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Synthetic Precursors of Flavor Compounds with a Thiol Group 

Leonard Schutte* and Arnold van der Heijden 

Flavoring agents possessing a thiol group are usu- 
ally difficult to apply in foodstuffs due to their 
volatility and instability. A search was made for 
a suitable protection of the thiol group to  yield a 
precursor which releases the flavoring material 
during heating. The 0-tert-alkyl thiocarbonates, 

particularly the 0-tert-butyl thiocarbonate, ap- 
peared to be satisfactory. These esters hydrolyze 
in an aqueous medium at elevated temperatures 
to  give the thiol of interest. The  thiocarbonates of 
nine flavoring thiols were prepared and investi- 
gated. 

Thiols are usually very powerful flavoring agents and 
are therefore generally used in concentrations less than 1 
ppm. However, their application is limited as they are rel- 
atively volatile and highly reactive. They are. for example, 
easily oxidized to disulfides, and elimination of hydrogen 
sulfide may also occur. As a result of these two factors, 
thiol flavoring compounds rapidly disappear from food 
products during storage and heat treatment. 

An illustrative example of a thiol flavoring compound is 
1-methylthio-ethanethiol, which was isolated from beef 
broth in this laboratory (Brinkman et  al. ,  1972). When 
added to a foodstuff this compound is only perceived im- 
mediately after its addition, and then usually too strongly, 
since it is very volatile and unstable in an  aqueous medi- 
um. Natural precursors of 1-methylthio-ethanethiol were 
found to be alanine, methionine, and cysteine (Schutte 
and Koenders, 1972). However, yields of formation of the 
flavoring compound from these precursors are very low 
and many other aromas are formed. 

The addition of a nonvolatile derivative of the flavoring 
substance which slowly decomposes during heating, thus 
releasing the compound of interest in reasonable yields, 
would overcome the above drawbacks. I t  was therefore de- 
cided to investigate the slow formation of thiols from de- 
rivatives having a heat-labile thiol-protecting group. The 
protecting group increases the molecular weight and con- 
sequently decreases the volatility of the material so that 

~~ 
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the derivative should have little flavoring properties itself. 
The derivative should be sufficiently stable to be prepared, 
purified, and stored in a foodstuff, and finally, it  should 
decompose during heating of the product to give the desired 
thiol. 

In the present investigation we prepared some esters of 
thiols that  are known to be important aroma compounds. 
The release of thiols during heating of the esters in an  
aqueous medium was conceived to  take place as repre- 
sented below. 

X X 
II 3 II 

R-S-C-R” + H 2 0  --P R’-SH + HO-C-R” 

X = O , S  (1) 

The efficiency of release of the thiols from the precur- 
sors was determined by analytical methods. The thiol in- 
vestigated primarily was 1-methylthio-ethanethiol [R’ = 
CH&CH(CH3)]. Later the study was extended to other 
flavoring substances with thiol groups. As examples of this 
important class, 1-butanethiol (R’ = C4H9) and 2-butane- 
thiol [ R  = CH( CH3)CzHsl were selected. Heterocyclic 
thiols, particularly tetrahydrofuran-, dihydrofuran-, and 
furanthiols, have been found to contribute to roasted meat 
odor (van den Ouweland and Peer, 1968); therefore this 
type of compound was also investigated. Finally, furfuryl- 
mercaptan, an  important flavor compound contributing to 
the aroma of coffee (Staudinger and Reichstein, 1928) was 
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included in our study. The various esters are represented 
in Table I. 

EXPERIMENTAL SECTION 

Synthesis of ]Precursors. Thiol precursors were pre- 
pared by two routes. The alkyl series was prepared by 
reaction of the corresponding halogeno compounds with 
the potassium salt. of tert-butyl monothiocarbonate. 

10 0 
II II 

R'-X + KS-C-sOBu-t, - R'-S--C-OBu-t + KX 

( 2 )  
R' =alkyl 
X =halogen 

Derivatives 14 and 15 were prepared from the thiols by 
treatment with phosgene to give the chlorothioformates 
which were then allowed to react with tert-butoxide. 

