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As with peak 28, the presence of a P - 18 peak in the ms 
and an ir absorption band a t  3400 cm-I confirmed peak 
29 as an alcohol. 

The absence of an nmr absorption in the region 6 3.5- 
4.0, which would correspond to the hydrogen on the hy- 
droxyl-containing carbon, excludes the possibility of peak 
29 being a nonallylic secondary alcohol. The splitting of 
the side-chain alkyl methyl group and the secondary split- 
ting of the vinyl proton at  6 6.15, caused by the methine 
proton at  the ring-side chain juncture, excludes the possi- 
bility of peak 29 being a tertiary alcohol. As in the case of 
peak 28, we are left with only two possible structures for 
peak 29, A and B, as shown previously. Structure B can 
be eliminated since we do not have an nmr absorption 
near 6 4.1-4.4, corresponding to an allylic proton on the 
hydroxyl-containing carbon. Structure B would also pre- 
clude the similarity in the mass spectra of peaks 28 and 
29. 

Obviously, the only difference between peaks 28 and 29 
is the cis and trans relationship between the hydroxyl 
group and the side chain. This difference is responsible for 
the shifting of the hydrogen on the hydroxyl-containing 
carbon from its expected absorption a t  6 -4.4 to a posi- 
tion farther downfield which was obscured by impurities. 
Cis and trans assignments have been made on the corre- 
sponding monoterpene alcohols (cis- and truns-yabunik- 
eol) by Fujita et al. (1970) based on gc retention data and 
selected ir information. Accordingly, we would expect the 
trans isomer (peak 28) to elute before the cis isomer (peak 
29) under our gc conditions. We feel this assignment is 
substantiated by the nmr since, in the case of peak 29, 
there is a downfield shift of 6 0.2 for one of the exocyclic 
methylene protons. This shift in 6 can be explained by the 
deshielding effect of the hydroxyl oxygen when it is 
brought into closer proximity to one of the methylene pro- 
tons as is the case in the cis us. trans isomers. To the best 
of our knowledge, peaks 29 and 28 are two novel com- 
pounds which we are giving the names cis- and trans+- 
sesquiphellandrol [ 5-  (1,5-dimethyl-4-hexenyl) -2-methy- 
lene-3-cyclohexenol] from the parent hydrocarbon P-ses- 
quiphellandrene. 
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Components Contributing to Beef Flavor. Volatile Compounds Produced by the 
Reaction of 4-Hydroxy-5-methyl-3(2H)-furanone and Its Thio Analog with Hydrogen 
Sulfide 

Godefridus A. M. van den Ouweland* and Henricus G. Peer 

Reaction of 4-hydroxy-5-methyl-3(2H)-furanone ed by gas chromatography, and many of the com- 
or its thio analog with H2S produces a complex ponents have been identified by infrared and 
mixture of compounds with an overall odor re- mass spectrometry. The compounds identified in- 
sembling that of roasted meat. The major com- cluded mercapto-substituted furan and thiophene 
ponents of the product mixtures have been isolat- derivatives. 

The flavor of cooked meat is considered to be partly 
produced by sugar-amino acid reactions. Morton et al. 
(1960) patented reactions of cysteine and other amino 
acids with sugars producing a flavor with a basic meat 

Unilever Research Duiven, Zevenaar, The Netherlands. 

character. Since then much research effort has been spent 
on studying the volatile compounds that contribute to 
beef flavor; Herz and Chang (1970) reviewed the literature 
covering this topic. Reactions between amino acids and 
reducing sugars can account for many of the compounds 
reported. 
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Figure 1. Initial stage in the reaction of 3(2H)-furanones with 
hydrogen sulfide (R = H, CH3). 
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Figure 2. Gas chromatogram of the volatile compounds formed 
in the reaction of 4-hydroxy-5-methyl-3(2H)-furanone with hy-  
drogen sulfide. 
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Figure 3. Gas chromatogram of the volatile compounds formed 
in the reaction of 4-hydroxy-5-methyl-3(2H)-thiophenone with 
hydrogen sulfide. 
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Tonsbeek et al. (1968) identified 4-hydroxy-5-meth- 
yl-3(2H)-furanone (1, R = H in Figure 1) and its 2,5-di- 
methyl homolog (1, R = CH3 in Figure 1) in a natural 
beef broth and these compounds are also considered to be 
sugar degradation products. Both dihydrofuranone deriva- 
tives contribute to the flavor of beef broth, but in view of 
their relation to sugar degradation, it is interesting to 
know whether these compounds also act as intermediates 
in the formation of other meat flavor compounds. 

