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1. INTRODUCTION

Polymers containing reactive groups have been
intensively studied in recent years.l The polymer contain-
ing reactive groups can undergo chemical reaction to make
new derivatives which possess completely different
properties from their parent polymers. It is also possible
to make a new polymer which is not accessible through
direct polymerization of the monomer by the chemical reac=-
tion of the polymer containing reactive group.

It is the objective of this work to make polymer
containing reactive group, by selective polymerization of
monomers with multi-functional groups. We have applied the
polymerization study on (a) OL-Ketoacids (b) Y =lactone
of citroylformic acid (dimer of oxalacetic acid)

(c) o—-Keto=-?y ~lactones.

In addition, new characterization data of OL=keto-

¥ =lactones are analyzed.

1.1 OL =Ketoacids

ct=Ketoacids exhibit in complexes properties which

2,3 In homopolar solvents

are not shown by the free acid.
OL=ketoacids form intramolecular resonance stabilized
proton chelate rings between the carboxy and t=carbonyl
group. This was especially manifested at low concentrations
(mole fraction £0.03) by an increased tendency to break up
the polymer or dimer structures in favor of monomer forms.

This feature, characteristic for ol -oxoacids and not found

in 7Y -oxocacids, decreased with increasing methylation of



pyruvic acid. Spectroscopic examinations also shown that
with increasing dilution and temperature the open-chain

form 2 became increasingly important. In the presence of

0 0
R-C — 7 R=C —- c/
T i \
e o} 0-H
'H
i 2

complexing metal ions, halogenation aé well as deuteration
of [3—CH bonds of ot-oxoacids was considerably accelerated.

3,4 was H¢Cd ¢ 2n

The order of effectiveness of acceleration
{Co {Ni {Cu (Al; This effect depended on acid-catalyzed
influence of the rate of transformation of the keto into
the enol form.

However, under the influence of divalent heavy metal
ions such as Ba(II), 2n(II), Hg(II), Co(II), Ni(II), the

pyruvate ions’6

also formed highly insoluble polymeric
salts having a metal to pyruvate ratio of 1:2. On the basis
of isolation of ot=ketovalerolactocarbonic acidié from
solutions of these salts dissolved in strong acid, wOlff5
had concluded that these compounds are salts of dimeric
pyruvate. The reaction mechanism of Ni(II) and 2n(II)
catalyzed pyruvate dimerization was proposed by Leussing7
via a two=step reaction: enolate formation of complexéd

pyruvate followed by addition of a second pyruvate to the

complexed enolate (carbanion).



9 § u* ="
- - - ,2 5 .<COOH
2CH,CC0,~ = 0,CCCH,CCO,” ——p 0 <y

3

While, two moles of methyl pyruvate reacted with
one mole of trimethyl phosphite to give a cyclic saturated
oxyphosphorane,8 which upon hydrolysis gave a liquid
mixture of the two diastereometric dimethyl C,C=dimethyl-

tartrates 4 .

co,CH, QCH,

cuyGm0,_ O3 CH,0CC~OH
P - 0OCH
2CH.CCO.CH., + (CH.O).P ™ v 3 H.O

3CCO,CH, 3075 CHyC=0 ’*oca3 20 , cnyocc-on

CO..CH OCH,4

2CHy s
9-11

It has been shown that the alkalli treatment of
pyruvic acid gives aldol condensation products with two,
three, four or more molecules. The double condensate
lactonized upon conversion to the free acid on ion-exchange
resin to give oi-keto-y -valerolactocarbonic acid 3 . The
triple condensate lactolizes to parapyruvic acid 5
(2-methyl=6-hydroxy=-3-dihydropyran, 2,4,6=tricarboxylic
acid). The quadruple condensate showed a reaction course

involving loss of water and ring formation followed by

hydrolysis and loss of oxalic acid to give methyldihydro-



trimesic acid § and uvitic acid 7 . At higher temperatures
and higher concentration of alkalies ring formation to

methyldihydrotrimesic acid 6 occured to a greater extent.

COH
CH..COCO.H pp2* '?éé’?ﬁ T2 g* l
3COCOH —— Ho-f ~ N i-:o S HOJ:;:L:CHB
or NaOH coy | % toj HO,,C co,H
co
2
2
OH H.C. .COONa
cr.coco.n NaOH, oy Lo na 3 i Foco Tyl
3 2 37 Na  —» HZC/ L_._,;r;’.% al
CH, | EHTH:
CoCo,Na Nao,C-Q____ g:ﬁ?ﬂ

CH. CO.H CH., CO.Na
2 3 05
HZSO4 H+
HO,C O,H HO.C— O.H
2 2 Nao, Co,Na

[
oo

Under the same conditions metapyruvic acid 3 and para=

pyruvic acid 5 are partly converted to pyruvic acid.

Aqueous pyruvic acid was decarboxylated12 by

aluminum(III) salts proceeded in all probability via the

intermediate parapyruvic acid 5 which is formed, preferen=-



tially in the presence of complex-forming metal ions, by
an aldol=type condensation of 3 moles of pyruvic acid. The
resulting hypothetical decarboxylated product rearranges
subsequently to the Y -lactone 8 of O -methyl-CQ -hydroxy-

. .
[ =carboxyl-adipic acid. Metapyruvic acid 3 is decarboxy-

0
]
C~OH Co,H CO H
3+
) Al .
e COH . I !:CH3 —s [ ]cH,

HO CHy  wco, CO,H COLH

3 8

lated apparently by the same mechanism to methyl succinic

acid.
HO
3+
=\ cH Al
o 3 HOZC?HZ
CO,H -Co, CH(Me )COHH

3

In Zn(II)=catalysed decarboxylationl3’14 of

oxaloacetate, the pyruvate dimer (metapyruviate 9) was

induced. It is inferred that the induced formation of

e
H
~CO +
2n(0,CCOCH,CO,) 22 Zn(OZCCOCHZ)?SFT>Zn(02CCOMe)

MeCOCO2

Zn [OZCCOCHZC(OH)MeC02]

2



metapyruvate occurs after Zn(oxalacetate) has lost Coz,
but before the final decarboxylated product pyruvate is
formed.

Kumlerls

had study the NMR of oxalacetic acid and
found that some other peaks besides the absorption peak for
oxalacetic acid were present in the water solution spectrum,
These peaks were not due to impurities in the original
oxalacetic acid. Some other species were evidently formed
when pure oxalacetic acid was placed in water. It was later

16 with the isoclation of the dimer

proved by Wiley and Kim
(Citroyl formic acid 10) which was formed from aldol

condensation of 2 moles of oxalacetic acid, with the loss

CO.H
] 2 ~-Co,
HO ,CCOCH ,CO yH —— HO ,CCOCH=C( OH) CH,COH —mes HOZCCO?HZ
O,H HO..CH.,CC=OH
272 |
. CO,H
N i 10 | 10
CH,COH 4
u

of carbon dioxide. The reaction goes in high yield at

pH 3=7, 25-30°C and in aqueous media. The citroyl formic

acid 10 is converted to its lactone 11 by dehydration.
In the presence of Zn(II) ion or proton-catalyst,

17 by aldol

the O =ketobutyric acid was dimerized
condensation. This dimer 12 exists in two diastereometric

forms. The possible mechanism involving 2:1 or higher



complexes of OL-~ketobutyric acid, 2n(II) ion serves to
catalyze the enolization of Ol=ketobutyric acid, so that
when one of Ol=ketobutyric acid complex is enolized,
another is close by in the coordination sphere to condense

with it. The dimer 12 can be gradually dehydrated in the

presence of 2n(II) to form an unsaturated compound, perhaps

the dehydrated dimer l3a and 1l3b..

EH fH3 H3CH2C\ /co?_ H3CH2C\ coy
CH3CH2—I —CHCOCO,,H ﬁ ;
CO,H /c o
H3C \cocoz "ozcoc \cn3
12

}=
V)]

[
w
o

The OL-keto acids form self-condensation products,
most of them are dimers. Pyruvic acid gives tetramer at
higher concentration of alkalies. There are possibly some
higher polymers which are not separated. Separation of the
higher polymer of pyruvic acid was attempted. Further
condensation reaction of the dimer of oxalacetic acid
(« =lactone of citroyl formic acid 10) was also studied at
different (a) reaction temperatures (b) reaction times

(c) concentration of the lactone in solution.



1.2 Polymers of Cb=keto-~Y =lactones

oL ~Tetronic acids are [J or y-substituted deriva-
tives of the parent acid 1l4. This form normally predomina=—
tes in the tautomeric system 14 2 15: non-enolisable forms,

i.e. those disubstituted in the [-positions possess very .

H Rl
HO- R o)
@1 — J—S(H
H & (o]
O 07 r
R, 2

14 15

different properties. The polymerizations:of OC=tetronic
acidS'gneeaspecially interest because of their multiple
functional groups~lactone, enol, carbon-carbon double bond,
which may be in competition with one another for polymeri-
zation. Under suitable conditions, Ot-tetronic acids may
be selectively polymeriéed through one functional group,

thus, the polymers obtained will contain reactive

functional groups. It is proper to review the polymeriza=-
tions on these functional groups before discussing the
results of our study on polymerization of O=tetronic
acids.

l1.2.1 Polymerization of lactones

Lactones undergo ring-opening polymerization to
polyesters with the use of a variety of cationic and
anionic catalysts.18

The cationic polymerization proceeds via attack on



monomers by a propagating center which is either the
oxonium ion 16 or the acylium ion 17 formed by unimole-
cular ring=opening of the oxonium ion. The anionic

polymerization probably proceeds by acyl oxygen cleavage

0
e wwwO(CH,,) IC
+-(CHZ)m 2'm-*
16 17

of the ring. This mechanism is consistent with the fact
that the base saponification of esters generally proceeds
by means of acyl oxygen cleavage, i.e. cleavage of the

bond between the carbonyl carbon and the non=carbonyl

0]
1 /\ icl) if
- ..q -
MC(CHZ)mO + O--(CI-Iz)m M-(CHZ)mOC(CHZ)mO

oxXygen. However, alkyl oxygen cleavage has been suggested
for the reactions of some lactones and their polymerization
may proceed19 by way of the carboxylate anion as the
propagating center.
o]

0

o _ N -
Mcaz)mc—o + o-(cuz)m m(cnz)mcoz(CHz)mcoz

In the absence of any termination reactions, the
system should lead to 'Living polymer' and the molecular

weight of the polymer should be inversely related to the

concentration of the active catalyst species.



Longi20 and co=-workers have examined the anionic

polymerization of unsaturated lactones. The lactone of
S5=hydroxy-2-hexenoic acid was found to polymerize in the
presence of metal amidic compounds. The soluble polymer was
found to have been generated exclusively through reaction

of the double bond to generate polymers of the structure 18,

- — T

CH
CH, 3
18

In view of this result, it is interesting that

Ohse and Cherdron?t

investigated the polymerization of
ﬁ-substituted-ﬁ-lactones in the presence of zinc alkyls.
They found that this polymerization was so specific that
even when a second polymerizable group (vinyl or epoxy) was
present, polymerization proceeded exclusively wvia the
lactone group. The substituted [3-propiolactones which they
investigated and the resulting polymer structure as demons-—
trated through infrared spectra were shown in Fig. 1:

These polymers could be readily prepared at room
temperature. Even in those cases where the substituted
functional group is known to be polymerized by zinc alkyls

(e.g. epoxy group) the lactone ring was selectively

attacked.

10
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"Pig.l: Polymerization of [=lactones
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Cox and Hostettler's study22

on the effect of ring
substitution and susceptibility to polymerization have
shown that ring substitution of lactones tend to stabilize
the ring relative to the polymer and the total number of
organic substituents attached to the carbon atoms contained
in lactone ring should not exceed four and preferably
should not exceed three. This observation is undoubtedly a
consequence of the thermodynamic stability of the ring. It
is also probable that the location and size of the ring
substitﬁents will have a pronounced influence on
polymerization rate.

It is significant that, of the simple unsubstituted
lactones, only °Y/-butyrolactone is apparently not polymeri=-
zable under conditions where the four-, six, and seven-
membered rings readily homopolymerize.

l.2.2 Polymerization of alkenes

A wide range of carbon-carbon double bonds undergo
chain polymerization24 by radical or ionic initiators.
Whether an alkene polymerized by radical, anionic, or
cationic initiator depends on the inductive and resonance
characteristics of the substituent present. The effect of
the substituents manifests itself by its alteration of the
electron-cloud density on the double bond and its ability
to stabilize the possible radical, anion, or cation formed.

Electron-=pushing substituents such as alkoxy,
alkyl, alkenyl and phenyl increase the electron density on

the carbon=carbon double bond and facilitate its bonding

12



to a cationic species. Further, these substituents
stabilize the cationic propagating species by resonance.
Thus, monomers such as isobutylene, styrene, methyl vinyl
ether and isoprene undergo polymerization by caticnic
initiators. The effect of alkyl groups in facilitating
cationic polymerization is weak and it is only the
l,l-disubstituted alkenes which undergo cationic
polymerization.

Electron-withdrawing substituents such as cyano and
carbonyl (aldehyde, ketone, acid, or ester) facilitate the
attack of an anionic species by decreasing the electron-
density on the double bond. These substituents also
stabilize the propagating anionic species by resonance.
Alkenyl and phenyl substituents, although electron-
pushing inductively, can resonance stabilize the anionic
propagating species. Thus, monomer such as styrene and
1,3=-butadiene can therefore, undergo anionic as well as
cationic polymerization.

Contrary to the high selectivity shown in cationic
and anioinc polymerization, radical initiators bring about
the polymerization of almost any carbon-=carbon double bond.
Radical species are neutral and do not have stringent
requirements for attacking the Tr-bond or for the stabili-
zation of the propagating radical species. Resonance
stabilization of the propagating radical occurs with almost

all substituents. Thus, almost all substituents are able

13



to stabilize the propagating radical by delocalization of
the radical over two or more atoms.

l1.2.3 Polymerization of o, ﬁ ~unsaturated~ Y «lactones

The first attempt to polymerize unsaturated
Y =lactone were made by Marvel and Levesque.25 From the
lactone of 7Y ~hydroxyangelic acid 19 , with BF3.ether as
the initiator, these authors obtained a dark red, tacky
mass having a molecular weight of 800-900 (ebullioscopic).

In addition to 7y -lactone groups, the polymer still

contained about 25% of its hydroxy and carboxyl groups.

CH3 CHi\ $H3 \
o — & L
0 O 0] é :

19

Ohse and Cherdron26 had obtained solid polymers
from unsaturated- Yy ~lactone of ‘y-hydroxycrotonic acid,
with triethylamine as the initiator. The polymer are only
soluble in strongly polar solvents (dimethylformamide or
formic acid). On the basis of the IR spectrum (The
¥ =lactone absorption at 1765cm™* is retained, and the
absorption of C=C bond at 1675cm—l disappears). The polymers
were assigned to have structure 20.

The poly=-lactone 20 reacts with inorganic acid
halides (e.qg. PClS or SOC12) to give polymeric 7 -halogen-

oacyl halides, from which the esters of the 7/=halogeno

14



acids can be directly obtained by treatment with alcohol
(Scheme la). In the presence of 2nCl,, poly-lactone 20
reacts with HCl to give the polymeric ester of the

7 =hydroxy-carboxylic acid and a little of the ester of

the < =chlorocarboxylic acid are formed (Scheme 1lb). The

/_“\

y /
NC) ('cl;"o)n \Hg i‘-’c) ('JH OH

Scheme 1 : Reactions of poly=7y -hydroxycrotonolactone

poly=-lactone 20 dissolves in aqueous sodium hydroxide

solution to give the sodium salt of the corresponding



polymeric <Y-hydroxy acid (Scheme 1lc). The original polymer
is recovered on acidification. Reaction of potasium cyanide
with poly-lactone 20 in anhydrous dimethyformamide gives
the salt of the 7/ =-cyanocarboxylic acid (Scheme 1d).
Poly-lactone 20 also reacts with an exess of the amine in
organic solvents to give polymeric  Y-hydroxycarboxamide
(Scheme le). Upon reduction with LiAlH,, poly-lactone 20
gives a water-=soluble polymer of 2=butene-l,4~diol

(Scheme 1f).

l.2.4 Svyntheses of OL-=Tetronic acids

The field of Ol.=tetronic acids, after a thorough
synthetic exploration in the forties by Schinz and

27=29

co=-workers, has gained in interest recently as its

representatives were encountered among the degradation
products of the important antibiotic, cephalosporin C30,
and were subsequently utilized as intermediates in the
total synthesis of the cephalosporin C nucleus.sl-37 Some
of Ol=tetronic acids which possess intense aroma have been

38-44

used as food flavoring agents. There are several

methods of preparing Ol=tetronic acids:

l.2.4.]1 Condensation of ethyl oxalacetate with aldehyde
The first preparation of a Oktetronic acid was

done by Wislicenus,45 who prepared apketo—,B-carbethoxy—

¥ -phenyl-7Y -butyrolactone (ketophenylparaconic ester) 21

by condensation of ethyloxalacetate with benzaldehyde in

presence of diethylamine, followed by acidification. Gault

successfully obtained ketoanisylparaconic ester, ketoortho-
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nitrophenylparaconic ester 22, ketometanitrophenylparaconic
ester 23 , ketoparaoxyphenylparaconic ester by applying
Wislicenus' method to substituted benzaldehyde. However,
the ethyl oxalacetate condensed with salicylaldehyde under
the influence of diethylamine giving, not a ketoarylpara-
conic ester, but salicylidenemonoxalacetic ester by the

elimination of one molecule of water.

