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Abstract. The reaction of dimethyl disulfide in 12 with a series of methyfene-interrupted methyl dienoares was 
examined. In all cases ring-closure occurs and thietane formation competes favorably with tetrahydrothiophene 
formation. When the 12 concentration was increased, tetrahydrothiopyran formation was observed. These results 
are explained in terms of MY distinct reaction pathways. 

Formation of dimethyl disulfide (DMDS) adducts has been one of the most useful reactions for exactly 

locating the double bonds in monounsaturated and diunsaturated fatty acid methyl esters by gas chromatography- 

mass spectrometry (gc-ms).s The olefins are normally reacted with dimethyl disulfide in 12, methylsulfenyl iodide is 

generated in situ and adds to the doubte bonds via the well established episulfonium intermediate.3 The generated 

thiiranium ion is then trapped by dimethyl disulfide to generate the corresponding dimethyl disulfide adduct (eq.1). 

Iodine acts as a catalyst in this reaction and the reaction is stereoselective. 
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The reaction of methylene-interrupted dienes with dimethyl disulfide and t2 has also recently been explored. 

M. Vincenti et. al.4 reacted 0.4-l .O nmol of diene with 50 ul of dimethyl disulfide (CH3SSCH3) and 300 mg of 12 at 

6OoC for 40h in CS2. Only thietane formation was observed (eq. 2). On the other hand, A. Shibahara 

and collaborators5 reacted 1 mmol of diene with 0.3 ml of dimethyl disulfide and 4 mg of I2 at 350C for only 30 

min. Under these conditions only addition of dimethyl disulfide was observed resulting in a mixture of two 

monounsaturated dimethyl disulfide adducts (eq.3). The mass spectral data of these adducts permits the 
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unequivocal location of the double bonds in the oriiinal diunsaturated compounds, an important tool when 

unknowns must be characterized from natural sources in microgram to nanogram quantities. 

Herein we report that reaction of methyl dienoates with DMDS in I2 proceeds with ring closure to the 

corresponding thietane, tetrahydrothiophene and tetrahydrothiopyran derivatives given the appropriate reaction 

conditions. These results are not only important as a method to characterize unknown natural products in 
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microgram quantities, but also mechanistically since it demonstrates that sulfur can do internal cyclizations that 

other first row elements, such as oxygen, can not do. 

Commercially available (SIGMA) ethyl (9Z,12Z)-9,f2_octadecadienoate (7 mg, 0.02 mmol) was reacted with 

1.4 mL (15.5 mmol) of dimethyl disulfte and 0.16 mmol of 12 in 0.35 mL of diethyl ether at 530C for 24h. Then, 5 

mL of distilled hexane were added and ‘the organic layer was washed with dilute sodium thiosulfate solution (2 X 5 

mL), dried over sodium sulfate and the solvent evaporated to dryness. The product was dissolved in distilled 

hexane and submitted to gas chromatography-mass spectrometry (gc-ms) analysis. Four peaks were resolved 

(Fig.1) by capillary gc (5972A MS ChemStation equipped with a 30 m X 0.25 mm special performance capillary 

column, HP-SMS, crosslinked with 5% Ph Me silicone. The temperature program was as follows: 130° for 2 min, 

then increased at 3O/min to 2700 and maintained for 40 min. The carrier gas was He at a pressure of 10 psi). The 
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first peak was characterized as 2-(7- 

ethoxycarbonylheptan-1 -yl)-3,5_dimethylthio- 

6-(pentan-1 -yl)tetrahydrothiopyran by its 
mass spectral fragmentation pattern. 

Tetrahydrothiopyran 1 exhibited a M+ 434 

and key fragmentations at m/z 387 (loss of 

CH3S) and at m/r 339 (loss of CH3S + 

CH3SH). This double loss of methanethiol 

from the molecular ion dominated the mass 

spectrum.4 The second peak corresponded 

to 2-(8-ethoxycarbonyl-i-methylthiooctan-l- 

yl)-4-(l-methylthiohexan-1-yl)thietane. 

Thietane 2 also displayed a M+ 434 and key 

fragmentations between the carbon-carbon 

bonds containing the sulfur substituents, i.e., 

between Cg and Cl0 and between Cl2 and C13. Cleavage between Cg and Cl0 afforded the fragments at m/z 

231 [41%, C12H23SO2]+ and nv’l 155 [lOO%, C9H15S]+, the latter fragment resulting from loss of methanethiol 

from m/z 203 (21%). On the other hand, cleavage between Cl2 and Cl3 afforded the fragments at mz 131 [35%. 

