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i
In 1940, Niederi and Roth

reported that

both the diethyl monophenoxy- and diphenoxymalonates
were formed in the reaction of diethyl bromomalonate
with sodium phenoxide.

The reaction has been in-

vestigated in an attempt to establish its mechanism.

2

The purpose of this study was to (l) further examine
the reaction of diethyl bromomalonate and sodium
phenoxide,

(2) investigate the behavior of the bromo-

ester toward ethoxide ion, and (3) study the reactions
of diethyl chloromalonate with phenoxide
ethoxide ions.

and

4
The reaction of diethyl bromomalonate (i)
with nucleophiles can give rise to four products:
The monosubstituted malonic ester (II), the disubstituted malonic ester (III), tetraethyl ethane1,1,2,2-tetracarboxylate (IV), and tetraethyl
ethylenetetracarboxylate (V).

The product (or

products) obtained was dependent upon the nucleo
phile employed.

Some of the reactions are

summarized in equation (I) and Table (I).

(I) Br-CH(COOEt)2

TABLE I

Nucleophiles

Products

°2n~ {3

-0~1
II, III

CH^COO-4
o

II, Y

III

(EtO)2PO-6

(EtO)2PS-7
IV

(Bu O)2PS-7

EtO-8

(COOEt)2CH-7

C1,C-9
o
V
CH^CONH-10
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1
Niederl and Roth

reported that the reaction

of diethyl bromomalonate (I) and sodium phenoxide
(VIII) gave approximately equal quantities of
diethyl monophenoxymalonate
phenoxymalonate (VII).

(VI) and diethyl di-

Other nucleophiles which

were found to give mono- and disubstituted products
were sodium salts of m-cresol (IX), and jj-nitroCOOEt

COOEt

Cz-Hj-O-C-H
6 5 i
COOEt
(VI)

phenol (X).

(VII)
However, when diethyl chloromalonate (XI)

was added instead of diethyl bromomalonate (I), a 60$

ONa

(VIII)

ONa

ONa

NO
(X)2

(IX)

yield of monosubstituted ester was obtained.
COOEt
Cl-C-H
COOEt
(XI)

COOEt
H-C-H
COOEt
(XII)
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Yakubovich and Belyaeva

11

observed that the

the reaction of bromomalonate (I) with powdered
potassium flouride gave diethyl malonate (XII),
diethyl monofluoromalonate, diethyl difluoromalonate, and the unsaturated tetraester V.
Gault and Klees

1 2

studied the reaction of

the bromoester I and the anion of ethyl acetoacetate, CH^COCHCOOEt.

The products of the reaction

were f ound to be tetraethyl ethane-1,1,2,2-tetracarboxylate (IV), diethyl malonate (XII), tetra
ethyl 1,3-diacetylpropanetetracarboxylate (XXIII).
H
CH^CO-C-COOEt
EtOOC-i-COOEt
I
CH^CO-C-COOEt
3
H
(XXIII)
When diethyl chloromalonate (XI) was used in place
of diethyl bromomalonate (I), monosubstitution pro
duct and the tetraester IV were obtained.

The reaction

of sodium azide with the bromoester I has been found
5
to give diethyl malonate and diethyl diazidomalonate.
No monoazido product was reported.
Conrad and Bruckner

4

reported that the reaction

of diethyl bromomalonate (I) and calcium acetate
gave monoacetoxymalonate, CH.^COO-CH(COOEt)2 , and

3
the unsaturated tetraester V.

Sodium or potassium

iodide, and the bromoester I has been reported to
give the tetraesters IY and Y.

16

Iodine was

liberated in this reaction.
Q
Bischoff
studied the reaction of bromomalonate
(I) with sodium ethoxide.

He reported only the un

saturated tetraester Y as a product of this reaction.
Other products were not identified.

The reaction

of diethyl dibromomalonate, B ^ C C C O O E t ^

(XIV), with

sodium ethoxide has been reported to give diethyl
dfethoxymalonate (XY) in 12$ y i e l d . T h e

other

COOEt
EtO-C-OEt
COOEt
(XT)
products of this reaction were not identified.
The reaction of diethyl chloromalonate (XI)
and sodium phenoxide has been reported to give
diethyl monophenoxymalonate (YI) in 60$ yield.
Conrad and Guthzeit

17

1

studied the reaction of the

chloroester XI with ethoxide ion.

