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INTRODUCTION

Barbituric acid is one of the cyclo-ureid group of
compounds.

It has the following constitution:

•CO

4C0

Derivatives of it can be prepared in which one or both
of the hydrogens in the 5- position are substituted by

alkyl or aryl radicals.

Although barbituric acid itself

and its mono-substitution products have no pharmacological

reaction, some of the disubstituted products are Important

sedatives and hypnotics.
"Veronal", or

£

The best known of these are

,5- diethyl barbituric acid and "Luminal",

or 5-ethyl- 5-phenylbarbituric acid.

Since the exchange

of one of the ethyl groups of Veronal by a phenyl group to

form Luminal gave a product which had four times tho hypnotic activity, a very large number of other derivatives have

been prepared in attempts to obtain compounds of grea ter
activity and of a wider range between the minimum effective

dose and the minimum lethal dose.

Also 3ince the yields of

the products are not high in any of the syntheses employed,

many attempts have been made to increase the yields by
different methods of synthesis.
In view of the fact that the yields obtained, although

improvements over those from the original synthesis, are

still not high; and because several derivatives have
been

prepared having more desirable properties than either
Veronal or Luminal; the aim of the present investigation
was two-fold:

(1)

To simplify further the synthesis or

to improve the yields;

and (2) To prepare new derivatives

with properties superior to those of previously studied
hypnotics.

3

THEORETICAL DISCUSSION AND REVIEW OF LITERATURE

Substituted barbituric acids were first prepared

by-

condensing the corresponding malonic acid w ith urea, using
phosphorus oxychloride as the condensing agent. 1
COOH

HNH

CC
1*

+

HN

CO

I

CO

ZZ

OC

».

I

COOH
Disubstituted
malonic acid

—

I

HNH

—

I

+

2H 2 0

R

HN
CO
5-5-Disubstituted
barbituric acid

Urea

This method was later extended to include the esters, acid

chlorides and amides of the disubstituted malonic acids.
"Luminal" or 5-ethyl-5-phenylbarbituric acid was introduced

by "Die Farbenf abricken vorm. Friedr. Bayer and Co., Elberfeld,
Germany", who obtained a patent for its preparation by the

condensation of urea with either of the three derivatives of

ethylphenylmalonic acid.

2

Rising and Stieglitz^ studied the preparation of Luminal
as a war measure in 1918.

Their procedure may be summarized

as follows:
C 8 H 5 CH a COOCH 8 + NH*C1
Methyl phenylacetate

C 8 H 8 CH a CN + CH 3 OH + HC1 + H a 0

Benzyl cyanide
C 8 H 6 CH E COOCH 8 + (C0 2 CH 8 ) a

CH o 0Na
~- CH 8 0 2 CCOCH(C 8 H 8 ) (C0 2 CH 8 )+2CH 8 0H

Dimethyl
oxalate

CH 3 0 s CC0CH(C 6 H 8 )(CO s CH 8
C 8 H 8 CH(CO a CH 0

)

2

+ C 8 H8 I

)-^g_

C 8 H 8 CH(CO s CH 8 ) . + CO
Dimethyl phenyl malonate
(C 8 H 8

)

(C 2 Hb)C(C0 2 CH 8 ) s + Nal

Dimethyl ethyl phenyl malonate

b

-

COOCH 8

HMH

HN

—

I

CO
I

CO
!

I

HNH
Urea

OC

^C e H e

.C B H e

C<f

C^Hb
HN
CO
5-Ethyl -5-phenyl
barbituric acid
I

COOCHa

—

I

Since the preparation of the ester of ethylphenylmalonic
acid was the most important step in the process, Rising and Zee

studied other methods for its preparation.

4,5

They succeeded in

increasing the yield (based on the phenylacetonitrile) from 27.4JJ

Nelson and Cretcher prepared the ester by slightly

to 43.1$£.

different means, but obtained only a 33.5$ yield.
A number of other investigators modified the procedure by

condensing substituted cyanoacetic esters with wjea.

This procedure

gave a 4-iminobarbituric acid tfiich could be easily hydrolyzed to

form the 5-5-di substituted barbituric acid desired.

Merck

7a.

In 1907, E.

obtained a patent for condensing diethylcyanoacetic esters

with urea or acetyl urea to form 4-imlno-5-5diethylbarbituric acid,

which was then hydrolysed to 6-5-diethylbarbituric acid.

