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CHAPTER X 

INTRODUCTION 

The hypaotIc activity of substituted barbituric acide 

has long been to own* Hundreds of disubstituted barbituric 

acids have been prepared in order to evaluate their useful-

ness as sedatives or anesthetics. They may be represented 

by the general formulas 

0 
y c \ / \ ,/ ̂  -A — / 
0 

Among those in general use are barbital, 5,5-diethylbarbi-

turic scidf phenobarbital, 5-et hyl-5~phenyibarb 1 turic acid; 

araytal, 5-ethyl«5-isoaisylbar biturIc acidj pentobarbital, 

5~ethyi-5-{1-oethylbutyl)barbituric acid; and Seconal* 

5-allyl~5-{l~oethylbutyl)barbituric acid# Phenobarbital has 

anticonvulsant m mil as hypnotic activity. AaytsI and 

pentobarbital act-more quickly and have a shorter duration 

of action than either barbital or phenobarbital. Seconal 

acts still more quickly ftitd for a relatively short period* 

Included in the types of barbituric acids reported are 

a limited number containing sulfur In the carbon chain of 

an alteyl group attached to the barbituric acid nucleus-. 



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

prepared compounds of four general types: 

Type' JU* 

o 
R jC NH 

C ^CO 

/ \ / 
r»*s~ch/ c m 

o 
Type 2 x 

0 
R C NH 

\ / \ C CO 
R'-S-CHtR") C HH 

Type 3.® 

O 
R C NH 
V / \ v , 

CO 
R '<*S—CĤ CHj C -Ml 

O 

it* A. Walter, t* H. Goodson, and R» J. Fosbinder, 
1* J®* Chein. Soc. , 67, 655-657 (1945). 

*Ibld., pp. 657-659. > 13bId*,. pp« 6&~&eQ« 



Type 4.4 

R'-S-CH2CH(CHs> 

Wm. H. Hunt, Russel J« Fosbinder, and 0» w» Barlow have 

reported that for these types, duration of hypnotic effect 

decreases and toxicity increases as the molecular weight in-

creases.® In a comparative study of compounds represented by 

Type 1, and by Type Z where R" is a methyl group, they found 

that Type 2. compounds produced a greater duration of activity,* 

Raraond 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 $mm anticonvulsant ac-

tivity independent of any depressant activity. 

Since no mention has been found in the literature of 

any 5-subst ituted-awrcapto-5-alkyl derivatives of barbituric 

acid, it was thought to be of interest to prepare a series 

of compounds containing sulfur attached directly to the 

*Ibld.. p» 661. 

*Wteu H* Hunt# Rtxstel J. Fosbinder, and O. W, Barlow, J. 
Am. Pharm. Assoc.. 35, 251-43 (1946); C. A., 41,, 518 (19477. 

sWra. H. Hunt, Russel J. Fosblnder, and 0. w» Barlow, J. 
.ASSOC., Sci. Ed., 37, 1-5 <1948}j C* A., 42, "" 

7Ramond L* Cahen, J* Pharmacol.. 88. 343-52 f 1946) t 
C. A., 41, 4561 (1947) ~ " — '— 



4 

barbituric acid nucleus* 5-$ttbisiitttt®4»iitercapio«§̂ isoa»yI» 

barbituric acids mm chosen as representative of barbituric 

acids In whfeb the a Iky I grotip fta& a fairly high aolteulBr 

weight# 

Several reactions suggested themselves as possible meth-

ods for preparing 5-stibstituted-mercapto«»5~alkyi barbituric 

acids-. Those investigated were the following: 

fefethod 1. 

RCH(COCCiHi)2 + Br* ^ RCBr {CCXC2HS}2 + HBr 

RCBr(C00C2H5)2 + R*SH + C5H5H ^ R(R»S)C(CCX}CaHi)g 

+ C#HsNHBr 
MtB"" 

R(R»S)C{CCXX:2Hs)i + C0{ rlH2) 2 s* n { R*s }c^conhcomico 

+ CaHaCH 

Method 2. 

ficHCcooetHf }2 + co(nh2)2 ^ R«po»Hco®wpo 

• CtM$m 

ayiCOIHiCCMiCQ -f Br2 > RtpBrCCmfCOVSf̂ O + HBr 

RC Br C OrffiCCllHCO + R«SAg R (H * $) <j£CMfCGNHCO + AgBr 

Alternately, the 5-ferorao-Stalky!barbituric, acid was reacted 

with a mercaptan in the presence of pyridine? 