Reaction of the dihydrofuranone derivatives with cyste- 
ine indeed resulted in the formation of an interesting 
roasted-meat flavor. Flavor analysis of these reaction 
mixtures showed that an important part of the meat fla- 
vor formed is due to trace constituents whose identifica- 
tion proved to be difficult. We could establish that the 
initial stage in the reaction between the dihydrofuranones 
and cysteine involves a partial but incomplete substitu- 
tion of the ring oxygen by sulfur to give the thio analog 2. 
This reaction presumably proceeds via the intermediate 
2,4-diketone which, upon reaction with H2S and subse- 
quent ring closure, would give compound 2 as shown in 
Figure 1. Thus, in this reaction, cysteine acts as an H2S 
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RESULTS AND DISCUSSION 
Figures 2 and 3 represent the GLC patterns of the vola- 

tile compounds formed from the reaction of H2S with 
compound 1 (R = H)  and 2 (R = H),  respectively. The 
numbered peaks in the chromatograms correspond to the 
identified compounds, which are listed in Tables I and 11. 
The odors detected upon elution of the components a t  the 
column exhaust are also given in these tables. From these 
data it may be postulated that formation of the odorous 
components proceeds according to the pathways illus- 
trated in Figure 4. 

The complex reactions occurring upon reactions of a 
vicinal diketone with H2S, e.g. thiocarbonyl formation, 
desulfurization, dehydration, and reduction, are also de- 
scribed by Mayer (1970). 

The GLC retention times and odor assessments of vari- 
ous components isolated from reaction mixtures described 
above can also be ascribed to trace components of a natu- 
ral beef broth. It may therefore be assumed that the fura- 
none derivative 1 (X = 0), besides contributing as such to 
the general background of cooked meat flavor, is also in- 
volved in the formation of trace components responsible 
for meaty and other flavor notes. 

From the many components isolated so far from cooked 
meat, no single compound has been identified with an 
aroma typical of meat. In the present paper evidence is 
given that from the reaction of the furanone derivative 1 
(X = 0) with H2S a number of compounds are formed 
with a meaty odor. Because the dihydrofuranone deriva- 
tive 1 (X = 0) is formed from ribose 5-phosphate via a 
dephosphorylation-dehydration reaction it is interesting 
to remark that the compounds which do have a meaty 
aroma are probably not formed via a Maillard-type reac- 
tion. However, none of the compounds with a meaty odor 
reported here have as yet been identified in meat, and 
their discovery remains a challenge to the flavor chemist 
with modern analytical tools. 

Figure 4. Postulated pathways to components with a meat flavor 
from the reaction of 3(2H)-furanone (X = 0) or 4hiophenone 
(X = S) derivatives (R = H, CH3) with hydrogen sulfide. 

donor (formation of H2S from meat during cooking is well 
known). 

In an attempt to identify the odorous components 
formed during the reaction between the dihydrofuranones 
and cysteine, we decided to investigate the reactions of 
the compounds 1 (R = H)  and 2 (R = H)  with a n  excess 
of H2S. We used a much higher concentration of H2S than 
is normally obtained during the preparation of a natural 
beef broth in order to complete reactions and to obtain as 
much material as possible. 

EXPERIMENTAL SECTION 
4-Hydroxy-5-methyl-3(2H)-furanone (1, R = H) (0.5 g) 

was dissolved in water (30 ml) and allowed to react with 
H2S (15 g) for 4 hr a t  95-100" in a glass-lined autoclave. 
At the end of the reaction period the mixture was cooled, 
poured into ice-water (100 ml), and extracted five times 
with dichloromethane. The combined extracts (125 ml) 
were concentrated a t  atmospheric pressure to 10 ml and 
analyzed by GLC on a 600 X 0.4 cm glass column with 
Diatoport S as support. The stationary phase was 10% Az- 
iepon L-1% Carbowax 20M. The carrier gas flow rate was 
40 ml of nitrogen/min a t  60". The flame ionization detec- 
tor temperature was 200" and column temperature was pro- 
grammed from 60 to 220" a t  5"/min. The gas chromato- 
graph was fitted with an effluent splitter which directed 
10% to the flame ionization detector and the remainder to 
the exhaust. From this exhaust the various microgram 
samples could be trapped and their mass and ir spectra 
were obtained according to the method described by Copi- 
er and van de Maas (1967). 
4-Hydroxy-5-methyl-3(2H)-thiophenone (2, R = H)  was 

treated with H2S, worked up, and analyzed in exactly the 
same way as described for 1 (R = H),  except that  the col- 
umn temperature was programmed from 60 to 220" a t  
4"/min. 
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