!/C*H 6

CO

I

I

HNH
Urea

HN

—

CaH 0

—

—

HN

.CaH,

I

= NH

+

Ha0

I

XC«Hb

C = NH

4-Imino-5-5-diethylbarbituric acid

HN

C^
^C 8H,
C

c<r

I

CO
I

OC
I

oc

*-

CO

I^C SH 8

I

CN
Diethyl
cyanoacetic ester

I

HN

C sH 8 0Na

C^

+

—

HN

COOR

HNH

HC1

I

> OC
I

—

CO

l/C aH 8

Cf
X
I

+

NHbCI

C 8Hb

CO
HH
5-5-Piethylbarbituric acid

Nishikawa 8 described a method for synthesizing Veronal by
the same series of reactions but using <x-cyanobutyric esters
as starting materials.

-

Chamberlain, Chap, Doyle and Spaulding

9

applied

the general method to the synthesis of 5-5-alkyl-

phenylbarbituric acids.

Using phenylacetonitrile as

the starting material, they synthesized the disubstituted

acids as follows:
C e H 8 CH B CN + OC(OC 2H 8 )s
Phenyl ace to- Diethyl

N ^S&^

C e H 6 CH(CN)COOCaH« + C 8 H 8 ONa
i-thyl cyano phenyl

acetate

carbonate

nitrile

COOCaH,

CO0C 8H«
*

CeH 'cH

IR

H^2£aH^

I

I

+

co

c

^

C

|

|

NaI

R

CO
_.C 0 H 8

\

|

cc;

oc

= NH
— CI^R

I

HN

CN

HNH
Urea

—

HN

COOC e H 6
C eH8

HNH

»

CN
Lthyl alkylcyanophenylacetate

Alkyl
hallde

CN

b°*

4-lraino-5-

alkylphenylbarbituric acid

HN

—

|

^C 6 H 8

<X
I

I

OC

HN

HN

CO

—

|

C

+
R

P NH

wr1

H a 0 ^Si».

—

OC
I

HN

—

CO

^C«H 8

CC
I^R
CO

5-5- Alkyl phenylbarblturic acid

+

NH 4 C1

6

the ethyl,
Since this method wee successful in Introducing
groups, it would
iaopropyl, iaoamyl, n-hexyl end n-heptyl
amy! group In Gils
seem desirable to Introduce the tertiary
10 prepared several tertiaryalkylphenylway. rox end Bywater
phenylmalonic
barbiturie acids by alkylating the eater of

urea.
acid and condensing the product with

They attributed

of the tertiary amyl
the very low yields <4.6g in the ease
competing reaction in
compound) to steric hindrance and to a
condensed to form the
wiich two moles of the alkyl hallde
seemed to prevent the
hydrocarbon. Since the latter reaction
ethyl cyanophenylIntroduction of the tertlaryamyl group Into

hydrocarbon-like product on
acetate (as evidenced by an oily,
sought by which ethyl terattempted preparation), a means was
indirect
tlaryamylcyanophenylacetate could be prepared by

methods.

The first plan of reactions was:

c,h x1 ci
fertlaryaayl
chloride

mmh

sua i

O u<«*000*.

Ethyl
ehloroaeetate

. 8C1.

* 2SaC1

Sftr*8fi22fi
Sthyl

SSSST
acetate

— ^iZf^S
aaeyl

2801

dichloracetate

C«B xlCCl»COOC^e

C.Blt (O.H.)CClCOOC^

«

Ben eJ0

~>

Sthyl tertlaryamylphenylchloroacetate

_~ ^aSfiSMSS: +
phenylacetate

of reactions was essentially
The second contemplated aeries
that the ethyl tertlaryamylacetate
the same as the first except
Orlgnard reagent as follows:
was to be prepared using the

^

-

+ Mg
C B H X1 I
Tertiaryamyl
iodide

C B H xx MgI
Tertiaryaniyl

magnesium iodide

C B H xx MgI + ClCH a COOC a H B

1»

C B H xx CH a C0OC aH B + MgClI
Ethyl tertiaryamyl
acetate

Attention was next directed to the preparation of new
derivatives of barbituric acid which might have more advantageous properties than those already known.

The phenylacet-

amlno compounds have been used for some time as medicinal
As examples of such compounds may be mentioned

substances.

acetanillde or acetamlno benzene, commonly known as antifebrin,
and acetphenetidlne or p-acetamlnophenetole, commonly known as

phenacetln, which are widely used as antipyretics, analgesics,
and sedatives.

Bosquet and Adams

12

prepared 5-ethyl-5-p-acetaminophenyl-

barbituric acid by nitrating the phenylethyl derivative, reducTheir reactions may

ing to the amino compound and acetylating.

be summarized as follows:

—

HN

HN

CO
|

I

.C.H B
+

OC

HNO a

—

|^C 8H 8
HN
CO
5-Ethyl-5-phenylbarbituric acid

—

I

HN

—

I

HN

—

|

CO

*-

HN
SHs
C a H»

.C e H*NO»(p)

I

OC
|

|

.C 6 H4N0 8 (p)

Cf
N

OC

CO

X C 2H 5

+ H20

HN
CO
5-Ethyl 5-p-nitrophenylbarbituric acid

CO
|

|

—

|

—

—

CO
|

C^
X

OC
|

—

|

CeH 4 NH 8 (p)
+ 2H a 0
C aH B

CO
HN
5-Ethyl 6-p-aminophenylbarbituric acid

.