RC Br COHIICCfIHcj; O +• R * SI! + C5HSN =» R(R*S }^C0MCCBIfCG 

+ CftHaKHBr 

The compounds reported in this work were prepared by the 

latter variation. 



CHAPTER II 

Preparation of Diethyl £ thyl broiaomal on ate 

C*HftCH<COOCtH« ) 2 * Br2 3- C-gHgCBr (COOCsHs } a + HBr 

In a 200-ail. 3-necked f l a sk f i t t e d with a me r cur y-se a led 

s t i r r e r * drying tube, and dropping funnel was placed 100 grams 

(0*532 sole) of diethyl ethylraalonate# By means of the drop* 

plug funnel 42,5 grams (0.532 mole) of bromine was added 

'slowly* If the reaction did not s t a r t soon a f t e r the f i r s t 

drops of bromine were added, the reaction mixture was heated 

s l i g h t l y . When once s ta r ted the reaction proceeded a t room 

temperature. At the end of the reaction a Je t of a ir was 

Mown over the reaction mixture un t i l the hydrogen bromide 

and any excess bromine were removed. The resul t ing material 

was vacuum d i s t i l l ed* One hundred and twenty grams of d i -

ethyl e thyl br otnoma 1 on at e d i s t i l l i n g at 87-90°/3 RUB. was ob-

tained* This represents a yield of 65 per cent of the 

theore t i ca l . 

Preparation ©f Diethyl Ethyl-n«butytffl«rsaptomaloisat@ 

C^HjCBr {COOC2H5} 2 * C4H9SH +Cs%M > 

C8H#(C4K,S)C(COOC2H5)a * C9H#HHBr 

In the reaction vessel of a 1 - l i t e r autoclave were placed 

40 grams. (0.15 mole) of diethyl ethylbroaomalonate, 12 grass 



(0*15 mole) of pyridine, 15,5 grass (0,15 mote) of n-butyl 

ra@rcapt.an, and *£00 ml • of anhydrous ether. The mixture was 

heated with stirring at 100° for 10 hours# After It had 

cooled, the mixture was filtered to remove the pyridine hy» 

drobromide* The ether was removed toy distillation and the 

remaining stater I el was vacuum distilled* The greater part 

of the material distilled at 55-8 5°/3 ara. and was discarded* 

Hie diethyl ethyl*n*-butylme?ca$>to^i<»mt# then distilled at 

105*110° st the sasie prmsure. About 6*2 flrauts, 15 per cent 

©f the theoretical* was obtained. 

Preparation of 5*n-»Buty 1 laercapto*5-ethyibarI>itur 1c Acid 

, "LL ' 1 sv",:K""",r' 
caHscc4H9s)c(caxgHs}a + c 0 { m z } z — ^ 

C2H5(C4H9S)CCCNHeCNKfO + C2H50fi 

Twenty-four hundredths of a gram of magnesium {0,01 mole} 

was dissolved in 10 ml. of anhydrous methyl alcohol in a 

S0»mX* flask fitted with a reflux condenser protected with 

a drying tube. Then 2*78 grans (0.01 sole) of cthyi-iHtmtyl* 

aereaptomalonate and 0,6 grams (0»0l mole) of urea dissolved 

in 10 ml. of anhydrous ©ethyl alcohol were added. The mix-

ture m a refluxed 22 hours. A white precipitate began to 

form soon after the refluxing was begun. At the end of this 

time the alcohol solution was decanted and the precipitate 

was washed with a little anhydrous methyl alcohol, which was 

decanted and added to the first alcohol solution# The pr«-

cipitate contained no sulfur or nitrogen. The alcohol 

mailto:ra@rcapt.an


solution was evaporated and the resulting material was stir-

red with ether and the ether solution decanted* About two-

thirds of the material dissolved In the ether, but extraction 

of the ether solution 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 oil* The oil was ex-

tracted with 5 per cent sodium carbonate* Acidification of 

the sodium carbonate layer gave an oil which soon solidified# 

After recrystal ligation from alcohol-water, 0.05 grams of ma-

terial melting at 89•5-90*5° was obtained* This represents 

only Z per cent of the amount theoretically obtainable* 

Preparation of -Diethyl Isoataylraal on ate 

CHt (C00C2H5) 2 + {CH3 )aCHCH2CHaBr + HaOC1Hs s*-

(CH3 ) 2CH(CH2 } aCH(C0QCaHs } 2 + C2H50H + NaBr 

In a 2-1Iter three-necked flask fitted with a mercury-

sealed stirrer, reflux condenser, and dropping funnel were 

placed 600 si* of anhydrous alcohol and 29*9 grams (1.3 moles) 