The reaction

mixture was found to contain the unsaturated tetraester Y.

10
The reaction of equimolar quantities of
diethyl bromomalonate (I) with sodium phenoxide
(VIII) and sodium ethoxide were studied.

The

products of the reactions are given in Table II.
The mixtures of products were analyzed by gas
chromatography.

Most of the peaks on the chro

matogram were identified by comparison of
retention times of authentic samples of the
compounds.

Some of the products were actually

isolated and characterized by means of nmr, ir,
and known physical constants: diethyl diethoxymalonate (XV), mp 40.5-41
infrared:

(lit.^3 mp 40-42 );

1750 (C=0, ester), 1250 (C-0 stretch);
COOEt
H-C-OEt
l
COOEt
(XVI)

nmr:

8 . 7 0 T 2 triplets (12 H), 6. 4 3 < T quartet (4 H),

5.77'Tquartet (4 H);
(XVI), infrared:
stretch);

diethyl monoethoxymalonate

1750 (C=0, ester), 1250 (C-0

nmr: 8.73 9" 2 triplets (9

H ) , 6.35 9”

quartet (2 H ) , 5.7 7 T q u a r t e t (4 H), 5.50rTsinglet
(1 H);

diethyl diphenoxymalonate (VII), infrared:

1750 (C=0, ester), 1250 (C-0 stretch); nmr: 8.97 'T*
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TABLE II
Products of the Reactions of Diethyl Broraomalonate (I) with Sodium Phenoxide and
Sodium Ethoxide.a

Sodium Phenoxide“

Sodium Ethoxide0

Major

Ma.ior

Diethyl diphenoxymalonate (VII)

Diethyl diethoxymalonate (XV)

Diethyl monophenoxymalonate (VI)

Tetraethyl ethylenetetracarboxylate (V)

Minor

Minor

Diethyl bromophenoxymalonate (XVII)

Diethyl malonate
(XII)

Diethyl malonate
(XII)

Tetraethyl ethane-1,1,2,2tetracarboxylate (I V )

Trace

Trace

Tetraethyl ethylenetetracarboxylate (V)

Unidentified compound
(retention time 3 m i n . )

Tetraethyl ethane1,1,2,2-tetracarboxylate (I V )

aAs determined by vpc
T_

“Solvent 9 5 % ethyl alcohol
cSolvent absolute ethyl alcohol
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triplet (6 H), 5 . 8 3 T q u a r t e t (4 H ) , 2.63-2.93 T
multiplet (10 H);

tetraethyl ethylenetetra-

carboxylate (V), mp 52-53
infrared:
nmr:

(lit.1 '’ mp 52.5-53);

1730 (C=0, ester), 1250 (C-0 stretch);

8.70'T triplet (12 H ) , 5 . 7 3 T q u a r t e t

(8 H ) ;

tetraethyl ethane-1,1,2,2-tetracarboxy-

late (IV), mp 76

(lit.6 mp 76 ), nmr:

triplet (12 H), 6 . 0 3 T s i n g l e t

8.70 T"

(2 H), 5.80rTquar-

tet (8 H ) ;

diethyl monophenoxymalonate (VI),

mp 51.5-52

(lit.1 mp 52-53 ); infrared:

(C=0; ester), 1200 (C-0 stretch); nmr:
triplet (6 H), 5 . 7 3 T q u a r t e t

1750
8.38

(4 H ) , 4.95T s i n g l e t

(1 H), 2 . 5 8 - 3 . 1 S T multiplet (5 H).
A mechanism to account for the formation of
these products is shown in Scheme I.

In this

mechanism, the intermediate for the formation of
the disubstituted product is diethyl dibromomalonate
(XIV).

Diethyl diphenoxymalonate has been prepared

from diethyl dibromomalonate and sodium phenoxide.