0

HN

—

|°

<

|

OC

HH

KN

CO

-

C e H 4 HH 2 (p)

—

CO
|^.H»HHC0CH.(p)

1

OC

CH.CGOB

C

-

CO
HN
5-Ethyl 5-p-acataminophenylbarbituric acid

CO

good
Since p-bromacetanllide la easily prepared In
desirable to
yields by brominating acetanillde, It appeared
with 5-ethylbarbtattempt the condensation of this compound
turlc acid.

Contemplated reactions were:

CeH«NHCOCH 8 + Br 2
Acetanillde

m~
ww
{

OC

*

HN

ro
S° H
G

BrC.H^NHCOCH.Cp) + Hbr
p-Bromoacetanlllde
NaOC 8 H B

/

+ BrC.H 8 NHCOCH 8 (p)

—

co
|

|

OC

/ C.H«iiHCOCH.(p)
* MaBr

C.

13 prepared derivatives of acetanillde and barbituric
Tlmm
the ccarbon atom in the
acid in which the linkage was between
carbon atom of the acetyl
5 position of the acid and the methyl
involved in his synthesis
group of acetanillde. The reactions

were:

m\"°\\

<H

CHeCOONa

I

I

^COKHC.H.

C.

OC
C1CH.C0NHC 8 H 8
n
Chloroacetanilide
CO
HN
5
* -AlkyI-5-acetanilldo5-Alkylbarbituric
acid
14 continued this work by preparing a
Timm and Howard
of 5-alkyl 5-acetanllidonumber of P -carbethoxy derivatives
of preparation was followed
barbiturlc acids. The same method
p-chloroacetaminobensoate for
except that they substituted
OC

I

I

|

^yx^^

chloroacetanlllde

^

:

-

-

9

Dox and Yoder 15 studied the sedative action of

acetanilinopropyl and
acids.

acetophenetidinopropylbarbituric

Their syntheses may he illustrated by the pre-

paration of 5-ethyl 5- y acetanilinopropylbarbituric acid:
Br(CH s 8
C a H 8 CH(COOC a H B a + Br(CH a 3 Br
9jX(COOC a H 8 ) a + NaBr
C a H8
Ethyl ethylmalonate Trimethylene
Ethyl ethyl - y -bromopropyl
bromide
malonate
)

)

'

)

Br(CH a ) 8
J^C(COOC a H 8 ) a + C a H a i4HG0CH«
G aHa
Acetanilide
C a H 8 (CH 3 CO)N(CH 8 ) a

^C(COOC 2 H 8 ) a + HBr
C aH a
Ethyl ethyl - r -acetanilinopropyl
malonate
CaH a (CH a CO)N(CH a ) aN ^COOCsHb
+ CO(NH s ) a
XC
C aH a
COOC a H a
Urea

—*-

HN -- CO
I

I

.(CH a ) 8 N(COCH 8 )C 8 H 6

C^

OC

^C aH 8
HN
CO
5-Ethyl 5- y -acetanilinopropyl
barbituric acid
I

—

I

Recording to a patent of the

Chemische Fabrik von Heyden

16

5-ethyl-5-p-phenetidinobarbituric acid results from the reaction
of 5-ethyl-5-halogenbarbituric acid and p-phenetidine
HN

HN - CO

It*
C-C H
||
CO
HN
OC

a 8

I

+ H a N-C 8 H 4 OCBH 8 (p)

-

5-Bthyl-5-halogen p-phenetidine
barbituric acid

OC

-

CO
I

NH-C 8 H«OC s H 8

C<~

X
||
CO
HN

C aH 6

+ HX

5-Ethyl-5-p-phenitidinebarbituric acid

From the above discussion it may be seen that many
derivatives of barbituric acid have been prepared which

contain the acetamino group.

However, no reference in the

literature could be found in which the 5 position of

barbituric acid was occupied by the p-acetaminophenoxy

Such a compound might be considered as being analo-

group.

gous to acetphenetidine in which the ethyl group is replaced

by an alkylbarbituric acid group, as:
CO - NH
I

(1) CH 8 CONHC.H«OC s H 8 (4)

17

R

I

CO

I

CO - NH
5-Alkyl-5-p-acetaminophenoxybarbituric acid

Acetphenetidine

Cox and Yoder

(p) CH a CONHC 8 IUO - C

described the preparation of 5-n-butyl-5-

phenoxy barbituric acid.

