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CHARTEX 1
INTRODUCTICHN

The hypnotic activity of substituted barblturic acids
has long been kaown. Hundreds of disubstituted barblturic
aclds have been prepared in order to evaluate their useful-
ness as sedatives or anesthetics. They may be represented

by the general formula:

8]
R C————1f
R,>C< {{cb

C
0

NH

Among those in general use are barbital, 5,5~disgthylibarbi-
turic acid; phenobarbital, S5-ethyle-S-phenylbarhituric acid;
amytal, S-ethyl~S-lscamylbarbituric acld; pentobarblital,
Swethyle5-(lemethylbutyl}barbituric acid; and seconal,
S5eallyl-S«{l=methylbutyl}barbituric acid. Phenocbarbltal has
anticonvulsant as well as hypnotic activity. Amytal and
pentobarbital act more quickly and have a shorter duration
of action than either barbital or phenobarbital. Seconal
acts still more gquickly and for a relatively short peried.

included in the types of barbituric acids reported are
& limited number containing sulfur in the carbon chain of

an alkyl group attached to the barblturic acid nucleus.



L. A. Walter, L. H. Goodson, and R. J. Fosbinder have

prepared compounds of four general types:

Type }_.1
o
R C NH
NN
R’*SwCHg// \\c i
0
Type 2.2
0
R c NH
N/ AN
//c //ao
RYaS-CH(R") \\t ot
0
Type 3.9
0
R c NH
./ N\
/3 /x..O
R1eSmCH,CH, \\t NA
0

1L, A. Walter, L. H. Goodson, and R. J. Fosbinder,
Je Am. Chem. Soc., 67, 655657 (1945).

21bld., pp. 657-659, $1bid., pp. 659-660.
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Wim. H. Hunt, Russel J. Fesbinder, and O. ¥. Barlow have
reported that for these types, duratlon of hypnotic effect
decreases and toxliclity Increases as the molecular weight in-

creases.>

In a comparative study of compounds represented by
Jype 1, and by Type 2 where R" is a methyl group, they found
that Type Z compounds produced a greater duration of activity.®
Ramond L. Cahen’ has reported the anticonvulsant activity
of some Type 1 and Type 3 compounds. Most were effective
only in doses sufficient to produce ataxia., A few compounds
of higher molecular weight exhibited some anticonvulsant ace
tivity independent of any depressant activity.
Since no mention has been found in the literature of
any S-substituted-mercapto~5~alltyl derivatives of barbituric

aclid, it was thought to be of interest to prepare & series

of compounds containing sulfur attached directly to the

Gibidl’« pO 661'

Swm. H. Hunt, Russel J. Fosbinder, and O, W. Barlow, J.
Am. Pharm. Assoc., 35, 231-43 (1946); C. A., 41, 518 (19477.

wm. H. Hunt, Russel J. Fosbinder, and O. W. Barlow, J.
Am. Pharm. Assoc., Scl. Ed., 37, 1-5 (1948); C. A., 42, ~
28711548 ) -

"Ramond L. Cahen, J. Pharmacol., 88, 343-52 (1946);
C. A., 41, 4581 (1947},



barbituric acid nucleus. 5-Substituted-mercapto-5-isoamyla
barbituric acids were chosen as representative of barbituric
acids in which the alkyl group has a falrly high molecular
weight.,

Several reactions sugpested themsSelves as possible methw
ods for preparing S-substituted-mercapto-S=-alkyl barbituric
aclds. Those Investigated were the following:

Method 1.

RCH{COOC,Hg )y + Bro————— RCBr{COOC,Hg)» + MHBr

RCBr{COOCaHg)y + RYSH + CgHgl— = R{RYS )C(COOC,Hy )5

. + CgHgNHBr

B{RISIC(COOC,Ha )y + conmz)r—_;ﬂ(n's)?comcomco

+ CyligOH
Method 2.