19
"

It has been reported that the reaction of the dibromoester (XIV) with sodium ethoxide yielded 12$ diethyl
diethoxymalonate (XV).1^

The first step in the

formation of dibromomalonate is considered to be
the attack of nucleophile on the hydrogen of bromo-

13
RONa

Br-CH(COOEt)0
(I)
2

RO-C-(COOEt)2
H (XXVI)

RONa
Br-C-(COOEt)9
(XIX)
*

* (EtOOC)9C-C (COOEt)9
Br
^
-HBr

I
(EtOOC)0C=C (COOEt)0
2 (V)
2
\i/
Br2-C(COOEt)2
(XIV)

+

CH( COOEt).

H

+
C H 2 (COOEt)

(XX)

(XII)

RONa
■ vk

sy

Br-C-(C00Et)o
I
2
OR

(EtOOC)2CHCH (COOEt)2
(IV)

(XXI)
RONa

RO-C-(COOEt)2

R- = CgH^-

OR

Et-

(XXV)

SCHEME I

or
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malonate (I) to give diethyl bromomalonate anion
XIX.

Anion XIX then attacks a second molecule of

the bromoester I to give the dibromoester XIV and
one mole of diethyl malonate anion (XX).

This

anion XX combines with a proton to form diethyl
malonate (XII).
If dibromomalonate (XIV) is formed, nucleophilic
attack of malonate anion (XX) on a molecule of XIV
could give the unsaturated tetraester V.

This

route for the formation of V from dibromomalonate
XIV, and the malonate anion followed by elimination
of hydrogen bromide is shown in Reaction II.

(II)

Br?-C(COOEt)2

y (EtOOC )pC-C (COOEt)
n Br
^

(XIV)
-HBr
4'
(EtOOC)2C=C (COOEt)
(V)

An alternate mechanism for the formation of the
products is shown in Scheme II.

In this Scheme

the intermediates for the formation of the disubstituted compound (XXV) are the monosubstituted
compound (XXVI) and the bromocompound (XXI).

The

anion XXII of the monosubstitution product reacts

15
Br-CH(COOEt ) 2

RONa

Br-C-(COOEt)?

(I)

(XIX)
I

RONa

\|/
(EtOOC)9C-C (COOEt),
! I
H Br

RO-C-(COOEt)9
H
^

-HBr

(XXVI)
(EtOOC)2C=C (COOEt)2
RONa

(V)

RO-C-(COOEt)2
,(XXII)

I

RO-C-(COOEt)2
Br

+

$ CH2 (COOEt)2

CH(COOEt)2
(XX)

(XII)

(XXI)
I
RONa

'V

(EtOOC)2CHCH (COOEt)?
(IV)
RO-C-(COOEt)2
R - “C 6H 5“

OR

Et(XXV)
SCHEME II

or
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with the bromoester I to give the bromocompound
XXI.
In the case of the reaction of bromomalonate
(I) with sodium phenoxide (VIII), the reaction
mixture is shown to contain diethyl bromophenoxymalonate (XVII).

This is not certain in the case
Cz-Hf-O-C- (COOEt)9
D D Br
~
(XVII)

of bromomalonate (I) with sodium ethoxide.

However,

the unidentified compound in Table II could be
diethyl bromoethoxymalonate.

This is suggested from

consideration of retention time and molecular weight.
It is to be pointed out that in neither case
is diethyl dibromomalonate (XIV) detected.

This

does not necessarily eliminate the possibility that
the dibromoester is formed.

It may be that all of

this ester is converted to the bromocompound XXI,
the disubstituted product (XXV), and the saturated
and unsaturated esters, IV and V, respectively.
It is noteworthy that diethyl monoethoxymalonate (XVI) is not found in the reaction of the
bromoester (i) with sodium ethoxide.

This would

mean that the ethoxide ion does not attack carbon but
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attacks hydrogen to form the bromomalonate anion
(XIX) as shown in Scheme I and Scheme II.

The

reaction would then proceed to form the dibromoester
(XIV).

The observation that the unsaturated tetra-

ester V is present in a larger amount in the
reaction mixture of the bromoester I with sodium
ethoxide than that with the sodium phenoxide, also
indicates that the bromomalonate anion (XIX) or the
dibromoester (XIV) might be present in larger
amounts.
The reactions of equimolar amounts of diethyl
chloromalonate (XI) with sodium phenoxide (VIII)
and sodium ethoxide have also been studied.

