and three from methanol gave 0,58 g, of
colorless, chunky crystals melting at 118»1190. A mixture of

Lhis and similar material from the treatment of B with

diazomethane showed no depression in melting polnt,
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Ssclhbion 4

Miscellaneous Experiments

In the course of the investigations described in section
3y there arose the guestion of what dissociation constant
(as an acid) would be expected for a formylated aromatic amine.
A search of the literature disclosed that in 1896, Ewan (27)
had mecasurcd the clectrical conductivity of aqusous solutionsg
of formanilide and reported a dissoclation constant of 5 x l@~10»
He further reported (from conductivity) that in aqueous solutilon
the sodium salt wag almost completely hydrolyzed to formanilide
and sodium hydroxide.

Calculation showed that at the concentration employed,

cid of the reported strength should

58]

i

0,01F, the sodium salt of an

3

have been largely uphydrolyzed, Potentiometric titratlon of a
0.1F solution of formanilide with 0.15F sodium hydroxide gave a
curve indistinguishable from that of pure water., MNaterial with

0"12 would have been

a dissociation constant as small as 2 x 1
‘readily detected, A similar titration of N-formylanthranilic
acid yielded no inflection past one equlvalent of the alkalil,
The insclubility of the free acld prevented accurate deter-
mination of the dissoclation constant of the carboxyl group.
The dissoclation constant reported by Ewan 1s thus 1n error.
The conductivities reported probably arose largely from con-
tamination of the formanllide with traces of electrolytes; a
most logical contaminant 1s aniline formate.

An incidental consequence of the investigatlon of the
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structure of compound B (section 3), was the discovery of an
interesting reaction of N-(g-aminobenzoyl)benzenesulfonamide
(IX). When heated with formic acid for a short time it gzave a
fifty-five percent yleld of 4-quinazolone (II) and benzene-
sulfonic acid, There was also obtalned fifteen percent of
N-(g-benzenssulfonanidobsnzoyl)benzensesulfonamide (XX), which
was 1dentified by synthesis from the amine, IX, and benzene-
sulfonyl chloride. Prolonged heating with the formic acld,

or the use of less concentrated acid, did not significantly
alter the yield of eithsr compound. The reactlon was extendsd
to include acetic anhydride, which gave an elghty percent

vield of 2-methvl-4-quinazolone (XXI), and benzenesulfonlc acid,
Glacilal acetic acid, however, had no effect on IX, which was

recovered unchanged after an hour's hsating. The presence of

7N -—E»NH-'SOQ“/ N ‘ AN l\}sH 7 -80,H
| }hm | cengeo0 | H P o
N TR NS 3 NS
1X poul
HCOOH
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0
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the hydrogen on the amide group of IX would appear to be
necsssary for the reaction, as the compound having a methyl
group in its place (XVIII) gave the normal formyl derivative
(XVI), It also seems reasonable to assume that acylation of
the amine is the first step iIn the reaction. Thus, the be-
havior of compound B, the N-formyl derivative of IX, on
pyrolysis (section 3), can be explained on the basis of the
major product being the high melting benzensesulfonic acid salt
of 4~quinazolone,

A carboxylic acld isomeric with compound B was prepared as
the methyl ester. This compound, N-banzenesulfonyl-N'-(g-carbo-
methoxyphenyl)formanidine (XXII), was prepared by the schene
shown. The general method has been deseribed by Knott (31).
The methyl ester of N-formylanthranilic acid was converted to
its silver salt, (XXIII), and reacted with methyl ilodide to
give methyl N-(o-carbomethoxyphenyl)forminidate (XXIV). This
was then tresated with benzenesulfonamide to gilve the desired

compound.,

7 N-C0,CH; AN ~C0,CEy

| l < CH3T I < C¢He S0, NHy

N\ NECH-0Rg —— _/-N=CH-0CHy 2 -
KXIIT | XXIV

’/ \”«002@*33 —

R 4

XXIT
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The structures of sulfonyl derivatives of amidines have

been discussed with respect to the position of the double

bond apnd the sxistsince of stables and unstable isomers has been

2

postulated (32, 33). The position of the double bond in XII
was not rigorously established, bul was so placed because of the
solubility of the compound in alkali and ths general resemblance
of its ultraviolet absorption spectrum to that of the 3-substi-
tuted-4~-quinazolones,

