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Historical Introduction

With a view to securing an unknown highly
substituted eyelopropane ketoester (I), Massey (1) in
this laboratory earried out a series of reactions based
on the work of previous investigators, and obtained a
substance having the correet analysis and showing some of
the expected properties. 1In certain respects, however,
abnormalities were observed, and from the evidence marshall-
ed in this thesis it must be eoncluded that the substance

is astually «,p-diphenyl-¥-benzoylbutyrolactone (II).

CgH5CH CHCOCgHs CgHsCH CHOOCsHg
N\ / | /)
C ¢Hs CCOOCH, C gHs CH——CO
1 I

Since the method of preparation of this laetone
is not a usual one, and on agcount of its unexpested
chemical behaviour with alkaline reagents, a historieal
review is given as a background. This first portion of the
thesis deals with the reactions by which lactones are form-
ed and their chemical properties, spesial emphasis being
laid upon the action of alkaline reagents.

In its simplest form lactonization may be con-
sidered to be a reaction of intramolecular esterification
between the funetional groups, hydroxyl and carboxyl, whish

are simultanedusly present in the same molecule. The rela-



tive positions in space of these interasting groups deter-
mines the course and ease of the reaction. In the simplest
class, the alpha-hydroxyacids, lactonization would require
the formation of a three-membered ring containing oxygen.
Apparently a more stable configuration is a six-membered
ring containing two oxygen atoms, and we find that lactie
acid on heating gives a laetide (III). In the case of the
first member of the series, glycollic acid, the reaction

stops before ring slosure ocsurs.

CHZ?H—-O——?O CHoOHCOOCHCOOH

II1 IV

Likewise, dehydration of beta-hydroxyacids does
not lead to the formation of a ring of small dimensions;
here the elements of water are lost to form an A,B-unsatur-
ated acid rather than a beta-lactone. Even if the acid
is substituted and does not contain A-hydrogen atoms, it
still resists lactonization and forms an open chain polymer
(2).

Gamma-~-hydroxyacids, on the other hand, react in
a so-called "normal™ manner, and easily pass over into the
corresponding lactones. 1Indeed, the lactone configuration
is usually the stable one, and lactones are the substances
isolated on acidification of the salts of the hydroxyacids.

The conditions are reversed in the case of delta-~
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lagtones, the corresponding acid being the stable config-
uration (3).

Among the epsilon-hydroxyacids we have the first
appearance of a new phenomenon, and it is one which becomes
of increasing importance as the distance between the hydroxyl
and ecarboxyl groups increases. Among the alpha-and beta-
hydroxyacids the observed disinelination to form laectones
may be due to the instability of small rings in comparison
with those containing five and six members; among the omega-
hydroxyacids this disinelination has a simple mechanical
reason, the inereasing distance between groups and the
great flexibility of the chain decreases the ochance of the
funetional groups becoming coplanar, as they must do in
order to react. To an increasing degree the reacting group
finds itself nearer the functional groups of other molecules,
and so the formation of open-chain polymers becomes the
rule. There are but few cases (4,5) of an epsilon-hydroxy-
acid oyclicising as the result of heat treatment.

Without exeeption the higher omega-hydroxyasids
yield polyesters on distillation, (6,7).

Among aromatic compounds the distinetion between
the classes of acids is by no means so eélearly drawn, and
we notice dissimilarities even among isomeric forms of the
same compound. Thus the eis-isomer of coumaric acid spon-
taneously loses water to form the delta-lactone, coumarin

(V), while the trans-isomer does not (8). Further, hydro-
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coumarin (VI), which is also a delta-lactone, is under no
circumstances formed spontaneously, and, peculiarly enough,
ketohydro-coumarone (VII), a gamma-lactone, likewise is not
so formed. Even the relative positions of the reacting
groups may act as the controlling factor; coumarin in which
the carboxyl group is attached to the aliphatic side chain
is stable; iso-coumarin (VIII) in which it is attached to
the aromatis ring is unstable (9).

C—GCGO 0—CO 0 co0—o0
co /
/
CH=CH CH-CHpg CHg CH=-CH
\ VI VII VIII

Many external factors exert an influence upon the
ease of lactonization in any case. Certain of these
may be under the control of the experimenter. Unlike ester-
ification between an aleohol and an acid, lactonization is
a monomolecular reaction and should be independent, therefore,
of concentration., However, there is usually co-existent with
lactonization the competing reaction of polymerization and
this is bimolecular. Velocity measurements would necessarily
reflect both these reactions.

Lactonization parallels bimolecular esterification
in its reaction to the presence of hydrogen ions, both

processes belng catalysed by them, though the careful work
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of Taylor and Close (10) has shown that in the former case,
there is not a striet proportionality between cause and
effect. Like esterification, too, the linking of the
hydroxyl group, whether primary, secondary, or tertiary,
determines the veloecity of laetonization. For instance,
8-methyl valerolactone is formed with greater ease than
«-methyl valerolactone (11),

This thesis is not conecerned with the stability
of lactone rings, and so but slight attention will be given
to the subject. Yet it should be notised that only among
the lower members does a superficial observation of the ease
of reaction give any idea of the stability of the product.
It is true that the gamma-lactones are in general the most
stable and they seem to be formed with the greatest ease.
Among the omega-lactones, the rings, when once formed are

very stable, yet apparently their synthesis is difficult.
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Methods of Formation of Saturated Lacetones.

As an apparent exeeption to the rule that lacstones,
other than gamma and delta ones, eannot be formed by a de-
hydration of the corresponding acids, Tiemann (12) has des-
eribed a substance obtained from phenyl-®-hydroxyerotoniec
acid by the action of acetic anhydride as an alpha lacetcne
(IX). Molecular weight measurements indicated that it was
not a lactide. It might well appear to have been an unsat-

urated ¥-phenylbutyrolactone (X). It is now generally

C 6H5 CH=CH- CH\——/-CO CH=——=CH
0 | ]
06H5CH\ o /CO
IX X

agreed that the formation of an alpha-lactone would be a
rare phenomenon indeed.

Beta~hydroxyacids likewise cannot be dehydrated
to lactones. Halogen acids, however, have been successfully
used as starting materials. Einhorn, the first to prepare
a beta-lactone, synthesized o-nitrophenyl-propiolactone
(XI) from the eorresponding beta-bromoacid by the action of
sodium carbonate (13). Baeyer and Villiger (14 ) used silver

oxide upon the halogen derivatives of as.-dimethylmalic (XII)

NO5CgH, CH _THZ HOOCC (CHz ) oCH (OH ) COOH

|

0——~CO

X1 X171
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and other acids. The probable course of these reactions

is the formation of a salt followed by @limination of the
metal halide. The latter process has also been accecomplished
by Johannson (15) by means of silver nitrate. Theoretically,
beta-bromoacids could react with bases to give rise to three
types of products, beta-lactones, beta-hydroxyacids and
alpha, beta-unsaturated acids. Using the high melting iso-
mer of B-bromophenylbenzoylpropionice acid, Kohler and his
co-workers (16) found that the corresponding lactone (XIII)
and hydroxy acid (XIV) only were formed on treatment with
dilute aqueas solutions of weak bases. Using strong
alkalies in dilute solution, hydroxy ketones and polymers
appeared as secondary products. The use of acetic anhydride
(17) led to the production of an acetate of the gamma-
lastol (XV).

OH OH

I |
CgHgCH—CHCOC Hy CoHsCH—CHCOC H, CgHgCHCHBrCCgHs

| ]

c0—20 COOH C0— O
XIII XIV XV

It is noteworthy that the sodium salt of bromo-
susecinic acid yielded the beta-lactone (XVI) and not the

theoretically possible alpha-lactone (18).
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N Wl e
CH—0 Cilg~ G—CHOOOR C¢Hg CH-O0
CHp—CO CHy

XVI XVII XVIII

Beta-lastones ean also be effectively synthesized
by condensation reaetions. Maloniec acid has been condensed
with acetone by the action of acetic anhydride (XVII) (19),
and it is characteristic of ketenes that they form beta-
lactones with carbonyl compounds (XVIII) (20).

Certain general methods of synthesis can be used
for the preparation of both gamma-and delta-laetones. Such
are given below.

The lactonization of a gamma-hydroxyacid is
usually a reaction which proceeds spontaneously, acidifica-
tion of the salt of the acid leading directly to the lactone.
In the ocase of delta-hydroxyacids dehydration usually re-
quires heating or the use of special reagents.

As would be expected polyhydroxy aeids, such as
mucic, saccharic, etec. form both lactonic acids and di-
lactones, The interesting sym.-dimethylolsuccinic acid
(XIX) has been studied by Michael (21).

CHp (OH ) CHCOCH CH5CHCO CHgCHCOOH
N\ /
0 0
HOCOCHCH,0H  CO—CHCHp c0-CHCHgUH

X1X XX X1
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Such an acid contains two asymmetrie carbon atoms and
exists in two forms. If the dilactone (XX) corresponding
to it was boiled with two equivalents of alkali, approxi-
mately equal quantities of the stereoisomeric disodium
salts were obtained. One on acidification gave the original
dilactone, and the other gave the monohydroxy-¥-lactoniec
acid (XXI). That such was the case was due to an inter-
change of the COONa group with the hydrogen atom attached

to the same asymmetriec carbon atom, with the result that the
carboxyl and methylol groups of the corresponding acid were
no longer coplanar, and so could not lactonize.

Halogen acids are also the source of lactones,
the formation of a ring being the result of loss of HX
brought about by distillation, or boiling with water or
alkaline reagents. The course of the reaction in the latter
case is uncertain; there may or may not be an intermediate
formation of a hydroxy acid.

Lactone formation by the removal of hydrogen or
alkyl halides from halogen ketoacids and esters will be
treated at some length in a later section.

Geissler and Fittig (22) were the first to use
unsaturated acids as a source of lactones and prepared iso-
sapriolactone (XXII) by distilling pyroterebic acid. Water,
hydrogen bromide, or 50% sulphuric acid are also effestive

eyclicising reagents.
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CH=C (CHz )5 CHz‘C{Fﬂz)z
> 0
CH,,COOH CHp—CO
XXII

As a result of an extended investigation of this type of
synthesis Fittig came to the conelusion that only B,¥-

and ¥, -unsaturated acids gave lactones. However, Fichter
(23) and others have shown that if the chain is branched

at the beta-carbon, o,B-unsaturated acids also react in
this way. Linstead (24) has found that with these acids
isomerization to the beta, gamma~-form is a necessary precur-
sor for lactonization, and, to illustrate +this, has point-
ed out that 60% sulphuric aecid, which is a satisfactory
reagent for the lactonization of B¥ -n-hexenoic acid, is
quite without effeoct on the o, ,B-isomer, but if it is diluted
to 50% strength reaction oceurs.

A process of self-addition appears to be a simple
and adequate explanation of the mechanism of the eyclisa-
tion, for it may take place with remarkable ease, in some
cases even in the solid state.

Among synthetic methods which may be used for
the preparation of both gamma- and delta-lactones the last
to be mentioned here is the reduction of aldehydo and
ketonic acids by a reagent such as sodium amalgam; the

sorresponding hydroxy acids are formed as intermediates.
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As an example one may cite the reduction of levulinic acid

to ¥-valerolactone.

CHgzCOCHpCHoCOOH —3 CH5?0H2(|!H2
0—CO

Reduetion of ketonic acids is a general reaction
for the preparation of gamma-lactones; in a more specialized
manner the reduction of the anhydride and chlorides of
dicarboxylic acids, both aliphatic and aromatic, can serve
for the preparation of suech compounds (25, 26). The re-
duetion of chlorides to lactones is of historie importance.
By that means Saytzeff (27), in 1873, first prepared a
lactone by the redustion of sueeinyl chloride. Nascent, or
catalytie, hydrogen can be successfully used for these
reactions.

The Grignard reaction has been used for the syn-
thesis of lactones, ketonic esters being acted upon by
organomagnesium sompounds. As an example Grignard (28)
prepared X-methyl-d~ethylbutyrolactone in 35% yields by
the action of ethylmagnesium bromide on ethyl levulinate

(xx111).
CHgz

CHzCOCH5CHgCOOCgHs 03H5mgBr> 02H5%—CH2?H2
0——CO
XXIII
Of theoretical interest is the action of hydrogen
bromide upon the eyslopropane diacid (XXIV). Hydrogen

bromide in acetic acid yields an o0il which, on standing,
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spontaneously loses hydrogen bromide to form the lactone

(xxv) (29).

CH,—CHCOCgH H,CHBrCOCgH; | CHaCHCOCGHs
—> —|
C(COOH), CH(COOH), |  Cm-CO
COOH
XXIV XXV

There can be no doubt that the main constituent of the oils
is a ¥-bromoketonie acid.

A ketene san react in two ways with an o,B-unsat-
urated aldehyde or ketone. With benzalasetophenone, (XXVI)
for instance, diphenylketene adds 1,2 to the carbonyl
group to form the beta-lactone (XXVII) and also 1,4 to the
conjugated system, to form the delta-lactone (XXVIII).

615 Cellg Celg

|

CgH5CH=CHC=0 (CgHg)p0=0=0 C HyCH=CHC-0 + CgHFCCH=C-0

(C6H5 ),20‘00 (CGH5 )20 Cco

XXVI XXVII XXVIII

This reaction has been extensively studied by Staudinger
(30].
An interesting method of synthesis of delta-

lagtones is that developed by Meerwein (31). 4s is well
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known, under the action of alcoholates aliphatie aldehydes
containing at least one alpha-H atom condense with o,B-
unsaturated aldehydes and ketones. In the presence of the
same condensing agent the 1, 5-dialdehydes and ketone-
aldehydes thus formed undergo an internal Cannizzaro reaction,
and are converted into the isomeric delta-lastones. The
yields are stated to be quite satisfactory. The steps in

a typical synthesis are set out below.

(CHz ) 5CHCHO (CHz ) 3CCHO
+ > |
CgHg CH=CHCOC gHg CgH5CHCH5COCH,
J
(CHz ) 50-C0-0 (CHgz ) 5CCOOH
, |
CgH5CHCHpCHC oHg, CgH5CHCH,CHOHC Hy

In recent years the preparation of macrocyclic
compounds has been extensively studied by Ruzicka, Stoll,
Zieger, Carothers and others. Carothers (32), in a concise
theoretical treatment of the subjeect, has pointed out that
rings of 3 and 4 atoms have very large strains due to the
deflection of valeneies, those of & atoms are strainless,
most of those of 6 atoms are strained, and to this is due
their easy polymerization., With Stoll, he comes to the
rather unexpected sonelusion that larger rings are strained,

not because of any distortion of valencies but because of
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the mutual repulsion of the non-linked peripheral atoms.

He explains the apparent high stability of Ruzicka's macgro-
cyclic paraffins and ketones by the fact that these com-
pounds present no easy point of attack. Other large rings,
especially anhydrides, reveal their condition of internal
strain by polymerizing.