The

products found in the reaction mixture are
summarized in Table III.

Niederl and Roth

reported

only diethyl monophenoxymalonate (VI) from the
reaction of chloroester with phenoxide ion.

In this

investigation in addition to VI the reaction mixture
was also found to contain diethyl malonate and trace
amounts of unsaturated ester V and diphenoxymalonate
(VII).

An unidentified compound was present in the
O
chromatogram at a retention time of 10 min. (200 ).
A mechanism to account for the formation of these
products is shown in Scheme III.

Chlorine and
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TABLE III
Products of the Reactions of Diethyl Chloromalonate (XI) with Sodium Phenoxide and
Sodium Ethoxide.a
T_

Sodium Phenoxide0

Sodium Ethoxide^

Manor

Manor

Diethyl monoohenoxymalonate ( Y l )

Diethyl monoethoxymalonate (XVI)

Minor

Minor

V

Diethyl malonate
(XII)

Tetraethyl ethane-1,1,2,2tetracarboxylate (I V )

Trace

Diethyl diethoxymalonate
(XV)

Diethyl diphenoxymalonate (VII)

Tetraethyl ethylene
tetracarboxylate (V)

Tetraethyl ethylene
tetracarboxylate(V)

A peak at 22.55 min.
(XVIII)

A peak at 10 min.
(unidentified)

Trace
Peaks at 2.41, 2.87, 3.41
(min.) unidentified.
Diethyl malonate (XII)

g

As determined by vpc
^Solvent absolute ethyl alcohol

RONa >

Cl-CH(COOEt)2

RO-C-(COOEt)2

(XI)

H
(XXVI)

RONa
Cl-C-(COOEt) 2
(XXVII)

— -- > (EtOOC)2C-tp (COOEt)2
H Cl
-HC1

XI

v

(EtOOC)2C=C (COOEt)2
(V)
\k
_

Cl2"C-(COOEt)2
' (XXVI)

RONa

+

CH(COOEt)2— —

>CH2(C00Et)

(XX)

(XII)

XI
'A'

Cl-C-(COOEt)2
OR

(EtOOC)2CHCH (COOEt)2
(IV)

(XXIV)
RONa

RO-C-(COOEt)2
R- = C 6H 5-

OR
(XXV)

Et-

SCHEME III

or
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bromine analogs of malonic acid esters behave
somewhat differently in these reactions.

It is

noteworthy that in contrast to the reaction of
bromomalonate with phenoxide ion only a trace of
diphenoxymalonate is found in the reaction of
chloromalonate.

If one assumes the dihaloester

intermediate is formed then it would seem to in
dicate in the latter case very little dichloromalonate (XXVI) is formed in the course of the
reaction.

Since chlorine is more electronegative

thdn bromine, the hydrogen of chloromalonate (XI)
would be expected to be more acidic than that of
the bromoester I.

One would then expect the

formation of diethyl chloromalonate anion (XXVII) to
proceed more easily.

That this does not seem to

happen might be explained by the reactions below
(Scheme IV).
Br-CH (COOEt )gÆ ~

(I)
Cl-CH (COOEt )g<—
(XI)

Br-C- (COOEt) 2
(XIX)

Cl-C-(COOEt)
(XXVII)

SCHEME IV

B r ?C(COOEt)2
(XIV)

2

XI
-» C12C (COOEt )2
Slow
(XXVI)
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The reactions in Scheme IV seem to indicate
that the reaction of chloromalonate anion (XXVII)
on chlorine to give dichloromalonate is less
favorable.
A significant amount of diethyl malonate
(XII) was produced by reaction of chloromalonate and
phenoxide ion.

Diethyl malonate is presumed to

arise from diethyl malonate anion (XX) as shown in
Scheme III.

In view of the above discussion this

would seem unlikely,

only small amount of malonate

anion (XX) would be expected.

An alternate path

for the formation of XX is attack of phenoxide
ion on chlorine of the chloroester (XI).

In view

of the character of chlorine this also seems un
likely.

There is no apparent explanation for the

significant amount of diethyl malonate (XII) found
in the reaction mixture of chloromalonate and
phenoxide ion.
The unknown compound in the reaction of
chloromalonate and phenoxide ion has a high
retention time.