Potentiometric Titration. The substances to be examined

were dissolved in dilstilled water which had been bolled to
remove carbon dioxide, and titrated with carbonate-free sodium
hydroxide solution (28). The solutions were stirred with a
magnetic "flea', The pH was followed with a Beckman glass
electrode pH meter, model G, standardized at pH 10 with the
furnished buffer solution. Dissoclation constants were
calculated from the pH at the equivalence point using the simple
mass gactlon expression for ths neutralization of a weak acid
with a strong base, The effect of ilonic strength was neglected
and K, was taken as 1074,
Formanilide (29), 20.2 mg., (0,167 millimole), in 1.50 ml,
of water was titrated with 0,14N base in 0.05 ml. portions
until 1.4 al., (0,198 millimoles) had been added, The pH at
sach step was the same as the corresponding value when the
titration was repeated omitting the formanilide.
li-formylanthranilic acid (30), 17.0 mg. (0.103 millimoles),
wag suspended in 2.00 ml, of water and titrated with 0,14N base.

The free acid was only very slightly soluble, and the rate of
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solution was such that solution was not complete until somewhat
more than one squivalent of the base had been added. The
addition wag continued until 2.00 ml. (0.282 millimoles) of the

bhase had been added. No inflection was observed past one

4

equivalent of base.

4 solution of 4-quinazolone, 20,3 mg. (0.139 millimoles),
in 3,00 ml. of water, was titrated with 0.10N hase. The point
of inflection was estimated to he at pH 10,65 1t 0.1 and 1.50 al.
of hase, giving a calculated K, for 4-quinazolone of 1.6 x 10-9.

A solubtion of 4-gquinazolone, 2,29 mg. (0,0157 millimoles),
in 1.00 al. of water, was titrated with 0.00989H base. The
inflection was discernible, but was too flat to permit accurate
location of the flex point. From the pH (10,27) at the
theoretical equivalence point, the dissociation constant was
calculated to be 1.6 x 1077,

The benzenesulfonic acid Sélt of 4-quinazolone, 5.20 ng.
(0,0171 millimoles), in 2.00 ml, of water was titrated with
0.01075N base., There was a very sharp inflection at 1 equiva-
lznt of base and a discernible inflection in the region of 2
equivalents., From the initial pH of the solution (2.40), Kgq
was calculated to be 8.5 x 1073, The pH (10.17) at the
theoretical second equivalence point gave a KAQ of 1.5 x 10'9,
The constants were re-determined from a titration of 30.2 ng.
(0.0993 millimoles) in 2.0C ml, of water with 0,141K base, The
initial pH wasg 1.81 giving a Kﬁl of 4.8 x 1079, The second
puint of inflection was estimated to be et pH 10,72 for a K, .,

of 1.0 x 1077,
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Reaction of Formic Acid with N-(g-aminobenzoyl)benzene-

sulfonamide (IX). A mixture of 1,00 g. of the amine and 5 ml.

of 994 formic acid was refluxed for 15 milnutes and then
gvaporated to dryness at reduced pressure. The residue was
dissolved in 110 ml. of boiling absoclute ethanol. On cooling,
there was cbtained 0.60 g. of colorleas needles, melting at
250-2540, The analvytical sample, prepared by crystallization
from ethanol, melted at 254-255°.

Anal. Calcd, for 614H1304N283 ¢, 55.25; H, 3.98; N, 9.21;
S, 10.53. Pound: C, 55.28; H, 4.00; N, 9.15; &, 10.40,

A mixture of this and material prepared by addition of
hanzenesulfonic acid to a solution of 4-quinazolone, showed no
depression in melting polnt. A& 63 mg. sample was dissolved in
0.5 sodium bicarbonate and sextracted with chloroform. Evapo-
ration of the chloroform gave 25 mg. of colorless needles
melting at 216-218° and showing no depression in melting point
when mixed with an authentlc sample of 4-quinazolone.