CHO
fOCOZCZHS 1. (Et)ZNH
—_—
CH,CO,C H. *
2-7272'5
R 2. H2504

(R=H)
(R=o-nitro-)

[ACT [\S 3 1V
(VSO AN | o)

(R=m=-nitro-)

Later, Ga.ul’cl]"7 modified the method by condensation
of ethyl potassium oxalacetate 24 with formaldehyde to
form O-ketoparaconic ester 25 and a side product
B-hydroxymethyl-cx-ketoparaconic ester 26, resulting from
1 mole of 24 and 2 moles of formaldehyde. Compound 26
decomposed on heating to 25 and formaldehyde. Similarly,
the 7-alkyl ketoparaconic esters were obtained from the
reaction of 24 with appropriate aldehydes?8 It is assumed
by Gault that the aldehyde reacts in the hydrated form,
adding to the enolic double bond of 24 and the unstable

enol thus formed spontaneously and simultaneously loses
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1l mole of water and 1 mole of alcohol with formation of

ketoparaconic ester.

KOC=CHCOZE; KOC(OH)CHCOzEt
+ RCH(OH), — | I
COZEt Et02C HOCHR
COCEt HO
0 CHZOH — COzEt K — OzEt
+ 0 H o H
0 0 R R
26 25 (R=H)

The Ol=keto= ,ﬁ-Carbethoxy- ¥ -alkyl= Y =butyrolactone
can be degraded by cleavage of ketoester with acid to the
corresponding Ol-keto= 7y =alkyl- ¥Y=-butyrolactone with free

,E-position.:”"29

The cleavage of ketoester becomes more
difficult with higher <y-alkyl groups. The oOi-keto-/[=-
carbethoxy=- 7 -aryl =Y =butyrolactones can not be degraded
by the reaction with acid to Ol-keto=7y =aryl=-7Y -butyro=

lactones.

l.2.4.2 Condensation of ethyl oxalate with ester followed

hydroxyalkvlation

Reaction of diethyl oxalate with ethyl propionate
in the presence of sodium ethoxide gives ethyl ethoxalyl=-
propionate which was then condensed with formaldehyde to
give Ol=keto- B-carbethoxy— ﬁ—methyl- Y =butyrolactone.
Similarly, reaction of diethyl oxalate with appropriate

ester followed by further condensation with proper

18



aldehydes can give resonable yield of a»keto-lﬂ—carbethoxy-
,B-alkyl-'y -alkyl=- Y -butyrolactones. However, reaction of
ethyl phenyloxalacetate with formaldehyde did not give the
expected product= O.-keto-[3 -carbethoxy- [-phenyl-" -butyro-
lactone 27 , and only ethyl-oa-phenylacrylate was obtained.
Schinz49 suggested that the ethyl- Ol=phenylacrylate was
formed by decomposition of 27 in basic media. It was later

studied by Galantay and co-worker?O

they found that the
intermediary hydroxymethyl products was unstable under the
mild basic condition, which underwent fragmentation to the

acrylic ester derivatives.

BtOZC@-CH—COZEt + HCHO ——xx—> Oﬁg

51,52 extended the Schinz's method to

Couquelet
methyl ketones by treating acetophenone with diethyl
oxalate to give ethyl benzoyl pyruvate which was then
hydroxymethylated to give Olketo- ﬁ—benzoyl-y-butyro—
lactone. Wifh cx-keto-ﬁ?-methoxypropionoyl-y -butyro-
lactone 28 , it is possible to cause ring closure to give
the corresponding reduced Yy-pyrone butenolide 23 by

elimination of methanol.°t?>>
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0
0=C=OEt I

>c==o + —_— R'c\ﬁn HCHO
1, 0=C~OEt /c__fo'-‘-
E£O=
g |
g CH.,OH
-

2v)
ﬂ
o =
A
s
[}
/
\(£=rﬁ\
o o1
N

Eto—j
0
I | 3
e~ ~CH,OH
HO 5 L
CH,
28 29

l.2.4.3 Condensation of O =ketoacid withyg;gehydes

Acid=-catalysed condensation of o-nitrobenzaldehyde
with 2 equivalent of pyruvic acid gives the enol-=lactone 30

in 60-80% yield.ss Parallel experiments with me-nitro-

HO
H
CH,COCO,H  + @-cno  —
NO, @-No2

(o=nitro=)
(m=nitro-)

wlw
(@]

benzaldehyde resulted in rather poor yield of mixtures
difficult to separate. Using either hydrogen chloride or
methanesulfuric acid as catalysts, the expected 7/ =lactone
of 2,4~dihydroxy-4~(m-nitrophenyl)=crotonic acid 31

was
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obtained in 23-51% yield. With a minor product m=nitro=
benzylidenepyruvic acid.
Condensation of 2=oxocbutyric acid with aldehydes in

57 to

the presence of concentrated sulfuric acid is reported
give Ol-keto=-7 ~alkyl=- Y -butyrolactones. Condensation of
butyrylpyruvic acid with aromatic aldehydes in the presence

of piperidine leads to the formation of OL=tetronic

acids 33.58
n-C3H7C —OH
- piperidine_
n=C,H,COCH,COCO,H + @-cao > ¢ o

32

However, the condensation of pyruvic acid with
formaldehyde in the presence of acid did not give the
expected O=tetronic acid, a methylene bis~c =tetronic acid

was obtained.sg-61

H OH
2CH.COCO,H + 3HCHO ———) — -
3 2 0 0 o)

l.2.5 Reactions of Ol-keto=-¥ ~lactones

l1.2.5.1 Reactions of cc—keto-‘B-QQrbethoxy-‘Y—alkylbutyro-

lactones
0L =Keto- [J-carbethoxy-7 =alkylbutyrolactones 33

can be brominated in aqueous methanol to form cx-keto—lj-
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bromo= [J-carbethoxy-7 =alkylbutyrolactones 34. Treatment
of 33 with aqueous potassium bicarbonate, potassium
hydroxide, ammonium hydroxide or phenylhydrazine splits out
oxalic acid as the salt or hydrazide and forms ethyl=ol-

62=64

bromoacrylate, The reaction is proceeded by way of

HO cozxat o COLEt
o:Cj(H —-> 0 OH Br =y -,
R 0 OH N
4
R

o OH "B/‘

xr

=0 + RCH=&-C028t

alkaline cleavage of the carbon=carbon bond followed by
elimination of a hydrogen oxalate ion to give the [3-alkyl
Ol=bromcacrylic ester.

Fusing 1 mole of a-keto-ﬁ-carbethoxy-y =-butyro-
lactone 25 and 2 moles of urea gives 2-0x0-1,2,3,4~

tetrahydro-5,6-pyrimidine dicarboxylic acid monoethyl ester
65

mono--NH4 salt. Under certain conditions, the fusion of
HO COZEt
(10] Et
° + H NéNH —_— co NH

25

0
[
HZNCNHZ.Hz;f:iS—COZEt
0
0
5

3
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lactone 25 and urea leads to a 1l:1 addition product, which
is considered to be urea enolate 35.

l.2.5.2 Reaction of ot-keto:ﬁ-methyl— ﬁ-carbethoxy-'y -

butyrolactone (36)

Addition of an equimolar amount of MeMgI 37 to
lactone 36, gave oL,/ -dimethyl—Ct=hydroxy~ [ =-carbethoxy-

Y=butyrolactone 38. 66

With 3 moles of MeMgI to 1 mole of
lactone 36, o, ﬁ -dimethyl-a-hydroxy-[} ~(l=hydroxyiso=-
propyl)=7 =butyrolactone 39 was obtained. The reversed
procedure (addition of an equimolar amount of 36 to 37)

gave a mixture of products resulting from the initial

excess of MeMgI 37.

Me

' Me Me
Zz__s_cozst chozzt
+ MeMgl —————
0 0
36 2 38
Me Me 1€
HO ‘,:"Me
o) OH
0
39

l.2.6 Pyrolysis of O=keto=-7Y =lactone derivatives

When Ol=keto-/} -phenyl=-<y -lactone 40 was heated,®’

carbon monoxide and carbon dioxide were evolved, and a
mixture of atropic acid 41 and styrene was formed. The

mechanism was proposed that the lactone 40 was first
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converted to phenylmethylene pyruvic acid which then under-—
went (a) by decarboxylation to give atropic acid 41 (b) by

decarbonylation and decarboxylation to give styrene.

HO__ P 0 ® A C_H.CCOCO.H
> e} 6 5§ 2
0. — o0 CH,,
0 0 '
40 (b (a)
CO + CO, + C HCH=CH, csﬂsﬁcoza + CO
CH,
41

However, in Schinz's report, pyrolysis of o -=keto=-
[ =methyl- ¥ -butyrolactone 43 at 300°C only O -methyl
acrolein 44 was obtained, which was produced by decarboxy=-

lation of the lactone 43.

H Me 0 Me A Me
OZ S - OQOS ———7//"\( + CO,
H

43 44

Also, upon pyrolysis of 7Y -alkylsubstituted Ol-keto

-7 =lactones, l?-alkyl acrolein was obtained in low yield

o) H A
o —_— RCH=CHCHO
: g;\ <R
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But, pyrolysis of enol=lactone with a carbethoxyl
group on [3-positioﬁ, did not give the expected acrolein.
Upon pyrolysis of Ol-keto- ﬁ-carbethoxy-y -isopropyl=y -
butyrolactone 45, the [3-isopropyl ethyl acrylate was

separated in 30% yield.

A
HZ;T=T§;§OZEt —_— (CH,) ,CHCH=CHCO,E£
0
0) CH(CH3)2

CO.Et
(cna)ZCHCH=c’ 2

CHO
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2. EXPERIMENTAL

2.1 Reactions of Pyruvic acid

2.1.1 Preparation of Ol-keto—-¥ =valerclactone-y —carboxy-—

lic acid (3)

The pyruvic acid was distilled under reduced
pressure. The pyruvic acid was obtained by collecting the
fraction boiled at 62-70°C/l4mm. The residue obtained from
distillation was allowed to stand at room temperature
overnight. The o0ily residue was solidified. The solid was
washed with benzene. The compound had MP=117-118°C (lit9
118°C), NE = 80.2 (calc. 79). Mass spectra : m/e at 158

(molecular ion), 113 (M—COZH), 85 (M=-COOH~-CO), 70 (CHZCOCOL

2.1.2 Preparation of Y =lactone of O =hydroxy— X-methyl-

Y =carboxyl—-adipic acid (5) -

To 70 ml of 10% solution of pyruvic acid was added
70 ml of 25% sclution of lead acetate, the solution was
allowed to stand overnight at room temperature (25-30°C).
The lead-salt of para-pyruvic acid was filtered and washed
with water. The lead salt was neutralized with 6N sulfuric
acid. The lead sulfate was filtered. The filtrate was
evaporated under reduced pressure. The oily residue was
then dried under high vacuum to give yellow=-porous solid.
The crystalline product 5 as reported by Waldmarm9 was
not obtained. The porous solid had NE = 99.2. This is
probably the decarboxylated product-lactone 8 (Calc. 101)

from the titie compound.
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2.1.3 Preparation of methyldihydrotrimesic acid (6)

Pyruvic acid (5g, 0.057moles) was added dropwise
to an ice=-cold solution of 1llg (0.275 moles) of sodium
hydroxide in 20 ml of water. The color of solution was
changed to pale yellow. The solution was refluxed on steam
bath for three hours. The color became deep orange and a
yYellow precipitate was formed. The precipitate was filtered.
The filtrate was acidified with conc. HCl (ca. 25 ml), the
precipitate of MDTA 6 was collected and recrystallized
from ethanol at. temperature below 60°C. The yield was 1.5g
(46.6%). MP = 218-225°C (dec.) (1it.'0 253°C). NE = 80.1
(calc. 75.3). Repeated recrystallization did not improve
the melting point. NMR (acetone-dG): 1.08ppm(s, 3H),
2.73ppm(AB quartet, 2H), 7.40ppm(broad, 7H). The compound
may be a hydrated MDTA 6.

2.1.4 Preparation of 2—meth03176—methyl-2,4,6-tricarbo-

methoxy=5,6-dihydropyran
A mixture of 50 ml of 10% pyruvic acid and 50 ml of

25% lead acetate was allowed to stand at room temperature
for 4 days. The lead salt of parapyruvic acid was collected
and acidified with 6N sulfuric acid, the lead sulfate was
filtered. The filtrate was evaporated under reduced pressure.
The oily residue was then dried under high vacuum to give
yellow~porous solid. The solid was dissolved in 100 ml of
anhydrous ether, the solution was cooled in ice=bath. A
solution of diazomethane in ether was added dropwise to the

ice=cold solution until the yellow color persisted. The
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solution was stirred for one hour. After evaporation of the
solvent, a viscous oil was obtained. Mass spectra showed

m/e at 271(M-OCH;), 243 (M-CO,CH;), 211, 183, 169, 141, 127.

2
NMR (CC14): l.56ppm (t, 3H), 3.26ppm (d, 3H), 3.30ppm (m,2H),
3.68ppm (d, 3H), 3.78ppm (d, 6H), 6.73ppm (1lH, m). There are
some absorption peaks from impurity around 1.1-2.95ppm.

2.2 Reactions of citroyl formic acid lactone

2.2.1 Preparation of citroylformic acid lactone (11)

A solution of 15g of oxaloacetic acid in 50 ml of
water was adjusted to pH=3 with 20% sodium hydroxide (3.3ml)
and allowed to stand overnight at 25-30°C. Carbon dioxide
was evolved during the period. The solution was decation-
ized by passing through an acidified ion-exchange resin
(300 meq Dowex 50W=X8) and evaporated to dryness under a
vacuum evaporator at 35°C. The final drying was completed
in a wvacuum desiccator over anhydrous calcium sulfate to
give 8g. The dried residue was partially dissolved in a
minimum amount (25 ml) of warm, dry acetone. Nitromethane
(dry, about 4 volumes) was added to incipient cloudiness.
The mixture was filtered and the solution was allowed to
stand at room temperature to deposit crystals. Recrystalli-
zation gives the pure lactone of citroylformic acid,

6 160~-164°C),

MP=167-171°C(dec.), turn brown at 164°C (1it.t
NE = 69.2 (calC¢ 67-9)0

2.2.2 Methylation of citrovlformic acid lactone (11)

A mixture of 0.7g of title compound 11 and 30 ml

of anhydrous ether was cooled in ice-bath. A diazomethane
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solution (0.02 moles in 35 ml of anhydrous ether) was added
dropwise to the ice—=cold mixture until the yellow color
persisted. The solution was stirred for one hour. The solu-
tion was heated in a water-bath at 35°C to expel excess
diazomethane, the solvent was removed. The olly residue was
solidified on standing. The solid was washed with cold
ether. The ester has MP= 75-76.5°C, NMR (acetone-ds):
3.17ppm (AB quartet, 2H, -CH2C02CH3), 3.6%9ppm, 3.77ppm,
3.85ppm (s, 9H,-C02C§3), 6.15ppm (s, 1lH, vinyl H). Mass
spectra: m/e at 244.0556 (molecular ion, calc. 244.0581 for
C10312°7)} 213, 200, 185, 143, 115, 101, 57.

24243 Methvlation of trimethyl oxalocitrolactone ester

A mixture of 0.5g of the title compound and 25 ml
of anhydrous ether was cooled in ice-=bath. A diazomethane
solution (0.02 moles in 35 ml of ether) was added dropwise
to the ice=cold mixture until the yellow color persisted.
The solution was zllowed to stand overnight under the hood
to expel excess of diazomethane, the ether was also evapo-
rated off. The white solid was washed with cold ether. The
product has MP=85-89°C, mass spectra: m/e at 302, 271, 258,
243, 211, 201, 199, 185, 173, 143, 115.

2.2.4 Condensation reactions of citroylformic acid

lactone (11)

Citroylformic acid lactone 11 (0.5g) was dissolved
in 5 ml of nitromethane and 2 ml of acetone, the soclution

was refluxed for 20 minutes. The precipitate was collected
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Table 1 : Reaction data of citroylformic acid lactone 11

HO
@ COOH
CH,COOH

i
Solvent Conc. Reaction Reaction Neutralization
g/ml temp;(oc> time(hrs.) equivalent

68.22

THF 1 67 2¢5 75.00

THF 1.3 67 10.0 75.59

THF 22.8 67 2.0 86.83

EtOAc 1 77 3.0 71.92

CH3CN S 8l.6 0.5 72.48

CH3NO2 2.86 90-98 15(min.) 70.04

CH3N02 1.4 90-98 1.0 ‘83.46

CH3N02/ 20 90~-98 20(min.) 95.89

acetone

CH3N02 1.3 101 4.0 106.58

Dioxane 20 101 10(min.) 80.68

Dioxane 20 101 3.0 90.,50
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and the solvent of the filtrate was evaporated off. Both
the precipitate and residue were vacuum dried and titrated
with 0.100N sodium hydroxide solution. The higher neutrali-
zation equivalent of the two components was recorded. Simi-
lar reactions were run by varying the concentration of the
solution, solvent, and reaction time.

All condensation reaétions of lactone 11 with
pertinent data are presented in Table 1.