KaGl Hs
PCH{COOC,Hg)p + CO(NH, ) g o RGHCONHCOIHEO

+ CaH4OH
REHCONHCONHCO + Brrp — s RCBrCONHCORHCO + HBr

RCBrCONHCONHCO + R1SAg——————=R{ RS }JCCONHCONHCO + AaBr
| | A9 JCONHCONHK ¢

Alternateiy, the S-bromo=S-alkylbarbituric acid was reacted
with a mercaptan in the presence of pyridine:

g BrCONHCONH?O + RISH + CgHgl—————=R({R S JCCOUHCONHCO
I [

4+ C 5H 5?3}'!32'
The compounds reported in this work were prepared by the

latter varigstion.



CHAPTER 11
EXPERIMENTAL

Preparation of Diethyl Ethylbromomalonate

CoHsCH(COOC Hg ) + Brag————> CaHeCBr (COOC,Hy )y + HBr

In a8 200~ml. 3~necked flask fitted with a mercury-sezled
stirrer, drying tube, and droppfng funnel was placed 100 grams
(0.532 mole) of diethyl ethylmalonate. By means of the dropw
ping funnel 42,5 grams (0.532 mole) of bromine was added
slowly. If the reaction did not start soon after the first
drops of bromine were added, the reactlion mixture was heategd
slightly. When once started the reaction proceeded at room
temperature. At the end of the reactlion a jet of air was
blown over the reagction mixture until the hydrogen bromide
and any excess bromine were removed. The resulting material
was vacuum distilled. One hundred and twenty grams of di-
gthyl ethylbromomalonate distilling at 87-90°/3 mm. was oOb-
tained. This represents a yleld of 85 per cent of the
theoretical.

Preparation of Diethyl Ethyl-n~butylmercaptomalonate

CoHglBr {COOCHg )z + CaHoSH # CgligN =
Calg {CQHQS }C(szﬁg, } » + CglgHHBr
In the reaction vessel of a I-llter autoclave were placed

40 grams {0.15 mole) of diethyl ethylbromomalonate, 12 grams



(0.15 mole) of pyridine, 13.5 grams (0.15 mole) of n=butyl
mercaptan, and 200 ml, of anhydrous ether. The mixture was
heated with stirring at 100° for 10 hours. After it had
cooled, the mixture was flltered to remove the pyridine hy-
drobromide. The ether was removed by distillation and the
renmaining material was vacuum distilled. The greater part
of the material distilled at 55-85°/3 mn., and was discarded.
The diethyl athyl-n-butylmercaptomalona;e then distilled at
105-110° at the same pressure. About 6.2 grams, 15 per cent
of the theoretical, was obtained.

Freparatiun‘gg S~n=Butvimercapto-S«ethylbarbituric Acid

Vg (e )2
CaHg{C4HgSIC{COOCHg ) + CO(NH, ) g
CoHg (cér«xgs)ccormcmﬁfo + C,HgOH

Twentyefour hundredths of a gram of magnesium (0.01 mole)

was dissolved in 10 ml. of anhydrous methyl alcohol in a
S50-mb. flask fitted with a reflux condenser protected with

a drying tubs. Then 2.78 grams (0.0l mole) of ethylen-butyl-
mercaptomalonate and 0.6 grams (0.01 mole) of urea dissolved
in 10 ml. of anhydrous methyl alcohol were added. The mixe
ture was refluxed 22 hours. A white precipitate began to
form socn after the refluxing was begun. At the end of this
time the alcohel solution was decanted and the precipitate
was washed with a little anhydrons methyl aleohol, which was

decantied and added to the first alcohol sclution, The pre-

cipitate contained no sulfur or nitrogen. The alcohol


mailto:ra@rcapt.an

solution was evaporated and the resulting materlal wasg stir-
red with ether and the ether solution decanted. Aboul two-
thirds of the material disselved in the ether, hut extraction
of the ether solutlion with sodium bicarbonate solution and
acidification of the sodium bicarbonate layer gave no acid.
The ether insoluble portion was a solid. When hydrochloric
acid was added, the solid changed to an ¢il. The oll was exe
tracted with 5 per cent sodium carbonate. Acidification of
the sodium carbonate layer gave an oil which soon solidified.
After recrystallization from aleohol-water, 0.05 grams of ma-
terial meiting at 89.5-90,5% was obtained. Thls rgpresents

only 2 per cent of the amount theoretically obtalnable.