Their synthesis may be summarized as

follows:
(C4H 9 )CH(C00C aH 8 )» + Brs
Ethyl n-butylmalonate

»-

C^CBrlCOOCaHe)* + HBr
Ethyl n-butylbromomalonate

C*H«C(0C.H 6 ) (COOCaHe) + NaBr
C«H 9 CBr(COOC a H 8 ) a + NaOC 8 H 8
Sodium phenate Ethyl n-butylphenoxymalonate

HN
I

C*H a C(OC 8 H 8 )(COOC s H 8 ) a + CQ(NH a ) 8

Urea

OC

- CO
I

C

II

^C«He
N

+

20^0%

OC 8 H 8

HN - CO
5-n-Butyl-5-phenoxybarbl tur ic
acid

Two classes of p-acetaminophenoxy derivatives of barbituric acid are possible: those containing two p-acetamino-

phenoxy groups joined to the 5 carbon and those containing
one such group,

the other group being alkyl.

The procedure

outlined for the preparation of the first class was as
follows:

11

CH a (C0OC a H 8 + 0
Ethyl malonate
)

OC(COOC a H 8 ) 2+ H a 0
(OH) a C(COOC~n 6 ) a + 2Ka

(ONa) a C(COOC s H 8 )

a

+

OC(COOC aH 8 a
Ethyl oxomalonate
)

(0H) 8 C(COOC E H 8 H
Ethyl dihydroxymalonate
)

(OHa) a C(COOC a H 8 ) a + H a
Ethyl dihydroxymalonate,
sodium salt

2BrCemNHC0CH 8 (p)

(CHoCONHCeH* a =
=C(COOC a H 8 ) a
Ethyl di-(p-acetaminophenoxyinalonate
)

p-Bromacetanilide

HN

COOC aH 8

CO(NH a

Urea

)

a + C

= (0C 8 H*NHC0CHs)j3

COOC a H 8

OC

-

CO
C( OC e H*NHCOCH 8 ) a

HN - CO
5-5-di -fe- ac et amino phenoxy)barbituric acid

The second class of compounds, via., 5-alkyl-5-p-

acetaminophenoxy barbituric acid is represented by 5-ethyl5-p-acetaminophenoxybarblturlc acid.

In order to avoid the

difficulties frequently encountered in condensing the substituted malonic esters with urea, it was proposed to prepare
the compound by the reaction of 5-bromo-5-ethylbarbituric acid

with the sodium salt of p-nitro phenol, which would be reduced
and acetylated to the acetamino compound, or by the reaction
of the sodium salt of p-acetaminophenol and 5-bromo-5-ethyl-

barbituric acid.

The first series of reactions would be:

H a SO«
C 8 H 8 OH + HN0 8

Phenol

#-

NO a -C 8 H*OH (p)
p-Nitrophenol

NO a -C e H 4 ONa (p)
NO £ -C a H*OH(p) + NaOC a H 8
Sodium ethylate Sodivun p-nitrophenate

—

-

12

HN - CO

HN - CO
I

OC

C

. C aH 8

^

OC

C

|

HN

Sn

.Calls

I

|

»

c-r
|

I

-

^^OC e H*NO

a <p)

HN - CO

HN - CO
oc

|

HN - CO
5-lthyl-5-p-ni trophenoxy
barbituric acid

HN - CC
5-bromo- 5-e thyl
barbituric acid

I

C 8H 5

I

I

NO s C«H 4 ONa

X 0-C 6 E*NO a (p)

ch.^cooh

CO

oc

.C»H 8

c

0G 8 H 4 NHC0CH o (p)
HN - CO
5-E thyl -5-p-ace t aminophe noxybarbituric acid
I

j

The plan of the second method was to form p-acetamino-

phenol before condensing its sodium salt, as follows:

—

HOC 8 H 4 NO a (p)

—

CHeCOOH

HOC«RfcNHCOCfi B (p)

Ha0

p-Acetaminophenol

p-Ni trophenol

HOC a H*NHCOCH 8 (p)

NftOCeHa

Sodium
ethylate

HN - CO

HN - CO
I

oc

t
cC

C .-3"
2H 5

I

+ N*OC 6 H*NHCOCHe(p)

Br
HN - CO
5-Bromo-5-ethylbarbituric acid
I

I

NaOC e H«NHCOCH 8 (p) + C a H s OH
p-Acetaminophenate
Sodium

OC

I

.C e H 8

CCT

OC Q H«NHCOCH 8 + NaBr
HN - CO
5-E thyl - 5-p- ac e t ami nophenoxybarbituric acid
|

EXPERIMENTAL WORK

I

The Condensation of Tertlaryamyl Chloride and Ethyl

Chloroacetate by Means of the Wurtz Reaction .