2.2.5 Methylation of poly={(citrovlformic acid lactone)

The citroyl formic acid lactone 1l (5.5g) obtained
from condensation of oxalacetic acid was dissolved in 12 ml
of warm, dry acetone, 50 ml of nitromethane was added to
incipient cloudiness. The mixture was filtered and the fil-
trate was. allowed to stand at room temperature to deposit
" crystals. The crystals were filtered, the filtrate was con-
centrated to give second crops of crystals. The mother
liquor was evaporated to give oily residue. The residue was
dried under vacuum overnight. The o0il was titrated with
0.100N sodium hydroxide solution. NE= 86.58. A mixture of
0.5g of olily residue and 30 ml of anhydrous ether was
cooled in ice-bath. A solution of diazomethane in ether was
added slowly to the ice~cold mixture until the yellow color
persisted. The mixture was stirred for one hour in ice-~bath
After evaporation of the ether, a viscous oil was obtained.
Mass. spectra showed m/e at 443, 393, 381, 344, 330, 312,
301, 299, 272, 261, 257, 229, 185, 171. The lactone was

polymerized with decarboxylation.
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2.3 Preparation of O ~keto=Y =lactones

The ethyl sodium oxalacetate used in the prepara=-
tion was recrystallized from methanol. There was no detec-

table amount of ester exchange from the NMR spectra of the

- condensation products.

2.3.1 oL =Keto-[ =Carbethoxy-" =butyrolactone (25)

To a suspension of 14.7g (0.07 moles) of ethyl
sodium oxalacetate in 80 ml of water at 5°C was added 6.5
ml (0.08 moles) of 38% formaldehyde. The mix:ture was
stirred at room temperature for several hours. The result-—
ing mixture was then acidified with 6N H,S0,. The white
precipitate was filtered, washed with ice-water and recrys-—
tallized from benzene. The yield was 9.6g (78.1%). MP= 107-
108°% (1it.%” 108%), uv N MeEhENOLl, H54ny (e a11,500),

302mu (& =3,125). NMR (acetone—ds): 1.32ppm (t, 3H,

-~OCH q§3), 4.26 (q, 2H, -OCgZCH3), 4.93ppm (s, 2H, -0CH,~-,

2
ring proton), 8.7lppm (broad singlet, 1H, enol H).

2.3.2 &t =Keto- ,B-carbethoxy-y -methyl="7 =butyrolactone

(46)

A solution of 6.3 ml (0.12 moles) of acetaldehyde
in 10 ml of water was added slowly to an aqueous suspension
of 21g (0.1 moles) of ethyl sodium oxalacetate in 100 ml of
water at 5°C (white precipitate was formed), stirred at 5-
10°C for 2 hours and at room temperature overnight. The
resulting mixture was then acidified with 18 ml of &N

sulfuric acid and extracted with 150 ml of ether. The ether

layer was dried over anhydrous sodium sulfate. After evapo=-
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ration of ether, the residue was distilled under reduced

pressure. The product was collected at 108-112°C (1mm)

(1it.28

108-115°C at 0.15mm). NE = 186.4 (calc. 186).

NMR (acetone~d6): 1.37ppm (t, 3H, =-OCH CH3), 1.54ppm (d, 3H
~CHCH,), 4.38ppm (q, 2H, -OCH 5CHy), 5.17ppm (q, 1H, =CHCH,)
8.65ppm (broad singlet, 1lH, enol H).

2.3.3 oL =Keto= [—carbethoxy= Y~ethyl=" =butyrolactone(47)

To a suspension of 31lg (0.1l5 moles) of ethyl sodium
oxalacetate in 200 ml of water at 0-5°C was added 6g
(0.17 moles) of propionaldehyde. After stirring at room
temperature for 10 hours (white precipitate was formed),
the mixture was acidified with 6N sulfuric acid and extrac-
ted with ether. The ether layer was dried over anhydrous
. sodium Sulfate. The ether was remowved by evaporator. The
residue was distilled under reduced pressure, 19.6g of the
lactone 47 (65.3%) was collected at 112-115°C (0.5-lmm)

28

(1lit. 121-125°C at 0.5mm). NMR (acetone-de): 0.97ppm (t,

2

-&HCH ,CHy) 5 4. 37ppm (q, 2H, -OCH,CH,), 5.12ppm (AB quartet,
3 2E |

1H, —O&gCZHS), 8.77ppm (broad, 1lH, enol H).

2.3.4 O —Keto= [J=carbethoxy="Y =(n=propyl)="Y =butyro-

lactone (48)

A solution of freshly distilled butyradehyde (20 ml,
0.23 moles) in 25 ml of ethanol was added slowly to an
aqueous suspension of 44.5g (0.21 moles) of ethyl sodium
oxalacetate in 200 ml of water. After stirring at room tem~

perature for 10 hours (white precipitate was formed), the
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mixture was acidified with 35 ml of 6N sulfuric acid and
extracted with three 100 ml portions of ether. The combined
ether layer was dried over anhydrous sodium sulfate. The
ether was removed by evaporator. The residue was distilled
under reduced pressure, 26g of the lactone 48 (57.8%) was

28

collected at 120-130°C (1mm) (1it.<® 131-133°C at O.lmm).

2.3.5 Bis= (¥ =( 0L =keto= B-carbethoxy- v -butyrolactone))

(49)

To an ice=cold mixture of 26.5g (0.12 moles) of
ethyl sodium oxalacetate in 200 ml of water was added 10.5
ml of 40% glyoxal solution. The mixture was stirred at 0-
5°C for 2 hours (clear light=-brown solution) and stirred at
room temperature for several hours. The mixture was then
acidified with 6N sulfuric acid. The white precipitate was
collected and recrystallized from ethanol. The yield was
79 (34.1%). MP = 195-201°C (dec. turn brown at 178°c, lit?z
192°C). NMR (acetone-d.): 1.38ppm (t, 3H, ~OCH,CH,),
4.43ppm (q, 2H, =OCH,CH;), 5.82ppm (s, lH, =OCH-, ring
proton), 8.63ppm (broad, 1lH, enol H). Mass spectra: m/e at
342 (molecular ion), 314, 252, 224, 194, 172, 143, 97, 69.

2.3.6 Bis-ggy-(<x-keto-[3-carbethoxy-7/-butyrolactone)] -

l,4=benzene (50)

A solution of 1.9g (0.014 moles) of terephthalde-
hyde in 20 ml of ethanol was added slowly to an aqueous
suspension of 5.4g (0.026 moles) of ethyl sodium oxalace-
tate in 40 ml of water at 5°C. The mixture was stirred at

room temperature for several hours. The resulting mixture
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was acidified with 6N sulfuric acid. A white precipitate
was formed. The precipitate was collected and recrystal-
lized from ethanol. After recrystallization from ethanol,
the lactone 350 was obtained in 46.4% yield (2.54q).

MP= 192-195°C (dec., turn orange at 183°C). NMR (acetone-ds)

1.13ppm (t, 3H, -CCH,, CH ), 4.07ppm (q, 2H, =OCH CH3),

2
6.04ppm (s, 1H, ring proton), 7.36ppm (s, 2H, phenyl H),
6.98ppm (broad, 1H, enol H)., Mass spectra: m/e at 418
(molecular ion), 374, 346, 301, 276, 249, 213, 185, 149,
115, 105.

2.3.7 OL=Keto= [J=carbethoxy=-7Y =phenyl-="Y =butyrolactone

(1)
To an aqueous suspension of 12.4g (0.06 moles) of
ethyl sodium oxalacetate in 80 ml of water at 10°C was
added 7 ml of freshly distilled benzaldehyde. The mixture
was stirred at 5-10°C for 2 hours and at room temperature
for several hours (a white paste was formed). The resulting
mixture was acidified with 16 ml of 6N sulfuric acid. The
white precipitate was filtered and washed with ice-water.
The yield was 9.6g (66.2%, recrystallized from ethanol).

MP 105-106°C (lit.46

104-105°C). NMR (acetone~d¢): 1.12ppm
(t, 3H, -OCH,CH ), 4.11ppm (q, 2H, =OCH CH3), 6.08ppm (s,
1H, -OCH-), 7.36ppm (s, S5H, phenyl H), 8.98ppm (broad, 1lH,
enol H). Mass spectra: m/e at 248 (molecular ion), 203,

175, 130, 115, 105, 102, 77.
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2.3.8 a.-Keto-[}-carbethoxy-?’-(o-nitropheny;)—‘Y-butyro-

lactone (22)

A mixture of 4.2g (0.03 moles) of o-nitrobenzalde~
hyde and 25 ml of ethanol was added slowly to a solution of
5.5g (0.025 moles) of ethyl sodium oxalacetate in 80 ml of
ethanol. This was stirred for 4 hours. The resulting mix-
ture was then acidified with 6N sulfuric acid. The precipi-
tate was filtered and recrystallized from benzene/hexane.

46

The yield was 5.4g (73.7%). MP 118-120°C (1it.”° 118°C).

qua), 4,24ppm (q,2H,

—OQ&ZCH3), 7.1ppm (s, 1H, ring proton), 7.66=8.47ppm (m,5H,

NMR (acetone—ds): 1.05ppm (t, 3H, =-OCH

phenyl and enol H).

2.3.9 (%-Keto-,B-c§rbethoxy-7’-(m-nitrophenyl)-v ~butyro=

lactone (23)

A nmixture of 4.2g (0.03 moles) of m=nitrobenzalde-
hyde and 25 ml of ethanol was added slowly to a solution of
5.5g (0.025 moles) of ethyl sodium oxalacetate in 80 ml of
ethanol. This was stirred for 4 hours. The mixture was then
acidified with 6N sulfuric acid. The precipitate was
collected and recrystallized from benzene. The yield was

4.3g (58.7%). MP 96-101°C (1it.%®

96°C). NMR (acetone-dg):
l.l4ppm (t, 3H, -OCHZQ§3), 4.2ppm {(q, 2H, -OQEZCH3),
6.36ppm (s, 1H, ring proton), 7.5~8.43ppm (m, SH, phenyl
and enol H). IR:(Nujol): 1780cm™1(C=0 of 7Y -lactone),

1690cm™F (C=0 of [-ketoester), 1650cm *(C=C).
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2.3.10 a-Keto- [-carbethoxy="Y =(p=nitrophenyl)=" =butyro=

lactone (51)

A solution of 8.3g (0.055 moles) of p-nitrobenzal-
dehyde in 50 ml of ethanol was added slowly to an ice=cold
solution of 1llg (0.05 moles) of ethyl sodium oxalacetate in
50 ml of water. A beige=colored precipitate was formed
immediately. This was stirred for 2 hours with 80 ml of
ethanol was added to help stirring. The mixture was stored
in refrigerator overnight. The resulting mixture was acidi-
fied with 6N sulfuric acid and stirred for 1 hour. The
precipitate was collected and recrystallized from benzene.

72 1 55-

The yield was 12g (81.9%). MP 125.5-127°C (1lit.
126°C). NMR (acetone-ds): l.2ppm (t, 3H, -OCHZQQ3), 4,23ppm
(g, 2H, -OQEZCH3), 6.08ppm (s, lH, ring proton), 7.46ppm,
8.17ppm (AB quartet, 4H, phenyl H), 8.34ppm (s, 1H, enol H)
IR (Nujol): 3310cm™> (enol OH), 1795cm™! (C=0 of 7y -lac-
tone), 1675cm™ T (C=0 of [J-ketoester), 1660cm™+ (C=C).

2.3.11 OL-Keto-lj-carbethoxy-7’-(o-hzdroxyphenyl)-?’-buty—

rolactone (52)

Salicylaldehyde 3.15 ml (0.03 moles) was added
slowly to an ice=cold solution of 5.5g (0.025 moles) of
ethyl sodium oxalacetate in 50 ml of ethanol. The solution
turned yellowish green upon addition. This was stirred at
room temperature for 5 hours. The resulting mixture was
acidified with 6N sulfuric acid. The solvent was evaporated

off. The residue was solidified after standing overnight.
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The solid was then recrystallized from chloroform. The
yield was 4.6g (68.2%). MP 155=-160°C (dec.). NMR (acetone-
d6): 1.27ppm (t, 3H,--OCHZQE3), 4.,20ppm (q, 2H, —OQQZCH3),
7.16ppm (m, 4H, phenyl H), 7.78ppm (s, lH, ring proton),
8.0lppm (broad, 2H, phenol and enol H). IR (Nujol):

1

3530cm™* and 3200cm™*(OH strtching for phenol and enol),

1755e¢m™> (C=0 of <Y -lactone). NE = 261.67 (calc. 264).

2.3.12 Reaction of p=methoxvbenzaldehvyde and ethyl sodium

oXalacetate

A solution of 3.1 ml of p—-anisaldehyde in 50 ml of
ethanol was added slowly to a solution of 5.5g (0.025 moles)
of ethyl sodium oxalacetate in 50 ml of water at 5°C. The
mixture was stirred at room temperature overnight. A white
precipitate was formed after stirring for 4 hours. The
resulting mixture was then acidified with 6N sulfuric acid.
Some oily liquid was formed. The mixture was extracted with
ether, the ether layer was dried over anhydrous sodium
sulfate. After evaporation of the ether, a brownish liquid
was obtained. NMR (acetone—ds): 1.21ppm (triplet), 3.85ppm
(multiplet), 3.92ppm (singlet), 5.95ppm (singlet), 7.03ppm
(multiplet), 7.46ppm (AB quartet). No further study was

done.
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2.3.13 Attempted reaction of N,N=-dimethylaminobenzalde-

hyde and ethyl sodium oxalacetate

A solution of 4.5g (0.03 moles) of N,N-dimethyl-
aminobenzaldehyde in 30 ml of absolute ethancl was added
slowly to a solution of 5.5g (0.025 moles) of ethyl sodium
oxalacetate in 80 ml of ethanol at 5°C. The mixture was
heated at 60°C in a water-~bath for 3 hours. After cooling,
the mixture was acidified with conc. sulfuric acid. A
white precipitate was formed upon addition of water to the
acidified mixture. NMR of the solid in acetone-d6 solution
showed singlet at 2.96ppm(3H), AB quartet at 7.13ppm (2H).
The compound was the starting material-N,N-dimethylamino-
benzaldehyde.

2.3.14 O -Keto-ﬁ ,B -dimethyl="Y ~butyrolactone (53)

To a stirred solution of d,l-pantoylactone (1l3g,
0.1 moles) in benzene (100 ml), 8N CroO,-H,SO, solution’>
was added during 3 hours at 20-30°C. After stirring for
another 2 hours, the mixture was extracted with benzene.
The benzene layer was washed with saturated sodium sulfate
and then dried over sodium sulfate. The solvent was remo=-
ved in vacuo and the residue was recrystallized from ether
to give 2.8g (21.5%) of the title compound. MP 66-68°C
(1it.”® 66-68°C). NMR (CDC1,): 1.23ppm (s, 3H, -CH,),
4.42ppm (s, 1H, -OQﬂz-). Mass spectra: m/e at 128 (molecu=-

lar ion), 127, 100, 99, 70, 69, 56, 42, 39, 29,28.
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2.3.15 O =Keto=Y-methyl-Y —=butyrolactone (54)

The o ~keto=/J ~carbethoxy=7y -methyl=7y -butyrolac-
tone 46 (9.3g, 0.05 moles) stabilized with 50mg of hydro-
quincone, was heated at 110°C with 25 ml of conc. HC1, 30
ml of water and 15 ml of glacial acetic acid for.4 hours.
The solvent was evaporated with an evaporator at 50=-60°C.
The residue was distilled under reduced pressure and 4.3g
of the title compound was collected at 75-80°C (0.5=lmm).
The compound was recrystallized from benzene/hexane. The

28 70-73%) , uv A maxs=

vield was 3.5g (61%). MP 74-76°C (1lit.
230mu (e =10,560) in 95% ethanol. NMR (acetone-dG): 1.76ppm
(d, 3H, -OCHQ§3), 5.43ppm (g, 1H, —OCECHB), 6.78ppm (d, 1H,
vinyl H), 9.05ppm (broad, 1H, enol H). Mass spectra: m/e at

114 (molecular ion), 99, 71, 70, 69, 58, 43, 39, 29, 28,27.

2.3.16 =Keto=7Y =ethyl=7Y =butyrolactone (55)

The a-keto-ﬁ -carbethoxy-7y =ethyl-"7 =butyrolactone
47 (7g) stabilized with 50mg of hydroquinone, was heated
at 110°C with 20 ml of conc. hydrochloric acid, 10 ml of
water and 10 ml of glacial acetic acid for 4 hours. The
solvent was evaporated with an evaporator at 50-60°C (14mm).
The residue was distilled under reduced pressure, 3.4g of
the title compound was collected at 110-115°C (0.5-1 mm)

28 79.80°C at 0.08 mm). The yield was 2.81g (62.1%)

(lit.

after recrystallization from benzene/hexane MP 43-46°C (1lit.
28

43-45°C). NMR (acetone-dg): 0.91ppm (t, 3H, =CH,CH,),

1.68ppm (m, 2H, -Q§2CH3), 4.86ppm (t, 1H, ring proton),
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6.26ppm (d, 1H, vinyl H), 8.67ppm (broad, 1H, enol H).

2.3.17 O =Keto=7 =(n=propyl)="7 =butvrolactone: (56)

The @ -keto-[ -carbethoxy=7 =(n-propyl)-7¥ =butyro=-
lactone 48 stabilized with 100mg of hydroquinone, was
heated at 110°C with 35 ml of acetic acid, 35 ml of water,
and 50 ml of conc. hydrochloric acid for 4 hours. The
solvent was removed by an evaporator at 50-60°C (14 mm).
The residue was distilled under reduced pressure, 12.3g of
the title compound (72.6%) was collected at 100~105°C (0.5-

28

1 mm) (1lit. 98°C at 0.1 mm). NMR (acetone-ds): 0.9-2.0ppm

(m, 7H, ~OCHC,H,), 5.0-5.32ppm (m, 1H, ~OCHC,H,), 6.48ppm
(d, 1H, winyl H), 7.85ppm (broad, 1H, enol H).