These sonsiderations are reflected in the chem-
istry of lactomnes. In but a few cases has the preparation
of an epsilon-lactone from simple distillation of the
corresponding hydroxy acid been reported. ¢&-Hydroxy-
caprylic acid (XXIX) yields a small quantity of laetone on
heating, but the asid (XXX) yields only undistillable
residue (5). Baeyer and his ceo-workers (4) were able to
prepare B-methyl-f-isopropyl-&-eaprolactone by the vacuum

distillation of 2,6-dimethyl-f-hydroxycaprylic acid (XXXI).
02H5CHOH(CH2)4COOH CZH5CHOH(CH2)5COOH
XXIX XXX

Hy CH,
CH, CHCHOH (CHg ) 5 CHCH, COOH

XXXT

Among the higher omega-hydroxyacids polymeriza-
tion on heating is the rule. This has been the experience
Chuit and Hausser (6) who synthesized and studied the de-
hydration of the entire series of acids, HO(CHg)yCOOH to
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HO(CH,),,C00H, and of Lyean and Adams (7) and Carothers,
(33) who carefully investigated the esterification of
omega-hydroxydeecanoie acid. In these experiments it is
noted that we have the operation of two effects, both tend-
ing to the formation of open-chain pelyesters rather than
macrocylic lactones. One is the small probability of intra-
molecular reaction due to the great distansce between react-
ing groups and the other is the slight tendency to form a
molesule which would be under strain.

Using the prineiple of Ruggli, that high dilution
favors intramolecular reaction, Stoll (34) has succeeded
in preparing lactones from 14 and 15 earbon atom hydroxy-
acids by a simple esterification reaction in yields as high
as 93%.

Carothers (35) has shown that if the linear poly-

esters of carbonic and oxalic acids are distilled in wvacuo

under special conditions they are depolymerized to monomeric
and dimeric masroeycliec esters. In the carbonate series
dimers are formed almost exclusively with chains of unit
length 7 to 12, monomers with chains of length greater
than 14. Using speeial catalysts, he has since applied
this method to the depolymerization of the esters of maloniec
aeid and the higher aeids of the series (36).

The use of permonosulphurie (Caro’s) aeid, has

been of unigue value in the preparation of €-and higher
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lactones. Baeyer and Villiger (37) were the first to apply
it, oxidizing menthone to B-methyl-&€-isopropyl-&-caprolac-
tone in one operation. It has found its gre=stest applica-
tion at the hands of Ruziska and his co-workers in recent
times (38). Using multimembered eyclic ketones, obtained by
heating the thorium salts of dibasic acids, he synthesized
lactones ceontaining 13-17 carbon atoms. For instance,
"exaltone", eyclopentadecanone was converted into the lactone,
"exaltolide".

Kirschbaum (39) has isolated an unsaturated lactone,
ambrettolide, from musk-seed oil. It could be saponified
to 7-hexadecene~l6-o0lic-l-acid, but, in accordance with the
general rule, this acid cannot be reconverted into the
lactone by heating. The lactone, however, could be prepared
by heating the corresponding bromoacid with silver oxide.

The action of heat or alkaline reagents upon
gamma-halogen acids and esters, processes which act in such
a way as to remove hydrogen halides or alkyl halides, may
lead to the formation of either gamma-lactones, or cyclo-
propane derivatives. Because of their intimate relationship
to the subject of this thesis, these processes will be con-
sidered at some length.

By heating X-methylbromoacetoacetic ester (XXXII)
Michael (40) showed that the elements of ethyl bromide were
split off and a lactone ring was closed. Using the o -
dimethyl ester (XXXIII), Conrad (41) caused the same reas-

tion to ococur by the astion of sodium acetate.
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CHoBrCOCH (CHg )COOC,Hy —=-> CHpCOC(CHz) + CpHgBr

0——20CO
XXXTT

Na Ac ,
CHzBrCOC(CH3)200OCZH5 -———)CHZCOC(CHS)z +-02H5Br

0——CO
XXXTIT
On bromination, B-phenyl-¥-benzoylbutyric acid
and its esters gave two isomerie ¥-monobromides (XXXIV).
Pyrolysis of the bromoacid or treatment of the acids or
esters with dimethylaniline or aqueous sodium carbonate
formed the eorresponding A-phenyl-¥-benzoyl-¥-butyrolactones

(XXXV) (42, 43, 44, 45).

A
I
0635CHCABr0006H4X-4 06H5CH-Q<FOCGH4XP4
CH,COOH (R) CH,CO
2 2
XXXIV XXXV

A=H, CH;, X=H, Br, OCH,

In the cases where the pyrolysis of the bromo-
esters has been studied, it has been shown that they did
not give a bubtyrolastone on heating (46). These appear to
be exceptions to the rule.

A rather remarkable reaction has recently been

observed by Kohler and Peterson (47). On the bromination
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of B-phenyl-¥-(diphenylmethyl )-¥-benzoylbutyric acid
(XXXV1), the diphenylmethyl group was replaced by bromine
and the endproduct of the reaction was B-phenyl-¥-benzoyl-
¥-butyrolastone (XXXVII).

CH(CgHg o
CqH5CHCHCOCHg CeH5CH-CHCOC6Hs
|
CH,COOH CH,CO
XXXVI  XXXVII

The preparation of ol-methyl-B-phenyl-¥-benzoyl-
butyriec acid has been reported by Kohler and his co-workers
(48). 1In a later paper (46), it is stated that the ¥-bromo
derivative of its methyl ester does not evolve methyl bromide
on heating and form a lasetone, though experimental details
are lacking.

Interesting results were observed on the bromina-

tion of methyl &-X-dimethyl-B-phenyl-¥-benzoylbutyrate

(XXXVIII).
CgH5CHCH2COCgHS CGH50HC{ICOCGH5
/o
(CH5 ) 5CCOOCHg (CHz ) 5C~CO
XXXVIII XXXIX

If the bromination was carried out in cecarbontetrachloride

or chloroform a low-melting ¥-bromoester was obtained.
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Some of this spontaneously lost methyl bromide and gave two
isomeric gamma-lactones {XXXIX), If the temperature was
allowed to rise during the reaction the yield of the bromo-
ester was diminished and that of the lactones increased
(49).
Methyl ol-eyano-p-phenyl-¥-benzoylbutyrate and its
¥-p-chlorobenzoyl homologue were brominated in chloroform
to produce alpha-bromoesters and a trace of alpha,gamma-
dibromo compounds. On heating the former, hydrogen bromide
was lost, with the formation of ceyclopropane derivatives (50).
Among the gamma-bromo derivatives of malonic acid
the formation of eyclopropanes appears for the first time.
By heating the ethyl ester of methyl-B-bromoethyl-

malonic acid (XL) the lactone (XLI) was formed.

CH,BrCHpC (CHz ) (COOCpH5 )y CH5CH,C (CHy )COOC oH,

0 co

XL iLI

The B-chloro homologue, however, lost the elements of hydro-
gen chloride in adjacent positions and gave an unsaturated
malonic ester. By treatment with barium hydroxide both were
converted into the barium salt of the lactone acid (51).
Isoamyl-B-chloroethylmalonic ester also asts in an anomalous

manner, It was only decomposed a negligible amount on
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distillation, while the B-bromo homologue was decomposed to
the lastone even at pressures as low as 3 mm. (52).
Bromination of methyl «-phenyl-B-pivalylethyl
malonate in carbon tetrachloride yielded two isomeric gamma-
bromoesters (XLII). Pyrolysis of the lower melting one
resulted in the loss of methyl bromide and the formation of
the butyrolactone (XLIII). Treatment of either ester with

alcoholates or potassium acetate produced the cyclopropane

(XLIV) (53).

C g Hg CHCHBTCOC (CH, ) 5 06H5CHcgEoc(CHg)5
0
CH(COOCHz )3 CHzCOOCHCO
XLII &4, XLIII
CgHgCH—CHCOC (CHy ),
¢ (COOCHg ),

XLIV

Bromination produsts of methyl B-benzoylethyl-
malonate (XLV) have not been isolated, due to their oily
nature, but these 0ils on treatment with potassium acetate

were converted to a cyslopropamne (XLVI) (29).
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CHpCHCOCGH CHy;—CHCOCgHs
CH(COOCH ) g ¢ (COCHz)g
XLV XLVI

On bromination the beta-substitution products of
dimethyl ¥-benzoylethylmalonate (XLVII) yielded either gamma-
bromoesters, or mixtures of the alpha~- and gamma-isomers.
Many substances, such as amines, aleoholates, potassium
acetate, acting on either of these isomers, gave a cyclo-
propane derivative. Lastones were produced by the pyrolysis
of the gamma-isomers only (46, 54, 55, 56).

4-CgH,CHCHoCOCgH,-X

A=H, NO,,

CH(COOCH; ), X=H, Br, OCHg,
XLVII

Dimethyl B-(3,4-bromomethoxy-phenyl )-¥-benzoyl-
ethylmalonate (XLVIII) yielded only oily products on
bromination, of whieh the largest proportion apparently were
gamma-bromo derivatives, for by the action of magnesium
methylate or potassium acetate they gave a good yield of the

corresponding cecyelopropane (57).
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Br (CH,0 )CgHzCHCHaCOCgHs,
CH(COOCHg )5
XLVIII

Dimethyl B-phenyl-¥-benzoylpropylmalonate (XLIX)
brominated to give an oily product from which one solid
could be separated in 30% yields. This was a gamma-bromo-
ester, ,the heating of whieh produced the lactone (L) but
treatment with magnesium methylate or potassium soeetate

gave the eyclopropane (LI) (45).

CHy
CgHgCHCHCOC Hy 06H5CH-C{CH5)COC6H5
/o
CH(COOCHZ ) 5 CHz0COCH-CO
XLIX L

CgHgCH—CICH3 ) COCgH5

\/

C(COOCHgz )5
LI

According to Kohler (46), by heating the gamma-bromo
derivative of dimethyl &-methyl-B-phenyl-¥-benzoylethyl-
malonate the lactonie ester is prepared in 90% yields.

It will be seen from the foregoing review that
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in a large number of cases pyrolysis of gamma-bromo deriv-
atives of ketobutyrice acids =nd esters yields lactones, and
almost invariably is this the case on treatment with alkaline
reagents. On the other hand, gamma-bromo malonic esters
yield lactones on pyrolysis and eyclopropanes with alkaline

reagent s.
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Unsaturated Lactones.

Unsaturated lactones in which the unsaturation
lies within the lactone ring are best prepared by removing
the elements of water from the enolie form of a keto acid.
Theoretically, using a gamma-keto-acid, one would expect to
secure an B¥-unsaturated lactone, but Thiele (58) has shown

that the more stable «,B-form is obtained by isomerization.

CHzCOCH3CH5COCH — CH5C|)=CH—(|7H2 = CHZTH—CH:TH

0——CO 0——CO0

The same isomerization of a beta, gamma-lactone can be carri-
ed out by means of alkaline reagents sush as ammonia, methyl-
amine, etc.

A similar lactonization in many cases results from
the action of acetyl chloride.on P-aroyl propionie acids.
All which have been studlied, exeept the mesitoyl homologue,

gave unsaturated lactones thus

XCgH,COCH,CHoCO0H ———>  XCgH,C=CHCHp

0——CO

The mesitoyl homologue gave an enol acetate. In the od-acyl-
B-aroyl series the formation of some type of dimer appeared
to be the rule though the mesitoyl homologue was again an

exception forming a cerotonolactone in addition.
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(CHg )5 CgHpCOCHZGHCOOH (caz)scﬁnzT=CH-CH06H5
— |

Barat (59) has stated that he obtained a lactone from
B-phenyl-¥-benzoylbutyric acid by the astion of acetyl
shloride, but this has not been confirmed. The lactone (LII)
has been prepared from this aeid by the action of acetic

anhydride, however (60).

0
A
CHy—CO

LII

Acetic anhydride has been widely used to prepare lactones
from ketonic acids in this manner.

It is of interest to note that lactonization may
aggompany cé}ﬁain types of condensation. Under the aetion
of alkaline condensing §gents, benzoylpropionic acid and
benzaldehyde form the simple benzal derivative (LIII), but
if acetic anhydride is used as the condensing reagent with
the sodium salt of the aeid, simultaneous condensation and
lagtonization ogecur with the formation of X-benzal-¥-phenyl-
erotonolactone (LIV) (61l). This is typical of a large

number of reactions.
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CgH5COCHZCH2CO0H (Na) _alkali  CgHgCOGCH,CO0H
_l_
C g Hy CHO CgHgCH
X LIIT
C gHC=CH~(=CHC gHy 0 6H5COCHCCOOH
¢
0—— G0 CHC ¢H,
LIV

Lactones which are at once unsaturated within the
ring and within a side-chain attached to it may be synthe-
sized by condensations of aldehydes with AB¥-unsaturated
lactones or from phenyl acetic acid and the anhydrides of
unsaturated or aromatic dicarboxylie acids. Representative

examples of such reactions are given below

CHgCH=CCHg amines CH5006H4CH=C“CH=TCH5

coO——0 co—0
+ CHz0C H,CHO

Reference 62.

06H5C—CQ C6H5C—C-'\=CHG6H5
0 . 0
" /Y + C H-CH,COOH _Nadc /
CHgC—CO 6moma — 7 (gHgC—CO

Reference 63. LXXVII
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g\ S
04 C,H5CHoC00E Nade °
co - 6

Reference 64.

The properties of such compounds are of especial interest

to this thesis and will be discussed in another section.
However, it may be mentioned here that the unsaturated
lactone (LXXVII) was reported to add a molecule of water to
the extra-annular double bond on alkali fusion. 4s will be
shown in the Experimental Part, such a drastic reaction is
unnecessary - by simple solution in sodium hydroxide and
agidification the water addition compound, a lactol, may be
obtained., Since the water is easily split off, the orystall-
ization is troublesome; the isolation after alkali fusion was
probably fortuitious.

If B-benzoylacrylic acid (LV) is dehydrated with
acetic anhydride a brilliantly coloured compound is obtained,
known as a Pechmann dye. The coustitution of such "dyes" has
been the subject of study for many years, but it is now
generally believed that they are trans-dilactones of the

type (LVI) (65).

CH5COCH=CHCOOH — [G Hs0=C=CH] — [CgH5C=CH-C=

0—co| 0——CoJ 2

LV LVI



28.

Pummerer (66) obtained a somewhat similar compound by the
dehydration of A-tolyl-¥-toloylpropioniec acid (LVII). The
dilactone (LVIII) has the property of dissociating into

green radicals.

R
0. -~
A — _— —_r_n_ | — .
RCOCH,CHRCOCH Acp0 RCIS-CHTHRT RT-CH(IJ — radiecals
0——CoO | 0——C0]2

LVII LVIII
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Reastions of Lagtones.

Hydrolysis.

