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I NTRODUCTION 

Work on the sulf ide acids of the type RSCH2CH2COOH was initiated 

at t he suggestion of Dr. E. Emmet Reid, ~rofessor Emeritus of Chemistry, 

The Johns Hopkins Univer sity. The project ha s been carried out under 

the di rection of Dr. Lucius J . Desha, Profe s sor of Chemistry, Washington 

and Lee Univer sity. 

Acknowledgement is due also to Dr . Thomas L. Gre sham , who has 

offered several suggestions which have been of great value in carrying 

out the syntheses. Research s ampl e s of ~ -chloropropionic acid and 

~ -mercaptopropionic acid have been generously supplied by t he B. F . 

Goodri ch Company. 
I 

I wish to thank t he etj.tire staff of t he i ashington and Lee Chemistry 

Depart ment for t heir interested cooperation during all phases of this 

work . The refractive index measurements were made with t he assistance of 

Ma j or Belvey rv . Mundy, of t he Virginia Military Institute. 

HISTORICAL BACKGROUND 

I t was point ed out by Dr . Reid that t he availab le information 

regard i ng t he ~-alkylmercapto acids is notably deficient . .Hapoport, 

6mith , and Newman8 have reported some propert i es of the octyl [mp 40-lJ, 

nonyl Lmp 52-3, bp305mml 80- 5] , and dodecyl [mp 61-2] analogs. Gresham 

and Shaver3 have recently reported some data on t he tert-butyl [bplnnn 98-9] 

and hexyl [bplnnn 110-l4j compounds . 1'he esterification and hydrolysis 

velocities of the methyl and ethyl analogs have been deter mined by 

Palomaa and Kask i ? . The ester methyl 0-met hylmercaptoprop ionate, 

CH3SCH2CH2COOITH3, has been isolat ed by tlaagen-Smit, et . al., 4 from the 

h i gher boiling volati le material from pineapple fruit pul p . !ethyl 

~ -butylmercaptopropionat e has been pr epared by Fehnel and Carrnack2 , 
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who also studied i t s ultraviolet absorption spectrum . 

ijISCUSSI ON 

It is desired t hat , ultimately , a complete set of data may be 

collected for each of these acids , so t hat regularities [or irregularities] 

i n densities, boiling points, melting points, and re f ractive indexes may 

be t raced t hroughout t he series . As a start ing point, the two compounds 

containing t he ethylmercapt o add butylmercapto groups, respectively, 

subst ituted in the P - posi tion , were chosen for study . 

Various cmnvenient methods have been proposed for synthes iz i ng this 

type of comp ound in the l aboratory. Among the possible routes are listed : 

I 
[A] Condensation of the sodium mercaptide with a ha lo- acid . 5 

NaO H 
- - -> RS CH~ CH2CO OH 

[BJ Addition of the alkyl halide to a mercapto acid. 

R-X + H $ CH2 CHz. C. OO H 
NacH 

R.S CH2., CHi C.OO H 

[CJ Addition of t he mercaptan to acrylonitrile followed by 
hydrolysis to t he acid.a 

h'6d· 
RS \--1 + CH2.= CH C=N - ;, RS C.H2, C.H;2.C= N - > RS Cl-\4,CH-i_ COCH 

[DJ Reaction of the mercaptan with propionolactone.3 
✓,O 

C H2. - C ,,- + RC H 
1 1 u --> R SCH2CH2.C00 H 

C.H2. - 0 

,7henever a study of the phys ical properties of a compound is to be 

made , i t is always desirable to obtain the compound by at l east t wo 

i ndependent methods. his makes it possible to check t he properties of 

t he s eparate synthetic products agains t each other and provides an added 

criterion for t he purity of t he compound . Accordingly, type reactions [AJ 

and [BJ wer e chosen as feasi ble methods for making the acids. 

In order t o become familiar with t he technique involved in running 

t hese r eactions without the l oss of valuable s t arting mat er i al, a trial 
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run was performed using s odium ethyl mercaptide and chloroacetic acid in 

react ion [A] . Ethyl thioglycolic acid is recorded in the lit eratures and 

Claessonl reports to have obtained its amide [mp 44°] . The sodium ethyl 

n1ercaptide was conveniently synthesized in the l aboratory by refluxing 

together t hiourea and ethyl bromide in an aqueous medium, finally decomposing 

t he resulting isothiouronium bromide by t he addition of sodium hydroxi de: 

'l'he properties of t he final r eaction product , which was pnrified by 

vacuum distilla tion, were found t o be i n reasonable agreement with t he 

recorded values for ethyl thiogl ycolic ~cid : Neut. equiv. Cale . for 

C4H:&02 = 120 .16, f ound , 120.6, 120.3; bpl4rmn , recorded= 124- 5, observed, 

= 139. The sulfone was prepar ed through oxidation with hydrogen peroxide, 

it was seen to be a clear, oily liquid . Repeated attempts to obtain t he 

amide were fruitle s s. 