of sodtus* After the sodium had dissolved, 204 grams 

{1.3 moles) of diethyl malonate was added and the mixture was 

heated to boiling. Then 19? grams <1.3 moles) of isoamyl bro-

mide was added rapidly with stirring by means of the dropping 

funne1. The mixture was stirred and refluxed 12 to 16 hoursr 

after which it was heated on a steam bath and the alcohol 

evaporated using a jet of air. Enough water was added to 

dissolve the sodltt® bromide, and the ester layer was separated, 



s 

dried with calcium chloride, and distilled under vacuum* 

A first fraction of about 25 ml* was discarded, and the re-

nal ndsr of the material, except about 25 ml. remaining in the 

distillation flask, was collected* It distilled at about 

90°/4 ram. , and the yield was 200 grams, 67 per cent of the 

theoretical. 

Preparation of $»Isoamylbarblturlc Acid 
""HaDCgHg 

(CH3)2CH(CH2)2CH(COOC2H9)2 + eo(NH2)2 ^ 

(CH3 )1CH|CH2 )a<pCOfjB€€tfiC0 + 2 C2H3CH 

In a 1000-ml. flask fitted with a condenser protected 

with a drying tab* ««re placed 400 ml* of anhydrous alcohol 

and 19.3 grans (0*04 Hole) of sodlro* Th® resulting sodium 

ethylate solution was placed In the reaction vessel of a 

l-liter autoclave, and to it wsrs added 162 grains (0.7 mole) 

of diethyl isoamylmalonate and 30*4 gram® (0.84 mole) of urea 

dissolved In 40® ail# of anhydrous alcohol* The mixture was 

heated in the autoclave with stirring at 100* for 20 hours. 

After the autoclave had cooled to 70% the reaction mixture 

was removed and filtered. The crystalline sodium salt of 

Isoaiay 1 barb 11uric acid was dissolved in water, and the solu-

tion was acidified with hydrochloric acid to give a precip-

itate of isoamy1barbituric acid. This was separated by fil-

tration, suspended in boiling dilute alcohol, dissolved by 

further addition of alcohol, and filtered while hot. The 

crystals which formed on cooling were separated by filtration 



a n d d r i e d * O n e h u n d r e d a n d f i v e g r a m s o f i s o a n y l b a r b i t u r i c 

a c i d m e l t i n g a t 238-240° w a s o b t a i n e d * This r e p r e s e n t s a 

y i e l d w h i c h I s 7 © p e r c e n t o f t h e t h e o r e t i c a l . 

P r e p a r a t i o n o f $ » S r o i a o > ^ « * I s O : a « y I b a r b I t ^ i r I c A c i d 

{ C H S } 2 C H ( C H J J 5 2ClICOI«lCOMi!CO * B r t > 

( C H S ) a C H C C H f 3 a C B r C f J U i C D i f i c p + « B P 

T w e n t y g r a m s o f i s o a m y l b a r b i t u r i c m e l d w a s s u s p e n d e d 

i n 1000 m l * o f b o i l i n g w a f c e r # a n d b r o m i n e d i s s o l v e d i n s o -

d l w a b r o m i d e s o l u t i o n w a s a d d e d w i t h s t i r r i n g u n t i l & p e r -

m a n e n t bromine c o l o r r e m a i n e d * T h e r e s u l t i n g s u s p e n s i o n was 

d i l u t e d t o Z l i t e r s , h e a t e d t o b o i l i n g , a n d t h e r e s u l t i n g 
J-

s o l u t i o n w a s c o o l e d . T h e c r y s t a l s o f 5 - b r o o o ~ 5 - i s o a r a y l b a r b -

i t u r i c a c i d w e r e r e m o v e d b y f i l t r a t i o n , Twenty-tour a n d 

t h r e e - t e n t h s g r a m s o f a a t e r i a l m e l t i n g a t 1 6 8 - 1 6 0 ® w a s o b -

t a i n e d , t h i s r e p r e s e n t i n g a y i e l d o f 0 6 - p e r c e n t o f t h e 

t h e o r e t i c a l . 