Preparation of Diethyl Isoamylmalonate

CHp {COOC Hg ) + {CHg),CHCHCHBr + NaOC,Hg——>
(CHg ) 2CH{CHy ) 2CH{COQC,,Hg )2 + CpH4OH + NaBr

In a 2~1iter three-ncciked flask fitted with a mercury-
sgealed stirrer, reflux condenser, and dropping funnel were
placed 600 ml. of anhydrous alcochol and 29.9 grams {1.3 moles)
of sodium. After the sodium had dlissolved, 204 grams
(1.3 moles} of diethyl malonate was added and the mixture was
heated to boiling. Then 197 grams (1.3 moles) of isoamyl bro-
mide was added rapidly with stirring by means of the dropping
funnel. The mixture was stirred and refluxed 12 to 16 hours,
after which It was heated on a steam bath and the alcohol
evaporated using a jet of alr. LEnough water was added to

dissolve the sodium bromlde, and the ester layer was separated,



dried with calcium chloride, and distilled under vecuun.

A Tirst fraction of about 25 ml. was discarded, and the re-
malnder of the materlal, except about 25 ml. remaining in the
distilliation filask, was collected., It distilled at about
90°/4 mm,, and the yleld was 200 grams, 67 per cent of the

theoretical.

Preparation of S-lscamylbarbituric Acid

Eaﬁczﬁs
(CHg ) 2CH{CH, ) CH{COOC ;Hg } s + CO{MH3 ), =

(CHg ) 2CH(CH, ) ,CHCONHCORHEO + 2 C,H50H

In 8 1000-ml, flask fltted with a condenser protected
with a drying tube were placed 400 ml, of anhydrous alcohol
and 19.3 grams (0.84 mole) of sodium. The resulting sodium
ethylate solution was placed in the reaction vessel of a
1~-1iter autoclave, and to it were added 162 grams (0.7 mole)
of diethyl isoamylmalonate and 50.4 grams {0.84 mole) of urea
dissolvad in 400 ml., of anhydrous alcohol, The mixture was
heated in the autoclave with stirring at 100° for 20 hours.
After the autoclave had coocled to 70°, the reaction mixture
was removed and filtered. The c¢rystalline sodium salt of
isoamylbarblturic acid was dissolved in water, and the solu-
tion was scidified with hydrochloric acid to give a precip-
fitate of iscamylbarbituric acid. This was separated by fil-
tration, suspended in beoiling dliute alcohol, dissolved by
further addition of alcohol, and filiered while hot. The

crystals which formed on cooling were separated by filiration



and dried. One hundred and five grams of ilsoamylbarbituric
acid melting at 238-240° was obtained. This represents a
vield which Is 76 per cent of the theoreticsl.

Preparation of 5-3ramo-5~jssamy1barbzturlc Acld

(c:}is)zcri(criz}art:}icormc:'om-ici:{} + Bry >

Hy ) sCH{CH, }2CBr HCO +
{CHg ) »CH{(C z);ﬁ:ﬂrcomcom.f HBr

Twenty grams of iscamylbarbituric acid was suspended
in 1000 ml. of bolling water, and bromine dissoclved in so-
dlum bromide solution was added with stirring until a perw
manent bromine color remained. The resulting suspension was
diluted to 2 liters, heated to bolling, and the resulting
solution was cooled. The cry;tals of S~bromo-5-iscamylbarb-
ituric scid were removed by filtration., Twenty-four and
three-tenths grams of material melting at 168«169° was ob-
tained, this representing a yield of 86 per cent of the

theoretical.