(1)

Preparation of Ethyl Chloroacetate .

The ethyl ester

of chloroacetic acid was prepared by an adaptation of Noyes'
18
method for the preparation of ethyl acetate.

Twenty-five grams of concentrated sulfuric acid and 12 1/2
grams of ethyl alcohol were mixed In a 500 cc. round bottom
flask.

The mixture was heated to 130-140°C, and a slow stream

of a mixture of 21 grams of alcohol and 41 grama of chloroacetic acid was added.

The temperature of the liquid was

maintained at 130° for one-half hour, after which the liquid
distilling from 135-180° was collected, separated from the
water layer, and washed, first with 10% NaOH and then with
calcium

three portions of water.

It was then dried over

chloride and distilled.

The fraction boiling between 140 and

143° was collected as pure product.

The product weighed 25

grams, equivalent to 47$ yield.
(2) The

Condensation of Ethyl Chloroacetate and Tertlary-

amyl chloride .

Quantities Used.
Ethyl chloroacetate,
Tertlaryamyl chloride,
Sodium,
Anhydrous ether,

25.0 gms.
7.3 *
9.8 "
100.0 cc.

The sodium and ether were placed In a three-neck flask
of 500 cc. capacity, fitted with a mercury sealed stirrer,

14

condenser and dropping funnel.

A mixture of the ester

and the chloride was added drop by drop while the contents of the flaskwas kept at a refluxing temperature.

The refluxing was continued for two hours after all the

mixture had been added.

The liquid in the flask turned

yellow and then reddish-brown.

After 250 cc. of water

had been added, the layers were separated.

The water

layer was extracted with ether and the ether extracts

added to the original ether layer.

The combined ether

solution was dried with calcium chloride.

The ether was

distilled off, and the product distilled.

The main por-

tion came over at 135-165°, indicating unchanged ethyl

chloroacetate.

The materiel left in the flaskwas an

unsaponifiable tar, indicating that two mols of the
tertiary-amyl chloride had

e

ondensed to form a decane or

that an olefin had been formed by the loss of hydrochloric
acid.

II

The Condensation of Ethyl Chloroacetate and

Tertiaryamyl Iodide by Means of the Qrlgnard Reagent

(1) The Preparation of Tertiaryamyl Iodide .

The

method followed for this preparation was analogous to
that for ethyl iodide given by Gatterman and

?<fieland.

19

14ft

Quantities Used
83.1 gms.
10.0 *
127.0

Tertiaryamyl alcohol,
Phosphorus (Red),
Iodine,

The alcohol and phosphorus were mixed in a 500 cc.
round bottom flask and the pulverised iodine added in
a small portions.

The mixture was refluxed over night

and distilled under reduced pressure.

The product

obtained was washed with water, 10% HaOH, end again with
water, dried and redistilled under reduced pressure.

There

was obtained 111.0 gms. of Hxe iodide, boiling between 30
and 33°C. at 14 mm. pressure.

The yield was S6% of the

theoretical.

Preparation of the Orianard Reagent .
20
directions of Wren were followed.
2.

The

Quantities Used

Magnesium turnings,

6.0 gms.

Anhydrous ether,

300 cc.

Tertiaryamyl iodide,

50 gms.

three-neck flask
The magnesium and ether were put in a
snd dropping
fitted with mercury sealed stirrer, condenser
alkyl iodide was
funnel. Approximately one-quarter of the

15

added and the mixture was wanned to start the reaction, after

which the iodide was added dropwise just rapidly enough to

maintain a refluxing temperature.

After the addition was

complete,

the contents of the flask was refluxed gently for

one hour.

The liquid was cooled and filtered from the mag-

nesium which had not reacted.

Two grams of undissolved

magnesium were recovered.
(3)

Condensation of Sthyl Chloroacetate with the Grlgnard

Reagent .

Twenty- two grams of ethyl chloroacetate and an equal

volume of anhydrous ether were placed in a three-neak flask

with mercury sealed stirrer, condenser and dropping funnel.
The ethereal solution of the Grignard reagent from the previous

preparation was added dropwise to the refluxing liquid.

A

white precipitate appeared which quickly vanished and a reddish

insoluble liquid appeared on the bottom of the flask.

water was added and the ether layer separated.

Ice

The reddish

material was dissolved in more ether and added to the first.
The ether layers were dried and decolorized with a small

amount of sodium thiosulfate.

As the ether was distilled off,

a separate liquid appeared which remained after all the ether
was gone.

This was distilled under reduced pressure.

Approxi-

mately 8 cc. of a product was obtained which boiled at 68-80°C.
at 12 mm pressure.

Its greasy, unsaponlfiaBle character Indi-

cated the decane or olefin as before.