P r e p a r a t i o n o f 5 - S u b s 1 1 t i t t e d *-iae r e a p t o - 5 - i s o a i a y l .~ 

b a r b i t u r i c A c i d s 

M e t h o d I 

< cn3 ) 2 C H ( C H 2 ) 2CBtCONHCC!4HCO + RSAg ^ 

{ C H 4 ) a C H { C H J t ) a C R S > ( p C C 3 l f l l C O N H ( j ; o * A g B r 

T h e p r o c e d u r e s u s e d t o , p r e p a r e v a r i o u s 5 - s u b s t i t u t e d -

a e r c a p t o - 5 - i s o a a y l b a r b i t u r i c a c i d s b y t h i s m e t h o d a r e e x a c t l y 

a n a l o g o u s t o t h e p r o c e d u r e u s e d t o p r e p a r e 5-n-butylraercap t o -

5 » i a o & m y l b a r b i t u r i c a c i d » a s f o l l o w s : I n a 2 0 0 - m l . 3 ~ n e c k e d 
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flask fitted with a mercury-sealed stirrer and reflux con-

denser protected with a drying tube were placed 10© ml# of 

anhydrous dloxane, 10 grams (0.0362 aol*) of 5-brorao-5~iso~ 

smyl barbituric acid, and 7.12 grams (0.362 m&le) of silver 

n~butylmercapt ide.1 The mixture was refluxed one hour with 

stirring* It was then allowed to stand until the solid ma-

terial had settled, and a 2 al* sample was drawn from the 

supernatant liquid by means of a volumetric pipette* The 

sample was placed in a beaker containing 3 sl« of 1.0 U po-

tassium iodide, 1«5 ml. of 6 N hydrochloric acid, 6 ml. of 

ethyl alcohol* and 10 ml, of water. The mreaeted 5-bromo-

5-it©amy! barbituric acid in the sample liberates Iodine ac-

cording to the eqruation: 

{CH$ ) 2CH (CH*} 2CBrCQiJHCGNHCQ + 2 KI + HC1 > 

(CHS) 2CH(CH2 ) jCICONiiCOHHCO + lt + KBr + KC1 

The iodine titrated with standard sodium-thioaulfate so-

lution to determine the number of moles of unre acted 5-brooso-

5-isoaaylbarbituric acid, and this number of moles of silver 

n-butylmercaptlde was added to the reaction mixture# The mix* 

ture was refluxed an additional hour and allowed to cool* 

The solution was separated from silver bromide and unreacted 

silver mere apt id® by filtration,- and the dioji mm was distil-

led from the solution under reduced pressure. The resulting 

*The sllvsr a»rcaptides were prepared by dissolving sil-
ver acetate in water at 60° and adding with stirring the cal-
culated amount of mercaptan dissolved in a.little cold alcohol. 
The resulting mercaptide was. separated by filtration. 
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o i l was d i lu ted with a l i t t l e a lcohol , and enough potassium 

iodide solut ion was added t o reduce the 5-broaso-5- i soamyl~ 

b a r b i t u r i c aetd present t o 5-isoasiyibfurbitaric ac id . The 

iodine l ibera ted was eonverted to potassium iodide fey adding 

-sodium t h i o s u l f a t e so lu t ion to the mixture. Ether was then 

added to dissolve the ba rb i tu r i c acids present f and ioorg ta le 

s a t i s « « e removed by washing the e ther layer with water* 

The ether so lu t ion was next,cashed with sodium bicarbonate 

solut ion in- order to remove the 5-isoazaylbarbi t u r i c a c id . 

F ina l ly the ether solut ion was ext rac ted with 25 ml* por t ions 

of 0*1 II sodium hydroxide u n t i l no f u r t h e r material prec ip-

i t a t ed on a c i d i f i c a t i o n . The mater ial obtained by a c i d i f i c a -

t ion of the sodium hydroxide e x t r a c t s was a viscous o i l con-

ta in ing s u l f u r and n i t rogen . The yie ld of t h i s crude 

5-»n~butylin»rcapto-5-isoaraylbarbitiiric acid was estimated 

from the amount of sodium hydroxide required t o ex t r ac t the 

product fro® e t h e r . I t amounted t o only about IZ per cent 

of the t h e o r e t i c a l . 