The ethanoliec mother liquor, from the first crystalllzation
of the crude product, was evaporated to a small volume., Treat-
ment with 35 ml. of water yielded a white prscipitate, and
crystallization of this from 15 ml, of ethanol gave 220 mg. of
fibrous needles melting at 222-2230. The analytical sample,

ed by crystallization from ethanol, melted at 224~2250,

+}

4

prepa
The ultraviolet absorption spectrum, in ethanol, showed mazlua
at 215, 272, and 305 mp., minlma at 271 and 281 mp., and a
platean at 240-250 mp.

Anal. Caled. for CigHyc0cl;8: C, 54.79; H, 3.87; N, 6.73;
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§, 15.40. Found: C, 55.34; H, 3.63; i, £.95; &, 14.6

#*

Tha uge of 87% iastead of 99% formic acid, or lancrsase of
the reaction tine to 44 hours, did not appreciably alter the
vizld of either product,

A sanple of N-(o-benzenssulfonamidobenzoyl)bsnzenssul-
fonamide (XX) was prepared by reacting 46 ng. of the amina
with 0,05 al. of benzenesulfonyl chloride in 4 ml. of pyridine
for 11 hours at room tempsrature. The product was isolatzd by
dilution of the reaction mixture with water and crystallizatilon
of the resulting precipitate from methanol, ylelding 41 ag.
(58%) of colorlzss, fibrous needles. A nixture of these and the
material from reactlon with formic acid, showed no depressioxn
in melting point.

Reaction of acetlc Anhydride wlth N-(g-aminobsznzoyl)-

senzenesulfonamide (IX). & aixzture of 0.50 z. of N-(g-anino-

P N

banzoyl)benzenssulfonamide and 11 al, of acetic anhydride was
refluxed for 30 minutss. A bulky precipltate apnsarsd durlng
the course of the heating. The aixture was cooled and filtered,

vielding 0.45 g. of thin, colorless platelsts aeslting at

g

242-2449, Recrystallization from acctic anhydride did not
alter the melting point. A sample dissclved in water gave a
solution of pH ca. 2, or less., When the solution was made
glkaline with sodium hydroxide and then neutrallzed with carbon
dioxzide, there wers obtained colorless needles, These, after

s . ) L . a0 .
crystallization from sthanol, melted at 237-2397, and showed no

of 2-maethyl-é4-quinazolone (reportsd m.p., (34), 238-239%)., A
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piﬁfaﬁe was prepared of each., The melting polnt of each was
205-208° (reported (34), 207,5-208,5%), and a mized melting
point showsd no depression. The benzenesulfonic acld salt of
the authentic sample was prepared in ethanol, and after
crystalligation from ethanol, melted at 242-244°, and showed
no depression on mixing with the first materlal obtalned.

Silver li-(o~carbomethoxyphenyl)fornimidate (XAIII). The

method of preparation was that of Comstock and Kleeberg (35).

To a rapidly stirred solution of 16,8 g. (0,094 moles) of methyl
N-formylanthranilate (36) and 15.8 g. (0,094 moles) of silver
pitrate in 80 ml. of 50% ethanol, was added a solution of

sodium hydroxide (0.094 moles) in 20 ml. of 50% ethanol. An
immediate brown precipitate appeared. The mixture was diluted
with 200 ml. of water, filtered with suctlion, and the preclpitate
washed twice with 100 ml, portions of water. The solid, when
dry, was grey in color and welghed 24.0 g,

Methyl N-(g-carbomethoxyphenyl)fornimidate (XXIV). The

‘method of Lander (37) was used. The silver salt, 23.9 g.

(0.0835 moles), and methyl ilodide, 11.9 g. (0,0835 moles), were
mixed with 15 ml, of sodium-dried ether in a flask equlpped

with a small reflux condenser and protected from atmospheric
moisture with a drying tube. The nixture spontansously refluxed
for several hours, After standing overnight at room temperature,
the resulting paste was diluted with 50 ml, of ether and
filtered, The ether was stripped, and the resulting oll dis-
tilled, yielding 10.6 g. (66%) of product boiling at 100-104°

(1.5 mm.)., The analytical sample, prepared by redistillation,
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was a yellow oil boiling at 99*5-99°60 (1,50 mm.)., The ultra=-
violet absorption spectrum, in ethanol, showed nmaxima at 213
and 294 mp., and a minimum at 273 mp.