Though beta-~lactones eannot be formed from the
corresponding hydroxy acids by the splitting off of water,
in aqueous solution they readily form these same acids and
on evaporation are again obtained. The beta-lactone of as.-

dimethylmalic aecid serves as a good example (14).
CHOHCOOH —_— HOCOC—O

C(CHgz )5CO0H (CHz )oC—CO

Gamma-lactones are stable in agqueous media. How-
ever, in the presence of hydrogen ions an equilibrium,
usually far over on the lactone side, is rapidly reached,
and by the aetion of strong alkalies the salts of the corres-
ponding hydroxy acids are prepared.

The delta-lactones are much less stable than the
gamma-ones. For instance, under comparable conditions §&-
caprolactone is in equilibrium with 35% of the hydroxy acid
and ¥-valerolactone with 6.6% (48). Like beta-lactones
epsilon-lactones are completely hydrolysed in the presence
of water. The macrocyclic esters ceontaining 1l3-17 carbon
atoms are oils stable to water.

Betay ¥ - and ¥,8 - unsaturated lactones yield
the salts of ¥-ketonie acids by hydrolysis with bases.

Concentrated halogen acids aet upon lactones to
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form halogen-containing acids; in the presence of alceohols
the gorresponding esters are prepared.

In general, strong bases form the salts of hydroxy
lactones with saturated lactones; in the case of gamma-
lactones the reaction is reversed by acidification. 1In
certain spececial cases other changes may occur at the same
time. Thus Michael (21) has notieed that if the dilactone
of sym.-dimethylolsuceinic acid is boiled with two equiva-
lents of alkali racemization ocgurs to the extent of about
50%, products from acidification being the original dilac-
tone and a lactonic acid. Kohler and his so-workers (16,68)
were able to show that on treatment with aqueous solution of
weak bases A~-phenyl-P-benzoylpropiolastone (LIX) gave two
hydroxy acids (LX, LXI) one of which arose from the inter-

change of hydroxyl and earbonyl groups.
06H50HCHCOC6H5 CyHs CHCHOHCOC Hg CGH5CHCOCHOH06H5

- —
cO0—0 COOH COCH

LIX LX LXT

One of the properties of sodium alcoholates, though not a
very general one, is to form alkoxyl salts with lactones.
H. Meyer (69) has made an extensive study of the
action of ammonia on a large number of beta-~, gamma-, and
delta-lactones. Obviously, in general, there can be hut

two produets from the interaction of ammonia and a lactone.
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By opening the lactone ring and addition of ammonia to the
ends of the chain a hydroxy amide is formed, and this may
lose water to produce a laetam#. In no case has there been
reported the formation of an amino acid by such a reaction.
Meyer has formulated rules whiech govern the two possible
reactions; it is apparent that the nature of the hydroxy
group of the hydrolysed lactone is the controlling factor.

l. If the hydroxyl is tertiary or secondary and
adjoins an ethylenic linkage, as in enols, a lactam is
formed.

2. If the hydroxyl is primary, secondary (not
adjacent to a double bond), or phenolies, a hydroxy amide is
formed.

At high temperatures gamma-lactones form gamma-

eyano acids with potassium eyanide (71).

# Hilditch's statement (70), that "Ammonia...is never known
to rupture the ring system,™ of lactones, is obviously

incorrect.



32.

Reduction.

There have been but few studies of the catalytic
reduction of lactones. Mannich and Butz (72) stated that,
operating in acetone with palladized charcoal, the lactones
of S$-hydroxy-B,8-diphenyl-¥-pentenoic acid (LXII) and of
B-methylenedioxyphenyl-8-phenyl-¥-pentencic acid (LXIV)
smoothly took up two equivalents of hydrogen and formed the
monobasie acids B,8-diphenyl valerie (LXIII) and B-methyl-
enedioxyphenyl-8-phenylvaleric acids (LXV).

CH5CHCH=CHC (H, CHgCHCH,CH,C o Hy
I
CH,C00 CH,COOH
LXII LXIII
CHg0,0cHy THCH:TH—G eHs CHg05C o HyCHCH,CH,C (Hy
CH,C00 CHpCOOH
LXIV LXV

If the hydrogenation is interrupted after one equivalent
has been absorbed products are obtained which are not
homogeneous. Apparently they consist largely of saturated
lactones. The lactone of B-phenyl-S-methyl-¥-pentenoic
aeid, unexpectedly, cannot be reduced.

Borsche and Peitseh (73) have reported on the

catalytic dehydrogenation of methysticin (LXVI), a natural
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lastone occourring in kawa rooct. With one equivalent of
hydrogen methysticin is gonverted to dihydromethysticin
(LXVII) together with some tetrahydromethysticinie acid.
With two equivalents of hydrogen there is a gquantitative
preparation of the tetrahydro acid (LXVIII). Further

hydrogenation leads to a hexahydro acid.

CHp05CgHzCH=CHCHCHoCOCH  CHgO05C gHyCHoCH,CH—CH,,COCH

| T

0-C0-CH 0-C0—CH
LXVI LXVII
CHy0 50 Hy CH,CH, CH,CH,C ( OCH, )J=CHCOCH
LXVIII

Each step in the hydrogenation is marked by a
sharp decrease in the reaction rate.

From a very ceareful investigation of the rates of
hydrogenation of unsaturated lastones, Jacobs and Scott
(74) have deduced the following rule, namely, "that whenever
a substance containing a laetone group and double bond is
rapidly hydrogenated to the saturated desoxyacid without a
definite break at the l-mol. stage with the formation of the
saturated lactone, it may be supposed that the substance is
the lactone of an enolized oxo-acid". Beta,¥ -angelica-

lactone is reduced in 15 minutes to valeric acid; o,B-angelica-
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lactone is reduced in 75 minutes to Y-valerolactone together
with a little valeric acid, the appearance of the latter
being due to preformation of the AB,¥-isomer. Similar results
are obtained with X<X-dimethyl homologue, but here there is
no acid formation with «,B-isomer since isomerization is
impossible.

In a second paper (75) they studied the effect of
beta-substitution. B-Methyl-B,¥-angelicalactone yields 70%
acid and 30% saturated lactone, the < ,B-trimethyl homologue
50% acid and some lactone. It is evident that beta-substi-
tution asts to diminish hydrogenation to acids.,

A striking difference was noted between o{«(-di-

methyl-B,¥-angelicalactone (LXIX) and its anisal homologuse.

CHy CHCgH,OCH;
CH,~G=CH~C——C0 CHp—C=CH~C—GO
CH,
0 0
LXIX

A saturated acid was the product of the former, a lactone,
together with some acid, of the latter.
Phe following lactones of ¥-aldehydo acids were

investigated.
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H,,C~CH=CE-CO 90% lactone
| I
‘— 0 — 10% aecid
HC=C (CHx )-C (CH, ) o—CO lagtone
7 Hy 32 | ;
0 21% acid
HC=C(CgHsg )-C (CHz )2CO lactone
6 3 | s
O : 29% acid

Jacobs pointed out that although beta-substitution
tends to inhibit acid formation, with delta-lactones this
effect may be nullified by the fact that they are in general
more easily opened than gamma-lactones. That this is so is

made evident by a consideration of the following reactiouns.

CHz C=CHCHCH2GO —  aeid

L

CHzC=CHCH(CgHg JCH,C0 ——3 acid

CgH5C=CHCH(CgH; JCH,CO —>  acid (72)

0

| (studied by Mannieh and Butz).

0

Hydriodic acid and red phosphorus reduce lasgtones

to the corresponding fatty acids.

Normally lactones are reduced by sodium and

aleohol to glycols. A method of preparation of laatones



eonsists in the reduction of the anhydrides of dicarboxylic
acids, a large proportion of glyeols being formed at the
same time (76). <« ,¥-Dihydroxy-¥-lastones and hexonic
lactones react similarily with sodium amalgam, being reduced

to the X, ¥-dihydroxyaldehyde (77).

RCHCH5,CHOHCO >  RCHCH,CHOHCHOH

|
0 0
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Oxidation.

The behaviour of lactones on oxidation varies with
the type of substitution of the lactone ring. Oxidation of
lactones, which are disubstituted on the gamma-ecarbon atom,
attacks one of these substituents. Socalled primary and
tertiary lactones are usually completely broken up.

Studies of the aetion of ozone upon lactones are
very rare. The csomplex beta-lactone (LXX) on treatment with

ozone in chloroform yielded propiomnic acid and propylmaleiec

anhydride (78).

HyC—CHCHoCHg CHg

0C-0-C=CHCH,CH,
LXX

Thiele has studied the effeoct of potassium perman-
ganate upon unsaturated lactones. He found that «,B-angelica-
lastone was oxidized to the lactone of «,B ¥ -trihydroxy-
valeric acid, whereas an analogous reaction did not occur with
the B,¥-isomer (79).

1t is evident from the work of Pummerer (66) that
under special conditions oxidation may lead to the doubling-
up of two lactone molecules. Thus he found that the lactone
(LXXI ) was converted into the dilactone (LVIII) by a dehydro-
genation reaction under the influence of atmospheric oxygen,

bromine, or ferrie chloride. The reverse hydrogenation could
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only be brought about by the Clemmensen method.

0——-CoO

LXXT

If the monolactone is not substituted in the
alpha position, under the influence of ferrie chloride
it is dehydrogenated and coupled by a double bond.

Kugel (80) thus converted phenylerotolastone (LXXII)

—0

" H

into the cis-dilactone (LVI)

CgH5C=CH-CHy

|

0——2CO0

LXXI1

FGC].s\

||

| 0——CO0

LVIII

B 1
C 6H5 C=CH—-C=

CH5C H, C=CHC~(CgH4 CHyg ) -

0——CO0|

LVI

——




39,

Condensation.

Many examples of condensations of ammonia, hydra-
zine, and derivatives of hydrazine with the cearbonyl group
of lactones have been reported. Such condensations do not
invelve ring opening. Thus Neugebauer (8l) has reported
that ¥-valerolactone reacts with alcoholic ammonia to form
a substanee of the structure (LXXIII), and Blaise (82) has
stated that hydrazine forms (LXXIV).

CH,CHCH,CH,, CHz CHCHCH,
0——C(OH)NH, 0——C (OH )NHNH;
LXXIII LXXIV

The former is unstable to heat and the latter to acids.
The evidence is not convineing; it would appear that an
open-chain formula would be more acceptable for substanaces
of this type.

Under the combined influence of heat and sodium
methylate, condensation of a different type occurs, being
a condensation between two molecules of gamma-lactone and

a simultaneous elimination of water.

A e N

CHy-0-C0  HoC——CHp CHz—0-C ¢——CHg

LXXV
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By boiling ¥-butyrolactone or its ¥-substitution produets
with alcoholic sodium methylate solution and acidifying
the sodium derivatives which separated a substance of the
type (LXXV) was obtained, together with ¥-methoxybubtyric
acid (83).

An interesting type of polymerization occurs on
dehydration of B-benzoylacryliec acid (LV) and results in the
formation of the trans-lactone (LVI). Bogert and Ritter
(65) have postulated that the mechanism of the reaction is
the formation of an intermediate allene lastone (LXXVI)

which undergoes a bimolecular condensation immediately.

CeHsCOCH=CHCOOH  [CgHzC=C=CH] CHsC=CE—C=|  trans
—> | | — , | —3 isomer.
0—Co| | o—co|2
Lv LXXVI cis isomer LVI

This seems extremely improbable; no ce¢yeclic allenes are
known. Further, from an examination of conventional

models, such a structure is ineapable of existence.
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Pyrolysis.

Heat treatment of lactones may lead to a variety of
produets., The beta-lactone ring on pyrolysis splits off
carbon dioxide and forms an unsaturated compound (20).

(CeHs )C=C=0 (CeHp )pC—C0 (CgHg)pC=CHC H, + COp

—>
CgHCHO CgHgCH-0

In general gamma-lactones are so stable that they
can he distilled unchanged.

Delta-lactones possess the unique property of
undergoing spontaneous reversible polymerization. Thus o~
valerolactone, which is a mobile liquid, slowly changes into
a solid polymer on standing, and can be regenerated from it
on heating. This phenomenon has been noted among other
6-membered lactones and is probably a general property (84).

Recently Carothers (35) has shown that the maasro-
cyclic esters may likewise be polymerized, though the reac-
tion requires the use of elevated temperatures and catalysts

suech as potassium carbonate.
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Miscellaneous Reactious.

Thiele (85) has made an extensive study of the
isomerism of unsaturated lactones. He prepared BY -unsat-
urated crotolactone by the simple operation of removing
water from benzoyl-propionic acid through the agency of
acetic anhydride. The synthesis of the alpha, beta-isomer

was somewhat more complicated. It is outlined below

HOCHCHBrCHBrC . H HOCHCHBrCHC:Hs
65 Ac0H 6
| s~ ndi
H2b04
CN cO——0

HC=CH-CHCgHy

Aco0 3 acetate Zne

CO—0

The alpha, beta-isomer could be changed into the beta,
gamma- one by the action of acetic anhydride; the reverse
proecess proceeded under the influence of fairly strong
amines, such as ammonia, methyl amine, etec. Weak amines,
such as aniline and pyridine were of no wvalue.

The action of organometallice compounds upon lacton-
eés has not received much attention. In the aliphatic series
of lactones, zinc alkyls act in the manner of sodium methyl-
ate and form condensates of the type, dibutolaectone (86).
They are without effest upon aromatic laetones such as
phthalide. With methyl magnesium bromide, butyrolactone
yielded ¥ X~-dimethyltetramethylene glycol (87).
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1,3-Indandiones, (1,3-diketohydrindenes).

Although the 1,3-indandiones are not lactones,
nevertheless they merit attention in this thesis because their
monosubstitution produets are analogous to a new unsaturated
diketone found in our work; they are easily synthesized
from gertain unsaturated laetones by the aetion of sodium
methylate. Thus Nathanson (88) has shown that if the lactones
of the type (LXXVII) were treated with sodium methylate, or,
less satisfactorily, aleoholic sodium hydroxide, they were

converted into the indandiones (LXVIII).

“NC=CHR —C{\Na c{
NaOCH agid
0 8 /pn CHR
(00 co co
LXXVII LXXVIII

R= aliphatic or aromatie radical.
It is interesting to note that the 2-phenyl
derivative can be prepared from the asid (LXXIX) by the
action of aleoholie potassium hydroxide. The yields are

poor (ibid. ).

//QH06H5
L co0H Ao

LXXIX
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A perfectly analogous reasgtion occurred when the
R oeomponent acted as a bridge between two lactones; thus
ethinediphthalide (LXXX) was converted into bisdiketohydrin-
dene (LXXXI). Gabriel (89) has shown that isoethinedi-
phthalide (LXXXII) is also a produet of the reaction.

Cco ’/90
CH—CH
/ N
co 0C
LXXXI T
?Na
Q<f==CH /9C G%gﬂ NaQOCOo
/p Q\\ NaOCH5 CH
—5
€0 CH——C oom\c
Na
LXXX LXXXV l
OH 0
H
LXXXII

1l,3~-Indandione itself has been prepared by

Gabriel (90) by the following reaction
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—CO —CQ
Naic
0 + (CHzC0)30 ——> CHCOOH

—GCO —CO0

N0

HC1, [\

- €0, e
0

CHz

These substances are l,3-diketones and exhibit
most of their csharaceteristic properties, as well as others
peculiar to the ring system. Thus, although they are color-
less (and give no colour with ferriec chloride), they dissolve
in bases and give highly coloured enolates. The latter may
be alkylated or acylated in the usual manner.