Method II 

(CH$)2CH(CH2) t̂ CCWHCQMH«pO + RSH * C5H5N ^ 

CC% ) 2CH {CHa) a c RS)CCCIfHC QHHCQ + C s8 sMBr 

The procedure fo r preparing the 5-alkylmercapt o- 5- i s o« 

amylbarbituric acids by t h i s method is exac t ly analogous t o 

t h a t used f o r preparing 5-»rj-- htitylraercapto-5-isoamylbarbi-

t u r i c acid except fo r the de ta i l# of pur i f i ca t ion . , which r e -

quire individual d i scuss ion . 
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Preparation ei 

Acid«•'•**1Tan grams (0.0361 sole) of S»br®iBO*S*is©saylfea?t3,It'ttrtc 

acid dissolved in 50 al. of anhydrous ether was placed In a 

3~neckedl f 1 ask fitted with raerenry-sealed stirrer, dropping 

funm11 m& drying tube* Hi® mixture was cooled in an Ice-

salt bath, and a so-lution of 3.28 grams (0.0361 mole} of 

n»itaty!UMre«pt*ii and 2*86 grass (0.0361 sole) of pyridine in 

50 ml. of anhydrous ether m i 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-broao^S-isoastylbarMtmrlc acid was detected by 

Its liberation of iodine from potassium iodide. An additional 

3.28 grass of n-butylmercaptan and about 0,3 ml • of pyridine 

were dissolved in 50 ial. of anhydrous ether# and this solu-

tion was added dropwise with stirring to the reaction mixtare 

until no 5-^r«o»5»^!soai^lljarbitarI-c acid was detected* The 

cold reaction aix't-tsre was then filtered to reaoye the precipe 

it ate, which consisted of pyridine hydrohroroide and S»iseftayl«» 

barbituric acid. The latter is foreaed according to the fol* 

lowing equation.2 

(O',) tCH( CH,) ̂ BrCatiCCKHip + Z RSH • C8H4H -

(CH3 }2CH{CH2 }aCHC0NHCCEH(r:0 + RSSR + CjHjNHBr 

?"p»Tolyl disulfide formed by the reaction of 5-broao-
5-phenylbarbitur i c a©id and p»thiocresol under the above 
conditions has been Isolated and Identified by it® melting 
point. {Howard Shahan, ̂ Barbitarlc Acids as Anticonvul-
tanta IV» 5-Swtos 11tti t ed~raercapto Derivatives of 5-Phenyl-
barblturic Acid.,9 Unpublished Master's Thesis. Department 
of Chemistry, North Texas State College, 195!> 
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Hi® precipitate was saved and used to estimate the per cent 

yield of desired product.3 The filtrate was washed with 

water and then extracted with 10 ml* portions of 5 per cent 

sodium bicarbonate solution until acidification of the bi-

carbonate layer gtv® no solid#4 The ether solution was fi-

nally extracted with 25 zal* portion® of 0.2 H soditun hydrox-

ide until acidification with hydrochloric acid gave no insol-

uble oil* 

The above preparation was carried out three times in 

order to investigate possible methods for purifying the 

crude S-n-butylwrcapio-S-isoaayibarbittiric ac id which was 

obtained as an oil on acidification of the sodium hydroxide 

extracts# Despite long standing in the refrigerator with 

occasional stirring, the material from the first two prepa-

rations remained an oil. One of the acidified extracts from 

the third preparation, however, turned to a solid after 

standing about two weeks in the refrigerator* Although the 

3The precipitate was dried and weighed, carefully washed 
with water, and again dried and weighed* The per cent yield 
of pyridine hydrobroraide (water soluble portion) was calcu-
lated. The water insoluble portion was found to be §-iso»yl-»-
barbituric acid. To correct its weight for loss during trans-
fer, its weight was sultlplisd by the factor which, when mul-
tiplied by the weight of pyridine hydrobromide, would convert 
that ^Ight to the theoretical amount. 

4The precipitate was found to be 5-isoaraylbarbituric 
acid. It was separated hy filtration, dried, and weighed* 
This weight was added to the weight of the same material which 
was filtered from the original reaction mixture. The number 
of moles of isoaoylbarblturic acid recovered was subtracted 
from the number of moles of brominated acid used, to give the 
estimated number of moles of brominated acid used in the for-
mation of the desired oiercaptobarbituric acid. 
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remaining extracts of the material fro® this preparation 

stood in the refrigerator in separate beakers during tfee same 

period, they did not solidify even after m 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 with aorlt, filter-

ing, and adding 55G nil* of cold water with shaking# The re-

sulting silky suspension was seeded with a little of the solid 

and allowed to stand in the refrigerator for several days with 

occasional shaking. Daring this time crystals slowly formed, 

but the yield of recrystailized. aster I al was less than 

50 per cent. Material melting at 77-00.5° was obtained after 

one recrystal1i rat ion. The yield of crude product was esti-

mated to be 53 per cent.# Per cent nitrogeni -caled.-, &.7Qj 

found, 9.62. 