Anal, Calcd, for 010H11N035 Cy 62,165 Hy, 5.745 N, 7.25.
‘Found: C, 62.76; H, 6.00; N, 7.18,

N—benz%ﬂ@sulfaayl—ﬁ'—(g-carbomethoxyphaﬁyl)formamidiﬁe

(XXII). The general method was that of Knott (31). A solution
of 1,93 g. (0,010 moles) of methyl N-(g-carbomethoxyphenyl)
formimidate and 1.57 g. (0.010 moleg) of benzeﬂesulfomamidé in
15 ml. of ethanol was refluxed for 15 minutes. Chilling gave
3.24 g. of crystals, which after crystallization from sthanol
melted at 145-147°, The crystals were soluble in 5% sodium
hydroxide, but not in sodium bicarbonats or hydrochloric acid,
The ultraviolet absorption spectrum, 1in ethanol, showed maxima
at 218, 270 and 310 mp., ainima at 250, and 292 mp., and a
plateau at 274-276 mp.

Anal. Calcd. for CygHy 0,8t €, 56.59; H, 4,433 W, 8.80;
's, 10,07. Found: C, 57.11; H, 4.62; N, 8.65; 8, 9.49.
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PART ITI. SYNTHESIS OF SOME 8-AMINOQUINCLINES, *

As part of the general program durlng the last war to
develop a drug with the desirable antimalarial properties of
pamaguine but without i1ts high toxicity, workers in this
laboratory, under Dr, J. B. Koepfll, prepared soms seventy
compounds for screening. Included were a number of 2-substi-
tuted 8-(3-diethylaminopropylamino)quinolines (1). These
latter compounds were tested on monkeys by Dr. L. H. Schamidt,
The Christ Hospital Institute of Medical Research, Cincinnatl,
Ohioc, and found to be extremely toxic and were abandoned as
potential antimalarials. Dr. Ida G. Schmidt, a cytologlst,
made the observation that one of this serles, the Z2-methoxy

compound, I, seemed to have a particular effect on the neurons.

VAN

|

,—DCH
NN TS
NHCHpCHpCHyN(Cpls) o

I
Isoplasmocid

As a result it was suggested to Dr, 4. B. Sabin, University

of Cincinnatl College of HMedleclne, that he lLest Lihe drug

* This work was financed by the National Foundation for
Infantile Paralysis through a sub-grant by the Children's
Hospital Ressarch Foundation, Cincipnati, Ohio,
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on polio. This was dope in 1948 on experimental poliomyslitis
in monksys. The tests indicated that the drug, lsoplasmocid,
was capable in some instances of retarding the process and in
others of completely preventing the paralytic disease, while
the isomeric é-methoxy compound, plasmocid, had an adverse
effect, Under the auspices of the National Foundation for
Infantile Puaralysis, a collaborating group consisting of Drs.
'N. L. Drake, R. C. Elderfield, J. B, Koepfli, L. H. Schmidt,
and A. B. Sabin, was formed to explore this further.

At a conference of the group, a gquestion arose copncerning
the structure of isoplasmocid.* The synthesis by Hislow and
"Koepfli (1), had involved reaction of dimethyl sulfate with
8-nitro-2-quinolone (II) to give 2-methoxy-8-nitroquinoline

(ITI), followed by reduction to 2-methoxy-8-aminoguinoline (IV)

0 28 e
I N\ v/ =0 \l/\ﬁ//‘ --OCH3 \I/\N/ —OCH3
No, To,, 1K,
it 111 Iv
0 8
N N
&OZ éH3 &H Cﬁ3
v VI
* Dr. Elderfield suggested that it could well have the

isomeric l-methyl-Z-quinolone structure,.
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.aad condensation with 2-diethylaminopropyl chloride to give I,
The resaction under suspicion was the O-methylation of II with
dimethyl sulfatej for in all similar cases (2), reaction with
methyl iodide or dimethyl sulfate invariably gives the lsomeric
N-methyl compound, which in this case would be l-methyl-8-nitro-
2~quinolons (V). Decker (3), on the basls of a yuantitative
methoxyl determination, had proposed the O-methyl structure,
I1I, for the methylation product of II. An unequivocal
synthesis of the N-methyl compound, V, mslting at 1289 and its
reduction to the corresponding amine, VI, melting at 180°%, has
been described (4,5). The reported melting point of V seemed

