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ONION ESSENTIAL OIL CHEMISTRY. CIS- AND TRANS-2-MERCAPTO-3,4-DIMETHYL- 
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Summary: Heating the onion oil component bis(l-propenyl) disulfide gives cis- and trans- 

2-mercapto-3,4-dimethyl-2,3_dihydrothiophene which can lose H2S upon further heating 

giving 3,4_dimethylthiophene. A dithio-Claisen rearrangement is proposed for the key step. 

We recently reported the formation of unusual unsaturated heterocycles upon pyroly- 

sis of bis(2-propenyl) disulfide, the principle component of the essential oil of garlic.2 We 

also reported the novel rearrangements of 1 -propenyl 1 -propenethiosulfinate and bis( l- 

propenyl) vie-disulfoxide. in the first case to 2.3-dimethyl-5.6-dithiabicyclo[2.l.l]hexane 5- 

oxides and 5.6-dimethyl-2.7-dithia-3-oxabicyclo[2.2.Ilheptanes and in the second case to 2,3- 

dimethyl-l,4-butanedithial S,S’-dioxide via sulfoxide-accelerated dithio-Claisen reactions, 

which proceed at temperatures below 0 “C (Scheme 1)s. To complement these studies we 

have now examined the pyrolysis of the antibacterial onion and garlic extract component4 

bis(l-propenyl) disulfide and find that it too affords under mild conditions unusual hetero- 

cycles. These previous unknown compounds may play an important role in the characteris- 

tic odor and flavor of onions and other alliaceous plants. Our work provides useful informa- 

tion about the little studied dithio-Claisen rearrangement.5 

When a 1% solution of the isomers of bis(l-propenyl) disulfide46 (1) in benzene is 

kept at 85°C for 3 h, GC and GC-MS analysis reveals the formation in over 85% yield of equal 

amounts of two new compounds, 2a and 2b (Scheme 2), isomeric with the starting materiai. 

as well as minor quantities of 3,4-dimethylthiophene (3). previously observed as the pre- 

dominant product formed when 1 is heated to 150-200 “C in the presence of KHS04.5b Pro- 

longed heating at higher temperatures results in the conversion of 2a and 2b to 3 (SC heme 

3). Attempts to separate 2a and 2b by TLC or HPLC were unsuccessful; extensive decomposi- 

tion occurred under all conditions tried. Compounds 2a and 2b could be identified, respec- 

tively, as cis- and trans-2-mercapto-3,4-dimethyl-2,3-dihydrothiophene primarily on the 

basis of their 1H and l3C NMR spectra.7 

The mixture of 2a snd 2b could be methylated (n-BuLi; MeI) affording cis- and frans- 

2-methylthio-3,4-dimethyl-2.3-dihydrothiophene (4a and 4b) in 55% yield in a 1:4 ratio 

(Scheme 3). Compounds 4a and 4b were stable to storage and could be separated by HPLC on 

a reverse phase C-18 column (40/60 CH3CN/H20). The assignment of cis and trans stereo- 

chemistry to 4a and 4 b, respectively, is supported by the larger value of the vicinal cou- 
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pling constant of the SCHS ring proton in the cis isomer compared to the trans isomer (6.56 

vs. 3.04 Hz), as seen in other five membered rings. * In addition NOE experiments show that 

irradiation of the 1.16 ppm methyl doublet (CHCH3) in 4b gives 18% enhancement of the 4.28 

ppm methine doublet (SCHS-) establishing the cis relationship between these protons and 

therefore the trans =S C H - CH& methyl relationship. In 4a there was no change in the 

4.76 ppm methine doublet intensity upon irradiation of the 1.20 ppm methyl signal. Further 

characterization of 2a and 2b was achieved by conversion (n-BuLi; AcCl) into a mixture of 

two thioacetates (Sa:5b 1:4; IR of S-C=0 at 1690 cm-l). 

The (E,Z), (E,E), and (Z,Z) isomers of 1 were separated by preparative HPLC (C-18 

column; 65/35 CH3CN/H20), identified by lH and l3C NMR spectroscopy,9 and individu(ally 

subjected to thermolysis in benzene. Analysis by analytical HPLC during the course of the 

reaction showed that all three isomers gave the same mixture of 2a and 2b and that no iso- 

merization from one isomer of I to another occurred under the pyrolysis conditions. The 

relative rates of reaction of the three isomers of 1 were found to be E,Z > E,E > Z,Z. 

Based on the above studies we suggest that 2a and 2b are formed from 1 via a concert- 

ed dithio-Claisen [3,3]-sigmatropic rearrangement followed by thioenolization and intramo- 

lecular addition of SH to CH=S (Scheme 3) similar to known cyclizations involving 1,4-dike- 

tones.lO The absence of interconversion of isomers of 1 under the reaction conditions pre- 

cludes a homolytic route to 2a/2b (e.g. Scheme 4). Pyrolysis of bis(2-methyl-l -propenyl) 

disulfide, which is unable to undergo thioenolization after dithio-Claisen rearrangement. 

led to a complex mixture with no major product. Attempts to effect the intramolecular addi- 

tion of the SH group in 2a and 2b to the double bond under either free radical (UV irradia- 

tion; thermolysis in the presence of AIBN) or acid-catalyzed conditions were unsuccessful, 

leading instead to formation of thiophene 3. We believe that thiophene 3, one of the signi- 

ficant contributors to the aroma of garlic, leek,lla and cooked or fried 0nions.l 1 is formed 

in these plants from 2a/2b by loss of H2S. 
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