Preparation of S-Methylatereapto-5-isoastylbarMtur 1c 

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 correspondlis to that In the above preparation gave an 

oil which turned to a solid within a few seconds. The solid 

*Because It would have been difficult to dry and weigh 
the material In the individual extracts, the yield of crude 
product was estiaated in this and succeeding syntheses from 
the anooitl of 5-i%®»ylbarblt«rIc acid recovered. In 
cases the yield of purified compound, was much less because 
of the poor yield on rvcryatallicatSon* 
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crystallised without difficulty from alcohol-water, but five 

rcerystftlliefttlon* wer* necessary to obtain material malting 

at 153-159°. Alternately, pur ifIcation was accomplished by 

dissolving the solid in enough 0,1 N sodium hydroxide to form 

the monos odium salt, and then adding half that amount of 

Q*1 N acetic acid. The crystals which formed on cooling 

this solution were found to melt at a higher tezaperature 

than those obtained by recrystallizing some of the same ma-

terial from alcoh&l<*watef, indicating that greater ptirlfIca-

tion had been accomplished# m e yield of crude material was 

estimated to im 61 per cent* Per cent nitrogen: caled*, 11,47; 

found 11.48. 

PreparetIm of 5-£thylmercapto-3» isoamylbarbi tarlc 

^14*—After the preparation was carried out as in the pre-

vious experiment, acidification of the sodium hydroxide ex-

tract gave an oil which turned to a sol id after stand ing 

several days la the refrigerator.- One gram could be recrys-

tallised by dissolving In 3? ml. of alcohol, adding 230 ml,. 

of cold water , seeding the resulting mi Iky suspension of oil 

with a little s®lldr and allowing the mixture to stand in the 

refrigerator for about 24 hours• It was found that If a 

greater concentration of compound than that specified above 

was used, the suspension of oil would not crystallise even 

on longer standing. After three recrystalllzations, the c-oia-

pound melted at 105.8-106.8*. The yield of crude product 

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

10.85? found, 10.73* 
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Preparation of 5-n-Pr opyliaere&pt^-S"isoamylbarbiturle 

Ac id »—After the preparation was carried oat as in the pre-

vious experiment, acidification of the sod in® hydroxide ex-

tract gave an oil which turned to a solid after standing sev-

eral days in the refrigerator# One grass was recrystallieed 

by dissolving in 65 aJU of alcohol, decolorising, adding 

300 si* of cold water, seeding* and allowing the suspension 

to stand in the cold with occasional shaking for a day or 

isore* After three reerysial ligations the compound sane lied at 

98•5-99.5°• Hie yield of crude product was estimated to fee 

64 per cent* Per cent nitrogen; ealcd*# 10*29; found, X0»$6* 

Prepar at Ion of 5- IsopropyXmercapto- 5* i s oamy 1 ha r b i t tir 1 c 

Acid.—The oil obtained from the preparation carried out as 

in the previous experiments solidified on standing overnight1* 

The material was recrystallized with greater ease than any 

compound In the series except the methylraercap to derivative. 

One gfaffi was recrystalllzable from 20 mi* of alcohol and 

50 ml* of water. After four recrystaliieations the compound 

melted at 112.6-113.8°* The yield of crude product was es-

timated to be 75 per cent. Per cent nitrogen: calcd., 10.29j 

found, 10.30. 