by

to that of ti caed O-methy

o I S R ENEEN
dd oF LAIJU o 11
-

&)

susplciously clos
III, 124-125°, Though the analytical sample of the amine
ohtained by Mislow and Koepfli melted at 75-76°, it seemed
degsirable to confirm that this was the amajor product. It was
barely possible that the analytical sample had not adequately
represented the material used in the preparation of iso-

- plasmocid,

The preparation of isoplasmocid was repsated, both to
obtain a new sample (one-hundred fifty grams) for further
virolongie htests, and to check the intermedlate material.
Distillation of the crude reduction product of the nitro com-
pound in question gave a 70% yield of the amine described by
Koepfll and Mislow as IV. rystallization of the still-pot
residue gave 12% of the igomeric compound, VI. The simul-
taneous isolation of both isomers lends weight in confirmation

of their structures, Thers is 1ittle possibility of more than
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the two lsomers described, of which the O-methyl isomer would
be expected to be the more volatile and the lower melting.
The methylation is thus seen to yield only & small amount of
the undesired 1somer, and this 1s removed in the purification
procedure., There 1s 1little doubt that the major fraction is
the desired product, and that isoplasmocid hag the structure I.*
The tests, on monkeys, of the new sample of isoplasmocid,
largely substantiated the earlier results. Treatment with the
drug increased the average Incubation perioed for paralysis from
6.6 days to 11.75 days, and lowered the fatality rate among
paralyzed monkeys from 75% to 50%. The drug, however,
displayed such high neurotoxiclty as to preclude its clinical
use. It was decided To evaluate the effect of bhlocking groups
other than methoxy in the 2-position, and to investigate
modifications of the side chain on the amine in the &-position.,
This was for the twofold purpose of diminishing the toxicity
and throwing light on the configuretion or coamposition that is
- of ilamportance in antagonizing the propagation of poliomyelitis
virus., The compounds to be tested were chosen carefully, as
the size of the test animal made testing expensive and required
that each drug be furnished in the rather large gquantity of
one-hundred grams of the dihydrolodide salt,

Two previously described compounds, 2,6-dimethoxy=~8&=

* It was subsequently reported by Elderfield (6) that he
had prepared the 2-methoxy drug by an unequivocal route; 1ts
infrared and ultraviolet absorption spectra were identical with
those of the lsoplasmocld. He Turther reported that he was
unable to attach a side chain to 8-amino-l-msthyl-2-quinolonse.
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(3-disthylaminopropylamino)quinoline WII) (1), and 2-phenyl-8-
(3-diethylaminopropylamino)quinoline (VIII) (7) were prepared

for testing. Though a conflrmatory analysls was oblalned, and

CH3O—/\/\ (\/\
l H |-—OCH N\
\ﬁ//\~%7 3 ‘\//\\T/ _
NHCH2052Cﬁ2N(C Hs) NhCHECH CHQN(C2n5)
VII VITT

the melting point agrsed with the reported value (7), the
dihydroiodide of the 2-phenyl compound was scarlet, an obser-
vation not previously reported. Since the free base was pale
yvellow and the dilhvdrolodides of the other membersg of the
series are colorless when pure, this phenomenon was brlefly
investigated, The color did not seem to be due to an lmpurity
(or at least to one which could be easily removed), por did it
appear to be due to oxidation. By treatment with a large
excess of hvdriodic acid it was occaslonally posslible to
obtain colorless crystals, the composition of which was not
established, and which were unstable wlth respsct to the colored
material. 8ince the scarlet materlal seemed to be the reason-
ably pure dihydriolodide of VIIT, 1t was submitted for testing.
The final drug prepared was the previously unknown
2-methoxy=8-(4=disthylanino-l-methylbutylamino)quineline (1X).
This compound was made by the condensation, by a standard

procedure (7}, of 2-methoxy-8-aminoquinoline (IV) with
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(7
NHCHCH,CHpCHpCHpN (C2H5 )2