The unsubstituted dione shows some slight differ-
ences from the monosubstituted homologues. Thus on boiling
with water or dilute alkalies or acids it was converted into
anhydrobisdiketohydrindene (LXXXIII). This is an oxidation
reaction analogous to the formation of Pechmann dyes. The
same result was achieved by prolonged heating at a tempera-
ture just below its melting point, or by treatment of (LXXXI)
with an alkaline solution of hydrogen peroxide. Oxidation
by potassium persulphate in alkaline solution produced 9,10~
dihydrooxynaphthacenequinone (LXXXIV). The mechanism was
probably dimerization resulting from oxidation, followed by

addition and loss of water from the intermediate (LXXXV).

formed. Indandione reacted with chloroform in the presence
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of sodium methylate to form (LXXXVI).

;e
0 o0c— 6o 0C—
/ \ /
=4 Jo=cacf
do oo do Vo
OE 0

LXXXIII LXXXIV LXXXVI

<

<

In its mode of condensation with aldehydes and ketones, it

was a typical 1l,3-diketone.
The reaetions of 2-phenyl-1l,3-indandione (LXXXVII)

are typical of the monosubstitution produets.

- -
co cg CHpCHgC gH
CHC Hy C(C H, )-
co co 2 COOH
. _
LXXXVII LXXXVIII LXXXIX

It dissolved in alkalies to form a red enolate; well-defined
copper and silver derivatives were prepared. Concentrated
sulphuric acid gave rise to a blue colour. ZPotassium per-
sulphate in alkaline solution (89) or fuming nitric acid (88)
dimerized the eompound to (LXXXVIII). Reduetion by hydriodie
acid in a sealed tube yielded the acid (LXXXIX). The 2-
halogen derivatives were obtained by direct action of the

halogen in a solvent; the 2~-acyl derivatives were cleaved by
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bromine, giving a dibromoindandione and an aroie acid (91).
The 2-alkyl derivatives were synthesized by the action of
alkyl halides on tne sodium derivative. The compound formed

a dioxime and a monophenylhydrazone.
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Theoretical Discussion.

With a view t0 securing the highly substituted
eyclopropane ketoester (I) and comparing its behaviour with
the usual ring opening reagents, the synthetio reactiouns
customarily employed for this purpose were carried out, and
a substance having the correect analysis was obtained (1).
This new compound was believed to be the desired derivative
sinee it could be converted into a known eyelopropane

nitrile (XCI) by way of the amide (XC), and by its behaviour

with redueing agents.

CgHgCH—CHCOC H,  C H, c:{-—/cmoc gHs CglsCH—CHCOCGHS
Ce H5CCOOCH,, C¢HyCCONH,, CgH5CON
I XC XCI

However, the action of basic reagents gave rise to a con-
siderable variety of products which could not be reconciled
with the ester formula (I), nor was a methoxyl group detected
in a Zeisel determination, and it was eventually found that
the substance was a lactone (II). Although very sensitive

to bases, it was soluble in sodium hydroxide and recovered
unchanged on immediate acidification. It formed derivatives
showing the presence of a carbonyl group. Since it gave

the known ketoacids (XCII) on reduetion, the same ehain was
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present as in the starting material. These reactions are
collected in Sheet I. The relation between the open-chain
acids and esters is known from the work of Avery (92).

The methods of formation, heating alone, or in
solution in the presence of potassium acetate, dimethyl-
aniline, pyridine, etc., are analogous to certain similar:
cases in the literature and were considered on pages 16-19.
They involve a loss of methyl bromide; in this instance,.
the process is an easy one since it takes place even in an
acetic acid solution.

When a suspension of the lactone in absolute
methyl aleohol is saturated with ammonia it gives a new un-
stable substance, formed by the addition of ammonia. The
latter is evolved at the melting point or removed by re-
orystallization from acetic acid, or by refluxing with phos-
phorus pentoxide in xylene. It appears, therefore, that the
substance is an open-chain hydroxyamide (XCIII) in which the
elements of ammonia are loosely bound, since there is little
or no tendency to close a lactone ring by the elimination of
water, The open-chain formula is preferred to any other kind
on account of the fact that the elements of water ean be

eliminated to yield a known eycleopropane derivative.



50.

Sheet 1.

Preparation and Summarized Reactions of «,B-Diphenyl-

Y-benzoylbutyrolastone.

06H5CHCH20006H5 G6H5CHCHBrCOCGH5
Br2
C6H5CHCOOCH3 > C6H5CHCOOCH5
XC1V
Two stereoisomers:
o - o
155 17;: A, or | -CHBr
N alkaline
reagents
Zn HAe W
\\4 ¢' HBr ' /0
182° —  285° <«— CgHsCH—CO
Two stereoisomers: 11
C6H5CHCHZCOCGH5

C H50HCOOH

6

XCI1I Phenyl- 2,4-4dinitro-

zone

Sheet II Sheet III Sheet IV

NH., hydra- phenylhydra-
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When a solution of the new substance in methyl
aleohol is saturated with anhydrous hydrogen chloride it is
transformed into the known cyclopropane amide (XC), which
Boyer (93) had obtained from all three stereoisomeric forms
of the eyslopropane nitrile (XCI) by the action of sulphurie
acid. Boyer showed that one of the stereoisomeric forms
of the nitrile was regenerated by phosphorus pentoxide,
making it seem probable that the cyclopropane ring had not
been opened by the sulphuric acid. Massey found that the
reverse reaction, opening of the cyclopropane ring to give
the open-chain hydroxyamide, could be brought about by the
use of hydrogen bromide in acetic anhydride. Presumably, an
acetate 1s the primary product, for the oil formed only
slowly changed into the solid amide. Traces of the latter
were also noted in the residues from treatment of the cyclie
nitrile (XCI) with sulphuric acid. These observations have
been confirmed.

The foregoing relationships are set out in Sheet II.
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Sheet II.

Reactions of the Butyrolactome with Ammonisa.

CgHg CH— CHCOCgHy, Ale. NHZ.-!-NH?,%. CgHz CHCHOHCOC g Hy

/° <
06H5CH——CO zk{-§§OH, eta. C6H5 HCONHZ
3
II XCIII
HC1 0il
CHSOH

HBr
Ac 20

C.H-CH—CHCOC_.H. 166° isomer P,0 C HsCH—CHCOC . H
675 69 c 8790 6°0 675

all isomers HZSO4
06H5CCN —_— CgHsCCONH

XCI XC
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From a preliminary investigation of the many
produets resulting from the action of sodium methylate upon
the butyrolactone it appeared advisable to avoid complica-
tions due to the presence of water by first determining the
effect of magnesium methylate.

When an alcoholic solution of magnesium methylate
was allowed to ast upon the lactone for lengths of time vary-
ing from one half to one hour, followed by acidification, an
oily yellow solid was obtained. By trituration with ether
this was separated into a white solid and a yellow oil.
After separation from the small amount of unchanged lacetone
and purification the white solid, whieh amounted to 20-30%
of the starting msterial, was found to be one of the two
isomeric forms of d;B-dﬁphenyl-Xkbenzoylbutyrate (XC1v).
This is best accounted f6r~by thé/opening of the lactone
ring and the addition of methyl alcohol to the ends of the
chain, with subsequent reduction of the gamma-hydroxyl

grou'p , thus

CgH5OH—CHCOCH;  CgHpCHCH(OH)00CHg  CgHyCHOH,C0CEH,
0 —> —>
06H5cH-—06 CH5CHCOOCH, CgH5CHCOOCH;
II XCV XCIV

On standing the ether-soluble oil slowly deposited
a white orystalline solid A, m.p. 1740, and on more prolong-
ed standing a solid B, m.p. 117°. Both solids appear %o be

addition products of the lastone and methyl alecohol, and
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were reconverted into the lastone by pyrolysis, A at its
melting point and B at temperatures not less than 180°.

The methyl alcecohol evolved from a sample of A was collected
at a low temperature and identified as its 3,5-dinitro-
benzoate.

With sodium methylate both compounds gave a variety
of ill-defined products, the only one which cculd be identi-
fied being the original lactone. Magnesium methylate, how-
ever, brought about the conversion of B into A, indicating
that they were probably stereoisomers.

There are two possibilities. The methyl alceohol
could add to the lactone by opening of the ring and addition
to the ends of the chain to form the hydroxyester (XCV),
(which already has been suggested as an intermediate in the
formation of the open-chain ketoester), or by addition to

the earbonyl group to form the hemiacetal (XCVI).

CgHy CHCHOHCOCgHS CeH5 CH—CHC (OCHg ) (OH) (CeHs )
0
CHyCHCOOCH, 061{503——@6
XCV XCVI

The hemiacetal formula was excluded for both substances by

the formation of carbonyl derivatives and of acetates, and |

the non-formation of an acetal under appropriate conditions.
When a 2,4-dinitrophenylhydrazone was prepared in

the usual was, using methyl aleohol and a trace of hydro-
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chloric acid, A gave two hydrazones, C (brilliant red
needles), and, on further standing, D (an orange solid).

By a mixed melting point D was proved to be the dinitro-
phenylhydrazone of the original lactone. The substance B
gave as its only product the latter hydrazone, D. At first
sight it might seem that these were geometrical isomers as
desoribed in certain instances by Bredereck (94), but analy-
sis distinguished between them. TFurther, although derivative
D could not be csonverted into C, the reverse process resulted
from refluxing with methyl aleohol containing a little hydro-
chloric acid. The net result was the elimination of a

molecule of methyl alecohol, and the relation between the two

derivatives became alear.

NNHCgH, (NOg ) NNHCgHg (NO5 ) 5
CgHy CHCHOHCCgH CgHzCH—CHCCgH
6-5 675 —CH,0H 673 \065
? /
CHgCHCOOCH,, CgHgCH—CO
224° ¢ 209° D

In an attempt to reverse the hydrazone formation,
D was refluxed with benzaldehyde in methyl aleohol contain-

ing hydrochloric acid; a small amount of C was obtained.
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The oily portion, obtained by treatment of the
lactone with magnesium methylate and apparently freed from
all solid material by numerous washings with ether-petroleum
ether mixture during many months, was further studied in an
attempt to identify other reaction produasts. The oils in
éther solution were extracted succé&ssively with sodium
carbonate, sodium bicarbonate, and sodium hydroxide solutions.
The sodium hydroxide washings only deposited an oily solid
on acidification; this amounted to about 3% of the total oil.
On separation from adhering o0il and corystallization from
methyl aleohol it was found to be the high-melting form of
the ketoacid (XCII), corresponding to the ketoester (175°)
already éeparated. It is a question whether this acid is a
primary product of the reaction or results from the action
of the sodium hydroxide on the ketoester still remaining in
the oil. 1ts non-appearance in the bicarbonate and carbonate
washings substantiates the latter view.

After evaporation of the ether, the neutral oils
were steam-distilled, and a small amount of benzaldehyde
was detected in the distillate as the dinitrophenylhydrazone.
From the oils remaining in the distillation flask the di-
nitrophenylhydrazone of the original lactone was obtained.

It is obvious that the high-melting ketoester and
acid, which make up the largest proportion of the ether-
insoluble solids, arise in the reaction products by a

reduction reaction, This will be discussed in the next
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section.
The course of the reaction of magnesium methylate

upon the butyrolactone is given on Sheet 1III
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Sheet II1I.

Reactions of the Butyrolactone with Magnesium Methylate-

2,4-dinitrophenyl-
hydrazone (2249)

HCl 2,4-dinitrophe
—> hydrazone (209
N

By

DNPH

CeHs CHCHOHCOCgHg

Mg(0033)2

DNPH DNPH
CH5CHCHOHCOC gHy 063503—— H0006H5
< Mg (OCHz ),
174° isomer
II
XCVv
o Mg (0CHz )5
N
AOCl\\ e
\Ug hN ~ //,
OGOCHz \\ // 7
\A V “'//
CHsCHCHCOCHy CgHyCHCH,COC ¢ Hy,
06H5CHCOOCHS CGH5GH000035

1450 isomer

CXVIII

175° isomer

XCI1V

\'4
CgHgCHCH,COC gHp

CHs CHCOOH

XCII 255° isomer

¢ HyCHCOOCH,

117° isomer

AcCl

\Vg
0COCHz

C ¢Hi5CHCHCOC ¢ Hy

CgHsCHCOOCH,

132° isomer

CXVIII
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The action of sodium methylate upon the lactone is
more complex than that of the magnesium compound. An explana-
tion of the presence of such products as have been isolated
is not difficult if one bears in mind that trases of water
are always present in the reaction mixturs.

It was the custom to shake the cold aleoholic
solution of sodium methylate with the lactone until solution
was complete; this required from seven to ten hours. After
acidification, and trituration with aleohol a brilliant
yellow compound, CpozH;40s, was obtained (XCVII), amounting %o
about 35% of the starting material. This substance was the
principle produet of the reaction and is desceribed in the
next section in detail.

The remainder of the reaction produet was a thick
viscous yellow o0il, from whieh small amounts of unchanged
starting material separated during several months' standing.
4 chloroform solution of the o0il was systematically extracted
with sodium bicarbonate, potassium carbonate, copper acetate
and sodium hydroxide, and the following substances separated-
there was nothing in the potassium carbonate and copper
acetate extraots.

l. from the sodium bicarbonate: 255° ketoacid (under certain
econditions) (XCII), and diphenylmaleic anhydride (XCVIII),

2., from the sodium hydroxide: high-melting isomer of
diphenylsueeinie aeid (XCIX),

3. from the water wash of the chloroform solution, after the
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sodium hydroxide extraction: the lactone (C) and a quantity
of oils, soluble in sodium hydroxide but insoluble in
sodium bicarbonate,

4. from a steam distillation of the residual oil: benzal-
dehyde (CI).

The remainder of the 0il resisted further separation and

identification.

The formation of the reaction produets and their

interrelation is shown in Sheet IV.
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Sheet 1IV.

Reaetion of the Butyrolaoetone with Sodium Methylate.