XPEHIMENTAL 

j).-Et hylmercaptopropionic a cid 

[ a J l!' rom thiourea. Ni neteen and one- half gr ams [0 . 26 mole J of 

t hiourea , 2? . 2 gr ams [0.25 mole ] of ethyl bromide and 23 ml. of water 

were pl aced i n a 200 ml. 3- necked fla sk equi pped , ith a dr opping funnel , 

stirtmng motor, and condenser . These were fefluxed toget her f or t wo hour s 

and f i f teen minutes at a temperature of 3?-9°. A solution of 12 gr ams of 

sodium hydroxi de in w~t er was added to the hot react ion mixture . ·I'he 

f l ask was allowed~o come t o room t emperatur e , then cooled in crushed ice. 

1'ihen col d , 11 grams of sodi um hydroxide i n water and 25 grams of crushed 

ice were added. 'l'o t his was added a solut i on made by careful ly neutral i zing 
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2 '7 . 1 grams [0 . 25 mol e] of ~ - chloropropionic ac i d with 35 . 5 gr ams of 

sodium carbonate decahydrate . 'l'his mi xt ure was kept cold f or an hour , 

then at room temperature for several hours and finally warmed for a few 

mi nut es on the water bath . The sol ution was filtered through a fo l ded filter , 

cooled , and acidified with 60 ml . of concentrated hydrochlor ic ac i d . The 

product was finally extract ed with et her . 

The crude acid thus obtained was we i ghed [yieldr;. 25 . 4%] and put 

i n a di s tilling f l ask with a side- arm Vigreux column fitted f or vacuum 

distillation . The conta iner was then rinsed with an amount of toluene 

about eq_ual in volume to the acid and t his was added to the d i s tilling 

f l ask . 'l'he toluene- water mixture wa.s di s tilled off wi thout reduc ing the 

pres sure . 'l'he pres sure was then l owered to 8 nnn and the acid s tart ed comi ng 
I 

over a t about 131° , accompanied by a f i ne , white sol i d . 'l'his material, 

pr esumably polymerized cyanamide , could not be removed by redistilla t ion . 

In view of t he presence of this i mpurity i t would be preferred to use RSNa 

obtained by neutralizing the pure thi ol from the stock r oom with sodium 

hydroxi de . This procedure was accordingly followed in subseq_uent syntheses . 

[b] From s odium ethyl mercaptide . Twenty gr ams [0 . 5 mol e] of sodium 

hydroxi de were di ssolved i n 100 ml . of wat er and pl aced in a 500 ml. 3-

necked flask equipped with a stirrer , condenser , and dropping funnel . 

Twenty- f ive grams L0 . 5 mole] of ethyl mer captan were added dropwise, with 

stir ring and cooling . Another s olution was made s imiliarly f r om 20 grams 

of a0H , 100 ml . of water , and 56 . 5 grams [0 . 52 mole ] of ~-chliliropropionic 

acid . These t wo solutions wer e refluxed together , with stirring , for 1 

hour and 20 minut es a t t he r eflux t emper ature of 105 ° . At i,the end of thi s 

time t he mixture was acidified with 115 ml. of concentra t ed hydrochloric 

ac id. This was a llowed to cool slowl y and the product was extracted with 

ether and purifi ed as i n the previous procedur e . Cent er cut dist illed a t 

133- 48nnn ; Neut . equiv. Cele. for C5H1002S = 134.19; found , 134 . 5 , 134 . 8 . 
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[c] From ethyl bromi de. A solution o~ 40 gr ams [ l mole] of sodi um 

hydroxide in 200 ml. of wat er was pl aced in a 500 ml. 3- necked f l a sk 

equipped wi t h a stirr er , condenser, and dropping funne l. ~his was cooled 

and 53 gr ams [ 0.5 mole] of (3 - mercaptopropionic acid were added dropwi se 

over a period of 1 . 5 hours, with stirring and cooling . Next, 36 . 3 grams 

[ 0 . 5 mole ] of ethyl bromi de were added dropwise over a period of 15 minutes . 

The solution was t hen r efluxed for t wo hours , a llowed to stand overni ght , 

and ac idi f i ed with 58 . 5 ml . of · concentrat ed HCl. After ether extraction, 

the acid was distilled as pr eviously . Center cut taken at 131- 5i 1.mrn• 

This fraction was redistilled: 125- 8l2mm• Neut . equiv. Cale . f or C5H1o02S = 

134 . 19; found , 129 . 5, 129 . 3 . YIELD> 75 %. 

/ 
~-Butylmercaptopropionic acid 

[a] From sodium butyl mercaptide . ~rocedure f ollowed was s imiliar to 

t hat used i n the pr epar ation of the et hyl anal og . Used 45 . 5 grams [0 . 5 mole] 

of butyl mercaptan . Reflux time : 1 . 5 hours , temper ature: 99°. Acid 

l ayer separated immediat e ly upon acidifi cation . Center cut came over a t 

150-152 . 58mm. '.L'he crude acid represented a 94. 5 % yi eld. eut. equi v. 