CH
3

IX

l-diethylamino-4~-hromopentane (noval bromide). WNo difficulty
was encountered except in the preparation of the requlresd

noval bromide hydrobromide. The results of Elderfleld, et. al.
(8), who prepared this material, as the hydrobromide salt, by
the addition of thionyl bromide to a scolution of the cor-
responding alcohol in benzene, could not be duplicated, To
obtain other than dark, tarry products, 1t was found necessary
to reverse the order of addition of the reactants. The result-
ing noval bromide hydrobromide, when purified, melted some six
degress higher than reported. Though there could be little
doubt, its identity was confirmed by condensation with 6-methoxy-
8~aminoguinoline to give plasmochin,

The other collaborators submitted a number of compounds
embracing a variety of groups in the 2-position and several
variations of the side chaln.

The results of virological assay were not encouraging. &
few of the compounds (including IX) had antipoliomyelific
activity, but none approached the activity of ths original

compound, isoplasmocld. In many of the cases, the toxlc effects
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were greater. After a study of the results, the collaborators
felt that there was no evidence to indicate a specific effect
on the virus or its reproduction, and that the observed effects
on the course of the disease were due to a generalized toxemia.
It was therefors decided that the preparation of additional
compoun&s would not be Jjustified, and the project was abandoned.

2-Methoxy-8-(3-diethylaminopropylamino)guinoline (Iso-

plasmocid, I). 2-Hethoxy-8-nitroquinoline was prepared* and

hydrogenated according to the directions of Mislow and Koepfli
(1). Distillation of the crude product from 133 g. of the nitro
compound gave 80 g, of distillate in the temperature range
103-105° (0,20 mm.), and 31 g. of a non-distillable residue.
The residue was crystallized from 300 ml, of ethanol, giving
13.5 g. of light orange crystals melting at 178-18405 Several
recrystallizations from ethanol gave pale yellow crystals
nelting at 182-184°, These, treated with acetic anhydride
gave, after crystallization from ethanol, colorless platelets
melting at 176-178° (reported for 8-amino-l-methyl-2-quinolone
(7): free base, 180%; acetyl derivative, 1747),

The distillate solidifled sgpontaneously to almost colorless
crystals melting at 7O~7405 A small sample recrystallized from
ethanol melted at 75-76° (reported (1), 75-76%). The main
- portion of the distillate was used without further purification
to prepare the desired 2-methoxy-8-(3-diethylaminopropylamino)

gquinoline as the dihydroliodide., The bhatch submitted for the

* The nitro compound was prepared by R. Mirza, Callfornia
Tnetitute of Technology.
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pharaacologic tests melted at 141,2-141.7° (reported (1),
140~ 1ﬂ40).

2=Phenyl-6=-(3-dizthylaninvpropylamino)yuinoline (VIII),

-

The frae base was prepar=zd by the published method (7), and
was a pale yellow, viscous oil having the reported boiling
point. Ths base was dissclved in ethanol, and hydriodic acid
(spesc. gr., 1.7) added 1n order to prepare the dihydroiodide.
The first portioans of acld caused temporary local coloring
(r2d) of the solution. When slightly more than one equivalent
had beszin added, the solution hecame permanently red and was

quite dark by the tize the required two equivalasnts had bsen

]—-l

added, The resulti red solid was crystallizsd several btimes

to give scarilet needles nelting at 179-182° (reported, 184-185°
Purther crystallization did not changs the melting polat or ths
color.

dnal. Calcd. for C22H29N312: C, 44.833 H, 4.96; N, 7.13;
I, 43.07, Found: C, 44.869; H, 5,003 N, 7.20; I, 42.95,

A small samples of the colored salt was boiled with water,
giving a yellow solution which cn long stending deposited tiay
vallow crystals., A sample of the fres base was dissolved 1in
‘sthanol and a 200% excess of hydriodic acid added. The
solution was red, but on long standing deposited colorisss
neadlas, In esach case, when the melting point was taken of the
product, the crystals turned red at llb-lQOO, and mzltsd at
179—1820¢ A solution of the colorlsss product in sthanol,
either alone or with added hydroguinone or sodium bisulfite,

yias red, znd on chilling deposited the original scarlet nssdles,
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A sample of the free base was divided into flve fractions
by molecular distillation at 170{J (0,02 mm.). WNo difference
could be detected in their behavior with hydriodic acid.