CeHCH—CHCOC Hy CgH5CHCHOHCOC H C6H5GHCOCHUHCGH5
0 A _ s
06H5CH“’G° CgH5CHCOOH (Na ) CHg CHCOOH (Na )

T U

JgH5CHCHCACHp 06H5CCHOH0006H5 06H50HCOCH20 65 C H5CCOCH C H

’H5CHCOOH 06H5CCOOH CeHsCHCOOH C6H5CCOOH
— é{//////’ k{//////
S HgG—GHCOC 4 055503“Q932°635 05H5c—-CCH206H5 CaHC—C0
P £ | » | proems
J HEC——CO CGHSCHF—CO CGHSC——CO Csﬁﬁc——CO
CVl XCVII

dp J / l' /'Ceﬂb
0 H5CE—C0 CH5C—CO CeHsC—CO
c
v v v K%
CHCHO CgH5CHCOOH CgH5C—GO CgH5CHz?
0
? /
Cg Hy, CHCOOH Cg Hy C—CO

CI XCIX XCVIII
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It is obvious that all of these substances are
secondary and later produets of the reaction. It is equally
obvious that the first thing that happens is the formation
of the sodium salt of the aeid (CII). 1In a series of papers,
deseribed in the introduction (p. 30), Kohler has shown that
in the cease of simpler substances, alpha-hydroxyketones are
both isomerized and reduced by alkalies. If applied to the
present reaction, a portion of the hydroxyketone (CII) may
be considered to rearrange to (CIII); each of these may then
give a distinet series of degradation products.

In the series starting with (CII), the reduction
product (XCII) was isolated; the necessary hydrogen csould
have come from the dehydrogenation of the secondary alcohol
to a ketone or to an unsaturated hydroxy compound. No trace
of anything corresponding to either was found, but it may
have been the constituent of the residual oil which was
lactonic in nature -- insoluble in sodium bicarbonate, soluble
in sodium hydroxide.

In the series starting with (CIII), the correspond-
ing substances are represented by (CIV) and (CV). The
diphenylsuecinic acid found is probably the final produet of
the degradation of (CIV). The unsaturated lactone (C),
yellow diketone (CVII), and diphenylmaleic anhydride undoubt-
edly arose from (CV). The benzaldehyde is a hydrolytic pro-
duet of uncertain origin. The unsaturated lactone (C) was

found to be identical with benzaldiphenylmaleide synthesized
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as reported in the literature (63).

The unsaturated lactol (CVI) was doubtless formed,
but on ascount of its tendency to lose water was not isolated
in the complex 0ily mixture. As mentioned on p. 27, it is
only necessary to dissolve the lactone in alkali and the
lactol can be isolated on acidification, using the proper
technique (Experimental Part). A new synthesis of lactone

and lactol is desceribed later.
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Reactions of the Unsaturated Lactone.

The other reactions of the unsaturated lactone (C)
which are of interest are summarized in Sheet V.

Heating in a sealed tube with ammonia gave rise
t0 an open-chain ketamide (CVII) and the lastam (CVIII)(101).
The lactam was unchanged by prolonged heating with alcoholiec
hydrogen chloride in a sealed tube. These served not only
as reference compounds, but were of interest because they

were obtained from a similar treatment of the yellow diketons.

CoHpCCOCHpCeHs  CgHs0—C(OH)CHaOqH;  CgHpC—CZCHOgH,

Il | |

CgHgCCONH, CgHsC—C0 CgH5C—CO
CVII CIX CVIII

In view of resent analogous cases (95), it seems probable
that (CVII) should have a eyeclie structure (CIX).

Reduction by hydriodic acid (96) gave a lactone
with a saturated sidechain (CX); zine in acetic acid was
observed to act in a similar menner.

The presence of alkalies was found to bring about
several reactions., The formation of the unsaturated lactol
(CV1) has already been mentioned. On boiling for a short
time in sodium methylate, or a longer time with sodium
ethylate or alcoholic potassium hydroxide, the yellow di-
ketone was formed. The nature of the change is considered

upder the discussion of the latter. Very prolonged boiling
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with alcoholic alkali brings about a scission of the maleide
with the production of diphenylmaleie anhydride together with
a trace of benzaldehyde. Another possible produet of the
seission is toluene; its presence could not be detected. The
occurrence of the anhydride in the oils is now accounted for.
Cohn (97) claimed to have got the lactol by this procedure.

In the Grignard "machine", the lactone showed two

additions, as was expected.
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Sheet V.

Reaetions of the Lactone.

CeH C——GHCH CeH CgHsC—GQ=CHCH CeH5C—C (OH)CH2CgHS
675 2Y60 675 6" 9 65 \

HI —_>
il Zn.HAc. | ‘P < ‘P
06350——00 06H5C——GO CgHsC—CO
cX C CvVl
Alec.
NH KOH NaOCHg
v
C.HC—COCH,C .H ¢c.H.C—CO C.H.C—CO
65 29Y65 6 5 \ 65 \
) l CHCGH;
06H50——CONH2 CSH5 —CO0 CgHsC—CO
+ CgH5CHO
CV1I XCVIII XCVII
Ceﬂﬁc—-C<PHCéH5
CGH5C —CO

CV1iI1l
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The Diketone, 023H16024

It proved most diffieult to reconcile the reactions,

and to determine the strueture of this yellow substance. A
search of the literature revealed no substance having the

same properties. The possible strustures that eould arise

are given below,

" 0H06H5
06H5CH 06H5CH 6H C——CO

A B XCVII

Cgl5C—CSCHOGH;  CoH—OSCHOH5  CgHp0=C=C0CgH;

0 J ‘>co
CgH5C—C0 CgH5C—O CHgCHCO

c c? H

CgH5C—CH=CHC gHg CGH5C—CH=THCGH5 CgH5C—C (CgHs )=CH

| |

CgHyC-C0-0 C gH C—0—CO CgH5C-0———CO
D E I

Illl l

CgHyCH 0—CO CgHgCH COO
F G

The substances represented by C, C' and I are known and are
not the same. The yellow substance does not give a gquinox-
aline; this probably execludes A., In the Grignard "machine"

it shows an immediate evolution of gas, corresponding to one
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active hydrogen and (slowly) two additions. This observa-
tion execludes all possibilities except XCVII and the less
likely H.

The yellow compound gave no colour with ferric
chloride, nor did it form a copper derivative when an
ethereal solution was shaken with copper acetate. It was
insoluble in agueous solutions of sodium carbonate and
sodium hydroxide, but in the presence of alcohol it dissolv-
ed in the latter reagent to form a very deep purple solution,
and was quantitatively recovered unchanged on agidification.
The alkaline solution was relatively stable to boiling. It
slowly formed a mono-2,4-dinitrophenylhydrazone, thus resembl-
ing other beta-diketones. In chloroform solution it 4did not
decolorize bromine. However, potassium permanganate was
instantly decolorized, the sole products of the reaction
being benzaldehyde and benzoic aeid. Chromic acid gave as a
principle product a bimolecular yellow amorphous solid, to-

gether wiith some benzoic acid, while selenium dioxide in

Lactones with Grignard reagent show no asetive hydro-
gen and two additions (98,99,p. 65), whereas 1,3-diketones
that have a substituent on the middle carbon atom are cleaved
with the consumption of two moles of reagent (100) as is made
apparent in the "machine™ by slow addition. No alleniec
lactones are known, but neither have any cyclopentendiones

been reported.
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dioxane gave only the bimolecular product. The latter also
resulted from prolonged heating in the air above the melting
point and in high boiling solvents. Treatment with ozone
yielded no useful substance. By a special procedure which
tended to keep the reaction mixbture slightly basie, and using
30% hydrogen peroxide, a deep yellow compound was obtained in
60% yields.

Nothing helpful was learned from the action of
agids. The compound was regovered unchanged from a methyl
alcohol solution saturated with hydrogen chloride, and from
glacial acetic acid. Concentrated sulphuric acid formed a
deep red solution, but there was no reastion at room tempera-
ture; after heating at 100° for two hours there were isolated
unchanged starting material, benzaldehyde, and the bimolecular
product. Refluxing with 50% nitric acid gave p-nitrobenzoiec
agid.

Reduction reactions, howevel, were of more assis-
tance. The use of zine in acetic acid, or of hydriodie acid
and red phosphorus, gave the same unsaturated acid which
decolorized bromine and potassium permanganate instantly.
Oxidation gave benzoic acid (benzaldehyde could be detected
as a primary product by careful manipulation) and diphenyl-
succinie acid. Therefore, the acid is of,B-diphenyl-¥-
benzalbutyriec (CXI) and the ehain is present as in the origin-
al lactone (II). This shows that there has been no deep-

seated rearrangement involving shifts of phenyl or carboxyl
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groups, and exeludes any substance having a different chain.
CGH5GHCH=CHCGH5

CeHSCHCOOH
CXI

Catalytie reduetion also gave an unsaturated acid (CXIa)
apparently an isomer of the one obtained by reduction with
nasceent hydrogen.

On heating with alcoholic ammonia in a sealed
tube, two known nitrogen-containing compounds were producsd

(CVII, CVIII).

CH5CCOCH,CeHg CgRpC— CZCHOGHS
| |
CoHpCCONH, CgH5C—C0
CVII CVIII

They were synthesized as directed in the literature (101)
and their identity assured by careful comparison. This
again shows there has been no shift of groups along the
chain.

Having reached the concelusion that the substance,
025H1602’ must be the e¢yelic diketone, an independent synthe-
sis was attempted. This not only gave the desired diketone,
but showed its relation to the whole problem. When dibenzyl-
ketone and ethyl benzoylformate were condensed in the pres-

ence of one equivalent of sodium ethylate a 27% yield of the
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lactone (C) was obtained, but if sodium methylate was used
as the.condensing agent the yellow diketone was detected by
the purple colour of the enolate in the reaction mixture and
isolated on acidification. Finally, refluxing the lactone
with aleoholic sodium methylate gave a quantitative yield of
the yellow compound.

The relationship between the compounds is summar-

ized in Sheet VI.

Sheet VI
Synthesis of the Lactone and Diketone

06H5CH2000H206H5 C6H50HCOCH C.H C.H_CHCOCH,C_.H

2°6°6 76D 27675
CeH5C0C00CH CeHs COOR CgHysCCOOH
OH OH
CXII
%
CgH5CCOCH,CgHE CgHgCCOCH,CoHS
| >
CeHs CCOOR Cg H5 CCOOH
cv
CGH5C—G<-CH06H5_H o CetlsC—C \(OH)CH206H5 Cel5G—C0
0 i___9 "‘ /0 | FHCGH5
CgH5C—CO TH20 ggH5C—CO Ce H5C—CO

C Cvl XCVII
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These reastions indicate clearly that the ketoacid
(CV) is the true intermediate product. Whether water is
eliminated via the lactole, which would lead to the lactone
(readily isolated on account of its slight solubility) or is
eliminated to give the enolate of the diketone depends upon
operating conditions.

An analogous case has been described in the I.ntro-
duction; benzalphfhalide is converted into the 2-phenyl-

indandione-~1,3 by alkalies.

/ _ S /
co E— COONa <—. CO
CO
\
HX CHCHS
—> co
LXXXVIT

In both cases the reastion runs to the right owing to the
formation of the sodium enolate of the diketone which is
removed as a component of the equilibrium. It must be an
equilibrium in the present instance also, otherwise the
action of ammonia on both maleide and diketone could not
give rise to the same lactam.

If a trage of sodium alsoholate at room tempera-
ture, or piperidine, was used as catalyst, a high yield of

the primary addition product (CXII) was obtained. 1In the
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Grignard "machine" it added two equivalents of the reagent
with the evolution of one equivalent of gas; with acetyl
chloride it formed an acetate, but only an intragtable gum
could be obtained after treatment with acetic anhydride.
Superficially, it appeared not to be an intermediate in the
formation of either the unsaturated lactone or the cycliec
diketone, for it ceould not be changed into them by the action

of alcoholates.

The reactions of the triphenyleyclopentenedione

are collected together in Sheet” VII.
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Sheet VII.

Reactions of Triphenyleyclopentenedione

No effeet CgH5CHO  247° bimolecular CH,COOH No effect

product
A
HA H,50,,
CH30“
No effect Dinitrophenyl-
4, hydrazone
Atgo,
Purple
enolate HAc One active
hydrogen, two
o additions.
185 Na.OH
compound o HNGS
H.0, P-nitro-
‘$\“-~ C6H50——c0 <"”27 benzoicec acid
co C.H_CHO ~ '
2 ’ 6 5 i KM“O‘. / CEU6H5 ""3
06H5C——CO TT— CGH5CCOCH206H5
C.H.COCH.
6 5
06H5CCONH2

!

06H5ﬁ C= CH06H5

Cr03 Cat.|H Zw,HA)\ W1 ,P C H C—CO

v

Bimolecular product; 212° acia 204° acid
C6H5COOH.



75.

The 247° Oxidation Produect, Chelz004°

It was found that the cyelic diketone on heating

in the air, in high boiling solvents, or by treatment with
mild oxidizing reagents gave rise to an amorphous yellow
compound. A molecular weight determination indicated that
the substance was a dimer of the diketone. By analogy with
the bisindandiones (p. 46 Introduction) this is a similar

substance, and is accordingly represented by (CXIII).

c6H5n:—-—co oc—clicﬁx-x5
CHsC— col Oo—Ce gl
Cgs  CgHs
CXI1I

The observed fact that our compound decomposed with evolution
of a gas at its melting point is not entirely consistent with
the assigned strueture. 4ll attempts to identify the gas
were unsuccessful.

The Substance Resulting from the Action of Hydrogen Peroxide.

A strueture cannot be assigned at this time with
certainty to this substance. It is a pale yellow sompound
analysing for the empiriseal formula of 025H1605’ or the
addition of one oxygen atom to the eyclic diketone. A
molecular weight determination indicated that it was mono-
molecular. It dissolved in aqueous sodium hydroxide to form

a deep yellow solution. It did not decolorize bromine nor
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did it form a dinitrophenylhydrazone. By refluxing with
acetyl cshloride, or less satisfaetorily with acetie anhydride,
it was converted into a new yellow compound. The analysis
of the latter did not correspond to an acetate strueture or
a dehydration product.

From a consideration of the work of previous in-
vestigators there appear to be two possible struetures for

the hydrogen peroxide product (CXIV, CXV).

CHS—CO H50—CQ OH
657 W CeHs
0\ /CHC6H5 "
CgHpC—CO C, H5c—co et
CLIV oxXV

The existence of such a peroxide strusture has been well
substantiated by the work of Wertz (102) and of Treibs (103).
However, such a substance would still possess the character-
istic property of a 1l,3-diketone to form a highly coloured
enolate; our compound forms no such enolate in the presence
of alkalies. The strueture (CXV) appears to be more likely
(104), but this type of compound is known to undergo a series
of reactions involving ring opening and disruption of the

molecule. Some possibilities are outlined below.
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06H5C—-CQ\ o CH5CCOCHOHCHs
| > 50 I
C.HC—C0  ogH —
65 65 06H5CGOQH
csﬂ5c—-q§cocaﬁ5 06H5c——c(oH)CH0H06H5
-~ I )
CgH5C—CO CeHs c— 0o

At one time it seemed possible that the yellow di-
ketone might be the substance (CXVI); a synthesis of this

compound was devised according to the following outline.

C¢Hg CHpCOCHCgHp CgHg CHCOCHC gHg,
+ HC1
—

C ¢ H CHO CgHsCHCL

CgH5CCOCHC oty CgHg(COCOCKHs
_HOL ” Sg05

T o u,CH > CgHgCH

CXVII CXVI

There are two substances deseribed in the literature to
which the strueture (CXVII) has been assigned, though never
definitely substantiated (103). We have obtained both
isomers, but neither gave a yellow compound by the asction
of selenium dioxide (any 1,2-diketone would be yellow).