Preparation of 

Acid.—The oil in s m m of the extracts obtained as in the 

previous experiments solidified on standing in the refriger-

ator about 24 hours* The remaining oils solidified when 

seeded with some of the solid material. One gram of the 
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solid was recrystalll*ed by dissolving In 75 ml. of alcohol, 

decolorising* aiding 600 al. of cold water, seeding, and al-

lowing the resulting suspension of oil to stand in the cold 

for about 12 hours. After three recrystallizations, the com-

pound melted at 66*7-90°. The yield of crude product was 

estimated to be 60 per -cent# Per cent nitrogen: calcd*, S*7Hj 

f ontid p 9 * 78 * 

Preparation of. 5-Ai1.viae reap to-5-lsoaiaylharbituric 

•Acid#*-The oil obtained from the preparation carried out as 

in the prmlm$ experiments solidified on standing in th« 

cold overnight* One gram of th® solid was recrysttlliced by 

dissolving in 45 mi* of alcohol, decolorizing, adding 200 ml* 

of cold water, seeding, and allowing the resulting suspens ion 

of oil to stand In the refrigerator about 24 hours with occa-

sional shaking. The crystals obtained by this method were 

found to form an oil when placed under vacuum, indicating 

that they were a hydrate which underwent loss of water. The 

amount of water was determined by measuring the toss in weight 

when a 0*1 gram sample was heated at 80° under 4 sew pressure 

for about 8 hours, Ptr cent water: calcd. for Ci2H|80sH2S*H20, 

§.25| found, 6*37. After three recrystalli sat ions, the crys-

tals of hydrate xoelted at 66-66.5°. The yield of crude prod-

uct was estimated to be 45 per cent* Per cent nitrdgeni 

calcd. for CtxHigQslfx^HsO, 9.72? found, 3,52. 



CHAPTER III 

DISCUSSION OF INSULTS 

The laethods for making mercapto-substituted barbituric 

acids which mt® tried any fee placed In two groupst those 

2n which the mercapto group was introduced prior to the for-

nation of the barbituric acid nucleus, and those in which it 

was Introduced after the formation of the barbituric acid 

nucleus. 

In exploratory work using diethyl ethyliaaionate, vtfiich 

was commercially available, attempts were made to prepare 

diethyl n~ butylme reapt©ethy Ima 1on a te from diethyl bromo~ 

ethylmalonate by four procedures*- No reaction occurred wlien 

this compound was mixed with n~butyl mercaptan and pyridine 

in cold ether solution. When It was refluxed with the raer-

captan and pyridine without solvent, reaction occurred* but 

vacuum distillation gave substances of too low- a boiling 

range to be diethyl r>-butyla#rcaptoethyl«alonat#» When 

diethyl ethylbromoaalonate was refluxed with the sitwf salt 

of n»butyl mereaptan In anhydrous dioxane, It was recovered 

unchanged on distillation* When it was heated with pyridine 

and n-butyl aercaptan in anhydrous ether at 100% however, 

the desired product was obtained as a fraction distilling at 

115-1ZQ°/Z Despite variation of the reaction time and 

18 
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temperature, the y ie ld was never more than about 15 per cent 

of the t h e o r e t i c a l . 

Attempts were made to condense t h i s mater ia l with urea 

using as condensing agents sodium ethoxide, magnesium methox-

Ida, and sodium t-butoxide according t o McElvain and Goese. * 

Proa a preparation using magnesium methoxide, -an acid was 

isola ted which contained su l fu r and ni trogen and which melted 

a t 09•5*90.5* a f t e r one rec rys ta l 1 i«at ion from alcohol-water.» 

The yie ld of r ec rys t a l I i zed mater ia l was only about 2 per cent 

of the theore t ica ln the remainder of the mereapt oatIonic es -

te r apparently react ing to give other- products* 5»n~J»ttyl» 

mercapto-5-e thy lba rb i tu r i c acid has now been synthes ized from 

5-brorao-5-ethy1barbituric acid*2 A sample prepared by t h i s 

procedure melted a t 06* 5-88°• When t h i s mate r ia l was mixed 

with tha t prepared f r o a the mereaptomaIonic e s t e r , the melt-

ing point was §7-89®, confirming the i d e n t i t y of the acid 

prepared from the above e s t e r , and i n d i r e c t l y , of the e s t e r . 

Because of the low yields which mm obtained when the 

above method was used, attempts were made t o introduce the 

J S . M« McElvain and M* A» Goese, J« Am* Che®# Soc. , 
65, 2226 (1943), ca r r i ed out the condensaTItKroT'dieCKyi 
elPiyl~£»pyf Idylsialonate with urea in the presence of sodium 
t-butoxide with t~butyl alcohol as a solvent# The e thyl al-
cohol formed in the condensation was removed continuously 
from the react ion mixture by d i s t i l l a t i o n , along with some 
t- 'butyl alcohol• When sodium ethoxide was used as the con-
densing agent, t h i s e s te r gave only a cleavage product , 

- (2-pyr i dyl J-butyr a® Ide, 

*C* B* Jeanes, unpublished notes , Department of Chem-
i s t r y , North Texas Sta te College, 1952* 
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mercapto group subsequent t o the format Ion of the b a r b i t u r i c 

ac id n u c l e u s . 5*Br«o~5~ls©a®yltoarMtttr lc ac id was e a s i l y 

p repared In- good y i e l d f o r use in t h i s p o r t i o n of t h e work. 