1-Diethylamino-4-bromopentane Hydrobromide (Noval Bromlde

Hydrobromide). Elderfield et al. (8,9) report the pre-

paration of this compound by the éﬂdition of thionyl bromide

to a solution of l-diethylamino-4-hydroxypentane (noval alcohol).
On four separate occasions, the published directions were care-
fully followed.* In each case, instecad of the reporfted crystal-
line product, there was obtalned a dark, tarry mass which could
not be induced to crystallize. When the mode of addition of the
reactants was reversed, the desired crystalline product was
obtained,

Thionyl bromide (382 g.) was dissolved in 1.8 liters of
sodium-dried benzene and chilled to 5% with an ice-salt bath,
carefully excluding atmospheric moisture by means of drylng
tubes on all outlets., Then, with vigorous stirring, noval
alcohol (1.84 moles) was added at such a rate that the
temperature of the reaction mixture remained at 4.5-5.5°. The
addition required 40 minutes, after which the mixture was
allowed to stir for 5 hours, gradually warming to room temper-

ature, Two 1liquid phases were obtained., The solvent was

* Noval ketone, from which the alcohol was prepared by
catalytic hydrogconation (8), was kindly supplied by Dr. R. C.
Elderfield, Columbila University, along with more detgiled
directions than those published for the preparation of the
alcohol and The bromide,
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"removed with a water-pump, leaving a pale-brown residue which
was dried at 80° in a vacuum oven. A small sample, crystal-
lized from alcohol-ether, melted at 100-101° (reported (8),
94-94,5°),

A sample of the crude product was condensed with 6-methoxy-
8-aminoquinoline (Winthrop Chemical Co.) to give plasmochin (8),
identified as the citrate, m.p. 123-124° (reported (8), 125~
1279).

2-Methoxy-8~(4~diethylamino-l-methylbutylamino)guinoline

(IX). Procedure D of Elderfield, et. al. (7), was followed in
this condensation. A solution of 10,5 g. of 2-methoxy-8-
aminoquinoline, and 36.6 g. of l-diethylamino-4-bromopentane
hydrobromide, in 20 ml, of water and 20 ml, of McIlvalne's
standard buffer (pH 4.8) was heated at 49° for 8% hours, 709
for 1% hours, and 95-100° for 4% hours. Sodium hydroxide
golution (10%) was added from time to time, as necessary, to
maintain a pll of ca. 4.5-5.0. The reaction mixture was cooled
and made acid to congo red by the additlon of hydrochloric
acid. The solution was flltered, made neutral to congo red by
the addition of sodium acetate, and extracted three times with
50 ml, portions of ether. The aqueous phase was made strongly
alkaline with sodium hydroxide and heated to 80° for 5 hours.
After cooling, the mixture wag extracted with ether. The sther
extract was dried, the sclvent removed, and the residue
distilled in vacuo under nitrogen, giving 7.9 g. (42%) of the
desired base, b.p. 157-160° (0.30 mm.).

The dihydroiodide was obtained by dissolving the base 1in
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.35 ml. of ethanol and adding a solution of 7.6 ml., of hydriodic
acid (spec. gr., 1.7) in 15 ml., of ethanol., The mixture was
chilled to 0%, giving 8.2 g. (57%) of almost white crystals
melting at 153-154° (dec.). 4 second crop of 5.3 g. was
obtained by addition of 75 ml., of ether to the mother liquor.
The anaiytical saguple, prepared by crystalllizallon lrum sthanol,
melted at 154-155° (dec.). The salt is sensitive to both air
and light, the colorless needles turning yellow within two
weeks on exposure to elther.

Anal. Calcd. for 019H310N312: C, 39.94; H, 5.47; N, 7.36.
FPound: C, 39.98; H, 5.363 N, 7.61.