The high melting form gave a white oxidation producet that
formed a derivative with o-phenylenediamine; further it.was

oxidized to a substance, m.p. 172°, which, however, was not
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the expected «~phenylecinnamic acid. Since these compounds
gave no promise of being of assistance to the present

problem, they were not further investigated.
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Experimental

I. Preparation of «,B-diphenyl-¥-benzoylbutyrolaetone and

its derivatives.

A. Methyl «,B-diphenyl-¥-benzoylbutyrate (XCIV).

This substance can exist in two stereoisomeric
forms. Massey (1) has shown that by using sodium methylate
as condensing agent the change from the lower to the higher
melting isomer is catalysed and a good yield of the latter
obtained. If the butyrate is to be used for the preparation
of the butyrolactone the relative proportion of the two
isomers present is of no importance; both give ¥-bromoesters
on bromination.

The preparation of the higher melting isomer was
carried out in the following manner: the condensing agent
was prepared by dissolving 37.5 g. of sodium in 650 cc. of
absolute methyl aleohol and was added to a solution of
339 g. of cerude benzalacetophenone and 245 g. of methyl
phenylacetate in 326 cc. of absolute methyl alcohol in a
3-1. flask under a reflux condenser. After the heat of
reastion had subsided, the mixture was vigorously shaken
until a white precipitate separated. After standing for one
hour, the mixture was acidified with 150 cc. of glacial
acetic acid, the mass well broken up, filtered, sucked dry
and washed with a little cold methyl alcohol. The crude
material was aerystallized from benzene, tne hot saturated

solution being decanted away from any solid material. The
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weight of the pure, higher melting isomer, m.p. 175°, was

475 g., yield 81%. The insoluble residues contained about

8l g. of acidic material.

Anal. Calcd. for CogHoo0z: OCHz, 8.7. Found: 8.2.

B. Bromination of methyl o,B-diphenyl-¥-benzoylbutyrate.

The starting material was either the pure 175°
isomer or the mixed ketoesters. In either ease it was essen-
tial to use material that had been recrystallized in order
to get rid of the acid, and to diminish the quantity of oily
byproducts.

Seventy grams of the ester were suspended in 400
eac. of carbon tetrachloride contained in a 1l-1l. Erlenmeyer
flask and 32 g. (11 cc.) of bromine were added in small
amounts, the reaction being started by the addition of a
trace of acetone and catalysed by sunlight. After the addi-
tion of the bromine the mixture was heated to boiling until
the rapid evolution of hydrogen bromide ceased. The solid
in some cases went into solution at this point but was re-
deposited by a more complete removal of hydrogen bromide.
The solid was filtered by suction and washed with methyl
aleohol to give a produet of satisfactory purity, m.p.

1460, weight 50 g. This was a mixture containing a high
percentage of the 145° gamma-bromoester.

Anal. Caled. for Cy,H5,04Br: OCHé, 7.1. PFound: 6.7.
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C. o,B-Diphenyl-¥-benzoylbutyrolactonse.

The starting material was freed from oils, if
necessary, by reerystallization from agetic acid.

(a) Preparation.

A solution of 20 g. of the bromoester and 20 g. of
potassium acetate in 100 ce. of glacial acetic acid was re-
fluxed in a 250 ee. r.b., fiask for two hours. Bumping
ocourred due to the deposition of potassium bromide but
never became serious. While still hot the product was pour-
ed into 500 cc. of water and allowed to stand overnight.

The so0lid masses were broken up, filtered by suetion, and
washed thoroughly with water, and, after drying, cerystalliz-
ed by pouring a hot saturated chloroform solution into two
volumes of methyl alcohol. The white erystalline solid
melted at 155°, weight 10 g., yield 62%. The mother liguors
gave 2.5 g. of a solid, evidently a mixture melting at 122°,
which it was found impossible to separate.

Anal. Caled. for 025H1803‘ ¢, 80.7; H, 5.0, Found: C, 8l.4;
H, 5.0.

A& methoxyl determination was negative.

(b) Pyrolysis of Methyl «/,B-diphenyl-¥-bromo-¥-benzoyl-

butyrate.

An acourately weighed sample of the 172° bromo-
ester, weight about 0.05 g., was pyrolysed at 180-200°C. in
the reaction flask of a Zeisel apparatus (Clark's modifica-

tion). The methyl bromide esvolved was measured by the
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gravimetric method; an 80% yield was observed.
Weight of beaker and sample 0.8866 g.
Weight of beaker 0.8366 g.
Weight of sample 0.0500 g. = 0.0092 g. Br

Weight of micro-crucible

and AgBr 4.4077 g.
Weight of micro-crueible 4.3903 g.
Weight of AgBr 0.0174 g. = 0.0074 g. Br

(¢) 2,4-Dinitrophenylhydrazone.

To a boiling saturated solution of the butyro-
lagtone in 15 cc. of methyl alcohol, an excess of 2,4-di-
nitrophenylhydrazine was added, and then 3-4 drops of con-
centrated hydrochloric acid. On standing, brilliant yellow
leaflets of the hydrazone separated, m.p. 209-10°,

0 ¢ N, 10.7. Found: N, 10.5.

Anal. Caled. for 029H eNgt

22

(d) Aetion of Bromine.

Five grams of the lactone were dissolved in 15 ca.
of carbon tetrachloride and 2.5 g. (1 equivalent) of bromine
added. In order to start the reaction a drop or two of
acetone was added. On prolounged refluxing, there appeared
to be some evolution of hydrogen bromide, and the colour
faded from red to yellow. On working up the reaction produect
there was obtained some two grams of unchanged starting
material, one half gram of a white solid, m.p. 198-200° with

decomposition, and the remainder as an o0il. It dissolved in
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aqueous potassium ecarbonate, but did not decolorize potassium

permanganate.

I1 Action of Ammonia on the Butyrolactone:

o, B-Diphenyl-¥-hydroxy-¥-benzoylbutyric amide (XCIII).

4 suspension of 10 g. of the lactone in 125 cecc. of
absolute ethyl alcohol was saturated in the cold with an-
hydrous ammonia. Some heat was developed and most of the
solid went into solution. The supernatant liquid was poured
off and allowed to stand in a stoppered flask overnight.

The corop of fine needles was filtered off and washed with
ethyl alcohol, m.p. 2029 with decomposition; the yield was
almost quantitative. The product could be erystallized from

ethyl alcohol unchanged.

Anal. Caled. for CyzHo 0zN: C, 76.8; H, 5.8; N, 3.9.
Pound: ¢, 76.0, 76.1; H, 5.5, 5.5; N, 3.7.

Elimination of Ammonia from the Hydroxyamide-

Ammonia was eliminated from the hydroxyamide and
the butyrolactone reformed by any of the following processes:
heating of the solid to 205° for five minutes, reorystalliz-
ing from glacial acetic acid, or refluxing for one half
hour with an equal weight of phosphorus pentoxide in xylene.
1,3-Diphenyl-l-carbamyl-2-benzoyleyclopropane (XC).

One gram of the above hydroxyamide was suspended
in methyl alcohol and saturated with anhydrous hydrogen

chloride. The dark viscous solution was allowed to stand
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overnight. The o0il obtained on evaporation was triturated
with ether and the solid obtained crystallized from methyl
alecohol containing a little ehloroform, m.p. 180°. 2
mixed melting point showed it to be identical with the
amide obtained by Boyer (93) by the action of sulphuric
acid on the syclopropane nitrile (XCI).

III Aoction of Magnesium methylate on the Butyrolactone.

A solution of magnesium methylate was prepared
by adding slowly 5 g. of magnesium to 80 ce., of anhydrous
methyl alcohol (dried by distillation from magnesium methyl-
ate) in a 250-cc. flask fitted with a condenser. It was
found advantageous to 600l the mixture efficiently during
the addition of the metal.

The solution thus prepared was shaken for one hour
at room temperature with 25 g. of the lastone. The deep
yellow suspension was poured over 400 g. of oracked ice and
25 oce. of concentrated hydrochloric acid. A4fter the ice was
completely melted, the pale yellow 0ily solid was broken
up, filtered by suction, and thoroughly washed with water.
The oil was separated into a white solid and a yellow oil
by trituration with ether. The solid, containing much in-
organic material, was extracted with boiling acetone and gave
5-7 g. of a white erystalline material, m.p. 175°. A mixed
melting point with the 175° ketoester (XOIV) proved them to
be identiecal.

The ether-soluble 0il on standing for a few days
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deposited a solid which was separated by trituration with a
1:1 mixture of ether and Skelly-solve B. After purification
by orystallization from methyl alcohol, 1 g. of a white
erystalline solid, m.p. 174°, resulted.

On longer standing 8 g. of another white substance
sould be separated, which, on purification, melted at 117°.

It was noticed that if the length of time that the
magnesium methylate was allowed to act upon the lasctone was
decreased a larger amount of solid separated, it separated
more rapidly, and was made up prineipally of the 117° isomer,
while if the length of reaction time was inereased a smaller
amount separated slowly and was prineipally the 174° isomer.
Anal. Calged. for CoyHos0,: €, 77.0; H, 7.9; OCHz, 8.3.
Found: C, 76.8, 76.6; H, 7.8, 7.8; OCHz, 7.7, 7.6, (174°
isomer); G, 76.6, 76.6; H, 7.6, 7.7; OCH,, 7.7, 7.9, (117°
isomer).

Action of Magnesium methylate on the 117° Isomer.

A solution of magnesium methylate, prepared by the
addition of 0.2 g. of magnesium to 5 ce. of absolute methyl
aleohol, was added to one gram of the 1179 isomer and the
mixture shaken for fifteen minutes in the oold. The mixture
became deep orange in colour and the solid dissolved almost
completely. The product was poured into 20 co. of iece water
containing 1 ec. of concentrated hydrochloric acid, the
solid broken up, filtered by suction, and washed thoroughly

with water. The solid was freed from inorganic material by
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washing with ether, which after several hours standing was
triturated with methyl alecohol. A solid was obtained which
on crystallization from methyl alcohol-acetone proved to be

the 174° isomer. A second treatment yielded unchanged

starting material.

The residual oils (reastion of magnesium methylate
and butyrolactone) from which no more solid separated after
many months standing was dissolved in ether and shaken with
agqueous solutions of sodium bicarbonate, sodium carbonate,
and sodium hydroxide. Only the sodium hydroxide solution
gave a precipitate on acidification; it weighed 0.3 g. 1%
was orystallized from methyl aleohol; m.p. 251°. A mixed
melting point proved it to be the 255° ketoasid (XCII),
sorresponding to the 175° ketoester.

The neutral oils were steam distilled and from
the distillate there was obtained the 2,4-dinitrophenyl-
hydrazone of benzaldehyde. From the o0il remaining in the
distilling flask the dinitrophenylhydrazone of the butyro-
lactone was prepared.

Action of Sodium methylate on the Hydroxyesters.

One gram of the 174° isomer was dissolved in 25 ca.
of boiling methyl alcohol, the solution cooled and 1 cec. of
sodium methylate solution (8 g. sodium in 100 ce. of alcohol)

added. The mixture, after standing for one half hour, was
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acidified with 1 ce. of glacial acetic acid, evaporated %o
a small volume, and the white erystalline solid filtered out
by suction. The solid was washed with ether and then with
water; on erystallization from methyl alcohol-acetone it gave
0.55 g. of unchanged starting material and 0.2 g. of the
butyrolactone. The remainder was oil.

Under similar conditions the 117° isomer likewise
was partially converted into the butyrolactone.

Pyrolysis of the Methyl o,B-diphenyl-¥-hydroxy-¥-benzoyl-

butyrates.

Five grams of the 174° isomer was heated at 180-
900 for an hour in an apparatus whiceh permitted of the sweep-
ing out of the gas evolved by a slow stream of dry air and
of its condensation in a U-tube maintained at a low tempera-
ture. The condensate was identified as methyl alcohol by
the preparation of the 3,5-dinitrobenzoate, m.p. 105-6°,
Prituration of the glass remaining in the pyrolysis vessel
with ether gave a solid which was shown to be the lactone
(11).

The 117©° isomer could not be pyrolysed at its melt-
ing point. However, at a temperature of 190° it likewise
eliminated methyl alcohol and reformed the butyrolactone.

Dinitrophenylhydrazones.

One half gram of the 174° isomer axas dissolved in
25 aa. of boiling methyl aleohol, 2,4-dinitrophenylhydrazine

added to saturation, and the solution acidified with a few
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drops of hydrochloric acid. On standing for some time in the
ecold a quantity of brilliant red rods separated, m.p. 224°.
Anal. Cald. for CzoHoeOyNy¢ N, 10.1. Found: N, 10.0, 9.9.
On heating or otherwise disturbing the filtrate a yellow
voluminous precipitate deposited. It was identified as
the dinitrophenylhydrazone of the butyrolaetone (II).

Under similar conditions, the 117° isomer gave
only the dinitrophenylhydrazone of the butyrolactons.

Elimination of Alecohol from the 224° Dinitrophenylhydrazone.

A small amount of the hydrazone was refluxed for
several hours in 10 cc. of methyl alecohol containing a few
drops of hydrochloric acid. On cooling, the starting materisl
was first deposited and then the hydrazone of the butyrolactone.
When chloroform was substituted for the methyl aleohol as
solvent, the conversion was complete.

Attempted Preparation of a Hemi-acetal of the Butyrolactone.

(a) One gram of the butyrolactone was dissolved in 15 cse. of
methyl alsohol, 0.2 g. of anhydrous copper sulphate added,
and the mixture refluxed for four hours. On cooling 0.65 g.
of unchanged starting material cerystallized; it was found
impossible to detest a substance, other than unchanged start-
ing material, in the filtrate.

(b) One gram of the butyrolactone was dissolved in 15 ce. of
methyl alcohol, three drops of concentrated hydrochloric acid
added, and the mixture refluxed for twelve hours. Unchanged

starting material was recovered on cooling.
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Acetates (CXVIII) of the «,P-diphenyl-¥-hydroxy-d-benzoyl-

butyrates.

One half gram of the ester (174°) was dissolved in
a minimum amount of acetyl chloride, allowed to stand over-
night, and evaporated to dryness. The residue, twice re-
erystallized from methyl alcohol, separated as rods,

m.p. 1459,
Anal. Caled. for CpgHps0s: C, 75.0; H, 5.8; OCHz, 14.9.
Found: ¢, 74.8, 74.7; H, 5.8, 5.9; OCHz, 14.9.

Operating under similar conditions with the lower
melting isomer, unchanged starting material was recovered,
but if the acetyl chloride solution was refluxed for four
hours, and the residue obtained on evaporation was resrystall-
ized from methyl alcohol there was obtained white rosettes
of erystals, m.p. 132°.

Action of HCl on the Methyl o,B-diphenyl-¥-hydroxy-¥-benzoyl-

butyrates.