0 
B- II 

R"-SH + C0Cl2 --+ R"-S-C-Cl + HB 
R" = aryl 

0 
It 

0 
II 

S-C-Cl + KOBU-t - R"- S-CLOBu-t + KCI 

(3) 

R" - 
B = base 

Another tertiary alkyl substituent [z.e , C ( C H ~ ) ~ C ~ H T ]  
was used in a few examples. The potassium salt of O-tert- 
butyl monothioczrbonate could be obtained in quantita- 
tive yield by reaction of solid potassium tert-butoxide and 
gaseous carbonyl sulfide (Hirschbind, 1934). The sodium 
salt of the tert- hexyl monothiocarbonate was prepared 
from 2-methyl-2- pentanol, sodium hydride, and carbonyl 
chloride. Two typical examples are given in detail. The 
physical and spectroscopic data of the compounds are 
given in Table 11. 

tert-But>l S- I -Bu t j l  Thzocarbonate (9). To a stirred 
suspension of 17.2 g (0.1 mol) of potassium 0-tert-butyl 
thiocarbonate in 100 ml of acetone was added 6.9 g (0.05 
mol) of 1-bromobutane. The mixture was brought to re- 
flux temperature, cooled, and filtered, and the solvent was 
evaporated under reduced pressure. Fractional distillation 
yielded 7.2 g (76%) of compound 9. 

tert-But3l S-Phenyl Thzocarbonate (15). 17.7 g (0.102 
mol) of phenyltliiocarbonyl chloride (Rivier, 1907) was 
added to a precooled (-20") suspension of 11.9 g (0.106 
mol) of potassium tert-butoxide in 150 ml of tertrahydro- 
furan. The mixture was stirred a t  room temperature for 1 
hr and then filtered. Evaporation of the solvent under re- 
duced presshre gave an oil from which 5.09 g (23%) of 15 
was obtained by distillation. 

Thiol Formation from the Precursors.  About 10 mg of 
each precursor was boiled from 15 min to 1 hr in 1 1. of an 
aqueous solution of 1 g of monosodium glutamate, 2 g of 
casein hydrolysate, 6 g of salt,  1 g of XaHzPOe, and 2 g of 
hardened vegetable fat a t  pH 5.5. This medium is a crude 
imitation of a soup. Nitrogen was swept over the surface 
of the water and led successively through a condenser, a 
trap a t  -20", and a trap a t  -196". The contents of the 
second trap were' analyzed by gas chromatography on a 
Hewlett-Packard 5750 instrument. The 1.5 m x 2 mm 
glass column was packed with 10% Carbowax 20M-l% 
Apiezon on 80-1010 mesh Diatoport S and was temperature 
programmed from 50 to 200" a t  4" per min. In most cases 
the thiol formed was identified by its odor and by its re- 
tention time, which had been previously established for 
the pure compound. In some cases the reaction products 
were collected from the gas chromatographic effluent and 

identified by mass spectrometry. In some experiments the 
tertiary alcohol was detected by this method. 

Acute Toxicity Tests. In order to have an impression 
as to whether or not addition of the thiocarbonates to food 
would present a toxicological hazard, LD50 tests were per- 
formed on mice with two representative compounds, i.e., 
compounds 5 and 16. The tests were performed a t  the 
Unilever Research Laboratory, Colworth House, Sharn- 
brook, Bedford, England. 

RESULTS AND DISCUSSION 
Table I11 summarizes the relative efficiency of the re- 

lease of the thiols from the precursors, as estimated from 
the amount of thiol found in the - 196" trap. 