2.3.18 Hydrolysis of & -keto-ﬁ ~carbethoxy="7 =butyrolac=

tone (25)

A mixture of 1.8g of lactone 25 in 9 ml of 5% sul-
furic acid was refluxed for 3 hours. The resulting mixture
was continuously extracted with ether for 18 hours. The
ether layer was separated and dried over anhydrous sodium
sulfate. After evaporation of the ether, the residue was
sublimed under high vacuum. The white solid ( Ot=keto=-7Y -
butyrolactone 57) was collected at 50-70°C. The viscous
residue (light yellow) was characterized: NMR (acetone-ds):
1.0-1.5ppm (m, ester H), 3.7-4.8ppm (m, ester H), 3.48ppm
(q, ester H), 4.94ppm (s) and 1.87-3.2ppm (broad unresolved
peak), uv Amax = 248mu (¢ =1,800) in 95% of ethanol. Mass
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spectra: m/e at 381, 373, 345, 328, 301, 299, 273, 228,

227, 18l1. The lactone 256 1is polymerized.

2.3.19 Hydrolysis of 0 =keto= ﬁ-carbethoxl—‘/ -methyl="Y =

butyrolactone (46)

A mixture of 3.7g (0.02 moles) of the title
compound, 1l0Omg of hydroquinone and 30 ml of 10% sulfuric
acid was refluxed for 3 hours. The resulting solution was
extracted with ether in a Kutscher-Steudet extractor for
24 hours. The ether layer was dried over anhydrous magne-
sium sulfate. The ether was removed by an evaporator. The
oily residue was chromatographed (silica gel, 10% MeOH in
benzene) to give 2 fractions. Fraction 1: NMR (CDC13): 0.9=
l.6ppm (m), saturated hydrocarbon. Fraction 2: white crys-
tal, MP 134-140°C. NMR (acetone~d.): 1.5ppm (t, 6H,
~OCHCH,), 2.15ppm (q, 1H, J;=10Hz, J,=~14Hz), 3.12ppm
(g, 1H, J

=6Hz, J,=-14Hz), 4.9ppm (m, 1H, -OQECH3), 5.23ppm

1 2
(q, 1H, J=6Hz, -oquH3), 6.05ppm (broad, 2H, =~OH). The NMR
spectra showed similarity with the dimer of o =keto=7 -

methyl-" =butyrolactone 54.

2.3.20 Hydrolysis of <x-keto-[3-carbethoxy-7’-phenx;r7’-

butyrolactone (21)

A mixture of 2.6g of the title compound with 10 ml
of 5% sulfuric acid was refluxed for 24 hours. The precipi-
tate was collected after cooling. The NMR data showed that

the solid was the starting material.
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2.3.21 o -Keto-ﬁ =methyl-"Y =butyrolactone {(58)

Methyl oxalate (60g, 0.5 moles) was added to a sus=—
pension of 27g (0.5 moles) of sodium methoxide in 150 ml of
absolute ether. Ethyl propionate (53g, 0.52 moles) was then
added dropwise to the mixture. The resulting mixture was
refluxed for 3 hours. The solvent was removed under reduced
pressure. The residueAwas dissolved in 80 ml of water and
43g of 35% formaldehyde solution was added to this solution
portionwise with cooling. The solution was heated at 50°C
for 1 hour and the resulting alcohol was removed from reace
tion by an evaporator. The solution was then acidified with
100 ml of conc. hydrochloric acid, 30 ml of water and 50mg
of hydroquinone were added to the solution. The acidified
solution was the refluxed for 4 hours. After cooling, the
solution was extracted with 5 portions of 100 ml of ethyl
acetate. The aqueous layer was continuously extracted with
ether in a Kutscher=Steudel extractor. The combined organic
layer was dried over anhydrous sodium sulfate, and the
solvent was removed under reduced pressure. The residue was
vacuum distilled. The main fraction collected at 80~92°C
was oxalic acid. The title compound was collected at 25=°
40°C (2-4mm). The yield is 2.3g (5%). MP 89-90°C (1it.%?
90-92°C). NMR (CcDC1,): 1.93ppm (t, 3H, methyl H), 4.54ppm

(q, 2H, ring proton), 8.23ppm (s, 1H, enol H).
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2.3.22 Attempted preparation of o —keto- [-carbethoxy-

7 ,Y =dimethyl="7Y =butyrolactone

To a suspension of 5.4g (0.025 moles) of sodium
ethyl oxalacetate in 40 ml of water was added 2.6 ml
(0.035 moles) of ice-cold acetone at 0-5°C. The mixture was
stirred at 0-5°C for one hour, then stirred at room tempe-
rature for 2 hours. The resulting mixture was then acidi=
fied with 4.3 ml of 6N sulfuric acid. The acidified solu=-
tion was extracted with ether in a Kutscher-Steudel extrac-
tor for 10 hours. The ether layer was dried over anhydrous
sodium sulfate, the ether was removed by an evaporator. The
residue was a viscous liquid. NMR data indicated the

acidified starting material=diethyl oxalacetate.

2.4 Polymerization of o -keto-=+ =lactones

2.4.1 Pyrolysis of @ =keto-7Y -methyl-"Y =butyrolactone(54)

OL~Keto= v -methyl=7 =butyrolactone (100mg) was
placed in a pyrex glass tube which was evacuated and filled
with nitrogen several times. The tube was then sealed under
vacuum. After heating in an oil=bath at 115-120°C (evolu~
tion of gas) for 20 hours, the tube was cooled and opened.
The yellowish solid was dissolved in acetone-ds, NMR data
showed saturated hydrocarbon absorptions around 1.35=
1l.84ppm. The solid may be polymer of propylene, which was
formed by decarbonylation and decarboxylation of the title
compound. Mass spectra also showed mass number at 210 (the

dimer of lactone 2& less 1 mole of water) besides the
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the background of poly=-propylene (clusters of peaks, 14
mass unit (CHZ) apart, of decreasing intensity with increa-

sing fragment weight up to 294).

2.4.2 Pvrolysis of Cl—keto-é}-carbethoxy-)’-butyrolac-

tone (25)

o -Keto-/[} ~carbethoxy-7y ~butyrolactone 25 (100mg)
was placed in a pyrex glass tube (6mm in diameter) which
was evacuated and filled with nitrogen several times. The
tube was then sealed under vacuum. After heating in an oil-
bath at 150=-160°C (evolution of gas) for 2 hours, the tube
was cooled and opened. The brownish solid was mixed with
10 ml of benzene, the insoluble material was filtered and
sublimed under vacuum to remove the monomer. Mass spectra
of the residue showed m/e at 453, 438, 382, 381, 353, 325,
299, 282, 281, 272, 255, 253, 227, 209, 199, 181, 173, 172.
(calc. trimer 516, dimer, 344, monomer 172). The compound
may undergo decarbonylation and decarboxylation to give
ethyl acrylate which was then polymerized to give poly-

(carbethoxyl ethylene) (calc. M.W of monomer 100).

2.4.3 Pyrolysis of Ol =ketoe ,8, B ~dimethyl=Y «<butyrolac=-

tone (53)

o =Keto=/3 , [ =dimethyl-7 =butyrolactone 53 (100mg)
was placed in a pyrex glass tube which was evacuated and
filled with nitrogen for several times. The tube was then

sealed under vacuum. After heating in an oil-=bath at 115=-
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125°C for 24 hours, the tube was cooled and opened. The
solid was dissolved in acetone-ds, NMR data showed peaks at
1.23ppm (s, 3H), 4.42ppm (s, lH). The starting material was

recovered.

2.4.4 Polvmerization of O -keto= VY-methyl—="Y =butyrolac=-

tone (54)

o =Keto= 7 =methyl=-7 -butyrolactone 54 (0.6g, 5.2
mmoles) was added into a stirred suspension of 5 mg of
sodium methoxide in 15 ml of anhydrous ether. The mixture
was then refluxed for 10 hours, and a white powdery solid
was separated. The‘crude polymer was collected. MP 134~
140°C., NE = 196.2. The yield was 0.5g (83.3%). The solid
was chromatographed (silica gel, 10% MeOH/benzene) to give
0.3g of flaky white crystals after evaporation of solvent.
MP 147-152°C. NE = 211.1 (calc. M.W. of dimer 228, dimer
less 1 mole of water 210), uvAmax = 240mu (€ =6,068),

1

IR (Nujol): 3200~3600cm™ —(maxi 3410cm™', OH stretaching),

1785-1635cm"l (maxi l735cm_l, C=0). NMR (acetone—ds):

l.5ppm (t, 6H), 2.1l5ppm (g, 1H, J,=10Hz, J2=-14Hz), 3.12ppm

1

1
(q, 1H, J=6Hz, -OQECH3), 6.05ppm (broad, 2H, =OH), pKa=7.6.
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2.4.5 Copolymerization of bis—[ ¥ =( ot =keto=/3 ~carbethoxy—

Y =butyrolactone) ) and terephthaloyl chloride

To a solution of 3.42g (0.0l moles) of bis— (Y ~(a -
keto= [=carbethoxy~-<y =butyrolactone)) in 30 ml of tetra-
hydrofuran was added with stirring 2.8 ml of distilled
triethylamine. The mixture was cooled in an ice=bath, a
solution of 2.3g (0.01 moles) of terephthaloyl chloride in
25 ml of tetrahydrofuran was added to the ice-cold mixture
in about 30 minutes. After the mixture was stirred for one
hour, it is then diluted with 50 ml of solvent and the
diluted mixture was poured into 250 ml of hexane in a
beaker. The brownish product was collected and washed
repeatedly with distilled water. IR (Nujol) showed C=0
stretchsoverlépping‘ around 1680-—1800cm-l and no carboxyl
or enolic OH band. The solid is not soluble in chloroform,

alcohol, or acetone.

2.4.6 Attempted copolymerization of bis— (¥ =(oL ~keto-

[} =carbethoxy= Y -butyrolactone) ) =1,4~benzene and

terephthaloyl chloride

To a suspension of 4.18g (0.0l moles) of bis-
lactone 50 in 25 ml of chloroform was added with stirring
2.8 ml of distilled triethylamine. The mixture was cooled
in an ice-bath, a solution of 2.3g (0.0l moles) of tereph-
thaloyl chloride in 25 ml of chloroform was added to the
ice=cold mixture in about 30 minutes. After the mixture was

stirred for one hour, it is then diluted with 50 ml of
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chloroform and the diluted mixture was poured into 250 ml
of hexane in a beaker. A viscous oil was obtained. The oil
was mixed with 100 ml of acetone, white precipitate was
formed. The precipitate was collected. IR (Nujol) showed

1 and NH* band at 2610cm™r,

single C=0 stretch at 1690cm™
the solid might be the triethylamine salt of terephthalic

acid.

2.4.7 Attempted polymerization of OL-keto-l3-carbethogy-

Y =butyrolactone (25) using sodium ethoxide as

catalyst

The title compound (0.86g, 5 mmoles) was dissolved
in 20 ml of absolute ethanol. To this solution was added
with stirring 0.5 ml of 0.105M sodium ethoxide in ethanol.
The mixture was refluxed for 4 hours. After cooling, no
precipitate was formed. The solvent was removed by an
evaporator. The NMR data of the residue showed that the

starting material was recovered.

2.4.8 Attempted polymerization of cx-ket0112,£3-dimethyl-

Y =butyrolactone (53) using sodium ethoxide as

catalyst
o -Keto—,B ’ ,B ~dimethyl-7y ~butyrolactone 53 (0.64q,

S mmoles) was dissolved in 20 ml of absolute alcohol. To
this solution was added with stirring 0.1l ml of 0.21M
sodium ethoxide in ethanol. The mixture was refluxed for

8 hours. No precipitate was formed after cooling. The
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solvent was removed by an evaporator. The starting material

(0.51g, 80%) was recovered.

2.4.9 Attempted polymerization of bis—(¥ —(at —keto=[ -

carbethoxy-)’-butyrolactone)) -1 ,4=benzene using

sodium ethoxide as catalyst

The title compound (2.1lg, 5 mmoles) was mixed in a

solution of 15 ml of tetrahydrofuran and 45 ml of absolute
ethanol. To the resulting solution was added 0.2 ml of
0.105M sodium ethoxide in ethanol. The mixture was then
refluxed for 20 hours. A white precipitate was formed after
cooling. The solid was collected. The NMR data showed that

the solid was the starting material.

2.5 Instrumentation

NMR spectra were measured using Varian A-60 or
Hitachi Perkin-Elmer R~24 spectrometer. Spectra were
obtained on either neat sample or in solution with TMS as
internal standard. The following abreviations are used to
describe NMR spectral bands reported herein: singlet(s),
doublet(d), triplet(t), quartet(qg), multiplet(m), and

(parts per million, ppm, downfield from TMS).

Infrared spectra were recorded on Perkin-Elmer 521,
polystyrene film was used for calibration. Only the most
characteristic and prominent peaks are cited.

Mass spectra were obtained with a Varian M66, and

calibrated with bromoform or perfluoralkane.
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Ultraviolet and visible spectra were taken with a
Cary Model 14 spectrophotometer in 95% ethanol or absolute
methanol.

Melting points were determined on a Thomas capil-
lary melting point apparatus, and were uncorrected.

Elemental Analysis were performed by Schwarzkopf
Microanalytical Laboratories, Woodside, New York.
Tonization Constants - The classical ionization>>
constants of the acids were determined by pH titration, both
in water and in 50% by volume methanol-water containing 0.2M
Lithium chloride. The latter solvent permitted the use of
more concentrated solutions and provided a medium of rela-
tively constant ionic strength. The pKa was determined from
the mid=point of the titration curve where pKa = pH. In
methanol all pK values have relative rather than absolute

validity. The neutralization equivalent was also obtained

from the titration curve.
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3. RESULTS AND DISCUSSION

3.1 Preparation of OL—keto—[3-carbethoxy-?l—substitu-

ted- Y ~butyrolactones

There are several ways of preparing o ~keto-7y -
butyrolactones. The method of Gault and Durand47 was fol-
lowed because of the readily available ethyl sodium oxal=-
acetate. The Gault and Durand's method for the preparation
of (1-keto-;3-carbethoxy-7/-butyrolactone~from ethyl sodium
oxalacetate and formaldehyde was slightly modified for the
reaction with less soluble, less reactive aldehyde to give
o —keto- [ -carbethoxy— ¥ -substituted-7 ~butyrolactones. The
condensation of ethyl sodium oxalacetate proceeded readily
in most cases in yield of 55=75%. The products are listed
in Table 2. Condensation of substituted benzaldehyde with
ethyl sodium oxalacetate gave the products which had same
melting point with Gault's compounds46 from condensation of
diethyl oxalacetate and aldehydes in the presence of
diethylamine. Characterization data (neutralization equiva=
lent, acidity, IR, NMR and Mass spectra) also confirmed the
structures which were assigned by Gault.

Along the preparation, two new compounds: o =-keto=-
[} -carbethoxy=-y -(o-hydroxyphenyl)- ¥ -butyrolactone 52, and
bis= (v -( & -keto- J-carbethoxy-7Y =butyrolactone) } =1,4-

benzene 50 were obtained.
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Table 2 :

a

O -Keto~ [~-carbethoxy-} -substitutedbutyro—

lactone

Yield

78.1
71.2
65.3
57.8

81.9
58.7
73.7
68.2
66.2

34.1

HO ~71=——CO0,Et
Z S H 2
O
R -

gP
C mm
108-112/ 1

112-115/ 0.5=1
120-130/ 1

52

MP

107-108

125.5-
127

96~
101

118~
120

155=-
160

105~
106

195~
201

192~
195

N.E.
obs.

172.3
187.1
195.7

297.0

292.7

292.5

261.7

250.9

170.7

218.3

calc.
172
186
200

293

293

293

264

248

171

209



3.1.1 Preparation of ¢ =keto- ,B-carbethoxy— Y ={0=hydroxy=

phenyl )=Y =butyrolactone (52)

Gault46 reported that condensation of ethyl sodium
oXalacetate and salicylic aldehyde in the presence of
diethylamine gives, not a ketoaryparaconic ester 52 after
acidification of the amino salt, but salicylidenemonooxal=-

acetic ester 59 by the elimination of one molecule of

water.
CH,CO.Et
|2, [::]:OH (CoHg ) pNH EtOC—C—ﬁ-COZEt
coco, £t CHO I

HO
@ 22

In our preparation, condensation of ethyl sodium
oxalacetate and salicylic aldehyde in absolute ethanol,
followed by acidification afforded ketoarylparaconic ester

52 in 70% yield.

o CO,Et
CHCO,Et OH °No OH
i R —
Na0=-CCO,Et CHO

The ketoarylparaconic ester 52 isolated after
recrystallization was reasonably pure.The proton NMR
(acetone—de) exhibits triplet for the methyl protons of
ester at 81.27ppm (3H, J = 7Hz), quartet for the methylene

protons of ester at84.20ppm (2H, J = 7Hz), singlet for
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Fig. 2 : PMR spectrum of lactone 52 in acetone-d. solution at 60MHz
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proton on lactone ring at 87.78ppm (1H), a broad singlet
for hydroxyl proton centered at S 8.0lppm (2H, exchangable
with DZO) and a multiplet for phenyl protons centered at
3 7.16ppm (4H). IR (Nujol) displays two hydroxy absorption

1 1

at 3530cm” -~ and 3200cm” —~ corresponding to phenol and enol

group respectively. The carbonyl absorption at l755cm'l - a
characteristic absorption for cx,[]-unsaturated Y =lactone.
Neutralization equivalent 261.67 (calc. 264) was obtained
by titration. These characterization data are consistent
with lactone structure 52 and exclude the possibility of

Gault's ester 59.