16

HI

Condensation of p-Bromoacetanlllde and
5-Ethylbarbiturlc Acid.

Preparation of p-Bromoaeetanlllde .

(1)

Twenty-seven

grams of acetanlllde were dissolved in 100 cc. glacial acetic

acid and 34 grams of bromine were added.

The mixture was

allowed to stand 20 minutes, after which it was poured into
one liter of cold water.

The solution was decolorized by the

addition of a few drops of sodium acid sulfite solution.

The

solid was filtered off, washed with water and recrystallized

from hot alcohol.

Thirty- five and a half grams (a 10% yield)

of p-bromoacetanillde were obtained melting at 167-168°C.
(2)

(

a)

Preparation of S-ethylbarblturic Acid by Means of

Sodium .

This compound was prepared several times using two
22
methods. The first was that of Gabriel and Colman
with the

exception that the refluxlng time was cut from 8 hours to
11/2 hours as suggested by Schonle et al 23 who stated that

prolonged refluxing causes a poor yield due to the decomposition of the barbituric acid formed.
Quantities Usod.
Ethyl j&thylmalonate,

Urea (dried),
Sodium,
Absolute alcohol,

18.8 gms.
6.0 "
2.3 *
50 cc.

The sodium was dissolved in the alcohol in the reaction
flask.

A solution of the urea and the ester in 30 cc. absolute

alcohol was added dropwise.

The reaction mixture was

re fluxed

for an hour and a half after all the solution had been added,

after which the alcohol was distilled off, the
residue
dissolved in 80 cc. of hot water, cooled and extracted
twice with ether to remove the unchanged ester.

The

water solution was heated to expel the ether and acidified with 7.6 cc. of concentrated hydrochloric acid.

The

solution was allowed to stand over night, after which a
voluminous, flaky precipitate had appeared.

were filtered off, washed, and dried.

The crystals

A yield of 4.7 grams,

or 30#, was obtained, meeting at 192-193°C.
(b)

Preparation of 5-Ethvlbarbituric Acid by Means of

Magnesium Methylate as the Condensing Agent .
method used was that of Lund. 24

The second

The yields by this method

were a great improvement over those obtained by the conden-

sation using sodium ethylate.
Quantities Used

Magnesium (powd)
Absolute methyl

6.0 gms.

alcohol,
200 cc.
Ethyl ethylmalonate, 37.6 gms.
Urea (dried),
20.0 *

The magnesium was dissolved in the methyl alcohol in
a reaction flask, using a trace of iodine as a catalyst.

This required refluxlng on the steam bath over night before
the magnesium was completely dissolved.

The ester and urea

were added and the mixture refluxed with stirring for 48
hours, after which the alcohol was distilled off.

Two hundred

cubic centimeters of hot water were added, s tirring continued

until the solid wss broken up to a pasty mass, and the paste

extracted with ether by stirring with ether and decanting.
The paste was acidified with concentrated hydrochloric acid.

The mixture was cooled over night, after which the solid

material was filtered off, dissolved in hot water containing a little alcohol, decolorised with Norite, filtered,
and allowed to crystallise.

The yield was 17,0 grams

(54.5$), melting at 190-192°C.
(S)

The condensation of p-Bromoacetanllide and 5-Ethyl-

barbituric acid .

The first method used was that of Timm for

the condensation of 5-ethylbarbituric acid and chloroacet-

anxlide.

Quantities Used

5-Ethylbarbituric acid,
p-Bromoacetanilide,
Sodium acetate,
Potassium iodide,

3.1 gms.
4.3 B
2.5 "
0.8 B

The barbituric acid was dissolved in 25 cc. of 35$

alcohol in a reaction flask.

The other materials were

dissolved in 80$ alcohol and added dropwise to the first.
The mixture was refluxed with constant stirring for 7 hours.

Upon evaporation of the alcohol, a crystalline precipitate
appeared w/hich proved to be unchanged p-bromoacetanilide,

indicating that no reaction had taken place.
A second attempt at condensation w as made using sodium

ethylate as the condensing agent.
Quantities Used

5-Ethylbarbituric acid,
p-Bromoacetanillde,
Sodium,
Absolute alcohol,

3,1 gms.
4.3 "
1.4 *
20 cc.

The sodium was dissolved in the alcohol by warming and

stirring in the reaction flask.

The harbituric acid, dissolved

in 40 cc. absolute alcohol and 40 cc. anhydrous ether,

was added.

The mixture was refluxed for two hours with

stirring, after which a solution of the p-bromoacetanilide
in 40 cc. absolute alcohol and 40 cc. anhydrous ether was

added drop by drop.

The refluxing with constant stirring

was continued for four days.

At the end of this time there

was no evidence of sodium bromide present, indicating that
no reaction had taken place.