Preparation of 5-Substituted-mercapto-S-isoanyl~-

barbituric Acids

Method I

(Cﬁs)zCH(CHa)Q?BrCGNHCOﬁH?O + RSAg >
(CHs ) ,CHICH, ) 5 (RS )(Ecom-mc:rm-fc + AgBr

The procedures used to prepare various S-substituted-

mercapto-S-iscamylbarbituric acids by this methed are exactly
analogous to the procedure used to prepare S~n=-butylmercapto-

S-isoamylbarblturic aclid, as follows: In g 200-ml., 3-necked
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flask fitted with a mercury-sealed stirrer and reflux con=
denser protected with a drying tube were placed 100 al, of
anhydrous dioxane, 10 grams {0.,0362 nmole) of S~bromo-S5-fso-
amylbarblturic acid, and 7.12 grams (0.362 mole) of silver
n-butylimercaptide.? The mixture was refluxed one hour with
stirring. It was then allowed to stand until the solid ma~
terial had settled, and a 2 ml. sample was drawn from the
supernatant liguid by means of a volumeiric pipette., The
sample was placed in & beaker containing 3 ml. of 1.8 M po-
tassium lodids, 1,5 ml. of 6 N hydrochloric acid, 6 ml. of
ethyl alcohol, and 10 ml. of water. The unreacted 5-bromo-
S-isoamylbarbituric acid In the sample liberates lodine ac-
cording to the equation:

(Cliy )2CH(CH, ) ,CBrCONHCORHCO + 2 KI + HOl————>

(CHs ) 2CH(CH ) ;CHCORICORHEO + 15 + KDr + KC

The lodine was titrated with standard sodium.thiosulfate so-
lution to determine the number of moles of unrescted S5-bromo-
5-ispamylbarblturic acid, and this number of meles of silver
nebutyimercaptide was added to the reaction mixture. The mixz-
ture was refluxed an additional hour and allowed to cool.

The solution was separated from silver bromide and unreacted
silver mercaptide by flltration, and the dioxane was distii-

led from the solution under reduced pressure. The resulting

1The silver mercaptlides were prepared by dlssolving sile
ver acetate In water at 80° and adding with stirring the cal~
culated amount of mercaptan dissolved in a little cold algchol.
The resulting mercaptide was separated hy filtration.
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oil was diluted with a 1ittle alcohol, and enough potassium
lodide solution was added to reduce the S5-bromo~S-iscamyle
barbituric scid present to S~isoamylbarbituric acid. The
fodine likerated was converted to potassium i&dide by adding
gsodium thiosulfate solution to the mixture, Ether was then
added to dissolve the barblturic acids present, and inorganie
salis were removed by washing the ether layer with water.

The ether solution was next washed with sodium bicarbonate
solution in order to remove the S-lsoamylbarbilurlc acid.
Finally the ether solutfon was extracted with 25 ml. portions
of 0.1 N sodimn hydroxide until no further material precipe
itated on acidification, The malterial obtained by acidifica~
tion of the sodium hydroxide extracts was a wviscous oll cone
taining sulfur and nitrogen. The yigld of this crude
Sernebutylmercapto-S-isoamylibarbituric acid was estimated

from the amount of sodium hydroxide required to extract the
product from ether. It amounted to only about 12 per cent

of the theoretleal.