The thioacetate 1 was too stable, as were the dithiocar- 
bonates 2 and 4. On the other hand, the tert-butyl ester 3 
was too unstable. As it had been reported that monothio- 
carbonates are more stable than the corresponding dithio- 
carbonates (O'Connor and Nace, 1953), we hoped tha t  the 
0-tert-butyl monothioester 5 would have just the right de- 
gree of stability. Indeed, it was found tha t  the pure com- 
pound was perfectly stable when heated to 130°, whereas 
in boiling aqueous medium slow degradation took place. 
In aqueous solution at  pH 2, the formation of l-methyl- 
thio-ethanethiol proceeded a t  a far greater rate than a t  
pH 5.5. At pH 8 the formation of thiol was somewhat 
slower than a t  pH 5 . 5 .  

Usually the hydrolysis of thio esters is base catalyzed 
(Houben-Weyl, 1955). We found that l-methylthio-ethane- 
thiol is formed from 1 and 2 in KOH-alcohol in high 
yields. Another mechanism of dissociation of mono- and 
dithio esters is the Chugaev reaction (Hine, 1962), a four- 
center reaction which takes place irrespective of medium 
and phase. Compound 5,  however, is stable in pure form 
a t  elevated temperatures. Its dissociation appears to be 
acid catalyzed. The following mechanism is therefore pro- 
posed. 

Table I .  Thiol Esters Prepared for This Study 

1 
2 
3 
4 
5 
6 
7 

9 
10  

11 

12 

a 

13 

14 

15 

16 

CH3SCH(CH3) 
I 
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Table II. Physical Constants and Spectrometric Data of Thiol Esters 

Compd bp “C (mm) n2oD ms ( m l e )  ir, cm- ’  6 ,  ppm 

1 

2 

3 

4 

5 

6 

7 

a 

9 

i o  

11 

12 

1 3  

14  

15 

16  

70-74 (9) 

76 (0.25) 

b 

71-73 (0.15) 

68 (0.55) 

62-64 (0.1) 

C 

63-65 (1 1 )  

82-84 (20) 

71-73 (15) 

93-95 (0.3) 

d 

e 

f 

70-74 (0.2) 

115--119 (9) 

1.51 72 

1.5695 

b 

1.5513 

1.4875 

1.4914 

C 

1.4555 

1.451 1 

1.4482 

1.4788 

1.4970 

1.5280 

1.4960 

150, 107, 103, 75, 
5 9 , 4 7 , 4 5 ,  43 

196, 150, 136, 75, 
60, 59, 47, 45 

210, 150, 108, 107, 
75, 60, 59, 47, 45, 
43 

208, 152, 151, 108, 
75, 74, 60, 59, 56, 
47, 45, 41, 39 

194, 107, 103, 75, 
60, 59, 47, 45, 43 

236, 108, 85, 75, 
69. 59, 56, 47, 45, 
43 ,41  

190, 146, 90, 59, 
58, 57, 56, 55, 47, 
43. 41 

190, 117, 101 ,90 ,  
59, 57, 55, 43, 41 

192, 119, 92, 74, 
57 ,41 ,  39 

218, 85, 84, 74, 
73, 57, 56, 55, 45, 
43. 41 

228, 128, 127, 
113, 85, 57, 43 

210, 137, 110, 
109, 57, 51, 50, 
41,  39 

214, 158, 137, 81, 
57, 53, 41 

2980, 2920, 1690, 1450, 
1375, 1356, 1132, 1108, 
1060, 950,,730, 700, 
625 (neat) 
2980, 2920, 1446, 1374, 
1218, 1148, 1111, 1043, 
696 (neat) 