C7Hf5S]+ and m/z 255 [34%, Cl4H23SD2]+, the latter alS0 resulting from loss of methanethiol from the Wz 303 

fragment which is not observed. Peak 3 was characterized as 2-(8-ethoxycarbonyl-1 -methylthiooctan-1 -yl)-4- 

methylthiod-(pentan-1-yl)tetrahydrothiophene and peak 4 corresponded to 2-(7-ethoxycarbonylheptan-1-yl)-3- 

methylthio-5(1 -methylthiohexan-1 -yl)tetrahydrothiophene. In the case of tetrahydrothiophene 3. the ms 

fragmentation between Cg-Cl0 predominated in the spectrum affording the fragments at m/z 231 [309/o, 

Cl 2H23SO2]+ and at nv’z 155 [l OO%, CgH15S]+. In peak 4 the fundamental ms fragmentations occurred between 

Cl p-C1 3, but the base peak was observed at m/z 209 [l OO%, Cl 2H 17SO]+, arising from loss of ethanol from m/z 

255. The ratio of tetrahydrothiopyran/thietane/tetrahydrothiophene was 20:32:47. A similar isomer distribution was 

encountered with other dienoates of natural origin (Table 1). For example, the rare (72,l OZ)-7,10-hexadecadienoic 

acid, identified in Cladophorosis macromeres, gave a tetrahydrothiopyran/thietane/tetrahydrothiophene 

distribution of 16:36:48. A change in iodine concentration resulted in trace amounts of tetrahydrothiopyran(Table 

1). For example, when ethyl (9Z,12Z)-9,12-octadecadienoate (55 mg. 0.18 mmol) was reacted with 1.5 mL (16.6 

mmol) of DMDS and 0.057 mmol of I2 in 0.12 mL of diethyl ether at 530C for 24 h, only 1% of tetrahydrothiopyran 

1 was formed. This fact was corroborated by reacting other acids of natural origin (Table 1). For example, 
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Table 1. Ratio of Tetrahydrothiopyran, Thietane and Tetrahydrothiophene Formation in the 
Reaction of Different Dienoates with Dimethyl Disulfide and 12.a 

Abundance (WI %) 

16:2 A 9,12 

18:2 A 9,12 

20:2 All,14 

Cymopolia barbatab 
1% 

Sigma (standard)b 1% 

Cyphoma gibbosomab 2% 

41% 31% 27% 

34% 34% 31% 

37% 31% 30% 

l&l% 37* 2 % 32fl% 29 f 2% 

1612 A 7-19 C. macrome& 
16% 36% 26% 22% 

18:2 A 9,12 Sigma (standard)c 
20% 32% 25% 22% 

18:2 A 9,12 C. macromen& 
13% 38% 25%’ 24% 

16f2% 35zt2% 25f 1% 22* 1% 

18:2 A 9,12 Sigma (standard)d 59% 10% 15% 16% 

a. In the cyclic structures R’ denotes the carbonyl end and R the methyl end of the chain. 

b. Reaction oondiiions: 16.6 mmol of dimetbyf disulfide and 0.057 mtnof of 12 at 53°C for 24h. 

c. Reaction conditiins: 15.5 mrnol of dimethyl disulfkfe and 0.16 mrnol of I2 at !D°C for 24h. 

d. Reaction condifions: 5.6 mmol of dimethyl disutfiie and 0.16 mmol of l2 in 1.25 ml of Et20 at 56OC for 24t1. 

(9Z.l2Z)-9,12-hexadecadienaic acid, from the algae Cyrrtopolia bar&&~. and (112.142)-l 1 ,14-eicosadienoic acid, 

from the mollusk Cyphoma ~IWJOS~~, also afforded trace amounts (l-2%) of tetrahydrothiopyran when the above 

conditions were employed. One possible explanation for our results is to have two distinct reaction pathways, one 

leading to thiitane formation and the other leading to a mixture of tetrahydrothiopyran and tetrahydrothiophene. 

The products of the second pathway seem to interconvert in an iodine-catalyzed reaction. In the second pathway 

tetrahydrothiopyran is the thermodynamic product and the tetrahydrothiophenes Me kinetic products. It has been 

observed that when excess DMDS is used, the reaction rate increase&. If DMDS contkntration is raised, then the 
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reaction is expected to QO faster and tetrahydrothiopyran formation should decrease. In fact, when DMDS 

concentration was lowered, more tetrahydrothiopyran was formed (Table 1). 

The DMDS/f2 reaction is an excellent system to test four, five and six-membered ring formation with sulfur 

as an internal nucleophile. Formation of the six-membered ring seems to be highly solvent dependent in this 

reaction. It is of interest to mention that when Chexen-l-01 was reacted with dimethyl(methyfthio)sulfonium 

fluoroborate (DMTSF). only tetrahydrofuran formation was observed’, and not even traces of tetrahydropyrsn 

(eq.4). In the DMDSll2 reaction, sulfur can do both cyclizations depending on the reaction conditions. 

A more interesting result was reported when 3-buten-l-01 was reacted with phenylsulfenyl chloride. No 

cyclization took place, but rather chlorine addition was observed (eq.5).8 In the DMDS/l2 reaction sulfur can adopt 

the necessary conformation to cyclire since thietane formation was readily formed in all the examples we 

PhSCl 
so”- 

I-Pr2NEt 
PhSJ+H (5) 

examined. It is evident that the C-S bond is longer (1.8 A) than the C-O bond (1.4 A), and therefore sulfur can 

attain conformations that are unavailable to first row atoms, such as oxygen. The 3d orbitals of sulfur can also play 

a role in this reaction. Work is in progress trying to elucidate the mechanistic aspects of this cyclization. 
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