3.1.2 Bis— (Y=(Q ~keto- I —carbethoxy— ¥ —butyrolactone )] -

l,4=benzene (50)

condensation of 2 moles of ethyl sodium oxalacetate
and one mole of terephthaldehyde, gives bis=-product 50 by

double condensatione.

,  CHCO,Et
i + OHC-@—CHO —_

NaO—CCOZEt

The terephthaldehyde has two aldehyde groups, after
first condensation of the ethyl sodium oxalacetate with one
aldehyde, to form the intermediate 60, the aldehyde group
in 60 can be in competition with unreacted terephthalde-

hyde for condensation, since the aldehyde group is expected
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to be a stronger electron=withdrawer than the ester, the
terephthaldehyde should be more reactive than the interme-
diate 60. If 1 mole of ethyl sodium oxalacetate was
condensed with 1 mole of terephthaldehyde, the acid.of 60

would be obtained.

CHO

The infrared spectra of compound 50 offer a strong
evidence of hydroxy-lactone. Fig. 3 shows two hydroxy band

1

at 3470cm™ and 3280cm™' for the enol group, two strong

1 and 1750em™t

absorption at 1780cm™ corresponding to the
Y =lactone and ester group.

The NMR spectra (acetone-ds) in Fig. 4 shows a
triplet for methyl protons of ester at 1.13ppm (3H,
J = 7Hz), a quartet for methylene protons of ester at
4.12ppm (2H, J = 7Hz), a singlet for proton on lactone ring
at 6.14ppm and a singlet for symmetric phenyl protons at
7.43ppm (2H), a broad absorption around 6.20=7.94 was
confirmed by the integration of peak area as well as the
proton exchange with DZO’ after addition of DZO’ a DHO peak
was observed at 4.10ppm (Fig. 5). Mass spectra exhibit a
very weak molecular ion at m/e 418. The fragmentation are

summerized in Table 3.

The compound 50 decomposes to an orange viscous
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Table 3: m/e Values and relative intensities of abundant
ions of bis-lactone 50

Mass no. Intensity(%) Comments
418 0.7 Molecular ion

374 l.1 M—CO2

373 1.9 M-OC2H5

346 1.9 M--CO-CO2

328 2.2 M—OCZHS-COZH

318 2.0 M—ZCO—COQ, or M-COZCZHS—CO+H
301 2.9 M-COZCZHS-CO2

300 2.7 301-H

275 4,1 M-COZCZHS-CO—CZHZO
256 15.2 M—COZEt-COZ-OCZHs
213 13.0 328—(HO)HC=CCOZEt
205 11l.1 275—CO—CO2
199 7.0 M-2COZEt-CO—C02—H
185 13.0 M—2C02Et-2C02+H
171 9.1 M-115=2C0O
157 10.1 185-CC

149 31.3 205-C0=CO
133 27.4 205--CO—CO2
129 37.2 157=CO

115 30.9 H9=c=ca(c025t)
111 47,1 129-0H-H

105 21.6 +<:::>CHO

57 86.5 115~COH-H

73 : 94.7 +C025t

69 100.0 5=CCH=C=0

57 90.8 =Qz;¢H

55 80.9 CH2=cnc=6
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liquid with evolution of gas at melting point. Based on
above spectra data, the lactone structure 50 was assigned.

3.1.3 Attempt to generate the O-keto-/J-carbethoxy-7 -

(p=N,N=dimethylaminophenyl )=~ =butyrolactone

The condensation of aldehyde with ethyl sodium
oXalacetate gives a -~ketoparaconate, however, reaction of
p=(N,N=dimethylamino)~benzaldehyde 61 with ethyl sodium

oxalacetate, did not give the expected O -ketoparaconate 62

ITHcozat N @cm "0 CO,Et
G025t N(CH,), © H

Nao© 61

- CoEE R(cH,),
—_— H
o 62
O
0
53 NH., .HC1

the aldehyde 61 and diethyl oxalacetate were recovered. The
failure in this preparation may be explained as the instabi-
lity of the product or the difficulty in separating the
zwitterion ion 62. Since the compound 63 had been separa-
ted by hydrogenation of the 7/ -=(p-nitrophenyl)~C -oxopara=-
conate 51 by Monsimer72 as the hydrochloric salt, the
compound 62 should also be stable and separable as a
hydrochloric salt.

Stacy64 suggested that the condensation of aldehyde
and ethyl sodium oxalacetate resembles the Stobbe condensa-
73=74

tion. The reaction mechanlsm of Stobbe condensation

was proposed as in the sequence (a), (b) for (1) the fact
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succinic esters react so much better than others (2) one
ester group is always cleaved, and (3) the alcohol is not
the product, but the olefin. In addition, intermediate

lactone Qi has been isolated from the mixture.75

(a) R=C=R COLEt CO,Et
I o2 = | 2 g 2
0 CHCH,CO,Et ?HCHZ' CEt
R=C—=R'
EtO.C
Nen—ce E£0,C R, §O2Et
H—=CHy 2 E,or E NC=C=CH,COT
(b) RS LW2o© - R o - 2, g7 2-72
' ==
R N07 RoEe R0
64

In condensation of aldehyde and ethyl sodium oxal=-
acetate, the intermediate 65 is stabilized by the reso-
nance between 65 and 66, which does not undergo further
cleavage as in Stobbe condensation. But, Gault47 proposed

that aldehyde reacts in the hydrated form. For either

0 CO,Et e} 0.Et
O
°: tOj
65 66

mechanism, the initial step should be the nucleophilic
addition to the carbonyl group of the aldehyde. The reacti-
vity of the aldehyde will then play an important role in

initiating the reaction.
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76 studied a series of substituted benzalde-

Jenck
hydes reacting with semicarbazide. At low pH's where the
rate=limiting step is attack by the amine. Using a Hammet

equation (c¢), exhibits P =0.91, a negative C%'value for

Z : substituted aldehyde

(c) log K,= O+ log K
2 F) H H : benzaldehyde

the elctron=-releasing group and a positive O%'value for the
electron-withdrawing group, which means a electron-withe
drawing substituents on the aldehyde will increase the rate
of reaction and electron donors decrease it. Study of the
dissociation constant of substituted benzoic.acid,77 set up
F>= 1, -0.66 of(jévalue for p-amino group was observed,
which is smaller than p-hydroxy (-=0.37) and p-methoxy
(0.27). This shows that p-amino group is a very good
electron donor, which decreases the dissociation constant
of benzoic acid.

Based on above results, the failure of preparing
compound 62 may be due to the strong electron-releasing
character of N,N-dimethylamino group of the benzaldehyde.

This summarized the condensation of ethyl sodium
oxalacetate with aldehyde, an electron withdrawing group
on aldehyde will facilitate the condensation, while the

electro donor will decrease it.
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3.1.4 Acid-catalyzed decarboxylation of cx;keto-[z-carbe-

thoxy=v =substituted= 7 -butyrolactones

Acid~catalysed decarboxylation27 of the ,B—alkyl—
a -oxoparaconates, yields the corresponding O -tetronic
acids, because it entails conversion of ﬂz-ketoacids into
stable enolic compounds. Decarboxylation of ethyl < =alkyl-
O -oxoparaconates, which are already enolic, are more diff-
cult with higher </ -alkyl group.

Hydrolysis of (1-keto-[3-carbethoxy—7/-butyrolactone
25 with dilute sulfuric acid give Ol=tetronic acid 57 in
very low yield (5%) with polymeric material in 60% yield
(the structure of the polymer will be discussed in later
section). Hydrolysis of OL-keto=[} -carbethoxy=7 =methyl=7 -
butyrolactone ﬁg; did not give the expected < -methyl-Ol-
tetronic acid 54. Reaction of lactones 46, 47, 48 with
mixture of acetic acid and hydrochloric acid gives the

corresponding “Y=-alkyl-0O =tetronic acids in 50=70% yield.

HOo——-CO,Et HO H,
u HOAC/HC1 | —
0 46 0 Hy, 4 R=CH,
R

L
R
a7 22 R=CyfHg
a8 38 R=C4Hy

The NMR spectra (acetone-ds) of o=ketolactone 54
is given in Fig. 6. The absorption of methyl protons show
a doublet at 81.54ppm (3H, J=7Hz), the absorption of enol
proton shows a broad peak centered at 88.64ppm (1H), the

absorption of the proton Hy at 5‘4.98ppm (1H, JHa-CH =3Hz)
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is split into a quartet (J=7Hz) with each component of
which is split into a doublet (J=3Hz). The absorption of Ha

is split into a doublet (J=3Hz) by the proton H,_ at

fo)
S 6.78ppm. Thus the Ha—Hb dihedral angle is about 50°, this
reveals a nearly planar structure for the lactone 54 with
Ha on the plane, Hy and CH3 above and below the plane at
an angle of 109°. Legan68 studied the microwave spectra
of <1,[z-unsaturated-)’-lactone and showed that ring atoms

and carbonyl oxygen are coplanar?9

The hydroxy group on
double bond should not affect the planarity of the ring, so
the Ol~keto=7Y =lactone should be also in planar structure.
The NMR spectra of lactone 55 exhibits a triplet
for methyl protons at 80.91ppm (3H, J=7Hz), multiplet for
methylene protons at O 1.68ppm (2H, J=7Hz), a triplet with
each component split into a doublet for Hb at 34.86ppm
(1H, J

= 7Hz, J =3Hz), a doublet for Ha at

Hb—CH3 Hb-Ha
d 6.26ppm (1H, J=3Hz), and a broad singlet for enol group-
at 08.67ppm (1H). The NMR spectrum of lactone 56 shows a
more complex absorption for 2 methylene group centered at
S1.61ppm (4H), triplet for methyl proton at O 0.95ppm (3H,
J=7Hz), a triplet with each component split into doublet

at O04.98ppm (1H, J =7Hz), a doublet

for H =3Hz, J

b Ha=Hb Hb-CH2
for H_ at d6.29ppm (1H, J=3Hz) and a broad singlet at
d 7.68ppm (1H) for the enol group.

The NMR spectrum of lactones 54, 55, 56 is consis-
tent with the structures that were assigned by Schinz.49

However, acid=catalysed decarboxylation of lactones



21, 49, 50 did not give the expected [J -unsubstituted

62 reported that reaction of

 ~keto=-y -lactones. Suprin
lactone 21 with 50% hydrochloric acid gave CO, CO2 and
some viscous product. The failure of decarboxylation of
lactone 21, 49, 50 can be rationalized as the stability of
the enolized lactones 21, 49, 50 which require more
severe conditions for the decarboxylation. It is also
possibly due to the instability of the expected decarboxy-
lated products.,

Suprin?z’34 Green and co-=-worker reported base-cata=-
lysed cleavage and fragmentation of the O «tetronic acid

ring, so the base-catalyzed hydrolysis and decarboxylation

have not been studied.

3.2 Characterization

The O ~keto-7 ~lactones are characterized by their
neutralization equivalent, dissociation constants and the
infrared, nuclear magnetic resonance and mass spectra.

3.2.1 Nuclear magnetic resonance spectra of oL -keto-/] =

carbethoxy-7 =substituted=-7) ~butyrolactones

The proton NMR spectra of O -~keto=/]=carbethoxy=7 =
substituted-y ~butyrolactones are listed in Table 4. The
proton absorption of the methyl group of the ethyl ester
shows a triplet around &1.12-1.38ppm, and a quartet arcund
54.07-4.38ppm for the methylene group of the ester. The
singlet for the proton in the lactone ring at 814.93ppm for

lactone gg is consistent with the chemical shift for
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Table 4 : NMR data of OL =keto- B—carbethoxy-

Y =substitutedbutyrolactone

HO ———COOEt
H
° :;: :R
Compd. R -OCH2C§ -0OCH
25 H 1.32 4.36
46 CH, 1.37 4.38
47 CZHS 1.38 4.37
21 <> 1.12 4.11
51 —<::>\N02 1.2 4.23
23 —<:::? 1.14 4.2
NO,
22 —<;:> 1.07 4.13
NO,
52 -<;:> 1.27 4.20
OH
OOEt
OH
so o 1.13 4.07
H
GOOEt ..
49 o 1.38 4.43
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(§ ppm, TMS)

-OCHR =R

4.93 bt
5.17 1.54
5,12
6.08 7.36
6,08 7.46
8.17
6.36 7.46
6.85 7.77
7.78 7.16
6.04 7.36
5.82 -

=OH

8.71
8.65

0.97(CH,)8.77

2.00(CH

8.98

8.34

6.58

7.82

7.47

6.98



methylene group in the ring of cx,[}-unsaturated.‘y-lactone
) S.Olppm):/9 The proton absorption of the enol group
shows a broad singlet centered around 256.98-8.98ppm.

The chemical shift of hydrogen in lactone ring are
affected by the ¥ =-substituents.. Since the chemical shift
highly dependent on the electron density about nucleus
being observed, or associated with the atom teo which it is
bonded, as the electron density decreases, the nucleus
experiences a greater deshielding and absorbs at lower
field positions. A difference of 0.2ppm for the - -alkyl
substituted lactones 47, 48 and <y -unsubstituted lactone
25 1is comparable to the difference of tertiary alkane
(0.2ppm). A difference of l.2ppm between the -y-phenyl
substituted lactone 21 and 7/-unsubstituted lactone 25 1is
also comparable to the difference between methyl group
absorption of toluene and alkane (l.4ppm). Since the nitro
group on the phenyl ring increases the electron-withdrawing
effect, the proton would be expected to absorb at a lower
field position. In comparing the chemical shifts of
lactones 21, 22, 23, 51, the deshielding effect of hydrogen
by nitrophenyl decreases as one goes from ortho to meta to
the para=-position, and the para-position being unaffected.
This appears to be a good correlation between inductive
effect on 7y —carbon and deshilding effect of < -hydrogen by
nitrophenyl group.,

The 7 -hydrogen of the o=hydroxyphenyl=-substituted

lactone 52 absorbs at much lower field position (7.78ppm).
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Though without a resonance effect, hydroxy-group shows a
negative inductive effect which increase the electron-with=
drawing effect of phenyl, but the chemical shift of the
proton is lower than the expected value. Factors other than
inductive effect should also be considered.

The NMR spectra of o.~keto-/[] -benzoyl-7 -butyrolac-

8 Without a substituent on

tones are shown in Table 5.7
¥ =carbon, the chemical shifts of the methylene proton on
lactone ring seem to be less affected by the [J-substituent
i.e. O 5.00ppm (DMSO—dG) for [J-benzoyl substituents,
54.93ppm (acetone-dG) for [J-carbethoxyl substituent,

S 4.73ppm (CDCl,) for lactone 58. The [} =substituents are

further away from the < -hydrogen, smaller effect on chemi-

cal shift is expected.

3.2.2 Acidity of oL =keto=-7 =lactones

In carbonyl compounds, the ketone and enol forms
are in equilibrium, and on the basis of bond energies
alone, the keto-~form is calculated to be more stable by
about 15-18 Kca1/m01e§o Thus for most systems the equili-
brium lies well to the side of the keto~form. However,
such calculations do not include steric effects, resonance
effects, or solvent effects, all of which tend to change
the value of the equilibrium constant and in some cases
cause the enolic form to become more stable and a few

materials exist entirely (at least as far as the measure-

ments indicate) in the enolic form.
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Table 5 : Chemical shifts (S ppm, TMS) of protons in
oL =Keto= [~=benzoyl-Y =butyrolactones ( DMSO-d, )

§
R i
5
H
\R' 0
R R? -CHZOCO Ar . OH
H H 5.01 7.62(5) ~9
H cH, 5.01 | 7.28(2) ~9
7.75(2) :
H OH 5.02 6.87(2) 10.1
7.79(2)
H OCH3 5.02 7.00(2) 9.2
7.87(2)
OCH3 OCH3 4,96 6.55(2) 8.8
7.35(2)
7.84(2)
7.88(2)
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A comparison of the properties of OlL=diketones
provides a convenient point for any discussion relating to
enolization and acidity of the ol-keto=7 ~lactones. Table
6 shows the acldities. of some O -diketones in water and the
percentage of the enolic form in aqueocus solution.

Cyclisation has a most remarkable influence on the
degree of enolization of (x-diketones, diacetyl CH3COCOCH3
exists almost exclusively as the keto form whereas 1l,2-cyc~
lopentanedione is 100 percent enclized. This is almost
certainly a conformational effect. In the most stable
conformation of biacetyl 67, the C=0 dipoles are pointing

in opposite directions with the negative oxygen atoms as

. . .
O=C’, 3
\C=O 8+ 5 +
/ S o8, OH ©
H3C
67 68 69

far from each other as possible. Because of the rigidity
of the cyclopentane ring, however, the two carbonyl dipoles
in 1,2=-cyclopentanedione lie at an angle of only about 650,'
and because of dipole=dipole and non-bonded interactions in
the diketone which destabilize this keto-form 68. So, the
compound adopts the enol-form 69 (which can be stabilized
by resonance and hydrogen bonding) presumably in an
attempt to relieve this electrostatically unsatisfactory

situation. In 1,2=-cyclohexanedione, the larger ring is
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Table 6 : Enol content and acidity in

and keto esters

Compound

CH,COCH,CO,Et

3 2°72
CH3CO.CH2COCH3
CEe

(o]
CH3
(o]
0

(o]
=
CH
H 0
0

CHBCO.COCH3

% Enol in liquid

745

80

40

60

100

100

5 x 10~

73

some diketones

8.09

8.13

10.3

11.23

9.14

9.60

Ref.