[b] From butyl bromide . Procedure s imiliar to t hat used for the et hyl 

analog . Si xty-eight and one-hal f gr ams [0 . 5 mol e ] of butyl bromide wer e 

used . Reflux time : 1 hour, 40 minutes , temperature: 105°. Due to an error 

in s toichi omet ry , 116 ml. of concentrat ed BCl, t wi ce the r equir ed amount , 

was used to ac i di f y the reac tion mixture . Cent er cut dis tilled a t 150- 96mm• 

Yield obtained : 99% [crude acid] . Neut . equi v . Cale. for C7H1102s = 162 . 24 ; 

found, 159 . 8 , 164 . 2 , 165.0 , 165 . 6 . 
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srn y OF PROPERTIES 

The following t able is a summary of the physical constants f or t he 

samples of (3-ethylmercaptoprop ionic acid nnd (3-butylmercaptopropionic 

acid whi ch were obtained by t his experime.nter . The specific gravi t y 

measurement s were made with a Sprengel type pycnomet er . The va l ues for 

t he boiling point a t 20 mm were obtained by graphical i nterpol ation of a 

st r aight line graph represent ing t he plot of log p versus 1/T . 'l'he s ame 

t hermometer was used throughout , no correction bei ng applied. 'l'he observed 

boiling point of pure chlorobenzene as t aken in the modified Cottrell 

apparatus was 130.3°G, as compar ed with the correct boiling point of 130 .9°C. 

A Bausch and Lomb refractometer was used in making t he refr active index 

measuraments. / 

sp . gr. 
25/4 

b . p . 
ocmm 

nB5 

'I'lJ3LE OF PHYSICAL ME.ASURElv "NTS 

OF THE SULFIDE 1 ems : 

I] (3-Et hylrnercaptopropionic acid 

I I] ~-Butylrnercaptopropionic ac i d 

(3-[Et S] CH2CH2C02H (3-[BuS]CH2CH2C02H 

IA IB H A 
f rom Et SNa from EtBr from BuSNa 

[redistilledJ 

1.103 1.122 1.043 
1.103 1.122 1.043 
1.103 1.122 1.043 

14920 14320 16920 

l. 4 '756 l. 4'768 l. 4 '704 
1. 4 '75 '7 1. 4766 l. 4 '70 '7 

IIB 
from BuBr 

1.043 
1.042 
1.042 

16820 

l. 4 '706 
l. 4 '709 
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DERIVATI VES 

The usual met hod of amide preparation t hr ough t he acid chloride 

fa i led wi t h t hes e t wo acids due to decompos ition by t hionyl chloride to 

a black , carbonaceous r es i due . 'l'he _£-toluides and an i l ides were obt a ined 

i n the f orm of unmanageable oils , except i n the case of the p-tolu i de of 

t he ~ - et hylmercaptopropionic acid f rom t he ethyl bromide, which crys t allized 

f rom t he mot her liquor in a crude f orm [mp 64- 6°). ttempt s wer e made to 

pr epare t he ,E_-bromophenacyl ester of t he et hyl compound by r eflux i ng the 

sodi um salt with an a lcoholic solut i~n of p- bromophenacyl bromi de [mp 109 -10). 

'l 'he r eact ion product, obtained as a fluffy yel l ow precipi t ate , was 

decolorized when crys t allized from t wice t he required amount of hot 

methanol . ~small sampl e of t he whit e s6lid der i vat ive was placed i n an 

oven at 60° while s till wet with met hanol; it was abs orbed by t he pl ate. 

'l'he mai n por tion was dried over phosphor ic anhydri de . Mel t ing points: 

?5- 7; r ecryst al l i zed from met hanol , 77- 9. Thes e val ue s were seen to be 

dangerous ly cl os e to t he corresponding val ue s for t he ,£- bromophenacyl 

es t er of the but yl compound , which are : ??- 8; r ecr ys t allized , 76 . 5- ?? . 5 . 

A mixed melt ing point gave the va l ue , ?4-5. Small portions of t he 

alleged deriva t ives were boi led with 5 ml . of 2 N Na0H and l ead acet a t e 

was added . Lead sulf i de was not apparent i n the pr ec i pitat e . 'l'he re sul t s 

of the sod i um f usion te sts i n both case s wer e : sulfur , pos iti ire; ha logen , 

negative . 

SUM] y 

0 - ,thylmercapt opr opi on i c acid and ~-butylmercaptopropionic ac i d 

have each been prepar ed by t wo i ndependent methods and t he ir speci f ic 

gr aviti es , boil i ng points , and ref ract ive indexes det er mi ned . 

Lexington , Virgi ni a 
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