Method II

(CHg ) 2CH(CH, ) ;CBrCONHCONHEO + RSH + CsHgh >

(CHy } 2CH{CH; ) » (RS )CCONHCONHCO + CgHgNHBr
The procedure for preparing the S-alkylmercapto-S5-i{50-
amylbarblturic acids by this method i{s exactly analogous to
that used for preparing S-n~butylmercapto~S5~iscamylbarbl-
turlc acid excepi for the details of puriflication, which re-

quire indlvidual discussion,
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Preparation of S-n-Butylmercapto-S~isoamylbarbiturie

Acid.~-Ten grams (0.0361 mole) of S-bromo~-S5-isocamylbarblturic

acid dissolved in 50 ml. of anhydrous ether was placed in a
J-niecked flask fitted with mercury-sealed stirrer, dropping
funnel, and drying tube. The mixture was cooled in an lce-
salt bath, and a solution of 3,28 grams (0.036! mole) of
n~butylmercaptan and 2.86 grams (0.0381 mole} of pyridine (n
5 ml. of anhydrous ether was added dropwise with stirring.
A white precipitate formed soon after the first drops were
added., After all the solution had been added, the presence
of unreacted S-bromoe-S-lsoamylbarbituric acid was detected by
its liberation of iodine from potassium fodide. An additional
3.28 grams of n-butylmercaptan and about 0.3 ml. of pyridine
were disseolved in 50 ml. of anhydrous ether, and this solu-
tion was added dropwise with stirring to the reaction mixture
until no S~bromo-5-isocamylbarbituric acid was detected. The
cold reactlon mixture was then filtered to remove the precip-
itate, which consisted of pyridine hydrobromide and S5-{soamyle
barbituric acid. The latter is formed according to the fol-
lowing equation.?

(CHs)zCH(CHz)z?BrCONHCGNH?O + 2 BSH + CgHgN

{CH4) zCH(CE'Ig)gCEHCOi’&iCONH O + RSSR + CgHeNHBr

2p-Tolyl disulfide formed by the reactlon of 5-bromo-
S-phenylbarbituric acid and pwthiocresol under the above
conditions has been Isolated and fdentified by its melting
point. (Howard Shahan, "Barbituric Acids as Anticonvule
sants IV, S-Substituted-mercapioc Derivatives of 5-Phenyl-
barbituric Acid.," Unpublished Master's Thes!is, Department
of Chenlstry, North Texas State Ceollege, 1951.$
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The precipitate was saved and used to estimate the per cent
yield of desired product.’ The filtrate was weshed with
water and then extracted with 10 ml. portions of 5 per cent
sodium bicarbonate solutlon until acidification of the biw
carbonate layer gave no solid.* The ether solution was fi-
nally extracted with 25 ml, portions of 0.2 W sodium hydrox~
ide until acidification with hydrochlorlc acid gave no ingol~
ubie oil.

The above preparation was carried out three times in
order to investigate possible methods for purifyving the
crude Swnwbutylmercapto-5~isoamylbarbitﬁéic ac id which was
obtained as an oil on acidification of the sodium hydroxide
extracts., Diespite long standing in the refrigerator with
occasional stirring, the material from the first two prepa-
rations remained an oll. One of the scidified exiracts from
the third preparation, however, turned to a sollid after

standing about two weeks in the refrigerator. Although the

¥

3The precipitate was dried and weighed, carefully washed
with water, and agaln drled and weighed. The per cent yield
of pyridine hydrobromide {water soluble portion) was calcu-
iated. The water insoluble portion was found to be S-Isoamyl-
barbituric acld. To correct its weight for loss during trans-
fer, its weight was multiplied by the factor which, when mulw~
tiplied by the weight of pyridine hydrobromide, would convert
that weight to the theoretlical amount.

#The precipltate was found to be 5-lscamylbarblturic
acid. It was separated by filtrastion, dried, and welighed.
This weight was added to the welght of the same material which
wag flltered from the orlginal reaction mixture. The number
of moles of Isoamylbarbituric acid recovered was subtracted
from the number of moles of brominated acid used, to give the
gstimated number of moles of brominated acid used in the for-
mation ©of the desired mercaptobarbituric acld.

g
e
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remaining extracts of the material from thils preparation

stoocd in the refrigerator in separate beakers during Lhe same
pericd, they did not solidlify even after an additional week.
When some of the solid material was stirred Into these oils,
however, they turned to a solid within a day or two. Recrys-
tallization was accomplished by dissolving 1 gram of this
solid in 170 ml. of alcohol, decolorizing Qith norit, filter~
ing, and adding 530 ml. of cold water with shaking. The re-
sulting milky suspension was seeded with a little of the solid
and allowed to stand in the refrigerator for several days with
occasional shaking. DPuring this time crystals slowly formed,
but the yield of recrystallized material was less than

50 per cent. Naterial melting at 77-80.5° was obtained after
ocne recrysiallization. The yield of crude product was egti-
mated to be 53 per cent.® Per cent nitrogen: caled., 9.783
found, 9.62.