This compound could not be diethyl

chlorophenoxymalonate considering its molecular
weight and retention time in relation to the other
products.

Nothing can be said about the structure of

22
this compound from the present investigation.
The reaction of diethyl chloromalonate (XI)
with ethoxide ion gave diethyl monoethoxymalonate
(XVI) as the major product.

Previously the only

compound reported from the reaction of diethyl
chloromalonate (XI) with ethoxide ion was the
unsaturated tetraester V.
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Significant amounts

of diethoxymalonate (XV) and the saturated tetra
ester IV were also found in the reaction mixture.
Diethoxymalonate (XV) is presumed to arise from
diêthyl dichloromalonate (XXVI).

This dichloro-

ester XXVI is formed from the reaction of chloro
malonate anion (XXVII) and the chloroester (XI).
One would expect to find a higher concentration
of XXVII in the ethoxide reaction than in the
phenoxide reaction.

This can he attributed to the

strength of the ethoxide ion to act as a base in
comparison to the phenoxide ion.
The compound responsible for the peak that
was found at 22.55 min. on the chromatogram is
tentatively assigned structure XVIII.
H
EtOOC-C-COOEt
EtOOC-C-COOEt
I
EtOOC-C-COOEt
H
(XVIII)

A 90fo pure

23
sample of this compound was isolated by fractional
distillation, bp 165-170
infrared:

2990, 1755, 1450, 1375, 1250, 1100, 1030

and 850 cm

;

nmr:

8.66

triplets superimposed)
5. 77

(0.4 mm); nj^' 1.4552;

multiplet (seems like two

(18 H), 7.07

singlet (2 H ) ,

multiplet (seems like two quartets super

imposed)

(12 H).

The formation of compound XVIII can be ex
plained by a Michael addition of diethyl malonate
anion (XX) to the unsaturated tetraester V (Equa
tion III).

(Ill)

(Et00C)2C=C

(COOEt ) 2

(V)
+
CH(COOEt)2
(XX)

--------

XVIII

¿5
All melting points were determined by using
a Fisher-Johns melting point apparatus,
corrected.
cates.

and are un

All reactions were carried out xn dupli

Nmr spectra were taken in carbon tetra

chloride solution, with tetramethyl silane as an
internal standard,

on a Varian T—60 instrument.

Infrared spectra were taken on a Beckmann IE-8.
Materials
Reagent grade diethyl bromomlaonate (Aldrich;
was redistilled, using a fractionating column, bp
) _°
JQ
54— 55
(0.08 mmj, n^
1.4512.
Vpc analysis showed
only diethyl bromomalonate.

All other chemicals

were of reagent quality and were used without
further purification.
Vapor Phase Chromatography
Analyses of the reaction mixtures were carried
on a 6 ft. x 0.25 in column of 20% SE—50 on Chromosorb W.

Helium was used as a carrier gas with a

flow rate of 100 cc/ min.
O
At 200
the following retention times (minutes )
were observed:

diethyl malonate (XII), 0.7; diethyl

chloromalonate (XI), 1.0; diethyl monoethoxymalonate
(XVI), 1.1; diethyl bromomalonate (I), 1.1; diethyl
diethoxymalonate (XV), 1.6; diethyl dibromomalonate

26
(XIV),1.9;

diethyl monophenoxymalonate (VI), 6.3;

tetraethyl ethane 1,1,2,2-tetracarboxylate (IV),
7.2;

tetraethyl ethylenetetracarboxylate (V),8.3;

diethyl bromophenoxymalonate (XVII), 10.5;

di

ethyl diphenoxymalonate (VII), 30.7.
O
At 230 the following retention times were
observed:

diethyl malonate (XII), 0.6;

chloromalonate (XI), 0.6;
malonate (XVI), 0.7;
0.8;