One gram of the 1749 isomer was dissolved in a
minimum amount of boiling methyl alcohol, 1 cec. of conecen-
trated hydrochloric acid added and the solution allowed to
erystallize; unchanged starting material was obtained. How-
ever, if the solution was refluxed for one hour before
erystallization there was obtained, together with unchanged
gstarting material, a substance melting at 151°. 4 mixed
melting point showed that it was not the original butyro-
lastone (II).
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The 117° isomer on erystallization from a methyl
aleohol solution containing a little hydroshloric acid gave
a substance melting at 1420,

These compounds were not further investigated, but
were probably some of the eight possible stereoisomers.

Action of Sodium methylate on 0Oils from treatment of the

Butyrolactone with Magnesium methylate.

Eleven grams of oil obtained from the action of
magnesium methylate in the usual manner and freed as far as
possible from all solid material were dissolved in 75 cc. of
anhydrous methyl alceohol. A solution of 2 g. of sodium in
50 ce. of methyl alcohol was added, the mixture allowed to
stand for two hours and then poured over cracked ice con-
taining 12 cee. of concentrated hydrochloric acid. After one
week's standing the oils were freed from solid by trituration
with a 1:1 misture of ether-Skelly solve B. The solid,

m.p. 170-90°9, (0.35 g.) was crystallized from methyl alcohol
to yield a small amount of 175° ketoester (XCIV) and an acid
melting at 208-9°, PFurther amounts of the latter substance
were obtained by washing the oils with aqueous sodium bi-
carbonate. This acid was not the acid (CXI) obtained by the
action of nascent hydrogen on the diketone, nor the aeid
(CXIa) obtained by its catalytic reduction. On methylation
it was converted into a neutral substance, m.p. 219°.

IV Action of Sodium methylate on the Butyrolactone.

To a suspension of 20 g. of the butyrolactone in
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200 cc. of absolute methyl alecohol was added a sodium methyl-
ate solution (4 g. sodium in 100 ce. of alcohol), and the
mixture shaken for ten hours, when solution was complete.

The dark brown product was poured, with constant stirring,

in 200 ge. of water containing 10 ce. of glacial acetic acid.
After standing overnight the semi-solid yellow mass was
filtered out, dried, and triturated with cold methyl alceohol.
The brilliant yellow erystalline solid so obtained was filter-
ed and erystallized from a 2:1 mixture of methyl aleohol and
echloroform. The substance weighed 6.5 g. (yield 32%) and
melted at 166°.

4nal. Caled. for 32531602: c, 85.2; H, 4.9. PFound: C, 85.6,
85.3; H, 5.0, 5.1 (micro); C, 85.4; H, 5.3 (semi-miocro).

A methoxyl determination was negative.

The aleohol-soluble oils on standing deposited
1.5 g. of a solid which could be separated by trituration
with 1:1 mixture of ether-Skelly solve B. It was identified
as unchanged starting m=terial by a mixed melting point.

The oils, freed as far as possible from all solid
material, were dissolved in cehloroform and washed suceess-
ively with a saturated aqueous solution of sodium bicarbon-
ate, and with a 10% solution of potassium carbonate, and with
a 5% solution of sodium hydroxide. On acidification there
was obtained from the bicarbonate solution 0.1l g. of d4i-
phenylmaleic anhydride but from the carbonate only a trace

of oily material.
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On washing the chloroform solution with sodium
hydroxide the former became coloured a brilliant green and
the latter a deep orange. This orange colour was very per-
sistent and the extraction was not continued until it no
longer appeared in the hydroxide solution. The combined
sodium hydroxide washings were acidified and 0.1l g. of
diphenylsucecinic acid (235° isomer) obtained.

The green chloroform solution was washed with
water, during which operation the colour was transferred to
the aqueous layer and the chloroform became yellow. On
acidification of a test portion of the washings a large
amount of pale yellow o0il was deposited. This o0il was sol-
uble in aqueous sodium hydroxide, but from it no solid
separated even on long standing and no derivative of an acid
with p-bromophenacyl bromide could be prepared. The main
portion of the washings were diluted and the solid, which
separated on standing, filtered out and recrystallized from
methyl alcohol to yield 0.1l g. of the unsaturated lastone
(C).

From the chloroform layer, now freed from all
acidic and water-soluble material, the solvent was distilled,
and the residue (about 2 g. ) steam distilled. From the oily
portion of the distillate a small amount of the 2,4-dinitro-
phenylhydrazone of benzaldehyde was prepared. No hydrazone
sould be prepared from the o0il remaining in the distilling
flask.
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V The Unsaturated Lactone (C).

(a) Preparation from diphenylmaleic anhydride.

To 50 g. of benzyl eyanide contained in an all-
glass bromination apparatus equipt with a gas trap, and
heated in an oil-bath at 180°, 67 g. of bromine were added
slowly and at such a rate that there was a steady flow of
gas. One hour sufficed for the addition but heating was
continued for one half hour longer, or until no more hydrogen
bromide was evolved. The black reaction mass was poured
out while still hot into an evaporating dish, and on cooling
broken up. The solid, with the residue in the reaction

flask, was dissolved as far as possible in shloroform,
filtered from undissolved solid and washed with water. The
solvent was allowed to evaporate slowly and, from time to
time, a total of 20 g. of a dark erystalline substance was
filtered. It was washed free of tarry material with ethyl
alecohol, dissolved in boiling alcohol with the aid of a
little ehloroform, decolorized with Nuchar and allowed to0
erystallize. The dicyanostilbene separated as lustrous,
brown plates, m.p. 159°.

To a saturated boiling solution of 3.5 g. of
diecyanostilbene in 150 c¢c. of ethyl alcohol, 3.5 g. of
potassium hydroxide were added and the mixture refluxed for
two hours. The alcohol was distilled off slowly and the
residue baked on the waterbath for a few minutes. The solid

was dissolved in water, acidified with hydrochlorie acid,
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the yellow precipitate filtered off and washed thoroughly
with water. The diphenylmaleic anhydride, m.p. 1540,
dissolved in alcohol to give a yellow solution with a green
fluoresaence.

4n unsuccessful attempt was made to synthesize
this substance by the action of sodium hypobromite upon di-
phenyleyclopentenone after the method of Japp and Lander
(106). We found that both hypobromite and hypochlorite were
without action upon this compound.

A mixture of 0.5 g. of diphenylmaleic anhydride,
0.4 g. of phenylacetis acid and 0.05 g. of freshly-fused
sodium acetate was heated in an oil-bath at 200° and main-
tained at that temperature for one hour. Bvolution of gas
ecommenced at 180° and continued in diminishing amount to the
end. The dark yellow melt was dissolved in ethyl alcohol
with the aid of a little chloroform, decolorized with Nughar
and allowed to erystallize slowly. The &,B-diphenyl-¥-
benzalcerotonolasctone was obtained as light brown needles,
m.p. 1759,

Redugtion of the Unsaturated Lactone.

(a) By zine and acetic acid.

One gram of the lactone was refluxed with zine dust
and glacial acetic for one hour. The colorless supernatant
liquid was poured into a large excess of water, the white
material filtered out, dried, and erystallized from methyl

aleohol, m.p. 127°, This substance is o,B-diphenyl-¥-benzyl-
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erotonolactone (CX).

(b) By hydriodic acid.

Two grams of the lactone and 1 g. of red phosphorus
were intimately mixed and added to 15 ea. of constant-boiling
hydriodic acid. The mixture was refluxed for two hours in
an all-glass apparatus, cooled, and the clear liquid decant-
ed from the tarry produet. After washing with water the
latter was boiled vigorously for one half hour with sodium
bisulphite solution, cooled, and the tar filtered off and
washed. It was extracted with several 10 cc. lots of boil-
ing methyl alcohol, filtered free of phosphorus, and the
solution concentrated. A fine-cerystalline solid separated,
m.p. 127-8°, weight 1.2 g. It proved to be identical with
the substance obtained from the zine reduction above.

Action of Alcoholic Potassium Hydroxide on the Lactone.

Two grams of the unsaturated lactone in 30 ce. of
absolute ethyl alsohol containing 0.4 g. of KOH (one equiva-
lent ) were refluxed ror twenty-four hours. At first the
solution was dark brown in colour, but later an insoluble
yellow solid separated, and the colour faded. The mixture
was steam distilled. To the distiilate, containing much
alcohol, was added a glacial acetic acid solution of phenyl-
hydrazine. On standing 0.05 g. of the hydrazone of benz-
aldehyde separated and was filtered out. Hydrochloric acid
was added to the filtrate, which was then washed with ether.

No toluene could be deteeted in the residue left after care-
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ful evaporation of the ether washings.

From the mixture remaining in the distilling flask
0.8 g+ of unchanged starting material were filtered. The
clear filtrate was acidified with glacial acetic acid to
yield 0.6 g. of diphenylmaleie anhydride.
Action of Ammonia.

Amide of A-phenacyl-o«,B-diphenylacrylic acid (CVII).

One half gram of the lactone and 40 ceec. of ethyl
alcohol, saturated with ammonias at zero degrees, was heated
for six hours at 100° in a sealed tube. When the elear
solution was concentrated, a white finely cerystalline solid
separated, m.p. 199-201°, (decomp.). The yield was almost
quantitative.

o B-Diphenyl-¥-benzalerotonolastam (CVIII).

By erystallization of the amide from glacial acetic
acid the corresponding lactam (CVIII) was prepared, m.p. 241°,
This substansce was also detected, in some preparations, in
the reaction product of ammonia on the unsaturated lastone.

In an attempt to reconvert it into the correspond-
ing lactone the following treatment was carried out: A
quantity of the laetam in ethyl alcohol, saturated with
anhydrous hydrogen shloride at 0°, was heated in a sealed
tube at 100° for six hours. Only unchanged starting material
was regovered.

V Reactions of the Diketone (XCVII).

(a) Dinitrophenylhydrazone.
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When a solution of the diketone and 2,4-dinitrophenylhydra-
zine in alcohol was acidified with a few drops of hydro-
chloric acid, no insoluble material separated as is usually
the case. However, after refluxing and concentrating an
orange solid separated. It was recrystallized from methyl
aleohol and chloroform to give fine, brilliant orange
needles, m.p. 235° C.

Anal. Calecd. for CogHonaOsN4: N, 1ll.l. Found: N, 11.1, 11.1.
(b) Action of Alcoholic Ammonia.

A miXture of one gram of the diketone in 15 ac.
of ethyl alcohol, saturated with ammonia gt 0°, was heated
in a sealed tube at 100° for six hours. The mixture, which

was a deep purple colour at the beginning, became brown

toward the end of the reaction. 4 quantity of light brown
needles separated and was filtered out; they had a melting
point of 241°, and were identified as of,B-diphenyl-¥-benzal-
erotonolactam by a mixed melting point. The filtrate, after
treatment with Nuchar, was separated into more of the 241°
compound, and some A-phenacyl-«,B-diphenylacrylic amide,
M.P. 198-2000, identified by a mixed melting point.

(e) Reduetion of the Diketone.

By zine and acetic acid:

Ten grams of the diketone was added to a mixture
of 200 asc. of glacial acetic acid and 20 g. of zinc dust.
The mixture was refluxed for one half hour, when the reaction

was complete, as shown by the disappearance of the character-
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istiec yellow colour of the diketone. The hot supernatant
liquid was filtered by suastion into 400 cc. of cold water,
the precipitate allowed to coagulate, then washed thoroughly
with water and dried. The product was reerystallized from
methyl aleohol to yield 9 g. of a white erystalline solid,
m.p. 204-5°,

The compound was soluble in alkalies, and instantly
desolorized permanganate in acetone, and bromine in chloro-
form. 4&n attempt to make a 2,4-dinitrophenylhydrazone was
unsucecessful.

By hydriodic acid:

An intimate mixture of 2 g. of the diketone and
l g, of red phosphorus were added to 10 cec. of constant-
boiling hydriodie acid, and refluxed for two hours in an
all-glass apparatus. The mixture was cooled, the clear
liquid decanted from the solid resin, and the latter boiled
with two or three lots of sodium bisulphite solution during
one half hour. On cooling the solid was filtered off, wash-
ed with water, and dried. The organic material was dissolv-
ed away from the red phosphorus with boiling methyl alcohol,
the solution decolorized with Nuchar, and allowed to evapor-
ate. On trituration of the residual oil with ether,
brilliant white erystals separated, m.p. 204-5°. This
product was identical with that obtained by reduoetion with

zine and acetic acid.
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Found: €, 83.9, 83.5; H, 5.8, 5.8, (1). Mol. Wt. 345.

Oxidation ofe,B,§~-triphenyl- A3, 4-valeric acid (CXI).

3y chromic aeid:

One gram of the acid was dissolved in 10 ce. of
boiling glacial acetic acid, and to it was added dropwise
a hot solution of 0.8 g. of chromic acid in 10 ge. of
glacial acetic acid over a period of twenty minutes. The
reaction mixture was poured not into an evaporating dish,
1.2 g« of consentrated sulphuric acid added (sufficient to
convert all the chromium to the sulphate), and the mixture
heated on a waterbath until freed of all acetiec acid, loss
by evaporation being made up by the addition of water. After
cooling, the salt solution was poured off, the produst
broken up, washed and airdried. It was triturated with ether.
The soluble material on evaporation of the ether was a clear
yellow oil;-it was dissolved in ethyl acetate and ethyl
aleohol added to inceipient cloudiness. By this means an
i1l-defined yellow amorphous solid was obtained, m.p. 175-85°.
The insoluble material, weighing about 0.3 g. was
purified with difficulty. Crystallized in the above special
manner it was deparated as a pale yellow amorphous solid,
m.p. 230°, It was identified by a mixed melting point as
the high-melting isomer of diphenylsuceinic acid.

By permanganate:

To one gram of the acid in 20 ce. of gently re-
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fluxing acetone, 2.4 g. of finely-ground potassium perman-
ganate (a slight excess) were added in small quantities so
that the heat of reasction was sufficient to maintain the
reflux. The reaection was carried out in a closed system,
volatile products being swept out with a stream of nit rogen
and passed through a solution of caleium hydroxide. During
the reaction the deposition of only a trace of calcium
carbonate was noticed.

The precipitated manganese dioxide was filtered
out and washed repeatedly with acetone; the filtrate and
washings were evaporated to dryness and baked a few minutes
on the waterbath. The residue, which smelt strongly of
benzaldehyde, was steam-distilled, the distillate being
passed into a solution of phenylhydrazine. A4 small amount of
the phenylhydrazone of benzaldehyde separated and was identi-
fied by a mixed meltiig point.

The residue remaining in the distilling flask was
purified with difficulty. It was dissolved in methyl alco-
hol with the aid of a little chloroform, treated with Nuchar,
and allowed to cool, a yellow amorphous solid separated,

M.De. 225°, This was found to be the high-melting isomer of
diphenylsucecinic acid.
(d) Oxidation of the Diketone.

l. By nitric acid:

One gram of the yellow diketone was refluxed with

50% nitriec acid for three hours. On standing an oily solid
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separated, and was filtered out. Attempts to obtain a erys-
talline solid from it by trituration with various solvents
were unsuccessful., It was dissolved in ether and washed with
an aqueous solution of sodium bigarbonate. On acidification
of the latter, and crystallization of the precipitate with
chloroform a small amount of pale yellow solid was obtained,
m.p. 229-30°., It was identified as p-nitrobenzoic acid by
means of a mixed melting point.