A citrate, prepared from the free base in ether-alcohol and

crystallized from acetone, melted at 100-101°.
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APPEIDIX

Hereln are presented ultraviolst absorption curves of

[$¥]

the warious compounds dilscussed in part IT, All curves were
taken in ebsolute ethanol 1n 1 ca, quartz cells with a Beschkaan,
Model DU, Guartz Photoelectric Spectrophotometer. The ordinate
of all curves is E%?mny and the abscissa 1s ~illimicrons. The
structure (or tentative structure) of =cach conpound is
indicated. The page auvbers which are glven refer tc the page
in the text where the coapound 1s first discussed, and the
coapounds are not in the order of thelr appearance in the teauzt.
Two compounds sre included which are not discussed in tie texty

in cne case a reference is glven to the prevaration, snd in the

othier, the node of preparation is indicated.
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N-benzoylbenzenesulfonamide, for rreparatlon see
Ch, CGerhardt and L., Chiozza, Ann. chim. et phys.
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Propositions

1. Wang and Christensen have concluded that 1-(N)-methyl-
2,4-diketo-1,2,3,4-tetranydroquinazoline (I) and its 3(N)-isomer
each exist in two stereoisomeric forms, The evidence presented

doeg not lead ipevitably to Shis conclusion.

C. H. Wang and B. E. Christensen, J. &m. Chem., Soc, 71, 1440
(1949). | |

2, A scheme 1s proposed whereby 3-aydroxyplperldine-2-
acetic acid (or its lactone) will give iodoform on treatment
with sodium hydroxide and iodine. See this thesis, pages
62 and 63. | |

3. Reissert and Schaaf have prepared 4-hydroxy-2-keto-
3-phenyl-1,2,3,4-tetrahydroquinazoline-4~carboxylic acid by
actlon of phenylisocyanate oun o-aminophenylglyoxylic acid.,.
The unknown 4-alkoxy-2-guinazolones might be prepared by re-
acting g-aminophenylglyoxylic acid with cyanic acid, converting
the hydroxy acid to the chloro acid, degrading the sillver salt
with bromine, dehydrobrominating, and treating the resulting
4—chloro-2-quinazolone with a sodium alkoxide.

A. Reissert and II. Schaaf, Ber. 52, 2494 (1926),
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4, The ortho and meta, lsomers of N,N-dimethylnitrosnilins

are reported to be red. These compounds would not be expected
to he highly eolored.
5. The failure of dilhydrofevrifugine to react rapidly

vy

with paraveriodic acid can be explalned on the basls of the

Ux
Uz

formaticn of a ceyelic ester (see pp 42-44, this thesis).

iy

6. The mechanisms of ammonolysis and sanonification o
esters can be extended to include the opening cf anhydrides and
imides with aqueous anmonla and alkali, respectively. The
direction of opening unsymmetrical molecules can thus be pre-

dicted.

®. R. Alexander, Principles of Ionic Organic Reactions, John

Wiley and Sons, Inc., New York, N. Y., 1950, p. 231 If.

7. The alkylation under alkaline condiltlons of such
compouﬁds as 2-pyridone in general leads largely to the N-alkyl
product. The usual explanation is inadequate and 1s not 1n
accord with the available information concerning the structure
cf these compounds.

R. C. Blderfield, Heterocyclic Compounds, Vol. I, John Wiley
and Sons, Inc., New York, N. Y., 1950, p. 534 ff,

8.- In part II of this thesis, there is described the
reaction of N-(N'-formyl-o-aminobenzoyl)benzenesulfonamide
with diazomethane (p. 133 ff). It is proposed that the product
melting at 200° is 3-benzenesulfonyl-4-quinazolone, which arose
as a éonsequence of the reaction and was not orginally present
as an impurity.

9. Phage~host and phage-host-nuclear relationships could



be best éﬁﬁéied in a haplold organism whose genetics are well
known and whose chromosomes are orthodox., & systematic search
ghould be made for a phage in Neuroapora.

10. Cyﬁologic data on the blue-green algae indicate in
somé cases that the nuclear material is diffuse. Information

on this might be chtained hy determination of the killing curve

O
[#3]
[43]
St

ensitive volume with X-rays.

I
and the

. W, Sharp, Fundamentals of Cytology, licGraw-Hill, New York,

et

M. Y., 1943, p. 162.