Preparation of S-Methylmercapto-S-isocamylbarbituric

Acid.~-This compound and those of the succeeding syntheses

were prepared using the same molar quantities as in the pre~
vious experiment. Acidification of the sodium hydroxide ex-
tract corresponding to that in the above preparation gave an

0il which turned to a solid within a few seconds, The =olid

Specause 1t would have been difficult ta dry and weigh
the material In the Individual extracts, the yield of crude
product was estimated In this and succeeding syntheses from
the amount of S«Iscamylbarbituric acid recovered. In some
cases the yield of purified compound was much less becsuse
of the poor yield on recrystallization,
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crystallized without difficulty from alcohol~water, but five
recrystallizations were necessary to obtain material meliing
at 158-153°., Alternately, purification was accomplished by
dissolving the solid in enough 0.1 N sodium hydroxide to form
the monosodium salt, and then adding half that amount of

0G.1 N acetic meid. The crystals which formed on cooling

this solution were found to melt at a higher temperature

than those obtained by recrystallizing some of the same ma-
terial from alcohol~water, indicating that greater purificge
tion had been accomplished. The yield of crude material was
estimated to be 61 per cent. Per cent nitrogen: caled., 11.473
found 11.48,

Preparation of S~Eihylmercapto-5-isoamylbarbituric

Acid.~-After the preparation was carried out as in the Pra-
vious experiment, acidification of the sodlum hydroxide ex-
tract gave an oil which turned to a solid after standing
several days in the refrigerator. One gram could be TeCrys—
talllzed by dissolving in 37 ml. of alcochol, adding 230 ml.
of cold water, seeding the resulting milky suspension of oil
with a little selid, and allowing the mixture to stand in the
refrigerator for about 24 hours., It wae found that if a
greater concentration of compound than that specifled above
was used, the suspension of oil would not crystallize even

on longer standing. After three recrystalliizations, the com~
pound melited at 105.8«106.8°, The yield of crude product

was eéstimated to be 73 per cent. Per cent nitrogen: calcd.,

10185} faﬁnd, 36.73-»
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Preparation of S-n~Propvimercapto«35~isoamylbarbituric

Acid.~~After the preparation wss carried »ut as in the pre-
vious experiment, acidification of the suvdium hydroxide ex~
tract gave an oll which turned to a solld after standing sev~
eral days in the refrigerator. One gram was recrystallized
by dissolving In 65 nl., of alcehael, decolorizing, adding

300 ml. of ¢old water, seeding, and allowing the suspension
to stand in the c¢old with occasional shaking for a day or
more., After three recrystalllizations the compound melted at
08, 5-09,5°, The yield of crude product was estimated to be
64 per cent. Per cent nitrogen: caled., 10.29; found, 10.36.

Preparation of 5~ Isopropyimercanto~S«iscamylbarbituric

Acid.~~The oil obteined from the preparation carried out as
in the previous experiments solidified on standing overnight.
The material was recrystellized with greater ease than any
compound in the series except the methylmercapto derlivative,
Une gram was recrysiallizable from 20 ml, of alcehol and

50 ml. of water. After four recrystallizations the compound
melted at 112.6-113.8°, The yield of c¢rude product was es-
timated fto be 75 per cent. FPer cent nitrogen: caled., 10.29;
found, 10.30.