Diethyl monoethoxy-

diethyl bromomalonate (I),

diethyl diethoxymalonate (XV), 1.0;

dibromomalonate (XIV), 1.2;
malonate (VI), 2.6;

diethyl

diethyl monophenoxy

tetraethyl ethane-1,1,2,2-

tetracarboxylate (I V ), 3.5;
tetracarboxylate (V), 4.0;
malonate (XVII), 4.2;

diethyl

tetraethyl ethylene
diethyl bromophenoxy

diethyl diphenoxymalonate

(VII), 11.1.
Some of the compounds found in the reaction
mixture were isolated and characterized by nmr
and ir while others were characterized by retention
times of sample compounds.
Preparation of Sodium P h e n o x i d e ^

(VIII)

To 40 g (1.0 mol) of sodium hydroxide in
approximately 250 ml of aqueous 80?& methanol
was added 96 g (1.0 mol) of phenol dissolved in

27
approximately 150 ml of methanol.

The reaction

mixture was flushed with N 2 and the solvent was
removed under reduced pressure, using a rotary
evaporator.

The sodium phenoxide was dissolved in

redistilled tetrahydrofuran (250 ml ) and preci
pitated with benzene.

The white precipitate was

filtered, washed with dry benzene, and then with
absolute ether.
oven at 55

The product was dried in a vacuum

(1 mm) for 30 hr; yield, 98 g (85%).

Titration with hydrochloric acid showed 95% purity.
Reaction of Diethyl Bromomalonate with Sodium
Phenoxide
Diethyl bromomalonate (13.25 g, 0. 056 mol)
in 25 ml of 95% ethyl alcohol was added to 7.65 g
(0.056 mol) of sodium phenoxide in 100 ml of 95%
ethyl alcohol with stirring.
white solid was observed.

The formation of a

After refluxing for l £ hr

the reaction mixture was neutral to litmus.

After

cooling, the alcohol was evaporated under reduced
pressure.

The residue was poured into water and

extracted with ether.

The ether solution was

dried (Na?S0^) and concentrated to give 10.87 g of
oil.

Vpc analysis of this mixture showed diethyl

diphenoxymalonate (VII), diethyl monophenoxymalonate (VI), diethyl bromophenoxymalonate (XVII),
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diethyl malonate (XII), tetraethyl ethylenetetracarboxylate (V), tetraethyl ethane-1,1,2,2-tetracarboxylate (I Y ).
Preparation of Diethyl Monophenoxymalonate (VI)
To 2.76 g (0.12 g-atom) of sodium in 60 ml of
absolute ethyl alcohol was added 11.28 g (0.12 mol)
of phenol in 35 ml of absolute ethyl alcohol.

To

this mixture 23.35 g (0.12 mol) of diethyl chloro^malonate in 25 ml of absolute ethyl alcohol was
added.

The mixture was refluxed for 5 hr, until it

was neutral to litmus.

The solvent was evaporated.

The residue was poured into water and extracted
with ether.

The oily residue isolated on evapo

ration of the dried ( N a ^ O ^ )
crystallized on cooling.

ether solution

Recrystallization from

95$ ethyl alcohol gave 15 g (50$) of diethyl mono
phenoxymalonate, white crystals, mp 51.5-52° (lit.1
mp 52-53 ); infrared:
850, and 750 cm- 1 ;
5.73 T
T

2950, 1750, 1200, 1100, 1020,

nmr:

8 . 3 8 'T triplet (6 H),

quartet (4 H), 4 . 9 5 ^ singlet (1 H), 2.58-3.18

multiple! (5 H).

Preparation of Diethyl Diphenoxymalonate (VII)
Three grams (0.13 g-atom) of sodium in 50 ml
of absolute ethyl alcohol was added to 40 g (0.43
mol) of phenol.

Diethyl dibromomalonate was then
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added and the mixture was refluxed for 1-g- hr.
solvent was evaporated.

The

The residue was diluted with

water and extracted with ether.

The oily residue

isolated on evaporation of the dried (Na2SO^) ether
solution was distilled to give 3 g (27$) of diethyl
diphenoxymalonate (VII);
PA

n^

1.5275;

infrared:

bp 159-163°

(0.4 mm),

2980, 1750, 1585, 1580, 1250,

1100, 750, and 680 cm- 1 ;

nmr:

8 . 9 7 ^ triplet (6 H ) ,

5.83 T* quartet (4 H), 2 . 6 3 - 2 . 9 3 T multiplet (10 H).
Preparation of Diethyl Bromophenoxymalonate (XVII)
Sodium phenoxide (7.5 g, 0.059 mol) dissolved
in 40 ml of absolute ethyl alcohol was added to 37 g
(0.125 mol) of diethyl dibromomalonate.