2980, 2920, 1700, 1448, 
1388, 1375, 1225, 1090, 

2982, 2930, 1719, 1702, 
1453, 1399,1374,1207, 
11 30, 1060, 858, 840. 
700 (CC14) 
2980, 2920, 1708, 1444, 
1384, 1373, 1155, 1095, 
1055, 847 (neat) 
2963, 2937, 2879, 1708, 
1446, 1387, 1370, 1180, 
1130, 1058,953, 850, 
839 (CCI4) 
2960, 2930. 2870, 1710, 
1465, 1457, 1385, 1369, 
1180,1130, 850 ,840 ,  
675 (neat)  
2980, 2960, 2932, 2877, 
1716, 1702, 1456, 1392, 
1367, 1246, 1197, 1127, 
856, 835 (CCI4) 
2963, 2926, 2874, 171 5, 
1699, 1453, 1391, 1367, 
1197, 1120, 838 (neat)  
3390, 2980, 2940, 1702, 
1396, 1371, 1203,1130, 
1050, 857, 840 (neat) 
2980, 2930, 2865, 1717, 
1702, 1450, 1392, 1368, 
1244, 1196, 1128 (CC14) 
2981, 2928, 2361, 1720, 
1697, 1453, 1392, 1377, 
1369, 1226, 1197, 1122, 
958, 838 (CCI4) 
2980, 2925, 1730, 1580 
1450, 1397, 1371, 1230, 
1200, 1125, 1070,990, 
925. 840 (neat)  
2980, 1723, 1476, 1440, 
1392, 1368, 1196, 1120, 
1087,1022,836,748,  
688 (neat)  

1035, 902, 695 (neat) 

1.62 (d,  3), 4.52 (q, l ) ,  
2.12 (s, 3),  2.30 (s, 3) 

1.46 (t, 3 ) ,  4.62 (q, 2 ) ,  
1.72 (d, 3), 4.68 (q, l ) ,  
2.22 (s, 3) 
1.67 (d, 3), 4.66 (q, l ) ,  
2.20 (s, 3) ,  1.72 (s, 9 )  

1.43 (d ,  6 ) ,  5.74 (m, l ) ,  
1.73 (d, 3), 4.67 (9, l ) ,  
2.22 (s, 3) 
1.54 (s, 9 ) ,  2.22 (s, 3),  
1.67 (d, 3), 4.30 (q. 1) 

1.25 (d, e ) ,  5.01 (m, l ) ,  
1.62 (d, 3) ,  4.32 (q, l ) ,  
2.14 (s, 3) 
0.96 (t, 3) ,  1.2-2.0 (m, 4 ) ,  
1.46 (s, 6 ) ,  2.17 (s, 3), 
1.65 (d, 3) ,  4.28 (q. 1)  

0.91 (t, e ) ,  1.42 (s, 6 ) ,  
1.2-2.0 (m, 8),  2.71 (m, 2) 

0.92 (t, 3) ,  1.1-1.8 (m, 4) ,  
1.44 (S, 9 ) ,  2.72 ( t ,  2) 

0.95 (t. 3) ,  1.4-2.0 (m,2) ,  
1.28 (d, 3) ,  3.2 (m, l ) ,  
1.43 (s, 9)  
1.82 (m, 2) ,  3.58 (t, 2 ) ,  
2.83 (t, 2) ,  3.26 (s, l ) ,  
1.43 (s, 9 )  
1.17 (d, 3),  3.4-4.0 (m, 3 ) ,  
1.5-2.7 (m, 2) ,  3.1 (m, l ) ,  
1.37 (s,  9)  
1.38 (d,  3 ) ,  4.65 (m, l ) ,  
1.85 (t, 3) ,  2.37, 2.80 
(m, 2) ,  1.48 (s, 9)  

7.2-7.5 (m, 5 ) ,  1.45 (s, 9)  

6.20 (m, 2 ) ,  7.26 (m. l ) ,  
3.97 (d,  2 ) ,  1.45 (s, 9 )  

“Abbreviations: s = singlet. d = doublet, t = tripiet, q = quartet, m = multiplet. Numbers in parentheses are integrated values. *Decomposes at room 
temperature. ‘Isolated by column chromatography (AllOo, activity I ) ,  eluent chloroform. dlsolated by preparative glc. elsolated by thin-layer chromatog- 
raphy (silica gel), eluent chloroform (Rf  0.78) ’ As footnote e .  Eluent benzene-pentane (1 :3, v ‘v. R1- 0.48). 