When t h i s m a t e r i a l was r e f l u x e d wi th the s i l v e r s a l t of 

n - b u t y l s e r c a p t a n in anhydrous d ioxane , a f a i r y i e l d ®f c rude 

product was o b t a i n e d , as de sc r ibed in Chapter 11# When the 

s i l v e r s a l t of e t h y l inercaptan was u s e d , however, t h e r e a c t i o n 

proceeded a t a much slower r a t e , as was determined by t i t r a t -

ing the iod ine l i b e r a t e d from potass ium iod ide by the unreac ted 

5*br€»o-5- i soa i iy lba rb l t t i r i« a c i d in samples from the r e a c t i o n 

m i x t u r e . Fur thermore , the amount of crude produc t I s o l a t e d 

f rom the r e a c t i o n mix ture a f t e r long re f loa t ing was n e g l i g i b l e . 

This r e s u l t agreed with r e s u l t s ob ta ined by us ing 5-bromo~ 

5-{l~ffl@lhyibmtyl}barfeituric a c i d , which cou ld fee prepared 

from corrmierclally a v a i l a b l e 1 -a©thy 1 but yIma 1 onic e s t e r . 

When t h i e m a t e r i a l was r e a c t e d under the above c o n d i t i o n s 

wi th the s i l v e r s a l t s of me thy l , e t h y l , n - p r o p y l , and n - b u t y l 

mercap tans , r e s p e c t i v e l y , the d e s i r e d p roduc t s were ob ta ined 

on ly with the l a t t e r two mercaptans . I t i s p o s s i b l e t h a t t he 

f a i l u r e of the lower molecular weight mercap t ides t o r e a c t I s 

due t o t h e i r having lower s o l u b i l i t y in d i o x a n e , which might 

be expected frosa t h e i r g r e a t e r resemblance t o Ino rgan ic s a l t s . 

The slow d i sappearance of the b r o a o b a r b i t u r I c ac id on r e f l u x -

Ing wi th t h e s e mercapt ides iaay be due t o the i n s t a b i l i t y of 

the broraobarbi tur ic ac id a t h ighe r t e m p e r a t u r e s . 5-Bromo-

5 - i s o a m y l b a r b i t u r i c a c i d t u rn s dark and evo lves a gas when 

kept a t i t s me l t i ng p o i n t , 175°, f o r a few minu t e s . 
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It was evident from the above results that the above 

2001hod could not be used to prepare me thylsae rcapto~ and 

ethylmercaptobarb i tur i c acids# Fttrtheraor«, it Is likely 

that the crude products obtained from other mere apt ides were 

contaminated by the unidentified substances arising from the 

decomposition of the broraobarbituric acid* Accordingly, the 

reaction of 5~broiao-5~ I soaray 1 barbiturIc acid with wre&pt&a 

and pyridine in cold ether solution was studied. This reac-

tion was finally used for the preparation of the eoapouisds 

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 mm successfully separated from the jMrcapt©barbituric 

acids, nevertheless* all compounds prepared by this method 

have been wry difficult to purify,- as evidenced by the fact 

that even after three to five recrystalligations, the melting 

points of the compounds could be raised by additional recrya-

tall!tatlows* Furthermore, 5-n~butylraerc apt©~5-ethylbarbi-

turic acid prepared by this method melted 2.5° lower than the 

sa» material prepared from the mercaptoraalonic ester# despite 

the fact that it had been recrystallized several additional 

times. Apparently an tin Identified Impurity is present in the 

crude products, which has chemical properties resembling 

those of the desired compounds. 

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

pare the compounds reported in this work is not wholly 
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satisfactory In its present form, Additions! work with 

large quantities of reactants might make possible the iden-

tification ©f the unknown impurity. The effect of further 

purification of the intermediate compounds wight be studied 

ifi as attempt to make the method more usable. On the other 

hand, additional attempts might be made to prepare mereapto-

barbituric acids fro© aercaptoaalonic esters, m there is 

some evidence that the compounds prepared in this way would 

be more easily purified* 
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