IV

The Condensation of p-Bromoacetanillde and

Ethyl Dlhydroxymalonate

(1)

Preparation oi Ethyl Dlhydroxymalonate .

Ethyl

dihydroxymalonate was prepared according to the directions
25
Thirty-five grams of ethyl malonate were placed
of Noyes
.
in a 100 cc. flask and the flask and contents weighed.

The

oxides of nitrogen formed by dropping concentrated nitric

acid (sp.gr. 1.42) slowly onto 100 gms. of arsenic trioxide
were passed into the flask until a gain in weight of 35 gms.

had taken place.

The flask was kept at -13°C. by a mixture

of ice and salt.

The flask was closed with a cork fitted

with a Bunsen valve and let stand in the freezing mixture
over night.

The ice was allowed to melt and the mixture let

stand at room temperature for 24 hours.

liquid in the flask was dark green.

The color of the

Air was blown through

the liquid for 10-15 minutes to remove the excess oxides of

nitrogen, after which it was distilled under reduced pressure.

.

The distillate was separated into two fractions; the first,

which distilled up to 118° at 36 mm. pressure, consisted of
water, acetic acid and unchanged ethyl malonate and was

discarded; and the second, which distilled from 107-140°C.
at 18 mm. pressure, consisted of ethyl oxomalonate and ethyl

dihydrcxymalonate.

The second fraction was let stand in air

with frequent stirring so that the oxomalonic ester might
take up water to change to the dihydroxymalonic ester.

The

crystals of ethyl dihydrcxymalonate were filtered of f, w ashed

with carbon disulfide and recrystallized from equal parts of
ligroin and benzene.

The yield was 9,0 grams (24$) melting at

57-58°C
(2) Condensatio n of ^thyl Pl hydroxymalonate and p-Bromo-

acetanillde.

Quantities Used
2.0 gms.
Sodium,
Ethyl dihydroxymalonate,8.3
18.5 "
p-3romoacetanilide,
tt

The ester was dissolved in 50 cc. anhydrous ether in a

reaction flask and the sodium added.

The mixture was refluxed

over night, after which 35 cc. of absolute alcohol were added
to use up the remaining sodium.

The p-bromoacetanilide was

dissolved in 160 cc. absolute alcohol and added to the reaction mixture which was then refluxed with constant stirring
for 52 hours.

At the end of this time, the contents of the

flask gave only a very slight test for sodium bromide.

The

only product which could be isolated proved to be unchanged
p-bromoacetanilide.

21

V

The Preparation of 5-Ethyl-5-p-Kltrophenoxy -

Barblturlc Acid
(1)

Preparation of 5-Ethyl-5-broffiObarblturlc Acid .

The method used was that of Dox and Yoder for the preparation

of 5-n-butyl-5-bromobarbituric acid. 26

Fifteen grams of

5-ethylbarbituric acid were dissolved in ISO cc. absolute
methyl alcohol.

Bromine was added until a slight excess was

present after shaking.

The alcohol was evaporated off under

redxiced pressure, and the solid recrystallized from water

after the excess bromine had been destroyed *lth a few drops
of sodium thiosulfate solution.

A yield of 18.7 grams of

needle crystals was obtained, melting at 202-203°C.

This

amount was 87$ of the theoretical yield.
(2)

Preparation of 5-ethyl-5-p-nitrophenoxybarbiturlc acid .

Thirteen and a half grams of sodium p-nitrophenate were dissolved
in 150 cc. of absolute alcohol in a reaction flask by warming and

stirring.

A solution of 19.5 grams of 5-ethyl-5-bromobarblturic

acid was added drop by drop with constant stirring and refluxing.
The mixture was stirred and refluxed for 24 hours, at the end of

which time a white solid had separated which g ave a positive test
for sodium bromide.

Moat of the alcohol was distilled off under

reduced pressure and 150 cc. of water added.

The solid left un-

dissolved was filtered off, suspended in water and the suspension
extracted several times with ethor.

Upon repeated extractions,

the solid dissolved completely in the ether.

The ether extracts

diswere combined, dried with calcium chloride and the ether
could
tilled off. The material remaining was a heavy oil which

not be mad© to crystallize on cooling.

It was dissolved

In a mixture of equal parts of alcohol and water, de-

colorized with Norite, and cooled.

Upon standing over

night, some of the material had again

s

epara ted as an oil,

but the supernatant liquid contained fine crystals.

The

crystals were filtered off and the oil redissolved and
cooled.

Upon repeated solution and cooling, all the material

was obtained as a crystalline product, which appeared under
the microscope as tiny prisms.

The product melted at 240-

The yield was 9.6 grams (39.5J6)

241°C. with decomposition.