81

81

82

82

82

82
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somewhat more flexible and the predominance of the enol
form therefore not as great.

o =Tetronic acid in the crystalline state has been
reported84 to exist in the enol form and to have a pK of
7.0 (enol). Plattner has synthesized the [=-methyl deriva-

82 and

tive which was studied by Schwarzenback and Wittwer
was also found to exist as the enol in solid state and to
have a pK of 7.77. The cyclic oxygen atom exerts an induc-
tive effect through the -<y-carbon atom and results in

Ot -tetronic acid being a stronger acid than cyclopentane-
1l,2-dione (pK = 9.14).

Table 7 lists the values of the dissociation cons-
tants of some substituted O -tetronic acids prepared in
this study together with some from other sources. With
free [-position, O =keto=y =lactones shows pK, around 7
to 7.8. With bromo-group at [~-position, the lactones show
pKa around 5.55 to 5.64, and with a carbethoxyl group at
[3—position, the lactones have pKa around 3.30 to 4.15, The
difference in acid strength is comparable to the O —-subs=-
tituted tetronic acids as shown in Table 8. The acid weak=-
ening or strengthening effect of groups substituted in
& =position of tetronic acids is generally considered from
their inductive effects.77

However, the conjugation effect may also be a
factor of major importance in determining the acidities of

[3-carbethoxy-cx-tetronic acids. The methylketene dimer 70
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Table 7 : pKa values of ot=tetronic acids in
50% Methanol- 0.2M LiCl

-CO,Et

-CO,Et

-CO,Et

-CO0,Et

-CO,Et

-CO,Et

~CO,Et

-CO,Et

a. H. Hift, H. Mahler, J. Biological Chem. 901,
b. G. Schwarzenback, Helv. Chim. Acta, 30 663 (1947)

3.98

4.07

4,15

3.85

3.75

3.69

3.52

3.30

-H

R2 pKa
-H 7.02
-H 7.77°
~O>—Br 5.55°

(o4
~O>-0c,Hy  5.63
<> 5.64°
~<o> 7.259
No,
@ 7.49

NO,
(1952)

c. E.D. Stecher, et.al.,J. O. C. 30 1800 (1964)
d. E.D. Stecher, et. al., JOC 26 2693 (1961)
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Table 8 : Dissociation constants of tetronic acids

=

Acid
Tetronic acid

Ol =Chlorotetronic acid

OL =Bromotetronic acid

oL =Methyltetronic acid

ol =Ethoxycarbonyltetronic acid

a ~Acetyltetronic acid

76

3.76

2.13

1.8

1.8
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has pKa Cae. 2.8, which is about 100 times as strong as
acetic acid. Since the keto group in this compound is
sufficiently far from the hydroxyl group, so that the
inductive effect may be considered relatively small, it

seems that the high acidity in compound 70 is due largely

to conjugation effects,86
Me~ 20
HO = Me
70

The [J-carbethoxy=- ot-tetronic acid should also have
this conjugation effect - that is, the ion formed as a
result of dissociating hydrogen from hydroxy group should
be stabilized by a resonance distribution of the charge

between the oxygen atoms of the acidic hydroxyl group and

- Q 0~ OC,H
- /s 275
dH he! OCHe b \
N
ol S o)
0 0
o
72 \-‘H 0 73 -H \
- Om 1] - C=0C,H
DL G
- «— (0]
°=No
74 75

of the ester carbonyl group as in 72 -~ 75. This conjugation
effect had been observed by Yamagashi and co-worker87 on

90MHz NMR study of o -acetyl=tetronic acid. The different
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chemical shift for the methylene proton on the ring and the

methyl proton of the acetyl group in the tautomers 76 - 79.

o<
3 i =
(0]
(0] “
7
- 0 77 0
@) = o
=%
(0] é o]
O, 78 79
\g — o L2

As the cyclic oxygen atom exerts an inductive
effect through the 7 -carbon atom, a 7/ -substituent should
also be able to reinforce or compete with the inductive
effect of the ring oxygen atom. As shown in Table 7, the
[3 ~carbethoxy-Q ~tetronic acids with <y-aryl substituents
show stronger acidity than the [3-carbethoxy-ci-tetronic

acids with </-alkyl substituents.
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3.2.3 Mass spectra of O —=keto-7 =lactones

Although the mass spectra of a series of lactones

and tetronic aciclsag"92

had been reported, there is not
much information available on the mass spectra of ot-keto-
Y -lactones. The only reported mass spectra on this class
of compounds is the mass spectra of coumaran-2,3~dicne 80,

the fragmentation pattern93 involving the consecutive loss

Q
mo =C0, m/e 120(300%) =52, m/e 92 =50, n/e 64
0 l_H.

(M+) m/e 148 n/e 63

80

of three molecules of carbon monoxide followed by loss of
a hydrogen atom to give m/e 63 as the stable end product.
The OL-=keto=7 =lactones prepared in this study mostly exist
as enol=lactone, without a benzene fusion on l?- and Y-
carbon. The mass spectra of these compounds exhibit some
difference to the mass spectra of coumaran-2,3-dione 80.

The compounds studied are set out in Table 9-13,
together with the intensity of the ion peak. All the
~compounds except the bis=-product show strong molecular
peak. The mass spectra are shown in Fig. 7-=10.

The predominant degradation routes for many of
these compounds can be explained on the basis of three

schemes. The first involving ketonization of the molecular
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ion followed by elimination of carbon monoxide. The second
involving rupture of CS-R3 bond prior to elimination of
carbon monoxide. The third involwving rupture of C2-C3 bond
and loss of carbon dioxde. Also, in those cases where the
ring system contains labile substituents, the loss of
carbon monoxide or carbon dioxde occurs after modifications
to the substituents had first taken place.

The fragmentation of (1-keto—ﬂ}-carbethoxy—7 -
alkyl (or aryl)-7 =butyrolactones can be rationalized as in
Scheme 2=4., Scheme 2 involves rupture of C2-C3 bond after
ketonization, followed by elimination of carbon monoxide to
give 4-membered lactone, which is then split to give ketene
and aldehyde.

94 showed

Labelling experiment by Friedman and Long
that in unsaturated 7/ -lactones, the ring oxygen was
expelled, accompanied by a hydrogen shift. The loss of
carbon monoxide in lactones 21, 25 1is expected to come
from O -keto group. Since the loss of ring oxygen is
observed as fragment of CHO, the loss of CO in lactones 21,
25 should come from O -keto group. Scheme 3 involves the
rupture of CZ-C3 bond, followed by elimination of carbon
dioxide., Loss of CO2 from the molecular ion is an important
fragmentation process for 7/-butyro- and 7Y -valero=lactones

94

resulting in the cyclopropane ions as the base peak. In

contrast to simple saturated 7Y -lactones, the unsaturated
Y =lactone show relatively little loss of carbon dioxide

95

from the parent ion. The loss of CO, from lactones 21
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Scheme 2 : Fragmentation path 1 of <x—keto-[3-carbethoxy-
7 =butyrolaclactone

HOmymeer -COOE £ o COCEt
H -

0 G 0@5
R

R
m/e 172 R= H
- 248 R= q;
CO
0 e mCOOE L
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M
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Scheme 3 : Fragmentation path 2 of <i-keto-[3-carbethoxy-
Y =butyrolactones
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=CO

[RCH=€HJ
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and 25 exhibits relatively higher intensity (38.2%, 17.3%)
than the (x,lz—unsaturated lactones. The loss of C02 from
enol~lactones 21, 25 may be explained as rupture of weaker
C2—C3 bond after ketonization, to form the cyclopropanone b
which then lost CO to form acrylate ¢, this further
fragments by loss of OC,H; and CO to alkene icn d.

Scheme 4 involves rupture of R2-C4 bond, with loss
of carbethoxy group to give e, which is then followed by
transfer of hydrogen from C5 to C4 with subsequent C4-Cs
and C2--Ol splitting to ion f.

The relative intense ion at m/e 69 is observed for
both 21, 25 . The only possible composition of the fragment
from both 21, 25 is C3H02 y a fragment i or j is proposed
from the loss of hydrogen in h . The fragment h had also
been proposed by Hayne591 in the mass spectra study of
tetronic acids. Friedman and Long also observed similar
fragment C4H,0 in the mass spectra of 'y-crotqnolactone 81

18

and [J-angelicalactone 82 . O =labelling study also shown

that carbonyl oxygen atom incorporate to the cyclopropenoyl

ions.
OH
(-l><-;§ -RCO
R o ‘
8l R=H m/e 55
82 R = cHy

The fragmentation of O=-keto- Y -methyl- Y ~butyro-

lactone 54 are shown in Scheme 5 to 7. The fragmentation

83



Scheme 4 : Fragmentation path 3 of o -keto- IB -carbethoxy-
Y =butyrolactones
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Fig. 7 : Mass spectrum of ol-keto- [J~carbethoxy-
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Table 9 : m/e Values and relative intensities (%) of
mass spectra of OL-keto—[z-carbethoxy-7’—
butyrolactone 20

Mass no. Intensity(%) Comments

172 15.8 Molecular ion

144 1.9 M = CO, or M«C,H,
143 0.7 M-CHO, or M—C2H5
128 38.2 M=CO,
127 44.8 M=CO,H, or M=-OC,Hg
100 46.6 M-CO=CO,, or M-C,H,-CO,
99 100.0 M=CO,C He

73 19.0 +C0,C,Hg

72 43.0 C,0,

71 17.3 +0=COCHSCH,,

69 50.9 of-cn-to

55 41.9 H,C=CH=C=0+

54 51.1 H,C=C=C=0

45 44,8 +CO,H

42 16,5 H,C=C=0

29 70.2 HC=0+

127 53.7 H,C=CH
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Table 10 : m/e Values and relative intensities of mass
spectra of OlL-keto= B-carbethoxy—‘}’ -phenyl-

Y =butyrolactone 21

Mass no. Intensity(%) Comments

248 95.9 Molecular ion
220 4.6 M-CO, or M=C,H,
219 | 21.3 M-CZH5

204 17.3 M-C02

203 15.7 M=CO,H or M-QC,H.
175 33.0 M-C02C2H5

158 68.0 M~CO,C,Hs=OH
146 19.8 147=H

131 57.9 D HC=CH~C=0+
130 100.0 ¢ HC=C=C=0

115 5.6 H6=C=C(C02Et)H
105 78.7 ¢_C=o+

103 29.4 P cu=tn

102 35.0 103=H

91 11.7 +C=CHy

77 63.5 +{S>

69 22.3 OC-gH— 0
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of lactone 54 are somewhat different from the fragmenta-
tion of 21 and 25 . For lactone 54 has no labil substi-
tuent-carbethoxyl group on [3-position, a methyl group on
Y=-position is capable of ot-cleavage as in Scheme 5.
Cleavage O to the lactone oxygen and resultant loss of a
methyl radical had also been observed in L}-angelicalactone

54

82. o -Cleavage may become increasingly important with

larger substituents at CS?G The intense ion at m/e 69
(base peak) can be the icn i as in Scheme 4b from the
loss of aldehyde RHCO from O~ketolactone after ketoniza-
tion or from the loss of carboxylic acid from the vinyl
pyruvic acid which is the hydrogen rearrangement of
lactone 54.

The fragment at m/e 58 may be expected from the

simultaneous ejection of two molecules of carbon monoxide

(or C202) or from the sequential loss of carbon monoxide.

o] (0]
0
0
o) o]
m/e 290 83a
§é CZO2

A few reports on such fragmentation are found in the lite-

rature.97-101 Letcher in studying mass spectra of pulvic
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Scheme 5 :

Fragmentation path 1 of
lactone 54
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Scheme 7 : Fragmentation path3 for oL ~keto~y -methyl-
Y =butyrolactone
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Table 11 : m/e Values and intensities of mass spectra
' of O=keto~7y -methyl=-7 ~butyrolactone 54

Mass no. Intensity(%) Comments
114 14.8 Molecular ion
99 10.3 M~CH,
71 8.5 M=CH,=CO
70 5.5 M-CO,,
69 100.0 M=CO,H, 65C-CH=CHCH3
58 56.5 M-2CO
45 4.6 +CO,H
44 7.6 co,,
43 81.6 cnjcs0+
42 19.8 CH,=C=0
41 42.4 cn3cu=tn
39 27.2 EH=C=CH,,
29 11.2 H=-C=0+
28 9.2 C=0

92



€6

™ T r v T l T T T I ¥ ~T e~ T I T — 7*]—' v lﬁ A . Az T T l
69

43

58

41

Izt

‘LJJJZ:L...__ LiL_MJ_JJL_MU_L —rn Eg l.

N | . { B ] | P S |

Fig. 8 : Mass spectrum of ol-keto-7y -methyl-"7 —-butyrolactone



acid lactone 83, proposed a cyclic intermediate -
Ol-diketone 83a was formed by rearrangement and a concer-

ted loss of CZOZ to 83b was substantiated by the appro=~

priate metastable ion. Since m/e at 86 for the single loss
of carbon monoxide from lactone 54 has not been observed
in substantial intensity. It is believed that the m/e 58
formed by simultaneous ejection of two molecules of CO

(or loss of C202).

However, in the mass spectra of a=keto-/,[ -
dimethyl=-7y ~butyrolactone 53 , the m/e at 84 (with initial
loss of carbon dioxide from molecular ion) was not observed.
The fragmentation involves the elimination of carbon
monoxide, followed by elimination of carbeon monoxide,
carbon dioxide or formaldehyde as shown in Scheme 8. A
rather intense M-l ion was observed in the spectra of
lactone 53 ,- as a fragment from Q-cleavage with the loss
of hydrogen to give oxonium ion 53a, which was then
followed by elimination of carbon monoxide as shown in

Scheme 9.
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Scheme 8 :
Y =butyrolactone 53

=C0
CH >:
3
m/e 70

Lo

[ cny=cH=CH 2]

m/e 42

[

[EH:CHZ]

m/e 27

95

Fragmentation path 1 of o.=keto- [, O~-dimethyl-



Table 12 : m/e Values and intensities of mass spectra of
oL ~keto=[ , 3 =dimethyl--y =butyrolactone 53

Mass no. Intensity(%) Comments
128 86.4 Molecular ion
127 16.6 M=-H
100 S.3 M-=CO
99 21.4 M-CHO
70 75.0 (CH3)2C=C=O
69 30.7 70=-H
56 61.4 - (CHg)C=CH,
55 20.7 CH,=CH=C=0+
42 57.1 CH3—CH=CH2
41 100.0 CH,~&=CH,
39 38.6 CH2=C=CH2
29 36.0 H=C=Z0+
28 30.0 C=0
27 43.2 CH,=LH
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Scheme 9 : Fragmentation path 2 of ot=keto=/[, ] -dimethyl-
Y =butyrolactone 53

-CO

[( CH3 ) 2C=C=O:,
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Table 13 : m/e values and intensities of mass spectra of
bis-lactone 49

HO COOEt
—\_H O~.0

o) 3’ \—
49 Cooet OH

Mass noe. Intensity(%) Comments

342 4.4 Molecular ion

324 1.8 M-HZO

314 3.0 M-CO, M-C,H,

296 11.2 M—HZO-CO

270 9.4 M-CO,C,H, , M=CO=CO,
252 5.8 M- OH—COZCZHS, or M—HZO-CO-CO2
224 28.0 M—COZCZHS—OH—CO

194 15.1 224-C2H5+H, 224=CO
179 8.4 224—OC2H5, or 224—C02H
172 9l.4

143 100.0 M=171=CO

126 68.8 143=0H

115 99.5 143-CO

98 27.5 143-OC2H5,143-C02H
97 92.5 98-H

70 49.9 CH2=CHCH2CHO

69 73.4 CH2=CHC32CEO+

45 68.9 Eozu, bcHe

44 71.2 CO2

29 59.4 CHO+

28 46.3 C=0

29
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3.3 Polvmerization of O =keto- 7 =lactones

No previous work on polymerization of O ~keto=7y =
lactones has been reported. Infering from their analogs
(lactone, ketone, enol), three possible polymerization
paths were proposed: (a) Ring~opening polymerization to
give polyester, as in the saturated lactones which undergo
ring-opening polymerization to polyesters with the use of

18 (b) Poly=-

a variety of cationic and anionic catalysts.
merization through reaction of the double bond, as in poly=-
merization of «&, ,B—unsatur:.ated-7-lactones, the lactone
ring was retained, the polymer was generated exclusively

20,25,26

through reaction of the double bond. (c) Polymeri-

.zation by Aldol-condensation of ketone group as in the

9-11 1pe polymer obtained

condensation of pyruvic acid.
from path (b) and path (c) should have same structure with
retention of lactone ring.

3.3.1 Polymerization of o-~keto- [ =carbethoxy— 7Y =butyro=

lactone (25)

(a) By acid-catalyzed polymerization:

The polymer obtained from acid=-catalyzed polymeri-
zation of lactone 25 is probable a low molecular weight
polymers. The polymer was obtained from extraction with
ether, which remove the high molecular weight fraction,
sublimation of the compound under high vacuum should also

remove the monomer. From the mass spectra of polymer as

101



shown in Table 14, the ion peak at m/e 381 reveals a
fragment from trimer of lactone 25.