Table 1 1 1 .  Estimated Release of Thiol from 10 mg of Precursor in 1 I .  of Boiling Aqueous Medium (pH 5.5) 

Precursor 1 2 3 4 5 6  7 8 9 10  11 12 13  14  15 16  

a+++ ,  high. ++. moderate, + ,  low. -, none, ** ,  unstable 
Thiol format iona - - ** - ++ + +++ ++ + + + ++ + + ++ +++ 
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0 R” OH R” 

R”’ 
R’ =alkyl or aryl 

R ”  = H, CH, or C3H7 
R” = CH, 

R” R” 

(4)  

The formation of a tertiary carbonium ion is the driving 
force of this hydrolysis. Replacement of the carbonyl by a 
thiocarbonyl group appears to  enhance the rate of disso- 
ciation, since 4 was found to  be very unstable. 

CONCLUSIONS 
0-tert-Butyl monothiocarbonate thiol esters are slowly 

hydrolyzed in hot aqueous Medium to give the corre- 
sponding thiols. Probably partly due to  their lower volatil- 
ity, the precursors have threshold values which are gener- 
ally more than ten times higher than those of the thiols. 
They can therefore be added to  foodstuffs below their 
threshold values iind still generate the thiols in organolep- 
tically discernible amounts. Examples of some applica- 
tions are described in a pending patent (van der Heijden 
and Schutte, 1971). 

The 0-tert-butyl moiety may be replaced by any other 
tertiary alcohol gTOUp. This makes the purification after 
separation more (difficult, since the volatility of the thio- 
carbonate decreaijes with increasing size of the alcohol 

grouping. On the other hand, this diminished volatility 
may be advantageous for the release of the thiol, as the 
thiocarbonate is evaporated from the food with even more 
difficulty and therefore has more chance to  hydrolyze. In- 
deed, the formation of thiols from 0-tert-hexyl esters 7 
and 8 proceeded even more readily than from the corre- 
sponding 0-tert-butyl esters 5 and 9. 

The LD50 values of compounds 5 and 16 for mice were 
found to  be 3.67 and 0.58 ml/kg, respectively. These 
values do not preclude usage of these compounds in food. 
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Physicochemical Changes in Some Pakistani Mango Varieties 
during Stora.ge Ripening 

Manzoor Elahi*l and Nawab Khan 

Some physicochemical changes in four popular and individual amino acids increase in concen- 
Pakistani mango varieties during storage ripening tration in the early ripening period and then de- 
have been studied. Acidity decreases during rip- crease. Malda variety is the richest in proteins, 
ening with the simultaneous increase in reducing amino acids, and sugars and possesses the least 
sugars. Formol value, nonreducing sugars, after acidity. The organoleptic maturity coincides 
reaching a peak after 4 days, start decreasing. closely with the peak values of amino acids and 
The same 12 free amino acids have been identi- sugars after 4-8 days during ripening. 
fied and estimated in all the varieties. Both total 

Mango is known as the king of table fruits and is uni- 
versally popular due to  its pleasant flavor and healthful 
dietetic qualities. From the point of view of acreage and 
production, it is one of the most outstanding of all Paki- 
stani fruits. Many varieties are available in the market, 
and endeavors are being made to develop newer varieties. 
These varieties differ in flavor, nutritional qualities, and 
rate of spoilage under similar storage conditions. A large 

P.C.S.I.R. Laboratories, Ferozepur Road, Lahore-16, 
Pakistan. 

‘Present address: Department of Food and Resource 
Chemistry, University of Rhode Island, Kingston, Rhode 
Island 02881. 

fraction of the total production is spoiled due to over-rip- 
ening and ultimate fermentative breakdown of carbohy- 
drates. 

A study of the changes occurring during ripening will 
yield useful information which would serve a dual pur- 
pose. I t  would help the agriculturists to  develop new vari- 
eties with better overall qualities by cross-breeding and it 
would help the food technologists to  estimate maturity 
and develop better preservation techniques. 

Studies on changes in chemical composition during rip- 
ening of some varieties of mangoes of the Indo-Pakistan 
subcontinent have been reported (Basu et al., 1947; Chee- 
ma e t  al., 1950; Lely et al., 1940; Srivastaga, 1953; Wahab 
and Khan, 1954). This work was undertaken to  study the 
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