Preparation of 3-lsobutylmercapto-S-isoamyliarbituric

Acid.~=The ©il In some of the gxtracts obtained as in the
previous experiments solidiffed on standing in the refriger-
ator about 24 hours. The remaining oils solidified when

seeded with some of the solid materlial. One gram of the
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solid was recrystallized by dissolving in 75 ml. of alcohol,
decolorizing, adding 800 ml. of cold water, seeding, and al-
lowing the resulting suspension of o0ll to stand in the cold
for about 12 hours. After three recrystallizations, the com-
pound melted at 88,7-90°, The yield of crude product wes
estimated to be 60 per gent, Per cent nitrogen: calcd., 9,783
found, 95.78.

Preparation of S-Allylmercapto-3-isoamyllarbiturie

ﬁgig,--The il obtained from the preparsation carried out as

in the previous experiments solidified on standing in the

cold overnight. One grem of the solid was recrystallized by
dissolving In 45 ml. of alcohol, decolorizing, adding 200 ml,
of cold water, seeding, and allowing the resulting suspension
of o011 to stand in the refrigerator about 24 hours with occa-
sional shaking. The erystals obtained by this method were
found to form an oll when placed under vacuum, indicating

that they were a hydrate which underwent loss of water. The
amount of water was determined by measuring the loss in weight
when a 0.1 gram sample was heated at 80° under 4 mm. pressure
for aboul 8 hours. Per cent water: caled. for C12HiaOgN25+H,0,
G.25; found, 6.37. After three recrystallizations, the Cryg-
tals of hydrate melted at G6~65.5°. The yvield of crude prod~
uct was estimated to be 45 per cent. Per cent nitrogens

caled. for C, H;g04N,5+H,0, 9.72; found, 9,52,



CHAPTER 111
DISCUSSION OF RESULTS

The methods for making.mﬁrcapto-snbstituted barbituric
acids which were tried may be placed in two groups: those
in which the mercapto group was Introduced prior to the for-
mation of the barbituric actld nucleus, and those in which it
was Introduced after the formatlion of the barklturic acid
nucleus.

In exploratory work using dliethyl ethylmalonate, which
was commercially avallable, attempts were made to prepare
diethyl n-butylmercaptoethylmalonate from diethyl bromo-
ethylmalonate by four procedures. KNo reaction og¢curred when
this compound was mixed with n-butyl mercaptan and pyridine
in cold ether solution. When it was refluxed with the merw
captan and pyridine without solvent, reaction occurred, but
vacuum distillation gave substances of too low a bolling
renge to be diethyl n-butylmercaptoethylmalonate. Vhen
diethyl ethylbromomalonate was refluxed with the silver salt
of n-pbutyl mercaptan In anhydrous dioxane, it was recovered
unchanged on distlllation. When It was heated with pyridine
and n~butyl mercaptan in anhydrous ether at 100°, however,
the desired product was obtalned as a fraction distilling at
115-120°/2 mm, Despite variation of the resction time and

18



19

tenperature, the yield was never more than about 15 per cent
of the theoretical.

Attempts were made to condense this material with urea
usling as condensing agents sodium ethoxide, magnesium methox-
ide, and sodium t-butoxide according to McElvain and Goese.?
From a preparation using magneslum methoxide, an acld was
isclated which contalined sulfur and nitrogen and vhich melted
at 89.5-80.5° after one recrystallization from alcohol-water.
The yield of recrystallized material was only about 2 per cent
of the theoretical, the remainder of the mercaptomalonic es-
ter apparently reacting to glve other products. Senebutyle
mercapto~S-ethylbarbituric acid has now been synthesized from
5-promo-S-ethylbarbituric acid.” A sample prepared by this
procedure nelted at 86.5-88°%, Wwhen this materlal was mixed
with that prepared from the mercaptomalonic ester, the meltw
ing point was 07~89°, confirming the {dentity of the acid
prepared from the above ester, and indirectly, of the ester.