From the ether layer on evaporation was obtained
a deep red oil. Attempts to form a phenylhydrazone, a bi-
sulphite-addition compound, or a copper enolate were un-
suascessful.

2. By sulphuric acid:

Five grams of the diketone were dissolved in 25 cc.
of concentrated sulphuric acid to form a thick red solution,
whieh was heated on a waterbath for two hours. It was allow-
ed to cool and poured into 200 g. of chopped ice and then
steam distilled. PFrom the distillate there was prepared
0.2 g. of the phenylhydrazone of benzaldehyde. The liquid
in the distilling flask was freed from about 0.5 g. of un-
changed starting material by filtering and then washing with
ether, and the ether extracted with sodium bisarbonate. The
only material which could be identified in the residue

obtained on evaporation of the ether was the 247° oxidation

product (CXIII).
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3. By selenium dioxide.

To a solution of 0.4 g. of selenium dioxide in
15 ee. of boiling dioxane, 1.0 g. of the diketone was added
and the solution refluxed for one and a half hours with
stirring. The precipitated selenium was filtered and the
filtrate poured into 100 ce. of water, ammonium chloride add-
ed to hasten coagulation and the product filtered. It was
dissolved in mixed chloroform and methyl alcohol and crys-
tallized as a yellow amorphous solid, m.p. 245°. A mixed
melting point proved it to be identisal with the product
obtained by Massey (1) by chromic acid oxidation.
Anal. Caled. for 046H50 4t c, 85.6; H, 5.3; Mol. Wt. 646.
Found: ¢, 84.8, 85.0; H, 5.1, 5.1; Mol. Wt. 716.

The compound was recovered unchanged after stand-
ing for many hours in chloroform solution saturated with

anhydrous hydrochloriec acid.
4. By potassium hypobromite.

To a freshly prepared solution of potassium hypo-
bromite, made by adding bromine to a 10% solution of potassium
hydroxide until the orange colour just failed to be discharged,
5 oce. of methyl alcohol were added, as a wetting agent, and
0.5 g. of the diketone. The mixture was shaken for three to
four hours and allowed to stand overnighﬁ. The insoluble
material was filtered out and washed thd%oughly with water
to remove adhering hypobromite. Melting point of the

insoluble material was 166° i.e. it was unchanged starting
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materigl.

Oxidation by potassium permanganate or chromic
acid was not attempted. Massey (1) reported that the former
gave ocarbon dioxide, benzaldehyde, and benzoic acid, and the
latter benzoic acid and the 247° compound (CXIII). We found
that, operating in ethyl bromide, ozmone gave traces of
benzaldehyde, benzoic acid, and the 247° compound.

5. By hydrogen peroxide.

To a solution of 0.5 g. of the diketone in 15 ace.
of acetone 10 ac. of 30% hydrogen peroxide at room tempera-
ture (containing 1/100 N acid) were added; a bright yellow
precipitate of the diketone separated. A 10% solution of
potassium hydroxide was added dropwise from & burette, each
successive drop being added only after the inecipient purple
coloration was discharged by shaking. This required 0.3 cec.
over a period of one hour. A deep yellow precipitate,
weight 0.3 g., was filtered out. m.p. 1859, It was satis-
factorily recrystallizedfrom methyl alecohol containing a
little ehloroform.

Anal. Caled. for CpzH,40z: C, 8l.2; H, 4.7; Mol. Wt., 340.
Found: ¢, 81.0, 81.2; H, 4.5, 4.5; Mol. Wt., 372.

The filtrate was slightly acid after decomposition of the
hydrogen peroxide, but no further products could be separated.

The new substance dissolved in warm aqueous sodium

hydroxide, it did not decolorize bromine, nor was it changed
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by anhydrous hydrogen chloride, or glacial acetic acid. 4
2,4-dinitrophenylhydrazone could not be prepared.

Action of Acetyl Chloride.

One gram of the compound was dissolved in 15 cec.
of acetyl oshloride. On evaporation a pale yellow crystalline
solid separated. It orystallized from a mixture of methyl
aleohol and chloroform in rosettes of cerystals, m.p. 155°,
4 methoxyl determination was negative.
Anal. Cald. for an acetate, 025H1804: c, 78.6; H, 4.7.
Cald. for a dehydration procduct, CpzHjis0g: C, 87.1; H, 4.3.
Found: ¢, 80,0, 79.8; H, 4,9, 4.8.
The same material was obtained, though less satisfactorily,
by refluxing an acetic anhydride solution of the compound.

VI Syntheses from Dibenzylketone and Benzoylformioc ester.

(a) The Unsaturated Lactone (C).

To a warm solution of 6.1 g. of dibenzylketone
and 8. g. of ethyl venzoylformate in 15 ecc. of absolute
ethyl alcohol (dried over Ca0), a fresh solution of sodium
ethylate (0.6 g. of sodium in 15 ce. of absolute ethyl
aleohol) was added and the solution refluxed for one hour.
The mixture soon became deep yellow in colour, and after
fifteen minutes a crystalline solid was deposited. At the
completion of the reastion, the mixture was acidified with
glacial acetic acid (eolour of acid solution, yellow),
cooled, and filtered. The pale yellow cerystalline mass of

lagtone was washed with a little alcohol, m.p. 172°, weight
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3.0 g. yield 27». This substance in the crystalline state
has a charaeteristic green tinge. It is best recrystallized

from normal propyl alcohol.

In order to learn to what extent the lactone was
converted into the diketone under the same operating condi-
tions as were used for the original butyrolaetone, 1 g. of
the lactone was added to 15 ee. of absolute methyl alcohol
containing 0.2 g. of sodium. The mixture slowly became pur-
ple; it was shaken for ten hours. The crystalline material
was filtered out and washed with methyl alcohol, m.p. 173°,
weight of unchanged lacutone 0.65 g.

The purple filtrate was acidified with glaeial
acetic acid and allowed to stand. 4 yellow grystalline
material separated, m.p. 166°, weight of diketone 0.15 g.
On evaporation of the alcohol solution to dryness a pale
yellow, oily residue was obtained. About 0.1 g. 0f the di-
ketone was separated from it.

Thus under the conditions, 25% of the lactone was
converted into the diketone.

(b) The Diketone (XCVII).

If the same quantities of ketone and ester were
used as for the preparation of the lactone, but the sodium
ethylate replasced by sodium methylate, the solution became
purple on refluxing and no solid deposited. At the end of

two hours the solution was acidified with glacial acetiec
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acid (purple colour changed to yellow) and diluted with
water to ineipient cloudiness. On cooling a deep yellow
mass of triphenyleyclopentendione deposited. It was filter-
ed out and crystallized from butyl ether, m.p. 165°. The
yield was almost quantitative.

The eompound was insoluble in phosphoric acid,
unchanged by alcoholic hydrogen chloride, or by alkali fusion.
(c) The Lastol (CVI).

A solution of 6.1 g. of dibenzylketone, 5.0 g. of
benzoylformic acid, and 30 cc. of absolute ethyl aleohol
containing 0.6 g. of sodium were allowed to stand at room
temperature for one hour. The gelatinous precipitate was
filtered out and acidified with acetic acid to yield a pale
yellow product, m.p.- 167° with sintering. It separated from
dilute acetic acid as a wihite substance, m.p. by "dip"
method 181°.

By the following progess it was converted into the
lactone: A quantity of the substance was added to phosphorus
oxychloride and the mixture warmed on a steambath to form a
clear yellow solution. This was cooled, ice added, and
decomposition completed by warming. The mixture was digested
with aleohol on a steambath, cooled, and filtered; the
melting point of the insoluble material was 163-4°%. 4 mixed
melting point showed this to be the lactone (C).

(i) The Primary Addition Product (CXII).

4 solution of 6.1 g. of dibenzylketone, 5 g. of
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ethyl benzoylformate, 0.5 g. of piperidine in 30 ce. of ethyl
alcohol was refluxed for five hours. On cooling and agitation
of the liquid 3.5 g. of a white orystalline material separat-
ed. Successive crops were obtained on evaporation; the
yield was nearly quantitative. It was recrystallized from
ethyl alcohol and separated as fine needles, m.p. 128°. It
was obtained equally well by the use of a trace of sodium
ethylate at room temperature.
Anal. Calcd. for CogHog04: C, 77.3; H, 6.2; OCZH5, 11.6.
Found: €, 77.0, 69.9; H, 6.0, 6.1; 0CoHg, 12.6.

This substance did not form the diketone on reac-
tion with alcoholates, but gave light coloured oils, the odor
of whieh resembled that of the components.

Adction of Acetyl chloride.

One half gram of the above compound was refluxed
for four hours with acetyl chloride. The residue left after
evaporation proved to be very soluble in most solvents, but
was satisfactorily recrystallized from methyl alecohol. The
derivative formed melted at 101°, (mixed melting point with
starting material, 90°).

Anal. Caled. for CpgHp405: €, 75.0; H, 5.8. Found: €, 75.1,
75.1; H, 6.0, 6.1.
VIII Phenyl «-phenylcinnamoyl diketone.

Attempted preparation from Benzaldibenzylketone.
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CoHsCHyCOCHCgHy  CgHgCCOCHaCqHs C¢H5GC0COC,Hs
+ HC1 ” Se0,
— 2,
C HsCHO 0 HsCH CgHgCH

A mixture of 10 g. of dibenzyl ketone and 12 g. of
benzaldehyde was saturated with anhydrous hydrogen chloride.
After standing for forty-eight hours, the solid reaction
product was broken up, washed free of oils with methyl
aleohol, and cerystallized from mixed methyl alcohol and di-
oxane, m.p. of the ketone 165-6°, weight, 11 g. A further
$ 8. were recovered from the filtrates. The yield of the
benzaldibenzylketone was almost quantitative.

To solution of 3.76 g. of selenium dioxide in 20
ce. of boiling dioxane, 10 g. of the unsaturated ketone were
added and refluxed with stirring for two hours. The reaction
mixture was filtered from selenium and added slowly with
stirring to 150 cec. of water. After standing for several
hours the insoluble material was filtered, washed thoroughly
with water and dried. On crystallization from mixed methyl
alcohol and dioxane there was obtained 5.5 g. of a white
erystalline solid, m.p. 200-201°.

Attempted Preparation of a Quinoxaline.

Seven tenths of a gram of o-phenylene diamine were
dissolved in 19 cc. of a 2:1 mixture of methyl alcohol and
dioxane, 1.4 g. of potassium acetate added and the mixture
boiled. To the filtrate 0.5 g. of the supposed phenyl

K~-phenyleinnamoyl ketone were added and the solution cooled;
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no quinoxaline separated but on consentrating and gooling a
substance, in the form of white leaflets separated, m.p.

147-8°. It did not have the appearance of a typical quinox-

aline,

Action of Sodium peroxide.

Two grams of sodium peroxide were added slowly to
10 cec. of ice water, followed by a solution of 1 g. of the
supposed diketone in 10 cc. of methyl aleohol, and the mixture
shaken for one and a half hours at room temperature. It was
then poured into 75 cce. of water and the insoluble material
filtered out; it proved to be unchanged starting material.
On acidification of the filtrate a small amount of a solid
was obtained, which crystallized from mixed methyl alcohol
and dioxane as a brilliant white substance, m.p. 171-2°., A
mixed melting point showed that it was not &«-phenylcinnamic
acid.

Action of Sodium Hypobromite.

A solution of sodium hypobromite was prepared by
adding 2 g. of bromine to 10 ece. of 15 % NaOH, and to this
was added 1 g. of the ketone. The mixture was mechanically
stirred for three hours. On dilution, the material recovered
was unchanged starting material.

Action of Bromine.

The ketone did not instantly decolorize a solution
of bromine in carbon tetrachloride, nor was there any de-

golorization on standing in the sunlight for two hours.
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Since none of these substances remotely resembled
any compounds of interest to this thesis, they were not

further investigated.

Dinitrophenylhydrazone of Ethyl Benzoylformate.

To 5 2. of boiling ethyl aleohol, saturated
with 2,4-dinitrophenylhydrazine, 1 cc. of ethyl benzoyl-
formate and 2-3 drops of concentrated hydrochloric aecid
were added, and the solution concentrated to half its volume.
On cooling fine orange needles of the hydrazone separated.
The compound was effectively recrystallized from ethyl

alcohol, m.p. 156°,



lll.

Summarz.

l. By the action of heat, or alkaline reagents the gamma-
bromoesters of «,B-diphenyl-¥-benzoylbutyric acid lose
methyl bromide and yield «,B-diphenyl-¥-benzoylbutyrolactone.
2. The butyrolactone is converted by alsoholic ammonia into
o, B-diphenyl-¥-hydroxy-¥-benzoylbutyric amide. In alcoholiec
hydrogen chloride the latter compound loses the elements of
water to form 1,3-diphenyl-l-carbamyl-2-benzoylcyclopropane.
Each reaction can be reversed by the use of appropriate
reagents.

3. Magnesium methylate forms a variety of products from the
butyrolactone, among which were isolated and identified
o,B-diphenyl-¥-benzoylbutyriec ester and two stereoisomeric
methyl «B-diphenyl-¥-hydroxy-¥-benzoylbutyrates. Of the
latter the higher melting isomer forms a dinitrophenyl-
hydrazone, both isomers give agetates, and new substanses by
the action of aleoholic hydrochloric acid. Magnesium methyl-
ate converts the lower isomer into the higher, and heating
converts both into the butyrolactone.

4. The action of sodium methylate is more drastic and only
secondary produets may be isolated. These comprise--«j5-
diphenyl-¥-benzoylbutyric acid, ofB-diphenyl-¥-benzalcrotono-
lactone, 2,4,5-triphenyleyclopentendione, diphenylmaleic
anhydride, diphenylsuccinic acid, and benzaldehyde.

5. A new synthesis of «,f-diphenyl-¥~benzalcrotonolactone

from dibenzylketone and benzoylformic ester is described.
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6. The crotonolactone can be converted into the eyelo-
pentendione by the action of alcoholates.

7. Both the cerotonolacstone and the diketone give the same
produets with ammonia--an open-chain ketamide and a lactam.
8. Reduction of the e¢yclopentenedione by zine and agetiec
acid, or hydriodiec acid gives an open-chain ¥,8-unsaturated
acid, the structure of which was established by oxidation to
diphenylsuecinic ae¢id and benzaldehyde.

9. The diketone is believed to be the first of its type--
a oyelopentendione not fused to a benzene ring. It shows a
marked resemblance to the l,3-indandiones.

10. 1Its behaviour with characteristic reagents was care-
fully determined. The most conspicuous property is the

formation of a stable deep purple enolate,
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