The mixture

was then refluxed for 3 hr, cooled and solvent was
evaporated.

The residue was diluted with water and

extracted with ether.

The ether layer was dried

(Na2S0^) and evaporated the solvent using a rotary
evaporator.

Vpc analysis of the oily residue showed

the following products:

diethyl malonate (XII),

diethyl bromomalonate (V), diethyl dibromomalonate
(XIV), diethyl monophenoxymalonate (VI), diethyl
diphenoxymalonate (VII), and diethyl bromophenoxy
malonate (XVII).

Fractional distillation of the

oil yielded 4 g (9i°) of diethyl bromophenoxymalonate
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(XVII), bp 135-137°

(0.4 mm), njy 1.5125;

infrared:

2985, 1750, 1580, 1450, 1200, 1100, 900, 750, and
690 cm- 1 ;

nmr:

8.73 ‘
T triplet (6 H), 5 . 7 0 'T quartet

(4 H), 2.66-2.90 < T multiplet (5 H).
Preparation of Tetraethyl Ethylenetetracarboxylate (V)
This compound was prepared by a known proceedure.

15

The tetraethyl ethylenetetracarboxylate

(V) was distilled at 140-143
crystallized upon cooling.

(0.5 mm).

The product

Recrystallization from

aqueous ethyl alcohol yielded white crystals, 37 g
(56%), mp 52-53

(lit.4 ^ mp 52.5-53 );

infrared:

2900, 1730, 1250, 1080, 1025, 850, and 770 cm- 1 ;
nmr:

8.70 T

triplet (12 H), 5 . 7 3 T

quartet (8 H).

Preparation of Tetraethyl Ethane-1,1,2,2-tetracarboxylate (I V )
To 2.29 g (0.017 mol) of sodium diethyl
phosphite (prepared by treatment of diethyl phosphite
with an equivalent amount of metallic sodium) in
50 ml of ether was added dropwise, with stirring,
4.0 g (0.017 mol) of diethyl bromomalonate (I)
in 10 ml of ether.

The heterogeneous mixture was

refluxed for one hour and then diluted with water.
The ether layer was separated and washed with water.
This was dried (NagSO^) and then evaporated.

The

thick oily residue was crystallized from aqueous
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ethyl alcohol to give white needles, 1.6 g (58$),
mp 76

(lit.6 mp 76 ), nmr:

8.70 T

triplet (12 H),

6 . 0 3 'T singlet (2 H), 5.80*7" quartet (8 H).
Reaction of Diethyl Bromomalonate (I) with Sodium
Ethoxide
To 2 g (0.087 g-atom) of sodium in 20 ml of
absolute ethyl alcohol was added with stirring
20.8 g (0.087 mol) of diethyl bromomalonate (i) in
50 ml of absolute ethyl alcohol.
mixture was refluxed for 1-|- hr.

The heterogeneous
After cooling the

mixture the solvent was evaporated under reduced
pressure.

The residue was diluted with water and

extracted with ether.

The ether extract was washed

with water and dried (Na2S 0 ^ ).

The residue (14 g)

obtained on evaporation of ether was analyzed by
vpc:

diethyl diethoxymalonate (XY), tetraethyl

ethylenetetracarboxylate (V), diethyl malonate (XII),
tetraethyl ethane-1,1,2,2-tetracarboxylate (IY), an
O

unknown peak at 3.0 min., 200 .

Three grams of

tetraethyl ethylenetetracarboxylate (V) and four
grams of diethyl diethoxymalonate (XY) were iso
lated from the mixture by fractional distillation.
O

Diethyl diethoxymalonate, mp 40.5-41
bp 93-94

(0.4 mm), nj^ 1.4206;

"IQ

(lit.

infrared:

1390, 1370, 1250, 1100, and 850 cm- 1 ;

nmr:

O

mp 40-42 )
2890, 1750,
8.70^7
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2 triplets (12 H), 6.43 'T quartet (4 H), 5 . 7 7 T q u a r t e t
(4 H).