Because of the low yields which were obtained when the

above method was used, attempts were made to introduce the

13, M. McElvain and M. A. Goese, J. Am. Chem. Soc.,
65, 2226 (1943), carried out the condensatlon 6f diethyl
ethyl-2-pyridylmalonate with urea in the presence of sodium
t-butoxide with t-butyl alcohol as a solvent. The ethyl al-
cohol formed in the condensatlon was removed continuously
from the reactlon mixture by distillation, along with some
t~butyl alcohol., When sodium ethoxide was used as the cofn~
densing ageni, this ester gave only & cleavage product,

-{2-pyridyl)butyramide,

%C. B. Jeanes, unpublished notes, Department of Chem-

istry, North Texas State College, 1852,
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mercapto group subsequeni to the formation of the barbituric
acid nucleus. S«Bromo-5-isocamylbarblituric acid was easlly
prepared in good yield for use in this portion of the work.
When this material was refluxed with the silver salt of
n~butyl mercaptan In anhydrous dlioxane, & fair yleld of crude
product was obtained, as described in Chapter 11. When the
silver salt of ethyl mercaptan was used, howsver, the reaction
proceeded at & much slower rate, as was determined by titrat.
fng the lodine liberated from poifassium iodide by the unreacted
S« br omow- 5w igoamylbarbituric acid in samples from the reaction
mixture. Furthermore, the amount of crude product isclated
from the reaction mixture after long refluxing was negligible,
This result agreed with results obtained by using 3~bromow-
5-{l-methylbutyl}barbituric acid, which could be prepared
from commercially available l-methylbutylmalonic ester.
When this material was reacted under the above conditions
wlth the silver salts of methyl, ethyl, n-propyl, and n-butyl
mercaptans, respectively, the desired products were obhtalined
only with the latter two mercaptans. It Is possible that the
fallure of the lower molecular weight mercaptides to react is
due to thelr having lower solubility in dioxane, which might
ke expected from their greater regemblance to {norganic salts.
The slow disappearance of the bromobarbituric acid on reflux-
ing with these mercaptides may be due to the instabllity of
the bromobarbituric acld at higher temperatures., 5-Bromo-
S-igoamylbarbituric acid turns dark and evolves a gas when

kept at its melting peint, 175%°, for a few minutes.
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It was evident from the above results that the above
method could not be used to prepare methylmercapto~ and
ethylmercaptobarbituric acids. Furthermore, it is likely
that the crude products obtalned from other mercaptides were
contaminated by the unidentified substances arising from the
decomposition of the bromobarblturic scid. Accordingly, the
reaction of S5~bromo-5~isocamylbarbiturlic acid with mercaptan
and pyridine in cold ether solution was studled. This reac-
tion was finally used for the preparation of the compounds
reported in this work. Although part of the brominated acid
was used In each case In the oxidation of the mercaptan to
disulfide, the materials resulting from this competing reac-
tion were successfully separated from the mercaptobarbituric
acids. Nevertheless, all compounds prepared by this method
have Leen very difficult to purify, as evidenced by the fact
that even after three to five recrystallizations, the melting
points of thg compounds could be raised by additional recrys~
tallizatlions, Furthermore, fnn~buty1mercapto~ﬁnethylbarbln
turic acid prepared by thls &ethod melted 2.5% lower than the
same material prepared from the mercapiomalonic ester, despite
the fact that it had been recrystallized several additional
times. Apparently an unidentified impurity iz present in the
crude products, which has chemical properties resembling
thogse of the desired compounds.

It can be concluded, then, that the method used to pre-

pare the compounds reporied in this work 1s not wholly
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satisfactbry in its present form. Additional work with
large quantities of reactants might make possible the Iden
tification of the unknown Iimpurity. The effect of further
purification of the intermediate compounds might be studled
in an attempt to make the method more usable. On the other
hand, additional attempts might be made to prepare mercapio-
barbituric acids from mercaptomalonic esters, as there is
some evidence thail the compounds prepared ir this way would

be more easlly purifled.
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