Analysis

1

2

49.33

49.13

49.14

Hydrogen

3.76

3.76

3.75

Nitrogen

13.90

14.08

Mol. Wt.

288

Carbon

(3)

Calculated for

Found

Per cent

14.3

293

Reduction of 5-Ethyl-5-p-nltrophenoxvbarblturic acid .
Quantities Used

5-Ethyl-5-p-ni trophenoxybarblturic acid,
Tin (Mossy),
Acetic acid (glacial)
,

5.9 gms.
10.7 »
25 cc.

The materials were placed in a 200 cc. round bottom flask

connected with a reflux condenser and refluxed for three hours.
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The color of the liquid changed from colorless to d
ark

brown.

The mixture was cooled, but no solid appeared.

It was then poured into cold water and eentrifuged to

throw down the stannous hydroxide and any insoluble

material that might be present.

The water layer was

poured off and the solid extracted three times with
alcohol.

Upon evaporation of the alcohol a dark brown

oil was obtained.

This was crystallized from water after

decolorizing with Norite.

The product melted at 234-237°C,

indicating unchanged 5-ethyl-5-p-nitrophenoxybarbituric acid.

VI Condensation of p-Acetamlnophenol and
5-Ethyl-S-bromobarblturic Acid

Quantities Used

5-Ethyl-5-bromobarbituric acid,
p-Acetaminophenol,
Sodium,

11.5 gms.
7.5 "
1.1

The sodium was dissolved in 100 cc. of absolute alcohol
and added dropwise to a solution of the p-acetaminophenol In
50 cc. alcohol in a reaction flask.

The mixture was refluxed

with stirring for two hours, and the 5-ethyl-5-bromobarbiturlc
acid dissolved In 100 cc. of absolute alcohol added.

mixture was refluxed 24 hours.

The

At the end of this time a

white solid had separated which gave a positive test for
bromide.

Most of the alcohol was distilled off, and the

residue poured into cold water.

A dark red insoluble liqi id

resulted which solidified on long cooling.

This solid

was dissolved In glacial acetic acid, and diluted with
400 cc. of water.

Bo precipitate appeared Immediately,

but on standing for several days a very light flocculent

solid separated.

This was filtered off and dried.

The

melting point was found to be 214-216°C. with decomposition.

An analysis for nitrogen and a molecular weight

determination were made, giving results Indicating unchanged
5-ethyl-5-bromobarbituric acid as follows.

Compound
-

Per cent nitrogen,
Mol. wt.,

g

11, 30

233

11

——

—
.74

Calculated for
C 8 H 7 0oNaBr

—

11.91
236

As a confirmatory test, a sample was tested qualitatively

for bromine by decomposition with fuming sulfuric acid and

potassium persulfate.

The test was positive Indicating that

the product obtained was 5-ethyl-5-bromobarbituric acid.

CONCLUSIONS
The attempts to prepare ethyl tertiaryamyl cyano-

phenyl acetate by Indirect means wore unsuccessful.

This

failure was thought to be due to a competing reaction In

which two moles of the tertiaryamyl hallde condensed to
form a branched chain hydrocarbon or, what Is more likely,
the loss of halide acid from one mole to form an olefin.

In this attempted synthesis the condensation of the tertiaryamyl hallde with ethyl chloroacetate was tried both with

aodlum and with the tertiaryamyl Orignard reagent.

Neither

method was successful.
The use of magnesium, as magnesium nethylate, a s the

condensing agent in the formation of barbituric acids from

malonic esters and area without the use of pressure, was
compared with that of sodium, as sodium ethylate, and found
to be much more efficient, resulting in a yield of 54 per
cent compared with a yield of 30 por cent with sodium.

The condensation of p-bromoacetanilide with 5-ethyl-

barbituric acid in the effort to prepare a p-acetauiinophenylbarbl turic acid was unsuccessful as only recovered

p-bromoacetanllide was obtained.
In like manner the effort to condense a bromobarbituric

acid with p-acetaminophenol aid thus prepare a p-acetaminophenoxybarbi turic

acirf

was unsuccessful as only recovered

bromobarbituric acid was obtained.
There was no e vidence that a sodium salt of ethyl di-

hydroxymalonate could be formed which would condense with
p-bromoacetanilide

to

form the di-(p-acetaminophenoxy)

compound.

RMle

this was not pursued further, it would seem

to suggest that one mol of ethyl oxomalonate might combine

with one mol of water by a hydrogen bond rather than by the
formation of the dihydroxy compound.
A new compound, 5-ethyl-5-p-nitrophenoxybarbituric acid

has been prepared and its composition proven.

Although the

one attempt to reduce and acetyls te it to the corresponding

p-acetaminophenoxy compound resulted in failure, further
attempts using other reducing and acetylating agents might
be successful.
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