Tetraethyl ethylenetetracarboxylate (V) was

identified by comparing with an authentic sample pre
viously prepared.
The reaction of diethyl bromomalonate (I)
with sodium ethoxide was repeated except the sodium
ethoxide was at reflux conditions when diethyl
bromomalonate (I) added.

The product mixture was

found to contain the same compounds described above.
Reaction of Diethyl Chloromalonate (XI) with Sodium
Ethoxide
\

"

To 4.14 g (0.18 g-atom)of sodium in 40 ml
of absolute ethyl alcohol was added 35.03 g (0.18
mol) of diethyl chloromalonate (XI) in 50 ml of
absolute ethyl alcohol with stirring.

The mixture

was refluxed for thirty hours and then cooled.

The

solvent was then evaporated xmder reduced pressure.
Vpc analysis of the residue indicated the presence
of diethyl monoethoxymalonate (XVI), tetraethyl
ethane 1,1,2,2-tetracarboxylate (I V ), Diethyl
diethoxymalonate (XV), tetraethyl ethylenetetra
carboxylate (V), three unidentified peaks at 2.41,
2.87, 3.41 min., 200 , diethyl malonate (XII).
A peak at 22.55 min.(XVHl), was also found.

Fractional

distillation gave 10 g of monoethoxymalonate (XVI),

1.5 S of diethoxymalonate (XV), 2 g of saturated
tetraester IV, 1.0 g of unsaturated tetraester V,
and 0.5 g of XVIII.

The latter was only 90% pure

according to vpc analysis.

Diethyl monoethoxy-

O

malonate, bp 77-79
red:

2980,

850 cm"'L;

1 7 5 0

p/i

(0.5 mm);

, 1450,1365,

nmr:

1 2 5 0

1.4203;

infra

, 1100, 1025 ana

8 . 7 3 T 2 triplets (9 H), 6.35 T

quartet (2 H), 5 * 7 7 T q u a r t e t
U

h^

(4 H ) ,

5

-5

0

T singlet

H).
The 90% pure product (XVIII) had a boiling

point 165-170

(0.4 mm), n^

¿990, 1755, 1450, 1575,
cm "*■;

nmr:

1 2 5 0

1.4552;
, 1100,

infrared:
1 0 3 0

, and

8 5 0

5-777 multiplet (it may be two quartets)

(12 H) 7 • 0 7 'T singlet (2 H ) , 8.660 multiplet (seems
like two triplets superimposed;

(18 H).

Reaction of Diethyl Ohloromaionate with Sodium
Phenoxide
To 2.76 g (0.12 g-atom) of sodium in 60 ml
of absolute ethyl alcohol was added 11.2 g (0.12
mol) of phenol in

2 5

ml of absolute ethyl alcohol.

Diethyl chloromalonate (XI) (23-35 g, 0.12 mol)
in

2 5

mi of absolute ethyl alcohol was added to this

mixture.

The reaction was refluxed for 5 dr, until

it was neutral to litmus.

The solvent was evaporated.

The residue was poured into water and extracted
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with ether.

The oily residue isolated on evaporation

of the dried (Na2SO^) ether solution contained
diethyl monophenoxymalonate (VI), diethyl malonate
(XII), and traces of diethyl ethylenetetracarboxylate (V) and diethyl diphenoxymalonate (VII).

An

unknown peak (trace amount) was also found on the
chromatogram at 10 minutes.
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The reaction of diethyl bromomalonate and
diethyl chloromalonate with sodium phenoxide and
sodium ethoxide were investigated.

The major

product obtained from the reaction of bromoester
with sodium phenoxide was diethyl diphenoxymalonate.
The bromoester with ethoxide gave diethyl diethoxymalonate as a major product.
The reaction of diethyl chloromalonate with
sodium phenoxide gave diethyl monophenoxymalonate
as a major product.

The chloroester with ethoxide

ions produced diethyl monoethoxymalonate ad the
major product.
Several other products found in the reaction
mixtures have been characterized by nmr, ir and
known physical constants.

Mechanisms to account

for the formation of these products have been
proposed.
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