The NMR spectra showed carbethoxyl group at
S1.0-1.5ppm(m, 3H), 53.7-4.8ppm(m, 4H, methylene protons
of ester and methylene protons on the ring), enol group
at O 8.13ppm(broad, 1H) with a quartet at S 3.48ppm(0.4H),
singlet at 314.94ppm(0.2H) and broad unresolved peaks
around O 1.87-3.2ppm. uv absorption shwoed A max=248mu
(€ =1,800) in 95% EtOH. The infrared spectra of the
polymer showed OH absorption at 3500cm-l, carbonyl
absorption overlapping around 1710 to 1780cm™ L.

Lactone 25 seemed to be polymerized in dilute
sulfuric acid before the cleavage of [-ketoester. The
lactone 25 can undergo (a) ring-~opening polymerization to

give polymer 84 or (b) polymerization through the carbon-

O OH COzEt O O C02Et
. Og CI:-CI CH -~ OIC.:-—g—-éH—CH
—=TT=2 ’ 2| n
84 85

COEt OH  CO,Et
(AN VN B

T G,

8

carbon double bond to give polymer 86.
For ring-opening polymerization product 84, the

noncyclic [3—ketoester may exist mostly in keto-form, as

102



81

in the acetoacetic ester CH,COCH,COEL, only 7.5% of

2772
the ester exist in enol form. The strong enol peak at-

58.13ppm indicated the polymer exist mostly in enol-form,

1 indicated a

also infrared absorption at 1780cm
7 -lactone. We therefore prefer the polymer structure 88,

which can be formed by acid-catalysed Michael-type addi-

tion102 as following: S
22h v
CO,Et  HQ e CP2Etpy C-OEt
no =" 25

gy IS o S gy 1 g

i iSZB ?H Afozft ot
O;l\CTJ kogL‘O’] /r1

Since the reaction is a Michael-type addition,
the polymer is believed to be head to tail polymer as in
structure 8. The compound can also be stabilized by
intra-hydrogen bonding between the hydroxyl group and the
carbonyl group of the ester.

The mass spectra of the polymer 86 are summarized
in Table 14. The ion peak at m/e 345(dimer+l) can be
explained as the fragment 87 from the elimination of CO,
=6co Et.

2 2
Rather high intensity at m/e 155 was observed in

CO,

2 and CH

the mass spectra of polymer 86 , which is due to the loss

103



Table 14 : m/e Values and fragments of polymer 86

H COCEt u*
0 A

Mass no. Intensity(%) Comments

381 0.3 Trimer-COzczHS, -OC2H5-OH
345 1.3 Trimer-171, dimer+H

328 1.5 345-0H

301 5.6 34S-CO2

299 1.5 Dimer-OCsz

283 0.6 345-OC2H5-OH, or dimer-COz-OH
282 0.6 Dimer-COz-OH-H

273 6.7 Dimer-COZCZHS, or 345-CO--CO2
255 2.0 Dimer-CO-COZ-OH

227 18.8 345-C02C2HS-OH-CO

199 3.1 345-2C02C2H5, or 345-C02C2H5-

CO—COZ-H

181 5.5 345-2C02C2H5-OH-H
172 25.0 monomer

155 12.0 monomer=OH

144 3.0 172-CO

128 38.5 172-CO2
127 100.0 172-C02§, or 172-0C2H5
115 10.4 172-C0—H2C0
100 45.8 172-CO--CO2

99 95.0 172-C02C2H5

72 41.7 172-C02E1t-OH

69 40.6 C3HO2

55 70.3 H2C=CH-CEO+
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-

of OH from 1 unit of lactone. The m/e at 155 is nct detec-
table in mass spectra of the monomer lactone 25 due to
fragmentation of monomer take place after ketonization.
Also, the loss of OH from carbon-carbon double bond is less
facile.

As observed in NMR- spectra of polymer 86 , there
are some unresolved peaks around 51487—3.2ppm, which may

be due to the polymer that was formed after decomposition

of the monomer.

H CO,Et OH CO,Et
PN |
A )
Aod oA
87

(b) By pyrolysis : The thermal polymerization
should give polymer structure free from the contamination
by catalysts. However, the mass spectra of thermal polymer
of lactone 25 , showed a more complex spectra than that
of the acid-catalysed polymer 86 . As shown in Table 15,
in addition to the ion peaks (381, 299, 282, 255, 227, 199,
181, 172 etc.) observed in acid-catalysed polymer 86 ,
the mass spectra of thermal polymer also exhibits a lot
of other numbers. Since gas evolution was observed in
pyrolysis of lactone 25, it is believed that the polymeri-

zation is also accompanying by decomposition of the
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28

lactone 25 . Schinz reported that upon pyrolysis of

OL-keto-[3~carbethoxy-?’-isopropyl-?’—butyrolactone at
290-310°C gave (Me) ,CHCH=CHCO,Et in 30% yield. Upon
pyrolysis, lactone 25 may also undergo decarboxylation
and decarbonylation to give ethyl acrylate which is then
polymerized. The fragmentation of this poly~(ethyl

acrylate) may be explained as followed:

HomeecCOLEt 0,Et A gozEt ‘.::;Et
O,(' 5 — —To? CH,=CH —*‘f‘:*‘zc n
0 -co,,
25
CO,EE COMEE oo y CO,EE COzEE  C=O-+
{CHZ-CH;ECH=CH —23, CH,=C HZ-CH$§CH=CH
1299 x53
~CO,Et
=% -OC.H =0C,Hg
~C,H, ofs
+H

CO,Et C=0+

i l
) HZ—CH§§CH2-CH-CH=CH2
i
-@caz-cu;;cu=CH2 %81

CO Bt C=0+ CmO
-{CHZ-CH}ECHZ-CH-CH=CH

x09
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Table l4a: m/e Values and relative intensities of abundant
ions of heated polymer of <1—keto-L?-carbethoxy-

¥ =butyrolactone
Mass no. Intensity(%) Mass no. Intensity(%)
453 0.1 207 0.9
451 0.1 *199 2.5
438 0.1 198 1.3
409 0.1 *181 4.1
382 0.1 180 3.3
* 381 0.1 173 l.6
354 0.1 *172 10.2
353 0.1 *144 2.2
337 0.1 128 31.4
325 0.1 127 1.9
309 0.l 115 5.1
*259 0.1 100 42.3
*282 0.2 99 100.0
281 0.8 88 11.7
272 0.3 72 36.5
263 0.3 69 48.2
* 255 0.6 55 52.6
254 0.6 54 67.9
235 0.9 45 59.8
*227 2.6 43 28.5
226 1.1 31 37.9
209 0.7 29 71.5

* Same fragment had also been observed in acid-catalyzed
polymerization of lactone 20
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3.3.2 Polymerization of Ot =keto=) =methyl-7 =butyro-

. lactone (54)

The O -keto- Y -methyl-7 -~butyrolactone has similar
functional groups as the a.-keto-[3-carbethoxy-)’-butyro-
lactone 25 , except the free [J -position. Without e
carbethoxyl group on lg-position, the lactone 54 should
be more reactive. The study of polymerization of this
lactone 54 should also be less complicated without a
carbethoxyl group on ﬁg-position.

(a) Anionic polymerization: A white solid was
obtained when O -keto-7 —-methyl-Y -butyrolactone 54 was
added into a stirring suspension of sodium methoxide in
ether. The mass spectra of the product with highest ilon
peak at m/e 210, and a neutralization equivalent of 211l.1
leads to an assumption of dehydrated dimer( a dimer less
1 mole of water).

The dehydrated dimer bis-(3,4-~dihalogeno=-5-oxo=-

2,5=dihydrofuran-2-yl) ether 88 had been reported by
105

Kovac and coworkers from the dehydration of the
X Y X
2 —— H H 0
=No 0o 0 0
88

appropriate 3,4-disubstituted-5-hydroxyfuran-2-(5H)=~ones.
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Anhydrotetronic acid 89 was also obtained by Wolff and

106

Schwabe by heating an aqueous solution of tetronic

acid. The structure of anvhydrous acid CBHGOS was later

2 o.—:L_—:j_OH =H,0 o=L_(;j o={:o—/l N

89

107

confirmed by Marrian and coworkers as 89 .

The dimer of lactone 54 was first assumed to be

97 The infrared absorption

H 0
Vs T o ¥ S oy v gy &
H H — :4 H
o o H b
cuy O 0" New, © Okaa 0=\ N cH

the dehydrated compound 90 or 91

3 3
20 34
at 1760cm-1 suggested retention of 7/ -lactone ring, and

1 and 3450cm™! indicated an enol

hydroxyl group at 3320cm”
structure 91 . The weak acidic character(pka=7.60) also
suggested that the compound is an enol. However, NMR
spectra at & 4.7-5.lppm(m, 1lH, assigned to be Hb),
55.23ppm(q, 1H, assigned to be Ha), O 3.12ppm(q, lﬁ)
seemed to be a rather upfield chemical shift for vinyl

proton Hc, and the triplet at O 1.5ppm(6H) is a kind of

peculiar, there is no compatible methylene group(according

112
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to integration of peak area) which can be coupled with
these protons. So, it is assumed that the two doublet for
the methyl groups happend to have the difference of
chemical shift equal to their coupling constant. (similar
overlapping had also been observed in the NMR spectra of
lactone 46 as in Fig. l2a,the triplet of the methyl
protons of ester at 51.60ppm was overlapped with the
doublet of the methyl protons on the ring at 51.78ppm).
But, no proton can be assigned to the absorption around
5 2.1-2.20ppm.

The carbon hydrogen analysis showed that the
compound has composition of CSHGOB‘ The compound may be
a dimer without dehydration. The proton absorption around
S 2.1=-2.20ppm was overlapped with the absorption of
acetone—dG. The NMR spectra of the dimer in D20 indicated
that the proton absorption at ) 2.15ppm was a AMX tpye
quartet(1H, J,=10Hz, J2=l4Hz). Careful examination of the

1
NMR spectra lead to a dimer structure 92. The triplet at

3

S 1.S5ppm(6H, J= 6Hz) was assigned to be the overlapping of

two doublet of methyl protons, the doublet of methyl
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protons which coupled with Hd at § l.44ppm(3H, J=6Hz)

and the doublet of methyl protons at o 1.54ppm(3H, J=6Hz)
which coupled with Hc, with the neighboring double bond,
a downfield chemical shift is expected.

The AMX type quartet at O 2.15ppm(1H, J,=10Hz,
J2=—14Hz) is assigned to be Hb, another AMX type quartet
at S3.12ppm(1H, J1=6Hz, J2=—14Hz) is assigned to be Ha,
for the proton is closer to the hydroxyl group, a
downfield chemical shift is expected. The geminal coupling
constant (J==14Hz) for Ha and Hb also consistent with the
bond angle about 109°. a complex absorption at O 4.7=5.1
ppm(m, LH) is expected for Hd, which coupled with Ha, Hb
and the methyl protons on the ring. The Hc absorption
exhibits a clear quartet at & 5.23ppm(1H, J=6Hz) for the
only possible coupling with methyl protons. The enol and
hydroxyl protons are absorbed at S 6 .05ppm(broad, 2H).

The absence of molecular ion at m/e 228 in the
mass spectra of the dimer 92 may be due to the quick
dehydration upon heating(a weak ion peak at m/e 228 has
been observed in the mass spectra of heated dimer of
lactone 54,which will be discussed in later section). The
mass spectra of dimer 92 are summarized in Table 15, which
is also consistent with the structure assigned.

(b) By pyrolysis: The lactone 54 was heated at

115-125°C for 24 hours, evolution of gas was observed and
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Table 15 : m/e Values and relative intensities (%) of
dimer of O -keto-) -methyl-7y -butyrolactone

o
QX
5

w

=
[+}]
o)
Q
T
D
v

Mass no. Intensity(%) Comments
210 76.6 Dimer-HZQ
195 6.0 210—CH3
192 18.0 210—H20
184 4.4 Dimer-—co2
165 , 50.1‘ 210~0H=CO
164 60.7 21O-H20-CO
149 8,2 210-OH—CO2
147 11.9 210-H20-C02H
139 34.8 210-CO~CH,CO
121 19.6 139-H,0, or 165-CO,
114 8.3 Monomer
111 25.1 139=CO
97 14.2 210-monomer-H
95 33.0 139-CO2
93 46.8 210-CH3CHO—CO—C02H
77 22.4 121-CO2
69 57.2 CH3CH=CHCEO+
43 100.0 CHBCO
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a yellowish tacky solid was obtained. The NMR of compound
(Fig. 14) showed saturated hydrocarbon around O l.35-
1.85ppm, the compound may be a polymer of propene which is
formed by decarboxylation and decarbonylation of

lactone 54.
=-CO

N Og— =CO, CH3 A T3
o / ! H et OQ HH — CH2= CH —p CH2— CH.
“N0“cH CH, n

The mass spectra obtained after background of
polypropylene(Fig. 15) was summarized in Table 1l6. The
mass spectra with m/e below 210 are similar to the of
dimer 92(Fig. 16). The higher ion peak at m/e 324, 308,
280, 260, 236 indicated a trimer has also been formed in
the thermal polymerization. The weak ion peak at m/e 228,
confirmed that the dimer is not dehydrated.

(c) By acid-catalysed polymerization: Attempt in
degradation of lactone 46 to lactone 54 with 10% sulfuric

acid, give 50% of degradation product-lactone 54 , as

~shown in NMR spectra(Fig. 17). However, when the product

was passed through silica gel column, completely different
compounds were obtained as in comparison of the NMR
spectrum. Two fractions were obtained after column chro-
matogréphy. Fraction 1 showed saturated hydrocarbon

around 80.9-1.6ppm, which may be due to the decomposition
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Table 16 : m/e Values and relative intensities of abundant
ions of pyrolysis products of Ot-keto-7Y -methyl-

7 ~butyrolactone

Mass no. Intensity(%) Comments

324 0.2 Trimer-HZO

308 0.2 Trimer-20H

280 0.3 Trimer—HZO—CO2
262 0.3 Trimer-ZHZO-CO2
236 1.6 Trimer-H20-2C02
228 o4 Dimer

218 1.2 236-H,0

210 60.6 Dimer-HZO

195 5.6 210-CH,

192 12.9 1210-H,0
165 31.3 210-CH-CO

164 37.6 210-H20-éo

149 ‘5.2 210-OH-CO2

147 5.6 210~H,0-CO,H
139 11.5 210~-CO~CH,CO
121 9.4 139-H,0, or 165-C0,
114 20.0 Monomer
111 9.4 139=CO

95 34.1 139-C0,

93 20.0 210—CH3CHO-CO-C02H
69 100.0 CHBCH=CHC=O+

43 100.0 CH,CO
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of lactone 54 . Fraction 2 showed identical NMR spectra
to that of dimer 92 obtained from base-catalysed reaction
of lactone 54 . As the acetaldehyde has been reported

to be polymerized to high molecular weight polymers by
using 7 =alumina or high purity silica,t06=108 1¢ ;g

believed that the dimerization of lactone 34 was

catalysed by silica gel in presence of acid.
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3.3.3 Attempted polymerization of some @ =keto=~?7 —butyro-

lactones

(a) Ot—=Keto-7Y -lactones with ﬂ-carbethoxyl group:
Attempt on polymerization of lactones 25, 49, 50 with
sodium ethoxide as catalyst was unsuccessful. The starting
material was recovered in all cases. Failure of polymeriza-~

tion may be due to the formation -of anion 93 which can be

o ol
i L
0y’ C=OC 25 <iz__f<\oc2}15
H ) H :
0 .
0% 07 Mg
93 94

stabilized by resonance distribution of the charge between
the oxygen atoms of hydroxyl group and of the ester
carbonyl group as in 93 and 24 .

(b) o -Keto-[,[ -dimethyl-Y -butyrolactone 53 :
The lactone 53 can not be polymerized either by pyrolysis
or base=catalysed reaction. The starting material were
recovered in both cases. The lactone 53 with two substi-
tuents on L}-position can only exist in keto=form. The
failure of polymerization may be due to the non-enolizable
ketone group, which is less reactive than the enol group.

(c) O~Keto~7 =(n-propyl)-y -butyrolactone 56 :
The lactone 56 can not be dimerized under the same |
condition as in dimerization of Ol -keto~?7 ~methyl~7y -

butyrolactone 54. Failure in obtaining anhydrotetronic
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acid from 7/=-substituted tetronic acid was also reported

by Marrian and co—workers,los

and it had been suggested
that steric factors may govern the course of reaction. As
in lactone 56, the n-propyl group is a bulky group compare
to methyl group. If the dimer of lactone 36 has the similar
structure as dimer 92, steric interaction between n-propyl
group and Ha or Hb would be expected. If the dimer of
lactone 56 has the structure of dehydrated dimer 391, steric
hindrance in the transition state 92 still prevent the
dimerization. Failure of dimerization of lactone 56 can be
attributed to the bulky n-propyl group which destabilized
the dimer.

3.3.4 Copolymerization of bis-fy-(d--keto-ﬁz-c§rbethoxy-

‘Y—butyrolactone)] (49)

Reaction of phenolphthalein 95 with terephthaloyl
chloride in presence of triethylamine gives poly-(phenol-

109 Since the enol has similar

phthalein terephthalate).
reactivity as phenol, reaction of dienol with terephthaloyl
chloride should also give the polyester, Reaction of
bis~lactone 49 with terephthaloyl chloride indeed give
solid polymers, which are insoluble in chloroform, acetone,
or alcohol. On the basis of the IR spectrum (C=0 stretching

1 and no carboxylic or enolic

overlapped around 1680-1800cm_
OH band) and the analytical data (composition C,,Hg0.),
this polymer is assigned the structure 96 . From the

reactivity of enol group, the bis-lactone 49, 50 is
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expected to form copolymer with diisocyanates, dicarboxylic
acids or their derivatives, e.g. dichlorides of dicarboxy=-

lic acids,

HO’Q\C\?@OH 0 8
C\}, + Cl-C- @-c-a

catalyst or base

COZEt COZEt
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3.4 Reactions of pyruvic acid

The pyruvic acid obtained by distillation is
reasonably pure, Mass spectra (Table 17) indicated no dimer
in detectable amount. Pyruvic acid fragments by cleavage
of the carbon-carbon bond between the two carbonyl groups,
producing the base peak of the spectrum (m/e 43). The same
m/e 43 fragment has also been observed in methyl pyruvate
and pyruvaldehyde. |

The mass spectra of Ok=keto- Y -valerolactocarbonic
acid 3 - dimer of pyruvic acid (Table 18), showed similar
fragmentation as that of O.-keto- Y -methyl- -butyrolactone,
except the base peak at m/e 113, which is formed by initial

loss of “Y-substituent (-COZH).

m/e 113 (100%)

jw

Methylation of parapyruvic acid 5 - trimer of
pyruvic acid, did not give the crystalline product as
reported by Schellenberger.12 The mass spectra of the
product (Table 19) indicated a mixture of methylated and
unmethylated hydroxyl pyran 100, 100a.

no polymer other than reported ones has been
separated upon reaction catalyzed by sodium hydroxide or

by lead acetate.
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Table 17 : m/e Values and relative intensities of abundant
ions of pyruvic acid, methyl pyruvate, and

pyruvaldehyde
CHBCOCO H CH3COC02CH3 CH3COCHO
Mass no. | % ions % ions % ions
102 9.8|M.
88 5.0 M
72 5.91M
60 1.5|M=CO
-59 4,5 COZCH3
56 4.,0|0CCO
45 44.8 C02H
44 18.5 CO2
43 100,0 CH3CO 100.0 CH3CO 100.0 CH3CO
42 35.5 CH2=C=O
41 10.0 |HE=C=0
31 1.2|0CH,
29 29,5 HC=0+ 7.8 | HC=0+ 47,5 HC=20+
28 15.0{C=0 3.3|C0O 27.5{C0O
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Table 18 :

Mass no.
158
130
114
113
102
99
86
85
70
69
56
45
44
43
41
40
29
28

m/e Values and relative intensities of abundant
ions of oOt-ketovalerolactocarbonic acid 3

HO
CH3

Intensity(%) Comments
1.7 Molecular ion
11.1 M—CO2

100.0 M—COZH
4.4 M—CH3—C02
21.7 M—CO—CO2

34,7 M—CO—COZH
38.9 M-CHO-CH3CO
18.9 M—CO-COZH
14.4 0=C=C=0

66.1 C02H

67.2 CO2

19.4 CH3C0

15.6 M—CO-COZ—COZH
30.6 CH2=C=CH2

24 .4 HC=0+

10.7 co
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Table 19 : m/e Values and relative intensities of abundant

Mass no.

302
288
271
243
229
211
201
187
184
183
169
15
141
131

127

115
99
89
69

59

ions of trimethyl=2-methoxy=6-methyl=3~dihydro=-
pyran=2,4,6=-tricarboxylate

COZCH3
r’ad
RO CH3 (R = H.or CH3)
H3C02C cozcu3

Intensity(%) Comments

- Molecular ion
- Molecular ion

649 302-0CH,, or 288-CH
99.6 302-CO,CH,
11.5 288~CO,CH,
86.6 302-C0,CH,~OCH =H
25.3 288=C0,,CH,=CO
19.8 288=C0,,CH,=CH,CO
18.4 288-C0 ,CH~CO~OH
96.8 302-C0,CH4=CO,CH,=H
93.5 302-CH,COCO,CH,=OCH, -
23.0 302=-2C0,CH,~0CH,~2H
35.9 302=2C0,CH;=CH,CO
90.8 He+ OCH3
§57:c02c33
100.0 302~2C0.,CH.,~CH., CO=CH
23~ 3 2
24,4 Eﬁsc(OCH3)cozcn3
22.6 6H=c(CH3)COZCH3
74,7 Euzcozc33
29.5 +
H:::,_GCH3
84.8 éozca3
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CO,H

2 ' CO,CH, )
HO CH3 272 CH3O|/ljl<CH3 + OZCH3
CO,CH
HOZC C02H H3C02C 273 no (7 CH3
H,C0,C
2 10 3772 CO,CH,4
100a
3.5 Reactions of citroylformic acid lactone (11)

Lactone of citroylformic acid was prepared from
self-condensation of oxalacetic acid by following Wiley and
Kim's procedure.16

3.5.1 Methylation cf citrovlformic acid lactone

Methylation of lactone of citroylformic acid 11
with diazomethane, gives a colorless solid. The molecular
weight (mass spectra) was found to be 244.0556 (C10H1207,
theory 244.0581) with reference to the CsFg peak at
242.9856 amu. Both hydroxyl groups of acid and enol are

methylated.

CH,O

HO~__ oLk cHN, 3O ==\ ,CO,CH,y

0 2 — O“ NcH. co.CH

CH,CO,H 2-Ya%" 3
97

The fragmentation of methyl ether 27 (Table 20)
confirms Schemes 2, 3 for fragmentation of O-keto-7 -

lactones. Since the enol group is methylated, the initial
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Table 20 : m/e Values and relative intensities of abundant
ions of Trimethyl ester of citroylformic acid
lactone 97

Mass no. Intensity(%) Comments
244 | 3.7 Molecular ion
229 2.3 M—CH3
213 6.5 M—OCH3
212 22.7 M—OCHB-H
200 19.6 M—CO2
199 9.3 M—COZ-H
185 99.1 M—COZCH3
184 28.5 M-602CH3—H
171 11.2 M-CHZCOZCH3
157 22,9 M—CO-COZCH3
143 100.0 M-CHZCOZCH3-CO
141 45.8 M-COZCHB-CO2
127 100.0 M-CHZCOZCH3-CO2
115 62.6 M—CHZCOZCHB-ZCO
101 61.7 5=CCH,CO,CH,
99 33.6 O=g:]KTOCH3
69 65.9 o g CH3gj[::;-H
59 72.0 Co,CH,
29 41.1 HC=0+
28 43,9 co
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loss of carbon monoxide has not been observed (m/e 216),
this confirms the proposed mechanism that carbon monoxide
‘is eliminated from O=keto group, not from the carbonyl
group of the lactone. The ion peaks at m/e 157 (loss of
COZCHB’ CO0), 143 (loss of -CH2C02CH3, CO) indicated that
there is a migration of the 7 -substituents, such rearran-
gements can be explained by using the principles extracted
from the work of Friedman and Long.94 Thus, the lactone

ring is ruptured at C2—Ol bond (acyl oxygen cleavage)

with simultaneous migration of a substituent at C5 to C4

CH,0 GO2CHy
o ——>  0=C=C~=CH-C~-CH,CO,CH
O@COZCHB | i 2-Yo-ig
0 CH,CO,CH, ocH, o

-COCHZCOZCH3

?OZCH3

O=C=?—fCH+

OCH3

Scheme 10 : Rearrangement path for ether 97

(Scheme 10). In this study, the methyl ether of trimethyl
oxalocitrolactone ester 98 1is also prepared by methylation
of trimethyl oxalacitrolactone ester. The mass spectra of
methyl ether 98 showed that with m/e below 200, the ether
98 has same fragments (199, 185, 157, 143, 141, 127, 115)
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as that of the ether 97.

Co,CH CH,O CO,CH

Hoo—’ 23 (o n 3 2773
o CO,CHy 7272 . CO,CH,
0
CH,CO,CH, CH,CO,CH,
98

The NMR (acetone-d., TMS) of methyl ether 97

6’
exhibits an AB. quartet for the methylene protons at
82.95ppm (Ha of AB quartet, 1H, J=17Hz), S 3.40ppm (Hb of
AB quartet, 1H, J=17Hz), three sets of singlet for the
methyl protons at 03.69ppm (s, 3H, -OCH3), d 3.77ppm (s,
3H, =CH,CO,CH;), §3.85ppm (s, 3H, =CO,CH;), and another
singlet for vinyl proton at 56.15ppm (s, 1H). This is
also consistent with structure 97 for the trimethyl ester

of citroylformic acid lactone 1l.

3.5.2 Polymerization of citroylformic acid lactone (11)

Polymerization of citroylformic acid lactone was
studied at different (1) reaction temperatures- by varying
the refluxing solvent (2) reaction times (3) concentration
of lactone 11 in solution. The degree of polymerization
was based on neutralization equivalent which was obtained
from titration of the resulting acids. The reaction data
is listed in Table 1. The neutralization equivalent is

increased by increasing concentration, reaction time, and
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reaction temperature., With mixture of nitromethane and
acetone as refluxing solvent, the neutralization equivalent
seems to increase to the greater extent. Methylation of
one of the reaction product (N.E.=86.5) with diazomethane,
gives methyl ester. The mass spectra of resulting methyl
ester (Table 21) showed ion peaks at m/e 443, 431, 381,
344, 330, 315, 313, 312, 301, 299, 287, 272, 271, 257 in
addition to the major ion peaks of the methyl ester of
monomer 97 . From polymerization study of Q-keto-Y -~
lactones in the previous section, it is very unlikely for
a lactone with bulky 7 -~substituent to be polymerized
through carbon-carbon double bond. Thus, ring-opening
polymerization is proposed for the reaction of iactone‘ii
with bulky 7 =substituent. Besides, decarboxylation may
also take place at high temperature. According to mass
spectra (Table 21), the polymer is possibly formed by
ring-opening polymerization after decarboxylation of
lactone ll. The dimer formed by ring-opening polymeriza-

tion may be cyclised to form 1lO-membered ring lactone 99.

H CH,COH
OZZ?f><COZCH3 ~% [ ﬁ @ CH énzo :
: g

CHZCOZCH3 n

NE = 158 (n=2,3)

00 CH,CO,CH,y ICHZN
0o | 2
CmCoCH ,=CH=0

n
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0 CH,CO,CH

2-Pa%H,
Oy. #1 é
C—C~CH,~CH
\O .

CH—CHZ-CO-C<O

HZCOZCH3

4

~°N
Q—

The polymers were not separated from the monomer,

an estimation of 25% polymers in the mixture based on

calculation from the neutralization equivalent (monomer

N.E.=67.3, after decarboxylation, N.E.=158),
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Table 21 : Fragments of methyl ester of poly=-citroyl-
formic acid lactone

Mass no. Comments

443 trimer-CHZCOZCH3

431 trimer-CHZCO—CH3-CO

381 trimer-ZCOZCH3-OH

344 dimer

330 dimer-CH2

315 dimer-CO=H

313 dimer-OCH3

312 dimer-O€H3—H

301 dimer-C02+H, or dimer-CH3-CO

299 dimer—COz—H

287 dimer-2CO-H

272 dimer-CO-CO2

271 dimer—CHZCOZCH3

257 dimer-CH,CO,CH,~CH,, or Dimer-COZCH3-
GO

244 monomer

243 monomer=H

229 monomer-CH3

212 monomer-OCH3-H

185 monomer-—COZCH3

171 monomer-CHZCOZCH3

157 monomer-COZCHB-CO
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4, CONCLUSION

A variety of O.-keto=-y =lactones were prepared by
modified Gault and Durand's method for characterization
study. Two new lactones - o -keto-[] —carbethoxy-7y -
(o=hydroxyphenyl)=% =butyrolactone and bis-(7y -( ct=keto-
L}-carbethoxy~7’-butyrolactone)]-1,4-benzene were synthe-
sized. PFollowing Schinz's method, the & -keto-[} -carbe=—
thoxy~7 -alkyl-7 =butyrolactones can be degraded to their
corresponding Ol~keto=7 =-alkyl-" -butyrclactones. In
proton NMR spectra of O-keto-</-lactones, all protons fall
into the chemical shifts expected. The chemical shift of
the proton in the lactone ring is affected by the ¥ -subs=-
tituent. There appears to be a good correlation between the
inductive effect on 7Y ~-carbon and the deshielding effect of
¥ -hydrogen by substituted phenyl group.

The o ~keto-7y -lactones exist, when possible, in
the enolic form, in which the dipole-~dipole and non-bonded
interactions in two carbonyl group can be relieved. The
cyclic oxygen atom exerts . an inductive effect through the
¥ -carbon atom and results in ol-keto-7 -lactones being a
stronger acid than cyclopentane-=l,2-dione. An electron-
withdrawing substituent on ,ﬂ-position increases the
acidity of Q-keto-7 -lactones. The stronger acidity of
[J-carbethoxyl- Oi~keto=Y =lactones may be due to the conju=-
gation effect as well as the inductive effect. The 7 =-subs-

tituents can reinforce or compete with the inductive effect
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of ring oxygen atom on the <y -carbon atom. Thus, electron-
withdrawing 7V -substituent also increase the acidity of
OL=keto-7 ~lactones.

The mass spectra of a number of ¢ -keto-y =lactones
are studied. The predominant fragmentation routes for many
of these compounds can be explained on the basis of three
schemes. The first involving ketonization of the molecular
ion followed by elimination of carbon monoxi&e. The second
involving rupture of CS-R3 bond prior to elimination of
carbon monoxide. The third involving rupture of C2-C3 bond
and loss of carbon dioxide. Special structural features,
provide alternate routes.

- The polymerization reactions of O -keto=7Y =lactones
are summerized in Table 22. a-Keto-lz-carbethoxy-7’-buty-
rolactone can be polymerized thermally or catalytically.
The polymer obtained from acid=catalysed polymerization,
showed retention of </ -lactone ring from IR spectrum. The
polymer is formed by Michael=-addition through carbon-carbon
double bond. Mass spectra indicated that dimer and trimer
have been formed. Thermal polymerization of <1-keto—[?—
carbethoxy-7 =butyrolactone yields complex products. The
major product = poly=-ethylacrylate is formed after decar-
boxylation and decarbonylation of the lactone.

Polymerization of o.-keto-<y -methyl-< =butyrolac-
tone by base=catalyst gives mostly colorless dimer. The

lactone is dimerized across the carbon-—carbon double bond
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Table 22 : Polymerization of Ol-keto-7/ -lactones

R, 0 _
) g —
(9] 3

benzene

Solvent

H20

C,H OH/THF

C,H
THF

5OH/

ether

benzene/
methanol

ether

ethanol/
THF

ethanol/
THF

Rl R2 R3 Catalyst
system

H -C02C2H5 H H2504

H ~CO,C Hgl 4 _

H -C02C2H5 H NaOC2H5

GH, CH, H -

CH3 CH3 H NaOC2H5

H H CH3 NaOCH3

H H CH3 -

H H CH H,SO0,/

3 sgliéa

H H C3H7 ﬁNaOCH3

Bis-[y {0keto-f-carbethoxy-

7 -butyrolactone)) NaoC,Hg
fterephtha-
1oyl Chlo<THF
ride

Bis—[y-(0r-keto-{}~carbetho-

xy-y-butyrolactone)]-1,4- | NaOCyHg

Reaction
temp.

reflux

150-160°C

reflux

115-125°C

reflux

reflux

120-125°C

R.T.

reflux

reflux

R. T.

reflux

Reaction
time

4 hrse.

2 hrs,

10 hrSo

24 hrs.
10 hrs.

10 hrs.

24 hrs.

3 hrs.

10 hrse.

10 hrs.

2 hrse.

10 hrs.

Comments

dimer, trimer and
~tetronic acid

dec., dimer, trimer
poly~ethylacrylate

no reaction

no reaction
no reaction
dimer

dec., dimer, trimer
poly-propylene

dimer,
poly—-propylene

no reaction

no reaction

copolymer

no reaction




and the structure is assigned. The dimer and trimer of
OL-keto=-7 -methyl-7 =butyrolactone can be obtained by
thermal polymerization, however, the decarboxylation and
decarbonylation are the predominant reactions, and poly-
propylene is the major product. Dimerization of O=keto=
7 =-methyl—="7 =butyrolactone can also be catalysed by silica
in presence of acid, the polypropylene and some unidenti-
fied polymers are also present besides the major product-
dimer.

The Ol=keto=7y =lactones with ﬁ—carbethoxyl group
can not be polymerized by base=catalyst, this may be due to
the stabilization of anion by resonance. ot.-Keto-B ,ﬁ -
dimethyl=~7 ~butyrolactone can not be polymerized thermally
or catalytically. Failure of'polymerization may be
attributed to the non-enolizable Ol-keto group, which is
less reactive than the enol group. O=Keto=7 =(n-propyl)-
¥ =butyrolactone did not dimerized under the same condition
as in dimerization of O=keto-7y -methyl-7 =butyrolactone.
The bulky n=propyl group may prohibit the formation of the
dimer.

Bis~ (¥ -( a.=keto=[ ~carbethoxy=-"7 =butyrolactone))
with a dienol group can be copolymerized with terephthaloyl
chloride to give polyester in presence of triethylamine.
The bis=lactone is expected to form copolymer with diiso-
cyanates, dicarboxylic acids or their derivatives under

suitable conditions.

144



The lactone of citroylformic acid can be polymeri-
zed after decarboxylation of lactone. The product may be
formed by ring—opening polymerization.

From this study, the polymerization of O -keto=7Y =
methyl-- -butyrolactone seemed to be more plausible, for
the higher reactivity, énd less complicate structure.
Carefully control of the reaction condition may give higher
molecular weight polymer. The polymer with retention of
Y =lactone ring is expected to give addition product upon
reaction with the reagents which were used by Ohse and

26

co=worker in reactions of poly-=7Y =hydroxycrotonolactone.
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